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PREFACE.

Self-help seems to be tlio gixidiug spirit of the present age,

and amateur workmen are multiplying on all sides. With this

development of popular taste comes a growing demand for

handy practical books, containing the necessary hints and

instructions, without enlarging on the theories and principles,

or discussing the historical stages, of the particular art or

industry under consideration.

The original volume of' Workshop Eeceipts
' was prompted by

a desire to afford technical knowledge in a cheap and convenient

form. Its success led to the publication of a Second Series,

devoted to trades of a more or less Chemical character.

The present volume is a further instalment of valuable in-

formation connected with Electrical and Metallurgical matters.

Within the last few years immense strides have been made

in the application of Electricity, and it has become almost a

domestic science. The theoretical treatment of this subject

has received abundant attention
;
but the details of its practical

employment have hitherto only appeared in fragments, in stray

pamphlets and periodical literature. The article on Electrics,

here presented, embraces a host of facts and instructions in an

accessible form, and should prove eminently useful to the many
who are adopting electric bell and lighting systems, or who

take an interest in the construction and working of batteries,

or the manipulation of microphones, phonographs, and similar

novelties. The Metallurgical articles, in their practical features,
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are far ahead of any existing work, being brought down to the

most recent dates, and including some subjects on which the

scantiest possible information has before been issued in a

collective form.

In the editing of the present series, one or two improve-

ments have suggested themselves, and these, coupled with the

carefully-prepared contents and index, should ensure the book

a reception equal to that which has been accorded its two

predecessors.

Charles G. Warnford Lock.
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ALLOYS.—Allo}'s are compounds
of two or more metals. Every alloy

may be regarded as a new metal, since

it generally possesses properties dif-

ferent from those of the metals of which

it is composed ;
but as the properties

resulting from the combination of two

metals rarely represent the mean of

fhose metals, it is impossible to foretell

the nature of a new alloy. All true

alloys consist of compounds of metals

in their definite chemical proportions ;

it is, however, a matter of some diffi-

culty to obtain them in a separate state,

owing to the readiness with which they
dissolve in the excess of that metal

which may haj)pen to preponderate.
There are some few alloys also in which

the constituent metals seem to be merely

mechanically mixed. Alloys possess the

properties which are characteristic of

metals, such as metallic lustre, conduc-

tivity of heat and electricity, and, in a

greater or less degree, malleability, duc-

tility, and tenacity. The specific gravity
of an allov ajipears to depend upon the

amount of cohesion or attraction exerted

by the constituent metals for one

another, and to bear no reference what-

ever to the high or low specific gravity
of those constituents in their free state.

The specific heat of alloys was found by

Keguault to be very nearly the mean
of the specific heats of the constituents.

The following rule for obtaining the

specific heat of alloys gives a very
close approximation to the figures ob-

tained by actual experiment :
—

Multiply
the specific heat of each constituent

into the percentage amount of it cun-

tained in the alloy, and divide the sum

of the products by 100. Alloys are not,

as a rule, such good conductors of heat

and electricity as the metals of which

they are made. Their fusibility does

not at all depend upon that of their

constituents, but is generally greater;
thus the melting-point «{ tin is 455''

F. (235° C), and that of lead G26° F.

(330° C), whereas a compound of 5

parts of tin and 1 part of lead melts at

3811° F. (194° C.), and a compound of

equal parts of both metals melts at

4(>5|° F. (241° C). The ductility of

alloys is usually slightly loss than that

of their most ductile constituent, and

their hardness is greater than the mean
hardness of both or all the metals. The

tenacity of au alloy is often much

greater than that of either of the metals

alone.

Alloys of gold, silver, and copper, are

generally superior in strength to any of

the more fusible metals, and may be

forged either when red-hot or cold.

These 3 metals seem to unite in any
proportions, and always form an alloy
that is malleable when either hot or

cold. Pure gold is but little used in

the arts : it is too soft. It is generally

alloyed with silver and copper, both to

harden it and depreciate its value. Al-

loyed with copper, it forms gold of a

red tint
;
with silver, it forms gold of

a green tint
;

and alloyed with both

copper and silver, it gives intermediate

tints. Pure silver is but little ust^

alone ; it is generally alloyed with a

small amount of cojiper, which does not

change its colour, and greatly imj)roves
its malleability and working qualities.
When goM, silver, or copper is alloyed

B
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with the more fusible metals—lend, tin,

.iDcl zinc—the alloy is less malleable and

thictilc than alloys of gold, silver, and

copper. They are " extreme red-short,"
and when heated to redness they will

fly to pieces under the hammer
; and

alloys of brass, bell-metal, &c., must be

treated with caution, and should never

be taken out of the mould while red-

hot. Alloys of 2 parts copper and 1 zinc

are very soft and malleable, and may be

drawn by hammering or easily cut with
a file, but an alloy of 1 copper and
2 zinc is as hard and brittle as glass,
and may be easily pulverized. An alloy
of 2 copper and 1 lead makes a soft,

malleable metal, but is inferior to an

alloy of copper and zinc. In alloys of

1 copper and 1 lead, the lead will ooze

out in cooling. In alloys of 1 copper
aud 2 lead, the lend will not unite, but
will sink to the bottom when cooling.

Alloys of 6 copper and 1 tin make a

A'ery hard alloy, which gets harder and
whiter the more tin is added. Alloys
of tin and copper should not ])e too

raj)idly exposed to the air, for if a large

l^ercentage of tin is used it will strike

to the surface and ooze out, or make
hard spots in the casting. Alloys of

zinc and lead cannot be made without
the addition of arsenic, unless the lead

is in very small quantity. Alloys of

zinc and tin arc very hard aud brittle,
and are but little used alone. By the

addition of copper to alloys of these

2 metals, the alloy is rendered more
malleable and soft. Arsenic makes all

alloys hard and brittle, and is very dan-

gerous to use. It is seldom used excejit
to impart fluidity to the very infusible

metals. Alloys of lead and tin are very
malleable and ductile when cold, but
at a temperature of about 200° F.

(93g-° C), they lose the power of co-

hesion, and are exceedingly brittle. The

alloys of tin and lead partake of the

general nature of these 2 metals. They
are soft and malleable when cold, even
when a small amount of brittle anti-

mony has been added. An alloy of
6 lead and 1 antimony is very soft and

malleable, but an alloy of 3 lead aud
1 antimony is very hard aud brittle;

and an alloy of 1 lead and 1 antimony is

harder and more brittle than antimonv.

(E. Kirk.)

MeltirKj.
—

Alloys are made by melt-

ing metals together. This operation
nuiy be carried on in an earthenware

crucible, when small quantities are

bemg operated upon ;
but when large

masses of metal have to be dwelt with,
as in the case of statues, &c., a rever-

beratory furnace must be employed to

effect the melting. As a rule, the least

fusible metal is placed in the crucible

first, unless it be in very small quan-
tity, and will dissolve readily in the

other metal, in which case it goes in

last
;
and if, as in the case of zinc, the

volatilization of the metal be extremely
rapid, it is introduced only the moment
before the fused mass is ready to be

poured into the mould or other recep-
tacle. The order in which the metals

are melted has a material effect upon
the nature of the resulting alloy, for it

has been proved by experiment that the

latter often possesses different properties
when the mixing has taken jdace in a

diiferent order. The fused metals should

be kept thoroughly well stirred up until

the mixture is complete ;
otherwise the

heaviest metal will sink to the bottom
of the mass, and the alloy will not be

of imiform composition. This contin-

gency is sometimes avoided by melting
the mass a second time. When three

metals have to be united together, they
should first' be melted in pairs, and
afterwards together.

Guettier gives the following sug-

gestions on the subject of fusing the

metals:—(1) The melting-pot should be

red-hot (a white heat is better), and
those metals first placed in it which

require the most hent to fuse them.

(2) Put the metals in the melting-pot
in strict order, following exactly the

ditferent fusing-points from the highest

degree of temperature required down to

the lowest, in regular sequence, and

being especially careful to refrain from

adding the next metal until those

already in the pot are completely
melted. (3) Wlien the metals fused

together in the crucible reciuire veiy
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difl'urcut temperatures to melt them, a

layer of charcoal should be placed upon
theni, or if there is much tin in the

alloy, a layer of saud should be used.

(-i) The molten mass should be vi-

gorously stirred with a stick, and even
while pouring it into another vessel the

stirring should not be relaxed. (5) Use
a little old alloy in making new, if

there is any on hand. (6) Make sure

that the melting-pots are absolutely
clean and free from traces of former

operations.
Workmen who are unaccustomed to

mixing or treating metals while in a

liquid state will generally melt such
metal upon a blacksmith's forge by
applying heat so rapidly that the ladle

will become red hot before the metal
within it begins to melt. When it has

melted, a dross rises to the surface, and
is skimmed off by the workmen and
thrown away. The skimming process
is kept lip as long as the ladle remains
on the fire. Now, such a course is

wrong, because, by applying heat too

suddenly, the metals which fuse at lower

degrees of heat, sweat out, and are

burned before those which melt at

higher temperatures become fluid. The

dross, as it is commonly called, which
rises to the surface, is in many cases

the aiitimony, or hardening property of
the alloy, and should not be thrown

away. The surface of the melted metal
should be kept covered with fine char-

coal, which will prevent oxidation. A
small lump of sal-ammoniac should also

be kepjt upon the surface of the metal.
The metal should always be stirred

before pouring, otherwise the heaviest

metals will separate and sink to the

bottom of the ladle, and a constantly

varying quality of metal will be the

result. By melting the metal slowly,
and keeping it properly fluxed as de-

scribed, it will run sharp ;
each casting

will be found uniform throughout, and
the metal will bo of equal hardness. In

observing these simple precautions,
much of the dissatisfaction now experi-
enced in using antifriction alloys will

disappear.
Nies and^ Winkelmann have examined

the density of metals in a solid and in a

liquid state, and find that, contrary to

the generally accepted views on the

subject, many melted metals expand
when they solidify. The results of their

experiments are embodied in a paper
contributed to the IMunich Academy of

Sciences. Tin, slowly and carefully heated
to its melting-jjoint, floated on melted

tin, and rose to its surface even after it

had been submerged. By attaching
pieces of copper to the floating tin, it

was found that the increase of density

by melting over solid tin was 0'7 per
cent., a difference, which is almost as

great as that between tin at the freezing
and the boiling points of water. Lead
and cadmium did not yield as decisive a
result. Zinc, however, behaved like

tin, but showed only a contraction of

0'2 per cent. In the case of bismuth,
the floating test is very easily carried

out, as this metal shows as much as

3 per cent. Copper and iron showed a

slight difference, the peculiarity in the

case of iron being well known, and

having been the subject of elaborate in-

vestigations by Wrightson.
F/iLvcs.—The best flux for alloys of

copper and tin is rosin. It should be

added when the metals are almost

melted. Another good flux is sal-

ammoniac. In using this flux the

copper is usually melted first and the

flux added. When it is in the mushy
state, after the flux has been put in, the

zinc and tin are added. A good flux for

old brass is common rosin-soap. It

should be added in small lumps, and
stirred down into the metal when in

the molten state. In forming alloys
of different metals, the molten metals

should always be kept under a covering
of black glass or pulverized charcoal, to

pu'event oxidation.

Black flux, as it is commonly called,
is composed of 7 parts crude tartar,
6 of saltj)etre, 2 of common bottle-glass,
and by some a small amount of calcined

borax is added. These ingredients are

first finely pounded and mixed, and then

gradually heated in an iron pot or ladle

so as to burn them together. Care
should be taken not to overheat the

B 2
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mixture, and as soon as it is thoroughly
melted and mixed together it should be

removed from the fire and allowed to

cool. After it has cooled, it is finely

pulverized and sifted, and is then ready
fur use. It has a great affinity for

moisture, and should be protected

against it by being placed in glass

bottles, and the bottles corked up until

wanted for use. This is the most

powerful flux that can be made. It is

but little employed in forming or

fluxing alloys, but principally by as-

sayers in assaying different kinds of

metallic ores. In these assays the

quantity of black flux used varies ac-

cording to the quality of the ores, but

the amount is generally about equal

proportions of ore and flux. The ore is

first roasted, and then finely broken up
and mixed with the flux, and the whole
is then rapidly heated in a crucible. If

the flux does not make the slag suffi-

ciently fluid to allow the metal to

Bcttle, a small amount of calcined borax

is added, which makes the slag more

liquid, and permits the metal to ]iass

to the bottom of the crucible. The
crucible is then removed from the fire,

and the mixture is either poured from

it or allowed to cool in it. After it has

cooled, tlie slag is knocked off with a

hammer, and a button of metal is ob-

tained. When using this flux, the clay

crucible, without either coal or gra-

phite (plumbago), is preferred, for the

flux is very hard on a crucible that

contains either of these substances.

Black flux is used by some foundry-men
in melting the fine scrap-sweepings
from the floor, and dross and refuse

from the crucible. By melting these in

a crucible with black flux, they obtain

considerable amounts of metal from
them that would otherwise be lost. In

melting this refuse with black flux, the

common clay crucible should always be

used. (E. Kirk.)

Fusibility.
— In forming alloys of

metals, they do not combine witli each

other in their solid state (with the ex-

ception of mercury), owing to their

chemical affinity being counteracted by
the force of cohesion

•,
ami in order to

form combinations of them, it is neces-

sary to liquefy at least one of them, in

which case they will Knite, provided

they have a chemical affinity for each

other : thus bell-metal and brass are

formed when pieces of tin or zinc are

j)ut into molten copper; and in the

formation of alloys of this nature, where
one of the metals is more fusible than

the other, the less fusible metal should be

fused first, and the more fusible metal

added either in the molten or solid

state. As the fusible metals are .added,

the temperature of the alloy should be

reduced, to prevent oxidation or burning

away of the fusible metals
;

for this

reason, it is better to add the more
fusible metals in the solid state, as by
so doing the temperature of the metal

is decreased. Alloys are always more
fusible than the less fusible metals of

which they are composed, and in some
cases are more fusible than the most
fusible metal they contain, as is the

case in alloys of tin, lead, and bismuth.

Some founders, in order to have the

metal thoroughly united, first fuse the

metals together, cast them into ingots,
and remelt them for iise. This practice
is bad, for in the after-fusion there is

always more or less of the more fusible

metal burned away; and it is hard to

determine the prcqjortions of the alloy,
or to have any certainty as to the

quality of the castings. In melting

ingots or scrap-alloys, they should be

fused as rapidly as possible, and at the

lowest available temperature, so as to

avoid oxidation.

Some metals are almost infusible, and,
when heated to the highest heat in a

crucible, they refuse to melt and become
fluid ;

but any metal can be melted

by combination with the more fusible

metals. Thus platinum, which is in-

fusible with any ordinary heat, can be

fused readily when combined with zinc,

tin, or arsenic. This metal, by com-
bination with arsenic, is rendered so

fluid that it may be cast into any de-

sired shape, and the arsenic may then

lie evaporated by a mild heat, and leave

the platinum. Kickel, which barely
fuses alone, will enter into combination
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with copper, forming German silver—
an alloy that is more fusible than nickel

and less fusible than coj)per. This alloy
is rendered the \/hiter, harder, and less

fusible, the more nickel is added. The
loss fusible metals, v.'^c.i fused in con-

tact with the more fusible metals, seem

to dissolve in the fusible metals
;
rather

than melt, the surface of the metal is

gradually washed down, until the entire

mass is dissolved or liqiietied, and re-

duced to the state of alloy. In forming

alloys of brass, in furnaces where heat

enough cannot be obtained to fuse the

copper separately, the alloy may be

formed by heating the copper to the

highest heat, and then adding the zinc

or tin in the molten state, so as not to

reduce the tem])erature of the copper.
In forming alloys with new metals, it

is usual to melt the less fusible metals

first, and then add the more fusible

metals, and mix them by stirring well

together ;
the rod used in stirring them

should be heated to redness to prevent

lowering the temperature or chilling
tlie metal. In mixing alloys fur bells,

the alloy should be well stirred with an

iron rod well heated, in whicli case part
of the iron is dissolved, combines with

the alloy, and gives the bell a better

tone; but alloys of brass that are to

be turned or finished should never be

stirred with an iron rod, for the iron

dissolved from the rod will cause hard

specks in the alloy, if not tlioroughly
mi.xed. In forming fine alloys, the alloy
should be stirred with a rod of the

least fusible metal contained in the

allov, or with a wooden stick
;

the

wooden stick, in many cases, is better

than a metallic rod, fur it causes the

metal to boil slightly and unit-j more

th(jruughly, but it cannot be used in a

little crucrble with only a small amount
of metal. "When alloys are made that

contain only a very slight quantity of a

metal that is dirticult to fuse, as in

pewter, it is scarcely possible to throw
into the melted tin tht; i

per cent, of

melted copper, with any certainty of

the 2 metals being properly combined ;

and in forming this alloy, it is cus-

tomary to melt the copper in a crucible,

and then add to it 2 or 3 times its

weight of melted tin
;

this dilutes the

copper, and makes an alloy called temper
or hardening. This alloy is very fusible,

is melted in an iron ladle, and is added

to molten fin or lead, to give it the

desired hardness, and form pewter.

(E. Kirk.)

Following are the fusing-points of

the princijial metals and other elements

emjjloyed in alloys :
—

Aluminium.. .. 1292° F. .. (700° C.)

Antimony .. .. 797° P. .. (425°C.)
Arsenic .. .. 773° F. .. (412° C.)
Bismuth .. .. 504° F. .. (270° C.)
Cadmium .. .. €08° F. .. (320° C.)

Copper 1922° F. .. (1050° C.)
Gold 2282° F. .. (1250° C.)
Iron, cast ]922°-2192°F. (I050°-1200°C.)

., steel 2372°-2552° r. (1300°-1400°C.)
„ wrought 2732°-2912=l. (1500°-l«0(i°C.)

Lead 62G°]. .. (330° C.)

Mercury .. .. -40° F. .. (-40°C.)
Nickel .. 2732°-2012°F. (15(I0°-1000°C.)
Phosphorus .. 111° F. .. (44° C.)
Platinum .. .. 4712° F. .. (2B00°C.)
Silver 1S32°F. .. (1000°C.)
Sulphur .. .. 239° F. .. (115°C.)
Tellurium .. .. 710° F. .. (3so°C.)
Tin 455° F. .. (235° C.)
Zinc 773° F. .. (412° C.)

(Bayley.)

Furnaces. — Furnaces for melting
alloys may be built of common brick

and lined with fire-brick
;
but the best

are made with a boiler-plate caisson,
20 to 30 in, diam. and 30 to 40 in. high,

usually set down in a pit, with the top

only 10 or 12 in. above the floor of the

foundry. The ash-pit, or opening around
the furnace, is covered by a loose wooden

grating, that admits of the ashes being
removed. The iron caisson is lined with

fire-brick, the same as a cupola, the

lining being usually G in. or more thick.

The inside diameter of the furnace sliould

not exceed the outside diameter of the
crucible by more than 4 or 5 in., as

greater space will require greater ex-

penditure of fuel. These furnaces are

liable to burn hollow around where the
crucible rests

;
to avoid waste of fuel,

they should be kept straightened up
with fire-clay and sand. Sometimes
these furnaces are built square inside,
but they are inferior to the circular
form and consume more fuel. Three
or four such furnaces are commonly
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arranged in sets giving a graduated
scale of sizes, to suit the needs ot" larger
or smaller castings. When the quan-

tity of metal used is large, a blast is

generally employed.
The common brass furnace iisually

depends on a natural draught, and con-

nects by a flue with a chimney stack at

tlie back. Throe or four commonly
share a single stack, each having a

separate flue and damper. When the

chimney does not give sufficient draught,
the ash-pit may be tightly closed and a

mild blast turned into the pit, to find

its way up through the grates. The

fuel may be hard coal or coke, broken
into lumps about the size of hen's eggs ;

coke is preferable, as heating more

rapidly, and thus lessening the oxida-

tion of metal, but gas-coke from cannel

coal is not admissible.

The ordinary cupola furnace is shown
in Fig. 1. It consists of a circular cham-
ber a built of fire-brick, rising in the

form of a dome, in the top of which is

a circular opening, carrying a cast-iron

ring h, through which the pots and fuel

are introduced. At the bottom is a

bed-plate c, which is a circular plate
of cast-iron hiiviug cue large hole d in

Fig.

'iTh^.:v\"
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the centre (tor the withdrawal of ashes

and clinkers), and twelve smaller ones

e arranged symmetrically around it.

Below the lied-plate is the ash-pit /,

leading to an arched air-passage (/,

whicli supplies air to the asli-pit. Ta-

pering cast-iron nozzles, G in. higji,

'.') in. diameter at the bottom, 11 in. at

the top, and about | in. thii;k, are

]ilaccd over tlie twelve small holes c.

The space hetweeu the top of the bed-

plate and the top of the nozzles is built

lip with lire-briclv and fire-clay until it

forms a surface perfectly level with tlie

top of the small nozzles, leaving the

central hole free. These nozzles do tlie

duty of a fire-grate, by admitting the

air that supports combustion. The
whole construction is enclosed in a solid

mass of bricliwork, and an iron bar h

is built in over the air-way in front of

the bed-plate, and resting on the walls

forming the sides of the air-way, to

give support. The dimensions of the

furnace shown are 3 ft. <j in. diameter,
and 3 ft. 6 in. height from furnace-bed

to crown of arch.

The ordinary melting furnace is

shown in Yvr^ 2. The fire-place a is

Fig. 2.

lined throughout witli fire-brick, as well

as the opening d into the flue and a

portion of the flue e itself; h is tlie ash-

jiit ; c, register-door of ash-pit, Ijy which
the draught is partially regulated ; /,

fire-brick cover for the furnace
; g, fire-

bars. It is built all round with common
brick

;
and as mauy as si.'c may use the

same stack.

Fig. 3 illustrates the circular melting

furnace, consisting of an iron plate a

Fic. 3.

pierced in tlio centre by a circular liole

of the size of the interior of the furnace,
and crossed by the fire-bars

;
6 is a slieet-

iron drum riveted together, forming
tlie shell of the furnace, and resting on

the bed-plate ; it is first lined on the

inside with 4J in. of ordinary brick,
and next with 'J in. of fire-brick

; c, fire-

place; d, flue leading to stack
; c, iron

grating for admitting air beneath the

furnace
; /, ash-pit ; </,

four small brick-

work pillars, about 18 in. high, sup-

porting the bed-plate; h, fire-brick

cover to furnace. The draught is regu-
lated by a damper in the flue or on the

stack. The latter is an iron plate large

enough to entirely cover the top of the
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stack, hinged at one edge, and opened
or closed by a lever.

A reverberatory furnace is illustrated

in Fig. 4 :
—

a, fire-place ; h, ash-pit ;

Fig. 4.

f]

: -^n '' t-.~.>vT ';v^^ x^:^^^4.s^yfex<>j:?^?T^^T$^

r, bridge ; (f, melting furnace
; e, fire-

door
; f, flue leading to stack

; </,
door

for feeding in and ladling out metal.

The draught is regulated by the tire-

door and the damper on the top of the

stack.

Crucibles.—All the metals and alloys,

with the excejition of iron and the

very fusible metals, are melted in cru-

cibles, of which there are several dif-

ferent kinds. The principal ones in use

are the Hessian pots, the English brown
or clay pots, the Cornish and the Wedg-
wood crucibles— all extensively used

fur melting alloys of brass, bell-metal,

gun-metal, &c. ; but they are very
brittle, and seldom stand more than
one heat, yet are generally sold cheap,
and some founders prefer to use a

crucible only once, for crucibles often

crack or burn through on the second

heat. The best crucibles for all kind
of alloys are made of graphite (miscalled

I)lumbago and black lead). These are

sold higher than any of the clay cru-

cibles, but they are more refractory,

and may be used for three or more suc-

cessive heats without any danger of

cracking or burning through. They
are not so open and porous as the clay
crucibles, and do not absorb so much of

the metal, and for this reason they are

to be preferred for melting valuable

metals. When about to use a crucible,
it should be heated gradually by put-

ting it in the furnace when the fire is

started, or by setting it on the top of

the tyle or covering of the furnace, with
the mouth down

;
it should be heated

in this way until it is almost too hot to

holil in the hands. Some founders stand

a firebrick on end in the bottom of the

furnace to set the crucible on. This

prevents the crucible from settling with
the fuel as it is burnt away. This way
of supporting the crucible is a good idea

when the furnace has a poor draught
and the metal is melted slowly and it

is necessary to replenish the fuel befure

the metal can be melted
;
but in fur-

naces where the metal is melted quickly,
and it is not necessary to replenish the

fuel in the middle of the heat, the

crucible should be allowed to settle

with the fuel, as the heat will then be

more concentrated upon it. After the

metal has been poured from the crucible

into the mould or ingot, tiie crucible

should always be returned to the fur-

nace, and allowed to cool off with the

furnace to prevent it from cracking.
In forming alloys of brass, &c., a lid

for the crucible is seldom used, but a

covering of chai'coal or some kind of

flux is generally used on the metal.

The metal to be melted in the crucible

is generally packed in before the cru-

cible is i)ut into the furnace ; and when
it is desirable to put in more metal

after the metal has been fused, it is

put in with the tongs, if the metal is

in large pieces ;
but when the metal to

be added is in small pieces, it is put
into the crucible through a long funnel-

shaped pipe. The small end of this

pipe is used for putting metals into the

crucible, and the large end is used for

covering the crucible to prevent the

small pieces of fuel from falling into

the crucible,
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Casting.
—When brass is ready to be

poured, the zinc on the surface begins
to waiste with a lambent flame. When
this condition is observed, the large
cokes are first removed from the mouth
of the pot, and a long pair of crucible

tongs are thrust down beside the same
to embrace it securely, after which a

coupler is dropped upon the handles of

the tongs; the pot is now lifted out

with both hands and carried to the

skimming place, where the loose dross

is skimmed otf with an iron rod, and the

pot is rested upon the spill-troiigh,

against or upon which the flasks are

arranged.
The temperature at which the metal

is poured must be proportioned to the

magnitude of the work; thus large,

straggling, and thin castings require the

metal to be very hot, otherwise it will

be chilled from coming in contact with
the extended surface of sand before

having entirely filled the mould ; thick

massive castings, if filled with such hot

metal, would be sandburnt, as the long-
continuance of the heat would destroy
the face of the mould before the metal
would be solidified. The line of policy
seems therefore to be, to pour the metals

at that period when they shall be sutti-

ciently fluid to fill the moulds perfectly,
and produce distinct and shar]) impres-
sions, but that the metal shall become

externally congealed as soon as possible
afterwards.

For slight moulds, the carbonaceous

facings, whether meal-dust, charcoal, or

soot, are good, as these .substances are

bad conductors of heat, and rather aid

than otherwise by their ignition ;
it is

also proper to air these mouhls for thin

works, or slightly warm them before a

grate containing a coke fire. But in

massive works these jirecautions are less

required ;
and the facing of common

brick-dust, which is incombustible and
more binding, succeeds better.

The founder therefore fills the moulds

having the slightest works first, and

gradually proceeds to the heaviest
;

if

needful, he will wait a little to cool the

metal, or will effect the same purpose

l>y stirring it with one of the ridges or

waste runners, which thereby becomes

partially melted. He judges of the tem-

perature of the melted brass principally

by the eye, as, when out of the furnace,
and the very hot surface emits a bril-

liant bluish-white flame, and gives oft"

clouds of white oxide of zinc, a consider-

able portion of which floats in the air

like snow, the light decreases with the

temperature, and but little zinc is then

fumed away.
Gun-metal and pot-metal do not flare

away in the manner of brass, the tin

and lead being far less volatile than
zinc ; neither should they be poured so

hot or fluid as yellow brass, or they will

become sandburnt in a greater degree,

or, rather, the tin and lead will strike

to the surface. Gun-metal and the

much-used alloys of copper, tin, and

zinc, are sometimes mixed at the time
of pouring ;

the alloy of lead and copper
is never so treated, but always contains

old metal, and copper is seldom cast

alone, but a trifling portion of zinc is

added to it, otherwise the work becomes

nearly full of little air-bubbles through-
out its surface.

When the founder is in doubt as to

the quality of the metal, from its con-

taining old metal of unknown character,
or that he desires to be very exact, he

will either pour a sample from the pot
into an ingot-mould, or extract a little

with a long rod terminating in a spoon
heated to redness. The lump is cooled,
and tried with the file, saw, hammer, or

drill, to learn its quality. The engraved

cylinders for calico-jjrintiug are required
to be of pure copper, and their unsound-

ness, when cast in the usual way, was
found to be so serious an evil that it

gave rise to casting the metal under

pressure.
Some persons judge of the heat proper

for pouring by applying the skimmer to

the surface of the metal, which, when

very hot, has a motion like that of boil-

ing water ; this dies away and becomes
more languid as the metal cools. Many
works are spoiled from being poured too

hot, and the management of the heat is

much more difficult when the quantity
of metal is small. In pouring t'he
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metal, care should Le taken to keep
back the dross from the lip of the melt-

ing-pot. A crucible containing the

general quantity of 40 lb. or 50 lb. of

metal fan be very conveniently managed

by one individual, but for larger quan-

tities, sometimes amounting to 1 cwt.,

an assistant aids in supporting the cru-

cible by catching hold of the shoulder

of the tongs witli a grunter, an iron rod

bent like a hook.

Whilst the mould is being filled, there

is a rushing or hissing sound from the

How of metal and escape of air ;
the

effect is less violent wliere there are two

or more passages, as in heavy pieces, and

then the jet can be kept entirely full,

which is desirable. Immediately after

the mould is filled, there are generally
.small but harmless explosions of the

gases, which escape through the seams

of the mould; they ignite Irom the run-

ners, and burn quietly ;
but when the

metal blows, from the after-escape of

any confined air, it makes a gurgling,

bubbling noise, like tlie boiling of water,

but much louder, and it will sometimes

throw the fluid metal out of the runner

in 3 or 4 separate spurts ;
this effect,

which mostly spoils the castings, is

much the more likely to occur with

cored works, and with such as are

ramme<l in less judiciously hard, with-

out being, like the moulds for fine cast-

ings, subsequently well dried. The

moulds are generally opened before the

castings are cold, and the founder's duty
is ended when he has sawn olT the in-

gates or ridges, and filed away the

ragged edges where the metal has en-

tered the seams of the mould; small

works arc additionally cleaned in a

rumble, or revolving cask, where they
soon scrub each other clean. Nearly
all small brass works are poured ver-

tically, and the runners must be pro-

portioned to the size of the castings,
that they may serve to fill the mould

quickly, and supply at the top a mass of

still fluid metal, to serve as a head or

pressure for compressing that which is

beneath, to increase the density and

soundness of the casting. Host large
works in brass, and the greater part of

those in iron, are moulded and poured

horizontally.
The casting of figures is the most

complex and difficult branch of the

founder's art. An example of this is

found in the moulding of their orna-

ments in relief. The ornament, what-
ever it may be—a montimental bas-

relief, for instance—is first modelled in

relief, in clay or wax, upon a flat sur-

face. A sand-flask is then placed upon
the board over the model, and Avell

rammed with sand, which thus takes

the impress of the model on its lower

surface. A second flask is now laid on

the sunken impression, and also filled

with sand, in order to take the relief

impression from it. This is generally
termed the cope or back mould. The
thickness of the intended cast is then

determined by placing an edging of clay
around the lower flask, upon which

edging the lipper one rests, thus keep-

ing the two surfaces at the precise dis-

tance from each other that it is intended

the thickness of the casting shall be.

In this process, the metal is economized

to the greatest possible extent, as the

interior surface, or back of the casting,

is an exact representation of the relief

of the subject, and the whole is thus

made as thin in every part as the

strength of the metal permits. Several

modifications of the i)rocess just de-

scribed are also made use of, to suit the

particular circumstances of the case.

What has been said, however, is a detail

of the principle pursued in all matters

of a similar nature. In conclusion, the

following are instructions for a compo-
sition for cores that may be required
for dillicult jobs, where it would be ex-

tremely expensive to make a core-box

for the same :
—Hake a pattern (of any

material that will stand moulding from)
like the core reiiuired. Take a mould

from the same in the sand, in the ordi-

nary wav, place strengthening wires

from point to point, centrally ; gate and

close your flask. Then make a compo-
sition of 2 parts brickdust and 1 of

plaster of Paris
;

mix with water,
and cast. Take it out when set,

dry it, and place it in your mould,
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warm, so that there may be no cold

air in it. (^Iron.)

Aluminium Bronze.—This alloy
is ((imposed of 90 parts of copper and

10 of aluminium. It is a definite che-

mical cumpound, and was discovered by
Dr. Percy. It was manufactured for

many years at Washington, near New-

castle, by J. Lowthiau Bell, wlio ob-

taineil it by melting the copper in a

crucible made of grajihite or some other

highly refractory material ; the correct

proportion of metallic aluminij.im was
added to the melted copper, the two
metals uniting with evolution of intense

heat. Aluminium bronze is of a yellow
colour, resembling gold ; it is extremely
hard and tenacious, and possesses great

malleability and strengtii. Jt is ad-

mirably adapted for the working parts
of machinery where g-i'eat durability is

required, and has a power of withstand-

ing compression nearly equal to that of

the best steel. Aluminium bronze con-

taining 10 per cent, of aluminium pos-
sesses the maximum degree of hardness,

strength, and tenacity; a larger pro-

portion of aluminium renders the alloy
weaiv and brittle. It has a specific

gravity of 7*68
;
the weight of a cubic

inch is 0*276 lb., and the tensile

strength 32 tons per sq. in.

Amalgams.—Jlercury unites witli

a large number of metals, forming defi-

nite chemical compounds called "amal-

gams." Some of these are solid, while

others exist in a fluid state. It is pro-

bable, however, that fluid amalgams
merely represent a solution in excess of

mercury of some fixed compound of

mercury with another metal, inasmuch
as when a quantity of such fluid amal-

gam is pressed through the pores of a

chamois-leather bag, a small portion of

mercury jiasses tlirough, leaving behind

the solid amalgam, which, on examina-

tion, is generally found to have a fixed

chemical constitution. The fluidity of

an amalgam seems therefore to depend
upon the presence of an excess ofmercury
over and above the amount theoretically

required to enter into combination with
the other metal.

The chemical affinity which causes

mercury to combine with other metals

is generally of a feeble character. Gen-
tle pressure will drive out a considerable

quantity of the combined mercury,

leaving a combination in altogether
dillerent proportions from the original
one. A moderate heat also is suflleient

to decompose almost any amalgam. This

fact was formerly made use of in the pro-
cess known as watcr-gildinf). The article to

be gilded was covered with an amalgam
of gold with excess of mercury, and then

subjected to a strong heat. The mercury
was driven otf, leaving the article

covered with a fine coating of metallic

gold, which, on burnisliing, regained its

lustre.

The following are some of the most

important amalgams :
—

Copper Amuhjam.—There are several

methods of preparing this, the following

being, perhaps, the best:—A mixture of

finely-divided metallic copper (obtained

by precipitating copper sulphate with
metallic iron) and mercurous sulphate
is triturated under hot water for J
hour. After this, the water is repeatedly

changed until it is no longer blue. The
mass is then dried, kneaded well, and
allowed to harden, when it consists of

an amalgam of 7 parts mercury with .>

of copper. The peculiarity of this amal-

gam is its proj)erty of softening when
kneaded, and becoming quite hard again
after standing some hours. It has been
used by Parisian dentists as a stop]»ing
for decayed teeth, though, owing to the

poisonous nature of the copper, it is not

to be recommended for this purpose.
Gold Amalgam.—This is formed when

mercury is heated with powdered gold
or gold-foil. It consists usually of 2

parts of gold to 1 of mercury. It has
been found .'native near JIariposa, in

Califoi-nia, and in the jilatinum region of

Colombia.

The readiness with which mercury
combines with gold is made use of in the
extraction of the latter from its ores.

The ore is crushed in an iron mortar, or

battery, as it is termed. Water is intro-

duced into each battery by a number of

pipes. Mercury is placed in the batteries

in small quantities, and unites with the
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gold as tho lattex- is liberated by tlie

crushing process. The larger portion of

the amalgam is afterwards found in tlie

batteries, adhering to the plates, the re-

mainder being caught by inclined plates

placed outside the battery. The plates
are cleaned by scraping off the adher-

ing amalgam, first gently with a knife,

and finally with a thick piece of hard

gum or ruliber, which scrapes the surface

closely without cutting or scratching it.

The plates are then washed with water,
and prepared for use again by sprinkling

mercury over them, and spreading the

same evenly by means of a cloth, thus

forming a freshly amalgamated surface.

Iron Aiiialgain.—Iran will n(jt unite

with mercury under ordinary conditions.

Small quantities of an iron amalgam
have, however, been formed by immers-

ing sodium amalgam (containing 1 per
cent, sodium) in a clear, saturated solu-

tion of fei'rous sul2:)hate.

Silver Amahjnm.—This compound is

formed by the union of mercury with

finely-divided silver. Native silver

amalgam has been found at Moschel-

landsberg, in the Palatinate, and in

.several other places. Mercury is used

for silver e.xtracting, in a process some-

Avhat similar to that described above for

the extraction of gold.
Sodium Amalgam.—Sodium and mer-

cury combine readily iinder ordinary
conditions by being brought into contact

one with another. The union is attended

with much hissing and spluttering, and

with a considerable evolution of heat.

Im Amalgam.—Tin and mercury coni-

l)ine readily at ordinary temperatures.
]f 3 parts mercury be broiight into con-

tact witli 1 of tin, (3-sided crystals of tin

amalgam are formed. Tin amalgam is

iised for silvering looking-glasses. When
pulverized and rubbed on the polishiug-

stone, it forms a kind of mosaic silver.

Electric amalgam may be made by melt-

ing tin and zinc together in various

proportions in a porcelain crucible. The
mixture is well stirred up, and when on

the point of solidifying, the mercury is

added and worked into the mass. The
whole is next transferred to a mortar
warm enough to keep the amalgam soft

while it is well worked together, after

which a piei'e of tallow or lard, not quite

equal in bulk to the mass, is kneaded in

until the amalgam attains the projjcr

consistency.
Zinc Amalgam is formed by mixing and

triturating zinc filings with mercury,
at a heat somewhat below the boiling-

point of the latter. It is usually pre-

j)ared by pouring mercury into zinc at

the temperature at which the latter is

just kept in a fused state. Care must
be taken to keep the liquid stirred, and
to add the mercury slowly and in as fine

a stream as possible.

Bell-metal.—An alloy of copper
and tin in proportions varying from 3
to 5 parts of copper to 1 of tin. It is

of a yellowish-grey colour, hard, brittle,
and sonorous, and exhibits a fine-grained
fracture. CooJed suddenly from a red

heat, it becomes soft, but regains its

hardness alter being re-heated and cooled

very slowl}'. Small house-bells are

usually made of an alloy of 2 parts of

cop[}er with 1 of tin
;

but for larger
bells a higher proportion of copper is

needed.

The larger the proportion of copper
in the alio}', the deeper and graver is

the tone of the bells formed from it.

The addition of tin, iron, or zinc causes

them to give out a sharper tone. Where
the quality of the tone is the chief

object sought after, care must be taken
to employ only commercially pure
copper. Tiie presence of lead, even in

very small quantities, prejudicially
affects the sonorousness of the alloy.

Silver, on the contrary, is said to give
sweetness to the tone. The presence of

this metal has been detected in many
old church bells, which, according to

tradition, were cast from crucibles into

which articles of silver had been thrown
as votive offerings.
The composition of some varieties of

bell-metal is shown below :
—

(1) Copper, 39 parts; tin 11. This

is the most sonorous of all the alloys of

copper and zinc. (^Standard.)

(2) Copper, 77 parts ; tin, 21
;
anti-

mouv, 2. Paler and inferior to the

above. (^Founders' Standard.)
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(3) Copper, 4 parts ; tin, 1. Very
deep-toned and sonorous.

(4) Copper, 3 jmrts ; tin, 1. Used
fur church and other large bells.

(5) Copper, 17 parts; tin, 8. Best

proportions for house-bells, hand-bells,
&c.

(6) Copper, 72 parts ; tin, 26J ;
iron.

Ij. Used by the Paris houses for the

bells of small clocks.

(7) Copper, 6 lb.
; nickel, 1 lb.

;

melted and cooled
;
add 1 lb. zinc and

5 oz. aluminium
;
melt and cool

;
melt

again, and add § oz. mercury and 6 lb.

melted copper. Said not to tarnish nor

crack, an(l to be lighter in weight and

give better souml.

Brass.— Brass is perhaps the most
useful and important alloy known. Its

composition varies widely with tlie uses

for which it is intended, but its con-

stituents are copper and zinc, usually
in the proportions of nearly two ])artB
of the former to one part of the latter.

Brass may also contain small quantities
of tin and lead. The qualities which
render this alloy so valuable may be

briefly enumerated as follows:— It is

harder than copper, and consequently
better able to resist wear and tear. It

is very malleable and ductile, and there-

fore admits of being either rolled into

thin sheets, shaped with the hammer,
drawn into tine wire, or raised by stamp-
ing into objects of various forms. It is

readily fusible, and therefore easily cast

at a lower temperature than copper.
It resists tlie influences of the atmos-

phere better than copper, although, if

unprotected by lacquer or varnish, it

rapidly tarnishes and blackens on ex-

posure to the air. Finally, brass has a

fine yellow colour, and is capable of

receiving a beautiful jjolish.

The malleability of brass varies with
its composition and with its tempera-
ture

;
it is also atiected, to a sensible

degree, by the presence, even in minute

quantities, of certain other metals. Some
varieties of brass are malleable only
when cold, others only when hot, and

others, again, are never malleable. At
a temperature just below its fusing-

point, brass, like copper, is brittle, and

may be powdered in a mortar. Alloys
of copper and zinc present a great variety
of colour, ranging between the reddish

hue of the former and the bluish-white

of the latter; the transition is gradual,
and passes through all the intermediate

stages of yellow. The table on page 14

represents the intensity of colour, hard-

ness, and fusibility possessed by these

different alloys.

During the process of stamping brass,

it must be hardened or tempered from

time to time. At the end of the process,
it has lost its colour, owing to the for-

mation of a coating of oxide during the

tempering operations. This coating is

easily removed by plunging the metal

into nitric acid, and then washing it

thoroughly with water. A brilliant

metallic surface is thus produced, ready
to receive the customary layer of lac-

quer or varnish. This cleansing process,
is known as "

dipping." If the brass

contain any imj)urities, dipping will not

impart to it a lirilliant surface. The
colour produced by dipjiing varies ac-

cording to the strength of the acid;
this is due, it is believed, to the fact

that the metals constituting the alloy
are acted upon to a greater or less degree

by acids of difl'erent degrees of dilution.

The operation of dipping is jier-

formed in the following way :
—The

object, with a black coat of oxide, is

l)lunged into nitric acid containing 1 part
of the pure acid to 7 or 8 of water. It

is allowed to "
pickle," as it is termed,

in the acid solution until the crust can

be detached hv rubbing the surface of

the metal gently with the finger, when
it is withdrawn, and washed immediately
in water. It is next dipped into a much

stronger acid solution, where it remains

until the " cunl
"
appears, or until the

surface of the metal is entirely covered

with minute bubbles of gas. This solu-

tion should be about twice as strong as

the one previously used. The brass must
then be washed with a plentiful supply
of water, and roughly dried in cold saw-

dust. It is afterwards dipped, with the

particles of wood still adhering to its

surface, into strong nitric acid, where it

remains only a few moments, then rinsed
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with a little water, ami imnn'iliately
afterwards thorouglily washed with
water containing argol in solution. It

is finally dried in hot sawdust, after

which the surface is ready for the lac-

quer or varnish.

Another dipiiing bath, which has been

recommended, consists of hydrochloric
acid and alum. It is said, however,
that the lustre given is much duller and
of a greenish hue, in comparison with
that given by strong nitric acid. When
dipping articles, have a bath of whiting
and water close to the acid-bath. When
the article has been dipped 4 seconds,
remove it, and instantly plunge into the

whiting and water, which removes at

once all the acid and oxide, and it comes
out a beautiful dead-gold colour, requir-

ing to be only dried, warmed, and

lacquered. Should the first dip be not

.sufficient, repeat the process, and end by
a dip just in and out again quickly,

having previously cleaned the article in

water and dried it. Don't put it into

the acid wet, because some parts being
wetter than others, the acid will attack

them unequally, and the result may be

a cloudy mottled ajqiearance on the

surface. Kever use a pair of iron tongs
or forceps for holding the work when

dipping ;
either suspend it from a brass

wire, or make a pair of tongs out of a

piece of f by f^ in. brass, something like

a long pair of sugar-tongs. If obliged to

use this process indoors, get a draught
to carry away the brown fumes

;
if you

have a fireplace not in use, make a board
to fit it exactly, and at a convenient

distance from the bottom cut a hole in it

about 6 in. square ; place the acid-bath

close in front of this, and the air rushing
through will carry the hurtful fumes iip
"the chimney.
A mottled appearance is produced on

brass by a "
spotting

"
machine. A fair

imitation can be made by the flat end of

a piece of slate pencil. Put a piece of

wood or metal, with a hole in it the
size of the pencil, upon the piece of

brass you wish to spot, and, having
dipped the end of the pencil in water,

place it in the hole, and turn it round a

few times, when it will form a grey spot.

A dead appearance, called by the

French mat, maj' be obtained- by plung-
ing the articles in a mixture of strong
nitric acid 200 parts ; sulphuric aciil

sp. gr. 1-845, lOp ;
common salt, 1

;
sul-

jihate of zinc, 2. The articles will re-

quire thorough rinsing. Another recipe,
suitable for large work, consists of: o

parts nitric acid, 1 sulphuric acid, 1

water, J zinc sulphate. L)ip the articles

and rinse, again dip and rinse imtil the

earthy yellowish dullness gives way to

a clear mat, without earthiness.

For frosting small brass-work, fasten

a circular scratch-brush, made of very
fine brass wire, on the lathe, and having
previously scoured the brass with strong

pearlash lye, hold the work against the

revolving brush, which must be driven

at a good speed.

Holtzapfl'el introduced the following
style of ornamenting ilat surfaces :

—The
work (after being filed, scraped, and

passed over with Water-of-Ayr stone) is

clouded with a piece of charcoal and

water, by means of which the entire

surface is covered with large curly
marks, which form the ground. The
curls resemble an irregular cycloid pat-

tern, with loops of 5 in. to 1 in. in dia-

meter', according to the magnitude of

the work. Similar but smaller marks
are then made with a piece of snake-

stone, bluestone, or even a common
slate pencil, filed to a blunt point. The

general effect of the work much depends
on the entire surface being uniformly
covered

;
with which view the curls

should be first continued round the

margin ;
the central ])arts are then

regularly filled in
;

after which the
work is ready to be varnished.

Brass which is required for rolling
into sheets should contain no antimony,
as this metal renders the alloy very
brittle, and extremely liable to crack.

That which has to be turned contains

invariably a small pro])ortion of lead,

usually about 2 per cent.
;

this addition

is made when the crucible containing
the fused metals is taken out of the
furnace. The following is an analvsis

of a brass which is well adapted for tliis

purpose :—Copper, 65'8
; zinc, 31-8

;
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lead, 2*15
; tin, 0-25. The presence of

till was believed to be accidental. Brass

required for engraving upon should

always contain a little tin, in order to

render it sufficiently firm. Brass lami-

nates well in the rolling mill cold, as

long as it is kept sufficiently soft
;
but

as by lamination the metal hardens and

becomes brittle, it is necessary to restore

its tenacity by annealing in an oven or

reverberatory furnace. The same pro-
cess of annealing is necessary in the

manufacture of brass wire, which is ob-

tained by drawing it through holes in

steel plates, polished carefully and ad-

justed in series, graduated in size, so as

n )t to diminish too rapidly, and thus

render it necessary to employ so much

jiower for drawing as would cause tlie

breaking of the wire. Brass is not

usually so prepared as to admit of its

being hammered out, as is done in the

manufacture of copper utensils
;
but a

brass-foil or Dutch metal, of the colour

and aj)proaching the thinness of gold-

leaf, is manufactured by ])eating out

thin sheets of brass with hammers
worked by water-power, making 300 or

400 strokes per minute.
Brass may be made either in a cru-

cible, as in the ordinary Birmingham
brass-foundries, or in a reverberatory
furnace. Tlio crucibles commonly used

are circular, and made of fireclay ; they
are about 1 ft. deep, 8 in. diameter at

the top, and 6 in. at the middle, internal

measurements; they are also fin. tliick

at the top, and 2 in. at the bottom
; they

contain about 84 lb.

The copper is first placed in the cru-

cible, and the zinc is added to it bit by
bit with much caution, as soon as tiie

former metal is in a state of iucijjient

fusion. The ingots of copper sliould be

heated to redness before being put into

the crucible. In Birmingham, the chief

seat of the brass manufacture, the fur-

naces employed are square, their dimen-
sions being 10 in. in the side and 24 in.

in depth. Those used in London are cir-

cular in form. The flue between the

furnace and the chimney should be nar-

row, and should lead out from the top
of the furnace

;
its dimensions vary with

those of the cliimney, and witli otlier

conditions. Coke of the very best quality
is the fuel employed. When the mixture

is well fused together, the cinders are

removed, and it is poured, if re([uired

for casting, into sand-moulds ; if, on the

contrary, it is to be used for rolling,

it is cooled in close iron ingot-moulds,

previously heated, oiled, and dusted

lightly over in the interior with pow-
dered charcoal. A loss of zinc invariably
occurs by volatilization, which is always
taken into consideration when weighing
out the metal.

The following formulre show the

composition of dift'creut varieties of

brass :
—•

For button brass, an alloy of 8 parts
of copper and 5 of zinc is commonly used

by the Birmingham makers, under the

name of "
platin." An alloy paler m

colour, and used for the common but-

tons, consists of 2.J of copper, 20 of zinc,

3 of lead, and 2 of tin.

For fine brass, an alloy of 2 parts of

copper with 1 of zinc is the correct pro-

poi'tion ;
the metals are melted sepa-

rately, [)oured suddenly together, and

united by vigorous stirring. By raising
the proportion of cojtper to 7 parts of

copper and 3 of zinc, a bright-yellow
and malleable alloy is obtained

;
4 of

copper and 1 of zinc yields a metal of

darker colour than the last.

Brass for fine castings is an alloy of

62 parts of copper, 35 of zinc, 2 of lead,

and 1 of tin
;
this is rather pale and

brittle. An alloy used for the same pur-

pose, and of a deep, rich colour, consists

of 90 copper, 7 zinc, 2 tin, 1 lead.

For gildinj, good proportions are :

64 i>arts copper, 32 zinc, 3 lead, 1 tin.

For malleable brass, good projiortions

are : 33 parts copper, 25 zinc, or, 3 cop-

]ier and 2 zinc. These are malleable

when hot.

For soldering, an alloy of 12 parts fine

brass, 6 zinc, 1 tin, melted together, is

most commonly employed.
For taming, the proportions are :

98 parts fine brass, 2 lead, both melted

together ; or, 65 copper, 33 zinc, 2 lead.

For ivire, an alloy of 72 parts copper,

28 zinc, is commonly used
;

this alloy
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must be afterwards hardened by tem-

pering.
Alexander Dick lias succeeded in pro-

ducing a new copper-zinc alloy which

exhibits characteristics essentially su-

perior to ordinary brass. The advan-

tages claimed for the new alloy, which

has been named " delta metal," are

great strength and toughness, and a

capacity for being rolled, forged, and

drawn. It can be made as hard as mild

steel, and when melted is very liquid,

producing sound castings of close fine

grain. The colour can be varied from

that of yellow brass to rich gun-metal ;

the surface takes a fine polish, and, when

exposed to the air, tarnishes less than

brass. These latter characteristics will

meet with ready appreciation for cabinet-

work, harness fitting, &c. The metal

when cast in sand has a breaking strain

of 21 to 22 tons per sq. in.
;
when rolled

or forged hot into rods, the breaking
strain is 43 tons per sq. in.; and when
drawn into wire of 22 B.W.G., of 67

tons per sq. in.

Bronze.—This alloy has been known
and employed since very remote ages.

It was used exclusively by the ancients

for making swords and other sharp in-

struments, for coinage, statues, and many
other useful and ornamental purposes.
It is composed of copper and tin, some-

times with the addition of a little zinc

and lead. Great variations are made in

the proportions- of the two chief con-

stituents, according to the nature of the

application for which it is destined. For

statuary, the proportions used by the

Brothers Keller, the most noted bronze-

founders of modern times, were copper,
91-40

; zinc, 5-o3; tin, 1-70; and lead,

1'37. The bronze coinage of this country
contains 95 parts copper, 4 of tin, and

1 of zinc. The addition of a little zinc

to the alloy is an advantage, but too

much diminishes its tenacity ;
lead is

objectionable, owing to its tendency to

sink after casting, thus destroying the

homogeneity of the alloy. The metals

should be melted rapidly to prevent loss

of metal by oxidation, and the melted

mass should be covered with a layer of

charcoal, and kept constantly stirred,

The operation is generally carried on in

refractory crucibles, heated in a rever-

beratory furnace of suitable form. The

cooling in the moulds must be as rapiil

as possible, in order to prevent the sepa-
ration of the metals.

The composition of different kinds of

bronze is shown below :
—

For cclje-tooh : 100 parts copper,
14 tin

;
when properly tempered, this

alloy is capable of taking nearly as fine

an edge as steel.

For gildini) : (1) copper, 82 parts ;

zinc, 18
; tin, 3

; lead, IJ ; (2) copper,

83; zinc, 17; tin, 2; 'lead, 1; (3)

copper, 70
; zinc, 25

; tin, 2
; lead, 3.

Nos. 2 and 3 represent extremes.

For medals: (1) copper, 89 parts;

tin, 8
; zinc, 3

;
this alloy takes a sharp

impression by stamping; (2) (Chaudet)

copper, 95 parts ; tin, 4 or 5.

For mortars: copper, 93 parts; lead,
5

; tin, 2.

For statuary : (1) copper, 88 parts ;

tin, 9
; zinc, 2

; lead, 1
; (2) copper,

82^ ; zinc, 10| ; tin, 5
; lead, 2

; nearly
the proj)ortions of the celebrated statue

of Louis XV.; (3) copper, 90; tin, 9;

lead, 1; (4) copper, 91; tin, 9; (5)

copper, 91*4; zinc, 5 "6; tin, 1*6;
lead, 1-4; (6) copper, 89*35; tin,

10-05; zinc, 0*5; lead, O'l.

In a paper lately read before the

American Society of Civil Engineers,
Prof. R. H. Thurston describes a new
bronze alloy of maximum strength. The

properties of this alloy were ascertained

by Thurston in the course of his exami-

nation (in the mechanical laboi'atory of

the Stevens Institute of Technology) of

a series of 36 alloys of copper, tin, and

zinc, in which the proportions of the

copper were varied from 10 to 80 per
cent.

;
of the tin, from 10 to 80 per

cent.
;
and of the zinc, from 10 to 70

per cent. The results of these experi-
ments pointed to an alloy of the pro-

portions of 55 copper, 43 zinc, and 2 tin,

as likely to be that possessing maximum
strength, and on Thurston making the

alloy, he found it to be of a good colour,
close grained, and susceptible of high
pcdish. It was also found to have im-

mense strength, Considerable hardness,
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and moderate ductility, while 11 could

also be forged if carefully heated. For

purposes demanding toughness as well

as strength, Thurston found, however,
an alloy with less tin to be preferable,
and he gives the proportions of 55 cop-

per, 0'5 tin, and 44-5 zinc, as affording
the best results. This alloy, he states,

has a tensile strength of 68,900 lb. per

sq. in. of original area, and 92,1.36 lb.

per sq. in. of fractured area, while it

elongated 47 to 51 per cent, (length of

test sample not stated), and reduced to

0-69 to 0-71 of its original diameter

before fracture. He also states that the

shavings produced by the action of the

turning tool on this alloy curled closely,
and were tough and strong, like those

of good iron. Thurston also refers to

an alloy discovered several years ago by
J. A. Tobin, but which appears not to

be generally known. This alloy, which
consists of 68'22 copper, 2'3 tin, and
39'48 zinc, had, when cast, a tensile

strength of 66,500 lb. per sq. in. of

original section, while when rolled hot

its tenacity rose to 79,000 lb. per sq. in.,

and when moderately and carefully rolled

cold, to 104,000 lb. per sq. in. It could

also be bent double either hot or cold,
and was found to make excellent bolts

and nuts, while it could be forged at

a low red heat.

Making Figures.
—It is a singular fact

that melted gold, silver, copper, and

iron, if poured hot into a mould, will

take an impression of all the details of

the pattern from which the mould was

made, only if the mould is made of sand.

Zinc can be moulded in copper moulds,
and that is the principal cause of the

low price of spelter or zinc statuettes,
known in the trade as imitation or

French bronze. The real bi'onze is an

alloy of copper, zinc, and tin, the two
latter metals forming a very small part
of the combination, the object of which
is the production of a metal harder than
the pure copper would be, and conse-

quently more capable of standing the

action of time, and also less brittle and
soft than zinc alone would be. Let us

follow a statuette through the different

processes through which it has to pass

from the time it leaves the hands of the

artist who has modelled it to that when
it reaches the shop where it is to be sold.

The original statuette is generally
finished in plaster. The manufacturer's

first operation is to have it cut in such

pieces as will best suit -the moulder,
the mounter, and the chaser, for very
few statuettes are cast all in one piece.
Arms and legs are generally put on after

the body is finished. The next operation
is to reproduce the different parts of the

figure in metal. For this the moulder
takes it in hand to prepare the mould.
He begins by selecting a rectangular
iron frame, technically termed a flask,

large enough for the figure to lie in

easily. To this frame, which is 2 to 6

in. deep, another similar frame can be

fastened by bolts and eyes arranged on

the outside of it, so that several of these

frames superposed form a sort of box.

The workman places the plaster statu-

ette, which is now his "
pattern," on a

bed of soft moulding-sand inside the first

iron frame. The sand used for mould-

making is of a peculiar nature, its

princip.al quality being due to the pre-
sence of magnesia. Only in one locality
in the world is found the best sand—
that is at Fontenay-aux-Roses, a few

miles from Paris, in France. This sand,
when slightly damp, sticks together

very easily, and is well fitted to take

the impr^sssion of the pattern.
Once the pattern is imbedded in the

sand, the workman takes a small lump
of sand, which he presses against the

sides of the figure, covering a certain

portion of it. Next to_ this piece he

presses another, using a small wooden
mallet to ensure the perfect adhesion of

the sand to the pattern. Each one of

these pieces of sand is trimmed off,

and a light layer of potato-flour is

dusted both over the pattern and the

different parts of the mould, to prevent
them from adhering together. In

course of time, the entire part of the

pattern left above the first bed of sand,
on which it has been placed, will be

covered with these pieces of sand, which
are beaten hard enough to keep together.

Loose sand is now thrown oyer thi^
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elementary brickwork of sand, if it may
be so called, and a second iron frame
bolted to the first one to hold the sand

together, which, when beaten down, will

form a case holding the elementary sand

pieces of the mould in place, 'llie work-
man now turns his mould over, removes
the loose sand which formed the original
bed of the pattern, and replaces it by
beaten pieces, just as he had done on the

upper side.

We can now easily conceive that if

the mould is opened the plaster pattern
can be removed, and that if all the

pieces of sand are replaced as they were,
we shall have a hollow space inside the

mould, which will be exactly the space

previously occupied by the pattern. If

we pour melted metal into this space, it

will fill it exactly, and consequently,
when solidified by cooling, reproduce

exactly the plaster pattern. For small

pieces this will answer very well
;
but

large pieces must be hollow. If they
were cast solid, the metal in cooling
would contract, and the surface would

present cracks and holes difficult to fill.

To make a casting hollow it is necessary
to suspend inside the mould an inner

mould or "
core," leaving between it

and the inner surface of the first mould
a regular space, which is that which
will be filled by the metal when it is

poured in. This core is made of sand,
and suspended in the mould by cross

wires or iron rods, according to the

importance of the piece. A method
often used in preparing a mould, named

by the French cire ixrdue, will help to

illustrate this. The artist first takes a

rough clay image of the figure he wants
to produce. This will be the core of the

mould
;
he covers it with a coating of

modelling-wax of equal thickness, and

on this wax he finishes the modelling of

his figure. The moulder now makes
his sand-mould over the wax, and, when
it is completed by baking the mould in

a suitable furnace, the wax runs out,

leaving exactly the space to be filled uj)

by the metal. The celebrated statue of

Perseus, by Benvenuto Cellini, was cast

in this way, and the method is very

frequently employed by the Japanese

and
,
Chinese. Sometimes flowers, ani-

mals, or baskets are imbedded in the

mould, and, after the baking, the ashes

to which they have been reduced are

either washed or blown out to make
room for the metal. This can easily be

done through the jets or passages left

for the metal to enter the mould, and

through the vent-holes jirovided for the

escape of air and gases.
When the mould has cooled, it is

broken to remove the casting it contains
;

and here is the reason why real bronze

is so much more expensive than the

spelter imitation. For each bronze a

new sand-mould must be made, while

the zinc or spelter can be poured in

metallic moulds, wliich will last for ever.

In this way the pieces are produced with
but little more labour than that re-

quired to manufacture leaden bullets.

These pieces, of course, do not receive

the same expensive finish as the real

bronze. AVhen the casting is taken out

of the mould, it goes to the mounter,
who trims it off, files the base "

true,"

prepares the sockets which are to receive

the arms or other pieces to be mounted,
and hands the piece to the chaser. The
work of this artisan consists in removing
from the surface of the metal such in-

equalities as the sand-mould may have

left, and in finishing the surface of the

metal as best suits the piece. The
amount of work a skilful chaser can lay
out on a piece is iinlimited. In some
cases the very texture of the skin is

reproduced on the svirface of the metal.

This mode of chasing, called in French

chaire, and in English
"

skin-finish," is,

of course, only found on work of the

best class. Sometimes pieces are finished

with slight cross-touches, similar to the

cross-hatching of engraving, This'style
of finish, which is much esteemed by
connoisseurs, is named "

cross-rifiled," or

riboute. After tlie chaser has finished

his work, the piece returns to the

mounter, whoMefinitively secures the
elements of the piece in their places.

The next process is that of bronzing.
The colour known as " bronze "

is that

which a piece of that metal would take

through the natural process of atmo-
C 2
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spherical oxidation, if it were exposed to

a dry atmosphere at an even temperature.
But the manufacturer, not being able

to wait for the slow action of nature,
calls chemistry to his aid, and by ditfer-

ent processes produces on the surface of

the piece a metallic oxide of copper,

which, according to taste or fashion,

A'aries from black to red, which are the

two extreme colours of copper oxide.

The discovery of old bronzes, buried for

centuries in damp earth, and covered

with verdigris, suggested the colour

known as vert antique, which is easily

produced on new metal by the action of

acetic or sulphuric acid. In the 15th

century, the Florentine artisans pro-
duced a beautiful colour on their bronzes

by smoking them over a fire of greasy

rags and straw. This colour, which is

very like that of mahogany, is still

known as Florentine or smoked bronze.

Bronze can also be plated with gold and

silver, nickel and platinum, like every
other metal. (F. Vors.)
On this subject, Gornaud says that

the manufocturer of art bronzes begins

by giving the style and general propor-
tions to the artist, who is his first and

most important assistant. The artist

takes the clay, the model, the style,
and arranges it into its varied forms

;

soon the architecture is designed, the

figures become detached, the ornaments

harmonize, and the idea embodied in the

outline becomes clear. The manufac-

turer, before giving his model to the

founder, should indicate with a pencil
the parts which ought to be thickest,
lest some be found too light, without,

however, altering the form
;
he should

also mark the parts to be cut in the

mould to facilitate putting together.
Care must be taken to rub with hard

•modelling wax all the projecting parts
which serve to join the pieces, so that

the tvirner may not want matter. He
must carefully verify all the pieces

separately, and cover with wax the

angles and ends of the leaves—in a word,
the weak parts. Generally the model
is cast in half-red bronze, in the follow-

ing proportions (the body of it is harder,
aijd less easy to work) :^

Copper , , 91 "60 per cent.

Zinc . , 5'33 „
Tin . . 1-70 „
Lead . . 1-37 „

Objects destined to be gilded require a

little more zinc than those of plain
bronze. The models just described

serve to make the moulds in moulding-
sand, the moulds being afterwards baked
in a stove heated to 572° F. (300° C).
They are fastened horizontally with

binding screws, in order to run in the

bronze
;

the temperature, when cast,

varies from 2732° to 32720F. (1500° to

1800° C.).

Fusible Alloys.—Several alloys

having very low melting-points are used

in the manufacture of children's toys,
and for other purposes where great soft-

ness is required. They are chiefly as

follows :
—

(1) 8 parts bismuth, 5 lead,
3 tin, melted together ; melting-point,
202° F. (9-1 -5° C). (2) 2 parts bis-

muth, 5 lead, 3 tin
;
melts in boiling

water. (3) 5 parts bismuth, 3 lead,

2 tin
;
melts at 197° F. (92° C). (4)

15 parts bismuth, 8 lead, 4 tin, 3 cad-

mium
;

known as " Wood's patent
"

;

has a brilliant metallic lustre, does not

tarnish readilv, and melts between 150°

and 160° F. "(65^° to 71° C). (5) 5

volumes each of bismsth, lead, and tin,

with 4 of cadmium, form an alloy which
is quite liquid at 150° F. (65|° C).
(6) 4 volumes each of bismuth, lead,

and tin, with 3 of cadmium, fuses at

153P F. (t37i° C). (7) 2 volumes each

of bismuth, lead, and tin, with 1 of cad-

mium, or 1 volume of each of the four

metals, fuses at 155|° F. (68J° C).

(8) 1 part tin, 1 lead, 2 bismuth
; melts

at 200° F. (93-5° C). (9) 15 parts

bismuth, 8 lead, 4 tin, 2 cadmium
;

melts below 140° F. (60° C). N.B.—
All the alloys containing cadmium are

liable to undergo rapid oxidation in con-

tact with water.

German Silver.—This alloy is

much used as a substitute for silver
;

it is composed of copper, zinc, and
nickel. The proportions of the three

metals are various. When intended as

a substitute for silver, they are 50 parts

copper, 25 zinc, and 25 ni'.kel
; castings,
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such as candlesticks, ifcc, are made of

an alloy containing 60 parts of copper,
and 20 of each of the other two con-

stituents. German silver is harder than

silver, and susceptible of a high polish.
It is of a greyish-white colour ; fuses at

a bright-red heat, the zinc being vola-

tilized in the open air. The three

metals, in a state of division and inti-

mately mi.xed, may be melted together
in a crucible, having copper at the top
and bottom. The whole is covered with
a coating of fine charcoal, and strongly
heated in an air furnace with a strong

draught. Or the copper and nickel

may be first melted in the crucible,

fragments of hot zinc being afterwards

added. To aid the fusion of the nickel,

th« mixture should be well stirred.

Lead is sometimes added, also iron, for

the purpose of whitening the alloy.
Actual analyses of various kinds of

German silver (including Argentan,
Maillechort and Packfong) show the

following proportions :
—

(1) Copper, 50 parts ; nickel, 20
;

zinc, 30
; very malleable, and takes a

high polish.

(2) Copper, 50 parts ; nickel, 26 ;

zinc, 24; good imitation of silver.

(3) Copper, 41 parts; nickel, 18;

zinc, 41
;
rather brittle.

(4) Copper, 50 parts ; nickel, 25
;

zinc, 25 ; good imitation of silver
;
white

and malleable.

(5) Copper, GO parts ; nickel, 25
;

zinc, 20
;

for rolling and wire
; very

tough and malleable.

(6) Copper, 40^ parts; nickel, 31 5^;

iron, 2^ ; zinc, 2bi ; made from Ilill-

burghausen ore
; equal to best Chinese

sample.

(7) Equal parts of copper and nickel
;

recommended by P(5louze as being su-

perior to any alloys containing zinc.

(8) Copper, 55 parts; nickel, 24;

zinc, 16
; tin, 3

; iron, 2
;
white metal

spoon, sold as German plate.

(9) 10 parts copper shavings and 4

parts arsenic in alternate layers, covered

with salt, make a white alloy almost

resembling silver.

Gun-Metal.—This is also an alloy
of copper and tin, in the proportions of

8 or 9 parts of the former to 1 of the

latter. It is a very tenacious metal,

easily forged, and possesses a considerable

amount of resistance ; it is the metal of

which large guns were formerly cast,

whence the name. In order to make a

perfectly uniform alloy, the melted
metals should be cooled in the moulds
as rapidly as possible. Gun-metal of the

above comj)osition has a specific gravity
of 8 '462; the weight of a cub. in. is

304 lb., and its tensile strength 15 "2

tons to the sq. in.

The composition employed by the

Kellers is—100 of copper, 9 of tin, and
6 of zinc. Fesquet states the propor-
tions adopted by the chief European
armouries as follows ;

—
Copper. Tin.

England 100 12-5

..
••

.. 90 10

88-92 12-8

Austria, Bavaria,!

Prussia, Russia, V 100 10

Sa.xony . . . .
j

Spain

'

100 11

Iron Alloys. — All substances

added to iron, according to Kirk, make
it more fusible. Lead added in small

quantity makes iron soft and tough,
but in excess renders it "extreme cold-

short." Copper induces "extreme red-

short "-ness, and over 1 per cent, will

make the iron "cold-short," but small

quantities increase the strength of iron

when cold. Arsenic imparts a silvery

whiteness, but renders the iron brittle.

Tin also whitens iron, and in about

equal proportions makes it as hard as

steel, but the alloy cannot be forged.
The chromium alloy of iron is as hard
as bort, but difficult to make. Tung-
sten steel, containing 6 to 8 per cent,

of the former metal, is excessively hard

and tough, but requires much care in

manufacture. Silver renders iron hard,

brittle, and very liable to corrosion.

Gold produces toughness, and a yellow
colour

;
this alloy is used for small iron

castings. Carbon increases the fusi-

bility ;
1 to 2 per cent, makes hard cast

iron, 5 to 6 foundry iron, less than 1

per cent, renders the iron very hard

and brittle, and over 6 per cent, causes
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extreme brittleness. Sulphur causes

iron to be both hard and brittle, when
either hot or cold, and it makes molten

iron " short-lived ;" fuel containing

sulphur should not be used for melting
irou in contact with the fuel. Phos-

phorus is very injurious to iron
; § per

cent, will cause iron to be very hard

and brittle when cold, but it imparts a

brilliant and white colour to irou more

perfectly than any other metal. Silicon

makes iron brittle and hard
;

it has a

similar effect to phosphorus, but it is

not so injurious. All cast iron contains

more or less carbon, sulphur, ]ihos-

phorus, and silicon, and, as these sub-

stances predominate, they form hard or

soft, strong or brittle irons
;
and as all

anthracite coal and coke contain more

or less of these substances, anthracite

or coke iron is less pure and more

variable than charcoal iron, and, on

account of the uncertain amount of

these impurities contained in cast iron,

it is very difficult to make an alloy of

iron and other metals with any cer-

tainty as to the result : for this reason,

alloyed iron is very little used.

Faraday and Stodart made a nickel-

iron alloy by adding 3 per cent, of nickel

to a good iron, and exposing in a crucible

to a high temperature during several

hours. The metals were melted
;
and

on examining the button, the nickel

was found combined with the iron. The

alloy appeared to be as malleable and

easily worked as pure iron ;
its colour

was tolerably white when polished ;
the

specific gravity was T'SO-l. On melting
horse-shoe nails with 10 per cent, of

nickel, the metals were found perfectly

combined, but the alloy was less mal-

leable, and easilv broken under the ham-

mer. Polished, it had a yellow tinge ;

its specific gravity was 7 •849. This

alloy was affected very slightly by hu-

midity, compared to what would have

haii)iened had the iron been pure. Ac-

cording to Berthicr, the alloy, consisting
of—

Iron .... 0-917 12 at.

Kickel . . . 0-0B3 1 „
which is obtained by reducing a mixture

of the 2 oxides in a crucible lined with

charcoal, is semi-ductile, A-ery tenacious,

and has a granular fracture, slightly

lamellar.

Iron in all states (malleable, cast, and

sheet) unites with gold in any propor-
tion by fusion :

—3 parts iron and 1 of

gold enter into fusion together at a

temperature inferior to that necessary
for melting iron

•, equal parts of the 2

metals give, by fusion, a greyish mass,

somewhat brittle, and attracted by the

magnet ;
with 6 parts gold and 1 of iron,

a white alloy is obtained, which is at-

tracted by the magnet, ductile while cold,

and at a moderate heat becomes yellow,

red, and blue
;
9 of irou and 1 of gold

form an alloy which resists the file, un-

less previously subjected to a red heat
;

with 28 of iron and 8 of gold, the alloy is

as white as pure silver, and more yielding

under the fire and hammer than ductile

irou. According to Hatchett, the alloy

formed witli 1 1 parts gold and 1 of irou

is very ductile, of great resisting power,
and harder tlian gokl. Without any pre-

paration, it can readily be cut into blocks,

laminated, or struck into medals. This

alloy is of a pale yellowish-grey colour,

approaching dirty white. Its specific

gravity isl6-885.

Iron combines with tungsten by heat-

ing to the proper point, in a crucible, a

mixture of 100 parts iron, 50 of the yel-

low oxide of tungsten, and a sufticient

quantity of charcoal. After fusion and

cooling, there is found a perfect button of

a browuish-white colour, hard, rough to

the touch, and of an even fracture. Has-

senfratz obtained an alloy of the 2

metals, which forged easily enough, al-

though slightly brittle
;

it was ductile,

cracked in the tempering, and assumed iu

forging a partially fibrous partially gra-

nular "texture. Karsten concludes from

these experiments, that tungsten (in this

respect resembling titanium) only in-

creases the hardness of iron. The alloy,

composed of—
Iron .... 0-63 6 at.

Tungsten . . . 0'37 1 „ .

is, according to Berthier, of a whiter

crrey than iron, shining, hard, more

brittle than ordinary cast-iron, and of

lamellar structure.
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The union of iron and antimony is

readily effected by fusion, and it would
seem that it may take place in all pro-

portions. These metals have a great

affinity for each other. Their alloys are

much more fusible than iron, and are

"white, hard, and very brittle. Their

specific gravity is less than the mean of

that of the 2 metals. According to Dr.

Thompson, thisalloy may be obtained by
fusing in a crucible 2 parts antimony
sulphide and 1 of iron. This alloy -was

formerly called reguUcs martialis, used in

medicine for the preparation called

"Mars' saffron," or "
aperient antimony."

The magnetic character of iron is much
more diminished by its alloy with anti-

mony than by almost any other metal.

The iron is also rendered harder, much
more fusible, and brittle, like cast-iron.

Antimony, in uniting with iron, becomes
harder and less fusible. Karsten added
to cast-iron, after liquefaction, 1 per
cent, of antimony ; notwithstanding its

volatility, this metal exercised on iron

a worse influence than even tin. The
iron became very brittle at all tempera-
tures.

Karsten found that by the addition of

15 per cent, of fine silver to iron during
the refinery operation, the quality of the

iron was sensibly deteriorated : it did

not forge well, became scaly, the bars

pi'esented cracks at the edges, and other-

wise resembled hot-short iron. Analyses
showed that it contained 0'034 per cent.

of silver. It would appear, therefore,
that silver has the same influence as

sulphur upon iron, although in a less

marked degree.
Iron and arsenic maybe combined by

fusion in any proportion. When the

amount of arsenic is large, the mag-
netic character of the ii'ou disappears.
The alloy of these metals is more or less

white, hard, brittle, and fusible, accord-

ing to the amount of arsenic. It is

crystallizable, its fracture more dense,
and the texture closer than that of

iron
; according to Achard, similar to

that of steel. Cadet asserts that this

alloy will receive a brilliant polish,
and that articles of jewellery are made
from it.

Iron has a great aflmity for chromium,
and the 2 metals form alloys in all jiro-

portions. These compounds are gene-

rally hard, brittle, crystalline, of a

greyer white than iron, of considerable

lustre, less fusible, much less magnetic,
and very much less soluble in acids

than iron
;
the characters are the more

prominent in proportion to the umouut
of chromium.

The allov, composed of—
Iron .

"

. 696-00 0-83 5 at.

Chromium 351-82 0-17 1 „
is nearly of a silver-white, with a fibrous

texture, not easily yielding to the file,

and very brittle. Werimee, with the

aid of a cutler, tried 2 different alloys

prepared by Berthier, the one containing
0-010 chromium, the other 0-015. Both

forged extremely well; the former in-

deed appeared more easy to forge than

pure cast-steel. Blades were made out

of them for a sword and razor, and both

were found to be of excellent quality,
their edges being hard and lasting. But
the most remarkable characteristic was
the readiness with which this alloy
received a beautiful damascening whun
rubbed with sulphuric acid. This da-

mascening presented an agreeable variety
of veins of a very brilliant silver-white,
mvxch resembling that which is obtained

from steel alloyed with silver. The
white parts, according to Berthier, are

probably pure chromium, upon which
the strongest acids have scarcely any
action. In the Chrome Steel -Works of

Brooklyn, the chrome-iron ore is ground
fine, and reduced with powdered char-

coal in crucibles. The resulting mass
is carefully weighed, ground, mixed
with Swedish or wrought-iron, and
melted in crucibles in charges of 75 lb.

In 24 hours, the contents of 6 crucibles

can be melted. The hardness of the re-

sulting steel depends on the amount of

chromium contained, which may vary
from 0-25 to 2 per cent.

Copper, according to Karsten, may
combine with any proportion of iron,

augmenting its tenacity and hardness.

Einmann, for this reason, thinks that it

would make, with raw cast-iron, an ex-

cellent alloy for anchors, mortars, an-
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vils, cylinders, &c. 200 parts grey
cast-iron, and 10 of red copper in tiiin

shavings, immersed in linseed-oil, and

submitted, with the addition of char-

coal, to a very hot forge fire during 25

minutes, yield, according to Kinmann,
a homogeneous metallic button, com-

posed of 104 iron, 6 copper. This alloy is

very hard
;

its density is 7"4f37. His

experiments show that 200 parts coj)per
and 10 of grey cast-iron, treated in the

same way, yield a homogeneous button

A-ery ductile when cold. With 16 of

copper and 1 of raw cast-iron, he ob-

tained a ductile alloy that was mag-
netic, and resisted the file better than

pure copper ;
the surface and fracture

were of a fine red colour. Finally, 8 of

copper and 1 to 4 of iron, give alloys
which are harder than the preceding,
but not perceptibly more brittle nor

less coloured than copper. According to

Lavoisier, iron containing copper pos-
sesses greater tenacity than any other,
and becomes brittle only in the stages
between a brown-red and deep-red heat :

above or below this temperature it can

readily be forged. Berthier athrms, in

like manner, that iron containing copper
possesses great tenacity when cold, but

that it is brittle when hot, and can be

forged only when above a reddish-white

heat or below a cherry-red heat. It is

probable, he says, that a large proj)or-
tiou of copper, 1 per cent, for example,
would give the cast-iron additional te-

nacity, and make it better fitted to be

employed in castings.

According to Dumas, tin enters into

alloy with iron in all proportions.
Heated to a high temperature, they
melt; but at a moderate boat, sejiara-
tion takes place

—a species of liquation.
At first a quantity of pure tin, more or

less considerable, is melted
;

then tin

alloyed with iron
;

and there finally
remains a less fusible alloy, consisting of

tin and iron in other jiroportions, the
iron predominating. Berthier states

that a very small quantity of iron is

KutHcient to diminish the malleability of

tin, blemish its white colour, and render

it hard. The 2 metals enter into direct

alloy when their oxides are heated with

either charcoal or black flux. The alloy

composed of—
Tin .... 0-351 1 at.

Iron .... 0-649 4 „
is of a clear iron-grey colour, crystal-

line, and sufficiently brittle to be re-

duced with ease to an impalpable pow-
der. The alloy composed of—

Tin 0-50

Iron 0-50

is of a greyish-white colour, very brittle,

with a granulated fracture. According
to Bergmann, Karsten, and others, by
melting iron with tin, 2 distinct and
definite alloys are always obtained : the

one composed of 21 tin and 1 iron
;
the

other of 2 iron and 1 tin. The former

is very malleable and harder than tin,

without being so brilliant
;
the latter is

not very malleable, and too hard to be

pared with the knife.

Jewellers' Alloys.—The follow-

ing are summarized from Fesquet :
—

Algiers metal: (a) 90 tin, 10 anti-

mony; (6) 94 "5 tin, 5 copper, 0' 5 anti-

mony, a is used for spoons and forks,
6 for small hand-bells.

Argciitin: 85-5 tin, 14 '5 antimony;
suitable for spoons and forks.

Ashberry metal: 78 to 82 tin, IG to

20 antimony, 2 to 3 copper.
Blue gold : 750 gold, 250 iron; pre-

I)ared by dipping iron wire into molten

gold, then casting, hammering, and

passing through a draw-]date.
Britannia metal: («) 9 tin, 1 anti-

mony ; {h) 85 to 90 tin, 5 to 10 anti-

mony, 0'5 to 2 zinc, 1 to 3 copper;

(c) 85 tin, 5 antimony, 5 bismuth, 1'5

•iiuc, 3' 5 copper.

Chrysocalc : 9 copper, 8 zinc, 2 lead.

C'cmmon jewelrg : 3 refined copper,
1 old Bristol bronze, and 25 tin for

every 100 copper, the tin being replaced

by a compound of lead and antimony
when a fine polish is needed.

Dipping metal: 48 copper, 15 zinc.

English metal: 88 tin, 2 pure copper,
2 brass (containing 75 copper, 25 zinc),

2 nickel, 1 bismuth, 8 antimony, 2

tungsten.
Feuille morte (dead leaf) : 700 gold,

300 silver.

Fine gold: 750 gold, 250 silver.
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GikUnij metal : 4 copper, 1 brass

(coutaining 3 copper, 1 zinc), and 70
tin for each 80 copper.

Jewelry gold : 38 • 85 gold, 5 • 70 silver,

10-20 copper.
Mannheim gold: (a) 10 copper, 1"4

brass (containing 3 copper, 1 zinc),
01 tin; (6) 3 copper, 1 zinc, 0*5 tin.

Minofor : 3 •'25 copper, 67 '50 tin,

17 antimony, 8" 95 zinc.

Mock gold: Qi) 16 copper, 7 plati-

num, 1 zinc; (6) 100 copper, 17 tin,

6 magnesia, 3 • 6 sal ammoniac, 1
• 8

quicklime, 9 bitarti'ate of potash ;
the

copper is melted first, and the magnesia,
ammonia, lime, and potash are succes-

sively added in small quantities ; finally
the tin is introduced in fragments, and
the whole fused for 35 minutes.

Flaic pewter : 90 tin, 7 antimony,
2 bismuth, 2 copper.

Queen's metal: (a) 3 to 9 tin, 1 anti-

mony, 1 bismuth, 1 lead
; {b) 2 copper,

50 tin, 4 antimony, 0'5 bismuth; (f)

2-1 brass (containing 7 copper, 3 zinc),
96 antimony, 30 tin

; (d) 0*8 antimony,
18 bismuth, 32 lead.

Eed gold: 750 gold, 250 copper.

Ring gold: 49-60 coin gold, 12-30

silver, 23*60 refined copper.
- Tubania (Engestrum) : 4 copper, 8

antimony, 1 bismuth, added to 100 tin.

Tubania (English) : 12 brass (con-

taining 7 copper, 3 zinc), 12 tin, 12

bismuth, 12 antimony.
Tubania (^German) : 0-4 copper, 3-2

tin, 42 antimou}'.
'Tubania (Spanish) : 24 iron ajid steel

scraps, 48 antimony, 9 nitre; the iron

and steel are heated to whiteness, and
tlic antimony and nitre gradually added

;

2 oz. of this is alloyed with 1 lb. tin
;

a little arsenic is an improvement.
Vert d'eau : (water green) : (jOO gold,

400 silver.

White gold (electrum) : gold whitened

by addition of silver.

Yelloio (anti<2ue) gold : pure gold.
Yellow dipping : 2 bronze (containing

7 copper, 2 tin, 3 zinc), 1 copper, and
10 tin for each 640 copper.
The following forms a fusible malle-

able metal, easily worked by a silver-

smith, resisting osidatiou, and capable

of being soldered :
—720 parts copjier,

125 nickel, 10 bismuth, 90 zinc, 20 soft

iron, 20 tin.

Sauvage has introduced the following

alloy:
—58 copper, 27 zinc, 12 nickel,

2 tin, 0-5 alumina, 0-5 bismuth; the

ingredients are fused separately, mixed,
and the whole is run down into a homo-

geneous mass, which is silvery, sonorous,

malleable, ductile, tenacious, polishes

well, and does not tarnish.

As a silvery-looking alloy, Parker

recommends 70 copper, 30 manganese,
20 to 85 zinc, or, if not needing to

be subjected to high temperature,
49 copper, 21 manganese, 5 to 10 iron,

5 to 10 zinc. The solder used for it

contains 7 copper, 3 manganese, 1 to

2 silver.

Manganese Alloys.—Mangane-
sian iron is mi.xed with copper, melted in

a reverberatory furnace, and run into

pigs. An alio}' capable of being rolled is

made by melting this together with

zinc and copper. For a bronze capable
of being forged, protoxide of manganese
and protoxide of iron, together with

sufficient coal-dust to reduce the two

oxides, are added to copper. After

melting, the product is similar to

aluminium bronze. {Jl. Soc. Chem.

Ind. i. 322).
Parson's manganese bronze is a mem-

ber of that class of alloys in which

copper forms the base and is alloyed
with zinc and tin in various propor-

tions, forming the different qualities of

bronze, brass, yellow, and muntz metal,
with addition of a proportion of spicgcl-

cisen, ferro-manganese, or other forms of

carburet of iron, combined with a suffi-

cient quantity of manganese, by which
addition these alloys are rendered more

homogeneous, closer in te.xture, harder,
and stronger.

The alloys composed as above are

very numerovis, and have been given a

variety of names, according to the pro-

portions in which the metals composing
them are combined; but to explain the

best means of putting Parson's process
into practice, these alloys may be classi-

fied under 3 heads : (1) Those com-

posed of copper and tiu (guu-metal) ;
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(2) copper, tin, and zinc (bronze) ;

(3) copper and zinc (brass).
To obtain the best eft'ects, the ferro-

manganese to be used in the gun-metal
alloys should be richer in manganese
than that for the brass, while that for

the bronze may be between the two,
and regulated as conveniently as can

be by the proportions of tin and zinc

employed: that is to say, if little zinc

is used in the bronze alloy, the ferro-

manganese employed may be nearly as

rich in manganese as in the gun-nietal

alloys ;
while if the zinc predominates,

the ferro-manganese employed may be

a trifle richer in manganese than that

used in the brass alloys ;
and if the

zinc and tin are about equal, the quan-

tity of manganese contained in the

ferro-manganese may be between that

used for the gun-metal and that used

for brass alloys. The ferro-manganese
used to mix with the gun-metal alloys
should contain 10 to 40 per cent, of

metallic manganese, while that used

to mix with the brass alloys should

contain about 5 to 20 per cent. ;
and

that used for the bronze alloys should

be between the two, according to the

proportions of tin and zinc employed.
In selecting the ferro-manganese to

be used, it should contain as little

silicon as possible ;
when spiegel-clscn

can be obtained of the best quality,

containing but a minute quantity of

silicon, and 5 to 10 per cent, of man-

ganese, it will be suitable to mix with
the brass alloys, and it may even be

used with the gun-metal alloys ;
but it

will be found advantageous to apply
for both, as well as' the bronze, a ferro-

manganese made as follows :
—Pi'ocure

ferro-manganese (as now manufactured
for and used in steel-works) rich in

metallic manganese, containing 50 to 60
or even 70 per cent.

;
melt this in a

crucible under powdered charcoal,

along with the requisite proportion of

the purest wrought-iron scrap, to bring
down the quantity of metallic man-

ganese to any of the proportions before

named. Supposing it is desired to

employ a ferro-manganese, to mix with

any of the before-named alloys, con-

taining 20 per cent, of manganese, and

a ferro-manganese, containing CO per
cent, of metallic manganese and say
1 per cent, of silicon, is melted with

wrought-iron scrap in the proportion of

100 offerro-manganese to 200 ofwrought-
iron scrap, a ferro-manganese containing
the desired quantity of metallic man-

ganese (20 per cent) will be obtained,

containing only \ per cent, of silicon

instead of 1 per cent., and so on for any
other proportions required ;

not only

this, but a still further portion of the

silicon is eliminated, and the metal is

refined by this second melting in a

crucible as described. The quantity of

ferro-manganese to be employed will

vary both with the nature of the alloy
and with the quality required in each

particular alloy, and this will also to a

certain extent have to be regulated by
the quality of the coppei', tin, and zinc

employed. The purer these metals,
the larger may be the quantity of ferro-

manganese employed, and therefore no

precise quantities can be specified ;
but

generally, for ordinary gun-metal (com-

posed of about 90 per cent, copper
and 10 per cent, tin), ^ to IJ per cent,

ferro-manganese may be added, con-

taining say 20 per cent, metallfc man-

ganese ;
and as the tin is increased, the

ferro-manganese should contain more

manganese and less iron.

The quantity of ferro-manganese em-

ployed should be regulated according to

the purposes for which the alloy is

intended to be iised
; generally the effect

produced is with the smaller quantities
named to increase the strength of the

alloy and the hardness slightly ;
and as

the quantity of ferro-manganese is in-

creased, the hardness is also increased,

but at the same time the alloy becomes

more brittle. A similar effect is pro-
duced by the addition of the ferro-man-

ganese to the brass and bronze alloys.

With the brass alloys, J to 5 per cent,

of the ferro-manganese may be employed
with advantage for general purposes ;

and for the bronze alloys, any propor-
tions between those for gun-metal and

brass alloys may be advantageously

used, these proportions being adjusted
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according to the quantities of tin and

zinc used : that is to say, the more tin

used, the less should be the quantity of

ferro-manganese.
In practice, the copper should be first

melted in a crucible in the ordinary

manner, and the spiegel-eisen or ferro-

manganese, either with or without the

addition of wrought-iron scrap, should

at the same time be melted in a

separate smaller furnace, capable of

generating a high temperature, in a

plumbago (graphite) crucible, under

powdered charcoal
;
when it is com-

pletely fused, the copper also fused and

at a boiling heat, the ferro-manganese
should be poiired into the copper, and

the two well mixed together by stirring

with an iron rod previously made red

hot
;
the tin, zinc, or both should then

be added in the usual way, and in the

requisite proportions according to the

kind of alloy it is required to produce.
After the tin and zinc are added, the

metal should be again well stirred with

a red-hot rod, and skimmed
;

it may
then either be poured into ingot moulds

for future use, or it can at once be cast

into moulds to produce any articles re-

quired.
In making castings, dry sand or loam

moulds well coated with charcoal

blacking are preferable to green sand

moulds
;

the metal should be well

skimmed before pouring, and it should

be cast at as low a heat as possible, so

long as it is attached to the thickest

part of the casting, which, if possible,
it should exceed in bulk, so as to soli-

dify the last, and act as a feeder while

the cast is cooling. If metallic moulds
are employed, the alloy is rendered

closer in texture and somewhat harder.

Parson's manganese bronze was re-

centlv sul)jected to a series of tests at

Woolwich Arsenal, with the following
results :

—On fracturing an ingot of the

alloy, the broken surfaces present a

fine and close grain, resembling more

nearly the fracture of the best qualities
of steel than the coarsely granular

appearance of the broken surface of

ordinary bronzes. The alloy may be

cast or forged, the latter operation

being conducted at a red heat, and

having the effect of considerably increas-

ing its strength and toughness. When
cast, the alloy is quite equal in ultimate

strength to fair quality wrought-iron,
and much superior to best gun-metal.
Under the hammer, however, it acquires
such qualities that it is virtually a new
and valuable metal. Of the 6 speci-
mens tested, 3 were cast and 3 forged

—
each series representing 3 different

degrees of hardness. The first cast

specimen, representing the tough quality,
exhibited au ultimate strength of 24
tons per sq. in., an elastic limit of 14

tons, an elongation of 8f per cent.

A second specimen of harder quality
broke under a load of 22 tons, had an
elastic limit of 14 tons, and the elonga-
tion amounted to 5^ per cent. The

third, of harder quality still, broke at

23^ tons, had an elastic limit of nearly
17 tons, while the elongation was re-

duced to less than 4 per cent. The extra-

ordinary changes produced by the opera-
tion of forging will be apparent from an

inspection of the following figures, the

specimens tested being forged samples
of the same qiunlity as the 3 specimens
cast above mentioned. The first, or

tough quality, when forged, had an

ultimate strength of 29 tons, an elastic

limit of 12 tons, and the elongation
amounted to nearly 32 per cent. The

forged specimen of the harder quality
had an ultimate strength of nearly 29

tons, the elastic limit being over 13

tons, and the elongation more than 35^^

per cent. With the hardest quality,

forging brought the ultimate strength
to more than 30j tons, the elastic limit

being 12 tons, with an elongation of

20f per cent.

Some years ago Berthier made several

alloys of manganese protoxide and

metallic copper in the proportions of

1 to 8, 1 to 4, 1 to 2, and with the

manganese slightly in excess of the

c(>pper. These alloys were all ductile,
the first being perfectly so, while the

last, still very ductile, was also very
tenacious and capable of taking a fine

polish.

Experiments have been made in Paria
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with a new alloy having a white coloni-,

yet containing no uicliel. It is said to be

very strong and malleable. It is made
of copper and ferro-manganese, the

proportions being varied according to

the purpose to which the alloy is to be

employed. An alloy of 40 parts copper
and 60 of ferro-manganese, with a

suitable quantity of some appropriate

flux, produces a metal of such tenacity
that it surpasses the best steel armour-

plates. The melted mixture is cast in

blocks, and is perfectly malleable. To
obtain a white metal that can be rolled

out in sheets, the above alloy is melted

again, and 20 or 25 per cent, of zinc or

white metal added, which imparts to it

the desired quality. A plate of the

first-named alloy, 2 in. thick, was found

by experiment to ofl'er more resistance

to a cannon-ball than a steel armour-

plate of the same thickness. This new
kind of " white bronze

"
is not to be

confounded with the alloy used in

America imder the same name for

gravestones and monuments, and which
consists principally of zinc. (^Polyt.

Notiz.)
While most experimenters have suc-

ceeded in combining manganese and

copper in statu nascendi—that is, by
simultaneous reduction from their re-

spective oxides—Heusler Brothers, of

Dillenburg, recognised a greater advan-

tage in reducing metallic manganese
from pure pyrolusite for itself, and
afterward alloying it in any required

proportion with other metals. The
reduction takes ])lace in large plumbago
(graj)hitc) crucibles, with an admixture
of carljon and of very basic materials,

by which, after hours' smelting in a

powerful coke fire,
" crude manganese

"

is obtained, tkis containing 90 to 92

per cent, manganese, 6 to 6'5 carbon,
0"5 to 1'5 iron, and 0-5 to 1-2 silicon.

The crude metal can be refined to con-

tain 9-1- to 95 per cent, manganese when
it is remelted with a stiitable fiux, and
this metal contains only combined car-

bon, while in its crude state graphitic
carbon also is almost always present.
The refined metal is white, with crys-
talline fi-acture, and it oxidizes slowly

when exposed to damp air
;

it is, there-

fore, soon combined with copper, thus

forming
"
manganese copper," with 70

parts copper and 30 manganese. The

alloy is cast either in ingots or shot,
and becomes a commercial article in

this state
;

its fracture is of steel-grey
colour and very close, and it is not

difficult to combine it in any proportion
with other metals or alloys, such as brass,

bronze, gun-metal, bell-metal, yellow-
metal, and others. The same combina-

tion has been found a very powerful
*'

physic
"

in refining copper, because

the manganese will take up all oxygen
which is absorbed by the bath of refined

copper in the refining furnace before it

is made tough, either by an addition of

lead or by an insertion of a pole of green
wood.

"Manganese German silver" was
made from 70 coj)per, 15 manganese,
and 15 zinc

;
but as this alloy proved

rather brittle in the rollers, the pro-

portions were altered to 80 copper,
15 manganese, and 5 zinc, when a

beautiful white and ductile metal was

obtained, which would take a high

polish.
Of far greater importance are the

"
manganese tin and zinc bronzes,"

which were perhaps among the first

upon which experiments were made on

a large scale. They were obtained by
adding to an alloy of copper, tin, and

zinc, a certain quantity of ''

manganese
copper," viz., the combination of 70

copper with 30 manganese as above

described, by which an increase of at

least 9 per cent of strength is obtained

over the ordinary alloy. This seems to be

greatly due, as in the case of the refined

tough copper, to a chemical action of

the manganese ;
for all ordinary bronzes

contain more or less of copper and tin

oxides, which are reduced to metal by
the action of the manganese. An addi-

tion of manganese seems, however, to

have also physically a strengthening

effect, and an addition of 3 to 6 per
cent, of manganese copper has been

experimentally found to suit the pur-

pose best.

Manganese and tin combine as readily
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as manganese and copper ; tin, how-

ever, shows, as in ordinary bronzes, a

tendency to separate itself in the middle

of thick castings from the other alloys,
because it remains longest in a fluid

condition, and under the process of

solidification it seems to get squeezed
out of those parts of a casting which
retain the heat longest.
An important series of experiments

made at Isabelle-Hiitte have shown
that the strongest

"
manganese tin

bronze
"

is obtained by alloying 85

copper with 6 tin, 5 zinc, and 5 man-

ganese copper, so that the cooled pro-

duct retains something above 1 per
cent, manganese. The best mode of

procedure is first to melt the copper in

a crucible, then to add successively tin

and zinc, but manganese copper only at

the last moment, when the metals are

well stirred up with a rod made from

gas retort graphite ;
a reaction upon

the oxides of the metallic bath is clearly

noticed, as it begins to boil and to emit

sparks after the addition of manganese,
of which a poi-tion is carried into the

slag. Subjoined is a table of trials

made with a series of rough ingots of

the metal :
—
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ailJrd afterwanls. The fused mixture

is ruu into clay-lined vessels and ladled

from these, while still hot, into iron

ingot-moulds. It is rolled into sheets

or worked into bolts at a red heat
;
the

sheets are subsequently
"
pickled

"
in

weak sulphuric acid, and then washed
with water. Fesquet states the com-

position for sheathing plates as 56 cop-

per, 40 '75 zinc, 4" 5 lead.

Pewter.—Pewter is an alloy of lead

and tin, containing sometimes copper,

zinc, or antimony. There are three

distinct kinds of English-made pewter,
viz. (1) Plate pewter^ used for dishes

and plates, an alloy usually made with-

out lead, and containing principally
90 parts tin, 7 antimony, 2 bismuth,
and 2 copper; (2) Trijle pewter, em-

ployed for casting drinking vessels,

&c., an alloy of 82 parts tin with 18

lead, and containing variable quan-
tities of antimony ;

and (o) Ley pewter,

containing 4 parts tin and 1 lead, em-

ployed for the larger wine measures.

Owing to the poisonous nature of lead,

which is apt to be dissolved by the

acetic acid always present in beer, the

French Government has prohibited the

use of an alloy containing more than

18 per cent, of lead; if the lead be not

in excess of this quantity, the tin seems

to have the effect of neutralizing its poi-
sonous properties. When made in the

above proportions, pewter has a specific

gravity of 7 "8, so that any specimens
of a higher specific gravity than this

may be known to contain too high a

percentage of the heavier metal. Pew-
ter is a soft metal resembling tin, biit

duller and darker in colour. Plates

and dishes are hammered out of the

variety called plate pewter, but drink-

ing vessels, &c., are always cast into

moulds from the common variety.

Phosphor Alloys.—For the pre-

paration of })hosphorus compounds of

metals, for example, phosphor-copper,
Dr. Schwarz gives the followinsr direc-

tions :
—A mixture of bone-ash, silica,

and carbon is placed in a crucible, and

upon it a layer of granulated copper,
which is in turn covered with the above

mixture. The lid of the crucible is luted

on. To make it melt more easily, some
carbonate of soda and glass may be added,
or a mixture of pulverized milk-glass
with charcoal and powdered coke is used

for lining and covering it. Take, for

example, 14 parts of silica, 18 of bone-

ash, and 4 of powdered carbon. This is

mixed with 4 parts of soda and 4 of

powdered glass, stirred up with a little

gum water, and used to line the cru-

cible. When this is dry, the copper is

put in and covered with the same mass,
and the whole is melted at a bright-red
heat. The copper obtained flows well,
and has a reddish-grey colour. It con-

tains 0-50 to 0'51 per cent, of phos-

phorus.
The simplest method for introducing

phosphorus into bronze is to stick a bar

of the phosphorus into a tube of pinch-

beck, one end of which is hammered

together and closed tightly. After the

phosphorus is put in, the other end is

closed too. When the metal, which
contains 32 parts of copper to 5 of zinc

and 1 of tin, is melted, the tube charged
with phosphorus is pushed down in it

to the bottom of the crucible by means
of bent tongs. Tlie stick of phosphorus
must always be kept under water vintil

it is about to go into the pinchbeck tube,
when it must be carefully dried, as the

presence of any moisture would be sure

to cause the metal to spurt or fly about.

Another way of introducing the phos-

phorus is as follows :
—Get about 2 ft.

of iron barrel from a gasfitter, the bore

a little larger than the sticks of phos-

phorus ;
make an iron plug to fit the

bore, and then drive it down one end of

the pi])e until the space will hold the

quantity of phosphorus you wish to mix
in the bath, minding not to split the

barrel in driving in the plug. Make a

plug of tin about \ in. thick to fit iu

the bore
;
now introduce your phos-

phorus into the space formed by the iroa

plug, and just tap the tin plug into the

end of the barrel with a hammer. Stir it

about in the molten metal
;
the tin plug

soon melts, letting out the phosphorus
in the bronze bath. Use bronze plugs
for the end only.

In 18G8, Moutefiore and Kiinzel, of
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Lioge, Belgium, observed that the tia

in bronze progressively decreases by
oxidation during smelting, the tin oxide

going partly into tlie slag and being

jiartly dissolved in the molten metal, so

that bronze originally composed of

10 "10 per cent, tin and 89*90 copper,
after the 4th melting contained only
8*52 tin and 91*48 copper. It was

found that "
poling

"
(stirring up the

molten metal with a Avooden stick)
eliminated the oxide combined with

copper, but had no effect on the tin

oxide. Kiinzel then tried the intro-

duction of a little phosphorus, or phos-

phuret of tin or copper, into the mass,
with the desired result. Bars cast from
the same crucible of metal under the

three conditions named gave the follow-

ing figures :
—
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27 silver, 18-6 copper, (c) Melt 20

parts of aluminium iu a suitable cru-

cible, and when iu fusion add 80 of zinc.

When the mixture is melted, cover the

surface with some tallow, and maintain

in quiet fusion for some time, stirring

occasionally with an iron rod. Then

pour into mouhls. ((/) 15 parts alumi-

nium and 85 of zinc
; (e) 12 aluminium

and 88 zinc
; (/) 8 aluminium and 92

zinc
;

all of these alloys are prepared
as (c). The flux recommended consists

of 3 parts copaiba balsam, 1 of Vene-

tian turpentine, and a few drops of

lemon-juice. The soldering
- iron is

dipped into this mixture.

For brass-work: (a) equal parts of

copper and zinc
; (Jj)

for the finer kinds

of work, 1 part silver, 8 copper, 8 zinc.

For copper: (a) 3 parts copper,
1 zinc

; (6) 7 copper, 3 zinc, 2 tin.

Hard solder: 86*5 copper, 9*5 zinc,
4 tin.

Hard solderfor gold : 18 parts 1 8 carat

gold, 10 silver, 10 pure copper.
Hard silver solder: (a) 4 parts silver,

1 copper; (6) 2 silver, 1 brass wire;
these are employed for fine work

;
the

latter is the more readily fusible
; (c)

equal parts copper and coin silver
;

requires higher temperature than b, but

will not "
burn," is as fluid as water,

and makes a far sounder joint.
Hard spelter solder : 2 parts copper ;

1 zinc
;

this solder is used for iron-work,

gun-metal, &c.

For jeioellers : (a) 19 parts fine silver,

10 brass, 1 copper; (/))
for joining gold,

24 parts gold, 2 silver, 1 copper.

Middling hard solder : 4 parts scraps
of metal to be soldered, 1 zinc.

Yor pewterers: («) 2 parts bismuth, 4

lead, 3 tin
; (6) 1 bismuth, 1 lead, 2 tin

;

the latter is best applied to the rougher
kinds of work.

For sealing iron in stone: 2 lead,
1 zinc.

For sealing tops of cannedgoods : 1^ lb.

lead, 2 lb. tin, 2 oz. bismuth
;
the lead

is melted first, the tin added next, and

finally the bismuth stirred iu well just
before pouring. This makes a soft

solder, and the cans do not take much
heat to open them,

Soft solder: 1 lead, 2 tin.

Soft solder for joining electrotyjje

plates : 67 parts lead, 33 tin.

For steel: 19 parts silver, 3 copper,
1 zinc.

For tinned iron : 7 lead, 1 tin.

Specular Alloys.—These are em-

ployed for making metallic reflectors,

requiring a true white colour, good
lustre, and a hai"d, clean surface not

easily tarnished or scratched. Fesquet
gives a number of combinations, as

follows :
—

(ff)
62 parts copper, 32 tin, 6 lead

;

(Ji) 80 copper, 10 lead, 10 antimouy ;

(c) 66 to 63 copper, 33 to 27 tin
; (c/j

10 copper, 10 tin, 10 antimony, 50 lead
;

(e) 32 copper, 50 tin, 1 silver, 1 arsenic ;

(/) 90 steel, 10 nickel; (;;) 50 palla-

dium, 50 silver ; (/() 00 jilatinum,
40 copper ; («')

50 platinum, 50 steel
;

(j) 50 platinum, 50 iron; (/i) 10 plati-

num, 90 steel
; (/) 20 platinum, 80

copper, 5 to 1 arsenic
; (w) 60 plati-

num, 30 iron, 10 gold ; (n) 50 gold,
50 zinc

; (o) 50 steel, 50 rhodium
;

(p^ 10 platinum, 90 iridium; ((/) 29

tin, 19 lead; (/) 52 copper, 30 nickel,
12 zinc, 5 lead, 1 bismuth.

Tungsten Bronzes.—In the arts,

tungsten bronzes of different colours are

used, namely, golden-yellow, reddish-

yellow, purple-red, and blue. The first

two crystallize in forms resembling
cubes, while the third is obtained par-

tially in cubes and jiartially in amor-

phous pieces, and the last-named forms

prismatic crystals. Other circumstances

being equal, the yellow bronze is ob-

tained from mixtures poor in acid, the

other two from those containing more
acid. But the colour is dependent not

merely on the composition of the soda

tungstate salt, but also on the amount
of tin, and on the duration of the fusion;
so that when much tin is used, and the

fusion is prolonged, a yellow bronze is

obtained from a very acid mixture, and,
on the contrary, a salt that is but

slightly acid, when fused only a short

time and with very little tin, may yield
a red or even a blue bronze.

A mixture of two molecules of soda

tungstate aud I of anhydrous tung»
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stic acid, with tinfoil slowly added, and

kept melted for 1 or 2 hours, will yield
cubes ^ in. long when about 4 oz. are

melted, and they will produce a yellow
or reddish-yellow bronze, the powder of

which seems light brown, and when
stirred up with water it imparts to the

liquid the property of appearing of a

fine blue colour by transmitted light.
The red bronze obtained from 10 parts

soda carbonate, 70 soda tuugstate, and
20 tinfoil yields, on pulverization, a

powder that, stirred up in water, trans-

mits green light.

According to J. Philipp, a blue bronze

is always obtained if the fused mixture
contains more than 3 molecules of tung-
stic acid to 1 of soda

;
if the fused i)ro-

duct is boiled alternately with muriatic

acid and witli carbonate of soda, tlie

result will be a considerable quantity of

fine blue prismatic crystals, with which
there are intermixed, in most cases,

single red and j'ellow cubes.

Moreover, ail the tungsten bronzes

obtained by fusion witli tin can also be

jirepared by electrolysis of fused acid

tungstates, but the yield is so small that

it is unprofitable. {Ind. Zrit.)

Type-metal.—This alloy, used for

printers' type, is often composed of G

parts lead, and 2 antimony. It is of a

blackish-grey colour, and is softer tliau

tin and copper, but a little harder than
lead. Several of these alloys, liaving the

following compositions by weight :
—

Lead .. ,. 8G-21 80 75

Antimony 13-79 20 25

100 100 100
have been submitted to a new examina-

tion by F. de Jussieu, who lias published
his results in a pamphlet of some scien-

tific interest, printed at Autun. Every
scientific metallurgist acquainted with

the singular properties of precipitated
metallic antimony, as published some

years ago by Gore, will be prepared to

expect many remarkable properties of

that metal and its alloys, which as

yet have been but imperfectly studied,

though the metal itself, in a state of

imperfect ]uirity, has been known since

the 15th century, when its powerful

medicinal properties were first ascer-

tained and employed by Basil Valentine

and Paracelsus. The chief portion of

de Jussieu's pampjhlet is devoted to the

experimental recognition and exposition
of facts of interest to the purely scien-

tific metallurgist, and especially in re-

ference to the liquation and crystal-
lization upon reduction of temperature
of these alloys ;

but there are a few

things intercalated which may prove of

l)ractieal importance. Amongst these is

the fact that those alloys of lead and

antimony, whose constituents are the

same in kind as common type-metal, are

susceptible of assuming a high degree
of hardness when rapidly cooled against
a cold metallic surface, showing a per-
fect analogy with the property of

hardening by chilling eminently pos-
sessed by certain cast-irons, but more or

less shown by all known varieties of

that metal. In the hands of the experi-
mentalist well acquainted with the

existing methods of casting stereotyped

plates, I)e Jussieu's results may yet

prove of considerable practical value.

{^Engineer.')

Fesquet gives the following combin-
ations :

—
Large type: (<() 10 lead, 2*5 copper ;

(Jj) 9 lead, 1 autimouy, 0'5 arsenic;

(<:) 8 copper, 2 tin, 0"5 bismutli; (d)
2 copper, 2 tin, 2 bismuth; (c) 73 cop-

per, 27 zinc
; (/) 5 copper, G7 zinc,

25 tin, 3 nickel
; (</) 12 tin, IG zinc,

G-t lead, 8 antimony.
Music plates : (a) 5 to 7

* 5 tin, 5 to 2 • 5

antimony; (6) IG lead, 1 antimonv
;

(e) 8 lead, 2 antimony, 1'5 tin; (J)
4 lead, 2 antimony, 1 zinc

; (c) 7 • 5 lead,
2" 5 antimony, 0'5 copper.

Printing ti/jpo: 4 parts lead, 1 anti-

mony.
Small type and Stereotypes: («)

9 parts lead, 2 antimony, 2 bismuth
;

(6) IG lead, 4 antimony, 5 tin. (c) For

every G lb. of lead add 1 lb. antimony.
The antimony should be broken into

very small pieces, and thrown on the

top of the lead when it is at red heat.

Tlie cheapest and simjilest mode of

making a stereotype metal is to melt
old type, and to every 14 lb, add about

D



34 Alloys—Tyj^e-metal, Miscellaucous.

6 lb. of grocer' tea-chest lead. To pre-
vent any smoke arising from the melting
of tea-chest leaJ, it is necessary to melt

it over an ordinary fire-place, for the

purpose of cleansing it, which can be

done by throwing iu a small piece of

tallow about the size of a nut, and stir

it briskly with the ladle, when the im-

purities will rise to the surface, and can

be skimmed off. In the mixing of lead

and type-metal, see that there are no

pieces of zinc amongst it, the least por-
tion of which will spoil the whole of the

other metal that is mixed with it. Zinc

is of a bluish-white colour
;

its hue is

intermediate between that of lead and
tin. It takes about 80° more heat than
lead to bring it into fusion

;
therefore

should any metal float on the top of the

lead, do not try to mix it, but imme-

diately take it off with the ladle.

Miscellaneous.—The following is

a table of the proportions of the various

metals in the alloys most commonly
employed in the arts and manufactures.
The term "

parts
" means parts by

weight. The abbreviations are : Cu,

copper ; Zn, zinc ; Sn, tin ; Pb, lead ;

Sb, antimony ; P, phosphorus ; As,
arsenic ; Ni, nickel.

Description.
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Description.
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positions:
—

(1) Bactrian coins, about

230 B.C., contained 77 per cent, copper,
20 nickel, and smaller quantities of co-

balt and iron. (2) Square Indian coins,

bOO B.C., 89 per cent, silver, 4 copper,
4 lead, with silver chloride, gold, and

graphite. (3) A figure of Buddha,
.57 per cent, silver, 4 silver chloride,

37 copper, with gold and graphite.

(4) Boxes or bowls of Bidrai ware,

Secunderabad, India, 94 per cent, zinc,

4 cojtper, IJ lead, into the surface of

which tliin sheet silver is inlaid. (8)
Double hook of bronze found in an air

passage of the Great Pyramid, 99J per
cent, copper. (9) Bronze figures brought
from Egypt by John Dixon, supposed to

1)6 of Ptolemaic origin : a figure of Isis,

08-4 per cent, copper, 4"7 iron, 22-7 lead,

1'5 arsenic, 0'9 tin, witli traces of nickel

and antimony ;
another bronze, 82-2 per

cent, copper, 15'8 lead, 2 tin. (13) Vari-

ous Cypriote, Roman, and Greek bronzes,
78 to 87 per cent, copper, 8'5 to 10'9

tin, and 1"5 to 9 lead. (14) Inca pin,
from a mummy at Arica, 82 per cent,

silver, 1-4 silver chloride, 16'1 copper.

(15) Bronze bar from temple in Bolivia,
93-2 per cent, copper, 6-5 tin.

Kalischer, of Berlin, recently made an

analysis of four Japanese alloys, with
tlie following results :

—
rt h

Copper .. .. 95 -77 .. 51-10
Silver .. .. U-08 .. 48-93
Cold 4-lG .. 0-12

Copper
Lead . .

Zinc ..

Tin ..

Iron ..

c

7G-60
11-88
0-5.3

4 '38

0-47

d
76-53
12-29
G-(38

4-3G
0-33

The first, wliicli contained much gold,
had a light-red colour, with a bluish-

black, lustrous patina ou one side. The

second, wliicli contained silver, liad a

grey, almost silver-white colour, with
a slight shade of yellow, c and d re-

sembled brass in colour, and were, as

the figures show, almost identical, re-

]iresenting a peculiar kind of bronze.

Externally they were exactly alike, ex-

cept that one had a line crust outside

which gave it a duller look than the

metal itself. They differ from bronze
in having so much lead in them, and
the amount of zinc is also higher.

H. Morin ])ublished analyses of some
Chinese and Jajianese bronze exhibited

at Paris in 1.SG7
;

like c and d above,

they are distinguished by the large per-

centage of lead, which he found to vary
between 9*9 and 20*31 per cent., while
the zinc fluctuated from 0*5 to G'O per
cent. To the large amount of lead

Jlorin attributes the black jiatina which

mostly characterises these bronzes.

Gristotle and Bouilhet, on the one hand,
coniirm this view, and, on the other,

prove that patina of different colours

may be produced by chemical means
without having recourse to bronze con-

taining a large quantity of lead, which,
as Morin himself states, is ditlicult ti>

use on account of its brittleness. Morin's

analyses show that in other resjiects the

bronzes he examined bear no relation to

those analysed by Kalischer.

In 1866 R. Pumpelly published the

composition of a number of Japanese

alloys, which showed the greatest con-

formity Avith the above, especially the

two first mentioned. A native worker
in metals allowed Pumpelly a glance
into the preparation of the metals,
which is generally kept secret, and he

described, under the name of shahdo,

alloys of copper and gold in which the

quantity of gold varied from 1 to 10 per
cent. They have a bluisli-black patina,
which is proiluced by boiling the metal
or the object made of it in a solution

of copjier sulphate, alum, and verdigris,
which removes some of the copper and

ex}ioses a thin film of gold. The action

of light upon this produces the bluish-

black colour, the intensity of which in-

creases with the quantity of gold. This

group can be reckoned with alloy a

above. Gin-sM-bui-chi is an alloy of

silver and copper, in which the amount
of silver varies between 30 and 50 per
cent. When boiled in the above solu-

tion, the alloy acquires a grey colour

much admired by the Japanese. Allov
b belongs to this group. The name of

f;ara-hai.(e is given to a sort of bell-metal.
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consisting of copper, zinc, tin, an<l lead,
and having some resemblaoce to alloys
c and d.

Maumene furnishes analyses of Japa-
nese bronzes sent home in 1875 from

public monuments, temples, and works
of art. Th€ alloys are granular in tex-

ture, and readily take a good polish,

bringing out the true colour of the

metal over large surfaces. The pre-

dominating tint is purple where much

antimony is present, red where iron is

the chief ingredient. These alloys have

evidently been prepared with unrefined

minerals. In JIaumene's opinion they
are to be regarded as results of the ad-

mixture of copper pyrites and antinio-

nial galena with blende. In some, the

calcination appears to have been imper-

fect, as shown by the sulphur present
in b :— abed
Copper 86-38 80-91 88-70 02-07
Pewter 1-94 7-55 2-58 1-04

Antimony 1-61 0-44 0-10 „
Lead .. 5-68 5-33 3-54
Zinc .. 3-3(1 3-08 3-71 2-65
Iron .. 0-67 1-43 1-07 3 64

IMangauese „ Trace. „ „
Silica .. 0-10 0-16 0-09 0-04

Suljihur „ 0-31 „ „
Loss .. 0-26 0-74 0'21 0-56

100 00 100 • 00 100 - 00 100 • 00

The Japanese word corresponding to

th-e English
" bronze "

is karahanc,
which means "Chinese metal "

;
whereas

the brass alloys are called shin-chu. The

spelter used for the latter is imported.
The industry of bronze-casting is of very
ancient origin ;

at first fereign metal,

imported either from China or Corea,
must have been used, as Japanese cop-

per has only been produced since the

beginning of the 8th century ; by that

time, however, the industry of bronze-

casting had already reached a certain

state of ])erfection. This is shown by
the fact that the priest Giyoki, who
lived about this time, proposed the

erection of a monster bronze statue of

Buddha, which was carried into effect.

There were formerly 3 of these statues

in Japan, each about 50 ft. in height.
Other specimens of large bronze-castings
are the famous bells of Nara, Kiyoto,

Kikko, Shiba in Tokio, and others,
which have an average height of 15 ft.

and are more than 10 ft. in diameter.

Statues of all sizes, bells, vases, water-

basins, candlesticks, incense-burners,

lanterns, &c., have been manufactured
in large quantities for temples and
their approaches. Portrait-statues, like

the monuments erected in foreign coun-

tries to honour the memory of cele-

brated men, have never been made in

Japan. As articles for household uses,

may be mentioned fire-pots, water-pots,
flower-vases and basins in which minia-

ture gardens are made, perfume-burners,

pencil-cases, small water-pots of fanciful

shapes for writing-boxes, paper-weights,
ami small figures representing divinities.

These bronze- castings are either made
in the simple and severe style of the

old celebrated Chinese bronzes, or else

are specimens of the peculiar character

of Japanese art, which chooses its sub-

jects from natural life, either combining
them with lively scenes showing a great
deal of humour, together with the most
minute copying of nature, or else using
them to produce some artistical efi'ect.

The bronze is cast in clay moulds formed

upon models made of a mixture of wax
and resin, which is melted out from the

finished mould previous to pouring the

metal in. The artist who makes the

model generally does the casting him-

self, and in most cases the workshops
consist only of the master's fiimily and
2 or 3 assistants. The melting furnaces

are of exceedingly small dimensions, and

generally made of an iron kettle lined

with clay. After casting, the pattern
is carefully corrected and worked out

by chiselling, but the best bronze-casters

prepare the model, tlie mould, and the

alloy in such a way as to produce

castings which need no further cor-

recting or finishing;. In some cases also

the whole pattern is produced merely
with tlie chisel working ui)ou a smooth
surface ; this, for instance, is frequently
done in the provinces of Kaga and

Yechiu, which are very important cen-
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tres of the bronze industry. The

bronzing of the pieces is done in nicany

different ways, each manufacturer having
his own particular process, which he

modifies according to the composition
of the alloy and the colour he wishes

to produce. The chemicals used for

this purpose are very few in number,
and limited to vinegar, copper sulphate,
and verdigris as the principal sub-

stances
;
other materials, used less fre-

quently, consist of iron sulphate, red

oxide of iron, and lacquer. It may be

added as a peculiarity, that an infusion

of Eryanthus tinctorius is also made use

of in the bronzing process.
The ornamentation of bronze castings

is not only produced by relief f>atterns
moulded or chiselled, but also by in-

laying the objects with gold, silver, or

M'ith a dilFerent alloy. This kind of

workmanship is called zogan, and is

principally carried on in the provinces
of Kaga and Yechiu. The process by
which the inlaid work is effected differs

according to the nature of the material

on which it is produced. Sometimes
the design is hcdlowed out to a certain

depth with a graver or chisel, and the

ornamenting metal, silver, gold, &c.,

generally in the shape of threads, is

laid into the hollow spaces and ham-
mered over, should the alloy be soft

enough ;
the edges of these grooves are

first slightly driven up, so that when
the silver or gold has been laid in, they
can be easily hammered down again, so

as to prevent the inlaid metal from

getting loose. Or else the surface is

merely covered in the required places
with a narrow network of lines by
means of filing, and the thin gcdd or

silver leaf fastened on to this rough
surface by hammering. This last pro-
cess is the one used mostly for inlaid

iron-work. It is also said that the de-

sign is often produced by a process very
similar to that of the so-called niello;

only instead of the black sulphuretted
silver and copper, a more easily fusible

alloy is used. Inlaid work of the above
kind is principally made in Kaga and

Yechiu, at Kanasawa and Takaoko,
where the alloy used for the bronze

casting is mostly composed of copper,
tin, zinc, and lead. In addition to the

castings, the repousse work should be

mentioned, by which mostly small me-
tallic ornaments for .swords, tobacco

pouches, &c., and also larger pieces,
such as tea-pots, scent-burners, vases,

&'c., are produced ;
the inlaying of this

kind of ware is sometimes of extraor-

dinary delicacy and beauty. The dark

blue colour shown by a great number of

smaller pieces is that of the shahudo,

composed of copper, and 3 or 4 per cent,

of gold. Finally, attention should be

calleil to the so-called viohu-me, a word
which might be rendered by

" veins of

the wood." The metal-work designated

by this name presents a sort of damask

pattern composed of variously-coloured

metals, chiefly white silver, red copjier,
and a dark blue alloy. Pieces of this

very diflicult sort of workmanship are

produced by overlaying and soldering

together a certain number of plates of

the said metals or alloys, by ham-

mering, kneading, resoldering, filling

up the hollow spaces with new metal,
and repeating these operations many
times

; finally, when stretched out into

a thin sheet, this composition shows the

aforesaid pattern all composed of veins

of the different metals that have been

made use of.
(.//. Ap. Sci.)

Ludwig has made a number of ana-

lyses of ancient bronze implements, of

great hardness, with the following re-

sults :
—
Copper. Tin. Nickel. Iron. Thos.

(1) 87-25 13-08 0-33 trace 0-230

(2) 83-65 15-90 0-63 „ 0-5-in

(3) 85-05 14-38 trace „ 0-lCG

(4) 88-06 11-76 „ „ 0-027

Specimen No. 1 was a fragment of an
axe from Maiersdorf. The metal was
tenacious and bright yellow ;

hardness

equal to that of apatite. No. 2 : an
axe from Linburg ;

reddish golden-

yellow ;
tenacious and hardly scratched

by felspar. No. 3 : fragment of a sword
from Steier ; the metal was reddish-

yellow, solid and tenacious, and not

easily scratched by quartz. No. 4 : a

chisel from Peschiera; deep yellow, and

containing a trace of cobalt. Neither
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zinc nor lead was found in any of the

specimens. {Bfcch. Emj.)
Reichai'dt gives the following analysis

of a sample of bronze found near Dant-

zig, and constituting fragments of a ring
or other ornament :

—
Tin 5-591
Silver Trace.

Iron 0-363
Lead 0-041
Zinc 1-388

Copper 92-638

100-021

This may be compared with others,

as under :
—

((. Bronze rings from Gallic sepulchral
tumuli (Kop]i).

h. Bronze from the bone caves of

Perigord (Terrell).
c. Celtic bronze armlets from Abovno

(Church).
d. Bronze statue found at Brescia

(Arnaudes).
c. Bronze from Jlesser, Siberia

(Struve).

/. Celtic arrow heads (Olivier).

a b

Copper ..89-71 St-TS .. 85-98
Tin.. .. 7-78 13-31 .. 12-64
Zinc .. — — ..0-51
Lead .. 1-29 1-80 .. 1-09

Iron ,. 0-52 Trace. .. Trace.

c d

Copper .. 86-49 88-19 .. 80-70
Tin.. ., 6-76 3-64 .. 9-44
Zinc .. 1-44 9-13 .. 1-92

Lead .. 4-41 — .. 7-68

^ 5^
/

Copper .. 99-0 88-67 .. 70-30
Tin .. .. 0-32 10-10 .. 24-53
Lead .. — — ..5-20
Iron .. U-34 0-28 ,. —

It thus appears that tliere are great
differences in the composition of antique
bronze even among ditferent specimens
found at the same place, the quantities
of tin and of lead varying greatly.

Inoxidizable Alloys.
— A new alloy,

which resembles silver, and is verv

ductile and malleable, is composed of

65 parts iron, 23 of nickel, 4 of tungsten,
5 of aluminium, and 5 of copper. The
iron and the tungsten arc melted

together and then granulated, and the

water into which the mixture is poured
for this purpose must contain 1 lb. of

slaked lime, and the same quantity of

potasli, to every gallon. The product
formed by the fusion of the nickel, the

copper, and the aluminium, is also granu-
lated in water containing the same pro-

portion of lime and potash ;
and during

the melting the metals in the 2 crucibles

must be kejit covered with a flux made
of 2 parts boj-ax and 2 of saltpetre. A
piece of soda or potash, weighing about

^^jjr,
of the whole mass, is put into the

crucible containing the copper, nickel,
and aluminiuiu, in order to prevent the

oxidation of the last-named metal
; and,

to prevent the same action taking place
with the cojiper, a small piece of char-

coal is added. It is advisable before

the operation of granulation to well stir

the contents of the 2 crucibles. Tlie

granulated metals are dried, melted in

the proportion given above, well shaken,
and then run into bars. The metal is

called "siderajththite." Another formula

for its preparation is : 66 parts iron, 23

nickel, 5 copper, and 4 tungsten.

Lemarquand's inoxidizable alloy con-

tains 750 copper, 140 nickel, 20 black

oxide of cobalt, 18 rod tin, 72 pure
zinc.

Marlie's consists of 10 parts iron,
35 nickel, 25 brass, 20 tin, 10 zinc,

l)lunged while hot into a mixture of

30 parts sulphuric acid, 10 nitric acid,
5 hydrochloric acid, 25 water.

Soft Alloy.
—This alloy will adhere so

firmly to metallic, glass, and porcelain

surfaces, that it can be used as a solder,

and is invaluable when the articles to

be soldered are of such a nature that

they cannot bear a high degree of tem-

perature. It consists of finely pul-
verized copper or copper-dust, and is

obtained by precipitating copper i'rom

the sulphate by means of metallic zinc :

20, 30, or 36 parts of this copper-dust,

according to the hardness desired, are

placed in a cast-iron or porcelain-lined
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mortar, and well mixed with some sul-

phuric acid having a- specific gravity of

1'85. Add to the paste thus formed

70 parts (by weight) of mercury, con-

stantly stirring. When thoroughly
mixed, the amalgam miist be carefully
rinsed in warm water to remove the

acid, then laid aside to cool. In 10 or

12 hours it will be hard enough to

scratch tin. When it is to be used, it

should be heated to a temperature of

707° F. (."iVo" C), when it becomes as

soft as wax by kneading it in an iron

mortar. In this ductile state it can be

spread upon any surface, to which, as

it cools and hardens, it adheres very

tenaciously.

Allou for Small Article^,.
—This alloy

melts at a lower degree of temperature
than the one just described, and is very
hard without being brittle. It consists

of 6 parts bismuth, 3 zinc, and 13 lead.

The 3 metals, after having been well

melted and stirred together, should be

poured into another melting-pot and
melted again. This alloy cools with

remarkably clear-cut edges, and if the

articles made of it are dipped in dilute

nitric aciil, then rinsed in clear water,
and polished with a M'oollen rag, the

raised parts of the surface will have a

line polish, while the sunken parts will

have a dark-grey, antique appearance,
which forms a ]>retty contrast. The

proportions of the different metals, di-

viding the alloy into 100 parts, are :

'27-27 bismuth, 59-09 lead, 13-64 zinc.

Alloy for Small Castings.
—Contains

6 parts bismuth, 3 tin, 13 lead. This

alloy should be melted, run into bars,
and laid aside till wanted, when it

should be remeltcd. An alloy of 3 parts

bismuth, 1 tin, 1 lead, for small cast-

ings, is harder, and yet it is not brittle.

It can be finished with a contrasting
surface of bright polish and dark grey,
if it is washed in nitric acid, well di-

luted, rinsed, and polished with a

woollen rag, as described in the alloy
for small articles given above.

White Alloij.
—This compound can be

turned, filed, and bored
;

does not ad-

here to the mould, and will retain its

polish a long time after exposure to the

air. Contains 10 cast-iron, 10 copper,
80 zinc.

Alloys for Medals, Coins, <f-c.
—Kraft's

alloy : melting point, 219= F. (104° C);
contains 5 bismuth, 2 lead, 1 tin.

Romberg's alloy : melting point,

251^° F. (122° C.) ;
contains 3 bis-

muth, 3 lead, 3 tin.

Eose's allov : melting point, 199° F.

(93° C.) ;
contains 2 bismuth, 2 lead,

2 tin.

Amalgam for Coating Plastic Castings.—1 part tin, 1 mercury, 1 bismuth.

The mercury is mixed with the white of

an egg, and added to the tin and bis-

muth when they are thoroughly melted

and blended. The alloy wliile still hot

forms a pasty liquid, which should be

applied with a brush. (Giittier.)

Anti-friction Alloys.
—When the so-

called " anti-friction alloys," or " white

metals," were introduced, reports as to

their value soon made their appearance,
and one of the most important was tliat

of Nozo, the engineer of the repairing

shops on the Northern Eailroad of France.

Nozo experimented with Grafton's,

Vaucher's, Detourbet's, and other metals,
and he arrived at the conclusion that

the " white metals," whether for whole

journals or their linings, might be ad-

vantageously employed in machinery
revolving with a small velocity, or with
an average velocity and small strain

;

but that they were not suited to the

rolling stock of railways, in which the

strains and the velocity are stich as to

rapidly wear all metals not hard enough
to resist energetic friction. The term
" white metal

"
is applied to all alloys

in which zinc, tin, or lead is insufBcient

proportion to impart a white colour, and
a reference to the list on p. 34 will

show that the number of white alloys is

great. Babbit's metal and Parson's

white brass are the two best known of

these, but it may be doubted whether

any hard and fast line as to the pro-

portions of the respective ingredients
can be drawn. On the contrary, it

M'ould seem that brasses suitable for

various kinds of work may be made
almost haphazard, with just as great
a probability of obtaining a good I'esult
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as it' the utmost care were taken in

weighing the components of the alloy,
and adding them in the proper order in

the crucible. A good white metal for

lining journal boxes, pillow-blocks, &c.,
is made of—

Copper 4 parts
Tin 06 „

Antimony . . . . 8 ,,

In this the tin is in excess, and the

alloy is prepared in a roundabout way :

12 parts cop])er are first melted, and

then oG of tin are added
;
24 of anti-

mony are put in, and then 36 of tin, the

temjierature being lowered as soon as the

copper is melted, in order not to oxidize

the tin and antimony, the surface of the

bath being protected from contact with

the air. The alloy thus made is sub-

sequently remelted in the proportion of

50 parts alloy to 100 tin. For small

journals, where the friction is not great,
both the copper and antimony may be

doubled in quantity. An alloy of 1 part

copper, 50 tin, and 5 antimony, has a

greasy feel, and is good for machines not

overworked; but a better metal for lining

bearings subjected to rapid, not heavy
friction, is made of 85 parts lead, 15

antimony. Vaucher's alloy is composed
mainly of zinc and tin, with small quan-
tities of lead and antimony, the last

being melted se))arately. Brasses for

locomotive bearings are usuallv made
of—

Copper 64 parts
Tin 7 „
Zinc 1

,,

But experiments recently made in tlie

United States have yielded very good
results with white metal for the journal-
box linings of engines, coaches, and

waggons. Babbitt's metal—the com-

position of which is variously stated—
resembles the alloy first specified, and

may be described as a tin alloy, 10 parts
of that metal being used in conjunction
with 1 each of cop])er and antimony. In

recent years, phosphor bronze and man-

ganese bronze have established a good

reputation, and latterly cadmium has

attracted some attention as an ingredient
in alliiys for bearings. It fuses below a

red heat, and volatilizes so readily at the

ordinary temperatures necessary for

making alloys, that great ditiiculty has

been experienced in using it as an in-

gredient. It is malleable and ductile,

is harder and more tenacious than tin,

but soils j)aper as lead does when it is

rubbed over it. Possibly this property
has attracted inventors to it, as the fine

particles thus removed on slight friction

would probably produce a highly smooth

surface on a bearing made of an alloy

containing cadmium. In Lechesne's new
white metal, the novel feature is the use

of cadmium. The proportions preferred
are—

Copper 650 parts
Kickcl 275 „
Cadmium . . . . 50 ,,

Zinc and Tin. . . . 25 „
On difterent lines of railway, and in

various countries, a very large number
of alloys have been tried for bearings.

Thus, where the freight is light, bear-

ings made of an alloy of lead and anti-

monv have been found to give good
results—the life of the journal being

prolonged at the expense of the bearing,
and with an increased consumjition of

lubricant. Alloys of tin and copjier have

been tried
; but, except in some few pro-

portions, they are too hard
; though

when the tin preponderates and there

is an addition of antimony, a good bear-

ing is obtained, but at too high a price.

Bearings of white metal, and of an alloy
ofantimony and lead, possess the advan-

tage that they are easily replaced; but

unless the supply of lubricant is ke])t

up, they soon wear out, and the latter

rapidly fuse if the journal becomes

heated. White metal bearings, with the

coi)per and antimony preponderating,
are too hard, too brittle, and break under

heavy loads ; while, if the tin is in

excess, and they are subjected to great

pressure, they soon wear out of shape.
Dr. Kiinzel, whose name is well known
in connection with phosphoi--bronze, has

made many experiments on bearings,
and concludes that for a bearing to

possess all the required qualities it

should be heterogeneous in constitrition,

and that its skeleton, so to speak, should

be made of a metal as tenacious as
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possible, the liarduess of which is nearly

equal to that of the journal, so as to

enable it to resist the shocks to whicli

it is subjected without changing its

shape. The interstices or pores of the

skeleton should contain a soft metal.

The final result of Dr. Kiinzel's investi-

gations was the invention of his patented

alloy (see p. 31), which consists of

phosphor-bronze, with certain quantities
of lead and tin added to form the soft

alloy for filling the pores. By varying
the proportions of the ingredients, and

by adding or omitting the proportion of

zinc, the hardness of the bearing may be

adapted to that of the journal. (^Enij.

Mech.)
Aich, or Gcdijes Jfdal.—Tliis is an

alloy of zinc and copper in nearly the

same proportions as in Muntz's metal,
but it contains also a little iron, thus :

—
Copjier 60 •

Zinc 38-2
Iron 1

• 8

It is very malleable at a red heat, and

may be hammered, rolled, drawn into

wire, or readily cast. It has been em-

ployed in Austria for casting cannon,
and some Chinese cannon consist of a

similar alloy.
Sterro-metal.—This is a very strong

and elastic alloy used by Austrian en-

gineers for hydraulic press pumps. It

contains copper, zinc, iron and tin, in

the following proportions :
—•

Clipper 5") to GO
Zinc 34 „ 4-1:

Iron 2 „ 4
Tin 1 „ 2

Good specimens offer far more resist-

ance tlian gun-metal to transverse frac-

ture, and cost only | the price. It is

said to have been discovered in an at-

tempt to employ, for the manufacture
of brass, the alloy of iron and zinc found
at the bottom of the zinc-pots in making
galvanized iron.

Bismuth Bronze.— A new metallic

alloy, which the inventor calls bismuth

bronze, has been recently introduced by
James Webster, of Solihull, as .specially
suitable for use in sea-water, for tele-

graph and music wires, and for domestic
articles. The composition varies sliglitly

with tlie purpose for which the bronze
is to be used, but in all cases the pro-

portion of bismuth is very small. For
a hard alloy, he takes 1 part bismuth
and 16 of tin, and having melted them,
mixes them thoroughly as a separate or

preliminary alloy. For a hard bismuth
bronze he then takes 69 parts copper,
21 spelter, 9 nickel, and 1 of the bis-

muth tin alloy. The metals are melted
in a furnace or crucible, thorouglily
mixed, and run into moulds for future

use. This bronze is hard, tough, and
sonorous

;
it may be used in the manu-

facture of screw-propeller blades, shafts,

tubes, and otiier appliances emploj'ed

partially or constantly in sea-water,

being specially suited to withstand the

destructive action of salt-water. In con-

sequence of its toughness, it is well

suited for telegraph wires and other

purposes where much strain has to be

borne. From its sonorous quality, it is

well adajited for piano and otlier music
wires. For domestic utensils, anil other

articles generally exposed to atmospheric
influence, the composition is 1 part
bismuth, 1 alumiuiuni, and 15 tin,

melted together to form the se})arate or

preliminary alloy, which is added in the

jjroportion of 1 per cent, to the above
described alloy of copper, spelter, and
nickel. The resulting bronze forms a

durable, bright, and hard alloy suited

for the manufacture of spoons, forks,

knives, dish-covers, kettles, teapots, jugs,
and numerous other vitensils. These

alloys are said to resist oxidation, to

polish well and easily, and to keep their

colour well.

ALXJMINIUM.—This metal pos-
sesses properties which render it one of

the most useful yet discovered, and the

only bar to its greater employment has
hitherto been its high price. There is

an immediate prospect of this being

enormously reduced by Webster's pro-
cess, described below. While being very
malleable and ductile, aluminium ranks

second only to steel in tenacity ;
it is

highly sonorous, 4 times lighter than

silver, non-volatile at very high tem-

peratures, 'conducts heat and electricity
as well as silver, is inoxidizable iu the
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air even at a rod Iicat, is not acted upon
by water, sulphuretted hydrogen, or am-
monium sulphide, resists concentrated

nitric acid and dilute sulphuric acid,
and forms alloys (see p. 11) of con-

siderable value.

The present method of manufacture
consists in heating to redness a mixture
of the double chloride of aluminium
and sodium, or the double fluoride of

aluminium and sodium (cryolite) with
metallic sodium, by which sodium
chloride is formed and metallic alu-

minium is separated. On the large scale,
10 parts of the double chloride, 5 of

cryolite, and 2 of sodium are placed in

a reverberatory furnace
; immediately

action has ensued, the fused metal and

slag (consisting of common salt and
aluminium fluoride) are run out, and a

new quantity of the previous mixture
is introduced. Tlie current method of

manufacturing aluminium was described

at some length by J. L. Bell, at the

British Association meeting of 1863 (see
Soc. Arts Jl. xi. 7G9).

In making large quantities from the

mineral bauxite (AlFe)20jH^, contain-

ing about 50 per cent, alumina and
25 iron oxide, the process is as follows :

The mineral is pulverized, and tlie pow-
der is mixed with soda and heated in a

reverberatory furnace, when sodium alu-

miuate forms
;

the mass is withdrawn
from the furnace, and treated with

water, which dissolves the sodium alu-

miuate
;

the clear solution is decom-

posed by passing a current of carbonic

acid gas through it, when sodium car-

bonate forms, and alumina is precipi-
tated

;
when the reaction is complete,

the whole is placed in linen filters and
well washed, whereby the sodium car-

bonate is removed, and leaves the alu-

mina behind in a pulverulent rather

than gelatinous condition
;
when dry,

it forms a pure white powder. To con-

vert this into aluminium-sodium chlo-

ride, it is mixed with salt and coal-dust,

and formed into balls, which are rapidly

dried, and transferred to upright fire-

clay retorts a, arranged in a furnace d,

Fig. 5.

as shown m Fig. 5
;
the heat is gradu-

ally increased till it reaches whiteness,
when chlorine gas is introduced at the

bottom of the retort ; the aluminium-

sodium chloride distils off, and passes by
a tube 6 into the fire-clay chamber c,

where it deposits, the carbonic oxide and

.excess of chlorine being conducted by a
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pipe to the chimney. The double chlo-

ride has next to be decomposed by me-
tallic sodium; with this object, it is

mixed with sodium and some cryolite,
the latter serving as a flux

;
the quan-

tities taken are 100 lb. of the double

chloride, 35 lb. sodium, and 40 lb. cry-
olite

;
the operation is conducted on the

sole of a reverberatory furnace by a

gradually increased heat
;
the reduced

metal collects on the bottom, and is run

into iron moulds. It always contains

some iron and silica. The cost of ma-
nufacture for about 4000 lb. of alu-

minium in 1872 is thus stated:—
((/) Mauutacture of the double chlo-

ride.
'

per cwt. d.

Anhydrous ahimina 0-59 lb. at 34s. Sd. 2i

Manganese ore *
.. 3-74 lb. at 45. 91(i. 2^

Hj'drochloric acid * 15-72 lb. at Is. 2d. 2i
Coal 25-78 lb. at Os. Id. U
AVagos 1

Wear and tear 1 }

Cost nf 1 lb luj

* To form the chlorine.

(]j) Manufacture of metallic alumi-

nium.
.<t. d.

Sodium, 3 -44 lb. at 4s. 7cZ. per lb. .. 16

Doublechloride, 10-04lb. atio^'i. perlb. 9

Cryolite, 3-«7 lb. at 24s. Id. per cwt... 10

Coal, 29-17 lb. at Id. pel' cwt 2

\Vages 9

Wear and tear 4

Cost of 1 lb. 27 1

(Wurtz.)

Web.ster'.s new process, before alluded

to, is as follows :
—A given quantity of

alum and pitch, which are first finely

ground, arc mixed together and placed
in a calcining furnace, by which means
38 per cent, of water is driven out,

leaving the sulphur, potash, and alu-

mina with oxide of iron. The calcined

mixture is then put into vertical re-

torts, and steam and air are forced

through, which leaves a residue of

l)otash and alumina only. This residue
is afterward placed in a vat filled with
warm water, which is heated with
steam. The potash is thus leached out,
and the alumina left as a deposit. The

potash liquor is then run off and boiled

also

solder

claims

and
to

weld

the mechanical

down, while the alumina precipitate is

collected in sacks and dried. It is then

ready for making chloride of aluminium.

The alumina deposit thus obtained con-

tains about 84 percent, of pure alumina,
while that which is obtained by the old

process of precipitation has only 65 per
cent. Jones, the Wolverhampton bo-

rough analyst, certifies that the con-

stituents of Webster's alumina deposit
are as follows :—Alumina, 84-10

;
sul-

phate of zinc, 2-68
; silica, 7-40; water,

4-20
;
alkaline salts, 1-62. In order to

complete the process and convert it

into aluminium, the aluminium chlo-

ride is treated with sodium, in order

to withdraw the metal. The opera-
tions are completed in a few days in-

stead of 9 months, and the product
costs only about 100/. per ton instead

of 1000/. The sources of raw mate-

rial are inexhaustible and everywhere
distributed. Webster
have found ways to

the metal.

To ascertain fully

properties of this metal, a bar of alu-

minium, 3 ft. long and 5 in. square, was

obtained, and diH'erent parts of this bar

were subjected to tests for tension, com-

pression, transverse strain, modulus of

elasticity, elastic range, and ductility.
The experiments were carefully carried

out under the direction of Prof. Ken-

nedy, with his testing machine, at the

London University, and the results are

given in the table appended.
It will be seen that the weight of 1

cub. in. is -0972 lb., showing a specific

gravity of 2-688, and that its ultimate

tensile strength is about 12 tons per
sq. in. The range of elasticity is large,
the extension at the yielding point being

5.',^
of its length. The modulus of elas-

ticity is 10,000. The ductility of sam-

ples 2 in. long was only | per cent., but
it is probable that the metal could be

improved in this respect. Taking the

tensile strength of the metal in rela-

tion to its weight, it shows a high me-
chanical value. Its characteristics in

this respect, as compared with those of

other well-known metals, are shown in

the following summary :
—
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redness, a charge of4 cwt. of broken-down
crude sulphide is put into the cylinders,
which are then covered up ;

the metal
fuses out and flows into the crucible

beneath, leaving the gangue in the cy-
linder. The charge is renewed every
3 hours, and the residue is drawn out

through the holes in the sides of the cy-
linder. The yield per hour is about 90 lb.

of pure sulphide, which has various uses

in medicine and pyrotechny.
To obtain the metal from this sul-

phide, the latter, in coarse powder, is

roasted at a low heat in an ordinary re-

verberatory furnace. Much care is

needed to regulate the furnace so that

oxidation of the sulphur shall proceed

uninterruptedly without risk of fusing
the sulphide. The calcination should be

complete in 12 to 15 hours, 100 lb. of

the sulphide affording only 60 to Go lb.

of antimony oxide, though theoretically
the yield would be 83 lb. This oxide

(antimony glass) is used in the manu-
facture of enamels, and coloured pastes
for artificial gems. To reduce the
metal from the oxide, the latter is

mixed with charcoal powder moistened
with a solution of soda ash, and put into

a number of crucibles in the same fur-

nace, when a bright red heat is main-
tained till fusion is complete. The pro-
duct is crude metal and scoria, the latter

consisting of antimony and sodium sul-

phides in combination. The crude metal
is re-melted with some of the scoria,
which further purifies it; and again
melted in large quantities with careful

skimming, and slowly cooled.

The process adopted by the Costerfield

Co., in Australia, for treating their ores,

consisting of the sulphide ami brown and
wliite oxides of antimony (containing 83
to G5 per cent, antimony, and 15 dwt,
to 4 oz. gold per ton), is as follows.

The autimonial tailings from the stamp
batteries are classified by huddling, and
the rich antimonial portion thus sepa-
rated from quartz detritus is collected

in bags, dried in the boiler-house, put
into a smelting furnace with equal por-
tions of uncrushed ore, and reduced to

crude antimony (sulphide) ;
the result-

ing slag and cinder are further treated

by roasting or calcining in a reverbe-

ratory furnace to liberate the oxide,
which passes otfin fumes from both fur-

naces into the oxide flue
;
this may be

1000 ft. long, and 4 to 6 ft. wide and

high. As the fumes cool on their pas-

sage to the smoke-stack, the oxide is de-

posited in chambers constructed in the

flue to receive it. The residue from the

reverberatory furnace is afterwards

crushed for the extraction of any gold it

may contain. Another process based on

fusing the antimony sulphide with a

portion of metallic antimony, using the

same metal with fresh charges of ore

till it becomes rich in gold, and then

separating the two metals by oxidation

of the antimony, while suitable for ores

rich in antimony, will not answer for

those containing less than 30 per cent,

of suljihide, as they are too silicious to

fuse. Prof. Cosmo Newbery has intro-

duced another method for treating such

ores. They are placed uncrushed in a

kiln, with sufficient salt to produce an

amount of chlorine that will get rid of

the sulphur, antimony, and arsenic. As
soon as calcination commences, steam or

watery vapour is introduced through
the bottom of the kiln in such quantity
as to keep the mass saturated, until all

vapours of sulphur, antimony, and ar-

senic have disappeared. The charge is

then drawn, and submitted to gold-ex-

tracting operations. The liberated me-
tallic vapours are condensed by causing
them to impinge against a series of

discs. Antimony oxide collected in this

manner is well suited for the manufac-

ture of paint, if the temperature of the

fumes has been lowered from that of

the furnace till the vapour has been all

condensed into solid particles of oxide in

suspension. (See Lock's '

Gold,' pp.

lluG-10.)
BARIUM.—The principal ores of

barium are the sulphate or heavy spar

(BaSO^), and the carbonate or witherite

(BaC03). Metallic barium may be pro-

pared from the monoxide baryta, from

the chloride, and from other salts, by

electrolysis in presence of mercury ;
the
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amalgam tlius furmed is heated in a

tube containing petroleum, when the

barium remains as a silver-white pow-
der. Bunsen prefers to perform elec-

trolvsis on a pasty compound of barium
chloride and very dilute hydrochloric

acid, at a temperature of 212° F.

(100° C), in presence of mercury ;
the

crystalline amalgam obtained, when

heated, leaves the metallic barium as a

porous tarnished mass, whose cavities

sometimes appear silver-white. Jlat-

thiessen obtains better results by pass-

ing a galvanic current through barium

chloride in a state of fusion, using as a

negative pole a fine harpsichord wire,

on which the metal deposits in little

globules. Barium oxidizes very readily,

and burns with brilliancy when heated

in the air. Its melting-point is higher
thau that of iron.

BERYLLIUM or GLUCI-
!NUM.—This metal occurs in many
minerals, especially the varioBs forms

of beryl, including the gems emerald

and aquamarine. Wiihler first obtained

it as a dark-grey powder by fusing the

chloride with potassium. Debray's me-
thod of preparing it in the coherent

form, by mingling the vapours of beryl-
lium chloride and metallic sodium in an

atmosphere of hj'drogen, is as follows :
—

Into a glass tube is introduced first a

boat of clay and lime containing me-
tallic sodium, and then another charged
with beryllium chloride

;
the air is com-

pletely displaced by dry hydrogen, when
the boats and their contents are gently

heated, with the result that the vapour
of the beryllium chloride is carried over

the sodium. The result is a strong re-

action, by which the chloride is reduced

to a metallic powder or mass of little

globules ;
from this state it is rendered

coherent by fusion under sodium chloride

in a crucible. The metal possesses a

sp. gr. of 2"1, and a bright silver-white

colour; its melting-point is lower thau

that of silver. The compact form, heated

before the blowpipe, takes on a thin

film of oxide, which arrests further oxi-

dation
; the powdered form ignites when

heated in the air, and burns brilliantly.

Dilute hvdrochloric acid dissolves the

compact form readily ;
dilute sulphuric

acid only when warm
;
but concentrated

nitric acid only does so very slowly, even

on heating: the dilute acids all dissolve

the powder. Caustic potash dissolves

both forms ; ammonia, neither.

BISMUTH.—Tliis metal occurs in

many minerals, but not in such quan-
tity as to make its extraction profitable.
It is almost exclusively obtained from
cobalt speiss at the Saxon smelt-works,
the residue containing about 7 per cent,

of it. The operation of smelting bis-

muth is extremely simple : the metal,

having but weak affinity for other sub-

stances, is obtained by heating its ore

in a liquation furnace in a cast-iron

retort set on an incline, at the highest

part of which the crude ore is charged ;

at the lowest angle is placed a cast-iron

bnwl, into which the metal flows.

The furnace is illustrated in Fig. 7.

Fro. 7.

About J cwt. of broken ore, nearly as

large as marbles, is charged into each
retort a, of which there are usually
4 in a furnace side by side

;
this quan-

tity nearly fills a retort, so that the

upper,part is empty. The lower end
is closed with a clay slab h, provided
with an aperture for the discharge
of the melted metal. The pipes, when

properly ignited, soon cause the metal
to flow into the dishes c, which con-

tain some charcoal-dust, and are heated

by a separate fire d. By applying a

brisk fire /, and stirring the ore, all

the metal contained in it is obtained

within 5 hour, the residue is scrapetl
out of the retort into a trough e with

water, and the pipes are filled afresh.

About a ton of ore is melted in a day of
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8 hours. The metal is re-melted, and

cast into iron moulds in the form of

ingots. The metal thus obtained may
be purified by re-melting in a flat bone-

ash dish, at a low heat, removing the

dross as it appears on the surface. It

is advisable to melt the metal thus

reduced to a purer form, in a graphite

pot, and then cast it into the mould for

ingots. Bismuth cannot be freed from

silver by these means, in consequence of

which the commercial article always
contains some of that metal.

The bismuth ores at Joachimsthal,

Hungary, are smelted in crucibles with

J their weight of scrap-iron to combine

with the sulphur, ^ soda carbonate to

convert the silica into a soda silicate

slag, and
n'-j

each of lime and fluor-spar ;

1 cwt. of the mixture is put into eaidi

crucible, part of the soda carbonate

being used to cover the charge. Tlie

crucibles are closed by lids, and strongly
heated till the contents become pasty,
when they are well stirred, and, after

complete fusion, ladled out into conical

iron moulds, wherein the bismuth col-

lects at the bottom.

Commercial bismuth is largely con-

taminated with arsenic, iron, and silver
;

these do not interfere with its general

application in alloys, but much of the

arsenic can be removed by heating under

charcoal in crucibles, and the silver,

when sutticiently abundant, can be re-

covered by cupellatiou at the cost of the

bismuth being converted into oxide.

Metallic bismuth is remarkable for its

brittleness (somewhat less than anti-

mony), low melting-point, great ten-

dency to crystallize, property of expand-

ing during solidification (increasing ,L),

and diminishing in specific gravity under

strong pressure.
CADMIUM.—This metal occurs

in calamine and ziuc lilemle in propor-
tions varying from H to 3 per cent.

It is recovered during the smelting of

tliese ores for their metallic zinc in the

following manner:—The more volatile

cadmium vapour passes off with the

first portions of the zinc distilled, im-

parting a brown hue to the flame;
whence the term " brown blaze

"
is

applied to this period of the roasting.
The vapours burn in the air with forma-
tion of a mixture of cadmium and zinc

oxides. The powder thus deposited is

separately collected, mixed with char-

coal in iron tubes, and distilled again,
when the first deposit from this distilla-

tion will be found still richer in cad-

mium. The mixture is dissolved in

dilute sulphuric acid, and the cadmium
is thrown down as a sulphide by intro-

ducing sulphuretted hydrogen gas ;
tlie

cadmium sulphide is washed, dissolved

in strong hydrochloric acid, and con-

verted into carbonate by adding ammonia
carbonate

;
this cadmium carbonate is

washed, dried, and distilled with charcoal

to aftbrd the pure metal. (Huntington.)
Or, the mixture of cadmium and zinc is

re-distilled, and the second product is

dissolved in hydrocliloric acid, from
wliich the cadmium is ]ireciiiitate<l )iy

metallic zinc. (Roscoe and Schorlemmer.)
Metallic cadmium possesses the colour

and appearance of tin, which it re-

sembles also in giving a cracliling noise

when bent
;
but it is harder and more

tenacious. It can be cut with a knife,

drawn into wire, and rolled into foil,

but becomes brittle at 180° F. (82° C).
Its sp. gr. varies from 8-546 (cast) to

8'667 (hammered). It is capable of tak-

ing a high ]ii)lish.

CiESIUM.—This rare metal is

met witli in small quantities in the

ores of other alkali metals (notably

lithium), and in some mineral waters.

On passing an electric current through
melted cicsium chloride, little globules of

the metal form at the negative pole, rise

to the surfiice, and ignite ;
but the metal

has not been obtained in a jjure state.

It stands first among metals in its

electro-positive quality.
CALCIUM.— Calcium minerals

occur throughout the world in the

greatest profusion, the most familiar

examples being the various forms of

carbonate (chalk, coral, limestone,

marble, and magnesium limestone or

dolomite), and the sulphates (gypisum
and anhydrite). Davy prepared metallic

calcium as a powder by electrolysing
calcium chloride in presence of mercury.
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and heating the resultant amalgam.
Matthiessen obtained it in a compact
form by melting a mixture of 2 mole-

cules calcium chloride and 1 of strontium

chloride (with a little sal-ammoniac to

fiicilitate the fusion) in a porcelain
crucible, containing a carbon positive

pole, j'.nd provided with a negative pole
in the form of a thin harpsichord wire

wound upon a stouter wire, and only

just entering the liquid mixture. Beads
of the reduced metal attach themselves
to the fine wire. Lies Bodart reduces

the metal by fusing a mixture of 1 (lart

sodium with 7 of fused calcium iodide

in a closed iron crucible, commencing
with a dull-red and advancing to a

briglit-red heat. Caron fuses 3 j)arts
fused powdered calcium chloride, 4 of

fairly granulated distilled zinc, and 1 of

sodium in small pieces, in a crucible

heated to redness in an ordinary fui'uace.

The action is feeble at fust. When
zinc flames begin to arise, the heat is

moderated to check volatilization. After

about 15 minutes in this state, the

crucible may be withdrawn, and, on

cooling, a metallic button will be found

at the bottom. This alloy of calcium
and zinc, containing 10 to 15 per cent,

of the former, is j)laced in a gas-carbon
crucible and heated till all the zinc is

disengaged. Calcium has a sp. gr. of

lv)778
;

it is malleable, tenacious, harder

than lead, and of a yellow colour
;

it

oxidizes ra))idly in moist air, but slowly
in quite liry.

CERIUM.—Tliis rare metal occurs

in a few uncommon minerals, in the

following approximate proportions, cal-

culated as oxide (Ce^O^) :
—61 per cent,

in cerite, l'2i in orthite, 8^ in wohlerite,
and 2j in gadolinite. It may be pre-

l)aied in quantity in the compact form

by electrolysis of the chloride. Its

sp. gr. is 6'628 to 6-728
;

it has the

hardness of calcspar, and can be ham-

mered, rolled, and (warm) drawn into

wire
;

its colour and lustre resemble

those of iron, but, though fairly per-
manent in dr\' air, tarnish in moist air,

passing through yellow and blue to

green tints
;

its melting-point ranges
between those of silver and antimony ;

3

it ignites more readily and burns with

greater brilliancy than magnesium ;
it

resists cold concentrated nitric and

sulphuric acids, but dissolves in hy-
drochloric and in dilute sulphuric
acid.

CHROMIUM.— This somewhat
rare metal occurs chiefly in native lead

chromate or crocoisite (PbCrO^), and in

chrome-iron ore orchromite (FeO.CrjOj),
the latter of which is mainly used for

the preparation of chromium com-

pounds. The metal is isolated by re-

ducing the oxide or chloride. Deville

intensely heats a mixture of sugar and

chromic oxide in a lime crucible. Woh-
ler heats chromium sesquichloride with

metallic zinc imder a layer of sodium

chloride, and treats the zinc regulus
with nitric acid, when the chromium

separates as a grey metallic powder.
Bunsen obtains the metal in brittle glis-

tening scales by electrolysis of a solution

of chromous chloride containing chromic
chloride. Fremy procures it in hard

crystalline scales by heating chromic

chloride in contact with sodium vapoiir
in an atmosphere of liydrogen. Vincent

finds that when chromium amalgam is

heated in an atmosphere of petroleum,
the metal remains behind in a pulveru-
lent form. Finally, Ze*tnow has shown
that when the metallic regulus formed

by fusing the double chloride of chro-

mium ami potassium with zinc is treated

witli nitric acid, a residue of crystalline
chromium is left. The sp. gr. of the

metal forming a greenish crystalline

powder is variously stated at 6-81 to

7'3. The metal is undissolved bv hot

concentrated nitric acid
; slowly by cold

dilute sulphuric, but rapidly on warm-

ing ;
and quickly in hydrochloric. De-

vi He's fused metal is non-magnetic, as

hard as corundum, and less easily
melted than platinum ;

it oxidizes

slowly when heated in the air or hydro-
gen, and burns brightly in the oxy-hy-
drogen flame. (See Alloys, p. 2I>.)

COBALT. — This metal occurs

sparsely in some arsenical ores, usually
accompanied by nickel

;
its chief sources

are cobalt speiss ([(,^oNiFe] Asj), cobalt

glance ([CoFe] [AsS],), ami cobalt

E
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bloom ( [Co3(AsO,)2 + 8H2O] ). These
ores arc roasted or calcined in the air,

yielding an impure cobalt arsenate,
termed "

zaffre." The iron is got rid of

by a smelting process resembling that

used ill copper extraction
;
the roasted

ore being fused with a flux of sand or

lime carbonate, by which the iron slag
rises to the surface, leaving the cobalt

below as a heavy speiss. This latter is

dissolved in strong hydrochloric acid,
and any iron arsenate present is pre-

cipitated by careful addition of solution

of lime chloride and a little milk of

lime. The clear supernatant solution

is drawn off and treated with sulphur-
etted hydrogen to throw down the

copper and bismuth
;

cobalt oxide is

then precipitated from the clarified solu-

tion by means of lime chloride, and is

washed and ignited ready for the mar-
ket. Sletallic cobalt is obtained as a

grey powder by igniting the oxide or

chloride in a current of dry liydrogen,
or the metal can be procured in a com-

pact state by strongly heating the oxa-

late under a layer of powdered glass ;

and fused to a regulus by heating in a

graphite, lime, or magnesia crucible.

Cobalt melts at a lower temperature
than iron, but is harder, malleable, very
tough, and magnetic. It dissolves easily
in nitric, hydrochloric, and dilute sul-

phuric acids
;

its colour resembles that

of polished iron, and its sp. gr. is 8-5 to

8'7. lu the coherent form, it suffers no

change in the air at ordinary tempera-
tures, but slowly oxidizes on heating,
and at a very high temperature burns
with a red flame.

COPPER — Properties.
— Copper

is a light, hard metal, A-ery liable to

rust
;

all salts, unctuous bodies, and

many other natural substances are sol-

vents of it. It is remarkably sonorous,

being the basis of all alloys in which
that quality is sought for

;
and its

divisibility is great. After hammering,
its appearance is silky, and its lustre

seems to be increased. Heated to fusion,
it absorbs oxygen, oxidizes at the sur-

face, and becomes covered with a black

crust
;

and it may be converted into

suboxide altogether by a strong heat in

the muffle. At a high white heat it

burns with a greenish coloured flame.

In dry air, copper is unchangeable; in

moist air, and in presence of carbonic

acid, sulphuretted hydrogen, or other

acid.i, it becomes dark, and assumes a

bronze hue. It is a red-coloured metal,
with a specific gravity of 8'78, which

may be increased to 9'00 by hammering.
The tenacity of cast copper is sutficient

to support a weight of 19,000 lb. to the

sq. in., or rather more than half as much
as good cast iron. When heated, it

rapidly loses strength, and at a dull-red

heat is little more than half as strong as

at ordinary temperatures. Pure copper
in mass is hard, but capable of being cut

with a knife. Its hardness is increased

by hammering, rolling into sheet, or

drawing into wire. If either of these

processes be repeated sufliciently long,
the metal is rendered extremely brittle

;

but its tenacity and malleability may be

restored by a process of annealing. A
fracture of the metal in a soft state is

red, shining, granular, and, if very soft

metal, it is crystalline. When hard,
its fracture presents a fibrous, lightisli-

red, silky appearance. The increase of

specific gravity from 8'78 to S"0 by
hammering was supposed to arise from
the condensation of the jiarticles of the

mass
;

but when copper is melted in

contact with the atmosphere, it absorbs

oxygen, and becomes slightly porous.
This absorj)tion is prevented by fusi(jn

\mder common salt. The density of the

metal so fused has been found to be

8'921 ;
after being subjected to a pres-

sure of 300,000 lb., it has been increased

only to 8'930. The difference is so

slight that it is probably owing to a

diminution of the spaces still remaining,
rather than to an approximation of the

particles of the mass to each other. It

has a disagreeable taste and smell. It

is an excellent conductor of heat and

electricity. Its power of conducting
heat is 898, taking gold at 1000, iron

being 374, and lead 179. A bar of cop-

per heated from 32° to 212° F. (0° to

luOO C.) is lengthened about jjj part,
while iron is extended only g^. Copper
in a finely-divided state, if pressed to-
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gether anti made red-hot, as in Wollas-

ton's process of preparing platinum,

may be Avelded together into a solid

mass, provided it has been soaked in oil

preyious to ignition, in order to prevent
oxidation. It expands in solidifying.
The addition of 0-1 per cent, of potassium,

zinc, or lead, will prevent expansion in

cooling. It boils at an intense white

heat, but is not volatilized. Exposed
to intense heat in a close vessel, it in-

curs no sensible loss of weight. In a

finely-divided state, on ignited charcoal,
it burns like tinder

; if, on being lighted,
it be put into an atmosphere of oxygen,
the combustion becomes very vivid, the

metal being converted into protoxide.

Lengthened exposure of the bright
metal to a humid atmosphere causes its

oxidation, and it becomes covered with
a green carbonate of copper, commonly,
but incorrectly, termed verdigris.
Heated to redness in contact with the

air, it oxidizes, and the scales of oxide

fall off. With care, at a low-red heat,
bars of it may be worked by the smith
in the same manner as iron. It is sol-

uble in acids, but mostly so in the oxy-

genating acids.

Cleaning ore.—Copper occurs chiefly
in 3 forms :

—
native, as sulphide (copper

pyrites), and as carbonates. The 2

latter forms undergo a series of opera-
tions for the extraction of the metal.

These often commence by a rough pro-
cess of classification in the mine

;
but

frequently the whole of the stuff broken
off the lode is sent up for dressing. At
the surface, cleaning is commenced by
.separating the large from the small

stuff, for "spalling." This operation,
which is commonly done by men, con-

sists in breakug the large stones into

pieces of 2 or 3 lb. weight. The result-

ing broken mineral is divided into 3

parcels, viz.,
" best ore,"

"
poor ore,"

and "attle/' or worthless matter, which
is discharged from the dressing-floors.
The " best ore

"
of this operation, with

the smaller fragments of the pile, are
" cobbled

"
by young females—a i-epeti-

tion of the spalling process
—

reducing
the pieces still smaller; they are again
sorted into 3 parcels : but the best ore

is conveyed direct to the crushing-mill,
or placed aside for that purpose. The

poor o]-e of the spallers is subjected to

tlie cobbling process, and is similarly
divided. If careful dressing is pursued,
the poor ores of the several cobblers are

again sorted into the o divisions. The
ores of the miner, other than the small-

est, are thus reduced to 2 qualities, and
a considerable portion of the matrix is

rejected in this early stage. The treat-

ment of the 2 qualities of ore is essen-

tially different.

Crushing.
—

Formerly the best was

invariably crushed under flat hand-

hammers, or cobbling-hammers, on iron

plates or old stampheads, by females;
and in mines producing but little ore,

this method is still pursued. Tlie cast

hammer has a square face, and weighs
about 4 lb.; with this primitive instru-

ment, the ore is crushed so as to pass

through sieves of 4 to 64 meshes or

holes to the sq. in. If the ore is of

more than average richness, it is broken
to pass through tlie fewer moshes

;
if

poor, to pass through the larger number.

Crushing is now almost universally
effected by roller-mills or stamp-bat-

teries, as described at length in Andre's
"
Mining Machinery." The best ore is

passed through a coarse riddle, and taken

from the mill to the pile fcjr sale. Poor
ore is passed through a riddle with
small meshes, and from the crushing-
mill is taken to the dressing-floors,
where it undergoes a succession of

operations in order to partially free it

from extraneous matter, thereby increas-

ing the average percentage of metallic

copper before offering it for sale.

Jigging.
—The first of these operations

is teclmically known as "jigging" the

ore in a cistern of water. Formerly
this was universally done by filling a

quantity of ore into a copper-bottomed
sieve, and then taking it by the handles,

plunging it into the cistern, giving it a

jerking, and at the same time a semi-

rotatory motion. The act of forcing
it quickly into the water causes a

momentary suspension of the lighter

pieces ;
after a few repetitions of the

process, these are found ranged at the
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top, while tlie largest fragments of ore

sink to the bottom of the sieve, nearly
in the order of their specific gravities.
A thin stratum is now scraped off the

top and thrown aside, a fresh quantity
of ore is added to that already in the

sieve, and the process is repeated. This
is continued until the contents of the

sieve consist almost exclusively of ore of

average richness, when it is delivered to

"pile." In the bottom of the cistern

there will have been collected the fine

particles of ore which passed through
the meshes of the sieve : the water is

drained off, and this is also carried to

"pile." The very finest ore held in

suspension by the water is collected

and cleaned. The hand process of

jigging is applicable only to small

quantities of ore; when large quantities
are to be washed, machinery driven by
steam or water ])ower is substituted for

the hand-sieve, and the manual labour

is confined to filling and skimming.
Machine-wrought jiggers work on the

same principle as the hand apparatus.
The wooden cisterns are larger, being
G ft. long, 4 ft. wide and deep, arranged
endwise along a narrow shed. At each

end is a wooden framework 6 ft. high,

supporting a wooden frame lever, the

short forked end of which projects over

the cistern, and is connected by iron

suspension straps to a square sieve. To
the other and longer end, the common

proportions of which range from 18 in.

to 11 ft., an iron rod is attached in

connection with a small crank on the

body of a longitudinal shaft, which is

driven at a quick speed. A second

lever, with a rod reaching to the attend-

ant, serves to lift the sieve through the

slotted suspension straps whenever a

cessation of tlie motion is required. The
sieves measure 4 ft. by 2 ft. wide, and
9 in. deep, strengthened by iron bands
and numerous laths across the bottom
to support the wire-work. Iron sieves

are rarely admissible, owing to the

destructive action of the mineralized

water
;
and brass lasts a shorter period

than might be imagined. The size of

the mesh is regulated by the mesh of

the revolving riddle of the crushing-

mill
;

if the latter is 4 to the lineal in.,

the sieve will contain 5 or 6. JIany
novel forms of iiggins machines will be

found described and illustrated in

Andre's "
Mining Machinery."

Buddling.
—Tlie ore carried away by

the water is partly collected by passing
the current to a circular buddlc. At
first it passes into a wooden cistern, in

which revolves a short cylindrical block,

having on its periphery a number of

stout projecting spokes. In its revolu-

tions, the spiked cylinder agitates the

liquid, which escapes by a short trough
into a second cistern, containing a simi-

lar revolving block, armed with a

number of projecting paddles. This

apparatus still further agitates the

passing mixture. From the second cis-

tern it flows by a short trough into

the upper end of a cylindrical riddle,

revolving in an inclined direction, and

discharging at the lower end any pebbly
matter. The fine particles fiill into the

cistern under the riddle, and are con-

veyed by the current to the centre of

the huddle. This consists, in general

terms, of an excavation 18 to 24 ft.

diameter, and 2 or 3 ft. deep, with a

floor rising 8 or 9 in. to the centre,
where is fixed a conical wooden block.

A vertical spindle carrying a funnel-

shaped hopper, with two projecting

arms, rests on the central block, and is

driven by bevel gearing at the top.

To each of the pr<jecting arms is at-

tached, by cords running over pulleys,
a board, fitted on the lower face through
its length with a brush. The weight
of the board is balanced to an extent

by small blocks attached to the suspend-

ing cords. On one side of the excavation

is a small sluice-gate through which
the water is permitted to escape as the

excavation fills with matter. The ore

and water enter through the funnel,

and striking against the apex of the

conical block, are distributed radially
over the bottom. Motion being com-
municated to the central spindle, the

hanging boards and brushes are drawn

lightly over the surface of the accumu-

lating ore. By attention to the balanc-

ing weights attached to the cords, the
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force with which the brushes press
on the mass, during their passage, may
be reguhited to the requirements of the

ore. The value of the deposit in the

excavation is determined in the same
manner as with the simplest kind of

buddle
; namely, the richest jiortions at

the head or centre, near the entrance of

the liquid, gradually diminishing in

value to the edge of the pit, where a

broad ring of "
tailings," or worthless

matter, is taken out. The central por-
tion is carefully taken out as clean ore,

while the portion between this and the

tailings is subjected to a repetition of

the agitating and buddling process.
The water from the buddle holds in

suspension a quantity of fine ore, which

separates, to a great extent, by allowing
the water to remain for a period in large

pits ;
it is then drained off, ami the

sediment deposited on the bottom is

removed to undergo a cleansing process.
This may consist of a revolving

" trunk-

ing" apparatus. A revolving spindle
carries two broad ])addles ;

these work
in a small cistern, into which the line

ore is placed, and a stream of water

enters. In front of a small cistern is a

longer cistern, of the same width, but

slightly declining to the outlet. With
each revolution of the paddles, a small

quantity of the mixture passes into the

long cistern, and flowing slowly over

the smooth surface, the solid matter

suspended in the water is again depo-

sited, but this time in bands of varying
richness, the heaviest and most valuable

particles being at the upper end. A
jiortion of the remainder is placed aside

for re-operating on
;

but the extreme

portion is not of much value if the

operation has been carefully conducted.

Mention must be made of the ore re-

jected as too small by spallers and cob-

bers
;

it is picked over, and the richest

])ieces are passed to the best-ore heap.
The remainder is subjected to a riddle

with 1-in. meshes, and again through
one with J-in. meshes. The large from
both these processes is picked over, and,

along with the small, subjected to

dressing oiierations similar t? those al-

ready described.

The further treatment of the ores for

the extraction of the copper is conducted
in 2 distinct ways, known respectively as
"
dry

" and " wet "
methods.

Dry methods.—The jjrocesses herein

involved may be classed into 2 principal

groups, tlie English and the German.
Taken on the wliole, these groups have
a common feature in that they both

consist of a succession of roastings and
fusions which gradually eliminate the

sulphur and other foreign matters.

But they possess distinct character-

istics. The English method adopts a

reverberatory furnace, proceeds rajiidly,
but entails complex manipulations re-

quiring skilled labour
;

it terminates in

an operation wherein the reduction of

the products to a metallic state is

effected by a double decomposition of

oxygenated and sulphuretted combina-
tions. The method is appropriate to

the nature of the materials generally
treated, rich ores of various composi-
tion. The German method, on the con-

trary, is slower, and consists of roastings
and fusions carried on in ditl'erent appa-
ratus. The roasting is generally done
in heaps, or better in stalls; the fusion

in low blast furnaces. This latter

method is considered preferable for poor
and impure ores, and is more economic
for districts where fuel is scarce and
dear.

Summarized, the German method,

taking for example that practised in the
Hartz for impure sulphides, comprises
the following operations :

—
1. Roasting the ore in heaps of 50 to

100 tons.

2. Smelting for crude matte with a

mixture of ore cinders from the subse-

quent smelting, and fluxes, The matte
obtained holds 25 to 35 per cent, copper.

3. Roasting the crude matte (gene-

rally 3 fires).

4. Concentrating smelting of roasted

crude matte, raising the copper to 45
or 50 per cent.

5. Roasting the concentrated matte,
which is performed more thoroughly
than the iirevious one, up to 5 or 6

fires.

G. Smelting for black copper, giy/ng
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a thin matte of 65 per cent, copper, a

little impure black copper, ami cinders

holding I5 per cent, copper.
7. Roasting the thin matte at 7 or 8

fires.

8. Renewed smelting for black copper
and thin matte.

9. lU. Fresh roasting and fresh smelt-

ing.

11, 12. First fining of black copper,
and fining at low heat.

As to the two operations of roasting
and smelting, they offer no particular

dilKculty of execution. In the roasting,
it suffices to mix the ore and fuel (mine-
ral or vegetable) in successive layers,
whose arrangement carefully preserves
access of air. The amount of fuel and
number of successive operations are de-

termined by the degree to which the

roasting is to be carried. For the smelt-

ing, the materials, properly proportioned
and well mixed, are charged in at the

top of the furnace, in alternate layers
with the fuel

; draught is effected by a

blast at the bottom; a tap-hole situated

near the base allows of the outfiow of

molten metal.

The English method comprises :
—

1. Roasting the ore in a reverberatory
furnace.

2. Smelting fur crude matte, in tlie

reverberatory.
3. Roasting the crude matte, also in

reverberatory.
4. Smelting for rich matte, also in a

reverberatory.
5. Calcining the matte, which is re-

peated several times to produce more

complete purification.
6. Fining and refining.

—All these

operations are carried on in a rever-

beratory furnace, whose form and di-

mensions are suited to the particular
end in view.

Successful economical management of

smelting operations is dependent princi-

])ally on due assortment of the ores for

the various operations involved in their

])reparation, and for the final production
of metallic copper. These operations are

10 in number; and for them the crude

ores are assorted into 3 classes, viz. :
—

1. Such ores as coutaiu 3 to 15 per

cent, of copper combined with sulphur,
and with iron also mineralized with

sulphur, forming iron pyrites and
arsenic associated with quartz and other

siliceous and earthy minerals.

2. Ores of similar constitution, but

containing 15 to 25 per cent, of copper.
3. Sulphides of copper, with less of

the sulphides of iron, containing 15 to

20 per cent, of copjier, a portion of

which is in the state of oxide, principally
associated with siliceous minerals.

4. Principally oxides and carbonates

of copper with some of the sulphides,

containing 20 to 30 per cent, of pure
metal, the associated minerals being

principally siliceous.

5. Rich oxides of copper, free from

sulphur and arsenic, or other metals
which can have an injurious effect on
the metal, obtainable from these ores,
which contain GO to 80 per cent, of

copper, the accompanying minerals

being chiefly quartzose.
The 10 operations involved in the

treatment of these ores are as loUow :
—

1. Roasting ores of the first and second

class, for the separation of such of the

constituents as are capable of being
volatilized by the action of heat—
sulphur, ai'senic, zinc, antimony.

2. Fusion of the calcined product of

the first operation with minerals of the

second class not previously calcined.

This operation is termed melting for

coarse metal.

3. Roasting of coarse metal.

4. Melting for white metal. In this

operation the coarse metal is fused

together with ores of the fourth class.

5. Melting for blue metal. The cal-

cined coarse metal is fused with roasted

ores rather rich in copper.
6. Remelting of slags from opera-

tions 4, 7, and 8.

7. Roasting of white metal for the

production of white metal of superior

quality.
8. Roasting for regulus.
9. Preparation of crude copper by

roasting and fusion of regulus.
10. Refining and toughening of crude

copper, producing fine metal.

For the purpose of showing clearly
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the character and objects of these 10

operations, considered iu detail, the

following statement of analysis of the
constitution of the more common ores is

necessary :
—

Copper Antimony Sulphur
Iron Zinc Alumina
Arsenic Lead Silica

The separation of the cop])er in a
state of purity is, of course, the object
of all the operations just enumerated.
As a simple chemical question, it can be

comparatively easily done on the scale

of ordinary laboratory operations; but

for practical purposes, the same means
cannot be adopted, principally on ac-

count of the too great cost of the agents

required, but also because of the too

greai nicety of process fjr the ordinary
labour employed in such extensive ope-
rations.

The First Operation has for its object
the separation of all the substances

capable of being volatilized by heat.

This is eflected by exposing the ore, in

a roughly pulverized condition, to the

joint action of heat and atmosphere in a

reverberatory furnace shown iu plan and

Fic. s.

Y'--. ".

section in Figs. 8 and 9. The furnace

consists of a fireplace a, for the pro-
duction of the heat, and of a sole

h-,
on

which the crude ore is subjected to its

action. Tliey are divided from each
other by the bridge c, which is so con-
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stvucted as to admit heated air to the

gases produced iu the fireplace, wliich,
fur the regular distribution of tlie heat

over the whole of the sole of the furnace,

requires to be ignited, not within the

fireplace, but at the back of the bridge,
so entering into full combustion, nnd

]u-odueing streams of flame over the

whole surface of the sole. As the pro-
duction of an oxidizing flame should be

the object iu tliis furnace, the proper

arrangement of the bridge for control-

ling the admission of air is of the great-
est importance. The regular distribution

of the heat over the whole of the fur-

nace is eft'ected by having the arch 3 ft.

high over the bridge, gradually dimin-

ishing to 1 ft. over the back bridge.
The sole of the furnace is usually
16 to 24 ft. square, having 2 doors d
on each side, througii which the work-
man rakes over (rabbles) the charge of

ore at intervals of li to 2 hours, so as to

expose fresh surfaces to the action of

the heated air passing over it. The

charge is introduced through hoppers e

fixed iu the arch of the furnace
;
and

when the calcination is completed, it is

drawn through holes / in the bed or

sole of the furnace into an arched recess

f/
below. The bed of the furnace may

with advantage be extended to 60 ft.

by IG ft., being divided into 4 different

parts, each 3 in. higher than the other.

The consumption of coals in this opera-
tion need be but very small, as when
the ore is first introduced, the assistance

of heated air alone is sufficient to main-

tain the combustion of the suli)hur of

the ore, the heat from which causes the

evolution of arsenimis acid from the

arsenic. The gradual increase of heat

in the charge is very necessary to be

provided for, as with too much heat the

charge, while still holding much sulphur
and arsenic in combination, is very
liable to be fused; and in this condition

the evolution of the sulphur and arsenic

is very much imj)eiled, as is also the

oxidation of the other metals jiresent.
When the charge is drawn, it still con-

tains some sulphides and sulphates;
most of the sulphur, arsenic, antimony,
aud zinc, will have been evolved

;
the

copper and iron, not remaining in com-

bination with suljiluir, will have been

converted into oxides
;
and the siliceous

or earthy matters will remain un-

changed. Unless a very large quantity
of arsenic and other volatile metals shall

have been driven off, the charge, when
drawn, will not differ much in weight
from the charge put into the furnace,
as the sulphur evolved will have been

to a considerable extent replaced by the

oxygen of the air, which will have com-
bined with the other metals, producing
oxides. The volatile products ))ass off

into the flues, where a portion is depo-
sited

;
but the remainder, consisting

j)rincipally of sulpliurous and sulphuric

acids, together with the carbonic acid,

water, and nitrogen, the products of

the combustion of the fuel, are diffused

from the top of the chimney h through
the surrounding atmosphere. By the

adoption of means hereafter noticed, a

very large proportion of this sulphur is

rendei-ed available, in the form of sul-

phuric acid, for the numerous manu-

facturing purposes for which this im-

portant chemical agent is required ;
and

thus, while a valuable product is ob-

tained, the deleterious cH'ects on the

surrounding country are confined to a

much more limited extent.

The reverberatory furnace may be

builtof copper slag-blocks, cast iu moulds
18 in. by 9 in., faced intern;illy with fire-

brick, and externally with fire-brick or

common brick
;
the whole laid with fire-

clay ; the fronts and sides covered with

plates of cast iron, bound together with
cast-iron studs and wrought-irou braces.

Tiie products of combustion pass off over

the back bridge into a descending flue,

or into underground flues, communicat-

ing with the main shaft or chimney.
A still further economy of fuel may

be effected by constructing the back beds

of the furnace of cast-iron plates, causing
the heated air and gases to circixlate in

flues below the plate before finally pass-

ing away through the descending flue.

The cast-iron soles are more durable

than the fire-brick usually employed ;

and tlie labour fjr raljbling or turning
over the charges may be applied with
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much greater ettect. Leni;theueil ex-

perience has shown that the cast-iron

plates are not aft'ected by tlie united

action of heat and sulphur, as might have

been anticipated.
Second Operation.

—The reverberatory

furnace employeil in this operation is

about J the capacity of that employed
for calcining the raw ore, supposing it

to be a single furnace. Its construc-

tion is shown in Fig. 10. It is built

also of the same materials ;
but as a

Fig. 10.

very much greater heat is produced
within it, much more care is necessary
in its construction. It is charged

through the hopper a with about 20 cwt.

of material, consisting of calcined ore

from the lirst operation, a small pro-

portion of crude ore, a small quantity
of fluor-spar as a flux, some of the scoria

of the same operation, and fusible scoria

from the fourth, fifth, and seventh

operations. The ore and flux having
been introduced through the hopper, the

workman rajiidly spreads the charge
over the bed b of the furnace, and then

introduces the scoria, evenly distributing
it over the surface of the ore. The
furnace door is carefully closed, and for

I'lj hours the fire is steadily raised, the

charge being left undisturbed. Within

^ hour after the closing of the furnace,

the fusion of the scoria commences : it

flows down, and carries the heat raijidly

through the charge, which immediately

begins to give oft' sulphurous and other

gases, causing an ebullition of the liquid

scoria
;

a rapid reaction is produced
between the earthy and metallic con-

stituents, the iron and silica entering
into combination, and, with the assist-

ance of lime of the fluor-spar, forming
with the alumina present a very liquid

scoria, through which the heavier fused

copper sulphide falls to the bottom,

whei-e, from the peculiar hollow form

of the bed, it is all brought together.
At the end of 3J houi's, the furnace door

is opened, the furnace-man clears off

with his rake the unfused portions re-

maining arouml the sides of the furnace,

turning them into the liquiil mass, which
acts rapidly on them, reducing them also

to the li(|uid condition. The door is

again closed, and the fire is urged on to

greater intensity. At the end of another

\ hour, the furnace is carefully tapped
at the bottom of the basin, so as to allow

the liquid mass to run oft' into an irou

cylinder immersed in water. In this

manner the mass is grnnulated, and

brought into a suitable form for th«
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next operation. While the liquid mass

is still running oi^', the furnace door is

opened, and the liquid scoria is raked off

into moulds, formed by digging oblong
cavities in sand

;
or it is sometimes cast,

if sufficiently clear of coppei", in cast-

iron moulds, forming blocks, suitable fur

a variety of building purposes. As soon

as the charge is drawn, the furnace is

re-charged, and the work is continued as

before
;
so that in 24 hours, 6 charges

are passed tlirough the furnace. Ores

coutaiuing fluor-spar are more valuable

than those which contain silica alone
;

not only do they not require so much
silica to be removed, but they also pro-
vide a flux for other ores which are

siliceous. It is evident, therefore, that

much judgment is requisite for the due

assortment of the ores for this process.
The object of this operation is to separate
tlie metallic from the earthy matters

;

the products consist of about
?j
coarse

metal, composed principally of copper
and iron sulphides in nearly equal quan-

tities, and 3 scoria, containing iron, silica,

alumina, lime, and calcium fluoride

(lluor-spar), all fused together into one

homogeneous substance. The cast blocks

of scoria are carefully examined when

cold, to determine whether any coarse

metal be left in. The peculiar colour

and form of fracture of the brick give
a very nice indication of the quantity of

copper, down to so minute a proportion
^^

TOuT)
*°

TiJ'SU pai't- 'fhe portions con-

taining matte or coarse metal, usually

amounting to about 7 per cent., are

separated, and reserved for a new charge
for the same operation; tlie remainder

is carried off to the waste heap.
The fluor-spar employed as a flux is

peculiarly valuable, both as a mechani-

cal and as a cliemical agent. Under the

influence of heat, it fuses on coming into

contact with silica, the calcium obtain-

ing oxygen ;
the silicon and fluorine set

free from the calcium combine, and, as a

gaseous product, in passing off, produce
au agitation of the fluid mass, which is

liighly conducive to the perfect reaction

of the various constituents on each

otlier. The lime thus set free immedi-

ately enters into combination with

another portion of silica, forming with
the other earthy matters present,

through the assistance of a portion of

the iron, a very fluid slag ;
the cylinder

containing the granulated matte is lifted

out of tlie water by a crane fixed to the

furnace, and is removed in wheelljarrows

or waggons to the furnace employed for

the next operation.
Third Operation.

—For this, precisely
the same sort of furnace is used as for

the first operation. It is charged in the

same manner, from the lioppers on the

roof of the furnace, with tlie product of

the second operation, which may be re-

garded as copper pyrites free from gan-

gue or earthy matrix, and containing
about 33 per cent, copper. The heat

employed in this operation is mucli

greater than in the first, as the con-

stituents of the charge are not nearly
so fusible. The object is to drive off as

much as ])ossible of the remaining
sulphur. The fire requires to be man-

aged so as to produce an oxidizing flame,
that is, flame greatly supercharged with

atmospheric air, undecomposed, but

highly lieated by the fuel. This necessity
arises from the fact that heat alone is

not sufficient for the expulsion of the

sulpliur ;
but when heated oxygen is

brought into contact with the materials

of the charge, it partly combines with

the sulphur, forming sulphurous acid,

the detachment of the sulphur from the

iron and the copper being facilitated by
the intervention of other quantities of

oxygen entering into combination with
tlie metallic bases, forming oxides, prin-

cipally of copper and iron. The alter-

nate employment of an oxidizing or clear

flame, and of a reducing or smoky flame,
is advantageous, as, under the influence

of the former, sulphates are sometimes

formed. The residuary sulpliides, with

the sulphates, are more rapidly decom-

posed by their reaction on each (jther,

under the influence of the reducing

flame, than they would otherwise have

been, the sulphur of the sulphide com-

bining with a portion of the oxygen of

the sulphuric acid of the sulphate, its

base obtaining its oxygen from the same

source, tiie sulphurous acid passing off.
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The charge begins to throw off vapours
as soon as it gets red-hot throughout,
or in about 2 hours after it is put into

the furnace. It is then well raked over,

to cause every portion in succession to

be exposed to tlie action of the heated

air passing througli the furnace. The

raking or rabbling is repeated every 2

hours, the heat being maintained as high
as possible, short of causing the charge
to fuse. At the end of 2-i hours, the

lieat will be equal to about cherry-red ;

and at the end of 36 hours, at a bright

red, by which time the calcination

should be complete, and the charge

ready to draw. The product of this

operation is
" coarse metal," which

should be as nearly as possible pure
oxides of iron and copper. It is much
altered in colour, and reduced to a coarse

granular condition much smaller than

before. If well done, the fragments are

of a deep black colour, with some indi-

cations of incipient fusion on the grains.
IMuch more coals are consumed in this

than in the first operation, but not so

much as in the second.

Fuurth Operation.
—The furnace is of

the same form as that emjiloyed in the

second operation, excepting that there

is no basin-formed recess in the bed, but

a gradual slope of it, so as to discharge
the whole of the fused mass readily from
a hole in one of the long sides. The

charge is composed of coarse metal, the

product of the third operation, mixed
with minerals of the fourth class, such

as copper sulphide free from admixture
of iron pyrites, or the carbonate or oxide

of copper and copper slag from the ninth

and tenth operations ; together with cojj-

per scales from the rolling of copper or

other copper wastes, such as are pro-
duced in the working of copper into

utensils for macliiuery. The object of

this operation is to separate the iron by
combining it with silica, forming a sili-

cate of iron, leaving the copper in com-
bination with sulphur in such proportion
as will foi'ni a sulphide of copper. With
such a variety of materials to work on,

a superior class of workmen is required
for conducting this ojieration ;

for they
are not limited by such rigid rules as in

the previous operations, being allowed

to operate on successive charges, as may
be indicated by the results of previous

workings. The materials for a charge
amount to about 30 cwt. The charge
is introduced through the side door, and

is spread over the bed with an iron slicer,

shaped somewhat like an oar or paddle.
The door is carefully closed, and the lieat

raised as rapidly as possible. During the

first 2 hours a calcination goes on,

attended with the evolution of some

sulphurous acid, and an incipient fusion

takes place as the heat increases. The

charge flows down, until, at the end of

the third hour, the fusion is complete,
the scoria is very liquid, and remains

quiet in the furnace. Between the

fourth and fifth hours, the charge is well

and rapidly stirred
;
the unfused por-

tions of the charge adhering to the sides

are turned into the liquid mass
;
and

then the furnace is again closed, and the

heat is urged vmtil the whole of the in-

terior of the furnace is raised to a

dazzling whiteness. At the end of G

hours the furnace is tapped, the matte

is run into water, and thereby granu-
lated, the very liquid scoria being con-

ducted through another channel, after

the matte has been run off into sand

moulds. The scoria is sorted into 2

qualities ;
the first run off, having been

in contact with the matte, retains 3 to 5

per cent, of copper, and is reserved for

the .sixth operation ;
the last portion

run off contains much less copper, and

is used as a flux in the second operation.
The matte, consisting principally of

copper sulphide, still retains 4 to 8 per
cent, of iron sulphide, and contains 70

to 75 per cent. coj)per. This matte is

termed " white metal." In its purest
form it is of a greyish-white colour, of

a granulated porous texture, sometimes

of a bluish-grey colour, with a specific

gravity of 5-2 to 5'7. It is reserved for

the ninth operation. The working some-

what resembles the second operation ;

but as the heat required is much greater,
more fuel is consumed

;
22 charges are

worked through the furnace in a week.

Fifth Operation.
—The furnace em-

ployed precisely resembles that used for
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the fourth operation ; ami, indeed, the

2 opei'ations much resemble each other.

The charge on the present occasion con-

sists of materials containing fewer ine-

tallic oxides than those of the last, but

having more metallic sulphides. Ex-

cepting that some of the products of the

present are brought into other opera-

tions, together with the products of

previous processes, it would hardly re-

quire a separate description, but would
rather be an equivalent for the fourth

operation ;
its priucij)al object being, by

the better selection of ores containing a

less variety of substances, to produce
from them a " blue metal," from which
blue copper may with less dilfioulty be

cdaborated. The white metal, the pro-
duct of the fourth oj^eration, does not

contain any metallic copper ;
but the

blue metal is characterized by the

presence of metallic copper, diffused

throughout the mass iu exceedingly
miniite particles.
About the same quantity of fuel is

used as in the fourth operation, the re-

actions that take place in the furnace

are similar, and the products are dis-

])osed of iu much the same manner.

The matte contains 70 to 75 per cent,

copper.
Sixth Operation,

—The object of this

operation is, by the combined action of

tiie various constituents of the slags
from the sixth, seventh, and eighth

operations on each other, to cause the

])roduction of a matte in which the

copper in these slags shall be brought

together. A small quantity of copper

pyrites, free from other combinations

than siliceous matter in large propor-

tions, is mixed with the slags. After

the mass is fused, a little coal or other

carbonaceous matter is mixed with the

charge, which reacts on the oxide of

copjier, decomposing it, and producing
a metallic copper, which alloys with any
tin, nickel, cobalt, or arsenic present,

and, falling to the bottom under the

matte, does great service by eliminating
these metals from the superincumbent
matte. The same sort of furnace is used

as in the last operation ;
luit the mate-

pnh of the charge, instead of being

supplied to the furnace through a hopper
in the roof, are introduced through the

ordinary working door and another door

placed more nearly in the corner of the

fui'nace
;
the fused charge is drawn oft

from the side opposite to the working
door. Each charge of 2 tons takes about
6 hours for woi'king oft'. The jiroducts
are : white metal fur the sixth operation ;

red metal, for the same operation ;
the

bottoms, or alloy of metals, divided into

tin alloy and copper alloy, for the ninth

operation ; ecoria, for returning to the

fourth operation ;
and slag, to be re-

jected to the extent of 90 per cent.
;
so

that it will be seen that this operation
is veiy efficient in the reduction of bulk

of useless materials.

The Seventh Operation is carried on

in a furnace resembling the one used in

the sixth. The charge consists of about
2 tons of blue metal only, without any
other flux than the sand adhering to its

surface from the moulds in which it

was cast. As the operation is twofold—
first for calcination or oxidation, and
then for fusion—the bridge is provided
with an air-passage, similar to that

employed in the calcining furnace for

the first operation. The charge is put
into the furnace in large masses, and
the heat is slowly raised upon it, so as

to oxidize as completely as possible the

metal present. When the whole mass
is fiised, the iron sulphide having been

converted into iron oxide and sulphurous

acid, the silica reacts on the iron, and is

converted into a fusible silicate
;
some

copper oxide is also scorified, but the

matte or white metal ]iroduced is much

improved in quality, and rendered fit

for tlie eighth operation. The operation

requires about 12 hours for its comple-
tion

;
and but little alteration has taken

place between the weights of the charge
introduced and of the products obtained,
none of the latter being finished with,
but having to be redistributed to the

furnaces for the second, fourth, and
sixth operations.

The Eighth Opei'ation is conducted in

a furnace precisely similar in every

respect to that employed for the seventh.

The jBateriali; const it utiug the charge
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are white metal, produced from the

sixth and seventh operations, together
with the red metal from the sixth,

without auy other flux than the sand

adhering to the blocks from the moulds
in whicli they were cast. The operation
lasts about 4 hours, the weight of the

charge being about IJ ton. At first, as

in the last operation, the eft'ect is that

of oxidation; but as the fusion proceeds,
the copper oxiile which has been pro-

duced, coming into contact with copper

sulphide, a reaction takes j)lace, sul-

jihurous acid is evolved, and metallic

copper is precipitated, or a copper sub-

sulphide is produced. The products are

3, all of which have to be re-worked.

They are—1st, a regulus, consisting of

81 copper, '2 iron, nearly 2 jier cent,

sulphur ; 2nd, a slag, consisting almost

entirely of silica, and iron and copper
oxides, with about 10 per cent, of copper

mechanically mixed
; 3rd, copper bot-

toms, or alloys of copper with other

metals. These are reserved for the

ninth operation ;
and some of the slag

is returned to the furnace for the fourth

operation.
Ninth Operation.

—The same sort of

furnace is used as in the last. The

charge, amounting to 2j to 3f tons,
consists of white metal from the fourth

operation, regulus from the eighth opera-
tion, copper bottoms from the sixth and

eighth, and a small proportion of rich

oxide or carbonate ores, associated with

quartzose matrix or gangue. No other

flu.x is added than the silica of the rich

ore. The heat of the furnace is at first

regulated for the calcining of the charge,
and is gradually raised until the whole
mass is perfectly fused. The object of

the calcination is to promote the oxida-

tion of the metals and of the sulphur:
the sulphur, being converted into sul-

phurous acid, passes otf, together with

arsenic if it be present. By fusion of

the oxidized matters, copper oxide is

brought into contact with copper sul-

phide, oxygen leaving the copper and

combining with the sulphur; the 2 in

combination, assuming the gaseous form,

produce a most desirable agitation of

vhe constituents of the charge, whereby

in succession matters having chemicnl

reactions on each other are brought into

contact, and the desired changes are

eftected. As only a limited supply of

oxygen is contained within the charge,
and this is soon exhausted by the re-

actions that take place within the fluid

mass, it becomes necessary to obtain a

fresh supply. In the fused state, the

charge presents but a ver}' small amount
of surface for the reaction of the heated

air passing through the furnace. The

production of the necessary surface for

the further oxidation is effected in a

simple but ingenious manner. The
furnace is allowed to cool, by opening
the doors, down to a dull-red heat

;
in

so doing, the crust formed over the
surface of the fluid mass is broken up
by the sulphurous acid passing oil'. As
the charge throughout becomes more
and more pasty, it is rendered more

porous by the gas evolved, through the

agency of the oxygen of the heated air

coming into contact with it, which at

the same time that it is expelling the

sulphur, is also being stored up within
the mass by the combining action of the

copper, iron, and other metals present.
At the end of about 12 hours, the charge
is so far cooled that the disengagement
of gas ceases. The doors are again closed,
the heat is gradually raised during the

next G hours, fusion slowly takes place,
calcination at first going on

;
and alter

the mass has again become fluid, the

mutual reactions of the oxides and sul-

phides, as before indicated, again take

place. The heat is then urged on to

the utmost
;
the silica and iron, entering

into combination, produce a slasj, together
with the remaining small proportions of

antimony, arsenic, &c., through which
the fused metallic copper finds its way
to the sole of the furnace.

At the end of 24 hours the charge is

drawn, the slag being skimmed off, and
the metal cast into blocks about 3 ft.

long and 18 in. wide. This product
is known as " blistered

"
copper, and

amounts to about 60 per cent, of the

weight of the charge put into the

furnace. The residuary slag, which not

unfrequently contains 15 to 20 per cent.
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of copper, is sorted and returned to the

furnaces for the fourth and sixth opera-
tions. The blistered copper is so called

because the surface of the ingots is

covered with blisters
;
the interior is full

of cavities, the fractured surface, when

fresh, being of a deep-red colour.

Tenth Operation.
—

Refining the coarse

metal produced in the last process is con-

ducted in a similar furnace, having a

larger fire-place and the roof somewhat

higher above the sole, so as to allow of

the piling of the charge of ingots, 7 to

10 tons weight, on and over each other.

These require to be so arranged as to

allow of a free draught through the

furnace, but with a regular equable
distribution of heat. During the first

18 hours, the workman has only to

maintain the fire so as steadily to raise

the heat of the furnace.

Calcination and oxidation at first go
on during the slow fusion, as in the last

operation, more sulphur being evolved
;

and when the fusion is complete, the silica

adhering to the ingots fuses, together
with some of the copper oxide, at the

same time laying hold of most, if not

all, of the other metallic oxides remain-

ing in combination. At the end of 22

hours, the scoria thus produced is raked

off, leaving the surface of the metal as

clean as possible. A few shovelfuls

of powdered wood-charcoal, or finely-

pulverized anthracite of the best quality,
are thrown on the surface of the charge,
and rapidly spread over it. A short

time after this, a pole of green wood is

jilunged into the fused metal; a violent

ebullition takes place, causing a more
intimate mixture of the copper and the

charcoal
;
and probably the steam and

gaseous products evolved assist iu the

elimination of any traces of sulphur left

within the metal. This action with the

]ioIc, termed
''

poling," is maintained for

about 20 minutes. The superintendent
then takes out a small sample of the
metal in a ladle

;
when cooled, he ex-

amines it by cutting the ingot half-way
through with a steel chisel, then bending
it in a vice back to a double, by which
means the filn-e of the metal is de-

veloped, the colour and flexibility are as-

certained, and it is determined whether
the refining is complete.

If the poling has not been continued

long enough, the metal will be brittle,
as also if the poling has been continued
too long. In the latter case, the metal
is restored, but with some difficulty, by
clearing the surface of the metal, and

allowing heated air to pass over it, ap-

parently for the purpose of decarbon-

izing the metal. When the metal has
been overpoled, it becomes exceedingly
bright and brilliantly clear, so that the

roof of the furnace may be seen re-

flected on its surface. Before poling,
the copper is in a peculiar condition,
termed the "dry state," probably con-

sisting of much copper oxide and oxygen
in contact with the metal. In this con-

dition it has a very strong action on the

iron tools used in working the charge.
The desired point having been attained

by the refiner, the charge is again
skimmed, a smoky flame is produced in

the furnace to prevent oxidation, and
the metal is taken out in ladles covered

with a wash of fire-clay, and cast into

moulds, varying according to the quality
or form required for the market.
Various qualities of copper are met
with in the market

; they are known as
" best selected,"

"
tough copjier," and

"file copper." These vary in quality,

according to the choice of products for

the tenth or refining operation.
Scorification.—When the copper is to

be rolled into sheet, about i part of

lead i^er 100 of copper is added just
before skimming the surfiice, the whole

being then well stirred, so that the

action of the air may produce a lead

oxide, which combines with the oxides

of the foreign metals present to form a

slag, which can be skimmed off before

casting. The oxidation of the added

lead must bo complete, as even
f',^ per

cent, will iinjuro the quality of the

copjjer.
The various modifications of this

process, introduced of late years in Eng-
land, arc mainly designed with one

common object
—the utilization of the

siilphur for making sulphuric acid.

Economy of fuel is another consideration.
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As moiUtied, the series maj be stated

thus:—
1. lioastiug in special furnaces

(Spence's and Gcrstenhofer's), which
allow of the collection of this suli)hurous
acid in leaden chambers for conversion

into suljihuric acid.

2. Smelting the roasted ore in a

blast furnace.

3. Roasting the matte in heaps or in

a reverberatory furnace.

4. Fusion for black copper in a blast

furnace.

5. Fining and refining in a reverbera-

tory furnace.

In brief, the reverberatory furnace is

reserved for operations needing an easy
access of air simultaneously with a

jiretty intense heat
;
and the blast fur-

nace is preferred for fusion, as in it the

contact with the fuel permits a more

complete utilization of the heat gene-
rated. (For details of Spence's, Gersten-

hijfer's, and other improved furnaces, as

well as the manufacture of sulphuric
acid, the reader may refer to Lock's

'Sulphuric Acid,' and the art. Acid,

Sulphuric, in Spons'
'

Encyclop.-edia.'
Wet methods.—The wet treatment

can be employed alone or in conjunction
with a certain number of the operations
of the dry system. In any case, it is

adapted only to those poor ores whose

gangues are not attacked by the acids

used. The solution of the copper is

effected by different methods. Opera-
tions may commence by sulphatizing by
means of a suitably conducted roasting,
then dissolving out in water the sul-

phates formed. Or the ore may be

attacked directly by acids, either pre-

viously prepared or produi:ed in contact

with the ore. The acid ti-catment is

applied to naturally oxidized ores or

sulphides o.xidized by roasting. What-
ever the means adopted for the solution

of the copi)or, the latter is precipitated

by scrap-iron, affording the product
known as "

copper cement." The wet
method is widely used. At Agordo, it

is worked successfully on sulphides

containing only IJ per cent, copper.
The process as there carried on deserves
some further notice.

Agordo plan.
— The characteristic

phase of this process is the roasting of

the poor ores
;
this operation is conducted

with extreme slowness, and is arrested

while there still remains a notable pro-

]iortion of sulphur in the cores of the

lumps. Owing to the gradual nature
of the roasting, part of the sulphur is

sulphatized, and part driven oft' in a

state of vapour ;
the latter is condensed

and collected, affording an article of

commerce. But at the same time (and
this is the important jioint), there is

jiroduced in the interior, even, of the

lump of ore, a molecular movement of

the copper towards the centre, when the

sulphur is in excess
;

thus is created

pieces whose external crust is sensiljly

impoverished, while the core is much
richer in copper than the original ore.

Tliis earthy poor crust is removed by
hand-breaking and sifting, and treated

in the wet way ;
while the lumps are

added to naturally rich ores for smelting
in a blast furnace.

The process of the wet method apjilied
to the i)oor portion comprises a series (if

ver}- methodical successive lixiviations,

terminating by a fresh roasting, and a

final washing before rejecting the mat-
ters as waste. There is a production of

waters charged with iron and copper

sulpliates, which are decanted and con-

centrated, and the copper is precijntated

by iron or cast-iron
;
thus is obtained a

pulverulent matter, which is dried, and

passed on to the smelting for black cop-

per. This material contains, according
to Petitgand : 55 per cent, of copper

containing 55 to 60 jier cent, pure metal,
12 per cent, of 10-per cent, metal, and
'•j'.'j ])er cent, of pure copper. As to the
mother liquors, they are concentrated

by natural evaporation in well-venti-

lated rooms, and afford crvstallized iron

salts.

The metallurgical treatment proper
compirises crude smelting of the ore,

roasting the matte afforded, smelting
for black copper, fining, and refining.
The first smelting is generally effected

in such a furnace as that illustrated in

Fig. 11. The characteristic feature is

the inclination of the breast and of the
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back from rear to front, the object of

which is to increase the period during

ViG

wliicli the matters remain, and to j;ra-

duate the effect of the heat. Towards
the top the section is narrowed

;
and

terminates in a sort of

funnel which facilitates

the charging. A single

lube, siip])lying air under
a pressure of 1 centim.
of mercury, suffices to

support the combustion
in each furnace, while a

flue conducts the gases
from several furnaces to

a common chimney. This

operation treats 15 or 16

tons of material per 24
hours

;
the materials con-

sist of rich pyrites, en-

riched lumps, deposits of

"cement," cinders, and
ashes of previous opera- «7J

tions
;
the fuel employed

is wood charcoal, the

consumption of which is about 42 bushels

per ton of copper p.i*oduced.

The crude matte is roasted 5 times

in stalls containing 8 to 10 tons; each

firing lasts 2 hours, and consumes about

14 bushels of cliarcoal and ^ ton of

wood. The smelting for black copper
offers no special peculiarity; the type
of furnace used is shown in Fig. 12 : it is

equally characterised by the inclination

from rear to front. The draught is also

effected by a single tube introducing air

under 6 centim. of mercury ;
the output

is about 9 tons per 24 hours, with a

consumption of 33 to 36 bushels of wood
charcoal per ton of copper produced.
The fining and refining are effected by
the German method. Two fires arranged

together are ordinarily employed for

this work, receiving about 8 cwt. j)er

charge, and consuming 42 bushels of

charcoal per ton of metal obtained. In

fine, the Agordo method is a combina-

tion of the dry and wet systems,

esj^ecially characterised by the mode of

enriching adopted at the first roasting.
Carbonated ores.—The treatment of

carbonated ores with a quartzose gangue
is often done by means of acids, either

hydrochloric or sulphuric. Sometimes
the latter is produced actually in con-

tact with tlie ore. The wet method is

reserved for ores holding less tlian 3 per
cent. co])per; these are carefully sorted

Fig. 12.

on leaving tlie mine, broken to the size

of nuts, and enclosed in masonry tanks
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about 160 ft. square and 4 ft. 6 in. deep.
A sort of grating made of wooden bars

is placed at a depth of 16 iu.
;

it receives

in the order of their size the lumps to

be attacked, finishing with the finest

matters, the total charge being about

25 tons. A mixture of steam and sul-

phuric vapour is introduced into the

lower portion of the mass, condenses

in traversing it, and constitutes the

solvent liquor of the copper. The acid

vapoui's are obtained by roasting, in a

lurnace 15 ft. high, pyrites mixed with

^i-^f;^ part of nitre and
jj.^ part of sodium

chloride
; special boilers, having a heat-

ing surface of about 24- sq. ft. per ton of

matters roasted, furnish the necossary
steam. Every 4 days the upper part of

the heap of ore is turned by shovels
;

the total duration of the solvent action

is 25 to 30 days. The solution finished,
the liquor is drawn off, the ore is washed,
and the copper is precipitated by scrap-

iron, a part of the " cement "
reaching

a yield of 80 per cent, of copper after

drying. The black copper is smelted in

a reverberatory furnace and then fined
;

the rest, which is less rich and very
jmlverulent, is passed into a blast fur-

nace, as at Agordo.
This method has long been improved

upon, for very poor ores, by the use of

special solvents, consisting of the mother-

liquors arising from the manufacture of

iron sulphate, of hydrochloric acid, and
of cementation liquors containing sul-

jihate and acetate of protoxide of iron.

The iron acetate in particular causes a

rapid decomposition of the copper car-

bonates. The first step is to thoroughly
aerate the liquors which have already
served for a previous i)recipitation, in

order to oxidize them
;
next to methodi-

cally wash the ore, taking care, after

each washing, to repeat the aeration by a

current of compressed air. The liquors in

passing successively over less and less ex-

hausted ore arrived at a suitable degree
of concentration

;
the copper is pre-

cipitated, the mother-liquors are con-

centrated to separate a good part of the

iron sulphate, and restored in the routine
of the works. In this way can be

treated 10 times as much ore as formerlv,
3

or about 150 tons daily, besides utilizing
much poorer mineral.

Commercial forms.
—

Copper is brought
into the market in a variety of forms,
such as bean-shot or feathered shot, in-

tended for the manufacture of brass.

The former of these is produced by
pouring the melted copper through
ladles filled with holes, into hot water,
for the production of bean-shot, or cold

water for the manufacture of feathered

shot. It is cast into slabs when required
for hammering out into shape for large

utensils, such as vacuum pans, in wliich

case a small slab, with the aid of a

steam-hammer, is hammered out into

the form of a hemisphere, with a rim
8 to 9 ft. in diameter out to out, and
4 ft. deep. It is also cast into ingots of

various sizes. One form of ingot is only
6 oz. in weight, and about 8 in. long.
It is exported to the East Indies as

Chinese or Japan copper. These ingots
are of a fine red colour, produced by
casting them on canvas stretched vinder

warm water. The method of producing
this colour was for a long time kept
secret. The slabs are also, some portion
of them, before being sent away from the

smelting works, converted into sheets

of varying thickness, by rolling between
smooth iron rollers, each about 3 ft.

8 in. long, and 15 in. in diameter. The

ingots of copper to be operated upon
are heated in a reverberatory furnace,
and are then i)assed through the rollers,

returning over them, and passed through

again and again, until by cooling and

hardening they become so brittle that

they require to be annealed by reheating
in the furnace. The rollers are gradually

brought closer together by tightening
screws bearing on the plummer-blocks
carrying the shaft of one of the rollers.

The repeated re-heatings of the sheet

produce a coating of oxide, which is

removed by steeping for a few days in

urine
;

it is then put again into the

furnace, the ammonia attached to the

surface is driven off, and the sheet being

plunged while hot into cold water, the

cupric oxide formed scales off, leaving
the metallic surface bare. After passing
the sheet, when cold, through the rollers.

F
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to produce a smooth surface, it is cut

down to the proper size and packed for

the market.

Hardeninci and Toughening.
—Everitt

of Birmingham uses 1 to 6 per cent,

manganese oxide (the best is the natural

black oxide) and mixes this with the

copper in a crucible. As soon as the

mass is melted, the oxide is thoroughly-
stirred in, and the resulting scum care-

fully removed: it is then fit to cast. In

the preparation of brass, the same takes

place, and then the zinc is added.

Although chiefly used for brass-plating,
it is well adapted for other platings in

which copper forms a chief ingredient.
The copper is rendered more homo-

geneous, harder, and tougher ;
it can be

rolled at a red heat, thus saving a great
deal of time and labour. It has shown
itself best suited for steam-pipes, axle-

boxes, ship-plates, kc. {Tr07i AgeJ)

Trials made at the JIansfield Copper
Works have proved that an addition of

0'45 per cent, of manganese-copper is

sufficient to toughen copper, which only
retains 0-005 to 0'022 per cent., while

the greater portion, after having taken

away the absorbed oxygen, is carried off

in the refinery slag. Manganese-copper
has also a beneficial influence upon the

toughness and density of thin copper

castings, such as thin sheets, tubes,

kettles, cauldrons, and other kitchen

utensils, which formerly were beaten or

pressed into shape ; copper cast with an

addition of the alloy shows itself ex-

tremely tenacious, and tubes of li in.

diameter and only 0'07 in. thickness

will stand a pressure of over 1100 lb.

jier sq. in., when water begins to be

pressed through the pores of the metal.

It appears that " cast copper," which
can be brought in any required shape
without the necessity of soldering, beat-

ing, hammering, pressing, or drawing,
will in future play a considerable part
in the arts and manufactures.

Some samples of black copper oxide

and pig copper from Colorado were sent

to Egleston to examine for arsenic and

antimony, but he found none present.
A quantity of this material was pur-
chased ,bv a largre metallursrical works,

and when they attempted to refine it,

they pronounced it to be full of arsenic
and antimony ;

so much so, that their
furnaces were, as they said,

"
poisoned,"

and rendered unfit for refining. He then
re-examined the samples, and at the same
time some of the material which had
"poisoned" the furnaces, and found no
traces of arsenic or antimony when tlie

usual amounts for analysis were used
;

but on taking very large amounts, he
found traces merely in some parts of the

sample, but not in all. As it was a matter
of interest to ascertain what the white
substance that "

poisoned
"
the furnace

was, he sent to the works making the
black copper, and obtained some of the
matte from which the black copper was
made. He then found the impurity to
be tellurium, a substance not heretofore

known as occurring in
copper. He gives

tlie following analyses of tne matte, and
of the black and refined copper :

—
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The common impurities found in com-

mercial copper are—antimony, arsenic,

bismuth, iron, lead, nickel, silver, sul-

phur, and tin. Antimony and sulphur
reduce its malleability and tenacity.
Arsenic in small proportion does not

seem to have much effect, but when
added to the extent of 1 in 10, it pro-
duces a white malleable alloy, much
harder than copper, and not easily tar-

nished
;
this alloy is made by heating 5

parts copper shreds with '.i of white

arsenic in alternate layers under a coat-

ing of sodium chloride in a covered

earthenware crucible, and is used for

dials and scale-rods. Bismuth and nickel

decrease the toughness of copper ; lead,

even
j'g per cent., destroys its good

qualities ; phosphorus Q per cent.)

hardens it, augments its tenacity, and
tends to preserve it in sea-water

;
while

a little tin increases its toughness. All

impurities seriously impair the electrical

conductivity of copper. According to

some tables relating to pure copper
wire for electrical purposes, issued by
W. T. Glover & Co., of Manchester,

]mre copper weighs 555 lb. jier cub.

ft.
;
the resistance of 1 mil. foot at 60° F.

(15i° C.) is 10-32311 ohms
;
the resist-

ance varies with the temperature at

about 0-21 per cent, per 1° F., or 0-38

per 1° C.
;
a stranded conductor of a

given length has a greater weight and
a less resistance than an equal length of

the ^ime number of wires unstranded
;

Xo. 0000 BWG wire is 0454 in. diame-

ter, 0'161883 sq. in. in area, weighs
0-623924 lb. per ft., measures 1-60276

ft. per lb., and has a resistance of

0-000050084 ohm per ft., or 19966-5

ft. ])er ohm, or 12457-5 lb. per ohm, or

0-000080272 ohm per lb. ; while the

corresponding figures for 30 BWG wire

are 0-012 in. diameter, 0-000113097 sq.

in. area, 0-0004359 lb. per ft., 2294-13
ft. per lb., 0-07168825 ohm resistance

per ft., or 13-9493 ft. per ohm, or

0-0060804 lb. per ohm, or 164-462 ohms

per lb.

Tubes.—Tubes are cither rolled by
machinery and the edges brazed together,
or they are drawn in such a way as to

be seamless. From f in. to 5 in. ex-

ternal diameter are the usual limits of

size for brazed tubes, and beyond these

sizes they are made by coppersmiths,
and not by tube-makers. Solid-drawn

copper tubes are made up to 9 in, di-

ameter
;

solid-drawn brass tubes are

made of all sizes between h in. and 4 in.

external diameter. The quality of brass

tubes depends not only on the manu-

facture, but on the alloy of the brass.

Tubes are usually made in lengths of

14 ft. to 16 ft., and are sold by lineal

measure.
For bending copper tubes, the almost

universal practice is to fill the tubes

with lead or rosin, then bend them
round a chuck or something of the same
radius as that required for the bend.

The lead or rosin may then be melted
out. A machinist at Philadelphia, some

years ago, devised an ingenious apparatus
for this piurpose, which, however, has

not come into general use. It consists

of a flexible mandrel of steel, made of

wire of square cross-section, and with
the coils lying in contact so as to form
a close spiral. By inserting one of these

of the right diameter into the tube, it

can be bent to any angle without

showing the slightest symptom of

wrinkling; when properly bent, the

mandrel can be readily withdrawn by
simply taking hold of one end of it and

drawing on it, giving it at the same
time a slight twist to lessen its dia-

meter. At the time this invention was
first brought out it was said to answer
its purpose very well.

Welding.
—The great obstacle here-

tofore experienced in welding copper
has been that the oxide formed is not

fusible. If any fusible compound of

this oxide could be found, it would
render such a weld possible. We find

in mineralogy two copper salts of phos-

phoric acid, viz.—libethenite and pseudo-
malachite— each of which melts readily
before the blowpipe. It was therefore

natural to suppose that a salt whicli

contained free phosphoric acid, or which
would yield the same at a red heat,
would make the weld easy by removing
the oxide as a fusible slag. The first

trial was made with microcosmic salt

F 2
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(soda and ammonia phosphates), and

succeeded pert'ectly.
As this salt was

dear, it was found advisable to use a

mixture of 1 part soda phosphate and 2

boracic acid, which answered the same

purpose as the original compound, with

the exceptioa that the slag formed was

not quite so fusible as before. This

welding powder should be strewn on the

surface of the copper at a red heat; the

pieces should then be heated up to a full

cherry-red or yellow heat, and brought

immediately under the hammer, when

they may be as readily welded as iron

itself. For instance, it is possible to

weld together a small rod of copper
which has been broken

;
the ends sliould

be levelled, laid on one another, seized

by a pair of tongs, and placed to-

gether with the latter in the fire and

heated; the welding powder should then

be strewn on the ends, which, after a

further heating, may be welded so

soundly as to bend and stretch as if they
had never been broken. Kust states

that, as long ago as 1854, he welded

strips of copper-plate together, and
drew them into a rod ;

he also made
a chain, the links of which had been

formed of pretty thick wire and welded.

It is necessary to carefully observe

two things in the course of the opera-
tion : (I) The greatest care must be

taken that no charcoal or other solid

carbon comes into contact with the

points to be welded, as otherwise copper

phosphide would be formed, which
would cover the surface of the copper,
and etfectually jn-event a weld. In this

case, it is only by careful treatment in

an oxidizing fire, and plentiful applica-
tion of the welding powder, that the

co])per can again be welded. It is, there-

fore, advisable to heat the copper in

flame, as, for instance, a gas flame. (2)
As copper is a much softer metal than

iron, it is much softer at the required
heat than the latter at its welding heat,
and the parts welded cannot otier any
great resistance to the blows of the

hammer. They must, therefore, be so

shaped as to be enabled to resist such

blows as well as may be, and it is also

well to use a wooden hammer, which

does not exercise so great a force on

account of its lightness. {Eng. Mech.)

Alloys.—See pp. 11-21, 29-31, 34-5,
40-2.

DIDYMIUM.— This rare metal
occurs in small proportions in a few uu-
common minerals, notably in gadoliuite,
which contains about 8^ per cent, of the

oxide, and in cerite (less than 4 per
cent.) It is extremely difficult to isolate

it from the other rare metals witli

which it is associated. Marignac pre-

pared it in the metallic state by heating
the chloride with potassium, obtaining
it in the form of a powder or very small

globules ;
while Hillebrand and Norton

procure it in larger quantities by elec-

trolysing the fused chloride. It most
resembles lanthanum, but has a darker

colour its sp. gr. is 6 '544. On expo-
sure to the air, it tarnishes yellow, aud

filings of it burn with great brilliancy
when held in a flame.

ELECTRICS. — This article is

designed to convey a number of practi-
cal hints connected with the various

branches of applied electricity, such as

cannot be found in any existing treatise.

Attention will be confined to strictly
useful matter, the subject being divided

into convenient heads.

Alarms.—Electrical apparatus is

eminently adapted for alarms, tidl-tales,

and time signals.
Hijuse Electric Alarm.—In Fig. 13, a

is a small piece of brass tubing, having
a brass disc 6, soldered on to one end of

it. Tliis is drilled and countersunk for

screws, as at c
;

c/ is a small brass knob,
either screwed or soldered on to the

brass rod/, and protruding about half-way

through a hole in the disc 6
; e is a circu-

lar disc of ebony fitting into the tube d,

and havins a hole through its centre to

allow / to slide freely. The ebony is

held in its place by screws. To one end
of the ebony disc is fitted a brass circle

j, of rather smaller diameter than e,

also having a central hole to admit of/
sliding. A is a spiral spring, which

keeps the brass cross piece i (passing

through a hole on /) ia contact with the

brass circle
;'.

A is a brass disc closing
the end of the tube, and also allowing f
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to slide. One wire I is attached to this
;

the other wire ni passes through a hole

in k, and is attached to the brass circle j.

On pressure being applied to d, tiie

points of contact are forced apart, and
no current can pass. Immediately,
however, on the pressure being removed

(as by opening a door or window), the

spring recovers itself, and brings the

cross-piece into connection with g, thus

the water), / eye (through which the

wire rope passes), fixed on arm, which,

being pivoted at g, is kept against the

stop A by spiral spring k until the stop

/, fixed on the wire rope, is brought in

contact with / by the rising water,

when the weight e pulls the arm over

to
i,
which brings the bell into circuit.

By moving the stop /, the bell can be

Fig. 14.

closing the contact. These contact-

maljers are sunk in the lintel of the
door or in the groove of the window,
as shown in the figure. One of these

must be used for each door or window
to be guarded. The wires I and m
should be guttapercha-covered, as, in

fact, all wires used in this job should be.

The rest of your work is comparativelv
easy. You must have an indii-itor in

your bedroom to show wliich room is

attacked. This will be precisely similar

to those used in ordinary electric-bell

work. At some point in the battery
wire which goes to the indicator, you
may insert an interrupter, which is

merely a brass arm pivoted at one end
and resting on a brass stud at the other.

When you desire to throw the arrange-
ment out of gear, you have only to

remove the arm from the stud.

Tell-tales for Cisterns.-—(1) In Fig. 14,
o is the tank, 6 the float, c V-wheels,
d light wire rope, e counterbalancing
weight (which must be adjusted so as

not to prevent the float b falling with

caused to ring at any level of the water,
and by having another contact at h, and

bell, and also a stop on the other side of

/, the bell will ring when the tank is

emptv. When 2 bells are fitted up, the

arm must be arranged to remain between
the contacts, when not acted upmi by the

stops on the wire rope. An indicator

and scale attached to the weight e will

show the height of water in the tank.

(2) In Fig. 15, a is the tank, the height
of the water being at 6 ; c is a tin float

Fir,. 15.

attached to the end of an iron rod d,

moving on a hinge at e, / is a metal
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stud tipped with platinum. A small

piece of platinum is also soldered on to

the point on the rod d, opposite to /. g
is a wooden support to which e and /
are fastened. A wire from / is carried

to the battery /;,
which consists of a few

Leclanche cells. The other terminal of

the battery goes to one of the binding-
screws of the electric bell i; the other

binding-screw is connected by a wire to

e, but care should be taken to have this

wire in good metallic connection with
the rod d. When the water rises to a

certain height, the points at / will be

put in contact, which completes the

electric circuit and sets the bell ringing.
The bell would cost about 4s. or 5s.

;

the batteries about 3s. each.

(3) In Fig. 16, a is the cistern
; h, a

float
; c, the contact maker

; d, a pro-

jection to hold float. The right half of

the figure shows the contact-maker.

e is a brass stud in contact with the

line wire and / is another stud also

Fig. 16.

connected with the same wire, g is a

piece of brass spring with the other

wire attached to it
;
h is an electric bell,

and i the battery. Platinize all contact

points. The action is as follows :
—

When the cistern is full, the brass

spring g touches /, and the bell rings.

When the cistern is empty, the spring <;

touches e, and thus completes the circuit.

It will be found very useful to employ
a switch, so that when the cistern is

full, the circuit can be broken, and thus

save your battery. The san e can be

done when it is empty.
(-1-) In Figs. 17, 18, 19, the wheel a is

actuated by the float, and when revolv-

ing, causes the bar carrying the contact-

pins to rock on its centre h, thus

producing a circuit on one side or the

other by immersing the pins c in the

mercury (",
the pendulum d bringing the

bar into its normal position. The pins
are shown in a line for the sake of clear-

ness, but they can be placed anyhow, so

long as they dip together. By using

mercury, you will make a great deal

better contact than you can with solid

Fir,. 17.

metals, but the pins on the bar and
the connections must be well insulated.

For the recording instrument you will

require a couple of ratchet wheels of

equal size, but fastened together a little

Fri:. IS.

apart, and mounted on a common centre.

You must have as many teeth on them
as your float-wheel has pins, and the

teeth must be cut in an opposite direc-

tion to one another, so that when the

electro-magnet g attracts the armature
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and escapement / toward the pole
marked S, the wheel at the back revolves

in the direction of the arrow (and with

it the wheel and index that are shown) ;

the reverse action takes place when

armature, &c., is drawn towards N.

Fig. 19.

There are several disadvantages in this

plan
—

viz., the necessity of having the

batteries at the reservoir, the liability
of the instrument to get out of step, and

the continuous action if the pins on

float-wheel should happen to hold the

bar down.

(5) Field & Thompson combine a

low-water alarm with an anti-incrustator

for steam boilers, as shown in Fig. 20.

Fig. 20.

The current of electricity is caused to

pass from the shell of tlie boiler to a

negative electrode situated in the water

so long as the level of the water does

not fall below a predetermined point ;

when this level no longer obtains, the

current, or a part of it, operates a signal.

A dynamo, or other electric generator is

provided, and a conductor in connection

with the negative pole (that is, the pole
which comes from the zinc plate in

an ordinary voltaic cell) is passed

through the shell or body of the boiler,

in such a way that it is electrically
insulated. This conductor, which ter-

minates in, or acts as, an electrode, is

so arranged that it is normally in con-

nection with the water in the boiler,

and by means of friction, part of it is

kept clean and bright, so that it may
make good electrical connection with

the watei'.

To convey the electric current to the

water, and keep the conducting surface

or electrode bright, there is fixed to the

insulated negative conductor a, at or

near the level of the low-water line in

the boiler b, a metallic surface, against
which c is made to rub, the motion of

the latter being derived from some con-

trivance such as a float d actuated by
the motion of the water. The float and

rubbing surfaces c arc insulated (at the

joint c) from the boiler b, and from the

negative conductor a, when not in con-

tact with the submerged clean surfaces /.
The float and rubbing- svxrfaces are so

arranged that wlien the level of the

water g in the boiler falls below the

predetermined point, the rubbing piece
c shall not be in contact with the cleaned

surface /. Thus all electrical connection

between the rubbing surfaces of /, and
the negative conductor or electrode a,

will be broken, and the electric curi-ent

through the boiler (whose shell forms

part of the circuit) will be stopped.
The circuit through the water beino-

broken, the low-water alarm or indicator

is brought into operation. A conveni-

ent method of indicating this is to cause

the current to pass through the coils of

an electro-magnet h, which attracts its

armature so long as the current flows.

"When the circuit is broken, the arma-
ture will fall, and the current will be
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" switched
"

into the signalling appa-
ratus i, which may be of any suitable

construction, such as a trembling bell,

or an electric lamp, or an electric motor
that will open a steam or water-cock

and extinguish the fire.

Tlie drawing shows a trembling bell in

conjunction with a plate on the back of

the armature, whicli plate bears the

word "
stopped," and assumes an atti-

tude in which it is plainly visible when
the armature falls, as it does when the

current through the boiler ceases. The
electric generator may be used in con-

junction with a second battery. In cases

Avhere the prime mover does not run

during the night, a secondary battery is

particularly serviceable, as it keeps up
the action during the time when there

is little or no circulation in the boiler.

(6) Fig. 2 1 shows an arrangement for

signalling both high and low water
levels : a, upright guide-rod firmly

Fro. 21.

ively to / and e. At low-water level

the weight of 6 will bring e into con-

tact with g ;
at high level, its buoyancy

will bring e into contact with/.
(7) In Fig. 22, a is a wooden frame

;

b, contact-lever
; c, hinge to contact-

FlG. 22.
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fixed to bottom of tank
; 6, hollow

copper ball, with tube through it to

slide over a
; c, cap or tube with flange

to slide over a at lower end, and at-

tached at top end to
(f, lever arm

mounted on spiral spring e, the centre

of which is fixed to a rigid square pin ;

/^, 2 ends of a brass plate, projecting
from a support at right angles to d\
h, a light chain, connecting c and 6, the

length of which regulates the water-
levels at which the bell will ring ;

* k, terminal wires, attached respect-

lever; d, brass contact-screw; e, countei'-

weight and stop to prevent Aveight
from passing through lever ; /, float

;

g, stop for same
; /;, piece of tin for d to

contact on
; carry wire to contact screw,

as shown in sketch, along the lever.

When the water gets below a certain

point, it would leave the float sus-

pended, which should by the counter-

weight e lift the contact-lever at i, and

make contact at d h. On the contrary,
the float/ should lift lever at k, and again
make contact at b h. To ensure success,

the float should be as heavy as possible,

the lever as light, and the counter-

weight heavy enough to lift the lever.

The holes in contact-lever sliould be

large enough to clear rope or cliain.

Pulley should not be less than 5 or 6 in.

in diameter.

Time-signals.
—

(1) To ring at

o'clock. Fig. 23 shows a small clock «,

with which to work the bell
; 6, battery

consisting of two Leclanche cells
; c, a

disc, with a notch cut in it, running out

to the diameter of the disc, and having
a groove in it in which d, a small piece
of wire runs

;
attached to c? is a small

strip of sheet copper c, and fixed to it is

the gong /, Set the small point in c

to the hour required for the alarm to

ring, and it will be seen that, when the

recess in c works round opposite the

hour, the wire d drops down in the

recess, bringing with it c, which falls

on the two ends of the wire from the
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battery brought iu at the sides of tlie

clock. The strip c cannot be seen, being
above the face. The disc could be fitted

to any clock, being nothing more than a

piece of sheet brass with a groove cut
in it with a file, to ])revent the wire

from slipping out. There should be a

switch, to turn the current off or stop
it. The gong is shown as fixed on the

top of clock, and battery and clock on
mantel-shelf. A common house-bell will

do for a gong, supported on a jjiece of

brass wire. The disc c is of course to

be carried by the hour hand.

(2) Have a disc, about 2 iu. diam.,
fastened on to the shaft of the hour-

hand, so that it revolves once in 12

hours, and notched about
\

in. deep, to

allow the pin of contact-rod to drop, and
make contact at a b. Divide the disc

into 12 equal parts for the hours, and
half the spaces for the half-hours, and
number them as shown in Fig. 24

,
when

fixed, the centre of the hour-hand should

always be over the figure 12. Carrv
the wire from the battery to the con-

tact-rod, as shown, and not through
the joint. This will ring the bell all

through the night ;
but you can switch

it oft" and on, or, if this is unsuitable,

make the disc revolve only once iu 24

hours, and divide and notch to suit, so

that more than one half of disc would

Fig. 24.

be blank. The contact-rod you mu«t
shape to circumstances, and make tlie

minute and hour hands coincide.

(3) In Fig. 25, a is a disc of thin
sheet brass, with notch cut in it

;

through the centre is soldered a tin

tube to slip tightly on the spindle of

the wheel that carries the small hand of

the clock, with 2 brass pins soldered on
the outer face, just long enough to pro-
ject through the face of the clock to

turn the disc round with, b is a piece of

brass wire about
I in. thick, screwed at

one end about 1 in. down, and with
•3 nuts fitted

;
the other part is ham-

mered fiat, to form a spring, and filed

down to the required stillness, which of

course must not be great. The end that

presses on the edge of the disc has a
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small notch cut iu to preveut slipping.
c is another brass wire, same thickness

as b, with 3 nuts, and bent as in sketch.

Take off the clock face and hands,
bore 2 holes through the side of clock-

case, one above the disc and the other

below, as shown
;

then by means of

2 nuts fix each wire iu position ;
the

other nut serves to connect the wires

from battery. All is hidden when the

face is put on. A small piece of pla-
tinum should be soldered on the spring b,

where it drops on c, also a piece on the

end of c to form more perfect connec-

tion. The action is thus: — Suppose
6 o'clock is the time you require to rise

in the morning : at 6 o'clock in the

evening, turn the disc round by means
of the pins until the spriug drops into

the notch and falls on c; the connection

is then made. As the clock moves, the

disc raises b until 6 o'clock A.M., when it

drops, and sets the bell ringing. The
clock may be in the kitchen, and the

wires go through ceiling to bell hanging
on wall in bedroom. A simple break is

made thus :
—Solder a small plate with

2 screw-holes on 3 in. of j-in. brass

tube, and nail it to the wall in bed-

room
;
then put a small piece of cork in

the bottom of tube, cut one of the wires

from battery, file one end to a point,
and push it up a short way through the

cork
;
to the other wire, solder 8 iu. of

gilt picture cord with a brass wire 3 iu.

long soldered to the other end of picture

cord, then pour a small quantity of mer-

cury into the tube. When retiring for

the night, merely wind up the clock,
and put the brass wire at end of picture
cord into the tube, which forms the

connection. When the bell rings iu the

morning, take the wire out of tube,
which breaks connection. Gilt picture
cord forms good flexible connections to

the clock
;

solder about 8 in. to end of

each wire.

(4) Put 2 pins in the minute-wheel,
and let them lift alight spring; this

will give a contact-maker every half-

hour. Then a pin on the hour-wheel to

suit each hour that a signal is wanted
for. Count the teeth, and divide that

number by 12, thus having so many

teeth for each hour. Mark one tooth
"
12," and at equal distances others "

1,"
"
2," &c. Miss pins at hours not wanted,

and where a half-hoiir signal is needed,
insert a pin half-way between the hours.

The arrangement is shown in Fig. 26 :

a, minute-wheel, with its 2 pins ; b, hour-

wheel, with its ]iins ; c, light brass

springs, to be lifted by the pins in the

wheels; f/, adjusting screws. The spring-
studs must, of course, be insulated from
the clock-plate.

(5) Fig. 27.—a is the clock
; b, bat-

tery ; c, bell. The wire d from one ter-

minal of the bell is connected with any

Fig. 27.

part of the works behind the clock
;
the

wire e leads from the battery to the

other terminal of the bell
;
and the wire/

is placed at whatever hour the bell is

wanted to ring. / has a little crook at

the end, so that, when the hour hand of
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the clock touches it, it is carried round
with it, the bell coutiuuing to ring till

the crook detaches itself by the hand

going round—i.e. about 3 hours. / is

placed in such a manner that, although
the hour hand touches it, the minute
hand passes above it. This adjustment,

though not so scientific as others, is

equally successful.

Tch-tale Clock.—A drum d (Fig. 28)
carries a strip of paper wound upon
it. The surface has grooves cut in it,

Via. 28.

either circular or (if to indicate for

more than 12 hours without atten-

tion) spiral. In the latter case, one

end of axis of drum is cut with a screw
of the same pitch as the grooves on the

drum, and works in a fixed nut, so that,
when rotated, the drum travels along
an axial line at such a rate that the

grooves retain the same relative position
to a fixed point, such as the indenting

point, present!)' to be described. The
drum has the hours engraved at one

end, and is made to rotate once in 12

hours. A spring (not shown) holds the

cylindrical armature off the f;xce of

electro-magnet m until a current passes,
when the lever I is drawn down, and
the point 2^ makes a puncture in the

paper. The position of this puncture
relatively to lines drawn from the

figures on end of drum along the paper
in direction of drum's length, will indi-

cate the time at which current passes.
A simple contact spring, such as is used
for ringing electric bells, is pushed by
the watchman when making his rounds,
and a record is made on the paper.
Batteries.—A galvanic battery con-

sists of 2 electrical conducting bodies

placed in a fluid which will exert

greater chemical action on the one (the
"
positive element ") than on the other

(the
"
negative element "). The sub-

stances commonly used as elements are

zinc opposed to carbon, cast iron, copper,

platinum, and silver; while the usual
chemical exciting fluids are nitric acid,

sulphuric acid, copper sulphate, and

potash bichromate. The positive ele-

ment of the battery is at the same time
its negative pole (or cathode), the former
term applying only to the portion of the

plate within the exciting- fluid, while
the latter denotes the portion outside

the fluid. In the same way, the negative
element is the positive pole (or anode).

The continuous arrangement of 2 or

more cells, as just described, in a set,

constitutes a compound battery. There
are two ways of arranging the set,

according as quantity or intensity of
current is desired. In the former case,
the anodes of all the single cells are

attached to one wire, and the cathodes
of all to another : the effect is then

equal to the ))roduct of a single cell

whose element surface corresponds to

the sum of the surfaces in the single
cells. To increase the intensity of the

current, the anode of one cell is iinited

to the cathode of the next, throughout
the series, so that the current from
each cell circulates through all. Other
conditions being equal, the power of a

battery is dependent upon the area of

its negative element
;
and in making an

intensity arrangement, it is very im-

portant that the negative elements of

all the cells shall be of equal area, as

the power will be regulated by the

smallest negative element in the series.

'I'he anode of a quantity battery is

any part of the wire to which the

anodes of the single cells are joined, the

cathode in like manner being any part
of the wire receiving the individual

cathodes
;
but the anode of an intensity

battery is the unconnected anode of the

last cell of the series, and its cathode is

that of the first cell. To apply a bat-

tery, the current is conveyed from each

of its poles by means of electrically con-

ducting wires arranged without inter-

ruption.

Making Batteries.-—The construction

of batteries may best be discussed in

general terms before proceeding to ex-
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plain the special features of the diflereut

forms of battery iu use.

Zinc plates.
— These generally con-

stitute the positive elements by whose
oxidation the current is produced. The
best kind is

" rolled Belgian," about

^ in. thick, and costing something like

id. a lb. New plates are coated with a

greasy film, which needs dissolving oft'

with caustic soda solution. This done,

pieces of the required size are cut oft' by
making a deep incision on each side,
and letting mercury rest on the line,

which it soon penetrates sutficiently to

facilitate breaking the plate by bending
over an edge. Cylinders may be formed

by placing the plate in hot water, and

curling it round a wooden roller.

The plates for some batteries (e.g.

Bunsen's, Callan's, Grove's, Smee's),
used to be amalgamated with mercury
when the battery is made, and re-amal-

gamated subsequently at intervals. The

amalgamation is performed by laying
the plate in sulphuric acid of the same

strength as the exciting fluid, and allow-

ing it to remain some minutes. It is

then taken out, and, while wet, has a

globule or two of mercury rubbed over
its face and edges, so that it may pre-
sent a uniform silvered appearance. This

is to prevent
" local action:" its neces-

sity may be thus exemplified. If a

piece of unamalgamated zinc be put into

dilute sulj)huric acid, the surface will

be immediately covered with minute
bubbles, of hydrogen, and the acid solu-

tion will soon become iu a state of

effervescence. This will go on until

the zinc is dissolved, or the solution

is saturated with zinc sulphate. On
the amalgamated plate no action of
this kind will take place ;

the smooth-
ness of surface communicated by the

mercury appears to cause the hydrogen
first evolved to adhere to the plate,
which is thus protected from any
further action. This immunity only
exists while tlie plate is detached from
the other part of the battery, or the
circuit between anode and cathode is

severed. When the plate is in place,
ami the circuit is completed, the mercury
aft'ords no protectiou, as the hydrcgen

then is evolved at the negative element.-

When zinc plates, after being washed,
look black in parts, they need re-amal-

gamatiug. (Dyer.)
The prepared plate is provided with

one of the various forms of binding-
screw, or has a strap of sheet copper,
5 in. long and ixniform in width, sol-

dered to it. The attachment is best

efl'ected by drilling a hole through both

plate and strap, and firmly riveting;
the strap must be clean at tlie joint, and
the latter may be preserved from the

action of the acid by a coat of varnish.

For soldering a joint, use soft solder,
zinc chloride solution for the flux (or
rosin for copper to copper or brass), and
a "

tinning iron."

Neijatke elements.—These vary with
the kind of battery, as described here-

after.

Exciting fluids.
—Tlie same remark

applies here.

Separating the elements.—Obviously
the positive and negative elements of a

battery must not be in contact within
the exciting fluid

; they should be sepa-
rated by a space of

| to i in. In the

case of batteries without porous cells,

periodical attention will need to be

given to ensure this condition being
maintained.

Cells.—Containing cells are made to

hold J pint to 1 gal. Single-liquid cells

have but 1 containing vessel ;
double

ones have 2. Outer cells are made, as a

rule, of glazed earthenware, though
glass may be used

; porous cells, of un-

glazed earthenware. The latter are put
inside the zinc cylinder, or (J-plate, and

generally contain the positive element.

Such cells should not be too hard and

dense, nor the thickness of the sides

exceed -A in. The softest are of red

ware
;
but better cells, and sufficiently

I^orous, are made from white clay. A
test of the porosity is made by placing
water in the cells, and allowing them
to stand for about 15 minutes: if then
no dew appears on the outside of the

cell, it is probably too hard or thick,
and will ofi'er too great a resistance to

the current
;
while if the water actually

runs off the side, the cell is too porous,



Eleotkics—Batteries. 77

and will .shorten the j)eriod of action of

the battery by too raj)iJ transfusion of

the liiiuids into each other. One-liijuid

cells, though convenient for short ex-

periments, rapidly acquire a tilm of gas
upon their negative plates, whereby the

development of the current is impeded;
consequently such cells, unless the ex-

citant is agitated iu some way, are unfit

for supplying current for a length of
time. This fault is termed "polariza-
tion." In two-liquid cells, the negative

plate is surrounded by a liquid rich in

oxygen (e.g. nitric acid in Grove's),
which absorbs the hydrogen liberated at

the negative i)late, and keeps the latter

free from tilm. But two-liquid cells

are more troublesome. (Urquhart and

Webb.)
Following are the most common forms

of battery.
Antimonized Carbon.—Antimony is

I'recipitated ou the carbon cells de-

scribed on
ji. 84, and in conjunction

with these are used unamalgamated
zinc rods and a solution of ammonium
chloride. Such a battery may be useful

for general laboratory purposes, being
somewhat similar to Smee's in action,
but with much cheaper negative ele-

ments, and a more economical utilization

of the zinc. The carbon cells can be

made small enough to be nearly close to

the zinc, while, by having the contain-

ing vessels of ample size, the constancy
of the current is enhanced.

Another form of this battery may be

made with larger carbons and porous

diaphragms, using for the outer liquid
a mixture of antimouious chloride and
ammonium chloride.

Plaster of Paris diaphragms can easily
be made with dry plaster iu the follow-

ing manner :
— Provide an inner core or

mould of turned wood, a little tapering,
and with a shoulder the thickness of the-

required diaphragm ;
round this tie 2

thicknesses of stout blotting-paper, w-ell

shake down the dry plaster between the

wooden core and the paper, and immerse
the whole in water. In a few minutes
the diaphragm will be solid, and can be

removed from the mould. (Symons,
Bep. Brit. Assoc.)

Fig. 29.

Bichromate.—Bichromate batteries of

bottle shape as in Fig. 29, with 2 carbon

plates, a sliding rod and movable zinc

jdatc, are very extensively used by ex-

perimenters and lec-

turers, because they
are always ready for

being put to work with
one motion of the hand,
not necessitating any
other preparation; and
as soon as the desired

result is obtained, the

battery can be put out
of action with the same

fiicility. a is the bottle
;

6, a brass cap for the

top; c, a disc of ebonite,
to which the carbon plates are fastened

;

d, a binding-screw, connected with the
2 fixed and parallel carbon plates, be-
tween whicia is suspended a zinc plate
of about half the length. This plate
of zinc is fixed on a brass rod, whose

extremity is shown at /, made to

slide up and down in a brass tube,
which is either close-fitting and split,
or loosely fitting and jirovided with
a set-screw. In either case, it must
be connected, by means of a copper
band, with the terminal c. The excitant
is a saturated solution of potash bichro-

mate, to which is added ^L volume of

sulphuric acid; another
f'g

should be
added after the battery has worked for

some time, when it begins to become
weaker in action. For all ]nirposes
whore a strong current is required at

intervals, such as the working of induc-
tion coils, medical coils, small electro-

magnetic machines, and laboratory ex-

periments, this battery is by many
preferred to all others. The prices of

such batteries range from 6s. Qd. to 24s.,

according to the sizes and number of the

plates, 3 carbons and 2 zincs being em-

ployed in the largest apparatus of the
kind. Amateurs can hardly make this

kind of battery so cheaply as it can be

bought, because the bottles are high in

price unless ordered in large numbers
at a time.

For this reason, Wiesendanger has

devised a form of bichromate batterv
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having all the advantages of the one

described above, and which can be made

by amateurs at a fraction of the prices

quoted. To make such a battery, take

a marmalade jar g, measuring inside

about 5 in. by 2^ in. diameter at the

top. Get 2 plates of carbon, each 5 in.

by 2\ in., and a zinc plate (with ter-

minals) of the same dimensions. Cut

2 jiieces of thin mahogany board, 3 in.

by i in. by \ in., and a clamp c, such as

shown in Fig. 30. The clamp c should

Fig. 30.

have a ring a, at the top, so that it can
be suspended from the hook 6, when the

battery is not in actual use. The
2 pieces of wood d are put right and
left to the top of the zinc plate /, as

shown, the 2 carbons e to the right and
left of the pieces of wood, and the whole

arrangement is clamped by means of

the toi)-clarap c. The frame can be

made with a piece of bent brass strip /*,

9 in. X 5 in. X /g in., to which the

upright brass rod i is soldered
;

or it

can be made of stout brass wii'e. No. 7,

altogether. In either case, there will

be so much elasticity in the ring A, that

it can easily be put on, and will hold

firmly on the top of the jar. This
frame can be bought ready made for

10c?. When the battery is to be used,
the plates are inside the jar and in the

liquid, supported by the projecting ends
of the wooden pieces <i; when out of

use, the plates are lifted and suspended
from the hook 6, by means of the ring a,

at the top of the terminal clamp. (Wie-
sendanger.)

Trouve has considerably improved the

bichromate battery by supersaturating
the exciting fluid. He takes 21 dr. of

jiotash bichromate jjowder to 1 pint

water, and adds, after shaking, drop by
drop, 63 dr. sulphuric acid. The liquid

warms, and the salt dissolves. No crys-
tals form on cooling, nor are chrome-
alum crystals deposited in the cell.

With 12 elements and the foregoing
solution, 10 incandescent lamps can be

kept going for 5 hours, each lamp being

equal to 10 candles. The electromotive

force of the cell is 2 volts with fresh

solution, and the intensity of the cur-

rent at the beginning on a short circuit

is 118 amperes. The resistance is 0'07
ohm

;
4 batteries working a Gramme

machine have produced 14 kilograni-
moters of work during 3 hours without

weakening in fiower.
A test of Trouve's battery has been

made by Hospitaller with 2 sets of

6 cells each. The cells are of ebonite,
and are arranged in a box or trough in

such a manner that they can be easily
removed— one side of the trough being

hinged so that the cells can be slid out

when the plates are drawn out of the

solution. The elements are connected

in series, the zinc of one cell being

coupled to the 2 carbons of the next,
and a winch and ratchet enables the

plates to be wound up out of the solu-

tion, or to be immersed to any desired

extent. The ebonite cells are no larger
than is absolutely necessary, and the

quantity of solution required for a bat-

tery of 6 is given by Hospitaller as

17 "6 lb. water, 2*64 lb. powdered bi-

chromate of potash, and 8 lb. sulphuric
acid. This gives 5^ oz. bichromate per

If pint of water, or a solution half as

strong again as that used by Poggen-
dorf Trouve iises a much stronger
solution on certain occasions. Care must
be taken not to use a wooden stirrer, as

that would be carbonised, to the injury
of the solution. The total weight of a

battery of 6 cells is said to be 74 lb.

In the experiments made by Hospitalier,
2 batteries of 12 elements together were
connected in series, and used to work
6 Swan lamps, the difference of poten-
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tial at the tenninids being, batteries

16-70 volts, lamps 14-15 volts. That
was during the constant phase, for at

the moment of immersion of the plates,
there is great initial E.M.F. which pro-
duces a current of 12 amperes, and the

object was to maintain a constant cur-

rent of 8 amperes. The zincs were
immersed at first to about | in., and
after a few minutes the current reached
its normal strength of 8 amperes. After

5 hour the batteries had settled to

steady work, and for Ih hour the zincs

were not lowered. After that time,
the decrease in the delivery was com-

pensated by gradually increasing the
immersed surface. By this means, for

nearly 4J hours the variation did

not exceed i ampere, but after that

time the zincs were immersed to the
full extent of nearly 6 in

,
and the cur-

rent gradually fell, until, at the end of

5| hours, it had reached 5 ampei-es,
and the experiment ceased. The result

shows that each battery practically fur-

nished § h. p.-hour, the consumption of

zinc being 365 dr., bichromate 600 dr.,

and sulphuric acid 1800 dr. The h.p.-
hour is 1,980,000 foot-pounds, and as

that was practically obtained with the

consumption stated, an estimate of the
cost can be easily calculated. Hos-

pitaller states that 5 batteries, of 6 cells

each, would suffice to support for

5 hours an arc lamp having carbons

fully ^ in. in diameter, with a current
of 7 amperes, and a dillerence of poten-
tial of 40 volts at the terminals of the
arc. No attempt was made to reduce
the weight of the two batteries em-

ployed, which was 148 lb.
; but, accord-

ing to Hospitaller, it would be easy to

construct 2 batteries of equal power to

weigh not more than 110 lb., or con-

siderably less than an accumulator

capable of containing an equal amount
of energy.

In working bichromate batteries,
never place or leave the zincs in the

excitant when the current is not needed
;

remove them the instant the battery is

out of use
; and, when in use, do not

let them rest in the fluid lor 5 minutes
without disturbing either the plates or

the fluid. The great defect of these
batteries is the want of circulation in

the fluid, and consequent decrease of
the current. By applying heat suffi-

cient to cause agitation, the current
will retain its vigour almost till the
solution is exhausted. Spent fluid may
be evaporated down to recover the

chrome-alum usually formed. A very
convenient form of compound bichro-

mate battery, is to have the plates at-

tached at top to a support which can
be raised by allowing it to depend by
strings from a spindle ;

on revolving
the latter, the strings coil on the spindle
and raise all the plates at once. As to

the number of bichromate cells required
to give an electric light : 6 1-qt. cells

will give a small light; 12 yield more
than double

;
24 aflbrd a true voltaic

arc and a brilliant light ;
50 produce a

light of 1500 candle power. Up to 50

1-qt. cells it is best to connect in series
;

any greater number should form a

separate parallel circuit
; and, finally,

the negative wire from each series is

led to one screw of the lamp and the

positives to the other. By tliis arrange-
ment, the electromotive force of the

battery is not increased (that of 50 cells

being usually enough), while the resist-

ance of the elements that are doubled is

halved. The guiding lule for grouping
a given number of elements is to etlect

it so that the internal resistance shall

equal the external. Not more than

J hour's continuous light can be got
from any bichromate battery. (Urqu-
hart and Webb.)
A voltaic generator, based on a modi-

fication of Dr. Byrne's negative ])late

cells, has been devised by Urquhart,
and is described by him as being inex-

pensive, easily managed, certain in re-

sults, cheaply maintained, and very
portable. It is simply a potash bichro-
mate cell with negative plates of pecu-
liar construction, and so arranged that
a powerful current may be obtained
from even 6 cells by the aid of abundant

agitation. He thus describes its con-

struction.

Each negative element consists of a

copper plate, to one surface of which, as
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well as to its edges, a sheet of compact

platinum foil, free from pin-holes, is

soldered, and to the opposite surface a

sheet of lead—the three metals being so

united that the copper is protected from

the action of acids. The leaden back

and edges are then coated with asphal-
tum varnish or an acid-proof cement

;

and lastly, the platinum face, being
first rubbed over gently with emery
cloth, is thoroughly platinised.

To efl'ect this, fill a containing-vessel
and a porous cell with acidulated water,
and place the porous cell within the

large vessel. Tie a strip of zinc by a

clean wire to the plate to be platinised;

(lip the zinc in the porous cell, and the

plate in the outer cell, and drop into

the outer cell, while stirring, a solution

of platinic chloride in water : add it

drop by drop, with agitation, until the

platinum surface is seen to turn dark,
and to have acquired a granular deposit
of platinum. Upon this surface depends
to a great degree the power of the

generator. If any difficulty is expe-
rienced in securing a good deposit, dip

only a little of the zinc in the solution

at first, and increase as the coating is

seen to form. Dry carefully, and do

not scratch the plate or remove the

deposit, as easily happens before it is

dry. Each cell contains 2 such plates,

between which a single zinc is sus-

pended ;
and when the elements ai'e

immersed so that the e.xcitiug fiuid

reaches to within 1 in. of the top, a

large negative surface is brought into

action. Thus the platinum alone is the

negative, and the copper core is a con-

ducting body merely ;
while the lead,

being almost passive, serves no other

purpose than to protect the copper, so

that another (best, a non-metallic) sub-

stance capable of resisting the action of

bichromate solutions, might, with ad-

vantage, replace it. The exciting solu-

tion used in this cell is prepared as

follows :
—

Potash bichromate. . . 2 oz.

Warm water .... 1 pint.

Sulphuric acid, when cool . 4 oz.

Fig. 31 represents a 6-cell generator
of this kind. The ordinary, brown.

glazed earthenware, oblong cells should

be capable of containing at least 1

pint of the liquid ; quarts will be

found more economical. There are 3

plates in each cell—2 platinized, and
1 amalgamated zinc between. They are

separated at the top edges by slips of

wood or ebonite, against which they
are securely clamped by stout brass

clamps as shown. Thus the brass

clamp, being in metallic contact with
the lead, with clean scraped surface,

represents them both as the positive

pole. To the zinc plate iu the centre is

soldered a common binding-screw. Very
stout, soft copper wires, about No. 12,

are used to connect the elements in

series (zinc to platinum), with clean

Fig. 31."

contacts. The sets of plates are fastened

to a wooden framing, made to slide up
and down the side uprights, by means
of shaft, cords, and handle a, enabling
the whole to be withdrawn from the

excitant at one action. A ratchet and

pawl keeps the plates in position. For

quart cells the plates may be 8 in. long
and 4i in. wide. The air-distributing

arrangements are as follow :
—

6, J-in.

leaden piping, fastened to the back of

the framework, whence lead 6 |-in.
rubber tubes, extending to the bottom
of the cells, and running parallel with

and directly under the plate edges ;

their ends are closed, and the horizontal

portion is abundantly perforated ; c,

rubber pipe slipped over the end of h,

its other end being made secure to the

outlet cl of a hand-pump e worked by
the handle /. A valve at d closes the

passage to h when the handle is drawn

up, otherwise the solution would be
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pumped out of the cells. The whole is

screwed to the floor for steadiness. It

is better to use a f'letcher's foot-blower.

H the elements are simply lowered

into the solution, much greater power
is obtainable from them than that given

by zinc-carbon batteries. The full

effect, however, can only be obtained by
pumping in air by tlie small tubes. A
great disturbance of the liquid results,

and the current is so much augmented
in power, that even a 6-cell battery
will yield a light equal to that given by
a 20-cell Bunsen or Grove. The air

disturbance has no effect upon the

electro-motive force of the batters',

although the volume of current given
off is enormously increased, and any
other means of eifecting the required

agitation would probably answer the

purpose equally well. The suggestion
of Prof. Adams as to the air effecting a

free circulation in the fluid, by which
the metallic surfaces are kept constantly

clear, is undoubtedly the correct ex-

planation. The effects are in great part
due to the low internal resistance of the

cell, owing to the peculiar arrangement
of negative plate, partly to the rajiid

flow of air upwards through the liquid,
and partly to the production of heat.

The action of the air-flow is principally

mechanical, but by hastening the com-
bustion of the zinc it tends to generate

heat, which in turn reduces the resist-

ance. The mechanical action of the air

removes from the neighbourhood of the

negative plate the chrome-alum formed

there, and from the surftices of the zinc

plate the zinc sulphate, and brings a

fresh supply of solution constantly to

the surfaces.

With a 10-cell battery a 32-in. long

platinum wire of No. 1-i gauge (•089-in.

diameter) was gradually brought to

glowing red heat, which ebbed and

flowed with the cessation or renewal of

the air-flow. A brilliant electric light
is maintained between 2 carbon points,
which similarly varies in intensity with
the flow of air, so that it is important
to pump the air in regularly ;

and when
this can bo done by a crank attached to

a heavv flv-wheel, almost perfect regu-
3

larity is secured. The effects which are

ordinarily produced by 60 or 70 Grove or

Bunsen cells are obtained from 10 cells

of this battery. For every 15 minutes

or so of electric light, the solution in

the cells will be nearly exhausted. A
20-cell battery produces a very powerful
current, which will be nearly constant if

the air-flow is maintained continuously.

(Urquhart and Webb.)
Bunsen's.—Bunsen's zinc-carbon bat-

tery is a modification of Grove's, the

only diflerence from the latter being the

substitution of carbon for platinum foil.

The carbon rod or plate becomes brittle

in time through the action of the battery,
and should therefore not be too thin

;

this necessitates a much larger porous
cell than in Grove's element, and makes
the battery more bulky. It is, however,
to be preferred to Grove's for (1) it is

much less expensive, and (2) owners
of Grove's battery experience tliat the

valualjle platinum plates oiler a Ijad

temptation to workmen, and at times

disappear in a mysterious wa}-.
In Fig. 32, A represents a single ele-

ment of Bunsen's battery, a is the

outer cell made of glass, earthenware,
or vulcanite, the zinc-plate bent round,
with a binding screw, 6, at the top. c,

a round porous cell, with a wooden lid

at the top, through which a carbon stick

or rod passes ;
another binding-screw d

is attached to the top of the carbon-

rod. The wooden lid at the top is not

absolutely necessary ;
instead of it, a

clamp binding-screw may be fixed at

the top of the carbon (sec B). Carbon
is a very porous substance

;
if the top is

not protected, the acid will rise in it

by capillary attraction, and soon destroy
metallic fixtures by oxidation. For this

reason, the top of each carbon plate or

rod should, before being first used, be

soaked in hot melted paraffin wax.
If artificial carbon is used, it is put

in the outer cell and shaped like Z, in

Fig. 32. The carbon rod described need

not be carefully squared up—it may be

of very irregular shape ; pieces of the

hard coke obtained as scurf in gas re-

torts are sometimes employed, without

being finished up. If a battery is fitted

G
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up with such pieces of carbon, the

latter sliould be as nearly as possible of

equal size.

iStrongest nitric acid is put into the

carbon cell, and acidulated water, 1 to

10, or 1 to 12, into the zinc cell. The
action is similar to that in Grove's cell.

For making, at a low cost, a battery
for producing electric light, buy 30

empty salt-jars at 2d. each, or Tjj. the

set
;
30 round i:iorous cells, 5 in. high

and 2J in. diam., at 3s. to 4s. per dozen
;

30 pieces of zinc, 10 in. by 5 in. by \
in.

or
-fl in., ready cut, at 4c?. to bd. per lb.

Bend the latter round as shown in Fig. 32.

Fro. 32.

by heating them, if necessary, as de-

scribed on p. 7(), and amalgamate them.
Cut 29 pieces of copper-wire (No. 18),
each 11 in. long. Buy also 30 pieces of

carbon rod, 5 in. by 1 J in. by 1 in., ready
cat, and with a small hole drilled right

through, 5- in. from the top. If neces-

sary, drill the holes in a lathe, or with
an archimedian drill. Two plates, each

2 iu. thick, side by side, act better than
a rod of double the thickness. The end

of a piece of copper-^^li^e is then passed

through the top of the carbon, and
twisted as shown in D. The other end
of the same wire is soldered to tlie top
of the zinc plate e. The wire may bo

coiled round a pencil, as shown at /.
The wire connections and the soldered

joints should be warmed, and then

painted with three coats of Brunswick

black, ap})lied hot. The permanent wire

connection from element to element de-

scribed here considerably reduces the

work and time expended in charging the

battery. If parts of the battery are to

be used at intervals for other purposes,

clamps may be preferred ;
in that case,

a strip of zinc is riveted to the top of

the zinc plate, and clamped to the carbon

of tlie next cell. The clamps required
are sold at 4s. per dozen, but they can

easily be made by amateurs.

To make battery clamp-screws, buy
1 lb. flat brass rod, f in. wide and \

in.

thick
; h lb. brass wire. No. 8- gauge ;

and \ lb. stamped hexagonal nuts. Cut
a thread on the wire, and cut it in

pieces of | in.; tap the nuts, and either

rivet or solder the threaded wire into

the nuts
;

drill a hole at \ in. from one

end of the brass rod, and similar holes

at 2| in., 5\ in., 7f in., &c., to the end

of the rod, all holes being 2j in. apart.

Tap all the holes. Bend the brass to

shape in the ^ ice, as shown in E
;
cut

each clamp off, and fit the screws in.

You can thus make your own clamps at

about Id. a piece, or less. They are

just as good as those made from cast-

ings, but do not look quite so well

iiuished. The 30 elements of the battery
are connected as shown in F

; clamp-
binding screws are used for terminals.

Cost of the Materials for a "iQ- Element
Bunsen's Battery for producing Elec-

tric Liijht.

30 salt jars, 2c/. each .,

30 porous pots, 4c?. each

30 carbon rods, 5d. each

30 zincs, 9c?. each

2 clamps

Mercury and wire

£
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Of course 50 elements will give a

better light than 30, and 100 a^better

one than 50, but a 30-element battery

gives a very good light. It should

always be borne in mind that one cell

gives as much quantity as 50 of the

same size, and that doubling the size of

all the plates employed doubles the

quantity; also that 50 elements will

give 50 times the electro-motive force

of one element. To produce light re-

quires both as much quantity and as

much electro-motive force as it is possible
to obtain with batteries

;
the more of

the latter, the longer will the spark be,

and the more of the former, the broader

the arc. (Wieseudauger.)
" With one exception, Bunsen's is the

only real producer of voltaic currents

that can be cheaply applied and de-

ponded upon in the production of electric

light. Its current, once started, is almost

constant for about 4 hours, and a good

light may, with confidence, be depended

upon for 3 hours." (Urquhart.)
An improvement upon the common

practice of simply clamping the carbon

by a binding-clamp of brass for the con-

nection, is to give the block a heading
of lead. Dry the head, cut a notch

or two around it J in. from the end
;

melt the lead, and pour it into some

square mould
;
before it sets, dip in the

carbon end
;

allow to solidify before

removal. While still hot, the binding-
screw may be soldered on, and, before it

cools, the whole should receive a coating
of melted pitch ; or, better, dip the head

in melted paraffin, which, when cool,

will defend the connection from attacks of

acid. A still better way, although not so

quickly accomplished, is to electrotype a

heading of copper upon the rods. Partly
fill a porous pot with acidulated water;

place in an outer cell containing crystals
of copper suljihate dissolved in warm
water. Heat the rods, and give them a

coating of paraffin, driven in with a hot

iron, between where the liquid will

reach up to and the heading will reach

to. If any paraffin spreads upon the

end, drive it back by heating ;
cut a

few notches in the head as before, and
drill a hole through ;

in it tightly place

a piece of stout copper wire, having
i in. of the end projecting at each side.

Tie a wire around the carbon block
;
at

the end fasten a strip of zinc, and

place it in the porous cell, while the

carbon head dips into the copper solu-

tion. Cojiper will begin to deposit upon
the wire and carbon; when it has

attained a thickness of good brown

paper, remove the block, drill 2 holes

through the copper and carbon, soak a

little time in warm water, dry off", and

place in melted paraffin. The binding-
screw may be soldered to the copper,
which will be found of great utility as

a heading that is not attacked by acid.

When a "
charge

"
is worked out, the

outer acid is exhausted. The nitric acid

will have assumed a reddish colour, and

may be used again. Next time it turns

green, and the third time quite clear,

when it should be replaced by fresh.

While at work, this battery gives off

fumes of nitric acid, Avhich renders it

necessary that it should be placed in a

draught. The fumes are poisonous; and
are worse while the porous cells are

being emptied into the stock bottle.

In pulling the battery to pieces after

operations, all connections are first

loosened
;

the zincs are placed in a

bucket of water to wash off the acid
;

the carbons are similarly treated
;
and

the porous cells are emptied into the

nitric acid stock bottle, and plunged
into water. The outer liquid is thrown

away as useless. Porous cells, once

used, are kept in water for a few hours

to soak out nitric acid or zinc sulphate.
All connections are washed and dried,

and examined for oxidized or bad-contact

points, which must be scraped bright or

filed.

The fore of the Bunsen increases after

setting up for about an hour, and the

full effect is not attained until the acid

soaks through the porous cell. Carbons

are not affected, and last any length of

time. The zinc is slowly consumed,

through the mercury coating. 25 Bun-
sen cells will give a very brilliant light,

and 50 will produce an arc of great

power. The conducting wires must be

about No, 12. (Urquhart and Webb.)



84 Eleotkios—Batteries.

Callan's. — In the Callan's or Way-
nooth battery, a cast-iron vessel is used

as the containing cell, and forms the

negative element. A zinc plate, con-

stituting the positive element, is placed
in a porous cell within the iron cell.

The excitant used in the iron cell is

nitric acid, and that in the porous cell

is dilute sulphuric acid (1 volume of

vitriol to 7 of water). For experiment-

ing, this battery is moderately cheap
to construct, exposes a large negative
surface, and evolves a powerful current

;

but it is costly in use from consuming
so much nitric acid.

Carbon.—Mix together 15 parts pow-
dered gas carbon, 3 of wood charcoal,
and 10 of lump-sugar. Well shake
down this powder, dry into paper
moulds of the size and shape required,

cylindrical being the most manageable.

Bury the filled moulds in sand in a suit-

able iron or copper vessel, and gradually

expose to a red heat. When cold, re-

move the burnt paper from the now
solid cells, and soak them in a syrup
made of equal parts lump-sugar and
water. Well dry the cells, wrap them
in paper, again bury in sand, and gra-

dually expose them for some time to as

.'•.trong a heat as practicable, but not

less than a bright-red heat. For this

purpose use may be made of an extem-

pore furnace made of Fletcher's solid-

flame burner, surmounted by a common
unglazed earthenware drain-pipe, par-

tially closed by an iron dome. The
above described mixture, made with
due care, does not crack as others do.

(Symons, Rep. Brit. Assoc.)
Koss has an imjirovement in the ordi-

nary combination of zinc and carbon, in

which the carbon-rod is packed around
with broken coke. In the zinc com-

partment, the exciting solution is a 1-

pev cent, solution of suli)huric acid, or

a IJ-per cent, solution of hydrochloric
.icid

; while in the carbon cell is a
mixed liquid composed of 1 volume

hyponitric acid, 3 of sulphuric (or 4J of

hydrochloric) acid, and 4 of water. He
also suggests nickel-plating, instead of

amalgamating, the zincs.

Andrd proposes carbon in the form of

highly-burnt coke or wood charcoal,
and in the shape of small pieces, sepa-
rated from direct contact with the

exciting liquid by an absorbent dia-

phragm. Salts of potassium, sodium,
or ammonium, are used as the electro-

lyte. The zinc or iron electrodes are

made in the form of tubes, and rest on

wooden blocks surrounded by a tubular

diaphragm, which allows the liquid to

penetrate to the pieces of carbon in

which the zinc or iron cells are im-

bedded. In another form, long strips of

copper and zinc are coiled on a boss

of wood, and separated by intervening

pieces of indiarubber. The wheel or

disc thus formed is revolved by an elec-

tro-motoi", so that the exciting fluid

does not cover more than half the disc

at any one moment.

Copper Oxide.—Lalaude and Chaperon
have introduced a new battery with a

single liquid and a solid depolarizing

element, by associating copper oxide,

caustic potash, and zinc. This battery

possesses remarkable properties. De-

polarizing electrodes are easily formed

of copper oxide ; it is enough to keep it

in contact with a plate or cell of iron

or copper constituting the positive pole
of the element. Fig. 33 represents a

very simple arrangement. At the

bottom of a glass jar a is placed a box
of sheet iron 6, containing copper oxide c.

To this box is attached a copper wire

insulated from the zinc by a piece of

indiarubber tube. The zinc is formed
of a thick wire of this metal coiled in

the form of a flat spiral d, and suspended
from a cover e, which carries a tei'-

minal /, connected with the zinc
;
an

indiarubber tube g covers the zinc at

the place where it dips into the liquid,

to prevent its being eaten away at this

level. The jar is filled with a solution

containing 30 or 40 per cent, of potash.
This arrangement is similar to that of

a Callan element, with this difference,

that the depolarizing element is solid

and insoluble. To prevent the incon-

veniences of the manipulation of the

potash, a quantity of this substance, in

the solid state necessary for an element,
is enclosed in the box which receives
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the copper oxide, and i.i furnished with
a cover supported by a ring of caout-

chouc. It suffices then for working the

battery to open the box of potash, to

place it at the bottom of the jar, and to

add water to dissolve the potash ; then

pour in the copper oxide enclosed in a

bag. Also the copper oxide foi'ms very

conveniently into blocks : thus, mis the

copper oxide with magnesium oxy-
chloride in the form of paste, so as to

convert the whole into a thick mass,
and introduce it into metal boxes. The
mass .sets in a short time, or very

rapidly by the action of heat, and gives

porous blocks of a solidity increasing
with the quantity of cement employed
(5 to 10 per cent.).

Fig. 33.

B represents an arrangement with

blocks. The jar a is provided with a

copper cover h, screwing into the glass.
This cover carries 2 vertical plates of

sheet iron c, against which are fixed the

prismatic blocks d, by means of india-

rubber bands e. The terminal C, carried

by the cover, constitutes the positive

pole. The zinc is formed of a single

pencil/, passing into a tule fixed to the
centre of the cover. The indiarubber is

folded back upon this tube so as to

make an air-tight joint. The cover

carries, besides, another tube g, covered

by a split indiarubber tube, which forms
a safety-valve. The closing is made
hermetical by means of an indiarubber
tube h, which presses against the glass
and the cover. The potash to charge
the element is in pieces, and is contained
either in the glass jar itself or in a

separate box of sheet iron. Applying
the same arrangement, hermetically-
sealed elements are formed with a single

plate of very small size. The employ-
ment of cells of iron, cast iron, or copper,
which are not attacked by the exciting

liquid, allows the easy construction of

elements exposing a large surface C.

The cell a, forming the positive pole
of the battery, is of iron plate brazed

upon vertical supports ;
it is 14 in. long

by 7 in. wide, and about 3^ in. high.
The bottom is covered with a layer of

copper oxide, and in the 4 corners are

porcelain insulators h, which support a
horizontal zinc plate c, raised at one
end and kept at a distance from the

copper oxide and from the metal walls

of the cell
; f of this is filled with a

solution of potash. The terminals C
and JI, fixed respectively to the iron

cell and to the zinc, serve to attach the

leading wires. To avoid the too rapid

absorption of the carbonic acid of the
air by the large exposed surface, cover
it with a thin layer of heavy petroleum
(a substance uninflammable and without;

smell), or, better still, furnish the bat-

tery with a cover. These elements are

easily packed so as to occupy little

space.

Following are the principal properties
of v,""". batter}-. As a battery with a
solid depolarizing element, it presents
the advantages of only consuming its

elements in proportion to its working ;

amalgamated zinc and copper are, in

fact, not attacked by the alkaline solu-

tion
;

it is therefore durable. Its

electromotive force is very nearly one
volt. Its internal resistance is very
low, \

or
\
ohm for polar surfaces 4 in.
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square, separated by a distance of

1| in.
;
the rendering of these couples is

considei-able : the small cells shown in

A B give about 2 ampferes in short cir-

cuit, the large one gives 16 to 20 am-

peres. Two of these elements can re-

place a large Bunsen cell. They are

remarkably constant. With a depolar-

izing surface double that of the zinc,

the battery will work without notable

polarization, and almost until completely

exhausted, even under the most un-

favourable conditions. The transforma-

tion of the products, the change of the

alkali into an alkaline salt of zinc, does

not perceptibly vary the internal resist-

ance. This great constancy is chiefly

due to the progressive reduction of the

depolarizing electrode to the state of

very conductive metal, which augments
its conductivity and its depolarizing

power. The manganese peroxide, which

forms the base of an excellent battery
for giving a small rendering, possesses
at first better conductivity than copper

oxide, but this property is lost by
reduction and transformation into lower

oxides. It fellows that the copper

battery will give a very large quantity
of electricity working through low

resistances, whilst under these condi-

tions manganese batteries are rapidly

polarized.
The energy contained in a copper

oxide and potash battery is very great,

and far superior to that stored by an

accumulator of the same weight ;
but

the rendering is much less rapid. Potash

may be employed in concentrated solu-

tion at 30, 40, 00 per cent.
;

solid potash
can dissolve the zinc oxide furnished by
a weight of zinc more than

|
of its own

weight. The quantity of copper oxide

to be employed exceeds by nearly J the

weight of zinc which enters into action.

These data allow of the reduction of the

necessary substances to a very small

relative weight.
The copper oxide batteries have givew

interesting results in their application
to telephones. For theatrical purposes,
the same battery may be employed
during the whole performance, instead

of 4 or 5 batteries. Their durability is

considerable
;

3 elements will work

continuously, night and day, Edison's

carbon microphones for more than 4
months without sensible loss of power.
The elements will work for 100 hours

through low resistances, and can be

worked at any moment—after several

months, for example ;
it is only neces-

sary to protect them by a cover from
the action of the carbonic acid of the

atmosphere. Potash is preferable to

soda for ordinary batteries, notwith-

standing its price and its higher equi-

valent, because it does not produce, like

soda, creeping salts. Various modes of

regeneration render this battery very
economical. The deposited copper ab-

sorbs oxygen pretty readily by simple

exposure to damp air, and can be used

again. An oxidizing flame produces the

same result very rapidly. Lastly, by
treating the exhausted battery as an
accumulator—that is to say, by passing
a current through it in the opposite
direction— the various products are

restored to their original condition
;

the copper absorbs oxygen, and the

alkali is restored, whilst the zinc is

deposited ;
but the spongy state of the

deposited zinc necessitates its being sub-

mitted to a process, or to its being
received upon a mercury support.

Again, the copper oxide employed being"
a waste product of brazing and plate

works, unless it be reduced, loses no-

thing of its value by its reduction in

the battery; the depolarization may
therefore be considered as costing

scarcely anything.
With reference to this battery. Hos-

pitaller gives the following account of

a trial made with a cell weighing 1914

grm. and containing 200 grin, of copper
oxide and 800 grm. commercial solu-

tion of potash at 40 per cent. The
E.M.F. 1 hour after setting up was 0-98

volt, and the cell was put in circuit for

6 whole days through a resistance of

0-8 ohm. The current supplied was, on

an average, J ampere during G days, or

518,400 seconds. The total quantity of

electricit)^ supplied was 259,000 cou-

lombs, the weight of zinc consumed 88

grm., which corresponds to a theoretical
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production of 260,000 coulombs. This

is a most important point, and very

favourable to the battery, for it shows

that the local action is practically nil.

Tlie energy that the battery is capable
of supplying is therefore available at

will, without it being necessary to

disturb the elements in order to with-

draw the zinc from the liquid, as in the

potash bichromate batteries, for ex-

ample. The useful available rendering
is 0-02 kilogrammetre per second. In

6 days, therefore, the battery supplied

10,368 kilogi-amnietres of available elec-

trical energy. This exceeds the results

obtained up to the present with accu-

mulators of the same weight ;
but the

supply is much slower than from these

latter. It is, however, easy to increase

this rendering by increasing the surface

of the elements and by diminishing the

distance of the oxide from the zinc

plate. The result then increases more

rapidly than the weight, and tends to

approach that of the accumulators. The

remarkable constancy of the rendering
must be attributed chiefly to the fact

that the product of the reduction is

metallic copper, which is a good con-

ductor, and that the solution of an

alkaline salt of zinc which is formed

presents a conductivity almost equal to

that of the solution of potash. For a

given weight of zinc dissolved, about

3 times the amount of solid potash is

required, and a quantity of copper oxide

equal to 1-25 times the weight of the zinc.

Cruikshank's.—This battery consists

of zinc and copper plates united in pairs,

and fitting into grooves in a wooden

trough, the space left between the pairs

of plates accommodating the excitant.

This latter is dilute sulphuric acid with

a slight addition of nitric. The battery
is used as a compound for medical and

telegraphic purposes, but it is not very
convenient.

DanielFs.—The Daniell battery con-

sists of a cojjper cylinder containing
another of porous earthenware, in which

is placed a zinc rod
;

this latter forms

the positive and the copper the negative
element. The battery requires 2 ex-

citants—a saturated solution of copper

sulphate in the copper cylinder, and

dilute sulphuric acid (1 volume oil of

vitriol to 7 of water) in the porous cell.

The walls of the latter keep the solu-

tions separate, w'hile allowing the elec-

tric current to pass through. The
cathode and anode are formed by at-

taching binding screws to the zinc rod

and copper cylinder. The battery re-

quires no frame, is effective in use,

constant, and gives a current of fair

intensity. (Dyer.)
To construct a home-made Daniell

cell, select a small round earthenware

jar, such as is used for keeping pre-

serves, and having lined the bottom

w-ith guttapercha, or some suitable

cement, to the depth of \ in., fix upright
in this a rod of zinc, of equal height
with the jar, to \vhich a length of

copper wire has been attached by pass-

ing it throvigh a hole drilled in the

upper part of the zinc rod, or by sol-

dering. Make a cylinder of pipeclay, or

other porous clay, larger than the zinc

rod, and having dried it, make it hot in

the fire by degrees, till it attains a red

heat. Let this cylinder cool gently,
and when cold, place it in the jar round
the central rod, encircling it at a

little distance. By moderately heating
the end of the cylinder, it will, when

placed on the guttapercha, make a

groove which will fix the tube, and pre-
vent infiltration of the fluids. Line the

inside of the jar with a ])late of thin

copper, bent into a cylindrical form, and

having a few holes punched in it,

through which may be threaded the

extremity of another length of copper
wire. On tlie top of this cylinder place
a flat ring of copper pierced with holes,
and nearly, but not quite, touching
the porous cylinder. This forms the

battery. To charge it, a saturated

solution of copper sulphate is poured
between the copper and the clay tube,
and some crystals of the same salt are

placed upon the perforated ring so as

just to be in contact with the solution.

The zinc compartment is theii filled

with a solution of zinc sulphate, sal-am-

moniac, or common salt. (/•Jlectrieian.)

Granule carbon.—This battery con-
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sists of an outer vessel a (Fig. 34), con-

taining an inner porous cell b
;

in the

outer vessel is a carbon plate c, packed
round with broken

gas - I'etort carbon
;

the zinc rod d is

placed in the porous
cell. A convenient

battery may be made
ot" 5 No. 9 jars, into

which the carbon-

plates with their

binding
- screws an<l

the porous cells are

placed ;
the outer

cells being then filled up with granu-
lated carbon to within 1 in. of the

top. As to the mixture. Make a satu-

rated solution of potash bichromate
with cold water (you will find f hour
sulficient to make the solution strong

enough, if you give it 2 or 3 stirrings) ;

allow it to settle, and pour off the clear

solution. Take a glazed earthenware

pan, and mix in it sufficient of 2 parts of

the above, with 1 of muriatic acid, and
fill up the outer cells. For the inner

cells, break up some ammonium chlo-

ride, and put 1| oz. into each cell, then
1 oz. muriatic acid into each, and fill up
immediately with water to the level of

the granuL-vted carbon. Cou]ile up with
stout wire, and a good light will be

the result, providing you select a lamp
giving low resistance. The battery
rcijuires replenishing about every 6 or

8 weeks
;
but this need not be if you

arrange to remove the zincs from the

porous cells when the light is not re-

quired. The light gets fainter after

3 hours' constant work, but regains

strengtli if a rest is given. A layer of

mercury at the bottom of the porous
cell assists in keeping the zinc amal-

gamated and in working order. About
5 cells 8 in. by 5 in. diameter will main-
tain a low-resistance Swan lamp of

5 candles' power for 40 hours, but the

light will not be full 5 candles. The
solutions for recharging do not cost

more than 3(7. to Gtl. in 8 or 9 months,
according to use. This battery can be

sealed if used for medical coils, a testing

cell, or firing fuses.

Fig. 3.5 shows a transverse section of

a cell, which better illustrates the rela-

tive positions of the parts : a, outer
cell

; b, porous cell
; c, zinc

; d, carbon

plate ; e, granulated carbon. The black

spots on the carbon-plate and zinc show
the position of binding screws with
wires attached. Couple up zinc of one

cell to carbon of next, throughout, with

Fig. Z5.

stout co))per wire. Place the i:imp op-
jiosite a looking-glass, to economize the

light. The dimensions of some parts
are : outer jars, 8 in. by 6

; porous
cells, 9 in. by 2h ;

carbon plates, 85 in.

by 'ij by f^; zinc tubes, 9 in. by If.
The battery may be used in a well-ven-

tilated bedroom, but the muriatic acid

might then be better replaced by sul-

phuric.
Grove's.—The elements of this battery

are platinum for the negative and zinc

for the positive. The battery requires
a containing vessel to hold the entire

arrangement, and an inner cell to hold

the platinum foil only. This inner cell,

like that in Daniell's battery, is of

porous eartlienware, which will permit
the passage of the galvanic current

through its sides, but will not allow the

exciting fluids to mingle. When the

zinc plate a is placed in the containing

jar, the porous cell is placed between
the upright portions of the zinc, and
the platinum foil b is then put into

the porous cell, as in Fig. 36. The zinc

plate is usually made of a. long strip
bent up in the form of the letter U, by
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Fir;. :;6.

which means the zinc is brought oi)pu-

site to each side of the platinum plate.

But it is advantageous, instead of bend-

ing a long strip of zinc, to employ
3 shorter pieces : 1 to be put at the

bottom of the containing jar, and

2 others resting on this to form the

vertical si<les. This is less exj)ensive
to make, and more
economical to use.

Binding - screws, at-

tached to the zinc

plate and the plati-

num, form the 2 elec-

trodes. The excitants

are strong nitric acid

in the porous cell

with the platinum,
and acidulated water
with the zinc. The
form illustrated is

most convenient on the score of porta-

bility, but the greatest power is obtained

by arranging the battery in cylindrical
vessels like a Bunsen. The ends and

bottoms of porous cells may be thickened

for strength. These batteries are ex-

pensive at first, owing to the high price
of platinum ;

but the latter does not

waste, and is best procured of reason-

able stoutness at the outset. The con-

nections may be soldered
;

but it is

better to have a copper intermediary

clamp-piece, and ceat it with a pro-
tective against the acid fumes, e.g.,

Brunswick varnish, or an alcoholic solu-

tion of sealing-wax. The Grove battery
costs about 3 times as much as a Bunsen
of equal power ;

but its low resistance

gives a stronger current for the same
size. The connections and conductors

must be of stout, soft copper ;
and the

jwrous cells should have a lip at one

corner. The duration of the battery
about equals that of the Bunsen, with a

smaller consumption of nitric acid.

Insiilite.—The British Insulite Co.

have brought out a sealed cell suitable

for domestic use, as shown in Fig. 37.

It is an oblong vessel on plan, with a

diaphragm of porous material securely
cemented to opposite corners, thus di-

viding the cell into 2 equal compart-
ments. In one is a carbon rod sur-

rounded by fragments of carbon about

pea size, and in the other, the familiar

zinc rod, with a special excitant, non-

corrosive and non-poisoncus. The lid is

perforated with 3 holes, into 2 of which
the electrodes fit water- and air-tight,

by the aid of collars formed of pieces of

rubber tubing ;
wliile the third is closed

by a stopper and

capsule, forming
a release-valve to

provide for the

slight variations

in the pressure of

the contained air.

When the capsule
is screwed home,
the cell may be

shaken about or

inverted without

injury or escape
of the liquid ;

and ^
one turn of the

capsule is suffi-

cient to leave the cell in a permanently

working condition. The lid, having
been fi.tted to the electrodes, is pressed
down on the diaphragm, and auto-

genously soldered in position, the zinc

rod lasting about 2 years with the

avei'age amount of usage of the bell,

and being readily replaced when worn
out. The connections are made by
uickel-plated caps, split and held by
pinching screws to the carbon and zinc

rods, and as the latter are tightly sur-

rounded by rubber, there is little risk

of defective connections from corrosion

or other etTects.

Leclanche.— This form of battery.

Fig. 38, is in very general use for elec-

tric bells, its great recommendation

being that, once charged, it retains its

power without attention for several

}'ears. 2 jars are employed in its con-

struction : the outer one is of glass,

contains a zinc rod, and is charged with
a solution of ammonium chloride (sal

ammoniac). The inner jar is of porous
earthenware, contains a carbon plate,
and is filled up with a mixture of man-

ganese peroxide and broken gas carbon.

When the carbon plate and the zinc rod

are connected, a steady current of elec-
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Fig. 38.

tricity is set up, the chemical reaction

which takes place being as follows:—
The zinc becomes oxidized by the oxygen
from the manganese peroxide, and is

subsequently con-

verted into zinc

chloride by the

action of the sal-

ammoniac. After

the battery has

been in continu-

ous use for some

hours, the man-

ganese becomes
exhausted of oxy-

gen, and the force

of the electrical

current is greatly
the battery be

a short time, the

a fresh supply of

ifdiminished
;

but
allowed to rest for

manganese obtains

oxygen from the atmosphere, and is

again fit for use. After about 18

months' work, the glass cell will pro-

bably require recharging with sal-

ammoniac, and the zinc rod may also

need renewing ;
but should the porous

cell get out of order, it is better to get
a new one entirely, than to attempt to

recharge it. (Dyer.)
Lime Chromate.— This is a double-

liquid battery devised by Fitzgerald
and MoUoy ;

it is said to be as constant

as the Bunsen, almost as effective, and
much cheaper. The chief point is to

secure a large negative surface, and, by
a soft porous cell, to reduce the internal

resistance. The best form is a carbon

cylinder surrounding a large porous
cell containing a zinc cylinder. The
carbon for the cylinder must be ground
to fine powder, mixed into a stiff dough
'vith water and sugar syrup, baked
until hard, plunged, while still hot, into

a strong solution of sugar or tar, heated

to whiteness, and cooled slowly. An-
other arrangement is as follows :

—In a

large soft porous cell is centrally placed
a thin carbon or Bunsen rod, with a

screw affixed. A quantity of broken

carbon, in lumps as large as hazel-nuts,
is packed around the rod. Jlelted pitch
is run over the top, and a conical hole

is left for the introduction of the liquid.

The outer cell contains a zinc cylinder
of only just sufficient diameter to admit
the porous cell freely, the object being
to have the zinc near the negative
element. To allow the outer liquid

greater freedom of action, the zinc

cylinder has a separation of about ^ in.

The elements are thus carbon and zinc.

The exciting solutions are :
—

(a) For

porous cell : 2 oz. lime chromate, 5 oz.

warm water, 5 oz. sulphuric acid.
('))

For the outer cell : 1 pint water, 3 oz.

sulphuric acid. Little or no fumes are

given oft". The electro-motive force is

slightly greater than that of the Bunsen
;

but the internal resistance is also

greater. The same cell is available for

use with another excitant, which works
with even greater force, and gives no
fumes for the first 2 hours :

—For the

porous cell : 2 oz. potash bichromate,
10 oz. nitric aciil, 2 oz. sulphuric acid.

The solution in the oviter cell is the
same as for the Bunsen. This works
with greater power than the Bunsen,
owing to the arrangement of the carbon

;

the internal resistance is less, but the
cost of working is rather greater.
After use, the porous cells should be

emptied of their contents, and kept in

water till again wanted. The same
solution may be used 2 or 3 times, and
on any appearance of a paucity of potash
salt, more should be added. The carbon
cell demands a strongly acid mixture.

The battery may be advantageously
used as a Bunsen, and gives a better

current than common forms at little

extra cost of construction. (Urquhart.)
Silver Chloride.—Skrivanow, of Paris,

covers a carbon plate on both sides with
silver chloride, a:id immerses it in a

solution of potassium or sodium hy-
drate, the hydrate being in the propor-
tion of 30 to 40 per cent, of the weight
of the water. A zinc plate is immerseil

in the same solution close to the carbon,
which may, however, be wrapped in as-

bestos cloth or placed in a porous cell.

The battery may be revivified by ])lung-

ing tho- carbon plate in a bath composed
of nitric and hydrochloric acids, or

sodium chloride dissolved in water, the

object being to chloridize the metallic
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silver. The hydrates may be dissolved

in glycerine if the battery is exposed to

frost.

Amongst portable batteries may be
noted one by Mackenzie, which is a

modification of the silver chloride ar-

rangement. A short piece of copper
tube has one end stopped by a cap of

the same metal, and, the interior being
plated with silver, is subsequently
covered with a layer of fused silver

chloride
;
the other end of the tube is

closed with a cap of some insulating
material, through which passes a zinc

screw, holding in the interior of the

tube a zinc cylinder or tube, extending
nearly to the bottom of the cell thus
formed. The exciting liquid is sodium
chloride (common salt) or sulphate, or

zinc chloride. The wires are attached

respectively to the zinc screw and to

the exterior of tlie copper tube.

Smee's.—This form of battery is very
extensively used, and consists of a plati-
nized silver plate for the negative
element, with zinc plates for the positive,
as in Fig. 39. The platinized silver

plate is usually at-

tached to a wooden ^'°- ^^'

bar, and the zinc

plates, placed one
on each side of it,

are kept in posi-
tion- by a metallic

cramp passing over

the top of the bar.

A binding screw,

passed through the

wooden bar and

attached to the

silver plate, forms
the anode, and a

similar binding screw, on the cramp
that holds the zincs to the bar, is the

cathode. An earthenware containing-
vessel is required ;

the battery is excited

by dilute sulphuric acid (7 volumes of

water to one of acid). This battery is

admirably adapted for electro-depositing
and general galvanic experiments ;

but

it is not suitable for producing electric

light, nor for intensity coils. It is easily

managed, tolerably constant, and re-

quires only one exciting fluid : there-

fore, porous cells are dispensed with.

(Dyer.)
Thenno-electric.—When the junction,

of 2 different metals is heated, an elec-

tric current is generated, the greatest
effect being obtained with antimony and
bismuth. Such generators are known
as thermo-electric piles. By multiplying
them, increased force is produced; 60
well-constructed couples give a current

equal to that from a 1-gal. Bunseu

battery, and less than oOOu of Faure's

couples, with an expenditure of 80 cub.

ft. of gas per hour for heating, are

equivalent to 50 Bunsen's. An improved
form has recently been introduced by
Sudre. One of its main feattires is the
maintenance of the necessary difference

of temperature between the two solder-

ings of each couple by placing the

couples between surfaces from which

they are electrically insulated. An
isolated thermo-electric couple is ordi-

narily composed of a metallic prism
casting, and a polar plate of iron, cop-
per, or German silver, soldered to each
of its extremities. The plates do not
interfere with the electric force obtained,
and it is the bar (such as that of anti-

mony and zinc) which produces the

effect. When using 2 metals whose
effects are combined, and which are

easily fusible, e.g. antimony and bismuth,
the couple is formed of 2 bars, joined

by a cross bar soldered to each. The
total resistance of a couple is composed
(1) of the resistance of the connecting
plate ; (2) of the resistance of the bar

;

(o) of a particular resistance at the

points of contact or soldering between
the plates and the bar. The plates
should be of a sutHciently conductive

metal, large and thick enough to pre-
sent but feeble resistance, and as short
as possible. The bar should have very
little resistance under a small volume.
Sudre takes as a datum the formula

R = k—
,
in which k is a siiecific co-

S

efficient for the metal employed, L the

length of the bar, and S its section. As
the resistance depends on the ratio

—
, the volume of the couple may be



92 Electrics—Batteries
;
Bells.

diminished by lessening the length ami

sectional area iu equal degrees, iu which

case the resistance will not be affected.

The length given to the bar depends

upon the difference of temperatures

employed. For differences between

10° and 120° C. (50° and 248° F.),

Sudre gives the couples a length of

^ in., whilst if the higher temperature
reaches 300° C. (572° F.), the length
varies from | to 1^ in. The resistance

at the points of contact or soldering is

of the highest importance. The junction
should be made so that the plate is in

contact with the whole section of the

bar. The plate should penetrate to a very
little depth within the bar, so as not to

diminish the electro-motive force of the

couple ;
for the effective difference of

temperature is that of the 2 solderings,
and this diminishes as the plates pene-
trate into the bar, and thus approach
one another.

Residues.—From a table compiled by
Kolb, one of the secretaries in the

Imperial Telegraph Department of

Germany, it seems that of the 12,350/.

spent during the year 1881-82 upon
the 127,166 galvanic cells in use, 2727/.,
or about 22 per cent., were recovered

by the sale of the battery residues, con-

sisting of copper, zinc, and lead salts.

It has been customary to sell these

products by auction twice a year. The
Government does not guarantee any
fixed percentage of metal in these salts,

but the amount varies very slightly.
The normal cell of the German tele-

graph offices is a modified Daniell of a

simple and cheap kind. The zinc

electrode is formed of a ring, hanging
down from the edge of a glass vessel to

half its depth. On the bottom lies a

rectangular plate of lead, to which a

vertical stout iron wire, encased in

sheet lead, is soldered, making the

other electrode. The glass is filled

with zinc sulphate solution, and a few

crystals of copper sulphate are from
time to time dropped into the liquid.
Of these materials the zinc ring is, of

course, most subject to deterioration.

Thus the above-mentioned 127,166 cells

require nearly 80,000 new zinc rings,

against 730 lead sheets and 910 lead

plates. The copper sulphate forms the

largest item in the annual expenditure,

amounting to 8000/. During the 4

years which the table comprises, from
1878 to 1882, the number of cells had
increased by nearly 20,000. (/wi-

gineeriyig.')

Bells.—An ordinary electric hell is

merely a vibrating .
contact - breaker

carrying a small hammer on its spring,
which hammer strikes a bell placed
within its reach as long as the vibration

of the sjn'ing continues. The necessary

apparatus comprises a battery to supply
the force, wires to conduct it, circuit-

closers to apply it, and bells to give it

expression.
The Leclanch^ battery (see p. 89) is

the best for all electric bell systems.
On short circuits, 2 cells may sutlice,

increasing up to 4 or 6 as required. It

is false economy to use a battery too

weak to do its work properly. The

battery should be placed where it will

not be subject to changes of tempera-
ture, e.g., in an underground cellar.

The circuit wire used in England for

indoor situations is
" No, 20 "

copper
wire, covered with guttapercha and
cotton. In America,

" No. 18, first-

class, braidel, cotton-covered, office

wire" is recommended, though smaller

and cheaper kinds are often used. The
wire should be laid with great regard
to keeping it from damp, and ensuring
its perfect insulation. Out of doors,
for carrying long distances overhead,

ordinary galvanized iron wire is well

adapted, the gauge running from " No.

4 "
to " No. 14," according to condi-

tions. Proper insulators on poles must
be provided, avoiding all contact with

foreign bodies
;

or a rubber-covered

wire encased in lead may be run under-

ground.
The circuit-closer, or means of in-

stantaneously completing and inter-

rupting the circuit, is generally a simple

press-button. This consists of a little

cylindrical box, provided in the centre

with an ivory button, which is either

(1) attached to a brass spring that is

brought into contact with a brass plate
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at the back of the box on pressing tlie

button, or (2) is capable of pressing

together 2 springs in the box. A wire

from the battery is attached to tlic

spring of the press-button, and another

from tlie bell is secured to the brass

})late. Platinum points should be pro-
vided on the spring and plate when the

contact takes place. While the button

is at rest, or out, the electric circuit is

broken
;

but on being pressed in, it

completes the circuit, and the bell

rings.
The relative arrangement and con-

nection of the several parts is shown
in Fig. 40 : a, Leclauchii cell

; 6, wire
;

Fig. •jo.

c, press-button ; d, bell. When the

distance traversed is great, say ^ mile,
the return wire e may be dispensed

with, and replaced by what is known as

the "earth circuit," established by
attaching the terminals at / and g to

copper plates sunk in the ground.
The bells used are generally vibrating

ones, and those intended for internal

house use need not have a higher resist-

ance than 2 or 3 ohms. At other times,

single-stroke and continuous-riuger bells

have to be provided, the latter being

arranged to continue ringing until

specially stopped. The bell may or

may not be fitted with an annunciator

system ;
the latter is almost a necessity

when many bells have to ring to the

same place, as then 1 bell only is re-

quisite. A single-stroke bell is simply
a gong fixed to a board or frame, an

electro-magnet, and an armature with a

hammer at the end, arranged to strike

the gong when the armature is at-

tracted by the magnet. A vibrating
bell has its armature fixed to a spring
which presses against a contact-screw

;

the wire forming the circuit, entering
at one binding-sci"ew, goes to the mag-

net, which in turn is connected with
the armature

;
thence the circuit con-

tiniies through the contact-screw to

the other binding-screw, and out. When
set in motion by electricity, the magnet
attracts the armature, and the hammer
strikes the bell

;
but in its forward

motion, the spring leaves the contact-

screw, and thus the circuit is broken
;

the hammer then falls back, closing the

circuit again, and so the action is con-

tinued ad libitum, and a rapid vibratoiy
motion is produced, wliich makes a

ringing by the action of the successive

blows of the hammer on the gong.
The following useful hints on electric

bell systems are condensed from Lock-
wood's handy little volume on tele-

phones.
With regard to the battery, he ad-

vises to keep the sal-ammoniac solution

strong, yet not to put so much in that

it cannot dissolve. Be extremely care-

ful to have all battery connections clean,

bright, and mechanically tight, and to

have no leak or short circuit. The
batteries should last a year without
further attention, and the glass jars
never ought to be filled more than

f full.

(-0 1 Bell and 1 Press-hutton.—lhe

simplest system is 1 bell operated by
1 press-button. The arrangement of

this is the same whether the line be

long or short. Set up the bell in the

required place, with the gong down or

up as may be chosen
;

fix press-button
where wanted, taking all advantages
oflered by the plan of the house

; e.g.

a wall behind which is a closet is an
excellent place to attach electrical fix-

tures, because then it is easy to run all

the wires in the closets, and out of

sight. Set up the battery in a conve-

nient j>lace, and, if possible, in an air-

tight box. Calculate how much wire

will be requisite, and measure it off,

giving a liberal supply ; joints in inside

work are very objectionable, and only
admissible where absolutely necessary.
Cut off insulation from ends of wire

where contact is to be made to a screw.

Only 3 wires are necessary, i.e. (1) from

1 spring of the press-button to 1 pole of



94 Electrics—Bells.

the battery, say the carbou, (2) from
the other spring of the button to 1

binding-screw of the bell, (3) from the

other pole of the battery to the other

binding-screw of the bell. In stripping

wires, leave no ragged threads hanging ;

they get caught in the binding-screw,
and interfere with the connection of the

parts. After stripping the wire suffi-

ciently, make the ends not only clean

but bright. Never run 2 wires luider

1 staple. A button-switch should be

placed in the battery-circuit, and close

to the battery, so that, to avoid leakage
and accidental short circuiting when
the bells are not used for some time, it

may be opened.

(Jj)
1 Bell and 2 Press-buttons.— The

next system is an arrangement of 2

press-buttons in different places to ring
the same bell. Having fixed the bell

and battery, and decided upon the posi-
tions of the 2 buttons, run the wires as

follows :
—1 long covered wire is run

from 1 pole of the battery to 1 of the

springs of the most distant press-button,
and where this long wire approaches
nearest to the other press-button it is

stripped for about 1 in. and scraped
clean

;
another wire, also stripped at its

end, is wound carefully around the

bared place, and the joint is covered

with kerite tape ;
the other end of the

piece of wire thus branched on is carried

^ver and fastened to the spring of the
second press-button. This constitutes a

battery wire bi-anching to 1 sj)ring of

each press-button. Then run a second
wire from 1 of the bell binding-screws
to the other spring of the most distant

press-button, branching it in the same
manner as the battery-wire to the other

spring of the second button
;

connect

the other pole of the battery to the

second binding-screw of the bell, and
the arrangement is complete

— a con-

tinuous battery-circuit through the bell

when either of the buttons is pressed.
Before covering the joints with tape,
it is well to solder them, using rosin as

a flux.

(c) 2 Bells and 1 Press-button.—
When it i» required to have 2 bells in

different places, to ring from 1 press-

button at the same time, after erecting
the bells, button, and battery, run a

wire from the carbon pole of the battery
and branch it in the manner described

to 1 binding-screw of each bell
;
run a

second wire from the zinc pole of the

battery to 1 spring of the button, and
a third wire I'rom the other spring,

branching it to the remaining binding-
screw of both bells. It will not answer
to connect 2 or more vibrating bells in

circuit one after another, as the 2

circuit-breakers will not work in uni-

son
; they must always be branched,

i.e. a portion of the main wire must be

stripped, and another piece spliced to it,

so as to make 2 ends.

(d) There are other methods, one of

which is, if more than 1 bell is designed
to ring steadily when the button is

pressed, to let only 1 of the series be

a vibrating bell, and the others single-
strokes

; these, if properly set up and ad-

justed, will continuously ring, because

they are controlled by the rapid make
and break of the 1 vibrator.

(e) Annunciator system.
—To connect

an indicating annimciator of any number
of drops with a common bell, to be

operated by press-buttons in different

parts of a house, is a handy arrange-

ment, as one drop may be operated from
the front door, another from the drawing-

room, a third from the dining-room, and
so on. The annunciator is fastened up
with the bell near it. All the electro-

magnets in the annunciator are con-

nected by 1 wire with 1 binding-screw
of the bell, and the other binding-screw
of the bell is connected with the zinc of

the battery. It is a good plan to run
a wire through the building from top to

bottom, at one end connecting it with the

carbon pole of the battery. It ought
to be covered with a different coloured

cotton from any other, so as to be readily
identified as the wire from the carbon.

Supposing there are 6 press-buttons, 1

in each room, run a wire from 1 of the

springs of each of the press-buttons to

the main wire from the carbon pole,
and at the point of meeting strip the

covering from both the main wire and

the ends of the branch wires from the
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jiress-buttoDs, and fasten each branch
wire to the main wire, virtually bringing
the carbon pole of the battery into

every press-button. Next, lead a second
wire from the other sjjring of each

press-button to the annunciator screw-

post belonging to the special drop de-

sired. This will complete the circuit

when any of the press-buttons is pushed;
for, as each annunciator magnet is con-

nected on 1 side to its own press-button,
and on the other side to the common bell,
it follows that when any button is

pressed, the line of the current is from the

carbon pole of the battery, through the

points of the press-button, back to the

annunciator, thence through the bell to

the zinc pole of the battery ;
and that,

therefore, the right annunciator must

drop and the bell must ring. In hand-
some houses, run the wires under the

floor as much as possible, and adopt
such colours for wire covering as mav
be harmonious with the paper and paint-

ings. Also test each wire separately, as

soon as the connection is made.

(/) Double system.
—A system of bells

in which the signalling is done both

ways, that is, in addition to the annun-
ciator ani.l bell located at one point, to

be signalled by pressing the button in

each room, a bell is likewise placed in

each room, or in a certain room, whereon
a return signal may be received—trans-

mitted from a press-button near the

annunciator. This is a double system,
and involves additional wires. One
b ittery may furnish all the current.

Run the main carbon through the house,
as before, in such a manner as to admit
of branch wires being easily attached to

it. Run a branch wire from it to the

spring of one of the press-buttons, a

second wire from the other spring of

the same button to the screw-post of the
bell in room No. 2, and from the other

screw-post of the said bell to the zinc

pole of the battery. This completes
one circuit. The other is then arranged
as follows :

—The main carbon, besides

being led, as already described, to the

spring of the press-button in room
Ko. 1, is continued to one of the binding-
screws of the bell in the same room ;

the other terminal of that bell is carried

to one spring of the press-button in

room No. 2
;
the complementary spring

of that press-button is then connected

by a special and separate wire with the
zinc of the battery, and the second
circuit is then also completed.
An alternative method is to run

branches from the main carbon w-ire to

all the ])rcss-buttons, and from the main
ziuc wire to all the bells, connecting by
separate wires the remaining bell termi-
nals with the remaining press-button

springs. In the latter plan, more wires
are necessary. Although the connec-
tions of but one bell either way have
been described, every addition must be
carried out on the same principle.
When 2 points at some distance from

one another, e.g. the house and a stable

100 yd. distant, are to be connected, it

is easy to run 1 wire, and use an earth
return. If gas or water pipes are in

use at both points, no difficulty will be
found in accomplishing this. A strap
key will in this case be found advan-

tageous as a substitute for a press-
button. The connecting wire at each
end is fostened to the stem of the key ;

the back contact or bridge of the kev,
against which when at rest the key
presses, is connected at each end with
1 terminal of the bell, the other termi-
nal of each bell being connected by wire
with the ground. A sufficient amount
of battery is placed at each point, and I

pole of each battery is connected with
the earth, the other pole being attached
to the front contact of the strap key.
If impossible to get a ground, the
second terminal of both bell and battery
at each end must be connected by a

return wire.

((j) Bell and Telephone.
—It is a very

easy matter to add telephones to bell

signaling appliances, when constructed
as here described. The only additions

necessary are a branch or return circuit

for the telephones, and a switch operated
by hand, whereby the main wire is

switched from the bell return wire to
the telephone return wire. A very
simple plan for a bell-call and telephone
line fi-om one room to another, can be
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made as follows : Apparatus required
—

2 bells, 2 telephones, 2 3-point switches,
2 strap-keys with back and front con-

tacts, and 1 battery. Run 1 wire from
the stem of the key in room No. 1 to

the stem of the key in room No. 2. This

is the main wire. Fix the bell and

3-point switch below it in each room.

Connect the back contact of each key
by wire to the lever of the 3-point

switch, attach 1 of the points of the

switch to 1 of the bell terminals, and
the other bell terminal to a return wire.

The return wire will now connect the

second bell terminal in one room with
the second bell in the other room. The
other point of the switch in each room
is now connected by a wire with 1 bind-

ing-screw of a telephone, and the other

telephone screw is attached by another

wire to the bell return. Connecting 1

pole of the battery also to the return

wire, and the other pole to each of the

front contacts of the keys, the system
is complete. When at rest, each switch

is turned on to the bell. To ring the

bell in the other room, the key is

pressed. The battery circuit is then

from battery, front contact of the

pressed key, stem of kej', main wire,
stem of distant ke_v, switch, bell, and

through return wire to the other pole
of the battery. After bell signals are

interchanged, the 3-point switches are

ti'ansferred to the telephone point, and
conversation can be maintained. (Lock-
wood.)

Making an Electric Bell.—The follow-

ing description applies to 3 sizes—viz.

for a 2-in. bell, hereafter called No. 1
;

2f-in., or No. 2
; 4-in., or No. 3, which

sizes are sufficient for most amateurs'

purposes, and, if properly made, a No. 3

Leclanche cell will ring the largest 2

through over 100 yd. No. 24- (B. W. G.)
wire.

The Backboard and Cover.—This may
be of any hard wood, by preference

teak, oak, or mahogany, and if polished,
so much the better

;
the size required

will be—
No. 1, 5i in. long, 3J in. wide, i in. thick.

No. 2, 7 in. „ 35 in. „ i in. „
No. 3, %i in. „ 5 in. „ i in. „

The cover must be deep enough to cover
all the work, and reach to within about

I in. of the top and sides of back, and
allow

^'in.
to j in. between the edge of.

bell and cover; the making of this had
better be deferred until the bell is nearly

complete.
The Electro-Magnet.

—This should be

of good round iron, and bent into a

horse-shoe shape (Fig. 41). The part a b

must be quite straight, and not damaged
by the forging; the bend should be as

flat as possible, so as to make the magnet
as may be (to save space).

Fig. 41.

short

o^^ce --.a

When made, the magnet is put into a

clear fire, and when red hot, taken out

and laid in the ashes to slowly cool
;

care must be taken not to burn it.

Lastly, 2 small holes are drilled in the

centre of the ends at c, about
j'g

in.

deep ;
drive a piece of brass wii'e tightly

into the holes, and allow the wire to

project sufficiently to allow a piece of

thin paper between tlie iron and the

table when the iron is standing upon
it

;
this is to prevent the armature

adhering to the magnet from residuary

magnetism, which always e.xists more
or less. The measurements are—
No. 1 size iron i i"., d t > e | in., a ioJi\\ in.

Xo. 2 ,, tj i"-> •> 4 in., „ liin.
No. 3 „ iV ill., ,. Jill-. .. liiii-

The Bobbins or Coils.—These are made

by bending thin sheet cojiper round the

part a h of the magnet ;
the edges at

a (Fig. 42) must not quite meet. The
thickness of this cojiper must be such

that 4 pieces just equal in thickness the

edge of a new threepenny-jiioce (this is

rather an original gauge, but then all
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can get at the thickness this way). The
hole in the brass end b must be just

large enough to push on firmly over

the copper when on the iron
; they must

then be set true, and soldered on. The
brass for the ends may be about as thick
as a si.xpence ;

a
j'g-in.

hole must be

drilled at c, close to the copper. The
other measurements are as follows :

—
No. 1, diameter ?

in., length over all li In.

No. 2, „ i in., „ li in.

No. 3, „ 1 in., „ 1| in.

The brass ends should be neatly turned

true, and lacquered.
To fill the Bobbins with Wire.—For

this purpose. No. 28 wire should be

used, which is better if varnished or

paraffined. The bobbins should be

neatly covered with paper over the

copper tube and inside of ends, to

prevent any possibility of the wire

touching the bobbin itself; the bobbin
is best filled by chucking it on a mandrel
in the lathe, or a primitive winding
apparatus may be made by boring a

hole through the sides of a small box,
fit a wire crank and wooden a.xle to this,
and push the bobbin on tlie projecting
end—thus (Fig. 43) : a, crank

; h, bo.x
;

Fig. 43.

C, bobbin; d, a.xle. The box may be

loaded to keep it steady ;
on any account

do not attempt to wind the wire on by
hand—the bobbin must revolve. Leave

about 1| in. of wire projecting outside

the hole d, in end of bobbin, and wind the

wire on carefully and quite evenly, the

number of layers being respectively 6, 8,

and 10
;
the last layer must finish at the

same end as the first began, and is best

fastened off by a silk or thread binding,

leaving about a 3-in. piece projecting.
Both bobbins must be wound in the

same direction, turning the crank from

you, and commencing at the end nearest

the bo.x. The bobbins must now be

firmly pushed on the part a 6 of the

magnet, and the two pieces of vi'ire pro-

jecting tiirough the holes c soldered

together.
To put the Bell together.

— First screw
on the bell. This should be supported
underneath by a piece of ^-in. iron

tube, long enough to keep the edge of

the bell ^ to | in. above the backboard.

Cut off the hammer-rod, so that when
the head is on it will come nearly as

low as the bell screw, and in a line with
it. Make a hole in the backboard, and
drive the armature post in tightly

—it

must be driven in so far that when
the magnet is laid upon the backboard,
the centre of the magnet iron and the

armature are the same height. Place

the magnet so that when the armature
is pressed against it, the hammer-head
all but touches the bell; screw it into

its place by a wooden bridge across the

screw passing between the bobbins. By
afterwards easing this screw, any little

adjustment can be made. The armature

spring should tend to throw the hammer-
head about

I
in. from the bell. The

contact-post should be so placed that

when the armature touches the magnet,
there is a slight space between the

[ilatinum point on the screw and the

platinum on the spring. In putting in

the posts, a piece of copper wire must
be driven in with them to attach the

wire to. One post can be moved round
a little either way to alter the tension

of the spring; the screw in the other

post can be turned in or out, to just
allow tlie proper break to take place. By
screwing it in and out, the ear will soon

judge where the bell rings best. (Volk.)

Examples.—It will doubtless be of

considerable assistance to many ama-
teurs to have a few examples illustrated

anil explained.

(1) Trembling Bell.—Make an electro-

u
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Fig. 44.

magnet, either out of |-in. iron beut

round, or a piece of iron bent at a right

angle, into which 2 cores can be screwed

as at a. Fig. 44. On each of these cores

wind 2 oz. 26 silk-

covered wire
; yon

may wind directly
on to the iron, or

make a bobbin
;
if

you wind on to

the iron, first

cover each core

with paraffin pa-

per. The arma-
ture b is mounted
on a spring con-

taining the ham-
mer at the other

end. The spring
is continued apart
from the arma-

ture to a platinum-poiuted screw c
;

this enables you to adjust the arma-
ture to a very great nicety. Lines

show the connection of wires from

binding-screws to electro- magnet. Of

course, these wires go underneath the

board. The bell d is suspended on a

brass or iron post, with a thumb-nut
on the top, screwing down on to the

bell
;
2 good Leclanche cells would work

this bell well.

(2) A (Fig. 45) is the bell. Thi,-^

Fig. 45.

spring tipped with platinum, which

keeps the circuit closed so long as the

bell is not ringing. The wires are con-

nected to the push B, and battery C.

Thus, when the push B is pressed down,
the circuit is closed, the iron core in

electro-magnet is magnetized, and pulls
the iron armature on 6 close up, thus

causing the knob to strike the bell, and
at the same time breaking the circuit

by leaving the platinum tip on c. The

push B consists of a thin brass spring d
and a binding-screw e, with a brass

plate connected to it going immediately
under the wooden knob/. The cell C is

a Leclanche, with the carbon rod g in

porous jar, well packed with an equal

quantity of coke and lamp-black, oxide

of manganese, and the zinc cylinder /;.

The lines show how the wires are to be

connected up.

(3) Connecting Bells and Telephones

by one Wire.—Use a relay, as shown in

Fig. 46 at a. The switch 6 has 3 knobs,

S^Tttsry

Fig. 46.

consists of an clcctro-magnet a, with a

vibrating armature b ; c is a brass

Nos. 1, 2, 3 The handles of both

switches must be turned on No. 1 wlien

not in use, awaiting calls, both on No.

2 for telephonic messages, and either on

No. 3 for ringing bell to call attention

at the other end. It would be better to

have the bell single stroke (the connec-

tions make the dittierence), and the rel.iy
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will make it continuous. Jlake the

relay of small size, and to fit in at the

back of the switch. The action of the

relay is thus :
—When handle is turneil

on No. 3 right-hand switch, a current

of electricity is sent through wire to

the other end, through No. 1 knob to

electro-magnet in relay, which draws

down the spring until it touches the

other wire, which sends a current

through the battery, and strikes the

bell. The other connections will ex-

plain themselves.

(4) Single-stroke Bell.—Fig. 4"

Fig. 4

ex-

plains its construction. Instead of

having a contact-breaker fixed at a, the

circuit only goes through the magnet,
thus only ringing when the button is

pressed, b and c are connected with

the battery.

(5) It is possible to ring 2 bells witli

only 1 wire by having 2 series of cells :

but this involves much more expense
and trouble than laying a double wire

and one series of cells. You can work

with 1 wire if you allow both bells to

ring at the same time, and have a bat-

tery at each end, or you can so arrange
the batteries and bells as to throw bat-

tery of one end in circuit with the bell

of the other end, and so on, as in Fig.

48, where a represents the gas-pipe ; b,

line wire joined up with bells in cir-

cuit
;
cand t/,

2 wires going through cells

and on to pushes in connection with line

wire. Thus, when either of the pushes
is closed down, the battery and distant

boll are in circuit, and vice versa.

Fig . 48.

J^
J

5 ^
(G) The subjoined arrangement (Fig.

49) is a simple way of effecting the

same object as the preceding. Let a b

be bells at shop and house respectively ;

connect the line wire c with a binding-
screw of each bell, as shown. Have a

battery at shop and another at house, d
and e

;
connect line-wire also with one

pole of each battery ;
connect the re-

maining binding-screw of each bell with

Fig. 49.

JL

a metallic jihite ;
connect the remaining

poles of batteries, each with a metallic

plate. Instead of the ordinary
"
push,"

arrange metallic springs at shop and

house, permanently connected with gas-

pipe /, and so placed that when at rest

tliey are in contact with the plates.

(7) Fig. 50 shows another solution of

the same difficulty. The battery a is

placed in the house. At b and c are 2

small levers, which can be moved so as

to put the line wire d, and the short

wire c, which constitute the poles of the

battery, in connection with the earth in

2 sets of ways. The figure shows the

connection in case it is wished to ring
H 2
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the house bell from the shop. Before

leaving the house, bring the lever 6 in

connection with the wire which traverses

the electro-magnet of the house bell
;

thus e is brought into connection with
the earth at /. Whenever, then, in the

shop, you press down the lever c, you
complete the circuit, and the house hAl

rings. Before leaving the shop, raise

the lever c so as to bring the shop bell

into the circuit, and when returning to

the house you can complete the circuit,
and cause the shop bell to ring every
time you press down the lever 6.

(8) Continuous-ringing Bell. ^This is

more complicated than the single-stroke,
as will be seen by Fig. 51. A small

F.(l 51.

piece of brass or iron is fixed in a suit-

able way (riveting is best) on to the

armature of the bell iipon which rests

edgeways a piece of flat brass a, shaped
as in the diagram ;

it is supported by a

piece of brass tube, through which a

screw h passes, securing it to the board
•—not too tightly, however, so as not to

allow of its swinging easily ;
a piece of

brass rod or stout wire c is driven into

the base-board in such a way that when
a is drawn cown by the sprina; c, a good
contact is farmed between a and c. A

wire is taken from c to one bindiug-
screvv of the bell, and a wire is taken
from the brass tube which supports a to

another separate binding-screw d. The
dotted lines represent wires as well as

the other lines
;
the dotted lines also

represent the direction of the current

for the continuous action, using the same
wire to the zinc element. The current

passes from the zinc to the contact-

screw, through the coils to c, across a,

down 6, and out through the binding-
screw d to the carbon element. The
bell is stopped by pulling a cord at-

tached to a, which breaks the contact,
and which, if pulled hard enough, forces

the armature towards the magnet by
rubbing against the piece in the arma-
ture (which must be made in the shape
of the diagram). When it gets above
the piece in the armature, the armature

springs back, and a rests on the piece of

brass again, ready for another time.

(9) Jlethod of producing continuous

ringing from an ordinary Electric Bell.—The method works well, is inexpen-
sive, and any one with ordinary intelli-

gence could make and fix one for him-
self. Of course, the bell must have a

contact breaker. In Fig. 52, a is the

bell
; 6, hammer, in the centre of which

is screwed or soldered a piece of metal

projecting outwards J in. The head of

hammer is flat, circular, with a hole in

centre
; c, piece of brass hung loosely on

the screw, to which wire is attached,

leading to bell as shown
; d, screw and

wire attached, leading to battery. On
the bell being rung, the oblong piece of

brass c is liberated, falling on to d,

making a new circuit, producing con-

tinuous ringing until c is lifted up.

(J. W. Fisher.)

(10) Connecting Telephones and Bells.—In Fig. 53, d is a piece of brass shaped
like the shafts of a cart (only tlie tele-

phone takes the place of the horse),
secured to the base-board by a short

piece of steel spring. The telephone, by
its weight, brings 6 into contact with r,

thereby breaking communication with

the speaking instrument, and bringing
the boll c iuto readiness for receiving a

signal. Directly the telephone is re-
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Fig. 52.

To rSfSxr-rv

(11) Another i)l;in.
—Make connec-

tions like Fig. 5-i at both ends : a,

switch
; h, telephone ; c, bell

; (/,
bat-

earth (water or gas-pipe will

1'r;. 53.

moved, (/ springs np, making contact at

6 a, so bringing the telephone into con-

nection with the line wire /. As shown
in the sketch, the bell is ready to re-

ceive a signal from the distant station,
but by pressing down the spring g
(similar to the key used for the Morse

telegraph), you cut off connection at A,

and bring your own battery into action,

thereby ringing the bells. The board

should be suspended against a wall.

do); _/',
line-wire. The switch is made

of a piece of wood with 3 studs at bot-

tom, connected with the wires as shown.
A strip of brass is made to slide over
them so as to make contact, and com-
municate witli line wire. When not in

use, the handle must be in contact with
the centre stud at both ends, to call

attention at the other station. Put tlie

switch to No. 3 stud, which will ring
his bell for a few seconds, and put your
sv.-itch back to stud 2. The other sta-

tion now must just do the same to let

you know that he is there, and as soon
as the bell stops ringing, move the

switch to stud 1 to connect telephones.
The other station must move his switch
as soon as he has rung reply to your call.

You can now go on with your speaking,
and as soon as finished move switch to

stud 2 at both ends.

(12) Another plan.
—The push in Fig.

55 is of rather peculiar construction.

A spring a is connected, through a bind-

ing-screw 6, with the line-wire c, and is

fixed so that the free end plays between
two contact-pieces d and c, the former
of which is connected with the tele-

phone /, the latter with one pole of the
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Leclanche cell g. The other pole of the

battery is connected to the return wire,

or, in the case of there being no return

wire, to earth. The normal position of

Fig. 55.

spring is as sliown in section, pressing

against d. The telephone / is thus in

circuit. By pressing the stud, the

spring is brought into contact with c,

and the bell h at further station rings.

(13) Another plan.
—The following

method of connecting bells and tele-

j)hones with one wire has the advantage
that the telephones are thrown out of

the circuit while the bells are ringing,
and thus not subjected to the battery

Fig. C6.

current, wherefore perhajjs it is to be

preferred. In Fig. 56, a h are 2 switch

arrangements, having a movable ai-m

fixed to the top button, capable of slid-

ing over the lower 3, and making contact

with either, c and d are the batteries,
c and / the telephones, and g and h the

bells. In the diagram, the switches are

shown in the position in which they are

always left after using. Then, by
turning either of them on to the end

button, both bells ring, tlius letting the

ringers linow that the circuit is com-

jilete. The switch is then moved bacic

for the answer. When that has been

received, both switches are moved to

the middle button, which brings the

telephones into circuit, and conversation

may be carried on. It is necessary to

remember to move the switches back
after the conversation is finished. This

arrangement is used over 300 yd. of

uninsulated copper wire, which is carried

over the roofs of several houses and
across 3 streets without any insula-

tion wliatever, and the gas-pipe is used
for the return circuit. It employs 3
Leclanche cells of 1 pint capacity ;

2
were not powerful enough. Tliis has
been in use for several weeks, and the

weather does not seem to have had any
bad effect on bells or telephones. A
wrinkle connected with tlie telephone is,

that the strength of the magnet makes
more difference than some might sup-
pose. A pair which were working
miserably, when taken to pieces, and
the magnets re-magnetized, work splen-

didly. Iron cores don't make any per-

ceptible difference for ordinary pur-
poses, and

§ oz. of wire works perhaps
rather better than \ oz., but there is

very little diff'erence.

(14) In Brailsford's arrangement, Fig.

j7, 1 magnet suffices to ring the bell and
to indicate the place from wliich the

signal has been sent. The electro-magnet
is fi.xed to a block capable of sliding up
and down in a vertical tubular case.

When the block is at the top of the ca'se,

it is held up by a catch
;
the catch has

an arm extending from it, which carries

a soft iron armature just in front of the

poles of the magnet, in order that when
the armature is attracted it shall release

the catch and allow the block to drop
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Fig. 57.

to the bottom of tlie case. As the block

so descends, the poles of the magnet are

carried past a series of other soft iron

armatures, situated at distances apart
one below the other.

If a current is passed

through the coils of

the magnet when it

is opposite to any
of these armatures,
the armature is at-

tracted, and moves
a distance towards
the magnet, and in

doing so shifts a sig-
nal or indicator a

connected to it, and
so indicates which
armature has been

moved. When the

block reaches the

bottom of the case,

the poles of the mag-
net come opposite
anotlier armature, by means of which
the bell is to be rung, and an electric

current being then caused to pass

through the coils of the magnet, the bell

is rung, and (in the event of a con-

tinuous signal being desired) does not

cease to ring until the block is lifted up
again to the top of the case. In some

instances, the falling of the block might
be made to complete a circuit through
the magnet coils of a separate bell appa-

ratus, instead of the magnet on the block

being made to ring the bell.

From each room an insulated wire is

led to the part of a building in which
the apparatus is placed. In each room

is, as usual, a contact apparatus by
which such wire can be coupled to a

main wire from one pole of a battery.
The ends of all the wires are led into

the top of the casing of the apparatus.
When the block is at the top of the case,

a metallic contact mechanism carried by
the block is in contact with eacli of the

wires
;

the contact is also coupled to

one end of the coils of the electro-mag-
net

;
this end of the coils of the magnet

is also coupled to a metallic contact

spring, which, when the block falls,

comes in succession asrniust a series

of metallic contact plates b, fixed at

distances apart one below the other.

There are as many contact plates as wires

from the several rooms, and each plate
is coupled to one wire. The other end
of the coil of the magnet is coupled to

another contact spring carried by the

block, and this spring always rests

against a metallic rod which extends

from top to bottom of the case, and is

coupled to the other pole of the battery.
In this way, whenever one of the wires

leading from any room is, by the push-
ing in of a press-button or other con-

tact apparatus, coupled up with the

main wire from the battery, a current

will pass through the coils of the mag-
net

;
the magnet will attract the arma-

ture attached to the catch, and will

release the catch
;
the block will drop,

and when the contact spring it carries

passes over the contact plate, which is

in connection with a branch of the same
wire through which the current pre-

viously passed, the current again passes,
the armature, which is then opposite to

the poles of the magnet, is attracted,
and the signal in connection with that

armature is moved. The speed at which
the block is allowed to descend can be

controlled by suspending the block by a

cord passed over a pulley, and having a

counterbalance weight attached to it.

The electro-magnet might be arranged
to move in a circular course.

Alternately the armatures may be

made to travel in front of the fixed

electro-magnet, and operated by a hang-
ing weight. The successive comijletion
of the different circuits will be made as

specified, the relative movements of the

magnet to the indicative armature and
to the bell being the same. In the

figure, c is the electro-magnet, fixed to

a carrier or block d, which slides up and
down the tube c. The block and magnet
are suspended by the notched rod /, held

by the lever detent g, which is provided
with a soft iron armature, and is thus

attracted to the magnet when the circviit

is completed, releasing the magnet and

block, and allowing them to fall ;
h

represents any suitable galvanic battery,
with different room circuits and bell
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pushes i. 'When the magnet reaches the

bottom of the case, spring k is in contact

with the stud /,
the termination of a per-

manently closed circuit. The recovered

magnetism of the electro-magnet will

then operate, by the vibration in the

usual way of the spring armature m, an

ordinary electric bell, which will con-

tinue to give warning until the attendant

raises the electro-magnet to its former

position, thereby also tilting back any

displaced indicator label.

General Mints.—(1) The amounts
and sizes of silk-covered wire to be used

for making coils for electric bells are as

follows, the number of inches indi-

cating the diameters of the respective

gongs :
—For a 2-in. gong, 8 yd, of No.26

;

2i-in., 9 yd. No. 26
; 3-in., 10 yd. No.

26
; 3i-in., 10 yd. No. 26

; 4-in., 11 yd.
No. 2-4

; 5-in., 12 yd. No. 22
; 6-in., 13

yd. No. 20. (2) The bells after being
turned and polished receive an electro

deposit of nickel or silver, or they may
be warmed and lacquered with gold-

lacquer in the lathe
;
screws and other

brass fittings are done the same way.

(3) It is immaterial whether the bell

support be of iron or brass. (4) For

winding the bobbins quickly and neatly,
have a steel spindle, about j in. diametej',
fixed in 2 bearings on uprights on a

stand. Cut 2 pieces of stout brass tube

(j-in. common tube) each 1 in. long ;

turn each down taper to one end, and

put a set-screw in each
;
then slide

them over the J-in. spindle, so that their

thin ends are nearest together. Reels

with holes of many different sizes can

thus easily be fixed true and wound

very easily, either in the lathe, or by
hand by means of a small crank.

(5) A difficulty with the Leclanch^

battery is that the sal-ammoniac solu-

tion rises by capillarity, and attacks the

leaden taps, brass binding-screws, and
wires. The following suggestions re-

late to batteries :
—

(<<) Take your bat-

tery to pieces, well wash in hot water
to remove the chloride of lead, dry, and

give a good coating of Brunswick -black
;

after setting up, give another, so as to

thoroughly protect the leaden caps. (6)

Try a few drops of sweet-oil on the sur-

face of solution, to prevent verdigris on

binding-screws. Try a chloride of zinc

battery instead of a Leclanche. A 4-cell

bichromate form battery, with sal-am-

moniac solution, can be used for bells

with great success and no trouble, (c)

Avoid brass-work on Leclanche cells
;

prefer lead connections covered with

Brunswick-black or black Japan varnish,
which prevents salts from creeping up
and destroying the connections. Prefer

wires (blacked over) to lead outside bat-

tery-box, liaving the terminals for con-

necting the cells outside the box. A
Leclanche set of 6 cells will work for

nearly 3 years on a bell circuit by
simply refilling with water occasionally.

((?) Take out the carbons, well soak

the heads in melted paraffin for say 2 in.

down, then, by reheating carbons, drive

back the paraffin for siitficient space for

binding-screws to take on. If you have

time, you might electrotype the heads

and solder the binders to this. But in

any case, you will find the paraffin wax

prevent the creeping action of the ex-

citant, (c) When you put the zinc rod

into the solution (which should be only
half up- the outer jar), see that it is

well amalgamated, and do not let it

touch the porous cell. (/) To prevent
the salt and water creeping up, grease
the upper portions of the carbon, zinc,

and jars ;
to check evaporation, place

your cells in a wooden case, and screw

on the front so as to be air-tight.
When so fitted, if the insulation is good,
Leclanche batteries of the best make
will work well without any attention

for several years ;
one working house-

bells has been in daily use for 9J years,

during which time it has been filled up
with cold water 5 times, and been re-

charged once. Neatsfoot-oil is the best

kind of grease for this purpose. (7)
Get new carbons, made out of gas-
retort "

scurfing," as it is called, then

prepare the ends that are out of the

solution, thus :
—Thoroughly scrape the

top of the carbon, fit nicely on a piece
of sheet platinum like an inverted V,
fix the binding-screw on tightly, and
then coat the carbon and connection

(previously well warming both) with



Electrics—Carbons. 105

shellac varuish or Brunswick-black. As
to the zinc connection, do not use a

binding-screw at all near the cell, drill

the zinc, and insert a tinned iron wire,
or twist it round the rod and well solder

it, then warm, as you do the carbon,
and coat with the Brunswick-black. Do
all connections with binding-screws fixed

to a frame, say 10 or 12 in. away from
the cells, where the fumes cannot well

reach them. Do not wet the carbons
or zincs when putting the solution in—
i.e. that portion which is not intended

to be in—and do not fill the jars above

I
full.

Carbons.—The rods first used for

the electric light were of wood char-

coal, quenched in water or mercury ;

they burnt with brilliancy and regu-

larity, but too rapidly. Next, the carbon
which is deposited in gas-retorts was

employed ;
its chief faults are found to

be want of homogeneity and purity,

causing variations in brilliancy ;
lia-

bility to split ;
and hardness, entailing

considerable cost for cutting it into

"pencils "of the required size. With
the sudden impetus given to electric

lighting, much ingenuity has been de-

voted to the production of a more suit-

able carbon for this purpose. In some
instances this has been attempted by
purifying gas-retort carbon. The first

plan of this kind was as follows :
—The

retort carbon is fused with caustic

potash or soda, and the carbon rods are

digested in this bath at a red heat for

15 minutes. In this way, the silica

present is converted into a soluble

silicate
;
the rods are then washed in

boiling water, and are submitted for

several hours to the action of chlorine

at red heat, to change the earthy matters

into volatile chloriiles. These rods give
a regular light, but the purification is

costly and ineflicient. From a number
of experiments on retort carbons im-

pregnated with ditl'erent salts, it seems
that potash and soda double the length
of the voltaic arc, render it more silent,

combine with the silica, and eliminate it

from the carbons during the action of

the current
; they also augment the

lijht in the proportion of V'2o to 1,

Lime, magnesia, and strontia increase

the light as 1'40 is to 1
;
iron and anti-

mony, as I'GO or 1*70
;
boracic acid is

said to lengthen the durability of the

carbons by coating them with a vitreous

laver, but it does not increase the

light.
On the other hand, experiments have

been made with a view to manufactur-

ing a carbon from other sources. In one

instance, it was endeavoured to imitate

the process of formation of retort carbon

with pure materials. Tars resulting
from true distillation, therefore free

from all non-volatile impurities, were

decomposed in a tube of refractory earth

in a furnace, and yielded plates of carbon

which, when cut into "
pencils," gave a

light that was steadier, whiter, and 25

per cent, more powerful than that ob-

tained with ordinary carbons. The hard-

ness of the material, however, entailed

great cost for cutting, and caused much
waste. Another plan consisted in mix-

ing 2 parts of pulverized retort carbon,
2 of pulverized wood charcoal or coke,
and 1 of tar, rendering the mass a stiff

paste, and suljjecting it to great pres-
sure. The moulded jiieces were covered

with a coating of syrup of sugar, placed
beside each other in a vessel of retort

carbon, and submitted to great heat for

20 or 30 hours. At an early date, a

mixture of pulverized coke and sugar
was proposed. To powdered coke a

small quantity of syrup was added, and
the compound was pugged, moiilded, and

strongly pressed. Next it was heated

moderately, thrust into a concentrated

solution of sugar, and finally heated to

whiteness. Curmer's carbon consists of

lampblack, benzine, and oil of turpen-
tine, calcined together, and moulded into

cylinders of porous carbon, which is

soaked with resins or saccharine matters,
and again calcined. The objections to

this are the high price of lampblack,
and the difficulty of managing it. Pey-
ret's carbon is prepared by soaking

pieces of elder-tree pith, or other porous
materials, in liquefied sugar, and de-

composing the sugar by heat. By re-

peating this process, a dense carbon is

obtained; it is then submitted to a
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current of carbon bisulphide vapour.
In Archereau's carbon, the addition of

magnesia makes the light steadier and
increases its power. Carre adopts the

following mixture :
—15 parts coke pow-

der, 5 of calcined lampblack, and 7 to 8

of a syrup (composed of 30 parts cane-

sugar and 12 gum). The whole is

thoroughly triturated, and receives an

addition of 1 to 3 parts water to com-

l)ensate for that lost by evaporation.
The paste is pressed, and passed through
a draw-plate. The carbons are next

arranged in horizontal layers in a

crucible, the lowest tier lying on a bed
of coke-dust, and the upper ones sepa-
rated by paper to prevent adherence.

Between the top and the cover of the

crucible is placed a stratum of coal-

dust
;
and upon the joint of the cover

is spread siliceous sand. In this position,
the carbons are sti'ongly heated, and are

then placed for 2 or 3 hours in a con-

centrated boiling syrup of cane-sugar or

caramel, 2 or 3 intervals of cooling being
admitted in order that atmosjiheric

pressure may force the syrup into all

the pores of the carbons. These are then

allowed to drain by opening a tap in the

bottom of the vessel
;
after this, they

are well washed with boiling water, to

remove the sugar adhering to their sur-

face. When dry, they are subjected to

a second heating, and are passed through
a repetition of the process till the

requisite density is obtained. In many
respects they resemble retort carbons,
but are liarder, more tenacious, and
better conductors.

Upon the introduction of foreign sub-

stances into the carbon rods, a number
of experiments have been made. The
materials chosen have been lime phos-
phate, lime borate, lime silicate, calcium

chloride, magnesia phosphate, magnesia
borate, magnesia, alumina silicate, and

pure precipitated silica, with the follow-

ing observed results:—
Lime phosphate is completely decom-

posed, reduced calcium goes to the

negative carbon, and in contact with the

air it burns with a redilish flame. Lime
and phosphoric acid are abundantly
diffused in fumes. The light, as

measured by a photometer, is double

that produced by similar-sized rods of

retort carbon.

Lime borate and silicate, and calcium
chloride are all decomposed ;

the boracic

and silicic acids are volatilized, and

escape electric action. The light dues

not equal that from lime phosphate.

Magnesia salts are decomposed ;
the

m.agnesium burns with a white flame,
while the acids are vaporized. The light
is less than from lime salts.

Alumina silicate and alumina require
a very strong current to effect their

decomposition, and burn with a l^lue

flame of small illuminating power.
Silica melts and volatilizes without

undergoing decomposition.
Gaudoin has proposed 2 distinct

methods of preparing carbon for electric

rods. According to the first, he decom-

poses, by heat, organic matters capable
of yielding pure carbon after decom-

position, e.g. pitches, fats, &c. The

decomposition is effected in closed re-

torts, or in graphite crucibles, at bright
red heat. In the bottoms of the latter,
are provided a tube for the liberation

of volatile matters, and a second tube
for feeding purposes. The gaseous

products of decomposition are led into

a condensing chamber, for recovery
and utilization. The more or less

compact carbon remaining in the re-

tort is finely pulverized, and with it

are mixed certain proportions' of lamp-
black, and of the carbides of hydrogen
previously produced by the decompo-
sition process. These, being quite free

from iron, are much superior to com-
mercial hydrocarbons. The draw-plate
or moulding apparatus employed by
Gaudoin differs from that commonly
used in the following important par-
ticulars :

—The carbon is made to issue

horizontally, at a descending angle of

about 50°, guided by tubes, and sup-

ported so that the mould can be emptied
without interruption and the carbon

does not break under its own weight.
Gaudoiu's second plan is to take dried

wood, shaped in the form of the rod, and

to carbonize and soak it in carbonaceous

liquids. The wood is subjected to a
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slow distillation process, in order to

drive off the volatile matters
;

then

washed in acids or alkalies, to remove

impurities ;
and finally desiccated in a

reducing atmosphere at very high

temperature. The pores of the wood
are closed by submitting it to the action

of carbon chloride and various hydro-
carbons under heat. This process pro-
mises to afford carbons which will burn

at a slow rate, and give a steady light.

The advantage derived from closing
the pores of carbons has been further

attested by the success of the Sawyer
and Mann rods, which are prepared in

the following manner :
—The carbon rod

is immersed in olive-oil until it has

become thoroughly saturated
;
while in

this condition, it is included in a power-
ful electric current, the effect of which
is to carbonize the oil in the pores and

on the surface. Kods thus prepared are

extremely hard, of steel grey colour on

the surface, and give very constant

light.
Bad carbons are undoubtedly ren-

dered more uniform conductors by cover-

ing them with a coating of metal. A
great increase of light is also secured by
a slight coating of metallic bismuth, or

by saturating with a solution of bismuth
nitrate. It has been proposed to attain

the same end by incorporating powdered
copper or iron with the carbon; also by

inserting a wire core in the rod, and by
winding a thin strip of metal around it.

Jacquelain has pointed out that carbon

for the electric light should be purer
than that obtained by calcining wood

;

and, if not free from hydrogen, should

at any rate contain no mineral im-

purities. He gives 3 methods for ac-

complishing this result : (1) By the

action of a jet of dVy chlorine gas
directed on the carbon, raised to a light
red heat

; (2) by the action of potash
and caustic soda in fusion

;
and (3) by

the action of hydrofluoric acid on the

finished carbons. Jacquelain has pre-

pared carbons by all 3 methods, and has

summed up in a table the photometric
results of his experiments. He comes
to the conclusion that the luminous

power and regularity of the voltaic arc

increase in direct ratio to the density,

hardness, and purity of the carbons.

He remarks, incidentally, that the

natural graphitoid of Siberia possesses
the singular and unexpected property of

acquiring by purification a luminous

capacity double that which it has in the

natural state, and which exceeds by J

that of pure artificial carbons. In pass-

ing dry chlorine gas over pulverized
coal or coke heated to bright redness,
all the silica, alumina, and magnesia, as

well as alkalies and metallic oxides, are

converted into volatile chlorides and

expelled ;
even the hydrogen is driven

oft' as hydrochloric acid. The easiest

method of carrying out the process on a

large scale is to allow the dry chlorine

gas to act upon gas carbon—from the

retorts—cut into thin prisms, for 30

hours, and then raise the temperature
to a bright white heat. This makes
the carbon porous ;

in order to convert

into a dense, heavy carbon, which is a

good conductor and not easily com-

bustible, the vapours of heavy tar-oils

are passed slowly over the pieces of

glowing carbon, when a deposition of

carbon will take place within the pores
of the coke. If the carbon rods are

treated with fused sodic hydrate (caustic

soda), the silica and alumina will be

dissolved as soda silicate and aluminate,
and can be removed by washing with

hot water. Oxide of iron and other

constituents of the ash are removed with

hydrochloric acid followed by pure
water. The simplest process recom-

mended by Jacquelain, is to leave the

carbons for 2 or 3 days in dilute hydro-
fluoric acid, at ordinary temperature,
then wash well, and expose for a few

hours to a slow current of tar vapours
at a high temperature. (^Comptes Een-

dus.)
With direct currents, the positive

carbon burns away at double the rate

of the negative, owing to the much

higher temperature which it undergoes,

amounting to whiteness as compared with
dull redness. With alternating currents,
the carbons are consumed equallj-. This

consumption is also completely avoided

by producing the voltaic arc in vacuo.
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Carbons of | in. diameter burned with

a current of 75 amperes give a light

equal to 400 gas-burners, each using
500 cub. ft. per hour. The weight of

carbon burned is 0'79 oz. per hour, re-

quiring 2-11 oz. or 1-57 cub. ft. of

oxygen. A J-in. crater in the positive
carbon will necessitate a deduction of

15 per cent., giving 1'32 cub. ft. of

oxygen per hour employed in the for-

mation of carbonic acid.

Varley has devised an electric lamp
in which he uses fine filaments in a

rope-like bundle as the poles of the arc.

It is said that the space between the

two points is so heavily charged with
incandescent carbonaceous matter that

the resistance is considerably reduced,
and the ''

light
"

is of much greater

area, for the luminosity comes from the

arc itself and not so much from the

carbons, which no longer present the

cup and cone formation, although pos-

sibly the filaments individually preserve
the distinctive shape. An advantage
is that the carbons are fle.xible, can be

wound on a reel, and be payed out by
means of clockwork. The carbons are

made of pieces of rope soaked in paraffin
or ozokerit, and carbonized in a crucible

kept constantly filled with a hydro-
carbon atmosphere.

Coils, Induction.—An electrified

wire is capable of exciting a current in

another wire placed near it, but not in

contact, and such a current is termed
an induced current. Induced currents

generally have a very high electro-

motive force, and are capable of sparking
across far greater spaces than can be

accomplished by ordinary battery cur-

rents. An induction coil consists of a

cylindrical bobbin w'ith an iron core,

surrounded first by a primary coil of

stout wire, and then by a secondary coil

of very fine wire, carefully insulated

between the ditferent parts. The pri-

mary coil is joined to the terminals of

some Bunsen or Grove cells, and includes

an interrupter (contact-breaker) and a

commutator. The object of the former
is to repeatedly and rapidly make and

break the primary circuit. The primary

coil, destined to carry strong currents,

and produce a powerful magnetic field

at the centre, is made in few turns, so

as to lessen resistance and avoid self-

induction of the primary current. The
iron core, whose value depends upon its

great co-efficient of magnetic induction,
is best made of a bundle of fine wires to

avoid induction currents. The secondary
coil is made in many turns that the co-

efficient of mutual induction may be

large, its increased resistance being im-

material in the presence of such great
electro-motive force. With these general

explanations, the construction of induc-

tion coils may be entered upon, the in-

formation being mainly condensed from

Dyer's practical little book.

Primary Coil.—Prepare a paper tube,
about 4 in. long and f in. diameter, and
wind on it 2 or 3 layers of copper wire

covered with cotton, and of the size of

ordinary bell wire. A binding-screw is

attached to each end of the wire, as

shown in Fig. 58, by which means it

Fig. 53.

D

%)iiiiis^^
can be united to a battery. The paper
tube upon which the wire is wound is

filled up with a bundle of iron wire a.

Secondary Coil.—Prepare a second

paper tube of similar length to that in

the centre of tlie primary coil, but large

enough in diameter to slide oveu-it. Fit

2 discs of wood on the ends of this tube,
and then wind on5 or 6 layersof cotton-

j-j^ -g
covered copper wire

about the size of

stout packthread,
and attach binding-
screws to its begin-

ning and end (Fig.

59)! If the pri-

mary coil be at-

tached to a bat-

tery, and contact be

broken rapidly, distinct shocks may be

felt from the induction coil. Thus are

constructed the coils of electro-magnetic

5»-W«Djjy g^'^^^^y\
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Fig. 60.

machines for medical and experimental

purposes. But such are not intensity

coils, for their mode of construction

involves the loss of nearly all the elec-

trical current excited in the wires of

which they are composed.

Contact-breakers, or Interruptors.
—

Fig. 60 represents the apparatus devised

by Dr. Ritchie as a mode of obtaining

rotary motion by the

temporary magneti-
zation of an iron bar,
which is extensively

employed as a con-

tact-breaker. It con-

sists of a circular

wooden disc placed
between the poles
of a horse-shoe mag-
net, having a deep channel turned in

it so as to form a cup. This cup is

divided into 2 parts by a wooden bridge,
the ends of which come opposite to the

poles of tlie magnet. A brass pillar

rises up the centre of the bridge, sup-

porting on its top an iron bar wound
with insulated wire, the ends of which
come down into the cup, and are of

such a length, that when the iron bar is

rotated, tliey will just pass over the

bridge without touching it. This bar,
or electro-magnet, as it really is, has a

pointed ])in projecting from its under-

side, which tits into the brass pillar,

allowing the bar to rotate with very
little impediment from friction. Tlie

2 semi-cu])s are filled with mercury,
which will stand up above tlie top of

the bridge, the latter thus causing a sort

of trough between them.

The 2 wires from the electrodes of a

battery are put into the mercury, and

the rotating bar is moved round so that

it may stand across instead of in the

line of the bridge. As soon as this is

done, the wires from the iron bar will

touch the mercury, and the battery
current will circulate round the bar and

convert it into an electro-magnet. The
N. and S. poles of the horse-shoe magnet
will attract dissimilar poles, produced
in the iron bar by the action of the

battery current, and draw them round
until they are opposite the 2 poles of

the horse-shoe magnet. This operation
will also carry the wires out of the

mercury, communication with the bat-

tery will be interrupted, and conse-

quently the electro-magnet will lose all

its properties. But the impetus it

acquired by its partial rotation will

carry it a little beyond the line of the

bridge, and this will bring the points
of the wires again into the mercury,

though not in the same semi-cups as

before
;
the battery current therefore

flows through the wire on the iron bar

in the opposite direction, consequently
the polarity acquired by the bar is

opposite to that which it had before.

Tlie end of the electro-magnetized bar

tliat is now N. is thus near the N. pole
of the horse-shoe magnet, and these 2

mutually repel each other, and by this

force the rotating bar is driven to a

position at right angles to the bridge,
and where its N. can be attracted by
the S. of the horse-shoe magnet. By
this alternative magnetization and de-

magnetization, an attractive and repul-
sive action is obtained, by means of

which a rapid rotation is produced, and

a contact made and broken twice in each

revolution.

Though convenient for some purposes,
tills is not suitable for large batteries

or coils. Every time the wires leave the

mercury, a vivid spark occurs, and the

surface of the mercury soon becomes

covered with a coating of oxide. This

being a non-conductor, prevents the

battery current from flowing into the

wire, and so interrupts the action.

Fig. 61 shows the general form of the

vibrating contact-breaker. It consists

Fig. 61.

of a base-board having an outer brass

pillar, a central brass pillar, and an

electro-macrnet. The electro-magnet is
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fixed to the board with its poles upwiards,
and of the ends of the wire wound on

it, one is left open, so that the battery

ma)'' be connected with it, and the other

passes under the board to the base of the

central pillar. The outer pillar, at its

iijiper part, holds the end of a metallic

spring which passes through the ring
of the central pillar to the poles of the

electro-magnet. Here the end of the

sjning is armed with an iron plate or

clapper, which should stand, when the

spring is at rest, about
j'g

in. above the

poles of the electro-magnet. A screw

passes through the ring at the top of

the central pillar, and comes just into

contact with the spring. The spring at

this point and at the end of the screw is

of platinum. When one electrode of a

battery is attached to the ojieu end of

the wire of the electro-magnet and the

other to the outer brass pillar, the

circuit is complete. If the anode of the

battery be connected with the electro-

magnet, the current will enter there,
circulate round it, communicate magnetic
properties to it, pass under the board to

the central pillar, rise up here to the

ring, descend through the screw to the

spring, and thence by the outer pillar
to the cathode of the battery. The

electro-magnet will now attract the

iron claj)per at the end of the spring
down to itself, and by this means a

separation takes place between the end

of the screw and the spring, and the

battery circuit is interrupted. The
electro-magnet can no lonsfer hold the

clapper down
;
the spring thus liberated

rises to the position it formerly occu-

pied, and again comes into contact with
the end of the screw that passes through
the ring. As soon as this takes place,
the current again flows, and the electro-

magnet draws down the clapper. Thus
a rapid vibration is kept up, every
oscillation of the spring being associated

with making and breaking contact with
the battery. Wlien applied to intensity

coils, it is usual to employ the iron

Dundle forming the core of the coil as

the electro-magnet, and to place the

vibrating spring vertical instead of

horizontal.

Foucault's contact-breaker consists of

a Ijrass arm, which dips a platinum wire

into a cup of mercury, whence it draws
the point out, so breaking circuit, in

consequence of its other end being
attracted towards the core of the coil

whenever it is magnetized ;
the arm is

drawn back by a spring when, on the

breaking of the circuit, the core ceases

to be a magnet.
A common contact-breaker on small

coils is constructed of a piece of thin

steel which makes contact with a pla-
tinum point, and which is drawn back

by the attraction of the core on the

passing of a current, and so makes and
breaks circuit by vibrating to and fro

like the hammer of an electric bell.

Coils, Intensity.—The parts of

an intensity coil are : reel, primary coil,

secondary coil, iron bundle or core,

contact-breaker, condenser, pedestal or

base, and commutator. The dimensions

given may be considerably varied with-
out impairing the efficiency of the

apparatus.
lied.—The reel consists of a hollow

cylinder or tube, with a square or

circular plate firmly fixed on each end.

The cylinder is formed of paper, and
the plates or reel-ends of guttapercha
or ebonite. The reel-ends are flat, and
not less than

^
in. thick

;
if circular, a

focet is made on the edge of each, so

that when the reel is complete it may
stand steadily on the pedestal. The
hole through the centre of the reel-ends

is turned perfectly true, so as to fit the

outside of the cylinder ;
and a shoulder is

left on the outer face sufficient to prevent
the paper cylinder from being pushed

through the ends when being fastened

on. The reel-ends may be 4:h in. in

diameter if circular, or 4 in. by 4 in. if

square. They can be glued to the paper

cylinder. The cylinder is formed of

cartridge-paper cut into a long strip,

and when gummed or pasted on one

side, wound round a rod
\

in. diameter.

When properly done, a firm tube, 7 in.

long, 1 in. diameter, and about
-^^

in.

thick, is obtained. This is allowed to

drv thoroughly, and the ends are cut

at ritrht angles to the axis. The ends
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are firmly fastened to the cylinder; iu

order to eftect this, the holes through
the discs are slightly tapered, the larger
dimensions being towards the shonlder.
Before fixing the paper cylinder, a

slightly conical plug is provided, fitting
the inside of the cylinder. When the

parts are ready and carefully coated

with the glue, they are put together,
and l*ie conical plug is gradually pressed
into the end of the cylinder, which will

expand it a little, and force it into close

contact with the sides of the hole in the

disc
;

it remains in this position until

the glue is thoroughly set, when the

plug can be removed. The reel is pro-
vided with a hollow groove in the edges
of the discs, if circulai", to receive the

pieces of catgut cord that are to fasten

it to the base
;

if square, they can be

fastened by screws
;

2 holes are drilled

through one end of the reel, to allow
the primary wire to be passed through ;

these should be about
J

in. diameter,
and somewhat oblique in direction, so

that the wire, where passed through the

I'eel-end, may not be at right angles
with the a.xis of the reel.

Primary Coil.—The primary coil con-

sists of No. 16 cotton-covered copper
wire, averaging about 18 yd. to the lb.

One end of the wire is passed from the

inside through one hole in the reel-end,
so as to project 6 or 8 in., and the wire
is then carefully wound over the cylin-
der up to the other end, and back again,
so as to form 2 layers, one over the
other. When completed, the remaining
end of the wire is passed through the

second hole in the reel-end. Before

putting on the wire, fit a wooden or

metallic rod inside the paper cylinder of

the reel, or the cylinder is likely to bo

damaged by the force required to wind
the wire round it. When the primary
Avire is on, it is varnished with 2 or 3

successive coats of shellac dissolved in

spirits of wine, care being taken that
one coat is thoroughly dry before another
is put on. The first coat should be

thin, so as to be readily absorbed by the

covering of the wire and conveyed to

the nether layer. When the varnish is

dry and hard, the primary wire is

covered with a strip of cartridge-paper

passed 2 or 3 times over the wire, and
fastened by gum or glue. This paper
must be cut exactly to the width be-

tween the inside faces of the ends of the

reel, and drawn tightly when put on,
but not so tightly as to show on its sur-

face the interstices between the rows of

wire. This paper covering, when dry,
is varnished to present a smooth cylin-
drical surface, having no space between
it and the inside face of the reel ends.

Shellac varnish forms a good insulator,
but is not so effective as ordinary black

rosin and beeswax. This jjreparation is

rather more difficult to apply, but

greatly superior to the varnish when
done. The rosin is melted in an earthen

vessel, and a small quantity of beeswax
is added to it, the proportion to be de-

termined by experiment, the use of the
wax being to diminish the friability of

the rosin without interfering with its

hardness : usually about \ by weight
will be found suitable. The rosin and

wax, fully melted and heated almost to

boiling, are poured over the wire from
a ladle, turning the coil round, and re-

peating the application until the mix-
ture has completely permeated the

strands and filled uj) all the interstices

between the wires. If this be done

neatly, the paper covering may not be

required. When the rosin mixture is

employed as the insulating material, it

is convenient to wind the wires on the

cylinder, and insulate before the reel-

ends are fixed on.

Secondary Coil.—This is formed of

No. 38 copper wire, covered with silk,

and averaging 180 yd. to the oz.
;
the

quantity required is about 6 oz. In

winding on the reel, scrupulous care is

needed, to avoid any break iu the wire,
and any kink or bend in it. The dia-

meter of this wire is -0067 in. The

layers of the secondary wire should not
be carried close up to the end of the

primary coil, thus avoiding the possi-

bility of the wire of one layer sinking
down to the level of that below it.

When a layer of wire is finished and in-

sulated, it is next to impossible to take

it off again ; consequently every care
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must be taken to prevent any failure

in winding it on. One layer of the

secondary wire is wound on at a time,
and then coated with the shellac varnish

or rosin mixture. When done, the

layer is further insulated by wrapping
round several thicknesses of guttapercha

tissue, or thin white demy paper soaked

in the rosin mixture, and allowed to

become hard. Whichever material be

used, it is cut in strips a little wider

than the length of the layer of wire it

is to cover, and wound on tightly but

smoothly. The length of the strip
should be such as to wrap 3 or 4 times

round the coil
;

it is fastened with the

varnish or rosin mixture. When the

requisite quantity of wire is jiut on, 8

or 10 folds of the insulating paper or

tissue are wrapped round the coil before

the ornamental covering of silk velvet

is applied. If the wires forming the

coil have been put on before the reel-

ends have been fixed to the inner paper
cylinder, the reel-ends must now be put
in place, and, when firmly set, the

spaces between the ends of the layers of

wire and the inside of the reel-ends are

filled up with the rosin mixture so that

the insulation may be perfect. The

winding of the secondary wire begins
at the opposite end of the coil to that

at which the winding of the primary
coil commenced, and finishes at the end

where it began. The 2 ends of the

wire are wound into helices, and these

can be passed through 2 holes in the

reel-ends, in order tliat they may be

connected with the other part of the

apparatus.
Before winding the secondary wire, it

is tested in the following way :
—^Attach

one end of the wire on the bobbin (as
it comes from the covers) to one elec-

trode of a battery, and the other end to

one of the binding screws of a galvano-
meter. The circuit is completed by
uniting the other electrode of the

battery with the other binding screw
of the galvanometer, and if there be

no break in the wire, a deflection of

the needle will ensue. Sliould no deflec-

tion fake ]dac(>, the wire must be un-

wound from the bobbin, carefully exa-

mined, and the break detected ana
soldered. When the continuity of the

wire has been effected, winding it on
to the reel can be commenced. Each

layer, as wound on, and before insulated,
shoulil be tested by the galvanometer.
For this operation a different course is

adopted. The beginning of the secondary
wire on the reel is connected with one
of the binding-screws of the galvano-
meter, and the end of the wire that
still remains on the bobbin is attached
to the other binding screw, as in Fig. 62.

Fig. 62.

The 2 ends of the jirimary coil are con-

nected with the battery, and if there

be no fault, the needle of the galvano-
meter will be deflected

;
the layer can

then be insulated, and the same course

adopted with each layer. To solder 2

ends of the secondary wire together,
the silk coating must be removed from
each end—the ends brightened by rub-

bing with fine glass paper, put side by
side in contact with each other, a small

piece of tinfoil wrapped round both

wires, moistened with a solution of zinc

chloride, and moved over the flame of a

very small spirit-lamp ;
in a few seconds,

the tinfoil melts and unites the wires.

Should it be necessary to apply the

wires again to the lamp, they are first

moistened with a fresh portion of zinc

chloride. The wires should overlap
each other about ^ in.

;
when the sol-

dering is complete, the silk covering is

carefully replaced.
Ifon Bundle.—This is a bundle of un-

covered iron wires, about No. 18 gauge,

quite straight, of exactly equal lengths,
and about ^ in. longer than the outside

measurement of the coil. The centre

of the coil is filled with these wires:
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Fig. 6.1.

and then a short piece of hirger wire,

carrying on one end an iron disc about
i in. thick and

|
in. diameter, is pushed

into the centre of the coil at each end,

so as to secure the bundle in place.

Contact-breaker.—The form used for

intensity coils is the vibrating contact-

breaker. It is not desirable to use a

separate electro-magnet for intensity

coils, as a resistance is offered by it to

the passage of the battery current
;

therefore the iron bundle in the coil,

which becomes an electro-magnet, is

used instead. This necessitates an

alteration in the position of the spring
and iron clapper, which, as shown in

Fig. 6:-i, are placed vertically. The spring
is fi.xed to a brass block

attached to the pedestal,

having a vertical plate

rising on one side. A
screw passes through
this plate and comes into

contact with the spring
a little way above its

point of fi.xation to the

block
;
the use ofthis screw is to regulate

the tension of the spring and its distance

from the end of the iron bundle. At the

top end of the spring is an iron cylinder
or clapper about j in. long,-and of similar

diameter
;
the spring is adjusted so that

the face of this cylinder may, when the

spring is at rest, be about \ in. from the

end of the bundle. A strong brass pil-

lar rises up also from the pedestal, and

reaches a little above the centre of the

coil. Through the top of this pillar a

strong screw (the platinum screw)

passes, carrying on its end a piece of

platinuin, which comes into contact with

the spring where the iron cylinder is

attached to it. The spring at this part
is armed with platinum, and it is here

that the contact is made and broken.

The platinum screw is provided with a

running boss, so that, when the screw

is adjusted, the boss can be brought up

tightly against the pillar, and thus pre-
vent the screw from shifting. The sur-

faces of the platinum require to be

smoothed and scraped from time to

time, in order to maintain complete
contact.

3

Condenser.—This is usually shut up
in the cavity of the pedestal, though it

can be separate. Its purport is to add

to the energy of the current that tra-

verses the primary wire, and conse-

quently to increase the force of the

secondary discharge. It consists of a

number of tinfoil plates, separated by
sheets of carefully varnished or rosin-

ized paper, the alternate tinfoil plates

being joined, thus forming 2 separate
insulated series. One is connected with

the pillar of the contact-breaker that

carries the platinum screw, and the

other with the block that holds the

vibrating spring : these plates do not

form part of the battery circuit, but

are, as it were, lateral expansions of

that circuit, on each side of the contact-

breaker. The insulating sheets between
the tinfoil plates thus have their elec-

trical condition disturbed
;
when the

battery circuit is interrupted, the plates
return to their normal state, and in so

doing, increase the action of the current

circulating in the primary wire. The

jiaper for separating the plates should

be moderately thin, not too heavilj"-

sized, cut into pieces rather larger than

is required, dipped into a solution of

1 oz. shellac dissolved in 6 oz. meth)--
lated spirit, hung up to dry for some

hours, and examined
;

if the minutest

pinhole be observed in any sheet, it must
be rejected. A second coating of shellac

varnish is applied, and when thoroughly
dry, the paper is cut to the proper size,

and preserved in a portfolio for use. For

rosinized paper, ordinary tissue-paper
does well, but white demy is better.

The condenser is made thus :
—Pre-

pare 50 sheets of tinfoil 5 in. long and

wide, 60 pieces of insulating paper 7 in.

by 5 in., and 2 thin mahogany boards of

rather smaller size, varnished on each

side. One board is laid down, and upon
it 5 insulating papers are jdaced, then 1

tin-foil plate, taking care that 1 in. of the

latter projects over one side of the var-

nished paper. Another paper is laid on

this, coinciding in position with the

first
;
on this comes a second tinfoil

plate, but with the overhanging part

\

at the opposite side. This is covered
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with an insulating paper, and followed

by the other plates in similar order.

When done, 5 more papers are laid on,
then the second mahogany board, and

the whole is tied up with guttapercha

string. All the projecting tinfoils at

one side are pressed together, also those

at the other side
;
the condenser is then

ready to be placed in the cavity of the

pedestal.
Fedestal.—This is made 13 in. long,

8 in. wide, and 2 in. deep. The bottom
is movable, and fixed by screws or but-

tons. The coil is placed horizontally in

the centre
;
holes are made in the top,

in order to fix the coil in position.
Other holes allow the ends of the pri-

mary wires, together with the pillars
and binding screws, to be passed through,
in order to attach them underneath.

The contact-breaker is fixed at one end

of the coil, and 2 binding-screws are

fitted to the same end of the pedestal ;

at the other end are 2 ebonite pillars,
6 in. high and about 5 in. diameter. If

the ebonite be cut off about 1 in. longer
than required, the extra can be turned
down to a pin \ in. diameter, and a screw
cut on its end. The holes in the pedestal
are made sufficiently large to allow

these pins to pass through, and the pil-

lars can be firmly fixed by putting a nut
on the under side. On top of each pillar
is a binding-screw with 2 holes and

sepnrate screws to each
;
one for the re-

ception of an end of the secondary wire

of the coil, and the other for attaching

any apparatus to be employed in con-

junction with the coil.

Commutator.—This is shown in Fig.
64

;
its use is to change the direction

Fig. 64.

of the currents through the primary
and secondary circuits. It consists of
an ivory or ebonite cylinder, 1 in. long
and 1 in. diameter. Metallic axes pro-

ject from each end in separate pieces,
2 brass plates f in. wide are fixed

to opposite sides of the cylinder, one

connected with each axis. The cylinder
is supported horizontally on 2 brass

blocks or pillars fixed to the base-board
;

and 2 brass springs rise up from the

board and press on the brass plates on
the face of the cylinder. Of the 4 bind-

ing-screws on the board, 2 are connected

with the 2 springs by wires passing
underneath or over the base-board, and
the other 2 with the blocks carrying the

axes of the cylinder. One axis projects

through the block in which it rests, and
on it is fitted an ivory or ebonite plate,
to enable the cylinder to turn round.

Two of the binding-screws on the board

are connected with the battery, and the

other 2 with the apparatus to be ope-
rated with.

The current passes- from the anode of

the battery, through one binding-screw
of the commutator, under or over the

board, to one of the springs, up this to

the plate on the cylinder it is in contact

with, to the first axis, through the block

in which the axis rests, and out by the

binding-screw connected with that block

to the apparatus, returning by the other

spring plate and axis to the battery.
When the cylinder is turned half round,
without any other change in the ar-

rangement, the current will pass in the

opposite direction, still from the anode

of the battery to the first spring, but
thence to the second axis.

If the commutator be mounted on the

pedestal, separate stand and binding-
screws will not be required. It is ca-

pable of being used also as a current

suspender: if the cylinder be turned only

\ revolution, the springs rest upon the

interspace between the 2 brass plates,
and contact is broken. This should be

done while the arrangements for the

secondary current are being made, to

avoid receiving a shock.

Fig. 65 shows Piuhmkorff's com-
mutator. The battery poles are con-

nected through the ends of the axis

of a small ebonite or ivory cj'linder to

2 brass cheeks, V V, which can be

turned so as to place them either way
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iu contact with 2 vertical springs B C,

which are joined to the ends of the

primary coil.

Fig. 65.

Connections.—As to the way of making
the connections beneath the base-board,
it will be assumed that the commutator
is not fixed on it. Then on turning the

pedestal of the coil upside down, the

under side will present the appearance
shown in Fig. 66 : a 6 are the ends of

Fro. C6.

\
& r"

I to-"'
i

I I
II

the binding screws to which the battery
is attached

; c, pillar of the contact-

breaker that carries the platinum screw
;

d, end of block that carries the spring

forming the other part of the contact-

breaker
;
c /, beginning and end of pri-

mary coil. A loose board g fits into

the pedestal, as shown by the dotted

lines, and is fixed about half-way up
from the bottom. This is required to

lay the condenser on, and to afford con-

venient means for attaching it. On it,

at h i, 2 flat brass plates,

'

about 1 in.

square, are fixed, having a screwed pin
in the centre of each. These are for

connecting the condenser with the con-

tact-breaker. The various screws pro-

ject through the top of the pedestal

fully I in. to enable nuts to be screwed

over them. Strips of sheet copper, about

5 in. wide, are prepared, 2 having a

hole at one end and binding-screw at the

other, and the third having a hole at

each end. This latter is long enough to

connect b and c, by dropping it over

their projecting screws, and screwing a

nut down tightly on the copper, securing
the strip, and making the contact. The

strips with binding-screws are used to

connect a e and d f, the binding-screws

securing the wires e f, and the holes in

the copper strips enabling them to pass
over the projecting screws d a, where

they are fixed by nuts. When the

anode of the battery is attached to the

binding-screw at a, and the cathode to

that at b, the current will flow through
the coil. The circuit is complete in the

direction of the dotted line a c, through
the primary coil, out at/, then frovaf
to d, through the contact-breaker to c,

and from c to b.

The condenser is laid on the loose

board g, with the projecting tinfoils

resting on the brass plates h i, a hole

being punched through each set of tin-

foils to admit the screw-pin ;
a brass

plate is then laid on the top of the tin-

foils, and by means of a nut on the

screw-pin they are pressed closely to-

gether. When the condenser has been

fitted in place, the nuts are loosened, the

top brass plate is taken off, and 2 copper

strips with holes at each end are fitted

over the pins. These copper strips must
be long enough to connect the pin h of

the condenser with c of the contact-

breaker and the pin i with d; this done,
the nut is screwed up again. If the

condenser is not thick enough to fill the

space between the loose board and the

bottom, the latter is padded, so that it

will press on the former, and prevent it

from shifting.

Coils, Resistance.—These consist

of coils of wire (German silver or silver-

iridium alloy), wound with great care,

and of a length to have a resistance of

a definite number of ohms.

The following instructions for making
I 2
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a set of resistance coils, simple yet re-

liable, are easily within the reach of any
one possessing the few requisite tools.

The coils themselves consist of wooden
frames (preferably oak), as shown in

Fig. 67 : a b are 6 in. long, | in. deep,

Fig. 67.

and rather over ^ in. thick
; joining

them are c d, also of oak, ^ in. deep, and
rather thinner than a b, so that they do
not come up flush with c f. The tops
of a 6 are grooved, as shown at e f ;

and
at intervals (varying with the size of
Avire used) are cut notches as shown

along a, for the wire to be wound into.

If the wires are not larger than 24 or
26 BWG, they may be about

J
in. apart.

The number of frames is regulated by
the number of ohms resistance required
to be made up. Upon the frames is

wound uninsulated German silver wire,
such as may be bought at any metal
warehouse. One end is fixed by a screw
to a point on c, and winding is com-

menced, keeping the wire tight, and

taking care that it goes to the bottom
of the notches cut for it. When the
coils are not likely to be subjected to

very powerful currents, No. 28 wire

may be commenced with for the smaller

resistances, gradually progres^sing to

No. 40 as the resistances increase. When
the frames are wound, they are soaked
in hot paraffin wax till thoroughly sa-

turated, and the excess is drained off.

The next step is to give the coils their

true value, according to some available

standard. For this is required a simple
form of Wheatstone oridge, such as that
shown in Fig. 68, and made in t^lie fol-

lowing way:—On a board about 5 ft.

long fix a piece of wood about ^ in.

thick at each end. From the tops of
these pieces of wood tightly stretch a

piece of German silver wire, and firmly
fix it by screws. To 2 points x y near

the ends of the German silver wire,
solder 2 stout copper wires, leading to

2 binding-screws g h; at
i, between

¥u;. 6 3

them, is another screw. Make 2 clips
of stout brass, as shown in elevation and
section in Fig. 69

;
to one of these solder

any piece of copper wire, and to the

other a stout piece. Place the clip with

Fig. 69.

the thin wire so that it clips the wire
X y at any point ;

let the wire con-

nected with it go to one terminal of an
astatic galvanometer, whilst the other

terminal of the galvanometer is con-

nected with i. Let the standard, which

may be a piece of wire having a resist-

ance of 1 ohm, be placed between g i,

and to h connect the end of the wire on
one of the coils just wound. Connect a

battery to xy, about 6 Daniel 1 cells,

though less may do. Supposing it is

wished to find what point of the wire on

the coils gives 5 ohms : divide the wire

xy into 6 parts, and set the clip so that

5 parts are on one side and 1 on the

other
;
then xk : ky : : 1 : 5, and the

1 ohm standard is between g and i. Now,
having h connected to one end of a coil,

connect the end of the stout wire on the

other clip to
/,

and put the clip on

different points of the wire wound on

the coil till no deflection is got on the

galvanometer : this point shows the ends

of the 5 ohms, and to it a stout copper
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wire is soldered. Similar trials, altering
the ratio of xk to ky, will enable any
number of ohms' resistance to be accu-

rately marked out. This done, a box is

made rather larger than the frames of

the coils, and into it the coils are put,
first fixing pieces of cork at the corners,

so that no contact takes place between

the coils. On the top of the box, as

shown at a, Fig. 70, is placed a piece of

Fig. 70.

stout brass, | in. by
i in.

;
holes are

bored at intervals of about 1 in., made

tapering with a reamer, and fitted with

tapering brass plugs. Binding-screws
are fixed at ab ; underneath, between

every 2 hole?, a small hole is bored, and

a short piece of wire is screwed in and

fitted with a brass nut and washer ;

these serve both to bolt down the piece

of brass and for fixing the resistance coil

wire to. Finally, across the centre of

each hole, the brass is sawn right

through. Fig. 71 shows a section

through the plug a, piece of brass b, top
of the box c, the pieces of wire d

screwed into b, the nut e and washer /,

the wire g being clipped between them.

Between each pair of brass pieces is

clipped some resistance : when all the

Fig. 71.

plugs are in, the current will go from

ab (Fig. 70) round by the thick brass

at the top ;
if a plug is drawn, the cur-

rent has to pass through the resistance

that connects the 2 brass pieces thus left

without a plug. It is convenient to

have plugs putting in the following re-

sistances :—l, 2, 2, 5, 10, 10, 20, 50,

100, 100, 200, 500, thus giving any
integer between 1 and 1000.

Dynamo-electric Machines.—
The following description of dynamo-
electric machinery is mainly derived

from a series of Cantor Lectures by Prof.

Silvanus Thompson, delivered before the

Society of Arts in December, 1882.

A dynamo - electric machine is an

apparatus for converting energy in the

form of dynamical power into energy in

the form of electric currents, by the

operation of setting conductors, usually
in the form of copper wire coils, to

rotate in a magnetic field. From a

consideration of the principles under-

lying dynamo-electric machines, Prof.

Thompson formulates the following

summary :
—

(1) A part at least of the energy of

an electric current exists in the form of

magnetic whirls in the space surround-

ing the conductor.

(2) Currents can be generated in

conductors by setting up magnetic
whirls round them.

(3) Magnetic whirls can be set up in

conductors by moving magnets near

them, or moving them near magnets.

(4) To set up and maintain such mag-
netic whirls requires a continuous expen-
diture of energy, i.e. consumes power.

(5) To induce currents in a con-

ductor, there must be relative motion
between conductor and magnet of such

kind as to alter the number of lines of

force embraced in the circuit.

(G) Increase in the number of lines

of force embraced by the circuit pro-
duces a current in the opposite sense to

decrease.

(7) Approach induces an electromo-

tive force in the opposite direction to

that induced by recession.

(8) The more powerful the magnet-
pole or magnetic field, the stronger will

be the current generated (other things

being equal).
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(9) The more rapid the motion, the

stronger will be the currents.

(10) The greater the length of the

moving conductor thus employed in

cutting lines of force (t. e. the longer the

bars, or the more numerous the turns

of the coil), the stronger will be the

currents generated.

(11) The shorter the length of tho.'e

parts of the conductor not so employed,
the stronger will be the current.

(12) Approach being a finite process,
the method of approach and recession

(of a coil towards and from a magnet
pole) must necessarily yield currents

alternating in direction.

(13) By using a suitable commutator,
all the currents, direct or inverse, pro-
duced during recession or approach, can

be turned into the same direction in the

wire that goes to supply cun-ents to

the external circuits, thereby yielding
an almost uniform current.

(14) In a circuit where the flow of

currents is steady, it makes no difference

what kind of magnet is used to procure
the requisite magnetic field, whether

permanent steel magnets or electro-

magnets, self-excited or otherwise.

(15) Hence the current of the gene-
rator may be itself utilized to excite the

magnetism of the field-magnets, by
being caused, wholly or partially, to

flow round the field-magnet coils.

Many varieties of dynamo-electric
machine have been constructed upon
the foregoing principles. Prof. Thomp-
son distinguishes 3 main classes :

—
I.—Dynamos in which there is ro-

tation of a coil in a uniform field of

force, such rotation being effected round

an axis in the plane of the coil, or one

parallel to such an axis. Examples :

Gramme, Siemens (Alteneck), Edison,

Lontin, Biirgin, Fein, Schiickert, Jiir-

gensen (Thomson's Mousemill-dynamo),

[Brush].
II.—Dynamos in which there is trans-

lation of coils to different parts of a

complex field of varying strength or of

opposite sign. Most machines of this

class furnish alternate currents. Ex-

amples : Pixii, Clarke, Niaudet, Wal-

lace, Farmer, Wilde (alternate), Sie-

mens (alternate), Hopkinson and Muir-

head, Thomson (alternate), Gordon

(alternate), Siemens - Alteneck (Disk

Dynamo), Edison (Disk Dynamo), De
Meritens.

III.—Dynamos having a conductor

rotating so as to produce a continuous

increase in the number of lines of force

cut, by the device of sliding one part of

the conductor on or round the magnet,
or on some other part of the circuit.

Examples : Faraday's Disk - machine,
Siemens's (" Unipolar

"
Dynamo),Voice's

Dynamo.
One machine does not fall exactly

within any of these classes, and that is

the extraordinary tentative dynamo ef

Edison, in which the coils are waved to

and fro at the ends of a gigantic tuning-

fork, instead of being rotated on a

sjiindle.

A dynamo of any one of these plans
must be constructed upon the following

guiding lines :
—

(a) The field-magnets as strong as

possible, and their jioles as near together
as possible.

(I)) The armature having the greatest

possible length of wire upon its coils.

(c) The wire of the armature coils as

thick as possible, so as to offer little

resistance.

id) A very powerful steam-engine to

turn the armature, because,

(6=) The speed of rotation should be as

great as possible.
It is impossible to realize all these

conditions at once, as they are incom-

patible with one another ;
and there

are many additional conditions to be

observed. Prof. Thompson deals with

the various matters in order, beginning
with the speed of the machine.

Eelation of Speed to Power.—Theory
shows that, if the intensity of the mag-
netic field be constant, the electromotive

force should be proportional to the

speed of the machine. This is true

within certain limits, for machines in

which the field magnets are independent
of the main circuit, i.e. for magneto
and separately-excited dynamos. It is

not, however, quite exact, imless the

resistance of the circuit be increased



Electrics—Dynamo-electric Machines. 119

proportionately to the speed, because

the current in the coils itself reacts

on the magnetic field, and alters

the distribution of the lines of force.

The consequence of this reaction is that

(1) the position of the " diameter of

commutation "
is altered, and (2) the

effective number of lines of force is re-

duced. So that, with a constant resist-

ance in circuit, the electromotive force,

and therefore the current, are slightly
less at high speeds than the proportion
of the velocities would lead one to ex-

pect. Since the product of current into

electromotive force gives a number pro-

portional to the electric work of the

machine, it follows that, for "
independ-

ently excited
"

machines, the electric

work done in given time is nearly pro-

portional to the square of the speed,
and the work drawn from the steam-

engine will be similarly iiroportional to

the square of the speed. In self-exciting

machines, whether " series
"
or " shunt "

in their arrangements, a wholly ditlerent

law obtains. If the iron of the field-

magnets be not magnetized near to

saturation, then, since the increase of

current consequent on increase of speed

produces a nearly ju-oportional increase

in the strength of the magnetic field,

this increase will react on the electro-

motive force, and cause it to be pro-

portional more nearly to the square of

the velocity, which again will cause the

current to increase in like proportion.
But since the magnetization of the iron

is, even when far from saturation point,

something less than the magnetizing

force, it is in practice found that the

electric work of the machine is propor-
tional only to something slightly less

than the third power of the speed. As
mechanical considerations limit the

velocity of the moving parts, it is clear

that, at the limiting speed at which it is

safe to run any given armature, the

greatest amount of work will be done

by using the most powerful magnets
possible

—electro - magnets rather than

steel. Deprez has found that for every

dynamo there is a certain " critical
"

speed, at which, no matter what the

current is which circulates in the coils

of the field magnets, the electromotive

force is proportional to the strength of

that current
;

and he bases upon it

2 methods for obtaining, automatically,
either a constant electromotive force or

a constant current, at will, in a circuit

in which the resistances are varied to

any degree. In all these combinations,

however, everything depends upon the

condition that the driving speed shall

be uniform. Gas engines are out of the

question as a source of power ;
even with

the best steam-engines a specially sensi-

tive valve is required, and probably
such valves will, in future, be ope-
rated electrically by self-acting electro-

magnet gearing. Where the driving is

at all liable to be uneven, the jire-

caution should be taken of placing
a heavy fly-wheel on the axis of the

dynamo.
Field-magnets.

—The coils of the field-

magnets cannot be constructed of no
resistance

;
thus they always waste some

of the energy of the currents in heat.

It has been argued that it cannot be

economical to use electro-magnets in

comparison with permanent magnets of

steel, which have only to be magnetized
once for all

;
but certain considerations

tell in favour of electro-magnets. For

equal power, their prime cost is less

than that of steel magnets, which re-

quire remagnetizing at intervals. More-

over, as there is a limiting velocity at

which it is safe to run a machine, it is

important, in order not to have machines
of needlessly great size, to use the most

powerful field-magnets possible. But if

it is more convenient to spend part of

the current upon the electro-magnets,

economy dictates that they should be

so constructed that their magnetism
may cost as little as possible. To mag-
netize a piece of iron requires the ex-

penditure of energy ;
but when once it

is magnetized, it requires no further

expenditure of energy (save the slight
loss by heating in the coils, which may
be reduced by making the resistance of
the coils as little as possible) to keep it

so magnetized, provided the magnet is

doing no work. Even if it be doing no

work, if the current flowing round it be
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not steady, there will be loss. If it do

work, say, in attracting a piece of iron

to it, then there is an immediate and

corresponding call upon the strength of

the current in the coils to provide the

needful energy. In a dynamo, where,
in many cases, are revolving parts con-

taining iron, it is of importance that

the approach of a recession of the iron

parts should not produce such reactions

as these in the magnetism of the magnet.

Large slow-acting field-magnets are

therefore advisable. The following

points embody the conditions for attain-

ing the end desired :
—

(a) The body of the field-magnets
should be solid. Even in the iron itself

currents are induced, and circulate

whenever the strength of the magnetism
is altered. These self-induced currents

tend to retard all changes in the degree
of magnetization. They are stronger
in proportion to the square of the

diameter of the magnet, if cylindrical,
or to its area of cross-section. A thick

magnet will therefore be a slow-acting

one, and will steady the current induced

in its field.

(b) Use magnets having in them

plenty of iron. It is important to have

a sufficient mass, that saturation may
not be too soon attained.

(c) Use the softest possible iron for

field-magnets, not because soft iron

magnetizes and demagnetizes quicker
than other iron (that is here no advan-

tage) ;
but because soft iron has a

higher magnetic susceptibility than

other iron—is not so soon saturated.

(d) Use long magnets to steady the

magnetism, and therefore the current.

A long magnet takes a longer time than

a short to magnetize and demagnetize.
It costs more and requires more copper
wire in the exterior coil

;
but the copper

wire may be made thicker in proportion,
and will offer less resistance. The

magnetism so obtained should be

utilized as directly as possible, there-

fore

(<?) Place the field-magnets, or their

pole-pieces, as close to the rotating
armature as is compatible with safety
in running.

(/) If the field-magnets or their

pole-pieces have sharp edges, the field

cannot be uniform, and some of the lines

of force will run uselessly through the

space outside the armature instead of

going through it. Theoretically, the

best external form to give to a magnet
is that of the curves of the magnetic
lines of force.

(//) Reinforce the magnetic field by
placing iron, or, better still, electro-

magnets, within the rotating armature.
This is done by giving the armature
coils iron cores which rotate with them

;

or the iron cores or internal masses

may be stationary. In the former case,
is loss by heating ;

in the latter, are

structural difficulties to be overcome.

(/i) In cases where a uniform magnetic
field is not desired, but where, as in

dynamos of the second class, the field

must have varying intensity at different

points, it may be advisable specially to

use field-magnets with edges or points,
so as to concentrate the field at certain

regions.
Pole -

pieces.
—

( a ) The pole-pieces
should be heavy, with plenty of iron in

them, for reasons similar to those urged
above.

(6) They should be of shapes adapted
to their functions. If intended to form
a single approximately uniform field,

they should not extend too far on each

side. The distribution of the electro-

motive force in the various sections of

the coils on the armature depends

very greatly on the shape of the pole-

pieces.

(c) Pole-pieces should be constructed

so as to avoid, if possible, the generation
in them of useless Foucault currents.

The only way of diminishing loss from
this source is to construct them of

lamina?, built up so that the mass of

iron is divided by planes in a direction

perpendicular to that of the currents,
or of the electromotive forces tending
to start such currents.

(d) If the bed-plates of dynamos are

of cast-iron, care should be taken that

these do not short-circuit the magnetic
lines of force from pole to pole of the

field-magnets. Masses of brass, zinc, or
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other non-magnetic metal may be inter-

posed ;
but are at best a poor resource.

in a well-designed dynamo there should

be no need of such devices.

Field-magnet Coils.—(a) To be of the

greatest possible service, the coils of

field-magnets should be wound on most

thickly at the middle of the magnet,
not distributed uniformly along its

length, nor yet crowded about its poles.
The reason for this is two-fold. Many
of the lines of force of a magnet

" leak

out
" from the sides of the magnet before

reaching its poles, where they should all

emerge if the mass of the magnet were

perfectly equally magnetized through-
out its whole length. Internally, the

magnetization of the magnet is greatest
at its centre. At or near the centre,

therefore, place the magnetizing coils,

that the lines of force due to them may
run through as much iron as possible.
The second reason for not placing th-e

coils at the end is this : any external

influence which may disturb the mag-
netism of a magnet, or aftect the distri-

bution of its lines of force, affects the

lines of force in the neighbourhood of

the pole far more than those in any
other region.

(6) The proper resistances to give to

the field-magnet coils of dynamos have
been calculated by Sir Wm. Thomson,
who has given the following results :

—
For series dynamos, make the resist-

ance of the field-magnets a little less

than that of the armature. Both should

be small compared with the resistance

of the external circuit. The ratio of

the waste by heating in the machine to

the total electric work of the machine
will be—

waste : Rm -1- Ra

and

total work

useful work

Km -f Ra -1- Rx
Rx

total work
~
Rm + Ra + Rx

where Km is the resistance of the

magnets,
Ra is the resistance of the

armature.

Ex is the resistance of the

extei'nal circuit.

For a shunt dynamo the rule is

different. The best proportions are

when such that

Kx = VRm Ra, or that

Rm = :^
Ra

also the ratio of useful work is—
useful work 1

total work
1 + liA

Km
As an example of the latter, suppose

it was wished that the waste should not

be more than 10 per cent, of the useful

work, the ratio of the formula must

equal {^,
or 1 -j- l^'g.

Hence

V Ra , 1 ,— must equal ,;-. ;

Rm
1 -^ '

or Km the resistance of the field-magnets
must be 400 times Ra that of the arma-

ture.

Armature Cores.—(«) Theory dic-

tates that if iron is employed in arma-

tures, it must be slit or laminated, so

as to prevent the generation of Foucault

currents. Such iron cores should be

structurally divided in planes normal

to the circuits round which electro-

motive force is induced
;
or should be

divided in planes parallel to the lines

of force and to the direction of the

motion. Cores built up of varnished

iron wire, or of thin disks of sheet-iron

separated by varnish, asbestos paper, or

mica, partially realize the required con-

dition.

(6) Armature cores should be so

arranged that the dij-ection of polarity
of their magnetization is never abruptly
reversed during their rotation. If this

precaution is neglected, the cores will

be heated.

Armature Coils.—(a) All needless re-

sistance should be avoided in armature

coils, as hurtful to the efficiency of the

machine. The wires should be as short

and thick as is consistent with obtain-

ing the requisite electromotive force,

without requiring an undue speed of

driving.

(6) The wire should be of the best

electric conductivity. The conductivity
of good copper is so nearly equal to that
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of silver (over 96 per cent.), that it is not

worth while to use silver wires in the

armature coils of dynamos.
(c) In cases where copper rods or strips

are used instead of wires, care must be

taken to avoid Foucault currents by
laminating such conductors, or slitting
them in planes parallel to the electro-

motive force; i.e. in planes perpendicular
to the lines of force and to the direction

of the rotation.

(d) In dynamos of the first class,

when used to generate currents in one

direction, since the currents generated
in the coils are doing half their motion
inverse to those generated during the

other half of their motion, a commutator
or collector of some kind must be used.

In any single coil without a commutator,
the alternate currents would be gene-
rated in successive revolutions, if the

coil were destitute of self-induction

currents. But if by the addition of a

simple split-tube commutator, the al-

ternate halves of these currents are

reversed, so as to rectify their direction

through the rest of the circuit, the

resultant currents will not be continu-

ous, but will be of one sign only, there

being 2 currents generated during each

revolution of the coil. If 2 coils are

used at right angles to each other's

planes, so that one comes into the

position of best action, while the other

is in the position of least action (one

being normal to the lines of force when
the other is parallel to them), and their

actions be superposed, the result will

be to give a current which is continuous

but not steady, having 4 slight undu-
lations per revolution. If any larger
number of separate coils is used, and
their effects, occurring at regular inter-

vals, be superposed, a similar curve will

be obtained, but with summits propor-

tionately more numerous and less ele-

vated. When the number of coils used

is very great, and the overlappings of

the curves ai"e still more complete, the

row of summits will form practically a

straight line, or the whole current will

be practically constant.

(e) The rotating armature coils ought
to be divided into a lartre number

of sections, each coming in regular
succession into the position of best

action.

(f) If these sections, or coils, are

independent of each other, each coil, or

diametrical pair of coils, must have its

own commutator. If they are not inde-

pendent, but are wound on in continuous

connection all round the armature, a

collector is needed, consisting of parallel
metallic bars as numerous as the sec-

tions, each bar communicating with the

end of one section and the beginning of

the ne.Kt.

(^r) In any case, the connections of

such sections and of the commutators or

collectors should be symmetrical round
the axis

;
if not, the induction will be

unequal in the parts that successively

occupy the same positions with respect
to the field-magnets, giving rise to in-

equalities in the electromotive force,

sparking at the commutator or collector,
and other irregularities.

(/() Where the coils are working in

series, it is advantageous to arrange the

commutator to cut out the coil that is

in the position of least action, as the

circuit is thereby relieved of the resist-

ance of an idle coil. But no such coil

should be short-circuited to cut it out.

Where the coils are working in parallel,

cutting out an idle coil increases the

resistance, but may be advisable to pre-
vent heating from waste [^currents tra-

versing it from the active coils.

(i) In the case of pole-armatures, the

coils should be wound on the poles
rather than on the middles of the pro-

jecting cores
;

since the variations in

the induced magnetism are most effective

at or near the poles.

(j) Since it is impossible to reduce

the resistance of the armature coils to

zero, it is impossible to prevent heat

being developed in those coils during
their rotation ; hence it is advisable that

the coils should be wound with air

spaces in some way between them, that

they may be cooled by ventilation.

(A) The insulation of the armature
coils should be ensured with particular

care, and should be carried out as far

as possible with mica and asbestos, or
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other materials not liable to be melted,
if the armature coils become heated.

Commutators, Collectors, and Brushes.—(a) Commutators and collectors, being
liable to be heated through imperfect

contact, and liable to be corroded by
sparking, should be made of very sub-

stantial pieces of copjjer.

(6) In the case of a collector made of

parallel bars of copper, ranged upon
the periphery of a cylinder, the separate
bars should be removable singly, to

admit of repairs and examination.

(c) The brushes should touch the

commutator or collector at the 2 points,
the potentials of which are respectively
the highest and the lowest of all the

circumference. In a properly and sym-
metrically built dynamo, these points
will be at opposite ends of a diameter.

(d) In consequence off the armature

itself, when traversed by the currents,

acting as a magnet, the magnetic lines

of force of the field will not run straight
across from pole to pole of the field-

magnets, but will take, on the whole,
an angular position, being twisted a
considerable number of degrees in the
direction of the rotation. Hence the
diameter of commutation (which is at

right angles to the resultant lines of

force in machines of the Siemens and
Gramme type, and parallel to the re-

sultant lines of force in machines of the
Brush type), will be shifted forward.
In other words, the brushes will have
a certain angular lead. The amount of

this lead de23ends upon the relation

between the intensitv of the magnetic
field and the strength of the current in

the armature. This relation varies in

the 4 difterent types of field-nwgnets.
In the series dynamo, where the one

depends directly on the other, the angle
of lead is nearly constant, whatever the

external resistance. In other forms of

dynamo, the lead will not be the same,
because the variations of resistance in

the external circuit do not produce a

proportionate variation between the 2

variables which determine the angle ef

lead.

(e) Hence in all dynamos it is ad-

visable to have an adjustment enabling

the brushes to be rotated round the
commutator or collector, to the position
of the diameter of commutation for the
time being. Otherwise there will be

sparking at th« brushes, and in part of

the coils at least the current will be

wasting itself by running against an

opposing electromotive force.

(/) The arrangements of the col-

lector or commutator should be such

that, as the brushes slip from one part
to the next, no coil or section in which
there is an electromotive force should
be short-circuited, otherwise work will

be lost in heating that coil. For this

reason, it is well so to arrange the pole-

pieces that the several sections or coils

on either side of the neutral position
should differ but very slightly in poten-
tial from one another.

((/) The contact points between the

brushes and the collector, or commu-
tator, should be as numerous as pos-
sible, for, by increasing the number of

contacts, the energy wasted in sparks
will be diminished inversely as the

square of that number. The brushes

might with advantage be laminated, or

made of parallel loose strips of copper,
each bearing edgeways on the collector.

Relation of Size to Efficiency.
—The

efficiency of a dynamo is the ratio of

the useful electrical work done by the

machine to the total mechanical work

applied in driving it. Every circum-
stance which contributes to wasting the

energy of the current reduces the effi-

ciency of the machine. It has been
shown what the chief electric sources of
waste are, and how they may be avoided.

Mechanical friction of the moving parts
can be minimized also by due mechani-
cal arrangements. But even the best

conductor:; have a certain resistance,
and it is impossible to prevent the heat-

ing of the conducting coils
;
the more

powerful the current generated by the

machine, the more important does this

source of waste become. The one way to

reduce this is by increasing the size of the

machines. For some years. Prof. Thomp-
son has advocated large dynamo ma-
chines, because the larger machines may
be made moi-e efficient than the small, in
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proportion to their cost. In discussing the

relation of size to efficiency, he assumes,
for the sake of argument, that the size

of any machine can be increased n times

in every dimension, and that, though
the dimensions are increased, the velocity
of rotation remains the same, and that

the intensity of the magnetic field per

square centimetre remains also constant.

If the linear dimensions be n times as

great in the larger as in the smaller,

the area it stands on will be increased

n^ times, and its volume and weight n'

times. The cost will be less than n^

times, but greater than n times. If the

same increase of dimensions in the coils

be observed (the number of layers and

of turns remaining the same as before),

there will be in the armature coils a

length n times as great, and the area of

cross-section of the wire will be ii^ times

as great as before. The resistance of

these coils will therefore be but -
n

part of the original resistance of the

smaller machine. If the field-magnet
coils are increased similarly, they will

offer only - of the resistance of those
' n

of the smaller machine. Moreover, see-

ing that while the speed of the machine
is the same, the area cut through by
the rotating coils is increased n'' times,
these coils will in the same time cut n'

times as many lines of force, or the

electromotive force will be increased n^

times. Supposing the whole of the

circuit to be similarly magnified, its

resistance will also be but — of the pre-
n

vious value.

If the machine is a "series-wound"

dynamo, an electromotive force ?i^,

working through
-

resistance, will give

a current n^ times as great as before.

Such a current will, as a matter of fact,

much more than suffice to bring up the

magnetic field to the required strength,

viz., 712 times the area of surface mag-
netized to the same average intensity

per square centimetre, as stipulated ;

for the mass of iron being n^ times as

great, it need not be so much saturated

as before to give the required field.

Here an economy may be effected, there-

fore, by further reducing the number
of coils, and therefore the wasteful

resistance of the field-magnet coils,

in the proportion of n' to n^, or to —
n

of its already diminished value. Even
if this were not done, by the formula

given above for the electrical efficiency
of a " series

"
dynamo, the waste, when

vi^orking through a constant external

resistance, will be n-fold less than with
the smaller machine. Now, if the
current be increased n^ times, and the

electromotive force n^ times, the total

electric work which is the product of

these will be n^ times greater than
in the small machine, and it will con-

sume n* times as much power to drive

it. It is clearly an important economy,
if a machine costing less than n^ times
as much, will do n^ times as much work

(to say nothing of the increased ratio of

efficiency). A machine doubled in all

its linear dimensions will not cost 8

times as much, and will be electrically
32 times as powerful.

Suppose the machine to be "shunt "

wound, then to produce the field of force

of n^ times as many square centimetres

area, will require (if tlie electromotive

force be n* times as great) that the

absolute strength of the current re-

main the same as before iu the field-

magnet coils. This can be done by using
the same sized wire as before, and in-

creasing its length n^ times, to allow for

n times as many turns, of n times as

great a diameter each, in the same
number of layers of coils as before. In

this case the work done in the shunt,

being equal to the product of the

n--fold electromotive force into the un-

altered current, will be only 7i' times

as great, while the whole work of the

machine is augmented n* times. If,

while augmenting the total work n*

times, the waste work is increased only
?i2 times, it is clear that the ratio of

waste to the total effect is diminished

w^-fold. There is, therefore, every
reason to construct large machines,
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from the advantage of economy both in

rehitive prime cost and relative effi-

ciency.
Methods of exciting Field-Magnetism.—There are certain theoretical con-

siderations respecting the method of

exciting the magnetism of the field in

which the armatures are to revolve.

The main methods are 4 in number.

Magneto - Dynamos.—Magneto-dyna-
mos have the advantage in theory that

their electromotive force is very nearly

exactly proportional to the velocity of

rotation
; though, of course, the variable

difference of potential between the ter-

minals of the machine depends on the

relation of the resistance of the external

circuit to the internal resistance of the

armature coils. They possess the dis-

advantage that, since steel cannot

he permanently magnetized to the same

degree as that which soft iron can tem-

porarily attain, they are not so powerful
as other dynamos of equal size.

Separately
- excited Dynamos.— The

separately-excited dynamo has the same

advantage as the magneto-machine, in

its electromotive force being independent
of accidental changes of resistance in

the working circuit, but is more power-
ful. It has, moreover, the further ad-

vantage that the strength of the field

is under control, for, by varying either

the electromotive force or the resistance

in the exciting circuit, the strength of

the magnetic field is varied at will. It

has the disadvantage of requiring a sepa-
rate exciting machine.

Series Dynamos.—The ordinary or

series dynamo is usually a cheaper

machine, for equal power, than any
other form, as its coils are simpler to

make than those of a shunt machine,
and it wants no auxiliary exciter. It

has the disadvantages of not starting
action until a certain speed has been at-

tained, or unless the resistance of the

circuit is below a certain minimum. It

is also liable to become reversed in

polarity, a serious disadvantage when
this machine is applied for electro-

plating or for charging accumulators.

From its arrangements, any increase of

the resistance in the circuit lessens its

power by diminishing the strength of

its magnetic field. Hence it is better

adapted for use vvith lamps arranged in

parallel arc than for lamps arranged in

series. An additional lamp switched in,

in series, adds to the resistance of the

circuit, and diminishes the power of the

machine to supply current
; while, on

the other hand, an additional lamp in

parallel reduces the total resistance

offered by the network of the circuit,
and adds to the power of the machine
to provide the needed current. It is

easy to regulate the currents given by
a scries dynamo, by introducing a shunt

of variable resistance across the fieUl-

magnet, thus altering the magnetizing
influence of the current.

Shunt Dynamos.—The shunt dynamo
has several advantages over other forms.

It is less liable to reverse its polarity
than the series dynamo, and it is com-

monly considered as providing the mag-
netizing pov\-er to the magnets with less

waste of current. Moreover, for a set

of lamps in series, its power to supply
the needful current increases with the

demands of tiie circuit, since any added

resistance sends additional current round

the shunt in which the field-magnets
are placed, and so makes the magnetic
field more intense. On the other hand,
there is greater sensitiveness to in-

equalities of driving, in consequence of

the self-induction in the shunt. The
shunt part of the circuit in the present
case consists of a fine wire of many turns,
wound upon iron cores. It therefore

has a much higher co-efficient of self-

induction than the rest of the circuit;
and consequently any sudden variations

in the speed of driving can but affect

the current in the main circuit more
than in the shunt. Briefly, the shunt-

winding, though it steadies the current

against perturbations due to changes of

resistance in the circuit, does not steady
the current against perturbations due
to changes in driving speed. In the series-

wound dynamo, the converse holds good.

Any of these systems may be applidl
either in direct current or in alternate

current machines. Each has its own
merits for special cases, but none is
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perfect. Not one will ensure that, with
uniform driving speed, either the elec-

tromotive force of the current shall be

constant, however the resistances of the

circuit are altered.

There is no such thing yet as a best

dynamo. One gives steadier currents,
another is less liable to heat, a third

is more compact, a fourth is cheaper, a

fifth is less likely to reverse its currents,
a sixth gives a greater volume of current,
while a seventh evokes a higher electro-

motive force.

Combination Methods.—A method of

rendering a dynamo automatically self-

adjusting, so that either its electro-

motive force or its current (according
to circumstances) shall be constant, is

due to Deprez. If a dynamo be wound
with a double set of coils, one of which
can be traversed by an independent
current, whilst the other is traversed

by the current of the machine itself,

there can always be found a certain

critical velocity of driving, for which,

provided the field-magnets are far from

attaining their saturation point, the

desired condition is fulfilled. Other
combination methods have been sug-

gested, and a summary of them follows.

(1) Series and Separate (for Constant

E.M.F.), Deprez.
—This method can be

applied to any ordinary dynamo, pro-
vided the coils are such that a separate
current from an independent source can

be passed through a part of them, so

that there shall be an initial magnetic
field, independent of the main-circuit

current of the dynamo. When the

machine is running, the electromotive

force producing the current will depend
partly on this independent excitement,

partly on the current's own excitement
of the field-magnets. If the machine
bo run at such a speed that the quotient
of the part of the electromotive force

due to the self-excitement, divided by
the strength of the current, is numeri-

cally equal to the internal resistance of
the machinery, then the electromotive
force in the circuit will be constant,
however the external resistances are
varied. This velocity can be deduced
from experiment, and when the critical

velocity has once been determined, the

machine can be adjusted to work at

any desired electromotive force, by vary-

ing the strength of the separately-

exciting current to the desired degree.

(2) Shunt and Separate (for Constant

Current), Deprez.
—When cases arise, as

for a set of arc lamps in series, that it

is desired to maintain the current in the

circuit at one constant strength, the

previous arrangement must be modified

by combining a shunt-winding with

coils for a separately-exciting current.

This arrangement is, in fact, that of a

shunt-dynamo, with an initial magnetic
field independent of the strength of the

current in the circuit. Seeing that the

only object in providing the coils for

separate excitement is to secure an initial

and independent magnetic field, it is

clear that other means may be em-

ployed to bring about a similar result.

(3) Series and Magneto (Constant

E.M.F.), Perry.
—The initial electro-

motive force in the circuit, required by

Deprez's theory, need not necessarily
consist in there being an initial magnetic
field of independent origin. It is true that

the addition of a permanent magnet, to

give an initial partial magnetization to

the pole-pieces of the field magnets, would
meet the case to a certain extent; but

Prof. Perry has adopted the more general
solution of introducing into the circuit

of a series-dynamo a separate magneto
machine, also driven at a uniform speed,
such that it produces in the circuit a

constant electromotive force equal to

that which it is desired should exist

between the leading and return mains.

This arrangement may be varied by
using a shunt-wound dynamo, the mag-
nets being, as before, included in the

part of tlie circuit outside the machines.

(4) Shunt and Magneto (Constant

Current), Perry.
—

Perry's arrangement
for constant current consists in com-

bining a shunt-dynamo with a magneto
machine of independent electromotive

force, this magneto machine being in-

serted either in the armature part or in

the magnet-shunt part of the machine.

As before, a certain critical speed must be

found from experiment and calculation.
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(5) Series and Shunt.—A dynamo
having its coils wound so that the field-

magnets are excited partly by the main

cvirrent, partly by a current shiinted

across the brushes of the macliine, is not

so perfect as either of the preceding,

lieing more limited in operation. If the

shunt coils be comparatively few and

of high resistance, so that their mag-
netizing power is small, the machine
will give approximately a uniform

electromotive force
; whereas, if the

shunt be relatively a powerful magnet-
izer, as compared with the few coils of

the main circuit, the machine will be

better adapted for giving a constant

current
; but, as before, each case will

correspond to a certain critical speed,

depending on the arrangements of the

machine.

(6) Series and Long Shunt.—Prof

Thompson gives this name to a combina-

tion closely resembling the preceding.
If the magnets are excited partly in

series, but also partly by coils of finer

wire, connected as a shunt across the

whole external circuit, then the combina-

tion should be more applicable than the

preceding to the case of a constant

electromotive force, since any variation

in the resistance of the external circuit

will produce a greater effect in the
"
long shunt " than would be produced

if the resistance of the field-magnets
were included in the part of the main
circuit external to the shunt. Although
the last 2 combinations are not such

perfect solutions of the problem as those

which precede, they are more likely to

find immediate application, since they
can be put into practice upon any
ordinary machine, and do not require,
as in the first 4 combinations, the use

of separate exciters, or of independent

magneto-machines.
All these arrangements presuppose a

constant velocity of driving ;
but they

are not the only ones consistent with this

condition. An ordinary series dynamo
may be made to yield a constant current,

by introducing across the field-magnets
a shunt of variable resistance, the re-

sistance of the shunt being adjusted

automatically by an electro-magnet

whose coik form part of the circuit.

This is actually done in the automatic

regulator attached to Brush dynamos,
as used in supplying a series of arc

lights. A shunt-dynamo may similarly
be controlled, so as to yield a uniform

electro-motive force, by introducing a

variable resistance into the shunt-

magnet circuit as is done in some of

Edison's dynamos. To make the arrange-
ment perfect, this variable resistance

should be automatically adjusted by an

electro-magnet whose coils are an inde-

pendent shunt across the mains of the

external circuit. Yet another way of

accomplishing the regulation of dynamos
is possible in practice, without the con-

dition of a constant speed of driving.
Let the ordinary centrifugal governor
of the steam-engine be abandoned, and
let the supply of steam be regulated,
not by the condition of the velocity of

driving, but by means of an electric

governor, such as an electro-magnet

working against an opposing spring. If

this electro-magnetic governor is to

maintain a constant electromotive force,

its coils must be a shunt to the mains

of the circuit. If it is to maintain a

constant current, its coils must be part
of the main circuit. Such a governor

ought to be more reliable and rapid
than any centrifugal governor intended

to secure a uniform speed of driving.

Organs of Dynamos as constructed in

practice.
—

Field-Magnets.
—In the class-

ification, of dynamos, those of the first

class required a single approximately
uniform field of force, whilst those of

the second required a complex field of

force differing in intensity and sign at

diflerent parts. Hence a corresponding

general demarcation between the field-

magnets in the 2 classes of machine. In

the first, are usually 2 pole-pieces on

opposite sides of a rotating armature
;

in the second, a couple of series of poles
set alternately round a circumference or

crown, the coils which rotate being set

upon a frame between 2 such crowns of

poles.

Confining attention to the first class

of machines, in practice their magnets
differ widelv in construction and design.
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In very few of the existing patterns is

much trouble taken to secure steady-

magnets, by making them long, heavy,
and solid, or with very heavy pole-

pieces. Repeatedly an unnecessary
amount of wire has been wound upon
field-magnets ;

and the usual excuse is

that, with less wire, the machine does

not work so well. If, however, it is

found necessary to wind on so many
coils upon the magnets as to bring these

practically to saturation long before the

machine is doing its maximum work, it

is clear that either the iron is insuffi-

cient in quantity or it is deficient in

quality. In the Biirgin machines,
where cast-iron field-magnets are em-

ployed, the smaller magnetic suscepti-

bility of this metal is made up for by
employing a great weight of it. In

vSiemens's smaller dynamos, the amount
of iron employed in the field-magnets
would be quite insufficient if it were
not of high quality ;

as it is. Prof.

Thompson is of opinion that the mass of

it (especially in the polar parts) might
with advantage be increased. In some
of the early machines of Wilde, and in

Edison's well-known dynamos, long

field-magnets, with heavy pole-pieces,
are found. Edison's dynamos, indeed,
are all remarkable in this feature

;
the

pole-pieces and the yoke connecting the

iron cores of the coils are made abnor-

mally heavy. This is not more notice-

able in the giant dynamos used at the

Holborn Viaduct, than in the smaller

machines used in isolated installations

for 60 and fur 15 lights.
The principle of shaping the magnets,

so that their external form approxi-
mates to that of the magnetic curves of

the lines of force, is to some extent car-

ried out in such widely differing types
of machine as the Gramme with " Ja-

min "
magnet, the Jiirgensen dynamo,

and Thomson's " mousemill "
dynamo.

The 2 machines last named exhibit seve-

ral curious contrasts. In the Jiirgen-
sen, the field-magnets have heavy pole-

pieces ;
in the Thomson, are none

;
and

in the Thomson, the iron core is thicker
at the middle than at the ends. In

both, are auxiliary internal electro-

magnets, fixed within the rotating ar-

mature, to concentrate and augment the

intensity of the field, according to the

device patented by Elphinstone and
Vincent. In the Thomson machine, the

coils are heaped on more thickly at the

middle of the field-magnets ;
in the

Jiirgensen, the coils are crowded up
around the poles. Judging from a re-

port on this machine by Professors Ayr-
ton and Perry, the arrangement is not

satisfactory in practice, as there are

more coils than suffice to magnetize the

magnets.
Another suggestion, indicated from

theoretical considerations, was that of

laminating the pole-pieces, to prevent
the production in them of wasteful Fou-

cault currents. But one machine has

been designed in which this precaution
is carried into effect. This is the disk-

dynamo of Drs. Hopkinson and Muir-

head, the field-magnets of which are

made up of lamina; of iron, cast into a

solid iron backing.
Another matter is the form to be

given to pole-pieces, in order to produce
the best effect. These present such sin-

gular divergence in practice as to sug-

gest the thought that little importance
has been attached to them. Yet upon
the form and extent given to the pole-

pieces depend the reduction of idle wire
in the armature, the reduction of spark-

ing at the commutator, and the avoid-

ance of counter-electromotive forces in

the armature. If the pole-pieces are

badly shaped for their work, or approach
one another too far round the armature,

they maj' completely perturb the ap-

proximate uniformity of the field, and

may cause the central portion of the

field to be of much weaker intensity
than the two lateral regions between
the edges of the pole-pieces. When
this is the case, the rotating coils are

virtually moving in a double field, and
it is even possible that, in consequence,
the direction of the currents induced in

the individual coils may be reversed 4
or 6 times as they make one rotation.

In such a case, the distribution of po-
tential round the separate bars of the

commutator will be abnormal.
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Armatures.—The armatures of dyna-
'mos of the first class may be roughly
classified in 3 groups, according to the

manner of arranging the coils
;
these

are—
(1) Ring armatures, in which the

coils are grouped upon a ring, whose

principal axis of symmetry is its axis of

rotation also.

(2) Drum armatures, in which the

coils are wound longitudinally over the

surface of a drum or cylinder.

(3) Pole armatures, having coils

wound on separate j>oles, projecting ra-

dially all round the periphery of a disk

or central hub.

To these will be added a fourth form,
disk armatures, when dealing with dy-
namos of the second class.

The object of all these combinations

is to obtain practical continuity of cur-

rent. Some of the individual coils

should be moving through the position
of maximum action, whilst others are

passing the neutral point, and are tera-

jjorarily idle. Hence a symmetrical
arrangement around an axis is needed.

Ring armatures are adopted in practice
in the dynamos of Pacinotti, Gramme,
Schiickert, Giilcher, Fein, Heinrichs, De

Meritens, Brush, Jiirgensen, and others.

Drum armatures are found in the Sie-

mens (Alteneck), Edison, Elphinstone-

Vincent, Laing, and other machines.

Pole-armatures are used in the dynamos
of Allen, Elmore, and of Lontin. There

are several intermediate forms. The

Biirgin armature consists of 8 or 10

rings, side by side, so as to form a drum.
The Lontin (continuous-current dynamo)
has the radial poles aflixed upon the

surface of a cylinder. The Maxim ar-

mature is a hollow drum wound like a

Gramme ring, and has therefore a great

quantity of idle wire on the inner sur-

face of the drum. The Weston arma-
ture has the drum surface cut up into

longitudinal poles ;
there is a similar

armature by Jablochkoft', in which the

poles are oblique.

Ring armatures are found in many
machines, but the ingenuity of inventors

has been exercised chiefly in 3 direc-

tions :
—The securing of practical con-

3

tinuity ; the avoidance of Foucault cur-

rents in the cores
;
and the reduction of

useless resistance. In the greater part
of these machines, the coils that form
the sections of the ring are connected ia

series, the end of one to the beginning
of the next, so that there is a continuous

circuit all round, an attachment being
made between each pair to a bar or seg-
ment of the collector. Most inventors

have been content to secure approximate
continuity by making the number of

sections numerous. Prof. Perry has

built up a ring with coils wound ob-

liquely, so that the one coil reaches the

neutral point before the preceding one

has passed it
;
this arrangement pre-

sents mechanical ditiiculties in construc-

tion. Pacinotbi's early dynamo had the

coils wound between projecting teeth

upon an iron ring. Gramme rejected
these cogs, preferring that the coils

should be wound round the entire sur-

face of the endless core. To prevent
wasteful currents in the cores, Gramme
employed for that portion a ceil of var-

nished iron wire of many turns. Ia
Giilcher's latest dynamo, the ring-core
is made up of thin flat rings cut out of

sheet iron, furnished with projecting

cogs, and laid upon one another. The

parts of the coils which pass through
the interior of the ring are compara-
tively idle. They cut very few lines

of force as they rotate, and therefore

oiler a wasteful resistance. Inventors
have essayed to reduce this source of

loss, by either fitting projecting flanges
to the pole-pieces (as in Fein's dynamo),
or by using intei'nal magnets (as in

Jiirgensen's), or by flattening the ring
into a disk-form, so as to reduce the

interior parts of the ring-coils to an

insignificant amount. This is done in

the dynamos of Schiickert and Giilcher.

In the latest form of Giilcher's dynamo,
the field-magnets, at front and back
of the ring, are united on the right
and left sides in a pair of hollow pole-

pieces, which form cases over the ring,

covering a considerable part of it. The
collector is identical with that of

Gramme, but very substantial.

Drum-armatures may all be regarded
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as modifications of Siemens's longitu-
dinal shuttle-form armature of 1856,
the multiplicity of sections of the coils

affording practical continuity in the

currents. In some of Siemens's ma-

chines, the cores are of wood, overspun
with iron wire circumferentially, before

receiving the longitudinal windings ;
in

another, is a stationary iron core, out-

side which the hollow drum revolves
;

in others is no iron in the armature

beyond the driving-spindle. In all the

Siemens armatures, the individual coils

occupy a diametral position with respect
to the cylindrical core, but the mode
of connecting up the separate diametral

sections is not the same in all. In the

older of the Alteneck-Siemens windings,
the sections were not connected toge-
ther symmetrically, but in more recent

machines, a symmetrical plan has been

adhered to, as shown in Fig. 72.

Fig. 72.

In this system, as in the Gramme
ring, the successive sections of coils

ranged round the armature are con-

nected together continuously, the end
of one section and the beginning of

the next being united to one segment
or bar of the collector. A symmetrical
arrangement is of course preferable,
not only for ease of construction, but
because it is important that there

should never be any great difference

of potential between one segment of

the collector and its next neighbour ;

otherwise there will be increased lia-

bility to spark, and form arcs across

the intervening gap. In Edison's mo-
dification of the drum-armature, the

winding, though symmetrical in one

sense, is singular, inasmuch as the

number of sections is an odd number.
In the first machines were 7 paths, as

shown in Fig. 73
;

in his latest giant

Fig. 73.

machines, the number of sections is

49. One consequence of this peculiarity
of structure is that, if the brushes are

set diametrically opposite to one ano-

tlier, they will not pass at the same
instant from section to section of the

collector
;
one of them will be short-

circuiting one of the sections, whilst the

other is at the middle of the opposite
collector. The armature of the latest of

Edison's dynamos is not wound up with

wire, but, like some of Siemens's electro-

plated dynamos, is constructed of solid

bars of copper, arranged around the

periphery of a drum. The ends are

connected across by washers or disks of

copper, insulated from each other, and

having projecting lugs, to which the

copper bars are attached. Such disks

present much less resistance than mere

strips would do. The connections are

in the following order :
—Each of the

49 bars of the collector is connected to

a corresponding one of the 49 disks at

the anterior end of the drum, which Is

connected, by a lug-piece on one side,
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to one of the 98 copper bars. The cur-

rent generated in this bar runs to the

farther end of the machine, enters a

disk at that end, crosses the disk, and

returns along a bar diametrically oppo-
site that along which it started. The
anterior end of this bar is attached to a

lug-piece of the next disk to that from
which we began to trace the connec-

tions; it crosses this disk to the bar

next but one to that first considered,
and so round again. The 2 lug-pieces
of the individual disks at the anterior

end are therefore not exactly opposite
each other, diametrically, as the connec-

tions advance through ^^ of the circum-

ference at each of the 49 paths. The
collector is very substantially built,

and a screen is fixed between the col-

lector and the rest of the armature, to

prevent any copper-dust from flying
back or clogging the insulation between
the bars or disks. There are 5 pairs of

brushes, the tendency to sparking being

thereb}' greatly reduced. The core of

the armature is made of very thin iron

disks, separated by mica or asbestos

paper from each other, and clamped
together. Some exception may be taken

to the use of such stout copper bars, as

being more likely to heat from local

currents than would be the case if

bundles of straps or laminse of copper
were substituted. And, indeed, the

presence of a 4 h.-p. fan to cool the ar-

mature is suggestive that continuous

running is liable to heat it.

It is worth while to mention the pe-

culiarity of form of the Biirgin arma-

ture, consisting of 8, or, in the newest
machines constructed by Crompton, of

10 rings, set side by side. Each ring is

made of a hexagonal coil of iron wire,
mounted upon light metallic spokes,
which meet the corners of the hexagon.
Over this hexagonal frame, 6 coils of

covered copper wire are wound, being
thickest at the 6 points intermediate

between the spokes, thus making up
the form of each ring to nearly a circle.

Each of the 6 coils is separated from its

neighbour, and each of the 10 rings is

fixed to the axis ^ of the circumference
in advance of its neighbour, so that the

60 separate coils are in fact arranged

equidistantly (and symmetrically, as

viewed from the end) around the axis.

There is a 60-part collector, each bar of

which is connected to the end of one

coil and to the beginning of the coil

that is
gig

in advance
;
that is, to the

corresponding coil of the next ring. This

armature has the great practical ad-

vantages of being easy in construction,

light, and with plenty of ventilation.

In the Elphinstone-Vincent dynamo
is a drum-armature of a somewhat dis-

tinct order, the separate coils being
made of a rectangular form, and then

laid upon the sides of a hollow papier-
mache drum in an overlapping manner,
and curved to fit it. The field is com-

plex, with 6 external and 6 internal

poles, and is very intense, owing to the

proximity of these poles. The paral-

lelogram-shaped coils are connected to-

gether so as to work as 3 machines, and

feed 3 pairs of brushes
;
which may

again be united, either in series or in

parallel, or may be used to feed 3 sepa-
rate circuits.

Collectors.—On p. 123 the main points
to be observed in the construction of

collectors are enumerated. Collectors

of such a type are common to all dy-
namos of the first class, except the

Brush, in which there is a multiple

commutator, instead of a collector. The
collector of Pacinotti's early machine dif-

fered only in having the separate bars

alternately a little displaced longitudi-

nally along the cylinder, but still so

that the same brush could slip from bar

to bar. Niaudet's modification, in which
the bars are radially attached to a disk,
is a mere variety in detail, and is not

justified by successful adoption. In the

collector used in Weston's dynamo, and
in some forms of Schiickert's, the bars

are oblique or curved, without any other

effect than that of prolonging the mo-
ment during which the brush, while

slipping from contact with one bar to

contact with the next, short-circuits

one section of the coil.

In a well-arranged dynamo of the

first class, the sections of the collector

are traversed by currents, which run
K 2
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from the negative brush in 2 directions

round the successive coils, and meet at

that bar of the collector which touches

the positive brush. Each section of the

coil thus traver&ed adds its own electro-

motive force to the current passing

through it. Consequently, on measur-

ing the difference of potential between
the negative brush and the successive

bars of the collector, it is seen that the

potential increases regularly all the

way round the collecting cylinder, in

both directions, becoming ama.\imum at

the opposite side where the positive
brush is. This can be verified by con-

necting one terminal of a voltmeter to

the negative brush, and touching the

rotating collector at dift'eront points of

its circumference with a small metallic

brush or spring attached by a wire to

the other terminal of the voltmeter.

If the indications thus obtained are

plotted out round a circle

corresponding to the cir-

cumference of the col-

lector, the values give
a curve like that shown
in Fig. 74, from obser-

vations upon a Gramme
dynamo.

It can be seen that, taking the nega-
tive brush as the lowest point of the

circle, the potential rises regularly to

a maximum at the positive brush. The
same values are also plotted out as or-

dinates upon a horizontal line in Fig.
75. This form of diagram shows very

Fig. 75.

Fig. 74.

clearly that the rise of potential is not

equal between each pair of bars, other-

wise tlie curve would consist merely of

2 oblique straight lines, sloping right
and left from the central point. On the

contrary, there is very little difterence

of potential between the collector bars

close to the -f- brush on its right and

left respectively. The greatest differ-

ence of potential occurs where the curve

is steepest, at a position nearly 93° from
the brushes

;
in fact, at that part of the

circumference of the collector which is

in connection with the coils that are

passing through the position of best

action. Were the field perfectly uni-

form, the number of lines of force that

pass through a coil ought to be propor-
tional to the sine of the angle which
the plane of that coil makes with the

resultant direction of the lines of force

in the field, and the rate of cutting the

lines of force should be proportional to

the cosine of this angle. Now, the

cosine is a maximum when this angle
= 0°

; hence, when the coil is parallel

to the lines of force, or at 90° from the

brushes, the rate of increase of potential
should be at its greatest

—as is very

nearly realized in the diagram of Fig.

73, which, indeed, is very nearly a true
" sinusoidal

"
curve. Such curves,

plotted out from measurements of the

distribution of potential at the col-

lector, show not only \\-here to place
the brushes to get the best effect, but

enable us to judge of the relative " idle-

ness
"
or "

activity
"
of coils in different

parts of the field, and to gauge their

actual intensity while the machine is

running. If the brushes are badly set,

or if the pole-pieces are not judiciously

shaped, the rise of potential will be

irregular, and there will be maxima

p- Ye
and minima of potential at

other points. An actual

diagram, taken from a

dj'namo in which these

arrangements were faulty,
is shown in Fig. 7G, and

plotted horizontally in

Fig. 77
;

from these it will be seen,

not only that the rise of potential was

irregular, but that one part of the col-

FiG. 77.

lector was more positive than the posi-

tive brush, and another part more nc

gative than the negative. The brushes,

therefore, were not getting their proper
difference of potential ;

and in part of
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the Luils the currents were actually being
forced against an opposing electromotive

force. In a badly -arranged dynamo
giving such a diagram as Fig. 7G, a

second pair of brushes, applied at the

points, showing maximum and minimum

potential, could draw a good current

without interfering greatly with the

current flowing through the existing
brushes.

Curves similar to those given can be

obtained from the collectors of any
dynamo of the first class—Gi-amme,
Siemens, Edison, &c.—saving only from
the Brush machine, which, having no

such collector, gives diagrams of a

different kind. It is not needful, in

taking such diagrams, that the actual

brushes of the machine should be in

contact, or that there should be any
circuit between them, though in such

cases the field-magnets must be sepa-

rately excited. Also, the presence of

brushes, drawing a current at any point
of the collector, will alter the distribu-

tion of potential in the collector; and
the manner and amount of such altera-

tion will depend on the position of the

brushes, and the resistance of the circuit

between them.

Brush Dynamo.— Its armatiire — a

ring in form, not entirely overwound
with coils, but having projecting teeth

betweei^ the coils like the Pacinotti

ring
—is unique. Though it resembles

Pacinotti's ring, it differs more from
the Pacinotti armature than that differs

from those of Siemens, Gramme, Edison,

Biirgin, &c. ;
for in all those, the suc-

cessive sections are united in series all

the way round, and constitute, in one

sense, a continuous bobbin. But in the

Brush armature is no such continuity.
The coils are connected in pairs, each to

that diametrically opposite it, and care-

fully isolated from those adjacent to

them. For each pair of coils is a sepa-
rate commutator, so that for the ordi-

nary ring of 8 coils are 4 distinct com-
mutators side by side upon the axis—one

for each pair of coils. The brushes are

arranged so as to touch at the same
time the commutators of 2 pairs of coils,

but never of 2 adjacent pairs ;
the ad-

jacent commutators being always con-

nected to 2 pairs of coils that lie at

right angles to one another in the ring.

The arrangement is given in Fig. 78.

Fig. 78.

In this figure, tlie 8 coils are numbered
as 4 pairs, and each pair has its own

commutator, to which pass the outer

ends of the wire of each coil, the inner

ends of the 2 coils being united across

to each other (not shown). In the

actual machine, each pair of coils, as it

passes througli the position of least

action {i.e., when its plane is at right

angles to the direction of the lines of

force in the field, and when the number
of lines of force passing through it is a

maximum, and the rate of change of

these lines of force a ininimuin) is cut

out of connexion. This is accomplished by
causing the 2 halves of the commutator
to be separated from one another by
about

I of the circumference at each
side. In the figure, the coils marked

1, 1, are " cut out." Neither of the 2

halves of the commutator touches the

brushes. In this position, however, the

coils 3, at right angles to 1, are in the

position of best action, and the current

powerfully induced in them flows out of

the brush A (which is therefore the

negative brush) into a'. This brush is

connected across to brush b, where the

current re-enters the armature. Now,
the coils 2 have just left the position
of best action, and the coils 4 are

beginning to approach that
positioii.
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Through both these pairs of coils, there-

fore, a partial induction will be going
on. Accordingly, it is arranged that

the current on passing into 15, splits,

part going through coils 2 and part

through 4, and re-uniting at the brush

b', whence the current flows round the

coils of the field magnets to excite them,
and then round the external circuit, and
back to the brush A. (In some machines
it is arranged that the current shall go
round the field-magnets after leaving
brush a', and before entering brush B

;

iu which case the action of the machine
is sometimes, though not correctly,
described as causing its coils, as they
rotate, to feed the field-magnets and the

external circuit alternately.) The rota-

tion of the armature will then bring
coils 2 into the position of least action,
when they will be cut out, and the

same action is renewed with only a

slight change in the order of operation.
The following table simimarizes the

successive order of connexions during
a half-revolution :

—
First position. (Coils 1 cut out.)

A-3-A'; B < ^ > B';

Field-magnets—External circuit—A.

Second position. (Coils 2 cut out.)

A < ^ > A'; B-4-B';

Field-magnets—External circuit—A.

Third position. (Coils 3 cut out.)

A-l-A'; B < 2 ^ B';

Field-magnets—External circuit—A.

Fourth position. (Coils 4 cut out.)

A < ^ > A'; B-2-B';

Field-magnets—External circuit—A.

Whichever pair of coils is in tlie posi-
tion of best action is delivering its cur-

rent direct into the circuit
;
whilst the

2 pairs of coils which occupy the

secondary positions are always joined iu

parallel, the same pair of brushes touch-

ing the respective commutators of both.

One consequence of the peculiar

arrangement thus adopted is, that

measuring the potentials round one

ot the commutators with a voltmeter,

gives a wholly different result from
that obtained with other machines.

For \ of the circumference on either

side of the positive brush, there is no

sensible difference of potential. Then
comes a region in which the potential

appears to fall off; but the falling-off
is here partly due to the shorter time

during which the adjustable brush con-

nected with the voltmeter and the

fixed positive brush are both in contact

with the same part of the commutator.
Farther on is a region iu which the

voltmeter gives no indications corre-

sponding to the cut-out position ;
and

asrain on each side of the negative
is a region where the polarity

the negativesame ns that of

Fig. 79 is a diagram
light Brush taken

commutator, the main
brush being, however,
lowed to rest (as in

of a G-

at one

+
al-

its

usual position), in contact

with both this commutator
and the adjacent one.

From the foregoing considerations, it

is clear that the 4 pairs of coils of the

Brush machine really constitute 4 sepa-
rate machines, each delivering alternate

currents to a commutator, which com-
mutes them to intermittent iini-direc-

tional currents in the brushes
;
and that

these independent machines are in-

geniously united in pairs by the device

of letting one pair of brushes press

against the commutators of 2 pairs of

coils. Further, that these paired
machines arc then connected iu series

by bringing a connection round from
brush a' to brush B.

Dynamos of Second Class.—In these,
coils are carried round to different parts
of a magnetic field, whose intensity
dillers iu diil'ereut regions; or one, in

dilferent parts of which the lines of

force run in opposite dii-ections. In

the early machine of Pixii, a single

pair of coils was mounted so as to pass
iu this fashion through parts of the

field where the magnetic induction was

oppositely directed. Such a machine

gives alternate currents, unless a com-
mutator be affixed to the rotating axis.

Niaudet's dynamo, which may be re-

garded as a compound Pixii machine,

having the separate armature coils
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united as those of Gramme and Siemens
into one continuous circuit, is furnished

with a radial collector mentioned above.

In the Wallace-Farmer dynamo is a

pair of poles at the top arranged so

that the N. faces the S. pole, and another

pair at the bottom where the S. faces

the N. pole. The coils are carried round,
their axis being always parallel to the

axis of rotation upon a disk
;
there being

2 sets of coils on opposite faces of 2

ii"on disks set back to back. They are

united precisely as in Niaudet's dynamo,
and each disk has its own collector.

Each bar of the collector is, moreover,

connected, as in the Pacinotti, Gramme,
Siemens, &c., with the end of one coil

and the beginning of the next. In fact,

the Wallace-Farmer is merely a double

Niaudet with cylindrical collectors.

There is a serious objection to the

employment of solid iron disks such

as these : in a very short time they

grow hot from the eddying Foucault

currents engendered in them as they
rotate. This waste reduces the effici-

ency. In the Hopkinson and Muirhead

dynamo, the disk-armature takes a

more reasonable shape. Instead of a

solid iron disk to support the coils, is

a disk built up of a thin iron strip
wound spirally round a wooden centre.

The coils, of approximately quadrangu-
lar shape and flat form, are wound upon
the sides of this compound disk. The
Ball dynamo (so-called

"
Arago-disk ")

is similar in many respects, but has no

iron cores to the armature coils.

Alternate-current Dynamos.—By far

the most important of the dynamos of

this second class are those usually known
as " alternate-current machines." This

type of dynamo was originally created

by Wilde, 'in 1867. The field-magnets
consist of 2 crowns of fixed coils, with

iron cores, arranged so that their free

poles are opposite one another, with a

space between them sufficiently wide to

admit the armature. The poles taken

in order round each crown are alter-

nately of N. and S. polarity, and opposite
a N. pole of one crown faces a S. pole of

the other. This applies to the magnets
of the alternate-current machiues of

Wilde and Siemens, the Ferranti

machine, and, with certain reservations,
to the Lachaussee and the Gordon. The
armatures in almost all machines of this

type consist of a disk, bearing at its

periphery a number of coils, whose axes

are parallel to the axis of rotation.

The principle is shown in Fig. 80,

Fig. 80.

which gives a general view of the

arrangement. Since the lines of forct

run in opposite directions between the

fixed coils, which are alternately S.—N.,

N.—S., the moving coils will be traversed

by alternating currents
;

and as the

alternate coils of the armature will be

traversed by currents in opposite senses,

it is needful to connect them up so that

they shall not oppose one another's action.

In Wilde's dynamo, the armature coils

have iron cores, and the machine is pro-
vided with a commutator on the same

principle as that used by Jacobi in his

motor of 1838, consisting of 2 metallic

cylinders, cut like crown wheels, having
the teeth of one projecting between

those of the other, so that the brushes

make contact against them alternately
as they rotate. The brushes are fixed

so that they do not both touch the same

part. This commutator Wilde usually-

applied to a few, or only one, of the

rotating coils, and utilized the current

thus obtained to magnetize the field-

magnets. The main current was not so

commuted, but was led away from a

simple collector, consisting of 2 rings
connected to the 2 ends of the armature

circuit, each being pressed by one brush.

Siemens prefers to use a separate
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direct current machine to excite the fielil-

magnets of alternate-current dj-namos.
In the armature of the latter, the coils

are wound, usually without iron, upon
wooden cores. In some forms of the

machine, the individiial coils are en-

closed between perforated disks of thin

German silver. When currents of great

strength are required, but not of great
electromotive force, the coils are coupled

up in parallel arc, instead of being
united in series.

In a dynamo by Lachaussee, which

very strikingly resembles the preceding

one, there is iron in the cores of the ro-

tating coils. But the main difl'erence is

that the rotating coils are the field-

magnets, excited by a separate Gramme

dynamo, whilst the coils, which are fixed

in 2 crowns on either side, act as arma-

ture coils in which currents are induced.

Gordon's dynamo is constructed on the

same lines as the Lachaussee, but with

many important improvements. In the

first place, there are twice as many coils

in the fixed armatures as in the rotating

magnets, there being 32 on each side of

the rotating disk, or, in all, G4 moving
coils

;
while there are 64 on each of the

fixed circles, or 128 stationary coils in

all. The latter are of an elongated

shape, wound upon a bit of iron boiler-

plate, bent up to an acute V form, with

cheeks of perforated German silver as

flanges. The object of thus arranging
the coils, so that the moving ones shall

have twice the angular breadth of the

fixed ones, is to prevent adjacent coils

of the fixed series from acting detri-

mentally, by induction, upon one ano-

ther. The alternate coils of the fixed

series are united together in parallel

arcs, so that there are 2 distinct circuits,

in either or both of which lamps can be

placed ;
or they can be coupled up toge-

ther. Great care appears to have been

taken, in the construction of this large

machine, to guard against the appear-
ance of Foucault currents, by arranging
the cores, frames, and coils, so that all

metallic parts of any size shall be slit,

or otherwise structurally divided at

right angles to the direction of the in-

duced electromotive forces,

Another alternate-current dynamo,
identical in many respects with the

Siemens, is the Ferrauti. As in the

machines of Wilde and Siemens, the

electro-magnets form 2 crowns with

opposing poles. The point of diflerence

is the armature, which, like that of

Siemens, has no iron cores in its coils ;

but which, unlike that of Siemens, is not

made up of coils wound round cores, but

consists of zigzags of strip copper folded

upon one another. There are 8 loops in

the zigzag (as shown in Fig, 81), which

Fig. 81.

depicts half only of the arrangement,
and on each side are 16 magnet poles;
so that, as in Gordon's dynamo, the

moving parts are twice the angular
breadth of the fixed parts. The advan-

tage of the armature of zigzag copper
lies in its simplicity of construction.

Sir W. Thomson, who is the real inventor

of this armature, proposed originally
that the copper strips should be wound
between projecting teeth on a wooden

wheel, as indicated in Fig 82. He also

Fig. 82.

proposed to use as field-magnets a form

of electro-magnet of the kind known as

Roberts's, also used by Joule, in which
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the wires that bring tlie exciting current

are passed up and down, in a zigzag
form, between iron blocks projecting
from an iron frame.

Prof. Thompson is not at all convinced

that this type of machine, though at

present fashionable, is destined to prove
of very great value, because he doubts

whether any dynamo that yields alter-

nate currents can compete with con-

tinuous-current machines. For the pur-

poses of a general system of distribu-

tion, where more than one dynamo
must be available, and for the purpose
of supplying motors, alternate-current

machines are quite out of the question.
Besides the disk armatures described,

pole armatures have been employed in

alternate-curi-ent machines by Gramme,
Jablochkoft', and Lontin. Hefner Alte-

neck has gone a stage farther, and, by
the device of employing a disk armature
in which the number of coils differed by
2, or some other even number, from
those of the field, and by the employ-
ment of a multiple-bar collector with

complicated cross connections, has suc-

ceeded in converting this type of dyna-
mo into a continuous-current machine.

Thomson's "Mouse-mill."—This Uy-

FlG. 83.

namo is shown in Fig. 83 in diagram.
The armature is a hollow cylinder s.

made up of parallel copper bars, ar-

ranged like the bars of a mouse-mill

(whence the name of the machine).
These bars are insulated from each

other, but are connected all together
at one end. At the other, they serve

as collector-bars, and deliver up the
currents generated in them to the
"
brushes," which here are rotating

disks of springy copper shown as dotted

circles at C. As the armature is a

hollow barrel, with fixed electro-mag-
nets within, it cannot be rotated on a

spindle, but runs on friction rollers aa',

by one or more of which it is driven.

Dynamos of Third Class.—The earliest

machine which has any right to be

called a dynamo was of this class. Bar-

low and Sturgeon had shown that a

copper disk, placed between the poles of

a magnet, rotates in the magnetic field

W'hen traversed by an electric current

from its axis to its periphery, where
there is a sliding contact. Faraday, in

1831, showed that by rotating a similar

disk mechanically between the poles of

a magnet, continuous currents were ob-

tained. These he drew off by collecting

springs of copper or lead, one of which
touched the axis whilst the other pressed

against the amalgamated periphery.
Here was demonstrated the production
of a permanent (/.(?. continuous) current

of electricity by ordinary magnets. He
went on to employ the principle of

separate excitement of his field-mag-
nets. Effects were obtained from electro-

magnetic poles, resulting from the use

of copper helices or spirals, either

alone or with iron cores. The directions

of the motions were precisely the same;
but the action was much greater when
the iron cores were used than without.

Such a machine as Faraday's is imprac-
ticable for several reasons : the peri-

pheral friction is inadmissible on any
but a small scale

;
and the disposition

of the field-magnets necessarily evokes

wasteful eddy-currents in the disk,

which, even if slit radially, would not

be an appropriate form of armature for

such a limited magnetic field.

Another method of obtaining a con-

tinuous cutting of the lines of force, is
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where a sliding conductor travels round

the pole of a magnet. Faraday even

generated continuous currents by rotat-

ing a magnet with a sliding connection at

its centre, from which a conductor ran

round outside, and made contact with the

end-pivots which supported the magnet.
A similar arrangement was devised

by Varley about 1862. He rotated an

iron magnet in a vertical frame, having
a mercurial connection at the centre.

The current which flowed from both

ends of the magnet toward the centre

was made to return to the machine,
and to pass through coils surrounding
the poles of the rotating magnet ;

thus

anticipating the self-exciting principle
of later date. Varley also proposed to

use an external electro-magnet to in-

crease the action.

Quite recently, the same fundamental

idea has been worked upon by Siemens

and Halske, who have produced a so-

called "
unipolar

"
machine. In this

remarkable dynamo are 2 copper cylin-

ders, both slit longitudinally to obviate

eddy-currents, each of which rotates

round one pole of a U-shaped electro-

magnet. A second electro-magnet,

placed between the rotating cylinders,
has protruding pole-pieces of arching

form, which embrace the cylinders
above and below. Each cylinder, there-

fore, rotates between an internal and

external pole of opposite polarity, and

consequently cuts the lines of force

continuously by sliding upon the inter-

nal pole. The currents from this ma-
chine are of very great strength, but of

only a few volts of electromotive force.

To keep down t4ie resistance, many col-

lecting brushes press on each end of

each cylinder. This dynamo is actually
at work for electro-plating.

In Voice's dynamo, a coil armature,
wound upon an iron ring, is so placed
that the iron ring is itself one pole of a

magnet, a projecting pole-piece from
the other pole being fixed near it, so

that the coils fixed upon one pole glide
round and cut the lines of force pro-

ceeding from the other pole. Whether
this machine will be a practical one

remains to be seen.

Fire Risks.—The following rules

and regulations are drawn up by a com-
mittee of the Society of Telegraph En-

gineers and Electricians for the reduc-

tion to a minimum, in the case of elec-

tric lighting, of those risks of fire

which are inherent in every system of

artificial illumination, and also for the

guidance and instruction of those who
have, or who contemplate having, elec-

tric lighting apparatus installed in their

premises. The difficulties that beset

the electrical engineer are chiefly in-

ternal and invisible, and they can only
be effectually guarded against by

" test-

ing," or probing with electric currents.

They depend chiefly on leakage, undue
resistance in the conductor, and bad

joints, which lead to waste of energy
and the dangerous production of heat.

These defects can only be detected by
measuring, by means of special appa-

ratus, the currents that are, either ordi-

narily or for the purpose of testing,

passed through the circuit. Should

wires become perceptibly warmed by
the ordinary current, it is an indication

that they are too small for the work

they have to do, and that they should

be replaced by larger wires. Bare or

exposed conductors should always be

within visual inspection, and as far out

of reach as possible, since the accidental

falling on to, or the thoughtless placing
of other conducting bodies upon, such

conductors, would lead to "short cir-

cuiting," and the consequent sudden

generation of heat due to an increased

current in conductors not adapted to

carry it with safety.
The necessity cannot be too strongly

urged for guarding against the presence
of moisture and the use of " earth

"
as

part of the circuit. Moisture leads to

loss of current and to the destruction

of the conductor by electrolytic corro-

sion, and the injudicious use of " earth
"

as a part of the circuit tends to magnify

every other source of difSculty and

danger. The chief dangers of every
new application of electricity arise from

ignorance and inexperience on the part
of those who supply and fit up the re-

quisite plant. The greatest element of
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safety is therefore the employment of

skilled and experienced electricians to

supervise the work.

(«) The Dynamo Machine.—(1) The

dynamo machine should be fixed in a

dry place. (2) It should not be exposed
to dust or flyings. (3) It should be

kept perfectly clean and its bearings
•well oiled. (4) The insulation of its

coils and conductors should be practi-

cally perfect. (5) All conductors in

the dynamo room should be firmly sup-

ported, well insulated, conveniently

arranged for inspection, and marked or

numbered.

(6) The Wires.—(6) Every switch or

commutator used for turning the cur-

rent on or off should be constructed so

that when it is moved and left it cannot

permit of a permanent arc or of heating.

(7) Every part of the circuit should be

so determined that the gauge of wire to

be used is properly porportioned to the

currents it will have to carry, and all

junctions with a smaller conductor

should be fitted with a suitable safety
fuse or protector, so that no portion of

the conductor should ever be allowed to

attain a temperature exceeding 150° F.

(65J° C). (8) Under ordinary cir-

cumstances, coiBplete metallic circuits

should be used
;
the employment of gas

or water pipes as conductors for the

purpose of completing the circuit

should not in any case be allowed. (9)
Bare wires passing over the tops of

houses should never be less than 7 ft.

clear of any part of the roof, and all

wires crossing thoroughfares should in-

variably be high enough to allow fire

escapes to pass under them. (10) It is

most essential that joints should be

electrically and mechanically perfect,

and united by solder. The form of

joint recommended is shown in Fig. 84.

Fig. 84.

(11) The position of wires when under-

ground should be clearly indicated, and

they should be laid down so as to be

easily inspected and repaired. (12) All

wires used for indoor purposes should

be efficiently insulated, either by being
covered throughout with some insu-

lating medium, or, if bare, by resting
on insulated supports. (13) When
these wires pass through roofs, floors,

walls, or partitions, or where they cross

or are liable to touch metallic masses,
like iron girders or pipes, they should

be thoroughly protected by suitable

additional covering ;
and where they

are liable to abrasion from any cause, or

to the depredations of rats or mice, they
should be efficiently encased in some
hard material. (14) Where indoor wires

are put out of sight, as beneath flooring,

they should be thoroughly protected
from mechanical injury, and their posi-
tion should be indicated. N.B.—The
value of frequently testing the appa-
ratus and circuits cannot be too strongly

urged. The escape of electricity cannot

be detected by the sense of smell, as

can gas, but it can be detected by appa-
ratus far more certain and delicate.

Leakage not only means waste, but in

the presence of moisture it means de-

struction of the conductor and its insu-

lating covering, by electric action.

(c) Lamps.
—

(15) Arc lamps should

always be guarded by proper lanterns

to prevent danger from falling incan-

descent pieces of carbon, and from as-

cending sparks. Their globes should be

protected with wire netting. (16) The

lanterns, and all parts which are to be

handled, should be insulated from the

circuit.

{d) Danger to Person.—(17) Where
bare wire out of doors rests on insulat-

ing supports, it should be coated with

insulating material, such as indiarub-

ber tape or tube, for at least 2 ft. on
each side of the support. (18) To
secure persons from danger inside

buildings, it is essential so to arrange
!J and protect the conductors and fit-

tings, that no one can be exposed
to the shocks of alternating currents

of a mean electromotive force ex-

ceeding 100 volts, or to continuous cur-

rents of 200 volts. (19) If the diffen-.
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ence of potential within any house

exceeds 200 volts, the house should be

provided with a "
switch," so arranged

that the supply of electricity can be at

once cut oft'.

With reference to par. (10), Bolas

says that the best way to make an

electrical joint is, first to thoroughly
tin the wires, and then wipe them

carefully while they are still hot
; any

chloride of zinc which may have been

used being next removed by a damp
cloth. The wires are then bound, and

subsequently well grouted with solder,

rosin only being used as a flux.

Killingworth Hedges, in a paper re-

cently read befoi'e the British Associa-

tion, alludes to some sources of danger
not previously mentioned. Thus, in

reference to the development of heat

caused by an increased resistance, he

recalls Matthiessen's experiment show-

ing that the conducting power of "com-
mercial

"
copper wire is only 13-6 as

against 99'95 for pure copper : hence

the wire used must be pure throughout.
An absolute essential is a cut-out or

fusible plug in the circuit, arranged to

melt if the current is more than 10 to

15 per cent, in excess of the working
strength.

Measuring.—The following obser-

vations on the measurement of electric

currents are condensed from J. N. Shool-

bred's paper on the " Measurement of

Electricity" (' Jl. Soc. Arts,' Ap. 6,

1883), and one by Professors Ayrton
and Perry on "

Measuring Instruments

used in Electric Lighting and Trans-

mission of Power."
The measurement of all physical

quantities rests upon 3 fundamental
units—length, mass, and time. All

others can be deduced from these. The
fundamental units chosen for electrical

measuring are : length, 1 centimetre
;

mass, 1 gramme ; time, 1 second
;
and

the term "C.G.S." was applied to the

whole system.
As, with the use of a scale common

to all quantities, both very large and

very small numbers must often be

represented, it is advocated in the

C.G.S. system to express each number

as the product of 2 factors, 1 of them

being a power of 10
;

also to effect this

in such a way that the exponent of the

power of 10 shall be the character-

istic of the logarithm of the number.

Thus, 1,280,000 would be written as

1-28x10", and "000128 as 1-28x10*.
The following table contains some of

the units based upon the C. G. S. sys-
tem :

—
C.G.S. Units op Measurement.

Fundamental Units.

Length, 1 centimetre
; mass, 1 gramme ;

time, 1 second.

Derived Units.—Mechanical.

Velocity.
—Unit length in unit time

Centimetre

Second.

Acceleration.—Rate of increase of velo-

city per second : In gravitation
measure =c g. g, in latitude of

London = 981 C.G.S. units.

Momentum.—IMomentum of 1 gramme
with a velocity of 1 centimetre per
second.

Force or Power—Dyne.—Force which,

acting upon 1 gramme for a, second,

generates a velocity of 1 centimetre

per second.

Work—Erg.
—Amount of work done by

1 dyne working through 1 centi-

metre of distance.

Electro-magnetic.

Magnetic Pole.—A pole which, at 1

centimetre distance from a similar

pole, gives a force of 1 dyne.

Magnetic Field.—The intensity of a

field which acts on unit magnetic
pole with a force of 1 dyne.

Current.—A current flowing along 1

centimetre of a circuit in form
of a circular arc, of 1 centimetre

radius
;
and exerting a force of 1

dyne on a unit pole placed at the

centre.

Quantity.
—The quantity conveyed by

unit current in 1 second.

Potential or Electromotive Force.—The
difference of the electric condition

between 2 conductors, or 2 points
of a conductor, when the trans-
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ference of electricity from one to

the other is proceeding at the rate

of 1 erg of work per unit of elec-

tricity transferred.

Resistance.—A resistance such that,
with unit of difference of jjoteutial
between the ends of conductor, 1

unit of current is conveyed along it.

N.B.—The estimation of resistance

actually resolves itself into a question
.

, ., . Lengthof velocity, i.e. -w^.~—
I ime

Some of the above C. G. S. electro-

magnetic units being found to be incon-

veniently large, and others to be far too

small, the following
"
j'ractical

"
units, for

general use, have been deduced from them,
and are now being universally adopted.

"Practical" Electrical Units.

The ohm (10" C. G. S. units of resist-

ance), as the unit of resistance, is that

of a column of mercury having 1 sq.

millimetre of section, and of a length
hereafter to be determined by a com-
mission specially appointed for the

purpose. Note.—The length is sup-

posed, however, to be between 104 and
105 centimetres.

The tolt (10« C. G. S. units of electro-

motive force), as the unit of electro-

motive force. Note.—This corresponds

nearly to that of a Daniell's cell.

The ampere (10""' C. G. S. units of

current), as the unit of current
;
which

is the current produced by 1 volt

through 1 ohm.
The coulomb (10

-» C. G.S. units of

quantity), as the unit of quantity of

electricity ;
which is detineil by the con-

dition that an ampere yields 1 coulomb

per second.

The farad (,10
- ' C. G. S. units of

capacity), as the unit of capacity ;

which is such that 1 coulomb in a farad

shall give 1 volt.

Or, to quote the words of Sir Wm.
Thomson,

" The volt acting through an
ohm gives a current of 1 ampere, that is

to say, 1 coulomb per second
;
and the

farad is the capacity of a condenser, which
holds 1 coulomb, when the difference

of potential of its 2 plates is 1 vult."

The following was suggested by Dr.

C. W. Siemens to be added to the above
units :

—
The tmtt (hV C. G. S. units of

power), as the unit of power ; being the

jiower conveyed by a current of 1

ampere in 1 second through a conductor
whose ends differ in potential by 1 volt.

The joule (10' C. G. S. units of work),
as the unit of work, or heat, being the
heat generated by a watt in a second.

In tlie construction of instruments
for the generation and measurement of

electric currents, great advantage is

taken of the inducting action of magnets
upon coils

;
of the effect of the passage

of the electric current through a coil

upon a magnetic needle in its vicinity ;

and of the result of electric currents of

different intensities upon each other, in

their passage througli conductors in the

form of coils.

The evaluation of the electrical

energy of » supply depends upon the
exact measurement of 2 factors—the
amount of the supply and the pressure
under which it is given ;

or the quan-
tity of the current and the electromotive
force. The product of the current

expended, in ampere seconds, or of

this amount of quantity expressed in

coulombs, by the electrical pressure of

the same, expressed in volts, gives the

electrical energy expended, or the power
of the supply. The electrical energy is

therefore represented by the product of

volts X amperes x time
;

or by the

product of volts X coulombs
; or, ex-

pressed algebraically, W = EC7 = EQ.

Following are equivalent expressions
for the same amount of power, expressed
in other terms, some of which may be
more familiar :

—
Hate of expending Energy.

jlQ'' ergs per second.

1 watt.

j.Jj foot-pounds per
second.

g.gi kilogi'ammetres

per second.

»|g force-cheval

(French horse-

power).

\^^g horse-power.

1 volt-ampere —
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1000 volt

ampere
hours =

The Board of Trade suggest that the

unit of price to be charged should be

based on "the energy contained iu a

current of 1000 amperes flowing under
an electromotive force of 1 volt during
1 hour ;" or, in other words, the unit

might be put as 1000 volt-ampere
hours. The ampere hour is another

way of saying 3600 coulombs of quau-

tit_Y of electricity supplied. It may be

of interest to state in other more con-

ventional terms the equivalent of the

amount of work implied in the above

unit :
—•

Wo)-k done, or Energy expended.

^lO'f erg hours.

3,600,000 volt-coulombs.

3,600,000 joules.
1000 watt-hours.

2,645,000 foot-pounds.

366,840 kilogramnietres.
I 1

• 35 force-cheval heures.

\l '34 horse-power hours.

Put iu terms more in accordance

with actual practice, the above unit

might mean the supply for 1 hour of

a cui'rent of 10 amperes with an electro-

motive force of 100 volts
;

or a 5-

ampere current with an E. M. F. of 200
volts

;
or a 10-ampere current at 200

A'olts for only J hour
;
and so on, pro-

vided that the product of the 3 factors

is always 1000.

To arrive at an evaluation of the

supply of electric energy, the measure-

ment of each of these 2 factors (in volts

and amperes respectively), must be

effected either separately or combined,
and a continuous and cumulative record

must be kept of the supply as it pro-
ceeds. To measure with completeness,
for commercial purposes, a supply of

electricity, entails a continuous record

of current and pressure, either sepa-

rately or combined. In the supply of

towns, the question for the consumer
will probably he much simplified by
causing one element, pressure, to remain
constant. If so, it becomes the duty of

suppliers to keep up that pressure
under penalty ;

and instruments for

recording such pressure will have to be

installed where required, and placed

under proper supervision. For the

customer, it will then generally suflice

to have an exact record of the quantity
of his individual consumption of electric

supply.
Some of the non-recording instru-

ments in more general use, by the addi-

tion of recording apparatus, by which
the element of time can be intesfrated,

may be made into registering meters.

Thus, any current or ampere measurer

may be converted into a record of quan-
tity ; or a coulomb-meter, by the inte-

gration of the time during which the

current has flowed
; and, similarly, any

power or volt-ampere measurer may
become a register of work done by
means of the addition of the elements of

time. Again, volt or pressure mea-
surers will always be required in any
case where a check is needed upon the

actual difference of potential or electro-

motive force of the supply ;
and this

may arise from a variety of causes.

NoN - Registering Instruments.—
(a) Current Measurers.—(1) Siemens's

Electro - dynamometer consists of a

fixed coil, and of a movable coil sus-

pended by a thread and a spiral spring,
the normal position of the latter being
at right angles to that of the former.

When a current is sent through the
2 coils in series, the movable coil is

deflected
;

this deflection is counter-

acted by torsion of the spiral spring,
the amount of such torsion (indicated

by a pointer on an index-dial) being

proportioned to the square of the current

strength.

(2) Obach's Tangent Galvanometer
has a movable ring round a horizontal

axis. If the ring is vertical, the needle

tends to turn on a vertical axis, as la

the ordinary tangent galvanometer (the

opposing force being the horizontal

component of the earth's magnetism) ;

if, however, the ring is placed horizon-

tally, the needle turns round a hori-

zontal axis, or dips (the opposing force

being the vertical component of the

earth's magnetism). The effect of the

intensity of the current upon the needle

may therefore be varied with the in-

clination of the rintr. With the ring in
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<iny fixed position, the current strength
is proportional to the tangent of the

deflection (as in an ordinary tangent
galvanometer).

(3) Cardew's Low-resistance Galvano-
meter is based on the principle of

finding the intensity of an unknown
current by balancing it against one of

known strength, and thus ascertaining
the relation between the two. It con-

sists of 2 coils, a thick wire one (for the

unknown current), and a thin wire one

(for the standard one) ;
both are wound

on the same bobbin, but are insulated

from each other. A magnet, with

needle-pointer, is pivoted in the centre

of the bobbin, and its deflections are

counteracted by the insertion of known
resistance.

(4) Ayrton and Perry's Am-meter.—
This instrument is made in several

forms. In its original shape, it consists

of a permanent magnet of horse-shoe

pattern, with a needle-armature fixed

between its pole-pieces. These are

made of such a shape as to ensure that

the deflections of the needle shall be

directly proportional to the intensity of

the current causing them
;

hence a

knowledge only of the constant of each

instrument is required when using it.

Furthermoi'e, the coil of wire through
which the current passes, is in some
instruments divided up into 10 strands,
which may, by means of a cylindrical

commutator, be coupled up in "
paral-

lel
"

or in "
series," as it is desired or

not to magnify the deflection 10-fold for

small currents. In cases where loss of

magnetism in the permanent magnet is

to be feared, a spiral spring is made to

take the place of the horse-shoe magnet
as the controlling force. Again, where
extreme delicacy is required, the deflec-

tions of the needle ma}^ be magnified
10-fold or more, by attaching to the
shaft of the needle a wheel and pinion.
This form of instrument is adapted for

use with strong currents.

(5) Deprez's Galvanometer consists

of a horse-shoe permanent magnet, with
a solid armature-needle of peculiar" fish-bone

"
form, and index-pointer,

pivoted vertically, placed between its

poles, and a coil of the wire, which
carries the current to be measured, laid

within the horse-shoe. A table indi-

cating the value of the several deflec-

tions of the needle has to be used,

(6) Thomson's Current Galvanometer.—This instrument, together with its

fellow one, for the measurement of the

dilTerence of potential, have been termed
"
graded galvanometers." They are

designed to permit of a very wide range
being obtained with each respectively ;

this being effected by varying the

intensity of the magnetic field in a

known ratio, and comparing with it the
unknown current. The present instru-

ment consists essentially of 2 parts ;
a

coil of thick wire, through which the

current to be measured is allowed to

pass, it being fixed upright at the end
of a wooden platform, with about § only
of the coil projecting above it; and a
"
magnetometer." This last consists of

4 short steel magnets (constituting the

"needle") mounted in a frame on a

vertical axis, with a long aluminium

pointer attached, and enclosed in a

quadrant-shaped box, with a glass cover

and a silvered glass mirror bottom (in
order to counteract any effect of paral-
lax while reading the scale of tangents,
to which the instrument is graduated).
To increase the directive force of the

needle, when required, a semicircular

permanent magnet of hard steel, and of

known intensity, may be fixed upright
on 2 arms projecting from the magneto-
meter, behind the apex of the quadrant.
The magnet stands over the needle,
with its magnetic axis in the horizontal

plane through that of the needle. The

magnetometer is made to slide along
a groove in the wooden platform in

front of the fixed coil, and in a direction

at right angles to it, the axis of the

magnet and of the needle (when at rest)

being parallel to that of the coil
;
while

the aluminium pointer, when at zero,
which is the centre of the scale, lies in

the same direction as the groove, or at

right angles to the coil. The range of

sensibility obtained by varying the ex-

treme distance along the groove of the

magnetometer from the coil is about
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50-fold
;
while by removing tlie magnet,

and leaving the needle under the influ-

ence of the earth's force alone, a further

sensibility 50 times greater can be

obtained.

(6) Pressure Measurers.—(1) Ayrton
and Perry's Volt-meter is in prin-

ciple and form like their am-meter, and

has, like it, several similar modifica-

tions. The essential difference between
the 2 instruments is that the thick wire

coil of the am-meter is here replaced by
a thin wire coil, with the connections to

its ends so arranged as to measure the

difference of potential between the

points desired.

(2) Thomson's Potential Galvano-

meter differs only from his " current
"

instrument, already described, in the

use of a thin wire coil (of German silver

of about 6000 ohms resistance), instead

of a thick wire coil
;
and in the change

in the connections to suit the present

object.

(3) Siemens's Torsion Galvanometer
consists of a bell-magnet suspended be-

tween 2 coils of fine wire by means of a

thread and a spiral spring. The deflec-

tions of the magnet under the c-urrent

are counteracted by means of the spring,
as in the electro-dynamometer, only that

the angles of torsion are here propor-
tional simply to the intensity. Certain

resistances can also be added by which
the sensitiveness can, by means of the

insertion of a plug, be increased 10-fold.

(c) Power or Energy Measurers.—(1)

Ayrton and Perry's Power-meter con-

sists of a thick wire coil through which
the main current passes, and of a fine

wire coil on a shunt, which is suspended
within it. The axes of the 2 coils are

parallel, and the passage of a current

tends to deflect the suspended one.

Since the thick wire coil measures the

intensity of the current, and the thin

wire one its electromotive force, and as

the deflection of the latter is the pro-
duct of the two, therefore the amount
of that deflection is the measure of the

power, or energy, of the current. Modi-
fications of this instrument, with or

without a commutator, or with a wheel
and pinion arrangement, are also made.

(2) Siemens's Watt-meter is con-

structed on the same principle as the

electro-dynamometer. The 2 coils are,

however, kept distinct, with separate
terminals to each. The fixed one, of

thin wire on a shunt, measures the

electromotive force
;
while the movable

onehasthe main current passing through
it. The resulting position of the latter

coil is due directly to the intensities of

the 2 currents
;
that is, to the power

developed. This product, of volts X
amperes, is watts

;
hence the name of

the instrument. The angle of torsion

of the index-pointer gives the watts

directly, and with the knowledge of the

particular constant.

(d) Resistance Measurers.—Measure-
ments of this class are generally carried

out by means of a galvanometer, a set

of resistance coils, and a Wheatstone

bridge (therewith balancing the un-

known resistance by means of one of a

known amount).
Ayrton and Perry's Ohm-meter con-

sists of 2 coils : a thick wire one for the

main current, and a thin wire one on a

shunt for the electromotive force. Both
are fixed with their axes at right angles
to each other. A needle is acted upon
by the currents flowing through each,
and as these are at right angles to each

other, the resulting deflection represents
. E.M.F. . .

the ratio
,

i.e. resistance
;
while

current

in the power-meter the deflection is

caused by the product of current X
E.M.F. In all the instruments devised

by Professors Ayrton and Perry, the

deflections are caused, by duly propor-

tioning the parts, to be directly pro-

portional to the measurements sought
for in each case.

(B) Registering Instruments. —
These may be divided into 2 classes

—
(a) Quantity or coulomb meters

; (6)

energy or work meters.

(a) Quantity or Coulomb Meters.—
These are separated into those based

upon electrolytic action, and those

which are mechanical in principle.

(1) Electrolytic.
—Edison's current-

meters are based upon electro-deposition
of metal, due to the action of a known
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fractional part of the total current.

The weight of the increments is ascer-

tained periodically, and from it the

total quantity of the current which has

passed through the interval is deduced.

The metal used consists of plates of

amalgamated zinc, immersed in a solu-

tion of 90 parts zinc sulphate and 100
of pure water. la the form of meter
for commercial use, 2 cells are jilaced as

a check against each other
; one, termed

the "
monthly cell," receiving 4 times

the current of the other, which is

known as the "
quarterly cell." To

prevent the temperature of the liquid
in the cells falling so low as to freeze,
a connection is made, by means of a long
thin strip of brass and steel riveted

together, to an incandescent lamp, which
is thereby lighted, and raises the tem-

perature as required. It is only when
the temperature falls to 42° F. (5^° C.)
that this tongue is sufficiently depressed
to form contact, and so to light the

lamp. On the temperature rising, the

tongue rises, and the lamp is extin-

guished. Experience shows that electro-

deposition, to give a true and reliable

record, should not be forced or over-

Avorked in its action
;

and that the

plates should not in their daily duty be

required to do more work, or be longer
in action, than they are intended for by
their superficial area. In practice, about

75 per cent, only of the nominal work
should be required of them. It appears
to be the custom to design the duty of

a meter for 3 hours' burning of each

lamp per night. Thus, a 2.'5-light meter
would have its plates designed for 75

lamp-hours per night. As just stated,

it is not advisable in practice to exceed

75 per cent, of this amount. However,
it is seldom found that the whole of the

lights are used for the entirety of the

time allotted to each
;
and if this were

so, it would merely require a larger
meter to meet the case. It is said that

over 300 meters on this principle are in

use in New York.

Sprague's meters are based upon
electro-deposit up to a certain point ;

i.e. when the intended quantity of

metal, whether copper or zinc, has been

8

deposited on the plate. The current is

then reversed, and the metal is gra-

dually dissolved again until the primary
condition of the plate is reached

; when,
by another reversal of the current,

deposition again commences. Each re-

versal of the current is recorded by a

mechanical counter and a train and
wheels. Not much practical experience
has been obtained with these meters

;

but what has been done tends to point
out that the mechanical operations in-

volved in the reversals of the current,
and iu their registration, absorb a large
amount of power.

(2) Mechanical.—Hopkinson's cur-

rent-meter consists of a thick wire coil,

in the form of a solenoid, through which
the current passes to be measured. The
iron core of this solenoid revolves with
its central shaft by the action of the

armature of a small dynamo machine

placed at one end of the shaft. The
core of the solenoid is in 2 parts ;

the

lower is tixed to the shaft, while the

upper is movable, being attached to a

governor-ball arrangement, and sliding

up and down the shaft in accordance

with the variations in the rotation

speed of the shaft. A shunt current

passes through the dynamo and its arma-

ture, up through the lower or fixed

portion of the core, (by contact only)
to the sliding part, and thence to the

framework of the apparatus. If the

movable core be lifted, owing to the

speed of rotation, by the action of the

governor-balls, this circuit is broken,
and the shunt current through the

dynamo is interrupted. Whenever a

current to be measured passes through
the coil, attraction, by means of its

casing, takes place between the fixed

and the movable parts of the iron core.

This magnetic action, which is propor-
tional to the square of the current, tends

to keep the 2 parts of the core together
and in contact

;
while the centrifugal

force of the governor-balls, which is

proportional to the square of the speed
of revolution, tends to break the contact

by lifting the movable part. These

opposite forces will, in working, balance

one another, and the result is that the
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system revolves with a velocity propor-
tional to the current through the coil.

As the revolutions of the shaft are

transmitted continuously by a train of

wheels to a set of index dials, a record

is kept of the quantity of the current

that has passed.

Boys's Quantity or Vibrating Meter
is based upon 2 well-known principles :

(1) The force acting on the armature of

an electro-magnet, in any position, is

proportional to the square of the cur-

rent
; (2) the square of the number of

vibrations, say, of a pendulum, is a

measure of the controlling force. There-

fore, if the controlling force under
which a body vibrates is due to the

action of an electro-magnet on its arma-

ture, the srjuare of the number of vi-

brations in a given time is a measure of

the square of the electric current. In

other words, the rate of vibrating is a

measure of the strength of the current
;

and the number of vibrations is a mea-
sure of its quantity. The e.xact form
and nature of the meter may vary in

many details. One form consists, pri-

marily, of an electro-magnet (the upper
one), through the coils of which passes
a portion of the main current to be

measured. This magnet is placed hori-

zontally, and a vertical rocking shaft

stands between its poles. This shaft

has fixed on it a soft iron armature,
rounded at the ends, and free to move in

the horizontal plane between the poles
of the electro-magnet. The intensity of

the attraction between the poles and
this armature determines the rate of

vibration, which, as above stated, is a

measure of the strength of the current.

Each vibration is itself recorded by
means of an escapement, a train of

wheels, and a set of index dials
;
and

the number of vibrations thus regis-
tered becomes a measure of the quantity
of the current. To add to the momen-
tum of the vibrating body, 2 long arms,

weighted at the end, are attached to the

lower part of the vertical shaft. To

prevent the vibrating armature from

gradually coming to rest, it is arranged
that, when the vibrations fall below a

certain limit, by making contact, a por-

tion of the current is sent round the

coils of a second or "impulse
"

electro-

magnet (placed underneath the " con-

trolling
"

magnet), and which has an

armature of a suitable form fixed on to

the same shaft that carries the arma-
ture of the upper magnet. The extra

motion thus given to the shaft by the

attraction of the lower armature, affords

the necessary impulse to the vibrating
armature when required.

In Lane-Fox's quantity meter the

entire current of supply is passed

through the coils of a solenoid
;
the

movable core, or plunger (the degree of

insertion of which within the solenoid

depends upon the intensity of the cur-

rent), is made pendant from one end of a

beam or balance. From the other ex-

tremity of the beam hangs a plunger,
in the form of an inverted cone, which
in its position of rest fills up completely,
with the base of the cone, a small ver-

tical water-pipe, the water being con-

stantly supplied from a small cistern

above. The result of the passage of an
electric current through the coils of the

solenoid is to suck the core or plunger

deeper in, and in doing so the conical

water-plug is lifted, and its diameter at

the orifice of the pipe being diminished

in consequence, water escapes down the

pipe. The amount of this water, being

directly dependent upon the intensity of

the current, becomes a measure of its

quantity. A cistern is provided for

this overflow; and when it becomes

full, it is automatically emptied. These

successive operations of emptying are

recorded mechanically by a train of

wheels. By this means, a record is

kept of the quantity of the supply.
F. H. Varley's meter is based partly

upon electric and partly upon mecha-

nical pirinciples, the successive incre-

ments of depositions being made visible

by a pointer on a curved index ; and

the several reversals are understood to

be alterations in the mechanical direc-

tion, and not in that of the current (as

in Sprague's meters).

(6) Energy or Work Meters. — (1)

Boys's.
—This consists of 2 parts

—the

indicator of energy, and the integrating
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apparatus. lu the indicator of energy,
a balanced beam has from one end sus-

pended a counter-weight, and from the

other a hollow solenoid, free to work up
and down into 2 other solenoids. The
movable solenoid is wound with a con-

siderable length of fine wire, in the

upper half in one direction, in the lower

in the opposite (this is to render it in-

dependent of any magnet which may be

placed near it). This solenoid consti-

tutes the high resistance shunt which
measures the E.JI.F. The 2 fixed sole-

noids are wound with thick wire, and

convey the main current. The result

of the action of the fixed and movable
solenoids on each other is a force prc-

portional to the product of the 2 cur-

rents, that is, to the energy expended ;

but the external evidence of this is the

inclination of the beam, and this incli-

nation, or rather the tangent of the in-

clination, is proportional to the energy
being expended. The recording appa-
ratus consists of a cylinder, which, by
means of a mangle-motion, is made to

reciprocate backwards and forwards by
clockwork, and during its passage in

each direction the cylinder is made to

bear alternately against one of 2 tan-

gent wheels, each free to be inclined in

its direction of travel : both are fixed on

the same swivelling frame, but only one

of them bears at the same time against
the cylinder. This frame is free to be

inclined from the vertical in correspond-
ence with the inclinations of the beam.

The effect of this inclination of the tan-

gent wheel is to cause the reciprocating

cylinder to rotate, the speed of such

rotation being proportional to the tan-

gent of the inclination of the wheel,
which is likewise proportional to the

tangent of the inclination of the beam,
i.e. to the amount of energy expended.
The path of the tangent wheel on the

reciprocating cylinder, when not in-

clined, is simply a straight line length-

ways along the cylinder, and no rotation

is caused; but when, owing to the in-

clination of the wheel, the cylinder

rotates, the wheel -
path becomes a

spiral. The rotations of the cylinder
are transmitted to a train of wheels,

and registered, thus giving a record of

the amount of energy expended during
a given time.

(2) Deprez's instrument consists of a

thick wire coil, movable upon its axis,
which passes through its centre of gra-

vity. This axis-shaft is set upon 2

knife-edges, insulated from each other,
and communicating respectively with
the coil

;
and with a metallic bar having

a curved, quadrant-shaped head, which

dips into a mercury cup, and thus forms
connection with the main current. The
shaft also carries, projecting downwards,
a pendulum rod, the bob of which is

intended to cause an antagonistic force
;

while the extension upwards of the rod

forms a jioiuter, with a scale fixed on

the frame of the apparatus. On the

frame there is also a tine wire coil, on a

shunt, fixed so as to surround the mov-
able coil. The deflections on the pointer
are therefore due to the product of the

intensity of the current and its elec-

tro-motive force
;
that is, to the power

developed. The readings of this instru-

ment may be integrated either by a

Deprez rotating disc and ball integrator,
or by one designed by Abdank (of Cra-

cow), having a travelling cylinder and

tangent-wheel arrangement, somewhat
similar to that of Boys.

(3) Ayrton and Perry's erg-meter is

but a further development or sequel to

their power-meter, by the addition of

apparatus which integrate and record

continuously the time during which the

ele-ctrical energy has been imparted, as

well as the variations in its amount.

By this means is preserved a record of

the entire work done, or of the total

electrical energy supplied. As in the

power-meter, 2 coils are here made use

of. There is a thick wire one on the

main circuit, to measure the amount of

current
;

and a thin wire one on a

shunt, joining the ends of the main cir-

cuit, to measure the difference -of poten-

tial, or electromotive force, of the

main circuit. The thin wire coil, of

say 1000 ohms resistance, simply re-

places the pendulum bob of a clock.

The wires from each end of the coils

pass up the sides of the pendulum rod,
L 2
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and on to binding-screws, which can be

joined to the supply and return cables

of a house, or machine, or a system re-

ceiving electrical energy. In the imme-
diate vicinity of the fine wire coil, fas-

tened to the clock-case and parallel with

the plane of the pendulum path, is fixed

the thick wire coil, which forms part of

the main circuit and has a very small

resistance. The effect upon the thin

wire coil of its repeated passages in

front of the thick wire coil is to cause a

cei'tain pull or attraction upon its mo-
tion—either of acceleration or of re-

tardation, according to the direction of

the coiling. This action, in addition to

the ordinary action of gravity upon the

pendulum, Avill keep constantly adding
to or taking from its rate of motion, in

proportion to the electrical power of

the circuit. This pull is the product of

the magnetic moments of the 2 coils,

and therefore is proportional to the pro-
duct of Jthe current and the electro-

motive force. The effects of these re-

peated accelerations or retardations

upon the jJi'ogress of the clock keep

constantly accumulating, and their total

amount can at any time be detected and

ascertained by observing the amount of

loss or gain which the clock has expe-
rienced. As the rate of loss or gain in

the clock due to different amounts of

electrical power has been previously
ascertained, this knowledge of the total

retardation or acceleration upon the

clock is, in fact, a record of the total

amount of electrical energy which has

been expended, or of the work done,
since the last observation of the clock.

Prof. W. Grylls Adams observes that

before much can be said about these

various instruments, they require fur-

ther trial and comparison with one

another. One important point is eco-

nomy ;
a simple instrument will have

the preference over another which may
be equally effective but more compli-
cated. If these instruments are to be

used by every consumer, it is a matter
of great importance that they shall not

be iinnecessarily expensive.
Preece advocates the adoption of a

mode by which lighting may be paid

for, not by measuring the quantity of

electricity consumed, but by the mea-
surement of the amount of light given
as compared with that given by 1000 cub.

ft. of gas. What is supplied and used
is light, and what people want to pay
for is light ;

1000 cub. ft. of gas give a

very convenient standard, and if the

electric light companies could only for-

mulate some plan by which they would

charge accounts for the light supplied,
he believes the public would be more

ready to use it than if they were

charged per A'olt-ampere, or any other

measurement which a few understood
but the majority did not. The most

interesting subject is, not how elec-

tricity is to be measured, but how it .

is to be paid for. Boys's instruments
are perfect of their kind, and Dr. Hop-
kinson's instrument for measuring the

quantity of electricity passed into a

house, though very little known, is

one of the most perfect things he has
ever seen. Why he objects to pay for

electricity is because he believes we
do not know how much light it will

produce. If we agreed to pay Id. per
1000 volt-ampere hours this year, the

probability is that next year such im-

provements would be made, that the
same energy which now produced 200-
candle power, would then i)roduce 2000.

Microphones. —The microphone
has been so named from its power of

increasing sounds resulting from me-
chanical vibrations transmitted by solid

substances, and thus rendering audible

such ordinarily inaudible sounds as a

fly's footsteps on the stand of the in-

strument. Its action is thus described

by Prof. James Blyth.
Action.—In the microphone trans-

mitter, as iisually employed in circuit

with a battery and a bell telephone, are

essentially 2 pieces of carbon resting

lightly against each other, through
which the current passes. That the

instrument may work effectively, 2

things are requisite : first, that the
carbons be always in contact, or at least

sufficiently near for the current to pass
between them

; and secondly, that they
may not be pressed together so tightly
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as to prevent any motion of the one

relatively to the other. This state of

things is sufficiently well described by
the term " loose contact." To under-

stand the action of the microphone, it is

necessary to find out what effects are

taking place at the loose contact when
the instrument is acted upon by sono-

rous waves. These are twofold : first,

the eflect produced by the sound waves

(that is, the variations of density due to

the condensations and rarefactions of

the air), which pass directly through
the air when they arrive at the loose

contact
;

and secondly, the eflect pro-
duced by tremors set up in the entire

instrument, wooden siipports, and car-

bons together, by the sovmd waves which
strike against it and are thereby stopped.

For distinction, the first of these may
be called the air eflect, and the second

the tremor effect. To isolate the air

effect, it is obviously necessary either to

fix the carbons rigidly in their supports,
so as to avoid any motion of the one

relatively to the other, or to use a

strong current and place them just
clear of contact with each other.

Fig. 85 illustrates how this may be

Fig. 85.

done : a,b,c are 3 blocks of brass firmly
fixed to a heavy wooden sole-plate. To
the top of a is soldered a piece of brass

tube h, about 2 in. long and
| in. bore.

To the top of b is soldered a jiiecc of

similar tube
/;,

about 4 in. long.

Through c passes a fine screw s worked

by a milled head m. A piece of carbon-

rod e is fixed firmly into f>, and has a

hole J in. in diameter drilled through
its centre. A long piece of carbon /,

pointed at one end, passes tightly

through the tube /;, and can be moved

backwards and forwards by the screw s.

A piece of indinrubber tube I is passed
over the left end of the tube h, and to

this is attached a mouthpiece n. By
means of the wires x and y soldered to

the carbon rods, they are put in circuit

with the battery d (20 Grove's cells)
and the telephone t, which must either

have a small resistance, or be placed in

a separate circuit from that containing
the battery, so as to be acted upon in-

ductively.
When the carbon / is screwed tightly

into the hollow of e, the circuit is com-

pletely closed, and no sound uttered

into n is heard at t. But when / is

drawn gradually back until
' small elec-

tric arcs are seen to pass between / and

e, every sound uttered into n is loudly
and distinctly reproduced in the tele-

phone t. Here is clearly only the air

effect acting, and that solely upon the

small electric arcs passing the carbons.

It is somewhat difficult to get the

sounds to last for any length of time, in

consequence of the arc distance soon

getting too great for the current to

pass, and requiring re-adjustment. When
the arc begins and ends, a sharp click is

heard in the telephone ;
but in the in-

terval during which the arc lasts, the

sounds are distinct.

As far as the tremor effect is con-

cerned, it is obvious that the micro-

jihune action must depend either (1)

upon the variation of resistance due to

variation of pressure, or (2) to varia-

tion in the extent of surface contact

due to the elastic yielding of the car-

bons under pressure.
To test the first of these causes, Prof.

Blyth made experiments on the effect of

pressure upon the specific resistance of

carbon. For this purpose he took a
short length of carbon rod, and soldered

wires to it at a short distance from
each end. By means of these wires

the resistance of the carbon rod was
balanced in the Wheatstone bridge.
Pressure was then applied by means of

a lever to the carbon in a longitudinal
direction. No appreciable variation in

the resistance was observed even under

considerable pressure ;
and it only be-
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came manifest when the pressure was
sufficient to bend or crush the carbon.

Similar experiments, with the same

result, have been made by Prof. Thomp-
son. Hence it can hardly be believed

that variation of specific resistance due

to pressure can have the slightest effect

in producing the microphone action.

To test the second cause above men-
tioned—that is, the variation of resist-

ance due to variation in the extent of

surface contact due to elastic yielding
imder pressure

—Prof. Blyth experi-
mented as follows:—In the a}>paratns

already described, he replaced the tubu-
lar carbon by a finely-pointed {wece, so

as to have 2 fine points exactly opposite
each other. The resistance of the poiuts
was balanced in the bridge in the usual

way. Pressure was then applied by a

known number of turns or parts of a

turn of the fine screw, and the change
of resistance was noted. The screw was
then brought back to former position,
:md the pressure relieved so as to allow

the elasticity of the carbon to act and

restore the points to their first condi-

tion. It is obvious that if the change
of resistance were due merely to elastic

j-ielding, it should now be the same as

before. This was found not to be the

case. From the gritty nature of the

carbon, the points of contact were per-

petually changing, and hence the varia-

tion of resistance produced in this way
obeyed no regular law. From this irre-

gularity it is impossible to conclude

that this cause could explain the trans-

mission of musical sounds, far less ar-

ticulate speech.
As far as Blyth 's experiments go, the

following appears to be something like

the true explanation of the microphone
action. What he has termed the air

xiud the tremor elTects take place si-

multaneously. The tremor efl'ect pro-
duces a jolting of the carbons sufficient

to allow momentary minute electric arcs

to take place between the poiuts which
are just clear of contact with each other.

Simultaneously with this, the air effect

comes in, and on account of the varia-

tions of density due to the condensations

and rarefactions of the air, acts upon

the minute electric arcs so as to vary
their resistance. The tremor effect ex-

plains merely production of the musical

pitch of the sounds heard in the tele-

phone, whereas it is to the air effect

that we must look for the transmission

of the quality of the sounds uttered

into the microphone transmitter. The

microphone is thus so far a delicate

make and break analogous to the old

Eeiss transmitter, with the important
addition, however, of minute momentary
gaps filled with a material which is

sensitive to the minute harmonic varia-

tions of the atmospheric density which
constitute sonorous vibrations. (Prof.

Blyth.)
Construction.—Instructions will now

be given for the construction of micro-

phones of various forms and patterns.

(1) Simple Microphone, capable of

majving the tramping of a fly, &c.,

audible (Fig. 86).—All the battery it

Fig. 86.

requires is a piece of carbon and zinc or

copper and zinc, about 3 in. square, with

a piece of blotting - paper between,

damped with vinegar. It answers

equally as well as an expensive battery.

/ is a box, size immaterial, say 4 in.

square ; over the top is stretched a

piece of vegetable parchment ; a, pieces
of carbon filed to a knife-edge at top, to

support small stick of carbon, b ; c,

piece of wood glued to a and to parch-
ment top; df wires connecting a with
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bindiug-screws e. An old sewing ma-
chine needle makes a good drill for

drilling the holes into which the wires

are wedged tight with the point of a

pin. B is another form, scarcely so

sensitive, but less liable to accident from
flies walking over it. a are 2 pieces of

carbon about \ in. square, fastened to-

gether by being glued to a thin piece of

card which reaches about half-way up.
The top of the carbon, in the centre, is

cupped so as to hold a small pellet of

carbon, ranging in size from a mustard-
seed to a pea ; 6, wires to binding-
screws. When all the connections are

made, jslace a watch at the bottom of

the box at g, and gently push the carbon

)iiece b till it is almost falling over. A
little practice will soon enable any one

(o get a very line balance. The finer

the balance, the better the result.

Vv^hen the ticking of the watch can be

heard distinctly, take it out and place
it on the top of box, resting the ring on

the piece of wood c. With a moderately
good telephone, the ticking will be suf-

liciently lorid to be heard across a good-
sized room. For flies, cover the top
with a bell glass, or put them in tlie

box and close up the opening. When
using a common pin instead of 6, flies

may be heard running about almost as

distinctly as witli the carbon. A human
hair drawn across the parchment is

heard as a rustling sound in the tele-

phone. The experiments should be

conducted in a quiet room, as the

slightest conversation or movement
aftects the microphone, and produces a

jarring noise in the telephone. (T.

Cuttriss).

(2) Adjustable Wicrophonc.
—Get a

jilece of g-in, deal, about 4 in. by o in.,

polish it up, and ebonize it. Under-
neath put 4 corner pieces, 2 of which
are shown at A, Fig. 87. Next fix one
of the carbon pieces on the board. In

one corner of the board cut a square
hole through, as at a, then get your
carbon block and bore a hole half-way

through it, making the hole wider in-

side (Ji). The carbon block is s\ink

slightly into the hole at a, a piece of

copper wire is inserted, and melted

lead is poured into the hole, binding
the carbon block on and making a

good connection between it and the

wire, which is then connected under-
neath to the bindin? screw at b. Then

Fir,. S7.

^-.fey- :S^
^ 2^

get a slip of thin "latten
"

brass about
2 in. long b;

A in. broad, and punch two
small holes in it, one at one end c, the

other in the middle d. At the other

end a piece of gas carbon, about
^'

in. by
\ in. by \ in., is fastened by means of

melted lead The end c is then fas-

tened down with a screw and washer,
the carbon end in this position being
about \ in. from the carbon block. A
small spiral is made with No. 32 copper
wire—this is put on a taper wood screw,
which is screwed through d till the 2

carbon surfaces touch. If small sounds

are intended to be shut out, the screw
is tightened. It may, of course, be used

with a soundboard if desired. (^Eng.

Mcch.).

(3) Gives excellent results in trans-

mitting the human voice and musical

notes (Fig. 88). The upright board

Fig. 83.

has a circular hole n cut through it,

about 2^ in. in diameter. Over this is

gummed some vegetable parchment b,
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which, when the gum has well dried, is

wetted and dried several times till quite
taut. To the centre of this is fixed the

upper carbon block c by means of a

screw and a small wooden nut, and the

wires are connected with battery and

telephone in usual manner. I have only
tried a 2^ in. hole, but am inclined to

think that an improvement may be

made by varying the size of the hole

and the position of the carbon block on
it. (T. J. Mercer.)

(4-) Will transmit distinctly the

loudest voice and the lowest whisper,
when such are spoken 10 ft. or 12 ft.

distant, without the smallest jar, and in

the same tone as the speaker's voice.

(Fig. 89.) Take a piece of very thin

Fig. 89.

deal, 5 in. by 2J in., smoothly planed ;
fix

to it the sides H in. deep, equally thin
;

now add cuds
J
in. thick. You will then

have a lidless bo.x whose bottom and
bides are very thin and smooth, but with
ends much thicker. Hold a stick of

cask-wax in the fiame of a spirit lamp,
and run it in the seams where the sides

and ends join
—of course having previ-

ously glued them
;

screw this firmly

through its end, to a stout base-board
3 in. by 7 in. hi this box fix an ordinary
microphone ;

to the centre of the vibra-

tor cement a piece of iron wire. It is

only necessary now to make a stand

uj)on which to place a horse-slme

magnet ; the stand, with the magnet
upon it, must be in height so that when
jdaced upon the base-board the feet of

the magnet will stand parallel to the
iron wire. The magnet maybe fixed to
the stand, but the stand must be free, so

that it can be moved backwards or for-

wards on the base-board, nearer to or

farther from the vibrator. Haviucr con-

nected your batteries and telephones,
brin 4 the feet of the magnet within

|
in.

of the iron wire (the wire must not

touch the magnet). Now speak, standing
3 or 4 ft. away—your friend will then re-

port to you through the telephone the re-

sult ; if not satisfactory, move the mag-
net farther away, until the voice is clearly

heard, and in its natural tone. The
results are equally as satisfactory as

wonderful, the magnet merely acting as

an easily adjustable spring in controlling

superfluous vibration, which is the cause

of that peculiar and annoying jarring
sound. (R. Blakeborough.)

(5) Get a thin bit of board about
6 in. by 3 in., supported at each corner

by little feet, also 2 small blocks of

carbon with a hole through the middle

and a notch at the side of each
;
screw

them into the board about IJ in. apart

by binding-screws, and across them,

resting in the notches, put a bar of

carbon
;

it will much improve it if the

carbon is heated red-hot and plunged into

mercury. The microphone is now com-

plete. To connect it, join one terminal

of microphone with one pole of the

battery and the other with one pole of

the telephone ;
the second terminal of

the telephone is joined with the other

of the battery. (E. H. Hills.)

(6) The following arrangement of

microphone transmits speech clearly.
The sketches are sectional (Fig. 90).

Fig. 90.

(', side of box
; b, one of 2 pieces of

copper between which the horizontal

j)iece of pencil carbon c is spindled so

that one end rests lightly on the other

piece of pencil carbon c, which is fixed

upright ; b, the 2 pieces of copper men-
tioned before ; c, end of the horizontal

piece of carbon, under which a fine

watch-spring/ passes. One end of the

spring / is screwed on to a wooden
block e. The pressure of the spring /
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against the end of the carbon c is regu-
lated by the screw d, which passes

through it. Use a Bell's telephone as

the receiving instrument. Speak in a

low clear tone quite close to the micro-

phone, and if the voice cannot be heard

well at the other end of the line, tighten
the screw d, thereby easing the pressure
of the spring / against the carbon c.

On the other hand, if too much vibration

is heard, loosen d a little. Use either a

small bichromate battery, or a single
No. 2 Leclanche cell. {Eng. Mech.)

(7) Cup-and-ball microphone (Fig.

91). To construct the cup-and-ball

Fig. 91.

W "u: iiii

microphone, take the case of an ordinary
Bell telephone, remove the magnet and

coil, cut oiF the long end or handle which
contained the magnet, and plug up the

hole in the case
;
turn the 2 cups out of

a piece of a round carbon rod | in. in

diameter, and make the ball out of a

piece of round carbon rod ^^ in. diameter.

Secure one of the cups to the centre of

the wooden case of the telephone by a

small screw, and the other cup to the

centre of the diaphragm of the telephone

by a leaden rivet
; place the carbon ball

in the cup which is secured to the case,

and place the diaphragm with the cup
attached to it in its former position in

the telephone case, having of course first

carried a wire from each carbon cup to

a terminal screw
;
see that the 2 cups

are concentric ;
screw in the mouthpiece,

and the microphone is complete. The

microphone must be mounted in gimbals
like a looking-glass, and slightly inclined

backward or forward, until it speaks

quite clearly, when it may be clamped.
Each microphone has one position in

which it speaks best, and this position
must be found by actual ti'ial. If the

microphone is intended for ordinary use,

the diaphragm should be made of thin

deal, straight-grained and about \ in.

thick
;
after the carbon cup is attached,

the wooden diaphragm should receive,

in the side against which you speak, a

coat of thin white hard varnish, put on'

in a dry room with a wide brush.

In the sketch, a are the carbon

cups, h is the carbon pea, .•. is the dia-

phragm, and the shaded parts represent
the telephone case, which, as drawn, is

not closely screwed up. The open in-

terior part of the case, i.e. the part
which determines the area of the free

vibrating portion of the diaphragm,
should be 2\ in. in diameter ; the other

dimensions may be varied according to

fancy, but the carbon cup attached to

the diaphragm should not be more than

about \ in. in length. There is no dif-

ticulty in turning the carbon cups, the

only tools required being a brad-awl,
which makes a capital drill for carbon ;

an old file to smooth down the back and

lace of the cup, which can, however, be

done with emery-paper ;
the stump of

any old small chisel ground to a long

cutting slope; and a fret-saw. It is

desirable to turn a small piece of box-

wood to such a shape as will fit into the

cup when completed, and by pushing
this lightly into the cup whilst it is

running in the lathe, the interior of

the cup will be smoothed, and in many
cases polished. To make the ball, chuck
a piece of

f'g
in. round carbon rod, and

at the end turn a round head, like the

head of a pawn in a set of chessmen ;

get it as nearly round as possible
—a file

is the best tool for this—and then cut

it oft"; rub off any projections on emery-
paper. The remainder of the process

may be done in 2 ways. (1) Tack a

sheet of emery-paper on a board, secure

another piece of emery-paper to a con-

veniently-shaped piece of wood with a

flat face
; put the carbon pea on the

emery-paper tacked on the board, and,
with the other piece of emery-paper-
cova-ed wood, rub the pea about in

every direction between the two, and
with a little care the pea will become

nearly a true sphere. (2) The other



154 Electeics—MicropliouGS.

wa}', advised by Yeates, of King Street,
Covent Garden, is—take a piece of sheet-

steel about as thick as a screw-blade,
and about 2 in. long by f in. wide, soften

it, chuck it by means of sealing-wax ;

drill a hole, about
I

in. in diameter,

through the centre—the exact centre is

not required ;
then Avith a ve)-y keen-

edged tool enlarge this hole to about
5^5

in. diameter, and take care that the

edges of this hole are left sharp and not

rounded
;
then harden the plate as hard

as you can make it. Take the carbon

pea which you have roughed down in

the lathe, put it in the hole in the steel

plate, rub it round in every direction

between the finger and thumb, and
after a while it will pass through the

liole and be almost a true sphere. I have
made the carbon balls by both these

processes, and though the lattei- 's by
far the more accurate, the former has

answered very well. One plate will

make a great many balls. In all micro-

phones, the points actually in contact,
or which regulate the current, oxidize,

and when this i3 complete, the current

will not pass. In this cup-and-ball

microphone, fresh surfaces are constantly

coming into contact, and a shake will

always ensure this. If the microphone
is properly constructed, the ball should
rattle loudly when the microphone is

shaken. In screwing up the microphone,
the diaphragm should not be pinched
too tightly. The best way is to screw
it up a little too tight, and then slacken

it slightly. This microphone need not

be round in shape ;
it can easily be made

square, in which case the dimensions
should not be less than 4 in. by 3 in., and
a mouthpiece may be dispensed with. I

have made a microphone with 4 sets of

cups and balls, the diaphragm being
about 7 in. in diameter, and the cups
arranged with 3 pairs equidistant
in a circle 3 in. in diameter, and the

fourth pair in the centre
;
the cups in

the diaphragm being connected together,
and the cups on the back or case also

connected
;
with this arrangement, a

very strong battery may be used, wlien
the articulation is a little louder, but

scarcely so distinct as with one pair of

cups only. If a multiple microphone is

made up, the cups should not be less

than IJ in. nor more than 2 in. apart.
The receiver is made as follows :—

Take a round piece of mahogany, or

other dry wood, 2 in. in diameter and

5 in. thick
;
in the centre make a circular

hole the size of a sixpence to take the

electro-magnet : on one face mark a

circle the size of a bronze penny; just
outside this circle, and touching it, make
3 holes equidistant from one another,
and the size of No. 9 B.W.G. iron wire

;

in each hole put a piece of this iron wire,

long enough to project a little from the

wood on each side
;
the electro-magnet

is made of a piece of the same No. 9

B.W.Gr. iron wire, slightly less than
|
in.

long, and the reel is the size of a six-

pence, i in. long, and wound with No.
36 silk-covered copper wire

;
the electro-

magnet is placed in the hole in the wood,
the end of the wire is carried out to

connect with the terminals, and the

whole is boiled in paraffin. Two pieces
of thin wood, about ^g

in. thick and 2 in.

in diameter, are also required. In one

a recess is made the size of a penny and
rather less than

y'g
in. deep ;

in the other

a similar recess, but with a central aper-
ture about J in. in diameter, to permit
the sound to escape ;

2 discs of thin iron,

5 mil. thick, or ferrotype plate, are

also required. Take the disc of wood

containing the electro-magnet, the wires

of which have of course been led to

convenient terminals, file down the ends

of the 3 iron wires on one side of the

disc, until one of the thin iron discs,

when laid upon these 3 iron wires, will

almost touch the core of the magnet; let

this plate remain on these 3 wires, put
on the recessed disc of wood, which is

without the central aperture, and secure

it by 3 screws. The setting of the other

thin iron plate requires more care, but

is done in the same way, the projecting
ends of the thin wires being iiled down
until the other thin iron jdates, when

jilaced upon them, and the whole put
in circuit with an articulating micro-

phone, speaks distinctly : the recessed

disc of wood with the central aperture
is then placed upon the iron plate, and
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secured by 3 screws, which mubt not be

tightened too much, or the plate will

not speak clearly. We have now an

electro-magnet between 2 thin iron

plates, which plates are in metallic con-

nection with one another by the 3 iron

wires
;
one plate being adjusted at the

best speaking distance from the core of

the magnet, and the other plate as near

to the core of the magnet as it can go
without touching it at any time.

The above directions will enable any
one to make both the cup-and-ball

microphone and the electro-magnet re-

ceivers
;

but remember that a good
receiver is of no use with a bad trans-

mitter, nor a good transmitter with a

bad receiver. I have had these instru-

ments in use for 2 years: they work

admirably and give no trouble. For

telephone work, I prefer the gravity
Daniell battery to any other, but I in-

tend to try the iron perchloride battery.

(H. B. T. Strangways.)
(8) Fig. 92. — The diaphragm is

constructed of white or yellow pine,

^ in. thick and 5 in. square ;
on the

edges are glued 2 strips of wood a,

about Yg in. thick, shaped like a bridge,
about ^ ill. at the middle, and tapering

gradually at tlie ends
;

these are glued
across the grain, and prevent the sound-

board b from twisting. The carbon

pencils c are made from electric-light

pencils No. 2, obtained from E. Pater-

son, 76 Little Britain, and the pencil-
holders from No. 5 pencil. The pencils
are 2 in. long, neatly filed to a point,
and fitted into a small leaden tube d.

The tube used for pneumatic bells

answers well. Kound the carbon is

glued a leather collar e, which secures

the lead in place, and acts as a

damper in preventing the sound given

by the carbon itself. This is heard

if a small piece of carbon is struck,
and is the cause of the metallic noise so

often heard in microphones. The length
of the leaden tube should be

l^''g
in.

The pencil-holders are cut about ^g in.

long, a hole is drilled half-way through,
and a groove is cut round, as at /;

Fig. 92.

4 holders are glued to the sound-board,

and, when dry, the ])encils are put in

place loosely by placing the remaining
4 holdei's. Connections of copper wire,
cleaned well, about No. 30, are placed in

the grooves in the carbon holders, twisted

up, and a touch with soldering-iron after-

wards makes all secure. On the oppo-
site'side of diaphragm is lightly glued a

rubber-ring, about 2J in. in diameter,
which rests when in box against the

front, and the pressure is regulated by

a screw g, filed to a square, and moved

by a key. This rubber-ring acts as a

damper, and prevents noise and rattling.
The sound-board is fastened to the

inside of the bo.ic by a leather hinge
glued along the upper edge ;

and on a

slip of wood, the thickness of rubber-

ring, a small spring presses at the lower

edge of board, which keeps it close to

the screw g.
The sound-hole in mouthpiece is 1 in.

in diameter, and the bo.x is made of
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well-seasoned mahogany, J or 5 in.

thick, solidity being essential
;

the in-

ternal diameter of box is about SJ in.,

leaving a space of about J iu. all round
the board, except at the u])i)er edge,
where the leather hinge is glued on.

When the adjusting screw allows the

diaphragm to press lightly on front of

box, the instrument is in order for

speaking, and 8 to 10 in. distance gives
first-rate results. The voice should be

just as in ordinary conversation
; music,

such as violin, is beautifully heard

through a telephone-receiver. Two or

three Leclanche' cells are sufficient for

ordinary purposes. The microphone can

be used well without induction-coil, and
can be fixed to any of the existing ar-

rangements with switch and bell. The

angle of microphone box is 10° to 12^.

(9) Fig. 93.—The instrument consists

essentially of 2 springs secured to a

Fig. 93.

small base-piece, and each supporting at

its ui)per end a piece of ordinary bat-

tery cnrbon. These 2 pieces of carbon
are placed in light contact, and the
2 springs are placed in an electrical

circuit in which there is also a receiving

telephone of the Bell form. The iu-

.strumcnt is represented secured to a

small sounding-board. 'J'he 2 carbon-

supporting springs arc fastened to a

single base by the binding-posts which
receive the battery wires. An adjusting
screw passes through one of the springs
at or near its centre, and bears against
a rubber button projecting from the

other spring. This simple device, when

placed on a table, indicates in the re-

ceiving telephone the slightest touch of

the finger on the table or on the instru-

ment. Blowing on it makes in the

receiving instrument a deafening roar
;

drawing a hair or a bit of cotton across

the carbon is distinctly audible in the

receiving instrument. When the device

is placed on a small sounding-board,

every sound in the room is received and
transmitted. An ant running across the

sounding-board can be plainly heard,
and a touch upon the instrument or the

table which supports it, which without
the microphone would be entirely in-

audible, can be distinctly heard in the

receiving telephone by aid of the in-

strument, even though miles intervene.

When it is placed on a violin, blowing
lightly upon the strings produces reolian

harp tones in the receiver, and a song

sung to the violin is rendered in the

receiving instrument with an seoliau

harp accompaniment. When mounted
on a violin or sounding-board, it will

transmit articulate speech, uttered in

any jiortion of a room of ordinary size
;

it will receive and transmit the music
of a piano, and even the sounds of turn-

ing the sheets of music may be heard.

Whistling, flute music, and other sounds

are transmitted with their characteristics

of volume, pitch, and timbre. I'his in-

strument, although so very simple, is

capable of doing all that has been done

by other instruments of an analogous
character, and it will be determined by
further experiment whether it will do

more. Although carbon contact points
are preferable, they are not absolutely
essential to the operation of the instru-

ment, as metallic points will do the

same things, but not so satisfactorily.

(G M. Hopkins.)

(10) Jlicrophone for reproducing

Speech (Fig. 94).
—It consists of a box

(if f-hin wood, the front of which is per-
forated with a hole large enough to

receive the tube of a common string

telephone, the parchment membrane d,

stretched over the inner end of which, is

kept level with the surface of the board

on the side at which the microphone is

placed. The membrane d carries in its

centre a small piece of metallized pine
charcoal c, which is connected by the
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Fig. 94.

wire 7 and binding-screw k to the bat-

tery wire. A vertical laver, delicately-

pivoted on 2 points
at A, carries at its

upper end another

piece of similar

charcoal p, which
is lightly pressed

against the piece
c. The lever is

connected with
the circuit by
means of the wire

and binding-scre\v

j, and the pres-
sure with which it

bears on the char-

coal, carried by
the membrane J,

is regulated by a

light spring and
silk thread actua-

ted by the tension

screw t. With a

battery of 6 or 7 Leclanche cells,

words can be transmitted and received
;

but they are always much less accen-

tuated than with the Bell telephone.
The apparatus, however, appears to be a

neat and handy form of microphone to

employ for spealiing purposes, and can bo

made very cheaply. (Tlu du Moncel.)

(11) Hughes's Microphone.—In order
to hear the tramp of a fly, the micro-

phone is constructed as in Fig. 95
; a,
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placed in a magnetic field tends to turn

round and set itself along the lines of

force. Supposing a small magnetic
needle to be confined at right angles to

the lines of force in a simple magnetic
field, produced between the poles of 2

strong magnets, one on the right, the

other on the left, then shortening the

lines offeree has the efTect of rotating
the magnetic needle upon its centre,

through an angle of 90''. Very soon

after the invention of the electro-

magnet, many perceived that it would
be possible to construct an electro-mag-
netic engine, in which an electro-magnet,

placed in a magnetic field, should be

pulled round ;
and further, that the

rotation should be kept up continuously

])y reversing the current at an appro-

priate moment.
•A mei"e coil of wire, carrying a cur-

rent, is acted upon when placed in the

magnetic field, and is pulled round as a

magnet is. On this principle was con-

structed the earliest electric motor of

Ritchie, well known in many forms, but

little better in reality than a toy.
Jacobi constructed a multipolar ma-

chine for his electric boat. It had
2 strong wooden frames, in each of

which 12 electro-magnets were fixed,

their poles being set alternately. Be-
tween them, upon a wooden disk, were

placed another set of electro-magnets,

which, by the alternate attraction and

repulsion of the fixed poles, were kept
in rotation, the current which traversed

the rotating magnets being regularly
reversed at the moment of passing the

poles of the fixed magnets, by means of

a commutator consisting of 4 brass-

toothed wheels, having pieces of ivory
or wood let in between the teeth for

insulation. Jacobi's motor is, in fact, a

very advanced type of dynamo.
An earlier rotating apparatus, and,

like Ritchie's motor, a mere toy, was

Sturgeon's wheel, described in 1823.

This instrument, interesting as being
the forerunner of Faraday's disk dy-
namo, is the representative of an im-

portant class of machines, namely, those

which have a sliding contact merelv,
and need no commutator.

A fourth class may be named, wherein
the moving part, instead of rotating

upon an axis, is caused to oscillate back-

wards and forwards. Prof. Henry con-

structed, in 1831, a motor with an

oscillating beam, alternately drawni

backwards and forwards by the inter-

mittent action of an electro-magnet.
Dal Negro's motor of 1833 was of this

class
;

in it a steel rod was caused to

oscillate between the poles of an electro-

magnet, and caused a crank, to which
it was geared, to rotate in consequence.
A distinct improvement in this type of

machine was introduced by Page, who
employed hollow coils or bobbins as

electro-magnets, which, by their alter-

nate action, sucked down iron cores into

the coils, and caused them to oscillate

to and fro. Motors of this kind form
an admirable illustration of one of the

laws of electro-magnetics, to the effect

that a circuit acts on a magnetic pole in

such a way as to make the number of

magnetic lines of force that pass through
the circuit a maximum.

Page's 'suggestion was further de-

veloped by Bourbouze, who constructed

a motor which looks like an old type of

steam-engine. It has a beam, crank,

fly-wheel, connecting-rod, eccentric

valve-gear, and slide-valve
;

but for

cylinders, 4 hollow electro-magnets ;

for pistons, iron cores, that are alter-

nately sucked in and repelled out ; and
for slide valve, a commutator, which,

by dragging a pair of platinum-tipped

springs over a flat surface made of 3

pieces of brass separated by 2 insulating

strips of ivory, reverses at every stroke

the direction ofthe currents in the coils of

the electro-magnets. It is a very inge-
nious machine, but in point of efiiciency
far behind many other electric motors,

A fifth class of electric motors owes
its existence to Froment, who, fixing a

series of parallel iron bars upon the

periphery of a drum, caused them to be

attracted, one after the other, by
electro-magnets, and thus procured a

continuous rotation.

Last of the various types of motor

may be enumerated a class in which the

rotating portion is enclosed in an eccen-
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trie frame of iron, so that as it rotates

it gradually approaches. Little motors,

working on this principle of "oblique

approach," were invented by Wheat-

stone, and have long been used for spin-

ning Geissler tubes, and other light

experimental work. More recently,

Trouve and Wiesendanger have sought
to embody this principle in motors of

more ambitious proportions, but without

securing any great advantage.
All the early attempts came to

nothing, for 2 reasons : there was no

known economical method of generating
electric currents, and the great phy-
sical law of the conservation of energy
was not recognised. While voltaic bat-

teries were the only available sources of

electric currents, economical working of

electric motors was hopeless ;
for a

voltaic battery, wherein electric cur-

rents are generated by dissolving zinc

in sulphuric acid, is a very expensive
source of power. To say nothing of the

cost of the acid, the zinc—the very fuel

of the batter}-
—costs more than 20

times as much as coal, and is a far worse

fuel
;
for whilst 1 oz. of zinc will evolve

lieat to an amount equivalent to 113,000
foot-lb. of work, 1 oz. of coal will fur-

nish the equivalent of 695,000 foot-lb.

Now, if a galvanometer is placed in

circuit with the electric-motor and the

battery, it is found that when the motor

is running it is impossible to force so

strong a current through the wires as

that which flows when the motor is

standing still. There are only 2 causes

that can stop such a current flowing in

a circuit ; either an obstructive resist-

ance, or a counter-electromotive force.

At first, the common idea was that,

when the motor was spinning round, it

offered a greater resistance to the pas-

sage of the electric current than when
it stood still. Jacobi, however, dis-

cerned that the observed diminution of

current was really due to the fact that

the motor, by the act of spinning round,

began to work as a dynamo on its own

account, and tended to set up a current

in the circuit in the opposite direction

to that which was driving it. The
faster it rotated, the greater was the

counter-electromotive force (or "electro-

motive force of reaction ") developed.
In fact, the theory of the conservation

of energy requires that such a reaction

should exist. In the converse case,

when employing mechanical power to

generate currents by rotating a dynamo,

directly we begin to generate currents—
i.e. to do electric work—it requires much
more power to turn the dynamo than

when no electric work is being done.

In other words, there is an opposing
reaction to the mechanical force applied
in order to do electric work. An oppos-
incr reaction to a mechanical force may
be termed a " counter-force." When,
on the other hand, we apply (by me.ans

of a voltaic battery, for example) an

electromotive force to do mechanical

work, there is an opposing reaction to

an electromotive force, or a " counter-

electromotive force."

The existence of this counter-electro-

motive force is of the utmost importance,
in considering the action of the dynamo
as a motor, because upon its existence

an<l magnitude depends the degree to

which a motor enables us to utilize

energy supplied to it in the form of an

electric current. In discussing the

dynamo as a generator, were pointed
out some considerations whose obser-

vance would improve their efficiency ;

many of these—e.g. the avoidance of use-

less resistances, unnecessary iron masses

in cores—apply to motors. The freer a

motor is from such objections, the moi'e

efficient will it be
;

but its efficiency

in utilizing the energy of a current

depends not only on its efficiency in

itself, but on the relation between the

electromotive force which it generates
when rotating, and the electromotive

force (or "electric pressure ") at which

the current is supplied to it. A motor

which itself in running generates only a

?oi« electromotive force, cannot, however

well designed, be an efficient or economi-

cal motor when supplied with currents

at a high electromotive force. Dynamos
used as motors must be supplied with

currents at electromotive forces adapted
to them. Even a perfect motor—one

without friction or resistance of any
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kiud—cannot give an
" efficient

'' or econo-

mical result, if the law of efficiency is not

observed in the conditions under which
the electric current is supplied to it.

The efficiency with which a perfect
motor utilizes the electric energy of the

current depends upon the ratio between

this counter-electromotive force and

the electro-motive force of the cur-

rent that is supplied by the battery.
No motor ever turns iuto useful work
the whole of the currents that feed it,

for it is impossible to construct machines

without resistance, and whenever resist-

ance is offered to a current, part of the

energy of the current is wasted in

heating the resisting wire. Let the

symbol W stand for the whole electric

energy of a current, and let w stand for

that part of the energy which the motor

takes up as useful work from the circuit.

All the rest of the energy of the cui'-

rent, orW— w, will be wasted in useless

heating of the resistances. But to work
a motor under the conditions of greatest

economy, there must be as little heat-

waste as possible ; or, in symbols, w
must be as nearly as possible equal to

W. The ratio between the useful

energy thus appropriated and the total

energy spent, is equal to the ratio

between the counter-electromotive force

of the motor, and the whole electromo-

tive force of the battery that feeds the

motor. Let this whole electromotive

force with which the battery feeds the

motor be E, and let the counter-electro-

motive force be c : then the rule is

t» : W = e : E
;

or, expressed as a fraction,
w e

W = E"

If the resistances of the circuit are con-

stant, the current c, observed when the

motor is running, will be less than C, the

current while the motor is standing still.

But from Ohm's law we know that

E - e
c = .

R
rr C — c e w „ ...
Hence —- — =

r-,
= — • From which,C E W

it appears that we can calculate the

efficiency at which the motor is workino-

by observing the ratio between the fall

in the strength of the current and the

original strength. This mathematical
law of efficiency has been strangely

misapprehended. Another law, dis-

covered byJacobi, not a law of efficiency
at all, but a law of maximum work in a

given time, has usually been given
instead. Jacobi's law is as follows :

—
The mechanical work given out by a

motor is a maximum when the motor is

^ared to run at such a speed that the

current is reduced to half the strength
that it would have if the motor was

stopped. This implies that the counter-

electromotive force of the motor is equal
to half of the electromotive force fur-

nished by the battery or generator.
Under these circumstances, only half the

energy furnished by the external source

is utilized, the other half being wasted
in heating the circuit. If Jacobi's law
were indeed the law of efficiency, no

motor, however perfect in itself, could

convert more than 50 per cent, of the

electric energy supplied to it into actual

work. Siemens has shown that a

dynamo can be, in practice, so used as

to give out more than 50 per cent, of

the energy of the current. It can, in

fact, work more efficiently if it be not

expected to do its work so quickly.
Siemens has, in fact, proved that if the

motor be arranged so as to do its work
at less than the maximum rate, by being

geared so as to do much less work per

revolution, but yet so as to run at a

higher speed, it will be more efficient
;

that is to say, though it does less work,
there will also be still less electric

energy expended, and the ratio of the

useful work done to the energy expended
will be nearer unity than before.

The algebraic reasoning is as follows:—If E be the electromotive force of the

generator when the motor is at rest,

and c be the current which flows at any
time, the electric energy W, expended
in unit time, will be (as expressed in

watts) given by the equation.

W.^-Ec = e(E-0 (1)

When the motor is running, part
of this electric energy is being spent iu
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doing work, and the remainder is

wasting itself in heating the wires of
the circuit. We have already used the

symbol xo for the useful work (per
second) done by tlie motor. All the

energy which is not thus utilized is

wasted in heating the resistances. Let
H represent this heat. Its mechanical
value will be HJ, where J stands for

Joule's equivalent. Then we shall have
W = ty + HJ.

But by Joule's law the heat-waste
of the current, whose strength is c, run-

ning through resistance K, is e.\pressed
bv the equation

HJ = ,-\\.

Substituting this value above, we cet

W = w -f c^K, . . . (2;
which we may also write

w = W-c-K.
But by equation (1) W = Ec, whence

V- Kl--c-R, ... (3)

and writing for c its value,
~

, we

get
^"

.„_(K-0 (K-{K-,J)
U

or.
E-
U (^)

or, finally,

Comparing equation (5) with equation
(1), we get the following :

—
M _ c (E

—
e)_

W ~
E (E- c')'

w _ e

AV
~

E
This is, in fact, the matliematical law

of efficiency, so long misunderstood
until Siemens showed its significance.
It may appropriately be called the law

of Siemens. Here the ratio 1" is the
W

measure of the efficiency of the motor,
and the equation shows that we may
make this efficiency as nearly equal to

unity as we please, by letting'the motor
run so fast that e is very nearly equal
to E : which is the true law of efficiency
of a perfect motor supplied with electric

energy, under the condition of constant
external electromotive force.

Now go back to ociuation (3), which
is—

w = Ec— c-i:.

In order to find wliat value of c will

give us the ma.\imum value for w (which
is the work done by the motor in unit

time) we must take the differential co-

efficient and equate it to zero.

dw ,, ., „

whence we have

But by Ohm's law, .— is the value of

the current when the motor stands still.

So we see that, to get maximum work

per second out of our motor, the motor
must run at such a speed as to bring
down the current to half the value
which it would have if the motor were
at rest. In fact, we here prove tlie law
of Jacobi for the maximum rate of doing
work. But here, since—

R - K
it follows that—

E-e = iE;

or
E
= ^'

whence it follows also that—
«' _ X

That is to say, the etficiency is but 50

])er cent, when the motor does its work
at the maximum rate.

Throughout it has been supposed that

the motor is to be worked with a sup-

ply of current furnished at a fixed

electromotive force. It is convenient

and wise to make such a condition the

basis of the argument, because this is

probably the condition under which
electric power will be distributed over

large areas. It is true that this is not

the only condition of supph', for a ge-
nerator or system of generators may be

worked so as to yield a constant current.

And it would be quite possible to for-

mulate a set of rules for the efficiency
and maximum duty of motors under this

condition. But this method of distri-

buting electric power is far less likely
to lie of importance in the near future,
than distribution with constant electro-

id
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iiintive force
; though for transmission

of power to an isolated station, the case

becomes of importance. One simple

problem is worthy of mention. Suppose
that one is desirous of working a motor
.so as to do work at the rate of a sjieci-

fied number of liorse-power, and that

the wire available to bring the current

cannot safely stand more than a certain

current without being in danger of be-

coming heated unduly ;
it might be

desirable to know what electromotive

force such a motor ought to be capable
of giving back, and what electromotive

force must be applied at the trans-

mitting end of the wire. Let N stand

for the number of horse-power to be

transmitted, and c for the maximum
strength of current that the wire will

stand (expressed in amperes). Then, liy

the known rule for the work of a cur-

rent, siuce-

74(3
"

'
c
— 746 N

gives the condition as to what electro-

motive force (in volts) the machine must
be capable of giving, when run at the

speed it is eventually to run at as a

motor. Moreover, the primarv electro-

motive force E must be siich that

E-6- = c

2R
where 2R is the sum of all the resist-

ances in the circuit. Whence,
E = e + c2K.

Whicli is the required condition.

Another j)roblem in the application of

motors to transmission of power, which

vitally affects their construction, is the

ilotermination of the relation of tlie

heat-waste to the electromotive force

at which the current is supplied to the

motor.

If, as before, 2R stands for the sum
of all the resistances in the cii'cuit,

then by Joule's law the heat-waste is

(in mechanical measure)
HJ = C^SR.

And since c = "'^^ m'c may write the
2R,

heat-waste as

HJ =
2R

unity than

more nearly equal to

because both E and c

Suppose that, without changing the

resistances of the circuit, we can in-

crease E, and also increase e, while

keeping E— e the same as before, it is

clear that the heat-loss will be precisely
the same as before. But how about the

work done ? Let the two new values

be respectively E' and e'. Then the elec-

tric energy expended is—
w = ^' (^^'-''^

2R
and the useful work done is^

2R
That is to say, with no greater loss in

heating, more energy is transmitted

and more work done. Also the efficiency
is greater, for

v;' _ e'

W ~E'
and this ratio is

e

E'
have received an increment arithmeti-

cally equal. Clearly, then, it is an

economy to work at high electromotive

force. The importance of this matter,
first pointed out by Siemens and later

by JIarcel Deprez, cannot be overrated.

But how to obtain this higher electro-

motive force. One very simple exjie-
dient is that of driving both generator
and motor at higher speeds. Another

way is to wind the armatures of botJi

machines with many coils of wire having

many turns. This expedient has, how-

ever, the eflect of putting great resist-

ances into the circuit. This circum-

stance may, nevertheless, be no great

drawback, if there is already a great re-

sistance in the circuit—as, for example,
the resistance of many miles of wire

through which the power is to be trans-

mitted. In this case, doubling the elec-

tromotive force will not double the re-

sistance. Even in the case whei-e the

line resistance is insignificant, an eco-

nomy is effected by raising the electro-

motive force. For, as may be deduced

from the equations, when E— c is kept

constant, the effect of doubling the

electromotive force is to double the effi-

ciencv when the resistance of the line
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is very small as compared with that of

the mnchines, and to quadruple it when
the resistance of the line is very great as

compared with that of the machines. It

is, in fact, worth while to put up with the

extra resistance, which we cannot avoid,
if we try to secure high electromotive

force by the use of coils of fine wire of

many turns. It is true that the useful

effect falls off, cccteris paribus, as the re-

sistance increases
;

but this is much
more than counterbalanced by the fact

that the useful effect increases in pro-

portion to the square of the electromo-

tive force.

In the recent attempt of Marcel De-

prez to realize these conditions in the

transmission of power from Jliesbach to

Jlunich, through a double line of tele-

graph wire over a distance of 34 miles,

very high electromotive forces were

actually employed. The machines were
2 ordinary Gramme dynamos, the mag-
nets being series-wound, similar to one

another, but their usual low-resistance

coils had been replaced by coils of very

many turns of fine wire. The resistance

of each machine was consequently 470

ohms, whilst that of the line was 950
ohms. The velocity of the generator
was 2100 revolutions per minute

;
that

of the motor, 1400. The difference of

potential at the terminals of the gene-
rator was 2400 volts

;
at that of the

motor, 1600 volts. According to Prof.

A'DU Beetz, the mechanical efficiency was
found to be 32 per cent. Deprez has

given the rule that the efficiency W
is obtained, in the case where 2 identical

machines are employed, by comparing
the 2 velocities at the 2 stations. Or

N

where N is the speed of the generator,
n that of the motor. There is, how-

ever, the objection to this formula,
that the electromotive forces are not

proportional to the speeds, unless the

magnetic fields of the 2 machines are

also equally intense, and the current

running through each machine is the

same. This is not the case if there is

leakage along the line. Moreover, when
there are resistances in the line, the

ratio of the 2 electromotive forces of

the machines is not the same as the

ratio of the 2 differences of potentials,
as measured between the terminals of

the machines.

Turning back to consider some points
in the design and construction of mo-

tors, it will be found that many of the

rules already suggested (pp. 118-24)
are applicable also to motors.

In the dynamo used as a generator,
the capacity for doing work increases

as the fifth power of the linear di-

mensions
; by doubling a dynamo in

length, breadth, and thickness, we have
a machine weighing 8 times as much,
costing less than 8 times as much, but

capable of doing 32 times the work,
and that with a great gain in economy
in working. The same thing is true

of motors.
In the prospect of an immediate field

of usefulness opening out for motors, so

soou as we have such a thing as re-

gular town supplies of electric currents

laid on, it is most important that motors
should be designed, not simply to work
with the constant electromotive force

su2)plied at the electric mains, but de-

cigned also to work at uniform speeds.
It is highly important, in driving many
kinds of machinery, that the speed
should be regular, and that the motor
should not " run away

"
as soon as the

stress of the cutting tool is removed.

Deprez and Perry have solved a con-

verse problem to this, namely, that of

getting a dynamo to feed a circuit with

currents, at a constant electromotive

force, when driven with uniform speed,
the solution consisting in using certain

combinations for the field magnets,
which give an initial magnetic field,

independently of the actual current fur-

nished by the dynamo itself. This

problem may be applied conversely, and
motors may be built with a combination
of arrangements for their field-magnets,
such that, when supplied with currents
at a certain constant electromotive

force, their speed shall be constant,
whatever the work or no work which

M 2
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they may be doing. The difficulty iu

the ])rublem
—a mere matter for experi-

ment and calculation—is to find the

critical number of volts of electromotive

force at which this will hold good. It

is, in fact, the converse to the operation
of finding the critical velocity at which
one of Deprez's or Perry's combination

dynamos must be driven, in order that

it may give a constant electromotive

force. Deprez has constructed motors

upon this plan, which run at a perfectly
uniform speed, quite irrespective of the

work being done : whether lifting a

load from the ground, or letting this

load run down to the ground, or without

any load at all. Ayrton and Perry have
a motor weighing only 350 lb., which
will give an effective power equal to

8 h.-p. ;
and without any mechanical

governor, without anything, iu fact, in

the nature of a moving governor, it

always goes at the same speed, whatever
work it has to do.

It is possible to use as a motor any
direct-current dynamo, whether the

field-magnets be series-wound, shunt-

wound, separately excited, or perma-
nently magnetized. There is this curious

l>oint of dilference. Suppose the dynamo
to be arranged so as to w^ork as a gene-

rator, and then to be supplied with cur-

rents from an exterior source, to make
it work as a motor. If the dynamo is

series-wound, it will run the reverse

way (or against its brushes), no matter
which way the currents run through it.

If shunt-wound, it will run with its

brushes, whichever direction the current

runs through it. The direction of rota-

tion taken by the sejiarately-excited and
the magneto-machine will also be with
the brushes, if the current is in the

right direction, through the armature.

These points have to be taken into

account in any attempt to combiua the

dill'erent systems.
In applying to motors rules and .?Tig-

gestions such as were applied to gene-
rators, it will be found that, whilst

some of them apply directly, others are

singularly in contrast. For example, it

is advisable, for the sake of steadying
the curreuts in generators, to use large

and long field-magnets with plenty of

iron, and with heavy pole-pieces. In

the case of motors there is no such ne-

cessity, for we want here to produce a

imiform steady rotation. Even if the

impulses be intermittent, the mechanical

inertia of the moving parts will steady
the motion. Electric currents have no

such inertia (except in so far as the self-

induction in a circuit exerts an influence

like that of inertia), and hence the pre-
cautions for generators. In the case of

generators, to produce steady currents,
we had to multiply coils on the arma-
ture in many separate paths, grouped
round a ring or a drum, involving a

complicated winding, and a collecting

apparatus consisting of many segments.
In motors, no such necessity exists, pro-
vided only we arrange the coils that

tliere shall be no dead-points. For large

motors, it may be advisable to multijily
the jiaths and segments for other rea-

sons (as, for example, to obviate spark-

ing at the collectors), but for securing

steady running, the inertia of the mov-

ing parts spares us (at any rate, iu small

machines) the complication of parts
which was expedient in the generator.
Some of the most successful of the little

motors that have I'ecently appeared
—

those, for example, of Deprez, Trouve,
and Griscom—have for their armatures
the simple old shuttle-wound Siemens
armature of 185(3, and in these is the

disadvantage of dead-points to take into

account. Deprez, in his first motors,

jilaced this armature longitudinally be-

tween the poles of a horse-shoe magnet,
with the axis parallel to the limbs. He
has also constructed motors with 2 such

armatures on one spindle, one of the

coils being 90° in advance of the other,
so that while one was at the dead-point,
the other should be in full action. The
same sucrcrestioii has been carried out in

Ak ester's motor. Trouve has tried to

get over the dead-points by utilizing
the method of oblique approacli. The
Griscom motor, whi-ch has little copper
rollers as commutator brushes, has for

field-magnets a compact tubular elec-

tro-magnet wound in series with the

armature. It has the disadvantage of
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dead-points. Tliere is, in all these

motors, the disadvantage that at every
half-revolution the magnetism of the

armature core is reversed
;
and as in all

these forms this core is of solid iron,
there must be Avaste by heating in the

cores. In fact, to the rotating arma-
tures of motors, as to those of genera-
tors, apply all the rules about slitting to

get rid of induced eddy-currents, avoid-

ing idle coils and useless resistances.

Tlie rules about proper pole-pieces, ad-

justable bruslu's, and multiplication of

contacts, are mostly applicable to motors
also as well as to generators.

In order to meet the case of a handy
and reliable motor. Prof. Thompson de-

signed a machine in which the field-

magnets, which also constitute the bed-

plate of the motor, are of malleable

cast-iron, of a form that can be cast in

one, or at most two, pieces. Their form
is that of a Joule's magnet, with large

pole-pieces, and wound with coils, are

ranged partly in series, partly as a

shunt, in certain proportions, so as to

give a constant velocity when worked
with an external electromotive force of

a certain number of volts. As an ar-

mature, he employs a form which unites

simplicity with efficiency for the end
desired

;
he modifies the old Siemens

armature by embedding, as it were, one
of these shuttle-shaped coils within ano-

ther, at right angles to one another.

And having duplicated the coils, he du-

plicates the segments of the commu-
tator, which therefore becomes either

a 4-part collector or else a double collar,

according to circumstances. There are

no solid iron parts in the armature, but
the cores are made of thin pieces of

sheet iron, stamped out and strung to-

gether.
Keckenzaun's motor is interesting,

because its armature, though a drum-
armature in form, in reality consists of

independent coils, connected, like those

of the Brush dynamo, to separate com-
mutators. There are, in fact, 4 commu-
tators, grouped as 2 twos, and 2 pairs of

brushes in contact with them.
De Meritens employs a ring armature

very like that of Gramme, but places it

between very compact and light field-

magnets, which form a framework to

the machine. There is one point about
this machine of great interest, which is,

however, a later addition. It is pro-
vided with a reversing gear. In it are

2 pairs of brushes
;

the 2 upper are

fixed to a common brush-holder, which
turns on a pivot, and can be tilted by
pressing a lever handle to right or to

left. The 2 lower brushes are also fixed

to a holder. Against each brush-holder

presses a little ebonite roller, at the end

of a bent steel spring, fixed at its middle

to the handle. The result of this ar-

rangement is that, by moving the lever,

the brushes can be made to give a lead

in either direction, and so start the

motor rotating in either direction. Such
a reversing gear is obviously a most
essential adjunct for industrial applica-
tions of motors, and if the difficulties of

sparking at the brushes, caused by the

sudden removals of them from the col-

lector, be obviated, must prove much
better than any mechanical device to

reverse the motion, by transferring it

from the axle of the 'motor through a

train of gearing to some other axle. One

great advantage of electric motors is,

that they can be so easily fixed directly
on the spindle of the machine which

they are to drive
;

an advantage not

lightly to be thrown away.
Application.

— When once we have
electrical mains of sufficient capacity
carried from central stations to our

houses, how simjile a matter it will ))e

to combine lighting with domestic

operations, and even the larger opera-
tions required for purposes of trade

;

for each motor of a series, placed in

parallel circuit, performs the work

required of it independently of all the

others, and independently of the gene-

rating machine, provided only that the

generator is capable of producing the

power it is called upon to furnish.

Three conclusions are to be drawn,
which are the fundamental principles
of the theory of tlie electrical trans-

mission of power.
I. The motor, as a machine, is en-

tirely independent of the generator, and
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must be designed for tlie particuLar

work it lias to do witliout reference to

the generator.
II. Tlie current depends upon the

load on the motor, and upon no other

thing whatever.

III. The speed depends upon the

E.M.F. of the generator, and the total

resistance in the circuit of the machines.

If the mains whicli supply the current

to the motor be maintained at a con-

stant potential, and the motor be sepa-

rately excited, or have permanent

magnets, the speed is proportional to

the potential of the main, less the loss

of potential due to the resistance of the

armature.

As a practical corollary, the generator
must be designed to give the current

required of it by the motor, and E.M.F.

sufficient after allowing for fall of

potential through the resistance of the

mains, to give the requisite speed.

Keeping these points in view, it is easy

to design a combination of machines for

performing any particular work, to cal-

culate exactly the efficiency of the com-

bination, and to account for tlie various

losses that occur.

To put these considerations in a

mathematical form ;
—The first problem

is, given a main with a constant

E.M.F., denoted by E, to construct a

dynamo machine, drawing its current

from the main, to work with a given
load L, and at a given number of revo-

lutions n jier minute.

Take O.u Oy (Figs. 9G, 97) as axes of co-

makers of each type of dynamo machine

know approximately the percentage of

energy their machines absorb in pro-

ducing the necessary magnetic field.

Take a point N in OM, such that the

ratio—i- is equal to this percentage.

Again, it is known that a dynamo is not

an absolutely perfect machine, but that

a certain amount of energy is wasted in

Fig

ordinates
; along O.y cut ofFOM, represent-

ing the E.M.F. of the main in volts. The

the friction of the bearings, of the

brushes against the commutator, and in

induced currents in the core of tlie

OR
armature. Take OR, such that

^-^

represents the efficiency of the machine.

This, in the case of the Siemens machine,

is at least 90 per cent. From Ox cut off

OH, such that the rectangle OIIK'R

represents the power required from the

motor expressed in watts. Then OH is

the current passing through the motor,

measured in amperes, and HP is the

inverse E.M.F. The proper motor,

therefore, is that dynamo wliich, when

running at the given number of revolu-

tions n per minute, has a characteristic

curve passing through the point P. The

total efficiency is evidently the ratio of

the rectangle OHR'R to the rectangles
HR'

OHM'M, which is equal to
g^p;

the

HP E'
^

electrical efficiency is
hjj|'

=
£'>

t^e ratio

of the inverse E.M.F. of the motor to

the E.M.F. of the main. The energy

spent in magnetization is measured by
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PNMM', and the tangent of the angle
PNM' represents the resistance of the

armature and magnets.
The second problem is :

—Given a

motor requiring a certain current and
E.M.F. for the work it has to do, to

construct a suitable generator, the dis-

tance between the machines being re-

presented by an electrical resistance R
measured in ohms. Let OPP' be the

characteristic curve of the motor, when

running at the required speed ;
ON the

E.M.F. in volts, and OH the current in

ampferes. Let R' be the sum of the

resistances of the motor and conductor.

Di"aw PN perpendicular to 0//, and make
the angle PNM' liaving its tangent
equal to R'

;
then M'H represents the

difference of potential between the

terminals of the generator. Produce

QM'
HM'to Q, so that tttt- is the ratio of the

energy expended in producing the mag-
netic field to the total energy of the

machine
;

then the generator is that

dynamo which, when running at its

proper speed, has a characteristic

curve passing through the point Q.
The electrical efficiency of the combi-

PH
nation is the ratio

QH'
i.e. the ratio of

the E.M.F. of the motor to the E.M.F.

of the generator, which, if the machines
are similar, is equal to the ratio of their

speeds. The energy converted into heat

in the wires of the machine, and in the

conductor, is NPQS ; and the total effi-

ciency of the combination is the ratio of

the electromotive forces, multiplied by
the product of the efficiencies of the 2

machines, considered separately. The
conductor connecting the 2 machines

has been assumed to be perfectly insu-

lated, though this is not practically
attained. (A. Siemens.)

Railways.
— The Portrush electric

railway extends from Portrush a dis-

tance of 6 miles. The line is single, and

has a gauge of 3 ft. The gradients are

exceedingly heavy, being in parts as

steep as 1 in 35. The curves are also

in many cases very sharp, having ne-

cessarily to follow the existing road.

There are 5 passing places, in addition

to the sidings at the termini and at

the carriage depot. About 1500 yd.
from the end of the line is a waterfall

on the river Bush, with an available

head of 24 ft., and an abundant supply
of water at all seasons of the year.
Turbines are being erected for employ-
ing the fall for working the generating

dynamo machines, and the current will

be convej'ed by means of an under-

ground cable to the end of the line. At

present the line is worked by a small

steam engine.
The system employed may be de-

scribed as that of the separate conduc-

tor. A rail of T-iron, weighing 19 lb.

to the yd., is carried on wooden posts,
boiled in pitch and placed 10 ft. apart,
at a distance of 22 in. from the inside

rail and 17 in. above ground. The con-

ductor is connected by an underground
cable to a single shunt-wound dynamo
machine, worked by a small agricultural

steam-engine of about 25 LH.P. The
current is conveyed from the conductor

by means of 2 steel springs, rigiiUy held

by 2 steel bars placed one at each end of

the car, and projecting about G in. from
the side. Since the conducting rail is irun

wliile the brushes are steel, the wear of

the latter is exceedingly small. In dry
weather, they require the rail to be

slightly lubricated
;
in wet weather, tlie

water on the surface of tlie iron provides
all the lubrication required. The
double brushes, placed at the extremi-

ties of the car, enable it to bridge over

the numerous gaps, which necessarily

interrupt the conductor to allow cart-

ways into the fields and commons ad-

joining the shore. On the car passing
one of these gaps, the front brush
breaks contact, but since the back brush
still touches the rail, the current is

not broken. Before the back brush
leaves the conductor, the front brush
will have again risen upon it, so that

the current is never interrupted. When
gaps are too broad to be bridged in this

way, the driver breaks the current

before reaching the gap, the momentum
of the car carrying it the 10 or 12 yd,
it must travel without power.
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The current is conveyed under the gaps

by means of an insulated copper cable

carried in wrought-iron pipes, placed at

a depth of 18 in. At the passing places,
which are situated on inclines, the con-

ductor takes the inside, and the car

ascending the hill also runs on the

inside, while the car descending the hill

proceeds by gravity on the outside

lines.

From the brushes the current is

taken to a commutator worked by a

lever, which switches resistance-frames

placed under the car, in or out, as may
be desired. The same lever alters the

position of the brushes on the commu-
tator of the dynamo machine, reversing
the direction of rotation. The cur-

rent is not, as it were, turned full on

suddenly, but passes through tlie resist-

ances, which are afterwards cut out in

part or altogether, according as the

driver desires to run at part speed or

full speeil.

From the dynamo the current is

conveyed through the axle-boxes to

the axles, thence to the tyres of the

wheels, and finally back by the rails,
which are uninsulated, to the gene-

rating machine. The conductor is laid

in lengths of about 21 ft., the lengths

being connected by fish-plates and by a
double copper loop securely soldered to

the iron. It is also necessary that the

rails of the permanent way should be
connected in a similar manner, as the

ordinary fish-plates give a very uncer-
tain electrical contact, and the earth for

large cuiTents is altogether untrust-

worthy as a conductor, though no doubt

materially reducing the total resistance

of the circuit.

The dynamo is placed in the centre of

the car beneath the floor, and through
intermediate spur-gear drives by a steel

chain on to one axle only. The re-

versing levers, and the levers working
the mechanical brakes, are connected
to both ends of the car, so that the
driver can always stand in front and
have uninterrupted view of the rails,
which is of course essential in the case
of a line laid by the side of the public
ro^d,

For calculation, let L be the couple,
measured in foot-lb., which the dynamo
must exert in order to drive the car, and
w the necessary angular velocity. Taking
the tare of the car as 50 cwt., including
the weight of the machinery it carries,
and a load of 20 people as 30 cwt., we
have a gross weight of 4 tons. Assume
that the maximum required is that the
car should carry tliis load at a speed of

7 miles an hour on an incline of 1 in 40
;

the resistance due to gravity may be
taken as 56 lb. per ton, and the fric-

tional resistance and that due to other

causes, say, 14 lb. per ton
; giving a

total resistance of 280 lb., at a radius of
14 in. The angular velocity of the axle,

corresponding to a speed of 7 miles an

hour, is 84 rev. per minute. Hence

L = 327 foot-lb., and lo =
""" ^ ^"^

-
' bO

If the dynamo be wound directly on
the axle, it must be designed to exert
the couple L, corresponding to the
maximum load, when revolving at an

angular velocity v\ the difference of

potential between the terminals being
the available E.M.F. of the conductor,
and the current the maximum the arma-
ture will safely stand. But when the

dynamo is connected by intermediate

gear to the driving wheels only, the

product of L and w remains constant,
and the 2 factors may be varied. In the

present case, L is diminished in the
ratio of 7 to 1, and w consequently in-

creased in the same ratio. Hence the

dynamo, with its maximum load, must
make 588 rev. per minute, and exert a

couple of 47 foot-lb. Let E be the

potential of the conductor from which
the current is drawn, measured in volts,
C the current in amperes, and E, the
E.M.F. of the dynamo. Then E, is pro-

portional to the product of the angular
velocity, and a certain function of the

current. For a velocity n, let this

function be denoted by /(C). If the

characteristic of the dynamo can be

drawn, then /(C) is known.
We have then

w
E,= U i lO
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If R be the resistame in circuit hy
Ohm's law,

E-E,C = R
w

= E-^/(C);

an<l therefore

n (E - CR)--
/(cj

• (-)

Let a be the etficieuc_v witli which

the motor transforms electrical into

mechanical energy, then—
Power required

Dividing by w,

L = «C/ (C)
(p)

It must be noted that L is here mea-

sured in electrical measure, or, adopting
the unit given by Dr. Siemens, 1 Joule

pquals approximately 0'74: foot-lb.

Equation (3) gives at once an analytical

])roof of the second principle stated

above, that for a given motor the current

depends upon the couple, and upon it

alone. Equation (2) shows that with a

given load the speed depends upon Ethe
electromotive force of the main, and R
the resistance in circuit. It shows also

the effect of putting into the circuit the

resistance-frames placed beneath the car.

If R be increased until CR is equal to

E, then w vanishes, and the car remains

at rest. If R be still further increased,

Ohm's law applies, and the current

diminishes. Hence, suitable resistances

are, first, a high resistance for diminish-

ing the current, and consequently the

sparking at making and breaking of the

circuit
;
and secondly, one or more low

resistances for varying the speed of the

car. If the form of /(C) be known, as

is the case with a Siemens machine,

equations (2) and
(.'5)

can be completely
solved for w and C, giving the current

and speed in terms of L, E, and R. The

expressions so obtained are not without

interest, and agree with the results of

experiment.
,
it has often been pointed out that

reversal of the motor on the car would
be a most effective brake. This is cer-

tainly true
;
but at the same time it

is a brake that should not be used except
in cases of emergency. For the dynamo
revolving at a high speed, the momen-
tum of the current is considerable

;

hence, owing to the self-induction of the

macliine, a sudden reversal will tend to

break down the insulation at any weak

point of the machine. The action is

analogous to the spark produced by a

Ruhmkorff coil. This was illustrated at

Portrush : when the car was running

perhaps 15 miles an hour, the current

was suddenly reversed. The car came
to a standstill in little more than its

own length, but at the expense of break-

incT down the insulation of one of the

wires of the magnet coils. The way
out of the difficulty is at the moment
of reversal to insert a high resistance to

dimiuisli the momentum of the current.

In determining tlie proper dimensions

of a conductor for railway purposes, Sir

William Thomson's law should properly

apply. But on a line where tiie gradi-
ents and traffic are very irregular, it is

difficult to estimate the average current,
and the desirability of having the rail

mechanically strong, and of such low

resistance that the potential shall not

vary very materially throughout its

length, becomes mors important than

the economic considerations involved in

Sir William Thomson's law. At Port-

rush the resistance of a mile, including
the return by earth and the ground rails,

is actually about 0-23 ohm. If cal-

culated from the section of the iron, it

would be 0'15 ohm, the difference

being accouiited for by the resistance of

the copper loops, and occasional im-

])erfect contacts. The E.M.F. at which
the conductor is maintained, is about
225 volts, which is well within the

limit of perfect safety assigned by Sir

William Thomson and Dr. Siemens. At
the same time the shock received by
touching the iron is sufficient to be un-

pleasant, and hence is some protection

against the conductor being tampered
with.

Consider a car requiring a given con--
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staut curi-ent, evidently the maximum
loss due to resistance will occur when
the car is at the middle point of the

line, and will then be one-fourth of the

total resistance of the line, provided the

2 extremities are maintained by the

generators at the same potential. Again,

by integration, the mean resistance can

be shown to be one-sixth of the resist-

ance of the line. Applying these figures,
and assuming 4 cars are running, re-

quiring 4 h.-p. each, the loss due to

resistance does not exceed 4 per cent, of

the power developed on the cars
;
or if

1 car only be running, the loss is less

than 1 per cent. But in actual practice
at Portrush even these estimates are

too high, as the generators are placed
at the bottom of the hills, and the

middle portion of the line is more or

less level
;
hence the minimum current

is required when the resistance is at its

maximum value.

The insulation of the conductor has

been a matter of considerable dilHculty,

chiefly on account of the moistuess of

the climate. An insulation has now,

however, been obtained of 500 to 1000
ohms per mile, according to the state of

the weather, by placing a cap of insulite

between the wooden posts and "I""'i'on.

Hence the total leakage cannot exceed

2'5 ampferes, representing a loss of f

h.-p., or under 5 per cent., when 4 cars

are running.
i Apart from these figures, we have

materials for an actual comparison of

the cost of working the line by elec-

tricity and steam. The steam tram-

way engines, temporarily employed at

Portrush, are generally considered as

satisfactory as any of the various tram-

way engines. They have a pair of ver-

tical cylinders, 8 in. diameter and 1 ft.

stroke, and work at a boiler pressure of

120 lb., the total weight of the engine

being 7 tons. The electrical car with
which the comparison is made, has a

dynamo weighing 13 cwt., and the tare

of the car is 52 cwt. The steam-engines
are capable of drawing a total load of

about 12 tons up the hill, excluding the

weight of the engine ;
the dynamo over

6 tons, eicluding its own weight ; hence,

weight for weight, the dynamo will

draw 5 times as much as the steam-

engine. Finally, compare the following
estimates of cost. From actual experi-

ence, the steam-engine, taking an aver-

age over a week, costs—
£ s. d.

Driver's wages .... 1 10
Cleaner's do 12

Coke, 58i cwt. at 25s. per ton 3 13 IJ
Oil, 1 gal. at 3s. Id. . . .031
'I'allow, 4 lb. at 6(Z. . . .820
Waste, 8 lb. at 2d. . . .014
Depreciation, 15 per cent, on ) „ „ „

£750,

Total . . £8 4 9i

The distance run was 312 miles. Also,
from actual experience, the electrical

car, drawing a second behind it, and
hence providing for the same number of

passengers, consumed 18 lb. of coke per
mile run. Hence, calculating the cost

in the same way, for a distance run of

312 miles in a week—
Wages of stoker ofstationary ; .

engine 3

Coke, 52 cwt. at 25s. per tun 2

Oil, 1 gal. at 3s. Id. . . .

Waste, 4 lb. at 2rf. . . . n

Depreciation on stationary
engine, 10 per cent, on
£300, lis. 6d.

Depreciation of electrical

apparatus, 15 per cent, on

£500, £1 8s. lOd.

£ s.

15

3

2 4

Total . . £5 19 1

A saving of over 25 per cent.

The total mileage run is very small,
on account of the light traffic early in

the year. Heavier traffic will tell very
much in favour of the electric car, as

the loss due to leakage will be a much
smaller proportion of the total power
developed.

It will be observed that the cost of
the tramway engines is very much in

excess of what is usual on other lines,

but this is entirely accounted for by the

high price of coke, and the exceedingly
difficult nature of the line to work, on

account of the curves and gradients.
These causes send up the cost of electri-

cal working in the same ratio, hence the

comparison is valid as between the steam
and electricity, but it would be unsafe
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to compare the cost of either with horse

traction or wire-rope traction on other

lines. The same fuel was burnt in tlie

stationary steam-engine and in the

tramway engines, and the same rolling
stock used in both cases ; but otherwise

the comparison was made under circum-

stances in fiivour of the tramway engine,
as the stationary steam-engine is by no

means economical, consuming at least

5 lb. of coke per horse-power hour, and

the experiments were made, in the case

of the electrical car, over a portion of

line 3 miles long, which included the

worst hills and curves, and one-half of

the conductor was not provided with the

insulite caps, the leakage consequently

being considerably larger than it will be

eventually.

Finally, as regards the speed of the

electrical car, it is capable of running
on the level at the rate of 12 miles per
hour.

Taking these data as to cost, and

remembering how this will be reduced

when the water-power is made available,
added to such considerations as the

freedom from smoke and steam, the

diminished wear and tear of the per-
manent way, and the advantage of

having each car independent, it may be

said that there is a future for electrical

railways. (Dr. Hojjkinson.)

Machinery.
—Electric engines may be

used with advantage in cases where the

importance of utilizing power at a dis-

tance from an original motor is sufficient

to compensate for the loss in converting
the j)ower into electric energy, and

again in reconverting it into mechanical

force at the place where it is to be

applied, the total loss in these 2 pro-
cesses being about § of the original force.

The dynamo-electric machines employed
are the same as those for electric light-

ing. A machine requiring 2 h.-p. to

work it costs aboiit 50/., one requiring
4 h.-p. about 80/., and one 10 h.-p. about

200/. The machine for giving out the

force is the same as the one that receives

it. There is also to be taken into ac-

count the wear and tear of the appa-
ratus, and the interest on the capital

expenditure.

The principal advantage which may
be expected from electric transmission

is in the utilization of natural forces,

such as water-power or cheap fuel, at

distant places. At present, however

(1882), copper conductors for transmit-

ting considerable power become costly
and inconvenient for distances above
2 miles, and the system is practically

limited, as it is seldom that the advan-

tages so obtained comiiensate for the

expense. The most favourable oppor-

tunity for using electric engines arises

when the generator and conductor are

already established for electric lighting.
A small conductor

I
in. diameter will not

only suffice for numerous lights, but

would aflbrd 1 or 2 h.-p. for a motor,
and smaller motors suitable for a sewing-
machine or other domestic purpose can

be purchased for 3/. to lU/. Electric

science is advancing so rapidly that the

present difficulties are likely to be over-

come, and the cheapness with whicli

large motors can be worked as compared
with numerous small ones will com-

pensate for considerable loss in distri-

bution and reconversion, if the ditli-

culties and expenses of long conductors

be removed. A motor of i h.-p. weighs
less than 40 lb., and occupies very small

space. Forms suitable for driving tri-

cycles can be attached beneath the seat.

At the Agricultural Show at Bar-le-

Duc, France, in May 1880, an electro-

motive machine was exhibited, suit-

able for agricultural use. A large field

was successfully ploughed with one of

Howard's double-furrow ploughs worked

by it.

The experiment of Deprez at Munich

gives much information for future use.

With machines of the type described by
him, 2000 volts is too high an electro-

motive force to employ. The reason is

that it is impossible to prevent the

contact of the brushes from being some-

times accidentally broken. In such a

case it was found that the electromotive

force developed by the extra current is

sufficient to ruin the insulation. Another
matter deserving of attention is the

relative size of the generator and motor.

Deprez employed 2 machines of equal
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size. This slightly simplifies the theory,
but it is certainly not the most advan-

tageous arrangement, and we are much
in want of accurate measurements on
this head. The Deprez experiment at

Munich was, commercially, a failure.

Since theu Deprez has been occupied
with experiments of a far more prac-
tical nature, with a line of 160 ohms
resistance. In the latest experiments,
where the effects of friction were de-

ducted, a return of 471 per cent, was

obtained, and 4"4 h.-p. of work was

actually given off by the motor. If a

fall of water be iised as the motive

power, we can install a turbine and

dynamos which shall transmit 6 h.-p.

through a resistance of 12 ohms, at a

cost of 200^., omitting the unknown
cost of the conductor. If this power
were used in a place where coal costs

20s. per ton, the cost of fuel for 6 h.-p.
would be about 60/. per annum. The
interest and depreciation ou the boiler

and steam-engine would be about 30/.

per annum, making in all 901. per
annum, exclusive of wages. Electrically

transmitted, the interest on plant, at

15 per cent., would l)e 30/. per annum,
exclusive of wages. This difference of

CO/, per annum, after deducting from it

the interest and depreciation of the con-

ductor, is so enormous, that it is easy
to see what a large saving would be

effected in any installation where there
is a large consumption of power. There
are many factories where it is essential

to use a high-priced coal, but if the

])ower could be conveyed electrically
from a distance of a few miles, an
immense saving would be eft'ecteil by
employing a cheaper kind of coal. When
water-power is used, it often happens
that the cables can be conveyed along the
bed of the river. This preserves the

insulation, and keeps the conductor cool,
so preventing the usual increase of re-

sistance by heating. In some towns,
notably Sheffield, the whole of the water

supplying the town comes from reser-

voirs at a great height. The very large

quantity of energy of this water is at

present absolutely wasted. At the site

t)f the Severn Tunnel is a width of river

of 2J miles, where the average rise of

tide is oO ft. If the average rate of

flow across this section were 1 mile per
hour, we could utilize 100,0<iO horse-

power, and the market value of that

power is something like 1,000,000/. per
annum, which is now allowed to be

wasted. It is worthy of the most serious

consideration whether it would not be

worth while to erect the enormous

engineering works which would be

required to utilize this wasted energy,
or rather a portion of it, even assuming
the interest and depreciation on the

turbines and dynamos to be at the rate

of 2/. per annum per horse-power (and
it would be far less than this for a large

installation). (Prof. Forbes.)

Phonographs.—The phonograph
is an instrument by which sounds can

be imprinted on soft metal, such as tin-

foil, and reproduced with distinctness

and accuracy of tone any number of

times. It consists of 3 parts : a receiver,
a recorder, and a reproducer.

The receiver consists of a curved tube,
one end of which is fitted with a mouth-

piece, and the other end closed by an

exceedingly tliin metallic plate or dia-

phragm, which vibrates with the least

sound. On the centre of the outer side

of this metallic diaphragm is a small

blunt steel pin. The recorder is a brass

cylinder 4 in. long and 4 in. in diameter,
with a continuous V"shaped groove cut

into it from end to end, like a large
screw

;
2 pins 4 in. long are fixed in the

ends of the cylinder, one of which is cut

with a screw thread, corresponding to

that of the V'gi'oove in the cylinder,
and these pins are fitted into apj)ro-

priate bearings, 8 in. apart. By turn-

ing a handle fixed on to one of the

pins just referred to, the cylinder is

not only i-otated, but ti'averses from
one support to the other. In using
this instrument, the recorder is covered

with a sheet of tinfoil, and is placed in

front of the vibrating diaphragm of

the receiver, the blunt j)in of which

just touches the surface of the tinfoil,

and is opposite the commencement of

the groove of the brass cylinder. If

now a person speaks into the mouths
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piece of the receiver, and the handle of

tlie recorder be turned, a spiral series

of indentations will be made on the

tinfoil by the pin of the vibrating dia-

phragm, these indentations correspond-

ing to the groove in the brass cylinder
under the tinfoil. The sounds that

have been uttered are now recorded on
the. tinfoil. The reproducer, which
forms the third part, consists of a

conical metallic drum, having its larger
end open ; the smaller, which is about
2 in. in diameter, being covered by a

slieet of paper stretched tight like a

drum. In front of this paper diapliragm
is a light, flat steel spring, held in a

vertical position, and from the end of

which a blunt steel i)oint projects. The

spring is connected with the paper dia-

phragm by means of a silken thread,
which is placed just sufficiently in

tension to cause the outer face of the

diaphragm to assume a slightly convex
form. In order to reproduce the sounds
received on the tinfoil, the receiver is

])laced in front of the "
rei)roducer," so

that the blunt pin is just over the first

indentation; the handle of the receiver

is turned in a reverse direction to what
it was before, and this causes the spring
of the reproducer to vibrate. The
movements of the spring are commu-
nicated to tlie paper diaphragm by
the silken thread, and the words spoken
into the receiver are heard issuing
from the open end of the reproducer.

(Dyer.)
It must not bo supposed that all the

tinfoil used for phonographic registra-
tion is equally good. The foil must be

of a definite thickness, and combined
with a certain amount of lead. That
which is used for wrapping chocolate,
and imleed all foil of French manufac-

ture, is too thin and too exclusively
made of tin to produce good results.

The relative proportion of lead and tin

has not yet been defined, and the selec-

tion of foil has been made empirically ;

but as the use of the phonograph
becomes more general, this proportion
must be ascertained, and it may easily
be done by analysing the composition of

the foil which gives the bc^t results.

The arrangement of the tracing-point is

also of much importance for the success-

ful action of the phonograph. It must
be very slender and very short (not

exceeding 1 millimetre in length), so as

to register distinctly the smallest vibra-

tions of the vibrating disk without

deviating from the normal direction of

the cylinder, which might be the case,
if it were long, on account of the

unequal friction exerted on the tinfoil.

It must also be made of a metal which
has no tendency to tear the metallic

sheet. Iron ajipears to combine most
of the conditions demanded. (Hedges.)

yiielford Bidwell gives the following

description of how to construct a phono-
graph. He says the most important
part of it is the cylinder. This, in his

jihonograph, is a hollow brass casting,

4J in. long and 4^ in. in diameter. It

is mounted ujjon an iron spindle | in.

in diameter and 16 in. long, at one end
of which is a winch handle. Upon that

part of the spindle which lies between
the handle and the cylinder, a screw is

cut, having 8 threads to the inch. The
other end of the spindle is left plain.
The cylinder having been turned per-

fectly true, a screw is cut upon its

surface of exactly the same pitch as the

screw upon the spindle
— i.e. 8 threads

to the inch. The depth of the spiral

groove thus formed is
^'^ in., and its

breadth is
I'g

in. It is better to cut it

square, and not V'shaped. Two brass

bearings for the spindle are made of the

following dimensions—length, 2 J in.
;

thickness, 1^ in.; height, IJ in. One
of these has an inside screw correspond-

ing to the screw upon the spindle.
Each bearing has 2 holes for screwing it

to the support. The cylinder, spindle,
and bearings being completed, 10 pieces
of wood must be ))repared as follows :

—
A is 12 in. X tH iu. X 1^ in.

B is 3 in. X o in. X Ij in.

C is similar to B.

D is 5J in. X 5| in. X J in., and has
a circular hole, 2f in. in diameter, cut
in its centre.

E is similar to 1).

F is 5J in. x 5^ in. X 5 in., and has
a hole, 1 in. in diameter, in its centre.
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G is 5^ iu. X 2^ iu. X ^ in.

H is similar to G.

I is 8 in. X 2J in. X 2 in.

K is similar to I.

There are 2 upright supports for

the bearings. Tlie position is indicated

by the letters corresponding to them in

Figs. 98, 99. The uprights are fixed

Fig. 98.

near the ends of the base-board A
by means of 2J in. screws. D and F
are screwed together, and the 2 are

then fixed perjiendicularly ujion G. G is

joined to I by a pair of hinges. The 2

ends of I are screwed to the base-board,

Fio. 99.

but the holes iu I are
I

in. larger in

diameter than the screws which pass

through them. The heads of the screws

are effectively enlarged by iron washers

5 iu. in outside diameter. The object
in this arrangement is to allow a cer-

tain amount of play in the board I for

purposes of adjustment. When pro-

perly adjusted, the screws may be

tightened, and the board firmly fixed iu

position. E is attached perpendicularly
to H, and made rigid with 2 small

triangular pieces, not shoAvn. H is

hinged to K, and K is fixed to the base

in exactly the same manner as I.

Through the middle of I is passed a

brass screw-bolt, the square head of

which is fixed in I. The screw goes

through an elongated hole in G, and is

fitted with a round milled brass nut.

It is well to place a washer under the

nut. Screw-bolts of this description
are used for fixing the expanding bodies

of ordinary photographic cameras, and

may be had of any optician. H and K
are fitted with a similar bolt. Two
rather stiff pieces of steel spring are

attached to the ends of I, and extend

for a little distance iinderneath G,

These springs tend to separate G and I,

or rather to cause G to turn backwards,
like the lid of a box wheu opened. The

nut, of course, works against the springs.
When the nut is screwed up tight, G
and I approach, and may be made
almost to touch each other. When the

nut is loosened, the spring causes G to

rise. Very delicate adjustment is thus

rendered possible. H and K are fitted

with similar springs for a similar pur-

pose. The diaphragm which receives

the voice is fixed over the circular hole

in D, as shown in Fig. 98. It consists

of a circular plate of very thin iron 4 in.

in diameter. Ferrotype plate will

answer the jnirpose very well, but thin

charcoal iron is better. It is, however,

possible to have the iron too thin.

About two-thirds the thickness of an

ordinaiy ferrotype plate is the best.

The point is made from a knitting-
needle about J^ in. in diameter, which
must be very hard—one whicii can be

bent is of no use. The original point
had better be broken off, and a new one

ground ujjon an oilstone. For this pur-

pose, the needle is held at an angle of

about 30° with the stone, and is con-

stantly turned round. The point,

having been made tolerably sharp, is

polished and cut off with a file. The

part so cut off is ^^ in. long. This has

now to be attached perpendicularly to

the centre of the diaphragm, and the

method of doing so is as follows :
—The

diaphragm is laid upon a sheet of glass,
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and a little spot in its centre—about

I in. in diameter—is scraped clean with

a knife. This must be done carefully
and gently, or a bulge will be produced.
The fragment of knitting-needle is then

taken up with pliers, and its blunt end,

having been moistened with soldering

fluid, is held above the flame of a spirit-

lamp, and touched with a piece of tin-

foil. With a little manipulation, a

small bead or globule of tin may thus

be made to adhere to the end. The

scraped spot on the diaphragm is now
moistened with soldering fluid, and the

diaphragm is supported at some distance

above a small spirit flame. The ring of

a retort stand forms a convenient sup-

port. The butt end of the point, with

tin globule attached, is then applied to

the sci'aped spot with pliers. In a few

seconds the globule melts, when the

lamp is instantly removed, and the

point manipulated with the pliers, so as

to be perfectly upright when tlie tin

hardens, which will take place in a few

seconds more. The point will then

be found to be firmly attached. The

diaphragm and point must, after this

operation, be thoroughly washed with

soap and water, and slightly oiled—•

otherwise they will rust. The only

precaution to be observed is to apply no

more heat than is just necessary for

melting the tin. Too much heat will

warp the disc, and, if it is a ferrotype,
blister the japan. The soldering iluid

consists of ecjual parts of hydrochloric
acid and water, in which is dissolved as

much zinc as possible. A pile of books

will be found useful for steadying the

arm while manipulating the point. The

diaphragm is fixed in its place by means

of a brass flange (like a camera flange),

4 in. in outside diameter, with a 2f in.

opening. Four screws are used. The

second diaphragm is made of parchment

paper, like that used for covering jam-

pots. It is 4 in. in diameter, and is

gummed over the hole in E on the side

remote from the cylinder (see Fig. 98).

When the gum is dry, the diaphragm is

moistened, and again allowed to dry,

when it will be found to be as tight as

a drum. The second point is exactly

like the first, though it may with ad-

vantage be a trifle sharper. It is not

attached directly to the paper dia-

phragm, but to a steel spring, which

may be seen in Figs. 98 and 99. This

is a piece of mainspring -^^
in. wide and

2^ in. long. It is fixed above the hole

in E by means of 2 strips of brass, as

shown in Fig. 99, and is just so much
bent that the end of it, when free, is

I
in. distant from the plane of E. The

power of this spring may, however, be

varied within considerable limits with-

out appreciable difference in its perform-
ance. The point is fixed to the spring
in the same manner as to the iron disc,

but the same care as to over-heating is

not requisite, and tlie operation is con-

sequently easier. Before the spring is

screwed in its place, a loop of sewing
silk is attached to the centre of the paper

diaphragm by means of a piece of court

plaister ^ in. square (see Fig. 99,

where A is the piece of plaister, B the

loop). The length of the loop must be

such that when it is drawn over the

spring just above the point, the end of

the spring may be nearly in the plane
of Vj. The spring is thus caused to

draw the paper drum even tighter than

before, and its inner surface is rendered

slightly convex. Another flange carry-

ing a short rim or spout is noAv screwed

round the paper drum. A paper reso-

nator is made to slip over the short

rim or spout. It is a cone made of 2 or

3 thicknesses of stout drawing-paper.
Its length is ISin.

;
diameter at small

end, 2^ in., and at large end, 7 in. The
resonator greatly reinforces the sound

when the phonograph is speaking. A
wooden mouthpiece like those used for

speaking-tubes is inserted into the hole

F. The instrument is now complete,
but it will require careful adjustment
before it can be iised. In the first

place, the screws which attach I to the

base must be loosened, the milled nut

on G screwed up tight, and the piece I

shifted about until the point on the

iron disc is exactly in the middle of one

of the grooves on the cylinder, and

barely touches the bottom of it. Then
the screws must be tightened, and this
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piirt of the apparatus is finally adjusted.
The same process is repeated on the

other side, but in this case the adjust-
ment is not quite final, as will hereafter

be seen. The next thing is to procure
suitable tinfoil. This should be rather

stout—about 15 sq. ft. to the lb.—and

should be cut into pieces 1-1-.| in. by
4| in. Before puttiflg a tinfoil upon
the cylinder, the 2 nuts are removed,
and the diaphragms turned back out of

the way. A little gum lu'ushed along
one end of the tinfoil will be sufficient

to keep it firmly in its place ;
the join

must be carefully smoothed. The dia-

phragms are then turned back to their

places, and the nuts screwed on. The
nut on G is screwed up just far enough
to cause the point on the iron diai)hragm
to touch the tinfoil very lightly. The
handle is then turned about J rev.,

causing the point to make a short

scratch on the tinfoil. The nut on G is

thereupon loosened, withdrawing the

point from the tinfoil, and the nut on

H being screwed up, another turn is

given to the handle. If the scratch

thus produced exactly coincides with
the former one, well and good ;

if not,
the screws attaching K to the base must
be loosened, and K shifted about until

absolute coincidence is attained. The
utmost accuracy on this point is essen-

tial. The instrument may now be con-

sidered fit for use. Loosen the nut on

H, so that the point on the spring may
be well away from the tinfoil, and screw

wp the nut on G, so far that the point
on the iron diaphragm may score a

well-defined furrow on the tinfoil when
the handle is turned. Turn the handle

with as great regularity as possible, at

the rate of about 1 turn per jecond,
or a little slower. Speak loudly and

distinctly into the mouthpiece, putting
the mouth as near as possible to it,

without actually touching. When you
have finished, withdraw the point by
loosening the nut, turn the handle back-
wards until the cylinder is in its original

position, and screw up the second nut
until the second point presses lightly
but steadily upon the bottom of the

furrow. Then put oia the paper reso-

nator, and turn the handle at the same

speetl as before. If the adjustments are

perfect, the result will be astonishing.
It will be observed that this instrument
has 2 diaphragms, whereas Edison's

latest has only 1, which does both

the receiving and the speaking. Bid-

well made many experiments with the

object of dispensing with 1 of the

diaphragms, but never, under any cir-

cumstances, obtained so good results

with 1 as with 2. Preece told the

Physical Society that the employment
of only 1 was a "

retrograde step."
Bidwell does not believe that iron and

parchmont-))aper are the best possible
materials for the diajihragms, though
they are better than any others tried.

The great fault in the iron appears to

lie in its tendency to resound forcibly
to certain overtones in certain vowel
sounds. Bidwell tried to overcome this

by coating the diaphragm with india-

rubber, but with no great success. He
thinks, however, that a ring of india-

rubber between the diaphragm and the

flange has an undoubted effect in dimi-

nishing the nuisance. The steel sjiring
is subject to independent vibrations of a

similar nature. These may be damjied

by causing a piece of soft indiarubber to

press lightly upon it at a point about

} in. below the lower strip of brass.

He also found it an advantage to wrap
indiarubber rouu'l the top of the spring
before screwing it on. He believes that

the mouthpiece of a telephone would

give better results than that of a speak-

ing tube. A long resonating mouth-

piece like that which E<lison first used

is worse than useless. The point on the

steel spring should be made to turn

very slightly upwards instead of being

l)crpendicular. In the latter case, it is

liable to produce a squeak something
like that of a slate-pencil when drawn

upright across a slate. H the points are

too sharp, they will cut and scrape the

tinfoil
;

if too blunt, the articulation

will be mufiled. After the points have

traversed the cylinder 200 or 300 times,

they will require sharpening. This can

be done with a small oil-stone, without

rcnujving them. (^Enj. Mcch.)
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The very simple apparatus illustrated

in Fig. 100 is a speaking phonograph
that can be made and sold for Gc/., or

Fig. 100.

even less, and yet leave a profit to the
manufacturer. It is the invention of

Lambrigot, an inspector of telegraphs
at Albi, in the Department of Tarn, in

the south of France. The whole appa-
ratus consists, first, of a hollow cone of

pasteboard about li in. in diameter,
whose apex is connected to the centre of

a similar-sized pasteboard disc by means
of a leaden wire about 1(3 in. long; and

second, of a small board or tablet, on
which is fixed 1, or a larger number
of short lengths of leaden wire, each of

which bears upon its upper surface a

phonograi)hic embossed record corre-

sponding to a certain word or sentence,

by which it was originally produced by
a process to be described further on.

To those who are familiar with the
construction of the phonograph in the

form in which it was first shown in

this country, it would appear necessary,
in order to reproduce the sounds re-

corded on the tablet, for the edge of the

disc to be held in an annular frame so

as to convert it into a diaphragm, and
for its centre to be thrown into vibra-

tion by means of a point or style pro-

jecting from it and drawn over the un-

dulatory surface of the record. But the

method of using the apparatus is far

3

simpler than that
;

all that is necessary
is to hold the paper cone against the ear
with one hand, and with the other to
take hold of the cardboard disc, drawing
its edge along the record with a steady
scraping motion, and the mechanical
vibrations thus set up in the disc being
communicated by the wire to the conical

earpiece which serves as a resonator and

concentrator, produce in the organs of

hearing the sensation of tlie articulate

sound by which the markings on the
leaden record were originally produced.
We should have thought that a stout
thread or a lighter wire would have
formed a more efficient as well as a

cheaper connection for the purpose than
the leaden wire, but we are informed that

Lambrigot has found the lead to answer
the purpose better than anything else

;

it does not require to be kept stretched

between the cone and the disc, and

being of a very inelastic nature, it does
not spring about and produce disturbing
sounds by clashing against itself or

against neighbouring objects. Again,
it would naturally be expected that
the earpiece would be more perfectly

adapted to its purpose if it were in the
form of that used in the ordinary thread

telephone; that is to say, if it consisted

of a cylindrical cardboard box closed at

one end with a stretched paper dia-

phragm, to the centre of which the

connecting wire was attached
; but

simple as it is, this would undoubtedly
be a more complex form of constructioa
than the cardboard cones, and would be
far more liable to be destroyed by the

weight of the connecting wire. The

employment of cardboard as the mate-
rial of which the principal parts of the

apparatus are constructed, is, in the case

of the cone, for cheapness, and in that

of the disc, partly for cheapness, but

chiefly to protect the markings on the
leaden record from being destroyed, as

they soon would be if a harder material

than card were employed.
The most interesting point connected

with this very simple apparatus is the
method by which the leaden records are

produced, which is as follows :
—The

upper surface of a rectangular prism of

N
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glass, or other hard and rigid material,
is thickly coated with steariue wax,
which is then scraped into a convex

form, as shown iu the diagram, in wliich

a represents the glass bar and 6 the

convex coating of stearine. This bar is

then fixed into a simple phonograjjhic

instrument, which, by means of a screw

or other mechanical contrivance, tra-

verses it at a suitable speed below a

diaphragm. This diaphragm is rigidly
held around its circumference by an

annular framework (not shown in the

diagram), and is in every respect exactly
similar to tlie diaphragm of an ordinary

phonograph. To the centre of this

diaphragm is attached a thin flat plate,
whose lower end is cut out to a concave

curve, to fit the convex surface of the

stearine b. When all is properly ad-

justed, and the temperature is so ar-

ranged as to give to the stearine surface

the proper degree of hardness to ensure

the best results, the liandle of the in-

strument is turned, and at the same
time words are spoken against the dia-

phragm, which immediately set up in

it vibrations, which are communicated
to the plate or style. While this is

moving up and down, following the vi-

brations of tlie diaphragm caused by the

voice, the stearine coating of the bar ub

is steadily drawn in the direction of the

arrow below the vibrating bar, receiving
from it a phonogram similar to that

produced on the tinfoil of an ordinary

phonograph.
The stearine bar is then coated with

a fine surface of graphite, so as to give
to it an electrically conducting surface,
and it is then electro-plated with copper

by the ordinary process. Out of the

copper coating so formed the stearine is

removed, and a rigid backing of lead or

other metal having been run over the

outside convex surface of the copper, a

firm copper-lined matrix or mould is

formed, the whole presenting the ap-

pearance shown, and consisting of a rect-

angular block having along the middle
of one of its faces a semi-cyliudrical

groove c of copper, which bears upon its

surface certain raised striations corre-

sponding to the depressions which were

made by the diaphragm on the surface

of the stearine. Into this groove is laid

a piece of lead wire about 3 or 4 milli-

metres in diameter, and the two being
put into a press and squeezed together,
the surface of the lead wire receives a

permanent impression which is an exact

reproduction of the original impression
made upon the stearine bar. From one

copper matrix a very large number of

lead impressions may be made, and we
are told that the whole process can be

gone through, and lead wires, each con-

taining the record of a short sentence,
can be made and sold with a profit for

jd. each.

It is an interesting fact that if a

small stick of wood, such as the stem of

a common match, be substituted for the

disc, and its end be drawn along the

copper groove of one of the matrix

moulds, articulate speech is communi-
cated equally well to the earpiece, al-

though the motion of the point is the
reverse of that of the disc

;
and this

bears a very close analogy to the fact

that in the ordinary Bell telephone a

message is transmitted witli equal dis-

tinctness, whether the poles of the re-

ceiving instrument be reversed or not.

(Eng. Meek.)

Photophones.— Fig. 101 illus-

trates the principle of Bell's photophonc,

Fig. 101.

and shows one of the most successful

arrangements. A beam of light from

any source is concentrated on the dia-

phragm a by the lens b, and the dia-

phragm of silvered mica or glass cap-
able of reflecting the light is placed in

such a position in relation to the lens 6
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as to project the light along a line

joining the axes of the lens c and of the

parabolic reflector d. The lens c ren-

ders the divergent rays of light parallel,
and the parabolic reflector concentrates

the light upon the selenium cell e. The
selenium I'orms a part of an electric

circuit, which includes the battery /
and receiving telephone g. A sound
made in the vicinity of the transmitting
instrument vibrates the diaphragm a,

and undulates the beam of light pro-

jected through the lens c, and the con-

seijuent variations in the intensity of

the light concentrated on the selenium

by the parabolic reflector, changes the

electrical conductivity of the selenium,
and renders the electric current undu-

latory. This current aftects the receiv-

ing telephone in the same way as it

would be affected in an ordinary tele-

phonic circuit, and the sounds made in

the transmitting instrument are repro-
duced in the telephone.

Fig. 102 shows the cvlindrical form
of selenium cell adopted, the rays of

Fig. 102.

jQk"
ViQl.

undulatory light being thrown upon its

cylindrical face by a paraboloid re-

flector, in whose focus it is placed.
This beautiful little instrument consists

of a number of circular discs of brass,
about 2 in. in diameter, strung upon a

rod passing through their common
centre, and separated from one another

by a similar series of discs of mica,
whose diameter is slightly smaller than
that of the brass discs, so as to form

with the latter (when the whole is built

together as a cylinder) a number of

grooves around its cylindrical surface.

The discs are held firmly together by
nuts and bolts passing through them,
2 of which are shown in the diagram,
and which form' the connecting screws

for placing the instrument in circuit

with a pair of telephones and a battery.

Upon reference to Fig. 102 (which is

only a diagram explanatory of the ar-

rangement of circuits, and does not

represent the construction of the instru-

ment or the proportion of its parts), it

will be seen that every alternate disc of

brass is in metallic connection with the

upper bolt, but is insulated from the

lower bolt, and vice versa. In other

words, if all the brass discs were num-
bered consecutively from one end of the

series to the other, all the discs marked
with even numbers are connected to the

lower bolt and insulated from the

upper, and all the uneven-numbered
discs are in contact with the up])er bolt,
but insulated from the lower. The

grooves formed around the cylindrical
surface are filled in with selenium by
the following simple process : the cy-
linder is first heated to a temperature
somewhat above that of the fusing-point
of selenium, and, while liot, a stick of

selenium is rubbed over its surface,

fiUiug up the grooves and covering the

edges of the brass discs. The cylinder
is then put in a lathe, and the selenium
is turned off until the edges of the brass

discs are bared. Before being sensitive

to light, however, the selenium has to

be annealed by first heating it until

signs of fusion begin to show themselves
;

when the heat is removed, the fused

portions recrystallize, and the selenium
is thereby rendered both sensitive to

light and a conductor of electricity.
Prof Bell states that the whole process
of annealing occupies only a few min-
utes. Fig. 103 is a diagram in which
the connection of the brass discs with
the external or telephonic current is

more clearly shown. Here it will be
seen that the discs numbered 1, 3, 5, 7,
and so on, are connected to one terminal

of the telephone t by the wire m, while

N 2
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the even discs 2, 4, 6, 8, &c., are in con-

nection with the other terniiual through
the wire n and battery b. Upon ex-

aminatioa of the diagrams, it will be

Fig. 103.

12 3 4-5 6_7 8 9 lO

seen that while the surfaces of contact

between the selenium rings and the

brass discs are increased to a maximum
by reason of their large diameter, which
also ensures a maximum of sensitive

surface, the resistance of the whole

photopile is reduced to a minimum, not

only by the method of making the cir-

cuits as shown, but by the large sectional

area of conducting material presented

by the annular form of the selenium.

The transmitting instrnmout of the

jhotophone is shown in Fig. 104, and

consists of a long board mounted upon a
firm support (with suitable adjustments
for directing it, within certain limits, in

both altitude and azimuth), to which
are attached the various parts of the

apparatus : o is the mouthpiece with its

reiiecting diaphragm d of silvered glass
or mica, and ??i is the mirror by which
a ray of light from the sun or any other

powerful source may be projected on to

the diaphragm dhy the condensing lens
I,

below which is fixed another lens for the

purpose of parallelizing the beam after

reflection from the silvered diaphragm,
and projecting it to the distant station,
where it is received by the paraboloidal
reflector of the receiving instrument, in

the focus of which is placed one of the

cylindrical photopiles such as described,
and in circuit with the latter is placed
a pair of telephones and a voltaic bat-

tery, which in Prof. Bell's experiments
consisted of 9 Leclanche cells.

Prof Bell made a series of photophonic
experiments in Paris, using the electric

light as his source of illumination, and
it is an interesting fact—although one
which might have been expected from
the results obtained in his earlier ex-

periments
—that the irregularities and

vibrations, which are well-nigh insepar-
able from the light emitted by the elec-

tric ai"C, produce their effect in the tele-

phone as an unceasing murmur, while
at the same time articulate speech is

heard superjiosed, as it were, upon the
" voice

"
of the are.

Fig. 105 is a diagram illustrating the

arrangement of apparatus with which
Prof. Bell worked in Paris. I is the

electric lamp, the arc of which is in the

focus of a paraboloidal silvered reflector

m, by which the divergent rays emanat-

ing from the arc are condensed and

projected as a parallel beam to the re-

flecting diaphragm (/, by which a certain

small proportion of them is reflected to

the receiving instrument through a dis-

tance of nearly 50 ft., as shown in the

figure. From this diagram it will be

seen that a very large proportion of the

light projected by the lamp reflector

does not fall upon the diaphragm at

all, but notwithstanding this loss, highly

satisfactory results were obtained in

the transmission of articulate speech,
and Prof. Bell is of opinion that effects

equal to those obtained with sunlight
would be produced by means of an
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electric lamp suitably arranged so as

to utilize the whole of the light radiat-

ing from the arc. {Enf/inccrinij.}

Storage.—The foUowiug observa-

tions on the electrical storage of energy
are gathered from Prof. Oliver Lodge's
Cantor lecture on "

Secondary Batteries

and the Electrical Storage of Energy."
Methods of storing energy are very

numerous, and may be divided into '2

classe.^, mechanical and chemical. Under
the first class come the raising of

weights, as by the pumping of water

into a reservoir ;
and that is a very

otficient method of storing energy for

future use, as a large proportion of the

energy can be made available. Another

mechanical method is by the coiling of

springs, or producing strain in an elastic

body by twisting
—a form of storage fa-

miliarly exemjdified in winding up a

watch. A third form of mechanical

storage is by charging a Leyden jar.

The old idea of the action of a Leyden

jar was that it was a chemical action
;

but that is not the case. What is being
done in charging a jar is producing a

strain on the molecules of the glass
vessel. If the strain be carried too far,

the glass will burst under the internal

tension, producing a disruptive dis-

charge, and overcoming the molecular

resistance. There are also various che-

mical methods of storing energy. One
class is represented b}' gun])0\vder, dyna-

mite, and other explosives, though it

must be confessed that this use of the

term chemical storage is somewhat

questionable in the case of gunpowder,
for in it are combined substances not in

themselves explosive, which in com-

bination yield great energy when a

light is applied to them. The smelting
of metals is a better example of chemical

storage. By the melting of zinc is pro-
duced a material which can be employed
for evolving energy in a common bat-

tery. Then we have the energy of sun-

light stored on a gigantic scale by ra-

diation upon vegetable substances, and

this stored solar energy can be repro-
duced by the burning of coal either di-

rectly or as gas. This form of energy
is ntilized as a mechanical power in the

well-known gas-engine, in which a mix-

ture of coal gas and common air pro-
duces a mild form of explosion which

furnishes an available energy. The

amount of energy obtained for a given

quantity of gas by this electro-chemical

decomposition is not very great ;
other

gases are known which have far more

explosive power in small quantities than

a mixture of coal gas and air. Thus a

mixture of oxygen and hydrogen, if

brought together, will decompose and

explode with far greater violence than

coal-gas and air, and thus can be made
to store and reproduce a larger amount
of energy. JIany pers^ons are directing
attention to the second example of de-

composition of gases as a possibly prac-
ticable method of storing and repro-

ducing energy, and Prof. Lodge is not

quite sure but that it will be rendered

useful in the future : whether it ever

will be found an economical manner of

utilizing energy remains to be seen;
most probably not. Even in a test-tube

the gas is too much confined to evolve

much energy. These forms of storage

by mechanical and chemical means may
be distinguished as proper or improper,
and in more exact language, as homo-

tropic and heterotropic.

Passing next to consider the direct

storage and reproduction of electric

energy. Dr. Lodge points out that this

can only be efVected by the use of 2

conducting surfaces or plates, one of

which must be different either in ma-
terial or in action from the other. One
of these plates must be attackable by
electric energy, and the other not so at-

tackable. Any difierence in the attack-

ability of the 2 plates will cause them
to act as a battery

—and the action may
be produced either by using plates of

different metals, or by acting in a dif-

ferent manner on 2 plates of the same

material. In a platinum cell, one plate
is oxygenized and the other hydrogen-
ized. The hydrogenized plate is the

one attacked, and the oxygenized plate
is not attacked

;
the current passes

through the cell from one plate to the

other till the gas stored on the plates,

i.c- the energy, is consumed, an event
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M'liich happens very soon. A secondary

battery or store of electric energy con-

sists of a reservoir connected by wires

on the one side with a phite of source,
and on the other with a plate of use,

and some switch arrangement is needed

to connect or disconnect it as required
with the plates of source and use.

A simple example of a secondary bat-

tery consists of a store or glass cell con-

taining dilute sulphuric acid, in which
2 plates of lead are partially immersed,
and these are connected by wires at will

by a switch, either with a bell or a gal-

vanometer, or with both. After the

jilates have been immersed a few se-

conds, it is found that they are saturated

with electricity, as shown by the escape of

gas in bubbles, and any attempt to store

energy by continuing the current be3'ond
that point is sheer waste. By switch-

ing it on to a bell and galvanometer,
it can be seen how transient the energy
Mi such a cell is, as it only rings the bell

or deflects the needle for a few seconds,
and the current is then exhausted, the

cell needing a few minutes' rest to re-

cover its energy. This is because the 2

plates cannot retain the gas ;
what is

wanted is a plate to hold the oxygen,
and become oxidized. This is the prin-

ciple of Grove's gas battery. In Kitter's

secondary piles, oxidized metals are em-

ployed ;
but it is necessary that the oxide

of the metal used for plates shall not

be soluble. Lead fulfils this condition,
not being soluble, and is therefore a

good material for plates, but it absorbs

more than it ought. Silver and man-

ganese, like lead, have a peroxide ;
but

lead is better suited for use as plates
than other metals, because its peroxide
is less soluble in dilute sulphui'ic acid,

and hence one can store in leaden plates
the largest quantity of electric energy.

In defining the positive and negative

poles. Dr. Lodge calls that the positive

plate which is oxidized, and from which
the current enters the store

;
and that

the negative which is hydrogenized, and

by which the current leaves. In other

Avords, the oxide plate is plus or positive,
and the hvdrogenized plate minus or

negative, Whiither tested by duratiou

of ringing or deflection of needle, the

negative plate is the first to fail. This

was the condition of the Hitter se-

condary pile before the days of Plante.

The improvement introduced by the

latter worker consisted in providing a

reducible plate. The lead in itself is

irreducible. Plante achieved his object

by the simple process of reversing the

action in the cell, converting the posi-
tive into the negative plate, and vice

versa, so that the hydrogenized plate
became oxidized. The peroxide pene-
trates deeper and deeper into the plates
as they are successively used as posi-

tives, and by repeated reversals their

surfaces ultimately come to have a porous

spongy condition—a statewhich takes a

month or two to attain. Returning to

a consideration of the failure of the ne-

gative plate : on taking a piece of amal-

gamated lead and withdrawing it upon
exhaustion, the mercurized surface of

the plate is seen to be dimmed over by
a glaze. This glaze, it can be further

shown, is sulphur, and the early failure

of the negative plate is due to the for-

mation of a coat of sulphate of lead.

The film is extremely thin, impercep-
tible on ordinary lead, yet is sufficient to

stop the current. That this is the cor-

rect explanation is shown by wiping off

the film by rubbing the plate on a

cloth, when the current again passes till

the sulphate has been redeposited. At
first sight it would seem best to employ
a metal for the plates, of which the sul-

phate was soluble
;
but that would not

answer, for the positive plate, when the

current was reversed for the peroxide,
would also be dissolved, and the per-
oxide deposited on the positive plate
conducts electricity, whereas the sul-

phate of the negative plate does not.

The improvement introduced by
Faure, was to get reducible plates with-

out the great number of preliminary
reversals necessary under Plante's sys-
tem. Plante' provided oxidizable plates,

but their oxidizability did not extend

to ajiy great depth, and most of the

force escaped. Faure decided to coat

his plates with some porous peroxide,

and fouud that minium, red-lead, and
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litharge were suitable for the jmrpose.

By this means a large absorbent surface

was provided, and the waste occasioned

by the giving off of gas from the cell

was delayed, thus increasing the storage

capacity of the cell by that interval.

The peroxide coat sponged out till all

was peroxidized, and so there was no

discharge till the plate was full. For
the positive plate it was found best to

use minium, and for the negative red-

lead as a coat. If the quantities of

coats and liquid were properly adjusted,
both plates would be filled together ;

but, as a matter of fact, this was not

attained. That was the Faure prin-

ciple, in which there were no icversals

of current, and the economy in time

over the Plante' or reversing system
could be estimated from the fact that a

Faure cell was prepared in a week,
whereas the Plante cell took 2 or 3

months to fill, while there was no essen-

tial difference in the results of the 2

forms of storage. The time and ex-

pense of production were thus greatly
diminished ur.der the Faure system.
But in i)ractice it was not found easy
in the Faure cells to make the coat-

ing adhere to the plates for any length
of time. The red-lead or minium had
no affinity for the lead steeped in the

liquiil, and speedily peeled off, and the

difficulty arose, how could the 2 sub-

stances be kept together. The first

attempt at a solution was to place

porous material between the plates,
and then the composition was literally
tied on to the plates by bands of cloth.

But this did not give a good chemical

contact with the plate, and another

difficulty was that the cloth was rapidly
attacked and decomposed by the dilute

sulphuric acid. To prolong its life, the

best trousering cloth was used, and
this proved very expensive, and did not

last long nor give a good contact
;
be-

sides this, the coats and plates M'ould

not bear such shaking as they would
sustain in transit by railway.
A further improvement was devised,

and consisted in putting the oxidizing

coating into perforations or interstices

of the metallic plates themselves. This

was hit upon by Swan and Sellon almost

simultaneously. Swan being actually
the first in point of time. In the per-
fected battery known as the Faure-Sel-

lon-Volckmar, the lead becomes a grid
filled with an oxidizable composition.
First of all, cast-iron moulds are pre-

pared, scored all over like a gridiron
with a network of straight channels.

Two of these matrices are put together,
and the molten lead is poured into them

;

rectangular pierced sheets of lead are cast

as the result. These framed grids are

then filled with composition
—

litharge
for the positive and red-lead for the

negative plate, the composition being
made into a pulp with diluted sulphuric
acid, and run in. Though the plates

may be somewhat dusty, the composition
.adheres well to them, and can only be

removed by bending the plates back.

The next stage is to form cells. A large
number of plates are put together in

a trough, the positives and negatives

being kept apart, and each plate is sepa-
rated from the next by a frame of india-

rubber. The dilute sulphuric acid is then

poured in, and the plates are slowly

peroxidized. They gradually become
lilackened upon the lines of the lead-

work, the centres of the holes being the

last portions to change colour, and the

whole surfaces are in a spongy condition,
accessible to the liquid. A peroxidized

plate has a soft ci'ystalline appearance
of a deep brown colour. The plates are

then stored in Faure cells ready for use,

being carefully isolated by the india-

rubber bands. Another plan is now
being tried by Thornton, of pushing out
the composition from certain holes, and

filling them up with projecting india-

rubber plugs ;
but if the plugs are not

bent, no contact is possible under the

present plan. The state of saturatiou

in the liquid is ascertained by an inge-
nious copper balance and hygrometer.
The plates are made in 2 sizes, one

double of the other, and are packed to-

gether, 9 positives and 9 negatives, in a
box. The small sizes of cell are knowa
as J h.-p., and the largo ones as 1 h.-p.

cells, the term signifying, of course, such

a power
"
per hour," and combinations
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of cells are manufactured up to 5 h.-p.,

the only difference being in the number
of plates per cell. About 16 amperes

per hour can be stored in a small pair of

plates, and such a pair will discharge a

current for 6 to 8 hours, giving forth

160 amperes. Having explained the

process of charging and discharging the

cells, Dr. Lodge mentions that the

reduction of the sulphate is rather

troublesome, and it is desirable that

no more sulphate should accumulate

than is absolutely necessary. It grows
more rapidly during idleness than

in action. Indeed, if kept in action,

these cells are very efficient
;
but if

suffered to be idle, they rapidly degene-
rate. Much of the difference found in

cells is due to their comparative use and

idleness. The sulphate on the positive

plate is less important than that on the

negative, because the oxide attacks the

former far more readily. The secret of

the most economical use of a secondary

battery lies in charging it slowly, never

tilling the cell beyond its capacity, and

ia never completely draining it
;
it should

be discharged as slowly as practicable.
The electromotive force in a small or

§ h.-p. cell is about 2 to 2-1 volts per

hour, or about 20 amperes for 6 or 8

hours. The amount of energy is nearly
uniform for this period, and then rapidly
falls—a far more satisfactory condition

than one in which the cell regularly
diminishes in power from the commence-

ment.
Prof. Lodge points out the extreme

value of peroxide of lead, it acting better

than any other known electro-negative.
In an experimental cell he used 2 plates
of lead. If he substituted a clean piece
of platinum for the negative lead plate,
the platinum acted as plus to the perox-
ide of lead, though whether it was really
attacked by the dilute sulphuric acid he

could not tell. But by substituting for

the platinum a piece of copper, the lat-

ter metal was more strongly plus, and
its action, as tested by the ringing of

an electric bell, was not only stronger,
but of longer duration. The copper
•was dissolved, and formed a sulphate of

copper. This would proceed either

until the dilute acid was saturated, and

could take up no more copper, or, if the

copper plate was relatively small, until

it was completely dissolved. This is

the principle of a Sutton cell, but with

the action reversed. As tested by its

ability to ring a bell, such a cell shows

for some time no signs of falling of. It

is not very clear why the Sutton cell is

not in more general use, although pos-

sibly it is liable to run down daring the

night or when idle. Lead is not strongly

plus to peroxide, and hence the use of a

lead plate as a support for the peroxide.
Gladstone and Tribe have said that a

thin coat of varnish formed on the plate.

On removing the peroxidized or positive

plate from the cell, and substituting for

it a hydrogenized plate, a very slight,

almost infinitesimal action, is per-

ceptible. This film or scum on the

lead is therefore resistance
;

and the

result of the experiments is not due to

electromotive force, and this scum is of

very great value in preventing local

action on the plus plate. Using a piece

of spongy lead, the scum or film takes

longer to form, and the electric bell

will ring for a considerable period.
Lead can be rendered spongy or porous
in various ways— electrically, chemi-

cally, or mechanically ;
and by any of

these means one can obtain an almost

indefinite extension of the surface of the

negative or minus j)late, thus postponing
the period at which the scum formed

on its surface renders it effective, and

enabling it to outlast the positive or

plus plate. In passing, he refers to the

great advantage derived from the in-

activity of lead in its use as a support
for the peroxide. When he took a piece
of clean lead for the peroxide plate, it

refused to pass a current after the first

instant, and if this were not the case,

they would be unable to use it as a sup-

port on account of the local action, for

the plate and its peroxide coat would

act as a miniature cell. Thus, if a piece

of copper fell into a cell of this class, a

primary battery would be formed, and

holes would be eaten into the lead.

The reason for this protection was the

thin but insoluble film of sulphate of
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lead which protected tlie plate, and was
vital to the life of the cell, for if it

were soluble, a violent effervescing
actiou would be set up. Experiments
have shown that manganese is not so

good as lead. It has been attempted to

meet some of the defects of lead by
using carbon with it, but the coat is

non-adherent and troublesome. Lead
is therefore, on the whole, the most
suitable material at present known.
The minus plates can be improved by
being made spongy, or perforating or

folding them. The plan adopted by
Watt, of Liverpool, is to force a jet of

steam under high pressure against a

stream of molten lead, which is thereby
deflected against a board, from which it

is removed in a spongy condition. In

the Sellon-Yolckmar cell, the lead is

perforated, and in the process of Kabath
the metal is bent or folded. The plates

may again be coated with salt of lead,
either electrically, as in the Plante cell

;

chemically, as in Schultzer's, who pre-

pares his plate incrusted with a thick

sulphate; or mechanically, as in Faure's

process. In all the varieties of coated

plates tried, Lodge had not found any-
thing much better than the Plante cell

;

but several other considerations had to

be borne in miud in selecting secondary
batteries, such as internal resistance,

Aveight, and compactness of the cells.

The ^ h.-p. Sellon-Volckmar-Faure cell

is equivalent to 20 amperes, 2 volts in

9 hours, and the h.-p. cell is just double
that power, and equals the raising of

nearly 2 million foot-lb. The percent-

age of quantity of available work is very
good in these cells—from 80 to 90 per
cent., and even more, of the charge
being utilized

;
and it is well established

that the more slowly a cell is charged
the less waste is ajiparent, and were it

practicable, the discharge should be

equally slow. The next point is as to

the use of the secondary battery ;
and

the first, because most obvious, is for

lighting purposes, for which the cells

have many advantages. As stores for

electric power for use in lighting con-

veyances making short journeys, they
will be highly useful. Small vessels,

cabs, and tricycles can carry with them
boxes giving sufficient power for some
hours' lighting ;

and it is well known
that the Pulman train between London
and Brighton has for some time been

lighted by secondary batteries. Another

advantage is that by this means you can

use for a short tiine a higher power
than an engine can give. It is not

economical to run an engine for a few
hours only, and by the cells the engine
can be kept going all day, and a larger

horse-power can be ex])ended in lighting

energy during the evening. There is

less danger of sudden extinction, for a

cell is not liable to give out suddenly,
as is a belt to slip from an engine.
Greater steadiness of light is attainable,
the secondary battery acting as a

governor, and it w^ill also be utilized as

a governor, performing the function of

a cistern or so-called gasometer. Any
fluctuation in the dynamo is not com-
municated to the lamps. If used for

electric installations, the reservoir will

probably be in a central place ;
but

there are advantages in having separate
boxes in each house. This is the cistern

as opposed to the constant supply system,
and it is pi-obable that, as in water ser-

vices, the latter, by which a central

store supplies the force, will be most

popular. The central supply of electro-

motive force will be equally available

for incandescent, arc, and other forms
of lamp at the same time. The excel-

lence of the result is due to the remark-

ably low internal electrical resistance of

the cells, and in this respect they differ

from any batteries. In these cells the

internal resistance is as small as -OOIG
of an ohm, rising to -002 of an ohm
when nearly exhausted. Where a gas-

engine is employed it is not important,
as with a steam-engine, to keep it con-

tinuously at work, and with this motor
the secondary battery should be used as

a regulator rather than a store. A
waterfall is an instance of a motor
where economy demands that it shall

be employed continuously; by the use

of secondary batteries, a 70 h.-p. fall

would provide a 100 h.-p. light at night.
For domestic lighting, the problem is how
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to reduce the electromotive force so as

to render it perfectly safe for household

purposes. Dynamos have a high inter-

nal resistance : secondary batteries will

give the same amount of electromotive

force with far less resistance. For an

energy of 2000 h.-p., the resistance

would, with the cells, be less than 2

ohms, but would rise to about 400 ohms
with a dynamo. A high electromotive

force is most economical
;
but to obtain

this directly from a dynamo, the rate of

revolution must be enormous, and the

friction is correspondingly great.
On the formation and construction of

lead batteries, some valuable notes have
l)een contributed by J. T. Sprague to

the EnijUsh Mechanic, mainly as fol-

lows.

Plante's directions for charging are

to effect (5 or 8 reversals of current

the first day, prolonging the successive

charges ; this is continued next day till

the duration of useful charging becomes
a couple of hours

;
at this limit it be-

comes necessary to giA'e intervals of

rest between the charges, during which
a local action takes place : these rests

require gradual prolongation to several

days, and even weeks
;
after the cell

ajjproaches the capacity of storage in-

tended, the current should not be re-

A^ersed, but the cell should simply be

charged and discharged as if in actual

work. The process of this forming,

therefore, occupies some months, except
with very thin plates, and if pushed too

far, the whole substance of the plate

may be converted into peroxide, which
would render it liable to break up, and

would increase its resistance.

Heat assists the formation and reduces

the time required for the process ;

therefore during the process of charging
the temperature may be advantageously
raised to 100° to 160° F. (38° to 71 °C.),
and allowed to fall as soon as the charge
is effected. But heat is objectionable in

act\ial working, because it focilitates

the oxygen and hydrogen assuming the

gaseous state and going off to waste.

Alcohol added to the extent of 5 per
cent, to the acid solutionis said to assist

the formation. Berliner states that it

requires but an hour to develop a heavy
oxide surface capable of taking a lai'ge

charge.
Nitric acid is recommended by Plante,

who says that by soaking the ])lates for

some hours in nitric acid mixed with
an equal volume of water, he has greatly
reduced the time of' formation. The
effect is to produce a porous surface

more quickly acted upon ;
but it is evi-

dent that for this treatment the plates
should be thicker.

Electro-deposited lead has been tried

for the same object. But lead is a very
troublesome metal to deposit ;

unlike

other metals, it does not spread as an
even film, but will dart out in fine

arrows from points on the surface,
which either fall off as they lengthen,
or close the circuit to the other plate ;

for this reason the presence of lead salts

in solution, or the use of acids, &c.,

whicli will dissolve lead, is very objec-
tionable.

Amalgamation of the lead has been

employed by Paget Higgs. It is by no
means clear that it is an advantage on
the whole : it must tend to weaken the

lead, and therefore to fracture of the

plates. It is not desirable or useful at

the peroxide plate, because it resists the

formation of PbOj, and tends to form
oxide or salts of mercury ;

the mercury
also prevents the molecular union of the

lead and peroxide, which latter there-

fore tends to separate from the plate.
It is probable that mercury facilitates

the absorption of hydrogen at the leaden

plate ;
but even there the advantage is

very doubtful, because in regular work-

ing the real action which goes on is the

reduction of the lead sulphate which
has been formed during discharge.
The ]dates may be either flat plates

interleaved like those of a condenser, or

they may be large plates rolled up as

cylinders, or folded up together. Flat

plates give a simpler construction, and

have the groat advantage that they can

be " formed
"

in a separate vessel and

combined as desired
;
each can also be

removed singly in case of injury, and

easily replaced. They have a serious

disadvantaf'e, however. It is evident
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that the molecular volume of load salts

exceeds that of lead, so that there is

constant expansion and contraction

going on, which tend to produce bulging

surfaces, and this much more readily

upon fiat parallel plates. It is therefore

desirable to introduce slips of glass or

other insulating material to resist this,

and prevent the plates coming in con-

tact. The cylindrical form is made by
laying a long sheet of lead on a table,

placing upon it a number of strips of

soft vulcanized rubber arranged diago-

nally upon the lead, then another sheet

of lead with similar diagonal strips; the

sheets are then rolled up lirmly so as to

form 2 parallel spirals separated from

each other. Tiie insulating strips can

be inserted as the rolling up proceeds.
The thickness of the lead must be suffi-

cient to bear its own weight and the

strains put upon it after use
;
the per-

oxide plate should tlierefore be about

double as thick as the other. In large

batteries, lead 1 millimetre (-03937 in.)

thick is used, or about 24 sheets to the

inch
;

1 sq. ft. of lead 1 in. thick weighs
59'1 lb., therefore this would be about

21 lb. lead. The smaller cells are made
of lead little thicker than that jirepared
for damp walls, which is about 4 to 5 oz.

per ft. For ordinary purposes, it is

probable that sheets of 1^ lb. and 1 lb.

would be most advantageous, with the

formation carried so far as to convert

5 lb. of the lead to peroxide on the one

plate.
Connections must oe provided to the

sheets in either form, and the best is

made by strips of lead attached care-

fully to the sheets by soldering, which
should be well protected by good cement

;

copper wire should not be used, as it is

sure to be acted upon, and form salts,

which will exert a very mischievous

action.

Containing vessels may be of any
suitable material, but glass has the

great advantage of permitting the action

to be watched
;

if leaden, or wood lined

with cement, or other opaque vessels are

used, they should be covered with sheet

glass for this reason. They must not

be entirely closed, because gases are
•

generated, and must be allowed to

escape ; they should not be uncovered,
in order to resist evaporation, and also

for prevention of dirt, which would be

likely to result in short-circuiting the

plates
—a thing very likely to occur,

and obviously injurious to the working.
Space for acid must be allowed, sulli-

cient to eii'ect the action
;
therefore the

distance of the plates must be soadjustod.
Circulation cannot be depended on, but

it is desirable to raise the bottom of the

plates above that of the vessel, and to

allow the liquid to rise above them, in

order that the heat and escape of gas

may tend to produce a current, and to

draw the external acid between the

plates ;
1 lb. of lead requires g lb. of

acid to convert it into sulphate, and as

by th foregoing proportions there

would be § lb, of lead to be converted
on the 2 faces of lead opposing per
sq. ft., this requires space for J lb. of

acid, which, diluted as I to 10, would
be contained in a space of

^
in. between

the plates.
The strength of the acid varies during

the action, becoming strongest when
the charge is complete, and one jilate

is converted into spongy lead and the

other into peroxide ;
when discharge is

completed, a great part of the acid is

absorbed in the formation of sulphate
of lead. Several consequences result :

(1) the resistance of the battery is

lowest just when its electromotive

force is highest, and vice versa, which
introduces a variation in the current

generated at different periods of dis-

charge ; (2) when the material consists

of a porous mass containing liquid con-

fined among its interstices, the acid

may be entirely removed at an early

period of the discharge, and conse-

quently much material remains unacted

upon ; also, the residuary liquid being

highly resistant at the next act of

charge, the current cannot reach the

material. As a consequence, a cell

containing a large mass of active ma-
terial may be able to do but little work.
This defect is also an accumulative one :

portions of the mass become practically

nou-conductiug, and insulate other por-
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tions to which the acid has access, be-

cause in very dilute acid, instead of the

normal sulphate PbSO^, there is a ten-

dency to produce the basic sulphate

PbSO^ -f PbO, which is not readily re-

duced by hydrogen.
To charge a secondary battery it is

necessary to employ an E.M.F. greater
than its own, and greater in proportion
to the rate of charge desired. All such

excess of E.M.F. is energy lost in over-

coming resistance; therefore slow charge
is most economical under this head,

though other practical considerations

have to be taken into account, i.e.

against energy lost at the i\ate of the

square of the current generated, must
be reckoned time and interest on plant.
But in addition to the loss of energy
involved, a small charging current is

desirable for 2 good reasons : (1) the

product is in better condition, the par-
ticles being in closer contact and better

electrical connection
; (2) there is less

loss by uncombined gases escajjing.

Throughout the charging there is a

constant escape of gases going on, chiefly

oxygen ;
and the loss of either gas

means total loss of the equivalent of

electricity involved in the decomposi-
tion from which it arises. If is

wasted, H is lost too, or the total

power of the tell is reduced by its

incapacity to take up the 0. But the

escape of H indicates either that the-

rate of charging current is too great,
or that the limit of the economical

charge is approached. The rate at

which a unit area of surface can act

]>roperly, in the case of a secondary

receiving charge, is a lowering capacity,
because it is related to the diminishing

quantity of lead sulphate remaining un-

converted. The increase of free acid

tends to increase the current, and the

combination of these 2 causes results in

a growing loss of gases as the charge

])roceeds. Obviously, therefore, it is

bad economy to press the charge to the

full capacitv.
The electromotive force is about 2-25

volts immediately after charging, but
falls spontaneously to 2 volts. This

high initial force cannot be due to the

free H and 0, because their force of

combination is only 1"5, but it is easily
accounted for by the j)resence of ozone,
which is oxygen charged with a higher

energy in order to force the third atom
of into the molecule. The normal
E.M.F. of 2 volts is subject in work-

ing to a fall such as occurs in ordinary
liatteries to an extent increasing with
the rate of current, and due probably
to the change in the liquid particles

adjoining the plates : therefore the

E.Bl.F. rises again after a short rest has

allowed fresh liquid surfaces to reach

the plates by diffusion. The average
rate of working E.M.F. is probably 1-9

to 2 volts.

Metallic solutions, while promising in

appearance, do not answer in practice.
The action, unless very slow, alters the

layer of liquid in contact with the

metal, which then refuses to act
;
in

charging, after the first action, there is

no metallic salt present to decompose,
but only acid which gives off gas, and
so the metallic deposit becomes non-

coherent
;

in discharge, the metallic

salt forms too rapidly to dissolve, and

crystallizes on the plate.
Acid solutions other than sulphuric

might be used, and no doubt will
;
but

hydrochloric acid when electrolysed
does not give up H and CI simply

—it

is always accompanied with oxygen, and
the result is the formation, not of chlo-

rides, but of oxychloridcs, which are

exceedingly refractory in reduction ;
for

this reason, the silver chloride battery
fails in reversal, or it would constitute

an admirable storage battery.
Alkaline solutions cannot be used

with lead, because they dissolve it
;
but

they may be employed with some other

metals, as iron, which would absorb H
at one plate and form peroxide at the

other, producing a battery of rather low
E.M.F.

In charging a number of cells, it is

necessary so to arrange them in series

and in arc as to distribute them on the

same principles as ordinary battery cells

when a number are used together. So

many must be ranged in series that the

number multiplied by the E.M.F. is so



Electrics—Telephones. 189

much below the cliarging E.M.F. as

allows the required rate of current to

pass ;
that is to say, E (or 2-25) x n x

1-25 = E.M.F'. of source, assuming that

this is to exceed the counterforce of the

battery by J. So many must be ranged
in multiple arc as brings the united

resistance to such a ratio to the avail-

able E.M.F. as will permit the intended

rate of current to pass ;
such rate being

well below the projier working density
suited to the area of the plates.

It is of the utmost importance that

all cells to be worked together shall be

l;xirly equal, for, as in a chain, the capa-

city of a combination is that of the

weakest link
;

if some cells become in-

active in discharge, they are not merely
useless, they begin to take charge in

the opposite direction and oppose their

E.M.F. If several sets in multiple arc

differ in E.M.F., which will occur if

their conditions differ, some of the sets

will not get charged, or if left so con-

nected when the source is not acting,

they will be reversed, and the charge be

wasted.

The charge should not be carried to

more than f of the capacity. The dis-

charge should not be carried farther

than f of the charge actually stored
;

and the battery should not be charged,
if avoidable, long before it is intended

to be used.

Each cell should be occasionally
tested as to its condition, in order to

discover any derangement or accidental

short circuit, and any cell showing un-

usual evolution of gas should receive

immediate attention.

Galvanometers should always be kept
in circuit, to give warning as to what
is going on

;
and automatic cut-outs are

very useful in case of a failure of the

source, or other accident. Such appli-
ances are easily made with an electro-

magnet inserted in the circuit, or in a

shunt circuit, with a permanent steel

magnet for the armature, mounted on a

spring, and comjaleting the circuit only
when held down : the attraction of the

armature for the core will hold it down

ordinarily ;
but if a reverse current

arises, the armature leaves the magnet,

breaks the circuit, and can be made to

ring a bell to call attention.

It is asserted by some that secondary
batteries will return 90 per cent, of the

energy stored. It is quite likely that

90 per cent, of the electricity, reckoned
in coulombs, might be obtained, pro-
vided the battery were used not long
after charge. But what is really im-

portant is, the energy depends upon the

E.M.F. as well as the current
; and as

the E.M.F. of charge must exceed that

of discharge, and may probably exceed

it by I,
here is an inevitable loss, which

cannot be defined for all cases, because

it will depend upon the ratio of the ei-

tei'nal and internal resistances. This

only gives the loss upon actual storage ;

there is to be added that lost in the act

of charge, and that carried away in the

escaping gases. When all these are

considered, it is almost certain that, on
the average, the use of storage bat-

teries means the loss of 50 per cent, of

the energy as compared with direct

working. This means doubling the

cost, irrespective of the value and ex-

pense of the battery itself. (J. T.

Sprague, Ung. Mech.)

Henry Greer, of New York, gives a

good detailed account of the construc-

tion of the various secondary batteries

before the public, in his pamphlet on the
'

Storage of Electricity.'

Telephones. — Before describing
the eonstruction of various forms of

telephone, it is necessary to explain the

principles underlying its mode of action.

The sensation felt in the organ of hear-

ing, and known as a "
sound," is due to

waves or vibrations in the air acting
upon the tympanum of the ear. In this

transmission of sound, the particles of

air or other conductor are not trans-

ported, but the vibration of one particle
is communicated to the next, and so on,
the intensity becoming less as the dis-

tance increases. This constitutes the

main fiiult of the so-called "
string tele-

phone," the earliest and simplest form
of apparatus for communicating speech— its range is limited. The telephone
proper differs from other instruments
of a like class, in that it reproduces
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instead of merely conveying vibrations,

and has thus a practically unlimited

range.
Forms.—Various forms of telephonic

apparatus may now be discussed.

(1) String Telephone.
—This is formed

of 2 metallic or cardboard tubes, in the

shape of a cylindrical cone
;
one end is

closed by a tightly-sti'etched parchment
membrane, in whose centre the string
intended to connect the 2 cylinders is

fastened by a knot. When 2 such tubes

are thus united, and the cord is tightly

stretched, words may be conveyed along
it by the speaker placing the opening of

one tube to his mouth, and the listener

putting his in the same way to his ear.

The distance which may thus be tra-

versed does not exceed 170 yd. The
best results are said to be got from silken

cord and the worst from hempen ;
cords

of plaited cotton are generally iised for

economy. Some preference is given to

nickel silver as the material for the

mouth -
pieces. Several modifications

have been proposed. Jlillar ascertained

that by means of a telegraphic wire,
stretched and connected by 2 copper
wires with 2 vibrating disks, musical

sounds might be conveyed to a distance

exceeding 160 yd., and that by stretch-

ing these wires through a house, and

connecting them with mouth-and-ear
holes in ditierent rooms, communication

between them became perfectly easy.
For the 'vibrating disks he employed
wood, metal, or gutta-percha, in the

form of a drum, with wires fi.xed in the

centre. The sound seems to become
more intense in propurtiou to the thick-

ness of the wire. Heaviside and Nixon
ascertained that the most etfective wire

was No. 4 B.W.G. They employed
wooden disks

\
in. thick, and these may

be placed in any part of the length of

the wire. When the wire was well

stretched and motionless, it was possible
to hear what was said at a distance of

230 yd., and it seems that Huntley, by
using very thin iron diaphragms, and by
insulating the line wire on glass sup-
ports, was able to transmit speech for

2450 ft., in spite of the zigzags made by
the line on its supports.

(2) Kennedy's Telephone (Figs. lOG,

107) is of the "Bell" type, but
differs in its principle of action and in

construction. No coils of wire are used

Figs. 106, 167. on the mag-
nets

;
but 2

coils are used,
one on each side

of the ferro-

type plate, the

wooden case

being turned
out so as to form
2 spaces for the

wire, also to

grip the plate,

leaving 2 in. of

the centre of

the plate for

vibrating ; the

plate is 4 in. to

6 in. diameter
;

2 to 4 oz. ofNo.
30 wire may be

used in each

space. The
action of the

telephone is this :
—On current passing

through the coils, the plate is mag-
netized, with its centre a S. pole, say ;

the plate is therefore drawn inwards.
On a reverse current passing, the centre

of the plate is magnetized as a N.

pole; tile centre of the plate is there-

fore repelled outwards— that is the

action when it is used as a receiver of

alternately reversed currents, such as

produced in the Bell telephone or in the

carbon telephone used with an induction

coil as a transmitter. It may be used
as receiver or transmitter just the same
as Bell's telephone. A pair of them tried

on the same circuit with a pair of Bell's,

spoke much louder, and, what is of more

importance, the articulation was much
more distinct.

(3) Thompson's.—Prof. S. P. Thomp-
son's improvements relate to telephonic
transmitters based upon the principle
discovered by Reis, ofemploying current-

regulators actuated, directly or indirect-

ly, by the sound-waves produced by the

voice. By
"
current-regulator

"
is meant

a deTice similar to that employed by
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Eeis, wliereia a loose contact between 2

parts of a circuit (in which areincluJeJ

a battery and a telephonic receiver)
offers greater or less resistance to the

flow of the electric current, the degree
of intiAiacy of contact between the con-

ducting pieces being altered by the

vibrations of the voice. In Reis's ti'aiis-

ruitter, in Edison's, and in other w'ell-

known forms of this instrument, the

action is indirect, a tympanum of

stretched membrane or other equivalent

organ, such as a diaphragm of mica,

being used to collect, magnify, or con-

centrate the vibrations of the voice, and

to convey them to tlie points of loose

contact that regulate the current. In

other forms of transmitter (for example,
some of Hughes's microphones), the mode
of action is direct, the air-waves beating

directly upon the conductors or elec-

trodes which are in loose contact, with-

out the intermediation of a tympanum
or diaphragm. Of these 2 classes of

telephone transmitters—viz. those in

which the cuiTent-regulator is combined

with a tympanum or diaphragm, and

those in which the current-regulator is

acted upon directly by the air-waves of

the voice—the improvements relate to

tlie latter only, as Prof. Thompson dis-

penses with the membrane tympanum
used by Reis, the tympanic diaphragm
of mica used by Edison, and does not

even employ any diaphragm in the sense

of a partition between the current-

regulator and the air-waves of the voice,

as in Theiler's transmitter. In Thomp-
son's transmitters the air-v.-aves act

directly upon the current-regulator
itself. As a result, the articulation is

clearer for some of the consonantal

sounds, which are only imperfectly or

difficultly transmitted by telephones in

which the current-regulator is affected

indirectly through a tympanum, dia-

phragm, or partition. Transmitters of

the class to which the improvements
relate are ordinarily liable to 2 defects.

Firstly, they do not articulate so loudly
as transmitters in which there is a

tympanum or diaphragm to collect or

magnify the vibrations. Secondly, when,
to obviate this difficulty, the speaker

speaks with his mouth very close to the

current-regulator, the moisture of his

breath condenses upon the contact points
or adjacent parts of the regulator, inter-

fering with its action and spoiling the

articulation. The improvements relate

chiefly to means for remedying or obviat-

ing these defects. Prof. Thompson pro-

poses to employ mirrors, sound-reflectors

or reverberators (one form of wiiich is

shown in Fig. 108 in transverse section),

consisting of glass,

metal, wood, or

other material, by
which the sound-

waves are turned

aside from their

direct path, and

are made to con-

verge upon the

current-regulator,

precisely as rays
of light may be

turned by a mir-

ror. If actual mir-

rors of polished
metal or silvered ^^^^^^^
glass are employed
for this purpose, they have the addi-

tional advantage of revealing to the

speaker the presence of moisture. But
in any case the mirror serves to collect

the sound-waves as they come from the

speaker's mouth, and to direct them on

to the current-regulator while intercept-

ing moisture from the speaker's breath :

m is tha mouthpiece or tube
; c, the

current-regulator ; r, the reverberator.

An adjusting screw and an outlet cock

for the water which collects in the

mouth-tube are also provided where

necessary. The mouthpieces hitherto

used on ordinary transmitters are not

intended to serve either as reverberators

or as protectors from moisture, and Prof.

Thomjjson finds that mouth-pieces for

this purpose must, as shown in Fig. 109,
be deep and of conical or paraboloidal
form. Another part of the iuvention

consists in employing for the current-

regulator such materials as are at once

neither hygroscopic, nor liable, by their

]n-operties with respect to heat, to con-

dense films of moisture, while at tha
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same time they are good conductors of

electricity. Prof. Thompson prefers to

use as materials for the current regu-

lator, either spongy platinum, carbide

of platinum, boron, coke, carbon, or

Fig. 109.

elastic carbon specially prepared, having
first deprived such materials of their

hygroscopic properties by treatment
with petroleum, or other suitable hydro-
carbon. In some cases, and especially
where the contact surfaces of the cur-

rent-regulator are of metal, he finds it

convenient to keep their surfaces con-

stantly moistened witli petroleum or

other hydrocarbon by supplying them

through a cotton filament in communi-
cation with a small lubricator. The

improvements also consist in so arrang-
ing the parts of the current-regulator
that the jioints of loose contact can lie

actuated by the sound-waves, whilst

they are protected from the moisture of

the breath by some portion of the con-

ductors or electrodes

projecting between
tlie contact points
and the breath of the

speaker. An example
of such an arrange-
ment is given in Fig.

110, wherein the con-

tact-points c are

protected from the

breath by making
one of the electrodes

in the form of a cup,

against the concave

face of which the

contact-point on the

other electrode is directed. The im-

provements relate further to the form

Fig. 110.

of the conductors or electrodes combined
to serve as the current-regulator. The

current-regulator of Eeis, consisting of

one piece of platinum resting lightly

against another, is imperfect, except
when, as in some forms of Keis's instru-

ment, one or both the pieces of metal
are fixed upon springs or some equivalent
elastic suj)port ; otherwise, the current

is liable to very abrupt interruptions.
In Fig. Ill is shown a current-regulator,

Fig. hi.

wherein the two contact pieces are held

upon springs s ; one of these springs is

fixed to an adjusting frame b, and the

other to an insulating block
/i,

for it is

found that when there are many points of

contact instead of but a single pair of

such points, there is less liability to such

abruptness. Multiple contacts, there-

fore, are advantageous. One of the

improved forms of current regulator
consists of a framework of prepared
carbon or metallic tongues, so connected

that the current cannot pass from one

to the next except tlirough pieces of

good conducting carbon or metal, sus-

pended or resting in loose contact against
the tongues. In the instrument shown
in Fig. 108, the current-regulator c con-

sists of an inclined grating of carbon

strips, against which the voice-waves
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ai"e reflected by the reverberator r, and

upon which rest light balls of carbon
or metal suspended
from hooks by silken

strings. In some

cases, where a

highly powerful
action is desired,
the air -waves are

caused to act first

on a vibrating

tongue, which then

transfers the vibra-

tions indirectly to

the current -
regu-

lator or contact

points c. Such a

vibrating tongue is

shown at v in Fig.

112, where it is

attaclied behind a

flanged tube <, the

contact -
points or

current-regulator c

being on the same
face of the tongue
V as that against
which the voice-

waves impinge. This

tongue maybe itself

an electrode, and serve as part of tlio

current-regulator, in which ease it is

formed of metal, carbon, or elastic con-

ductor, whether anhygroscopic or not.

{Eng. Mech.)

(4) Gower's Telephone is a combin-
ation of a telephone and microphone
in the same case, which arrangement
affords all the advantages obtained by
the employment of a battery for com-

munication, without its accompanying
objections, and without destroying the
ertect of the telephone when it is em-

ployed as a transmitter in the case of a

battery failing. Fig. 113 is a side ele-

vation of the apparatus partly in section,
a portion of the side of the box being
removed in order to show the communi-
cation between the microphone and the

principal circuit. Fig. 114 is a plan,
the microphone being removed in order
to show clearly the arrangement of all

the parts on the interior of the box.

Fig. 115 is a plan of the underside of

3

the microphone shown in Fig. 113.

This microphone is connected with the

principal circuit by means of wires,
which are broken off in the figures.

When the plate of the microphone is

in the position shown in Fig. 113, so as

to close the box, the wire «, Fig. 115, is

joined to the wire a, Fig. 114, and the

wire 6, Fig. 115, is joined to the wire b,

Fig. 114. In constructing the apparatus,
a microphone c of any suitable construc-

tion (but by preference having at least

C contact-point.s) is attached to the

upper part k of a bo.x, the lower part of

which box is provided with a Gower

telephone d, constructed in the form
known as the chronometer telephone.
This telephone is provided with a bifur-

cated acoustic or speaking tube c, having
2 branches, in order to enable the ope-

o



194 Electrics—Tclepbones.

rator to listen with both ears if required.
Commutators / are provided at the side

of the box, for the purpose of interrupt-

ing the passage of the current from the

battery, aud opening the circuit of tlie

call-bells. After working the apparatus,
the extremities of the acoustic tubes e

are placed in holders connected with the

commutators/, aud the circuit is thereby

interrupted. An electric call-bell ,7
is

Fig.

provided underneath the box, and a

knob h for working the call-bells is

placed at the upper part of the appa-
ratus. An induction-coil i is situated

inside the box, and the microphone c

and the battery are connected to the

primary circuit, whilst the Gower tele-

phone and the line are connected with

the secondary circuit. In speaking

against the upper part k of the box,

lU.

which may be of wood, iron, brass, or

other suitable material, and near or

upon the imder surface of which the

microphone is placed either with or

without attaching the microphone to

the box top directly, the sound-waves
from the voice form electrical undula-

tions in the primary circuit through
the action of the microphone, and these

imdulatious are reproduced in the se-

condary circuit by induction, and are

thus repeated in the Gower telephone
at the receiving station. Especial at-

tention is directed to the fact that the

microphone in this combination is not

necessarily attached to the box top, but
that it may be carried upon a frame-

work attached at any point to the

combined apparatus. The undulations,

however, when so reproduced, are inten-

sified to such an extent by the great

power of the magnet in the Gower tele-

phone, that they act upon the micro-

phone in the same case with such effect

as to set up corresponding undulations

in the primary circuit at the receiving

station, and those undulatinns are again

reproduced in the Gower telephone wilh
increased intensity.

iloreover, when the diaphragm of the

telephone is provided with a vibrating
reed

.r, Fig. 115, as is usual in the

Fig. nn.

Gower telephone, it is simply necessary
to close one of the branches of the

acoustic tube, and blow into the other

branch, in order to cause the reed to

vibrate, and thus produce powerful
vibrations of the plate before the

magnet. These vibrations not only

produce currents in the coils or the

poles of the magnet, but also act with

great power upon the microphone, the

sound being produced in the interior of
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the same box, and thus double the effect

of the signal current on the line wire

without exhausting the battery to any
greater extent than when speaking in

the usual manner through the apparatus.

By employing this combination of

magneto-electric and electro-magnetic

currents, it is possible to act with

great power upon what is known as

the "Ader" disc, or upon any other

suitable receiving instrument at the

distant station, ns well as in the case

of a system worked with a central

office, and any suitable arrangement of

the mechanical parts may thus be

employed at the receiving station. It

also results from the employment of

this combinatioo. that a failure of the

battery will not stop the communica-

tion, the Gower telephone being always

capable of working the apparatus,
whether employed as a receiver or as

a transmitter, provided that the wire

is not broken, whilst it is also possible,
when the Ader signalling apparatus is

employed at the central ofiice or other

receiving station, to transmit a signal
without employing a battery, as in the

case of the ordinary Gower telephone.
The employment of bifurcated or double

acoustic tubes obviates the necessity
for having a separate instrument as

receiver, and thus enables the flexible

conducting wii'e to be disjiensed with,
which Vi'ire constitutes one of the

principal objections to the use of tele-

phones in practice.

(.') Calls.—(a) This is not so noisy

Fig. 116.

<X/

platinum-pointed ; c, brass block and

platinum reed. On blowing into the
mouth of the tube at a, a musical note

is produced by the vibration of the reed

c, and the circuit is interrupted at the

point c, the effect of which is that the

note is produced at the distant station

with nearly the same force. The effect

would be augmented if a small induction-

coil were placed with its primary ter-

minals, connected across at zinc line,

and the ends of secondary coil joined to

zinc proper. The point of the screw-

may be nearer the end of the reed than

is shown.

Q)) Fig. 117 : «, boai'd
; 6, brass spring

fitted with a handle for convenience of

Fig. 11 (

Lirr

as bells, yet sufficient for the purpose
Fisf. 116: II, tube; hj brass screw,

3uCU^

shifting ; 1, 2, and 3 are the studs, con-

nected as shown. It will be observed

that one of the wires from telephone
bell and battery is connected to the

earth-plate e, or return wire. In the

position shown, the telephone is in use ;

if the spring is moved to No. 3, the bell

at the other end of the line (the appa-
ratus is supposed to be in duplicate)
will ring, provided the switch is on

No. 1 stud. Keep the switch on No. 1

to let the home bell be rung. (Cory.)

(c) Fig. 118, making the bell-case act

as switch-board, a b are the line ter-

'J
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minals
;
« is in connection with one

terminal of bell, battery, and telephone

respectively ;
6 is connected with switch-

FlG. 118.

arm/, moving over studs 1, 2, 3, whicli

are the other terminals of bell, battery,
and telephone. Dotted lines on the box

show the connections inside, which can

be easily made out if each circuit be

followed separately. The action has

been most satisfactory.

{d) Fig. 119: idl is a brass wheel,
the edge of which is milled, and which

Fig. 119.

runs on the axle r, connected with the

wire rs. The end of the wire s is

connected with one of the poles of an
electric battery, the other pole of which
is connected with the earth-plate or

return wire ;
ed and ah are springs, a

being connected witli the earth-plate

through the telephone, and c with the

line wire
;
crd is a flat piece of ebonite

(or wood steeped in paraffin), with two
brass studs d c fixed into each end, and
in metallic connection with one another

by a wire
;
this ebonite is firmly fixed

on the wheel, so as to insulate the studs

d c from it. The dotted circle at the

bottom of the wheel represents a lump
of lead, fixed behind, so as to keep the

wheel in the above position when not

being turned by a handle fastened in

front. It will be seen that when the

wheel is turned out of the above posi-

tion, the spring cd will press upon the

milled edge of the wheel, and thus esta-

blish electrical communication between
the wire c and the wire s, which is con-

nected with a battery. But when the

stud at d is moved round, the stud at c

will also move, and the spring ab will

then be released, and tend to press on
the edge of the wheel, from doing which
it is restrained by a small pin in front

of the spring at b. In the position
shown in the figure, a current entering
at e from the line wire would take the

course edca, and then go back through
the telephone and earth. When the

wheel is turned, however, any connec-

tion between the spring ab and tho
wheel is impossible, on account of the

pin at b, but the spring ed presses on
the milled edge of the wheel, which is

connected with the battery, and thus,
while the wheel is being turned, nume-
rous small currents are sent along the

line, which generate a loud musical note

in the telephone at the other end, and
thus call attention. No bells are used,
and when attention is to be called at

the other end of the line, a handle has

merely to be turned
;
the trouble is thus

extremely slight. (T. A. Garrett.)

(6) Augmenting Sound (Fig. 120).
—

A simple contrivance for augmenting
the sound of the telephone, by increasing
the variations of current by pressure
on a tube filled with powdered carbon,
caused by an electro-magnet. The cui-

rent from the battery 6 flows through
carbon telephone c, where it meets with

varying resistance
;
from this it goes to
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the electro-magnet m, which it mag-
netizes and causes to attract a small

fiiece of soft iron attached to the spring

s, and produces pressure iu the glass
tube t, which is filled with powdered
carbon. From the magnet the current

passes to a wire introduced into the

lower part of
t,

the bottom of which is

stopped with a cork
;
from this wire

it passes through the powdered carbon

to another wire higher up iu the tube.

When the current is strongest, there will

be the greatest pressure on the carbon,
and so the least resistance

;
when it is

weakest, there will be least resistance.

The tube by itself is shown on the right.
The bottom is stopped by a piece of

cork k, through which are introduced

the wires p and ?i,
of which p is covered

with an insulating substance as far as

the bent part. In the top of the tube

is fitted a piece of thin iron, against
which the spring is caused to press.

(7) Cheap Magnets.
—Procure from a

saw-sharpener 2 old 6-in. 3-square files,

worth not more than Id. each. Put one

in a vice and knock the shank end off

(that which fits in the handle) to within

f in. of main part of file
;

take out,

measure off 5 iu. from shank, put the

file in the vice the reverse of what it

was, and knock the other end oft", as

near as you can so that it will be 5 in.

in total length, and you will have (when
magnetized) a magnet with an iron pole-

piece, the shank being much softer than

any other part of the file. Grind the

shank round as near as you can, for your
coils to go on

;
with such magnets you

can lift a J-lb. iron weight. They also

work through greater resistances than

the roll steel commonly used. They
apeak very plainly. Magnetize them with

3 horse-shoe magnets, putting 2 on the

table with their opposite poles 4 in.

apart. Bridge the spaces with 2 files,

and use the third for magnetizing.

Commencing at the centre of the file,

rub it to one end of the file, then return

to the centre and pass to the other end,
and so on, finishing at the centre, and
slide the magnet oft'; then proceed with
the other one.

(8) Circuits.—(a) Switches for tele-

)ihone, microphone, and bell (Fig. 121).

To ring bell, move the brass slip ac,

working on a, to form ad; and upon
moving bd, working on b, to form be, the

bell will ring if your battery is strong

enough ;
if not, place a piece of copper

wire to join your telephone terminals,
which will take out the r of the coil

within, as shown. The receiver hear-

ing the bell, turns vy, working on v, to

form vz, and then wx, working on «•,

to form wy, and answers. The trans-

mitter now may speak by the micro-

phone, or by replacing strips as shown

by telephone alone, df is to cut out

the telephone and use microphone alone.

The message ended, all strips are re-

placed as shown
;
the battery circuit is

then broken until you require to " tele-

phone
"

again, proceeding as before.

Telephone wire is usually small
;
conse-

queutl}', the resistance through it, the

telephone coil, and coil bell, is con-

siderable. (Hannen.)
(h) Telephone Circuits and Call (Fig.

122).
—When the button r is pressed, the

spring h makes contact with support c.
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A current then flows from battery to c

through spring h by means of a wire to b,

thence through k to the line. Through
Fig. 122.

the line it enters the other end tlirough
kbh to d; from d through coil / to

terminal t, through the keep and frame

g to earth, ringing the bell n as it does

so. On taking the telephones off the

hooks at both ends, the currents pro-
duced by speaking into tliem are sent

through a to k, and then to line entering
k at the other end through a to the

telephone there, and from end 2 of

bobbin to earth or return wire. These

connections can be made out of any old

pieces of brass, screws, &c., and fitted

up in a box. So long as the contacts

are clean and firm, it will work as well

as if better made, k, automatic switch

arrangement, brass hook pivoted so that

a spring fastened to it and point p
would keep it down firm on a if tele-

jihone 7)1 were taken off'; a is connected

with one end of telephone bobbin
; 6,

brass post so placed that k presses firmly

against it when m is on the hook
; h,

brass spring normally pressing firmly

upon d, and capable of being pushed hard

against c by means of ebony button r—
it is connected by a wire to b; c, brass

post connected with positive pole of

battery ; d, brass post connected to one

end of coil of bell movement /; 2, an
end of telephone bobbin connected to

earth or return wire.

(c) Ditto (Fig. 123).—This is the same
as supplied with the Blake's Trans-

mitter, and is as simple as any. The

hook e has the telephone off; the spring

/ has drawn the hook contact dawn on

contact 2
;
s is the secondary wire of the

coil
;
a current coming from s passes

through contact 2 into hook to b, through
contact to a to terminal /, this being
line. The other end of secondary s is

lixed to terminal t; /is connected

to terminal ze
;

zinc of battery and

earth is connected to terminal xe—hence

Fig. 123.

the two letters ;
the telephone cord is

connected to tf; the primary wire of

coil, one end jo to microphone, the other

end g to contact 1
;
A is terminal of

transmitter zinc
;

c is terminal for

copper or carbon end of batter}'. When
the telephone is on the hook, it draws it

down and places hook contact in contact

with bell contact 3. A current now

being sent from the other end to ring

up, passes through lab to 3 through bell

coils, regulating screw 4, through keeper
and frame to ze. The act of taking off

the telephone allows the hook to slide
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otrthe vulcanite v, and lets the ring 5

come in contact with contact 1
;

this

puts c in connection with one end of

primary p ;
the other end g was already

in connection with h through the micro-

phone. The instrument is now ready
. for speaking to. A current coming

through line passes tlirough ah, hook
'2,

secondary wire to t, through telephone

cords, coil, / to zc. To ring up, a is

pressed on d; this does not atfect your
own instrument, as a leaves b before it

touches d, so cut your own instrument

out. (Tolman.)
(d) Transmitter and vSwitch (Fig. 124).—The panteleplione is a good trans-

mitterwhen combined with an induction-

coil, not without. The hanging plate

may be made of pasteboard, also of thin

wood, with like results, but the best

elfects are got when the contacts are of

carbon only. The figure shows a very
useful switch suitable for working the

4- instruments required in successful

telephony
—

viz., the telephone, micro-

phone, bell, and battery. To call atten-

tion at the distant station, where it is

assumed the same kind of instruments

are in use, press the button b on switch

for a second or two
;
this breaks contact

with c, and makes contact with a. The
current now flows from the battery,
cell No. 1, through a to d, on to /, then

along lever h to its centre, and down to

post /, thence to line, and on to distant

station, where it rings a bell
;
then to

earth, and back again to central post j)

on switch, then to cell No. 3, and so

completes the circuit. The " call
"

will

be answered by the home bell ringing,

produced by the same operation of press-

ing the button 6 at the distant station.

This sends a current into the line to the

home station, which, entering the switch

at /, passes upwards to the lever A, along
this to/, then to d and c, and upwards
to one of the top parts, then out to bell,

which it rings in passing, and on to

<entre post p, and back through earth

to distant station, and so again the

round is completed. Now remove tele-

])hone t from the hook h
;

the spring s

at once lifts up this lever, and through
the insulated connection (a silk thread)

n allows the spring (/
to make contact

with j. Contact is also at the same
time made by the lever with e, and
broken at/. This operation brings the

microphone or pantelephone into action.

Fig. 124.

^^<^th- ciisULr<X/-sca,tU-ro
'

The current now flows from No. 1 cell

only, this being sufficient to work the

local circuit through the microphone.
Its course is through wjj to pantele-

l)hone, then passing by k through the

loose carbons ni to o; up this it passes

by a wire, then down on the other side

to the induction-coil ?, where it flows
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through the primary wire and back to

the same cell No. 1. The secondary
wire terminates in 2 binding posts on
the top of the coil. This wire furnishes

the current necessary to work the tele-

phones. It starts, say, from the left-

hand post and passes to e on switch,
then along lever h, now in contact with

(',
and down to post I, thence through

line to distant station, and through its

telephone to earth, then back again it

hastens to centre post /) on home switch,
and on through telephone to induction-

coil, whence it started. The microphone
bell and switch are best combined in

one instrument. (Frank.)

(e) Switch for simplex Telephone (Fig.

125).
—It is manipulated as follows :

—
Fig. 125.

To call the distant station, press the

button a, which breaks contact at 6,

and puts the line I and carbon of bat-

tery c in contact at d. The circuit is

completed by putting the zinc of bat-

tery to z, whence the current passes

through the receiver m, and out at e—

either to earth or return wire. By this

arrangement, the ringing at the distant

station is repeated or made known at

the sending station. The contacts at b

are made with two strips of hai'd rolled

metal, and continued under the lever g,

which must be kept down on / while

signalling with the bells, but be in

contact with i when speaking. This is

done by hanging the ear- tube on the

lever hook, or the Bell receiver, should

that be used instead of the electro-

magnetic one. In coupling the instru-

ment, the I of one is connected with the

c of the othei". The transmitter swings
on 2 small brackets inside the front,
and contact is made at j and k when the

front is closed. The carbon-cups are

made out of g-in. carbon, and are best

done with a rose countersink, large

enough to take half the ball without

touching the head of the screw which
secures the cup in its jilaoe, or the cup
may be glued in its place, contact being
made by twisting a wire round the out-

side ; the discs are made from slices of

carbon-pencil with a groove round them
to have wire twisted, and when the

balls are screwed up in the case they
should be quite free to rattle. The cups
should be arranged 1 in. apart. An old

saw and a file will do all the cutting
and shaping, and if you have no lathe,
a brace will answer the purpose. In

the receiver, a bundle of iron wires

takes tlie place of the permanent mag-
net, which was devised to meet the caso

of " Bell's
"

disclaimer, in which he dis-

claims a magnet excited by a battery in

the line circuit. The adjustment of the

diaphragm has to be made before finally

screwing up, and will give no trouble if

you observe to file the faces of the body
of receiver and the core a dead level.

Then cut a ring of stout writing-paper,
with the hole about 2 in.

; glue one on

each side, and when the ferrotype plates
are laid on, they will be the right dis-

tance from magnet, and may be screwed

up. Instruments switched in thisman-
ner are as loud as any made

;
but they

can only be used in pairs, unless a sepa-
rate switch is used with each instrument

to reverse the poles of the battery. But
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in order to remove that obstacle, if the

receiver is formed of a small iuduction-

coil instead of the simple one, then an

alternating induced current is produced,
without using an induction-coil in the

instrument. The result of this will be

that any resistance in long lines may be

overcome by simply increasing the bat-

tery power to increase the power of the

magnet, the induced current being pro-

portionately strengthened.

(/) Communication.—Fig. 126 repre-
sents the 2 boards, one at each end of

line, fitted with bell a, Lell-push d, tele-

phone, telephone-liook /, and terminals

for transmitter b
;

also 4 terminals on
the top of each for carbon of battery c,

zinc of ditto z, earth e, and for line.

Note the difference in battery wires in

No. I. and No. II. stations. The push d
is a 3-line push, line and bell being in

contact
;
when pressed, bell is cut out,

and line and battery are in contact.

The hook is balanced on pivot /. When
telephone is on it, the other end is in

connection with bell stud
;
when re-

moved, it falls to the other stud, and

puts bell out and telephones in circuit.

The currents pass as follows :
—No. I.

to ring up No. II.
;
c to push d and

line, enters No. II. by line to push,

hook, bell, earth, to e No. I. to z
;

No. II. to ring back
;
c to

<?,
to e No. I.,

to bell, hook, push, line, enters line

No. II. to push, z and c. To speak No. I.

to II., unhang telephones each end
;

c to

transmitter, telephone, hook, push, line
;

enter line No. II. push, hook, telephone,

transmitter, z through battery to c, e to

e No. I. and z. To reply No. II. to No. I.

c to e, to e No. I., z, c, transmitter,

telephone, hook, push, line. Enters

No. II. line, push, hook, telephone, trans-

mitter, and z.

The following works will be found

exceedingly useful to those interested in

the subjects of which they treat :
—A.

Bromley Holmes,
' Practical Electric

Ligliting;' E. E. Crompton, 'The Elec-

tric Light for Industrial Uses
;

'

T. B.

Grierson, 'Electric Lighting by Water

Power;' Killingworth Hedges, 'Useful

Information on Electric Lighting ;

'

T. D.

Lockwood, 'Practical Information for

Telephonists ;' and the article on 'Elec-

trical Engineering' in the Supplement
to iSpons' Dictionary.
ENAMELSAND GLAZES.—

Enamels and glazes, properly speaking,
are opaque, vitreous, coloured materials,
tractable in the fire, and used in orna-

menting metals and pottery ;
but it

will be convenient to add here a few

recipes for so-called " enamels
"
on other

substances.

Cloth.—As a substitute for leather,
enamelled cloth is now largely used

where lightness and pliability are de-

sirable. Having the appearance of

leather, and nearly, if not quite, its

durability, it is used where strength is

not so important as a good appearance.
In the covering of carriage tops, the

upholstering of furniture, the covering
of trunks and travelling bags, a great

c^uantity is used, and it is also employed
in garments, coverings, &c., as a pro-
tection from water. The details of its

manufacture are very simple.
The foundation of the article is cotton

cloth of the best quality, and generally
made expressly for this purpose. The
cloth is taken from a bale and wound

upon a large cylinder preparatory to

receiving its first coat. It is then

passed between heavy iron rollers, from
the top one of which it receives its first

coating of composition. In many places
the covering is spread by a knife under
which the web passes. The composition
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is made of linseed-oil, lampblack, rosin,

and a few other ingredients, which are

boiled together till they reach the con-

sistency of melted tar. From between
the cylinders it is carried to a drying
frame made in the shape of a reel, and

subjected to a high temperature in the

drying-room, which is heated generally

by steam pipes. After the drying pro-
cess it is given to workmen, who make
all the rough places smooth by rubbing
with lump pumice and water. The
cloth is then passed through the same

operations as before, rolling, drying, and

rubbing, and this is repeated 3 to

T) times, or until the required thickness

has been laid on. After the last scrub-

bing down, the fabric is taken to another

department, thoroughly varnished, and

again passed through the heater. It

now appears as a piece of cotton cloth,

with one black side looking very much
like patent leather. One step yet re-

mains to be taken. The cloth is passed
between heavy rollers, which cover its

surface with regular indentations re-

sembling the grain of leather. It is

now ready for the market. As many
frauds are perpetrated in this article as

in any other. Manufacturers who de-

sire to turn out a heavy material, first

fill the cloth with clay, and the result

is an enamel that will crack during the

cold weather of winter
; or, in their

endeavour to produce a cloth that will

stand a low temperature without

cracking, they make material that will

be sticky in summer. The poor quality
is used in the cheap trunk and bag
trade, but none but the best will do for

the outside wear that comes upon car-

riage tops. (Manufacturers' Gazette.}
Dr. Ballard has some valuable remarks

on this manufacture in one of his

reports. The japan or enamel used for

enamelling cloth or leather is usually

prepared, he says, by boiling Prussian

blue or peroxide of iron in raw linseed-

oil. At the Leather Cloth Co.'s works
at Stratford, the pots for making it, 16

in number, each holding 150 gal., are

set in brickwork and arranged along 2

sides of a building devoted to the pur-

pose. The pots are enclosed in brick-

work chambers having sliding iron

shutters in front, which can be drawn
down during the boiling. The fumes

escape by j)ipes, and are drawn away by
a fan, and delivered into the ashpit of

the boiler of the works, for consumption,
thus preventing nuisance. The pots are

fired from the rear, and the enamel is

allowed to cool before being ladled out.

The manufacture of leather cloth

(American cloth) and of table covers is

carried on at some places on a very large
scale in extensive factories, and at

others in much smaller establishments.

The details of the operation may ditfer

in different works, correspondingly with

differences in the precise article manu-
factured and the use to which it is to be

applied ;
but the essential features of

the business are the same in all works.

The enamelling of leather and paste-
board for the preparation of what is

called "patent leather" and the peaks
of military and other caps is a very
similar process, but is conducted only
in small establishments.

The enamel used at the smaller estab-

lishments is ordinarily purchased from

persons who prepare it
;

but at the

larger establishments it is usually made
on the premises. Briefly, the process
consists in laying on the varnish or

enamel smoothly upon the cloth, &c.,
and then exposing the varnished mate-

rial to a high temperature in an oven or

heated chamber.
For the making of table-covers, the

cloth is usually manipulated in conve-

nient lengths, and the same is mostly
the case when leather cloth is made in

the smaller establishments for the cover-

ing of boxes and cabs. In the largo
establishments for the manufacture of

leather-cloth, the cloth is made in rolls

of many yd, in length. In some cases,

the cloth undergoes preparation before

the varnish is laid on, with the object
of preventing imbibition, and sometimes

to impart thickness and substance to the

article made. This preparation consists

either in sizing the surface, and perhaps
after sizing putting on a layer of paint,
or in laying on at once a paste made
with boiled linseed-oil, whiting, and
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water. When the surfece thus prepared
is dry, the varnish is laid on. When a

long roll of cloth has to be varnished,
the varnish is spread on by means of a

machine adapted to the purpose, which

j)uts it on smoothly and evenly as the

cloth passes through it, and as the cloth

leaves the machine it goes on directly
to the drying chamber. When the

cloth is varnished in lengths, it is laid

upon a long smooth table, and a work-

man lays the varnish on evenly by hand,

using for the purpose a flat instrument

or scraper. After being varnished, it

is hung up in a drying-room, the ca-

jjacity of which varies of course with

the size of the works. The larger
establishments have several such rooms,
a considerable extent of the buildings

being thus occupied. The room is

heated to about 170° F. (77° C.) by
means of steam pipes or hot-air pipes,

or by means of heated air driven in by
a fan, and is ventilated by means of

windows the sashes of which c;in be

opened, or by means of an unpointed

tiling to the roof. Much vapour

strongly impregnated with acrolein is

given otV and fills the chamber, render-

ing the atmosphere very irritating to

nose, eyes, and respiratory organs.
Some of the vapour condenses as a brown

liquid on the walls and panes of the

windows. It is a common practice to

keep the windows closed at niglit, and

to open them in the mornings for the

thorough ventilation of the room. In

small establishments, instead of a

lighted room, a small but sufficiently

capacious dark chamber, more of the

nature of an oven, heated in the same

way or by hot-water pipes, is in use.

The iron doors of such an oven open
into the room where the varnishing

operations are carried on, so that the

atmosphere of this room in which the

men work is always more or less

charged with irritating vapour. Such

an oven as this, if ventilated at all, is

ventilated by means of a pipe proceed-

ing from it through the roof of the

building.
The process of enamelling leather or

pasteboard differs very little from that

of making table-covers. The enamel is

laid on by means of the scraper before

mentioned, and by rubbing it gently on

by the hands of the workman. The
material is then heated in an oven such

as has been described, but so arranged
that the material is slid in horizontally

upon the sliding shelf on which the

varnishing is performed. The varnish-

ing and heating are repeated as often as

may be necessary to ensure the proper
thickness of enamel.

Brattice cloth, for use in mines, is

made at Marsden's factory at Manchester

by covering coarse hempen cloth on

both sides with a coarse black paint or

varnish made of boiled oil and lamp-
black. It is then dried in a chamber
heated to about 120° F. (49° C.) by
means of steam pipes. The evolution of

irritating vapour is such that it is said

that tlie windows have to be left open
for ventilation for 2 hours before the

workmen can enter to remove the cloth.

Such trades as these, unless carried

on with due precaution, are apt to give
rise to almost intolerable nuisance.

Tlie two ordinary sources of nuisance

are the manufacture of the varnish and
the escape of the pungent acrolein

vapours from the drying-rooms and
ovens into the external atmosphere.
In those works where the only ventila-

tion of the oven is into the workshop
itself, when the oven door is opened,

although the workmen suffer from the

vapour more than they ought to do, the

neighbourhood suffers less, probably
because much of the vapour is condensed

by the cool air of the workshop. The
mode of preventing that part of the

nuisance which proceeds from the manu-
facture of the varpish, has already been

described. At the Leather Cloth Co.'s

Works at Stratford, the nuisance pro-

ceeding from tlie escape of vapour from
the drying-rooms has been thoroughly
obviated by carrying a 10-in. iron pipe
from within each room, at its outer

wall, down the outside of the building,
to a main underground flue, which
enters the main flue of the boiler fur-

nace at a point where the flame can

reach the vapour, and consume it before
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it is discharged from the chimney-
shaft. A fan may be used to assist the

draught.
Metals.—In enamelling metals, the

enamel is fused by heat upon tlie sur-

face of the object, and is incorporated

by fusion with its surface. Enamel for

metals must therefore be indestructible

by heat. There are two kinds of

enamel, the transparent and opaque ;

the first is the base of all the coloured

enamels, which are produced by adding
some metallic oxide to this transparent
flux. The transparent enamel is pro-
duced by fusing the following materials,
which are first ground, then dried,

fused, and again ground for use :
—3

parts silicious sand, 1 chalk, 3 calcined

borax
; or, 3 parts broken crystal glass,

1 calcined borax, 5 nitre, 1 diaphoretic

antimony (well washed). Dead white

enamel, or calcine, is produced hy cal-

cining 2 parts zinc and 1 of lead to-

gether. The calcine, or combined

oxides, is mixed up with crystal and

manganese in the proportion of 1 part
combined oxides or calcine, 2 fine crystal

(glass) powder, 40 manganese. These

are ground together and fused
;
when

fusion is completed, the vitreous mass is

poured into water, ground, and fused

anew, and this operation is repeated
several times, and much care must
be exercised, for the smallest portion
of oxide or copper will spoil the

enamel completely. Other colours are

obtained by adding to the transparent
ground enamel the following mate-

rials, according to the colour desired :
—

Blue enamel, by adding oxide of cobalt

or some of its combinations, with the

addition of a little nitre. Black enamel,

by peroxide of manganese or iron and
a little cobalt. Clay produces, with
about

^ protoxide of iron, a fine black

enamel (clovet). Yellow enamel, by
phosphate or sulphate, or some pre-

paration of silver, or oxide of lead and

antimony. Thus, 1 part white oxide of

antimony, 2 to 3 white lead, 1 alum, 1

sal-ammoniac. Green enamel is obtained

directly i'rom oxide of copper or oxide
of chromium. Red enamel is more diffi-

cult to secure than manv others. The

protoxide of copper is used in a hydrogen
or carbonaceous flame, so as to keep the

copper from peroxidizing, or the prepa-
rations of gold, e.g. the purple of

Cassius. Violet enamel : by adding
peroxide of manganese and a little

nitre, any shade of violet to amethys-
tine colour, or even black, can be ob-

tained. Enamelling is performed in an

oven or by lamp. (^Building NeiL^s).

Copper.
—In Germany and France

the following process has lately come
into use, especially for enamelling

copper culinary vessels :
—12 oz. white

fluorspar, 12 oz. gypsum, 1 oz. borax,
are finely powdered, intimately mixed,
and fused in a crucible ; the mass pro-
duced is poured out, allowed to cool,

and rubbed up to a paste with water.

The paste is then brushed over the in-

side of the vessel to be enamelled
;
after

thorough drying, the vessel is gradu-

ally heated till the enamel fuses. The

coating thus produced is firmly adherent
to the copper, is white and opaque, does

not easily chip off, and is proof against

vegetable acids. It also gives a beauti-

ful alabaster surface for ornamental pur-

poses. (^Ding. Folyt. Jl.)

Dial-plates.
—

Dial-plate enamelling
includes the manufacture of watch and
fine clock dial-plates, with fluted plates
for enamel painting, and is divided into

2 branches—hard enamelling, and soft

or glass enamelling. In the first branch,
the Venetian enamels only are used

;
in

the last, the English or glass enamels.
The practice of hard enamelling requires
more skill, time, and labour than the

others, and is consequently esteemed
the most. In preparing the metals to

be enamelled on, whether they be of

gold, silver, or copper, the process is

similar, and one description will suffice

for the whole
;
and first of the making

of watch-dials.

The copper plates having been pre-

pared to the necessary shape and size,

and an edge raised I'ound the holes, and
on the outside circumference, to prevent
the enamel from spreading when it is in

its soft state, the coppers are then

thrown into a pickle-pan in order to

free them from any impurities ivhich
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may be on the surface. This pickle is

composed of oil of vitriol, sufficiently
neutralized for the purpose with water

;

or diluted nitric acid may be used. The

coppers being thus prepared, the next

step is that of enamelling. When the

operations of hard enamelling and glass

enamelling are dissimilar, the difference

will be described; but to a certain ex-

tent they are the same. The enamel as

it comes from the maker is generally in

small cakes, 4 to 6 in. in diameter. In

preparing it for use, a small hammer is

used, having one end flat and the other

of the shape commonly employed to

rivet with. With this the enamel is

broken into thin pieces or flakes, by
striking the edge of the cake smartly as

it rests upon the fore-finger of the left

hand. The pieces are then put into an

agate mortar, and with a pestle of the

same material are finely pulverized, the

splinters being prevented from flying
about by keeping the enamel covered

with pure water all the time the pro-
cess of grinding is going on. The point
at which it should be discontinued can

only be ascertained by experience, as

the different kinds of enamel and the

different modes of its application require
the ground enamel to be either more or

less fine. In general, it may be stated

that the "backing" should be much
finer than the first coat, the second coat

of an intermediate fineness, the hard
enamels considerably finer than the

glass, and the flux somewhat finer than

these, as the first operates with much
less effect on the flux than upon either

of the former substances.

When grinding, great care must be

taken to keep the enamel free from dirt,

and the light flue which arises must be

washed away, 3 or more times as may be

necessary, in the course of the operation,
till the water comes off quite clear. A
small teapot is commonly used to pour
the water from, and when the enamel
is ground sufficiently, the produce is

emptied into some other small cup for

use, the surface being kept just covered

witli water. The manner in which the

grinding is performed is by pasting the

mortar upon the work-bench, on a coarse

piece of flannel or linen, twice or thrice

doubled and wetted to pre vent its slipping.
The handle of the pestle is then grasped

firmly about the middle with one hand,
and the palm of the other being placed

iipon the top, the operator inclines the

upper part of his body over the mortar,
and crushes the enamel by pressing

forcibly with his breast upon the hand
which covers the pestle. The motion is

repeated in quick succession, till all the

larger pieces are reduced into coarse

uneven grains, which grains are after-

wards ground to the necessary fineness

by holding the mortar firmly down with
one hand, and with the other giving a

circular direction to the pestle, using at

the same time as much strength as can

conveniently be exerted.

In enamelling watch-dials, many
coppers are usually prepared to go on

at once—that method possessing the

threefold advantage of saving time,

material, and labour. After the enamel
has been ground, and the coppers
cleaned by means of the pickle, and

carefully brushed out with water, they
are spread fivce downwards over a soft

half-worn cloth, or smooth napkin, and
a thin layer of hard enamel—called in

its ground state the "
backing

"—is

spread over the under sides with the point
of a quill, pi-operly cut for the purpose,
or with a small spoon. The coppers
are then slightly pressed on by another

soft cloth or napkin, which, by imbibing
some portions of the water, renders the

enamel sufficiently dry to be smoothly
and evenly spread with the rounded side

of a steel spatula. The water is then

again dried out by the napkin, and a

yet further evenness produced by going
over the enamel as before with the

spatula ;
and these operations are con-

tinued till the back becomes completely
smooth, and the enamel is of an equal
thickness all over. It must be observed

that the water should not be entirely

absorbed, as in that case the enamel
would fall off in powder before the

subsequent operations were completed.
When the enamel is properly spread, the

loose particles are carefully cleaned

away from the edge and hole, or holes,
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in the coppers ;
from the former by the

spatula, from the latter by twisting
around it the pointed end of a quill ;

and the process of laying the bottoms

is thus finished. Some slight variations

from the above method are in use among
different artists, but the difference is

scarcely important enough to require

description. In some instances the

enamel is laid on the spatula itself,

and tlie coppers, instead of being held

between the fingers, are placed on a

round pin by means of the centre holes,

till the backs are duly spread. In both

modes due care must be talien that the

coppers are not bent out of their proper
forms.

The next operation is to lay the "
first

coats "; that is, to spread a layer of

glass enamel over the upper sides of the

coppers. In doing this, the surface is

first brushed slightly over with a small

camel's hair brush, or a hare's foot, to

remove any dirt or e.xtraneous particles
of enamel, as the mixture of any hard

enamel with the glass would infallibly

spoil the work. Tfie glass is then spread

upon the copper in a layer, the thickness

of which is commonly the same as the

height of the projection round the edge
of the copper, and round the edge of the

hole. The water is afterwards slightly
absorbed with a clean napkin, smoothly
folded, and the enamel spread by a thin

flat spatula, till all the uneveuness is

removed, and the surface lies regularly
from the edges to the centre. The edge
then being gently tapped 2 or 3 times

at different places with the spatula, the

water rises towards the top, and is again
dried off with the napkin, when the

enamel is once more made smooth by
the spatula, and the Avater being wholly
taken up by the napkin, or as nearly so

as can be effected without disturbing
the enamel, the first coats are placed
upon rings for firing.
The rings employed in enamelling are

generally made of a mixture of pipe-
makers' clay and Stourbridge clay, rolled

vip in the form of cylinders, and turned
in a lathe by means of a cylindrical

piece of wood forced through the centre

of the luass wheu wet, Each ring is

about J in. in thickness, and the same in

depth. The upper side is prepared for

use by rendering it slightly concave,
which is done by rubbing it carefully

upon a half-globe of lead, sprinkled over

with fine sand. The under side is nearly
flat. Through the convexity thus given
to the rings, the edge of the copper or

dial-plate only is suffered to touch, by
which means the enamel on the back is

undisturbed, and the edges are prevented
from sticking by rubbing over the sur-

face of the rings with soft chalk or

whiting.
The "

first coats
"
having been placed

carefully on, the rings are next put iuto

a shallow tin vessel, called a tin cover,

which is eitiier made square or round,

according to the fiincy of the workman,
and is commonly about f in. in depth.
All the moisture is then slowly evapo-
rated from the enamel by placing the

cover upon a stove, or in some other

convenient situation near a fire, where
the evaporation can be conveniently re-

gulated ; for, should the water be dried

ofi' too quickly, the work will be in

danger of spoiling from " blebs or blis-

ters." These are very small air-bubbles,

which, by rising to the surface of the

dial-plates, destroy their smoothness and

beauty. They appear to be occasioned

partly by want of due care in laying on

the enamel, and partly by the confine-

ment of the air that the water con-

tained, which, in the process of firing,

becomes rarefied, throwing off by its

expansion a portion of the surrounding

enamel, yet not entirely escaping with-

out a vivid heat, and even then resolving
into black or green specks, so coloured

by the oxidation of the copper.
The firing is executed beneath a

muffie placed in a small furnace ignited
with coke and charcoal. The furnace

being brought up to a sufficient degree
of heat, the first coats are taken sepa-

rately from tin covers, and placed upon
thin planches of clay or iron, chalked

over, and gradually introduced beneath

the muffle, where, in a very short time,
the enamel melts

; or, to speak techni-

cally, it
"
runs," and on becoming pro-

perly cousolidated, the first coat is wm-
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pleted. Great attention is required in

this operation to prevent the enamel

from being over-fired, as in that case

the glass would lose some portion of its

opacity, and other defects also be pro-

duced, to the detriment of the work.

The planches are placed towards the

further extremity of the muffle by
means of a pair of spring tongs, and as

soon as the fusion seems to take place,

are turned carefully round, in order

that every part should be equally fired.

The planches are generally made cir-

cular, and slightly concave, for the con-

venience of moving the work without

danger of shaking oif the enamel before

it becomes fixed by the heat.

As all solids, when reduced to a gra-
nulated state, occupy a greater space
than before, it will be found that a very
considerable depression takes place in

the enamel of the first coat by the

action of fusion. This deficiency in sub-

stance it is the office of the " second

coat
"

to supply. When the work is

cooled, therefore, the scale is wholly
removed, on the projection round the

edge of the copper and round the holes,

by means of a smooth file or by a piece
of greystone, and being then washed
and dried, each plate is put iipon a

small round wax block of sufficient bulk

to be held in the hand, and about 4 or 5

in. high. The feet of the dial are then

either pressed firmly into the wax- which

covers the end of the block, or the plate
is otherwise fixed by means of 3 small

cones of was placed triangular-wise on

the block, care being taken not to spread
the enamel by too hard a pressure. A
second layer of ground enamel is then

gently spread with a quill, and prepared
for firing by the napkin and spatula as

before, after which the " second coats
"

are replaced upon the rings, and, the

moisture bein^ evaporated in the tin

cover, they are ready for a second fire.

It should have been mentioned that one

edge of the cover, both in this and the

preceding operation, should be left a

little open to give issue to the steam.

The second firing requires equally
cautious management. The plates must
not be over-fired, nor must the heat be

suffered to melt the enamel too rapidly,
but a kind of rotary motion—techni-

cally called "
cod<lling

"—must be given
to the work, by holding the loaded

planch lightly with the tongs, and

gently drawing the edge of it towards
the mouth of the muffle, and then re-

turning it to its former place till the

fusion is complete, a proper knowledge
of which can be gained onlj^ by expe-
rience. The work is now in a fit state

for polishing.

Polishing in the art of enamelling
has a twofold significance. It not only
means to render bright

—
according to

the common acceptance of the term—
but also to make even, withoiit any
reference to glossiness. The enamel has

a natural brightness of surface acquired
from the fire, and when this is removed
it is only necessary again to expose it

to due heat to cause it to assume its

former lustre. Yet as this brightness
exists independently of evenness, and as

evenness is essential to the perfection
of enamelling, it is requisite in most
cases to produce that quality by the

method next to be described.

The materials used in polishing wliat

are technically known as "
glass plates,"

are greystones, ragstones (sometimes
called burrs), bluestones, and fine

silver sand and water. The plates are

first taken separately, and the thin

edges are ground off by one of the grey-
stones till they become smooth and

equal. Either the greystone or the

ragstone is next employed, according
to the nature of the work, to grind

away all the irregularities which may
be on the surface of the enamel, the

ragstone being principally used for the

more common kinds of dial. This is

done in different ways : first, either by
holding the plate upon the fore and
middle finger of one hand, and giving it

a sort of circular motion by means of

the thumb, while with the other hand
the polishing stone is rubbed with a for-

ward and backward motion over every

part of the surface
; secondly, holding

the polishing stone on the work-bench
with one hand, and with the other rub-

bing upon it the face of the enamel; or,
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thirdly, by fixing the plate upon a cork,
either by means of the feet or with a

piece of wet flannel, and with the fin-

gers giving it a kind of a rotary motion
while the polisher is rubbed over it in a

similar manner. The ground silver

sand is used to give sharpness to the

polishing stones, and wear away the

enamel with greater celerity. The act

of polishing is continued till all the

gloss is ground oft" the surface. In this

operation care must be exercised that

the pressure is not too powerful, as the

plates will crack in the fire, and can

never, or very rarely, be properly
mended.
When the enamel is sufficiently po-

lished, which can easily be known by
the criterion of all the gloss being re-

moved, the plates must be clean washed,
and all the specks of dirt, &c., picked
out with a sharp graver. They are

then well rubbed over with some fine

ground glass enamel, either by means of

a cloth, or perhaps a small piece of fir-

wood cut smooth, in order to remove
the stains that may be left by the po-

lishing stones, and, clean water being
suff'ered to run over them, they are

wiped dry and placed on rings for firing,

as described. The degrees of heat neces-

sary for glossing plates are determined

by the fine or coarse modes by which

they were prepared, as the fusion is

much fiicilitated by the enamel being
free from scratches. When the surface

is properly run—i.e. when it becomes

perfectly smooth, even, and bright
—the

])late is completed, and when cold, is fit

for painting on. The above description
refers more particularly to the best kind

of work. There are two other modes of

enamelling watch-dials, which it will be

required briefly to explain. The plates
made by the following methods are

called technically
" run-down plates,"

and " run-down second coats."

Kun-down plates are those which are

made by laying enamel upon the copper
in sufficient quantities to form plates of

the required thickness without putting
on a second coat. Both labour and fire

are thus saved, but the neatness, regu-

larity, and sjuareuess obtained by the

first method are scarcely obtainable in

this
;
and indeed flat plates can hardly

be managed at all by this mode. Run-

ning-down plates require more " cod-

dling
" than the others, and a longer

continuance of vivid heat is necessary t<?

make the glass flow to a proper even-

ness of surface, the plates being wholly
completed with one heat and without

polishing. It is obvious that only com-
mon work can thus be manufactured.

For work of the next superior descrip-

tion, the run-down coats are polished
off with the ragstone and undergo a

second firing. The run-down second

coats are those which are reduced to a

comparatively even surface by a second

firing, and then painted on without

being polished off".

In enamelling hax'd plates for watches,
the coppers and the first coats are pre-

pared in the manner already described,

excepting, perhaps, that the layer of

glass is rather thinner than in glass
work only. The hard enamel, which
used to be much valued on account of

its rich cream colour, is broken down
and ground in the same way as the

glass, if only a small quantity is wanted
;

but if otherwise, it is first broken from
the cake with the hammer, and then

pounded in a steel mortar till reduced

to coarse grains. These grains are then

exposed to the action of a magnet, in

order that all the particles of steel that

have been broken off' the mortar in the

act of pounding may be taken away, as

they would infallibly spoil the work by
rising in black specks to the surface of

the enamel when exposed to the fire.

As an additional precaution, it is also

necessary to put the granulated enamel
into a small basin, and pour iipon it a

strong solution of oil of vitriol, or aqua-

fortis, and allow it to stand for some time,
so that any steel particles which may
be in the enamel may be completely
dissolved. The enamel must then be

very carefully washed till the water

comes off" pure and tasteless, for should

any acid remain, the work would cer-

tainly blister.

The enamel is then ground to the

necessary fineness in an agate mortar, as
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previously described, and afterwards

spread over the first coats with a quill
ill small quantities, and as evenly as it

can be laid, so that it may require the

use of the spatula as little as possible.
The water is then partly absorbed by a

A'ery fine, clean napkin, and the enamel
is smoothly spread and closely com-

pressed with the spatula, after which
more water is absorbed, and the spreading
is continued till the surtace lies true and
even. The plate is then put upon a

ring and ])roperly fired, and is after-

wards polished by placing it upon a cork

and grinding the surface, first by a fine

file, or a smooth piece of steel with
silver sand ground to an almost impal-

pable powder ; secondly, by a fine blue-

stone and sand ;
and thirdly, by the blue-

stone alone. With the kitter, a sort

(if half-j)olish should be given to the

enamel, and the higher that polish

approaches to complete glossiness the

better, as the plate will then be finished

in the fire with a less degree of heat

than would otherwise be required. In

this process, much caution is required
to prevent scratches, which cannot be
" run up

"
by the fire without giving

the enamel a greater degree of heat

than it will bear. It should be men-
tioned that before polishing the face of

the dial, the top) edges should first be

taken ofl with a fine greystone.
When the polishing is com]ileted, the

plate is carefully cleaned with ground
enamel, and should there be any specks,

they must be picked out with a small

sharp diamond, and the hollows very

dexterously rilled up with enamel from
a quill point, so that they may neither

rise above nor sink below the general
surface when the plate is again fired.

Should they actually do so, they must
be made smooth with a bluestone, and
the plate must undergo a fourth firing
to render the surface of uniform texture

and glossiness. Hard enamel dials are

always considerably more expensive
than glass enamel ones, through the

greater labour, attention, &c., that is

requisite in making them. In the

polishing oft' of both hard and glass
enamel dial-plates, much care is required

3

to prevent a separation of the enamel
from the edge of the copper; for if too

great a pressure is exercised, or if the

stones which are employed to grind
down the copper are too rough in the

grain, the aJdhesion will be destroyed,
and various black indents will arise

round the edge of tlie enamel when the

plate is again exposed to the fire. In

glass enamel dials these defects may
sometimes be amended, but in hard
enamel dials scarcely ever.

These directions for enamelling watch-
dials may be concluded with some

general observations upon the accidents

that are most likely to occur in both
kinds of enamelling, and in pointing out

the best methods to remedy them when

they do hapjpen. When good Venetian
enamel cannot be obtained, and mixtures
of various kinds are resorted to, it fre-

quently happens that the glass enamel

plates crack when they are brought to

the second fire. This is due to the

unequal expansion of the 2 enamels,
and when the cracking takes place at

the top, or upper part of the plate, it

requires very delicate treatment to pre-
serve the dial from being completely

spoiled.
To do this successfully, as soon as the

crack is observed the plate must be

withdrawn from the fire, and if the

crack extends only from the centre hole

to the edge, it will in most cases bear

mending ;
but if it has cracked in 2 or 3

places, it will be useless to make the

attempt, as it will rarely succeed. If

the dial-plate were to continue in the

fire a sufficient time after it was cracked,
the enamel would close, and the plate
become sound again. But as the copper
on its surface is in a state of oxidation,
the copper oxide uniting with the

enamel would rise to the upper surface

of the plate, producing by its uuion a

joint, and sometimes a dark green line,

which would evidently render the plate
useless. The operator must then ob-

serve the time when the crack has

opened to its greatest width, and before

it unites or closes at the bottom, the

plate must be withdrawn from the fire

and allowed to cool. The opening must
P
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then be filled with fine enamel, laid

sufficiently high to allow for its running
down in the fire

;
but to adjust the

quantity so as to prevent the appear-
ance of a seam across the plate, will

require much judgment; and indeed,

however well the operation may succeed,

it will still remain visible, because the

new cement cannot be submitted to the

process of "
using oft'," as the plate

would by such means be rendered very

porous in some parts, and thereby at-

tract dirt when the fingers touched the

surface.

Another very common accident in

making glass enamel j^lates is to " over-

fire
"
them, as it is technically called.

Whenever this happens, the arsenic,

which gives whiteness and opacity to

the material, is converted into a flux by
the extreme heat, and that part of the

plate which has been so treated becomes

semi-transparent and of a light-blue
colour. The only method that can be

used in that case, is to return the plate
into the fire, and give it a longer con-

tinuance of heat, but as slight as pos-

sible, just keeping it red-hot
;
and to do

this conveniently, the plate should be

placed near the front of the mutHe, as

the greatest heat is always at the back.

This treatment will restore the plate to

a tolerable degree of whiteness by re-

viving the powers of the arsenic, but it

must never be expected to look as white

as if it had been properly fired at first.

Should any crack appear on a hard

plate, it would be in vain to try to

mend it, for as the shape of a hard
enamel dial can be brought to great

perfection when all parts of the process

succeed, it is almost needless to say that

the plate would sufter so very much in

this point as to render it good for

nothing; therefore, an accident of this

kind in hard enamelling is always re-

garded as the close of an abortive at-

tempt.

Transparent Enamelling.
—The opera-

tions of transparent enamelling are

nearly similar to what has been already
described in enamelling dials As the
work is generally of a more minute

kind, greater delicacy of handling is

perhaps required, and as the enamels
are of various colours and descriptions,
more cups, vessels, &c., and additional

soft cloths or napkins, are needful to

keep and apply them. Watch-cases are

usually enamelled upon gold, as well as

most of the superior articles of jewelry,
and the surface of the gold is frequently

engraved in different figures and com-

partments before the enamel is laid on,

by which means the work afibrds a

beautiful variegated appearance. In

enamelling the back and edges of watch-

cases, &c., quince water is frequently
used as the medium by which the

enamels are laid on
; this, possessing a

more adliesive and retentive quality
than common water, helps to prevent
the enamels from flowing from their

proper situations, for when the convexity
is considerable, the enamel will of

course have a tendency to float towards
the lowest part. When enamels of

different colours are intended to be

emp)loyed on the same article, which
is frequently the case in ornamental

work, small edges or prominent lines

are left in the substance of the metal,
for the purpose of keeping the enamels

separate, and these are polished with
the enamel, and reduced with it to a

similar equality of surface. Ti'ansparent
enamels are not unfrequently polished
to complete glossiness without exposing
them to an additional fire. In these cases

the work is finished with rotten-stone.

It is sometimes desirable to remove
the enamel fi"om a watch-case or a piece
of jewelry without injuring the metallic

part. For this purpose, it has been re-

commended to lay a mixture of common
salt, nitre, and powdered alum upon the

enamel required to be removed, and
.afterwards to place it in the furnace

;

and when the fusion has commenced, to

throw the watch-case or piece of jewelry

suddenly into water, which causes the

enamel to fly oft' in flakes.

In ornamental transparent work a

very pretty eft'ect is produced by apply-

ing small and very thin pieces of silver

and gold, cut or stamped in dift'erent

figures
—

acorns, oak leaves, vine leaves,

bunches of grapes, &c.—upon the surface
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of tlie first coating of enamel, where

they are fixed by the fire, and are after-

wards covered over by the second layer,

through which they appear with con-

siderable beauty. When any quantity
of fancy work or similar design is

wanted, this mode of enamelling is con-

siderably cheaper to execute than to

have the surface of the metal itself

engraved in the required forms.

Iron.—(1) Enamelling inside of Iron

Saucepans.
—The article is first cleansed

from all oxides by placing it in an acid

solution, then dried, after scouring with
sand to a grey colour, which shows it to

be perfectly clean; apply a solution of

gum-arabic to the surface, and sift over
it a vitreous substance reduced to fine

powdej-, composed of flint glass, soda

carbonate, and boracic acid
;
then heat

it to redness by degrees, till the glass is

melted upon the surface. It is then

allowed to cool gradually (excluded from

the air as much as possible) to anneal it.

The glaze is made of 130 parts glass, 20J
soda carbonate, and 12 boracic acid,

melted in a crucible, cooled, and then

I'educed to an impalijable powder. (R. W.

Hale.)

(2) For Castings.
—Consists in treat-

ing the casting with dilute hydrochloric
acid, which dissolves a little of the metal,
and leaves a skin of homogeneous graph-
ite holding well to the iron. The article

is then washed in a receiver with liot or

cold water, or cooked in steam, so as to

remove completely the iron chloride that

has been formed. Finally, the piece is

allowed to dry in the empty receiver,
and a solution of indiarubber or gutta-
percha, in essence of petroleum, is in-

jected, and the solvent, afterwards

evaporating, leaves a hard and solid

enamel on the surface of the iron-work.

Another plan is to keep the chloride of

iron on the metal instead of washing it

off, and to plunge the piece into a bath
of soda silicate and borate. Thus is

formed a silico-borate ofii'on, very hard
and brilliant, which fills the pores of the

metal skin. As for the chlorine disen-

gaged, it combines with the soda to

form sodium chloride, which remains in

the pickle. (^Les Mondes.)

(3) For cast-iron pipes. There are

various recipes for the enamel, dej^ending
on the purpose for which it is applied.
One for water pipes is as follows ; 28

parts by weight of silica, 11 calcined

soda carbonate, and 6 lime carbonate.

Another is : 34- silica, 11 soda carbonate,
12 chalk, and 11 dried pipe-clay, to which
boracic acid or lead oxide can be added
when a more vitreous enamel is required.
The core farming the inner surface of

the pipe
—

and, if desirable, the mould too—is coated with graphite (blacklead),

smoothed, and the enamel, as a powder,

paste, or pigment, is applied to the thick-

ness required. The molten iron causes

the enamel to soften and firmly adhere
to the iron. If it is not necessary that

the enamel should not be smooth, the

blacklead is omitted. The enamelled

pipes are much appreciated in Bohemia
;

the Municipal Council of Egar have

passed a resolution to use no other kind.

They are now being manufactured in

several works in Germany and Austria.

(Bag and Broz.)

(4) For Culinary Vessels.—For ena-

melling cast- and wrought-iron vessels,
the following are the method and
materials most generally employed :

100 lb. calcined and ground flints, an'l

50 lb. borax, calcined and finely ground,
are intimately mixed, fused, and gradu-
ally cooled. Of this, 40 lb. are mixed
with 3 lb. potters' clay, and ground in

water to a pasty mass. The vessel, fii'st

thoroughly cleansed by means of very
dilute sulphuric acid and scouring with

sand, is lined with a coating of this

about
\

in. thick, and left for it to harden
in a warm room. A new coating is next

added, prepared from 125 lb. white glass
free from lead, 25 lb, borax, 20 lb.

soda in crystals, which have been pul-
verized and fused togethei", ground,
cooled in water, and dried. To 45 lb. of

this, 1 lb. soda is added
;

tlie whole is

mixed in hot water, dried, and finely

powdered. A portion of this is sifted

over the other coating while it is still

moist, and the vessel is then dried in an
oven at the temperature of boiling watei-,
212° F. (100° C.) The vessel is heated
in a stove or muffle till the glaze

r 2
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appears. It is then taken out, and more

glaze powder is dusted on the glazed
surface alreaily in fusion. This enamel
resists perfectly the action of dilute

mineral and vegetable acids, as well as

alkalies, and does not crack or scale off

from the metal.

(5) Coloured.—The ordinary grey
enamel (so called) is really not an enamel,
but a transparent glaze, the apparent

grey colour of which is ])roduced by the

surface of iron beneath the glaze.

(i() Grey Mixture.
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carbon and other elements that would

impede oxidation, and in order that the

acid iu the glaze may have free action.

They are then ground in water and

applied in the usual way. By reason of

the presence of the acid of the glaze, an
oxidation of the metallic base takes place

freely during the drying process, appear-

ing in and throughout the glaze as

reddish spots. This oxidation causes the

enamel, when it is fiually formed in

the usual way by baking the iron in the

fiven, to assume a mottled appearance.

ISy reason of this oxidation also, the

enamel is caused to enter the pores of

the iron and become more intimately

incorporated with the metal, thus

rendering the enamel more durable.

Another manner of accomplishing these

objects when the use of the ordinary
bath is retained, is to increase the borate

and reduce the alkaline fluxes in the com-

position of the glaze, thereby overcom-

ing the alkali and ensuring the oxidation

of the metal. This process does not pre-
vent the addition of the usual colouring
matter to the glaze. (Niedringhaus.)

(6) The composition of the enamel is

as follows : —Silica, 100 lb.
; soda-ash,

35 lb.
; borax, 75 lb.

; plaster of Paris or

gypsum, 10 to 20 lb.
;

and arsenious

acid in the proportion of IJ per cent, of

all the other ingredients. When these

are compounded, the resultant mixture
is an enamel, vitreous enough to carry a

glaze of itself, with an affinity for

wrought or sheet iron which causes "t

to adhere with extreme tenacity when
burned iipon it, and which will not ex-

foliate or absorb moisture in quantity
sufficient to destroy its polish. The in-

gredients of the enamel, having been

comminuted, are carefully mixed to-

gether, and brought to a state of complete
vitrification in a reverberatory furnace,
with observance of the rules applicable
to glass-making generally. Then the

enamel is run off as usual into water to

granulate, when it is ready for grinding.
In making an enamel for wrought or

sheet-iron ware, 100 lb. of the enamel
is ground in an ordinary porcelain-mill,

adding about 5 lb. clay, preferably white,
and having a pronounced soapy feeling,

which clay helps to give body to the

enamel, and to prevent its crazing when
it is finally fixed on the iron in the heat

of a mufile. This grinding requires
about 1 working day, and should

always be continued until the enamel
is thoroughly ground, and the clay

thoroughly mixed with it. It is advis-

able to introduce along with the enamel
and clay in the grinding process, cjil-

cined magnesia carbonate in the propor-
tion of 8 oz. to 100 lb. of the enamel.

This salt of magnesia serves to make the

enamel coat as finally applied less trans-

parent, contributes to the flecking or

spotting of it with white, and thus in a

measure prevents the iron base from im-

parting to the enamel throughout its

own dull and unattractive shade. Pre-

pared as above, the mixture is run off

through a strainer into tubs, where it is

allowed to remain about 1 day, during
which time a sort of ripening is effected,
when it is finall}' prepared as follows :—
The mixture being brought to about the

consistency of cream by the addition,
when necessary, of water, magnesia sul-

phate is added until the mixture is

coagulated and pasty, yet still capable
of being shaken out into a thin and
uniform coat. 2 oz. magnesia sulphate
is usually sufFicieut for 100 lb. of the

mixture. The luixture having been

finally prepared, the article is dipped
into it, having been first prepared by
the well-known processes of annealing,

pickling, scouring, and washing. For

washing, clear water is used, the iron

remaining therein until it is dipped.
Care should be taken that the enamel
be not laid on too heavilv, and that it

be evenly distributed. Having received

a thin uniform coat by dipping, the

article is dried, for if the enamel coat is

burned while still damp it will crack or

craze. This drying is accomplished, for

convenience and despatch, in an oven
constructed for the purpose, the range
of heat in which varies from about 100°
to 200° F. (38° to 93° C), but it may be

effected at summer heat in an ordinary
close room. The higher the temperature,
the smaller and less distinct the spots ;

the lower the temperature, the more
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pronounced the mottlings. The time

required depends iipon the thiclcness of

the enamel coat, the quantity of moisture

present, and the degree of heat employed.
When thoroughly dried, the coat is of a

whitish colour, and usually either brown
or reddish-brown spotted ;

and when
burned in a muffle, is of greyish colour,
dark spotted. The burning process is

effected in an ordinary muffle at a red,

cherry-red, or slightly greater heat, the

ordinary time required being about 4
minutes. (Quinby and Whiting.)

Lead.—A method of coating leaden

pipes by incrustation with lead sulphide
is as follows ;

—A hot concentrated solu-

tion of sodium sulphide is allowed to

flow through the pipes for 10 to 15

minutes. They then appear as if coated

within with a grey glaze, and water
afterwards passed through them re-

mains, it is said, free from lead.

Photographs.—(1) A very good
formula for enamelling or encaustic

jiaste is as follows i^l'ure virgin wax,
400 parts ; gum elemi, 8

; benzole, IGO
;

oil of spike, 14. Apply to the surface

of the print with a camel's hair brush

or a soft flannel pad until a brilliant

polish is obtained.

(2) The glass upon which the ena-

melling is to be done must be scrupu-

lously clean : plate glass, free from

scratches, is the best. After being

thoroughly cleaned, some powdered talc

or French boot-powder must be sprinkled
on the plate, and, with a tuft of cotton,
rubbed in a circular motion lightly
until no traces of the jwwder are per-
ceived. This gives it a surface which
causes the collodion to be easily re-

moved from the plate without sticking.
Flow the plate with a collodion made of—

Ether 4J oz.

Alcohol 3^ oz.

Gun-cotton .. .. 30 gr.
Castor-oil 24 drops.

Let it dry, an^l immerse the prints in

a solution of gelatine made as follows :—

Cox's gelatine . . . . 1 oz.

Water 8 oz.

Olycerine 50 drops.

Put tin: gelatine and glycerine in the

water, and let stand all night, when it

will be ready for use, after filtering,

which may be done by warming suffi-

ciently to render it limpid. After

immersing for 5 minutes, take out the

prints, and place them face downwards
on the coUodionized plate ;

then roll

with a rubber roller lightly, to press
out surplus gelatine and air-bubbles.

After the prints have set for an hour,

they must be mounted, using gelatine
for the purpose, putting it on the back

of the print with a brush, placing the

mount on the print, and keeping it in

place by means of a glass on the back,
with a weight sufficient to flatten. It

may remain thus some 10 or 15 minutes,
after which the glass can be removed,
and the whole allowed to dry thoroughly,
but without the use of heat. Frequently
the prints will come off themselves when

dry ;
if not, by running a knife-blade

around the edges they will easily leave

the glass. This formula can only be

used successfully on cards and imperials

by printing the picture on paper a little

larger than the mount
; and, by masking

the picture, print a border to it repre-

senting the black mount.

(3) The glass must be coated with an

enamel collodion, and allowed to dry,
which may be about an hour. Whilst

the plate is drying, prepare as mucli

Nelson's gelatine as is likely to be suffi-

cient to cover the quantity of plates you
require, in the proportion of 1 dr. gela-
tine to 3 oz. water. Place the solution

in a bottle with a little cold water
;
in a

few minutes the gelatine will swell, and

boiling water will make it rapidly dis-

solve, and be ready for use. The dry
collodionized plate must be coated with

this gelatine solution, and again be left

to dry. When the plate is quite dry,
take it in one hand, and the untrimmed

print in the other; plunge both into

clean cold water, place the fixce of the

print in contact with the film of tJie

plate, and remove both together from

the water. Pass a sponge or a squeegee
over the back of the print to exclude

bubbles and ensure equal contact. It

is now necessary to apply the mount to

the back of the print. Take a card, and
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cut it a size smallei* all round than the

print. Immerse it in hot water to

soften, and afterwards in a solution of

gelatine, 2 dr. to the oz. Lay this

gelatinized card on the back of the

print, and apply a sponge to remove

air-bubbles, &c., as before. The plate
with the card and print must now be

laid aside in a warm room to dry. When
perfectly dry, the point of a knife must
be carefully run round the print, which
can then be brought away from the

glass, carrying the collodio-gelatine film

with it. The print must now be care-

fully trimmed, and may be considered

finished, though, if desired, it can be

mounted by glueing the card siipport
of the print to the mount required.

(Gregson.)

(4) The simplest plan, perhaps, is to

rub the picture over with encaustic

paste, and burnish it. The encaustic

paste is made by dissolving white wax

by placing the vessel containing it in

boiling water, and adding about f of its

bulk of turpentine. Add some scent

(cloves, say) to cover the odour of the

turps, and see that you get the best.

(5) Instructions by which an abso-

lutely perfect surface may be easily

obtained, either on mounted or un-
mounted prints. Kelson's photographic
gelatine (Nos. 1 and 2), § oz. each

;

water, 13 oz.
; methylated spirit, 1 oz.,

to keep it. Collodionize the plate as

usual. When dry, dip the trimmed

plate in the fluid gelatine, not too warm,
and lay it flat on the plate ;

a super-

fluity of gelatine does no harm. The
mounts should have been previously
damped by dipping them in water and

pressing them in a towel. Whilst the

print is lying on the plate, take a damp
mount and place in situ on the back of

it
;
then with a squeegee give 3 or 4

sharp rubs to and fro, so as to drive out
the bubbles, and reduce the enclosed

layer of gelatine to the utmost thinness.

In 4 or 5 hours the mounted print will

leave the glass perfect. If the mounts
are made too wet, a separation from the

print may occur when dry. If this

happens, just float the inside of the

mount on the gelatine before applying

it. Enamelled prints always look best

made convex. For this purpose, use a

thin 2 or 3 sheet board instead of the

proper mount
;
when dry, trim and

raise in the press. Cut a thin spring of

card to place in the cavity behind the

convexity, and prevent its collapsing.
Mount by running a thin line of glue
round the inner edge with a camel-hair

pencil, and place under suitable pressure
for 10 minutes. If this is neatly done,

they ought not to show the faintest

scratch when mounted.

(6) The following instructions for
*' ceramic enamels

" were written by
Nelson K. Chen-ill in the Photographic
News :

—A piece of glass is cleaned with
nitric acid, well washed, dried, polished,
and coated 3 times with collodion. A
plate cleaned with nitric acid has less

hold on the film than one cleaned by
any other mode, and consequently it is

much more easy to get the film off. As
to coating the plate 3 times, that means
coat the plate, and place the collodion

over it 3 times—with the utmost deli-

beration—so as to obtain a very thick

creamy film. Using thick collodion at

once does not do nearly so well. The

film, when prepared with a thick sample
of collodion, is much more apt to become

repellent of water (and thereby quite
useless for the process) than one made
of thin—that is, usual—collodion, flowed
over the plate very slowly 3 times, so

as to secure a good strong film.

This stage reached, plunge the plate
into the bath, without letting the collo-

dion get too much set
;

if the setting be

prolonged, the result is not so good. A
" nitrate bath

" means a solution of

30 gr. pure silver nitrate in 1 oz. pure
water, simned all the while it is not in

actual use, and when used, rendered

acid, in the proportion of 2 drops pure
nitric acid to 5 gal. solution. The plate
remains in this solution till the greasy
marks disappear ;

it is then taken out
at once, placed in a funnel to drain not

less than 5 minutes, and is ready for

the slide.

Arrange the copying camera in the

studio so that the light which passes

through the negative to be copied comes
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only through one of the side lights, and

have no reflectors of any kind. Behind
the negative, however, place a piece of

finely-ground glass, which renders the

light perfectly even. Use Dallmeyer's
No. 2b lens. With this arrangement
the exposure is for 5 to 20 seconds. If

the enamel to be taken is of small size,

have a mask on the negative, and block

out all light except that actually needed,
as this enables you to take 4 or 5 images
side by side, by simply pushing the

camera dark slide a little way each

time. The slide is one that goes in

sideways, and takes two C.D.V. pictures
on one plate, side by side.

The exposure and development of the

image are matters requiring the greatest
care and attention, as on the complete
success of the transparency the whole

process turns. The developing solution

is made as follows :
—

Pyrogallic acid .. .. 12 gr.
Glacial acetic . . . . 4 dr.

Alcohol 4 dr.

Water to fill a 12-oi:. bottle.

In warm weather, this may be more
dilute—say, as far as giving 20 oz.

water to the same quantity of pyro-

gallic acid. Then, of course, more
alcohol will be needed. This should be

made 3 days before it is used, as it is

too vigorous in its action at the first.

On the other hand, it must not be kept
too long, as then it deteriorates in the

other direction. These are the charac-

teristics in development which must be

obtained in order to secure a good result.

The image must develop very slowly ;

must attain the exact density required
at the same moment that it attains the

right amount of detail in the high

lights ;
when examined by reflected

light, it must not be "filled up" in the

dark parts, or at least the "
filling up

"

must only extend to a very few tones,
and above the very darkest

;
when

examined by reflected light, it should

show, in fact, nearly all the drawing
and shading of the subject ; while, of

course, when seen by transmitted light,
it should show up with extreme perfec-
tion. Every detail must be there, with

a fair amount of density ; but heavy
blacks are to be avoided.

To secure these conditions m perfec-
tion is to secure a first-class enamel, as

all the rest is a matter of course. In

actual practice, it is best to place the

plate on a level stand during the last

stage of development, right under the

tap ;
a full stream can thus be turned

on at the exact instant at which it is

required to stop the action of the

developer.
The plate must be well washed at

this stage, and the fixing be done with

potassium cyanide. Use a weak solu-

tion, and carefully avoid pouring it

upon the face or other delicate parts of

the picture. The washing should be

copious, and should follow as quickly
as possible on the completion of the

fixation.

When the washing is complete, break

off" a small piece of the film at one cor-

ner of the plate, and direct a thin

stream of water from the taj) on this

corner, making it strike on the bare

glass. The iise of a camel-hair brush

here will facilitate raising the edge of

the collodion, so that a large jet of

water can be got under the film
;
this

being directed in the proper manner by
tilting the plate, will effectually loosen

the film from the glass. As soon as this

is done, restore the plate to the hori-

zontal position, and with a pointed

stick, like a pen-holder, break away
from around the picture as much film

as can well be spared. Clear off" the

broken pieces with the finger, and give
a slight extra rinse under the tap.
This must be gently done, as the film is

all loose now, and may slip off" if you
are not veiy careful. Get about 2 or '3

oz. of water on the plate, holding it

quite level, then, bringing the whole
over a large dish filled a couple of

inches deep with water, lower one end

gently into the water, when the film

will slip off' into the dish without the

slightest injury. If protected from

dust, the film may be left at this stage

quite 24 hours without any injury or

deterioration.

The next stage is the toning. To
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make up the toning Lath just right is

an important leature in the process.
The procedure is as follows :

—Get a

16-oz. bottle, half fill it with water, put
it into a saucepan, also half-full of

water, and set the whole arrangement
on the fire, or over the gas, till the

water in the saucepan comes to the boil.

If the glass bottle does not crack under
this trial, it may be used with safety.
Place in the bottle J oz. iridium potassio-

chloride, fill it up with cold water, and
set it in the saucepan again ; this time,

however, do not boil the water in the

saucepan, but place it where it will

keep very hot
;
shake the bottle occa-

sionally. After about
5- hour, remove

the bottle from the hot water, and

jilace it aside to settle and cool
;
when

quite cold it will be fit for use. This
solution will remain good any length of

time, and possibly even improves by
keeping.

To make up the toning bath, proceed
as follows :

—Place 12 oz. pure water in

a bottle
;
add to this 14 dr. of the iri-

dium solution
;
shake it up well. Now

add, a few drops at a time, and shaking
well after each addition. 7 dr. of a

solution of gold chloride (strength, 1 gr.
to 1 dr.) The bath is then ready for

immediate use, but is better after "keep-

ing. It keeps indefinitely.
It is particular to note in this place

that the solution in the iridium bottle

will have a nearly black sediment
;

this js simply undissolved chloride.

When all the clear solution has been

used up, more water may be added, and
this remainder used in the same manner
as the first lot

;
but care must be taken

that too much water is not added, as

|-
oz. of the chloride will not make 2

16-oz. bottles full of the saturated solu-

tion, but only about 1^ or 1§.
To use the enamel toning bath, pro-

ceed as follows :
—Pour some out into a

clean dish to the depth of about 5 in.,

stand near to this a large dish filled to

the depth of 1 in. with clean water, and
also a small dish with pieces of glass
in it under water

;
the glasses may be

about quarter-plate size, or such as will

bn found most convenient. Now take

up one of these glasses, and slip it under
the film containing a transparency to

be toned, gently raise the glass to the
surface (at the same time manipulating
the film with a camel's hair brush, held
in the right hand) in such a manner
that when the glass and film on it are

lifted out of the water, there will be an

edge of film (say) J in. wide lapping
over one edge of the glass. The action

of the water, as the plate is taken out,
will wash this piece or edge of film

round to the back of the plate, and, by
so doing, will fix the transparency on
the glass in a very satisfactory manner.
If care be taken that the edge where the
film laps over is kept uppermost, or

highest, a considerable stream of water

may be poured on the film without any
danger of it slipping. Having got the
film on the glass, it should be rinsed
under the tap in the manner just sug-

gested, and the film may then immedi-

ately be transferred to the toning bath.

To do this, turn the glass over so that
the body of the film is underneath,
lower it gently under the surface of the

solution, and with a brush disengage
the lap of film where it had turned the

edge of the plate, now, of course, upper-
most. As soon as this is done, the film

will move off into the solution free of

glass, which can then be removed.
When the film has floated free for about
a minute, turn it over with the brush,
and note carefully if the deepest shadows
are toned through, so as to give one
uniform tint to the whole film. Turn
the film over and over, and move it

about till this is effected, and as soon
as it is so, remove it from the bath by
the same piece of glass, used in the
same manner—i.e. securing the film by
making a little piece of it lap over to

the back along one edge- of the glass.
Let the film drain a few moments, and
then transfer it to the large dish of clean

water. As soon as it is free of the glass
in this dish, gently agitate the water
with a brush, so as to wash away the

toning solution still adherent to the
film.

There is a strong objection at this

stage to washing the film under a tap
—
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dish-washiug is far preferable, and as

little of that as possible should be em-

ployed. As each priut is toned in

succession, it is placed in the same large
dish of water. Use one that will take

a half-sheet of paper. When all are

finished so far, change them one by
one into another dish of water,

taking up each film with the glass as

before described. This is all the wash-

ing they are to have. Now proceed to

mount them on the tablets. First of

all, pour back the toning bath and put

away the dish it was used in, then set

before you on the table 2 dishes, one

filled about 5 in. deep with ammonia

solution, and the other about the same

de])th with clean water.

Formula for the ammonia solution :
—

Ammonia solution at 880° . 6 dr.

Water . . . . 12 oz.

(This must be kept well corked.)

^ oz. of this mixture, diluted with 1

pint of water, makes the bath into

which the films are to be plunged.
Get a chair and sit down to the work,

as it is far easier to manipulate the

films if both arms can rest on the table.

Take off your watch and place it before

you, so that you can see it as you work.

Place in the dish of clean water a clean

glass, and on that an enamel tablet, care-

fully washed previously. Take another

clean glass, and with it I'emove one of the

toned films from the dish in which it

was washed, and plunge the same into

the ammonia bath. As the film enters

the solution, take the time by the

second-hand of the watch, and with-

draw the film when it has been in 20

seconds
; plunge it as rapidly as possible

into the water where the tablet is, dis-

engage the glass, and slightly agitate
the water in the dish, to give the film a

sort of wash. Now take up, with the

left hand, the piece of glass on which
the tablet rests, and raise it about half-

way to the surface ; then, manipulating
with the brush, held in the right hand,

bring the film to its proper position
over the tablet. By raising the latter

very gradually, the film can be laid in

its place in this way with the utmost

certaintv. As soon as the glass is fairlv

out of the water, place it with one edge
raised a little, so as to drain. If the

glass is placed at too steep an angle,
there is danger that the tablet will slip

out, or, at any rate, get disarranged.
It is proper to note in this place,

that the tablets, being curved, the films

will not lie flat without the exercise of

a little care on the part of the operator.
Care must be taken to avoid the forma-

tion of one ridge or two around the

edges of the tablet, but the spare film

should be made to lie as nearly as pos-
sible equally in all directions. If this

is done with care, no puckers or laps
will be found in the film when it is

completed in the next stage of the pro-

ceedings. When the films have got
almost surface-dry, the tablets are

removed from the glass plates on which

they were lifted from the water. To
do this, place the plate level, and with

a sharp-pointed stick tear away the

useless film around the edges of the

tablet, slip a thin knife under the tab-

let, lift it off the glass on to a sheet of

blotting-paper, and at once cover it with

a large bell jar or other glass vessel, to

protect it from dust and accident.

The picture is now ready for burning,
and it should at this stage look like a

finished enamel, and be as perfect in

every respect, in the matter of light
and shade and tone, &c., only it will be

of a bluer shade of colour than the

finished result
;

but it ought to have

the same relative shade of colour now
as it is to have in the completed article.

The tablet may be burned at once, or

left many days, or even weeks, without

change.
A gas muffie furnace is preferable for

burning the enamels in, to one heated

by coke
;
whichever is used, it should be

i-eady and at the full heat, a clear cherry-
red inclining to white, but by no means

a full white heat
;
too much heat is a

mistake, as it renders the process un-

manageable, and produces no good
result to make up for the extra difficulty

of work.
The burning is a most delicate opera-

tion, and all the care and attention of

the artist are required to secure the
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result of its very best point ; still, with

care, 9 out of 10 enamels can be burnt

to a successful issue.

Take up one of the tablets and place
it on a piece of fire-clay in front of the

muffle, but not too near, say at a dis-

tance of about 6 or 8 in. The fire-clay
shoiild be supported in such a manner
as to tip the enamel towards the heat,

so that the rays may fall upon it, as

near as may be, equally all over it.

When it has been i-oasted in this manner
a little while, move it a little nearer,
and then a little nearer, examining it

each time. As soon as the action of the

heat has turned the colour of the film

brown in the least degree, it may be

dealt with fearlessly ;
the fire-clay, with

the enamel on it, may then be placed

level, just in the mouth of the muffle,
where in a few moments the film will

take all the shades of brown till it gets

quite dark all over
;
now push it into

the heat. (A wire set in a wooden

handle, and with about § in. at the

other end bent to a right angle, is a

most useful tool in manipulating the

fire-clay plates when in the muffle.)
As soon as the plate is in the heat,

watch it with great care
;

it will seem
to get perfectly black all over, and then,
almost on a sudden, the whites of the

picture will be seen coming out quite
clear. The moment this takes place,
draw the tablet towards the mouth of

the muffle, remove it to the outside to

cool a little gradually, take the tablet

then right away, and place it on wood
to get cold. AH beauty will by this

time have disappeared from the enamel,
the whites will stand out, and the few
tones next to them will have some clear-

ness
;
but all the other tones will be a

dark and confused mass, hardly distin-

guishable one from another. This is the

true characteristic of a good glaze at

this stage. It is now ready to glaze.
The enamel glaze is brought, as pre-

pared for photographic w^rk, from

Worcester, where it is made in large

quantities. About a thimbleful of the

glaze (which is a fine powder like flour)
is placed in a small narrow bottle—say
a 2-oz. medicine bottle—an(l the l)ottle is

filled up about f with alcohol. This is

marked " Glaze in alcohol." To make

up the glazing mixture take a 2-oz.

medicine bottle, and put in it J oz. un-

iodized collodion, such as would be used

for negatives ;
add to this 5 oz. methy-

lated ether and h oz. alcohol
;
now add

as much water as it will take without

throwing the gun-cotton down
;

to do

this set the tap to drip very slowly ; get
one drop into the bottle, shake violently,
and then get another drop in, and repeat
the shaking ;

so go on till 6 or 8 drops
are added, which is about enough.
Shake up the bottle of "glaze in

alcohol," and let it rest about 2 minutes
for the coarser particles to subside, then

carefully add some of the upper part of

the mixture to the diluted collodion—
enough to make it rather opaque and

milky-looking will do. This is the

glaze ready for use
;

it must be well

shaken up each time it is used.

When the enamel is quite cold, balance

it on the top of one finger if small, or

near the edge of a piece of flat wood if

large, and pour the glaze mixtui-e over

it; then immediately tilt the enamel

up to the vertical position, letting the

glaze run off on to soft blotting-paper,

rocking the tablet in the meantime to

prevent the formation of lines. When
the collodion is set, place the tablet in

a muffle on a piece of fire-clay, and

gradually introduce it to the full heat ;

keep a careful watch now to see that the

burning does not proceed too far. The

glaze should only just melt
;
as soon as

this is the case, which will be seen by
looking at the reflection of the bent

wire held just above the tablet, pull
the enamel out, and when a little coo],

remove to a block of wood to get cold

again.
The image is now indelibly fixed, and

it may be treated roughly with im-

pmiity. The picture is not, however,
at its full beauty as yet, as, if all the

baths, &c., have been in good order, one

glazing will not be sufficient. The
whites will be glazed, or have a

polished appearance, but the darks will

be still of a matt surface, and not

transparent in effect, as they should be.
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This is overcome by repeated glazings.
No enamel is perfect that has not been

glazed at least 5 times. The number of

separate burnings (say 5 or 6), as here

recommended, give a totally different

effect to what would be obtained by
one great burn with the glaze applied
thicker. Those who wish to save

themselves trouble will work in this

way, but any one who wants to get
the best results will not mind the

trouble of 5 or 6 or even a dozen

glazes.
When the glazing comes nearly to an

end, there will be found some little points
where improvement is needed in the

way of retouching. This point is very

easily gained. Collect all the trimmings
of films after they have been through
the toning and ammonia baths, and all

waste or torn films as well
; place them

a few moments in the muffle on a piece
of fire-clay

—
they will instantly burn,

.and the ash is to be carefully collected,
and kept in a small bottle. A little of

this may be placed out on a palette,
with a minute atom of the glaze powder,
and one drop of some essential oil, and
then well rubbed down with a muller.

The paint so obtained may be used with
fine brushes dipped in turpentine, and
the work being burnt into the enamel,
will take the same colour and surface as

the rest of the picture.
Ceramic colours may be applied to

enamels, and burnt in with considerable

success, but there is much difficulty in

getting the red shades wanted about
the lips and cheeks right. Use the

colours made by Lacroix, of Paris.

When an enamel has failed, it may be

put on one side
;
and when there is a

sufficiency of them, the images may be

dissolved off with fluoric acid, applied
with a rag at the end of a stick, and

then, after washing, the tablet may be

fired in the muffle till it melts to a good
bright surface. If this be carefully

done, the tablet so renewed will be as

good .IS new. In this firing, after clean-

ing, the image will often appear again
when in the heat. If this be the case,
the heat should be continued till a full

glaze has been obtained, when the

tablet, after cooling, may be again
treated with the acid, and again fired.

When the successful enamel is finished

up to the last heating, the name and
address of the artist and other matter

may be written on the back with a fine

brush dipped in the same paint as used
for retoucliing, but a little more thinned
with turpentine.
The following are the main causes of

failure, which should, however, never be
met with by any one who follows the
instructions accurately. Failures are of

4 distinct classes, which may be thus

enumerated:— I. In development. II.

In the direction of getting poor slaty-
bluish colours, which glaze all at once

when put in the mufiie. III. In the

direction of excessive blackness, just the

opposite to the last. IV. In the glazing
operation itself.

With reganl to the first, it is impera-
tive that the development proceed

slowly
—this seems to be the only con-

dition of success. The photographer's

knowledge of his business will enable

him so to manage the light, lens, ex-

posure, &c., of the film as to secure this

necessary condition. The developer

given is by no means the only one that

will do, though in some hands it suc-

ceeds best

The second class of failures arises

from thei-e being too much gold in the

toning bath, or rather, perhaps, too

much in proportion.
The third class arises from there

being too much iridium, or too much
in proportion. Both these may be

avoided by a strict adherence to the

formula given.
The fourth class of failure, the only one

to be really feared, is the most difficult

to deal with. It is much more difficult

to describe than to show. The chief

thing to avoid in glazing is the getting
an unequal layer of glaze on the tablet

the first time. Until the first glaze is

burnt in, the picture loill rub very easily ;

therefore a badly-laid glaze will be its

ruin, as it cannot be removed. After

the first glaze is burnt, the enamel is

safe, and uny further error in the matter
of pouring on the glaze, &c., can be recti-
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fied by simply washing it oft' again under

the tap. Then, again, there is a possi-

liility that when too much glaze is used

the enamel will spoil by a sinking in of

the image. The best remedies for all

errors in glazing are to use plenty of

alcohol in the collodion and plenty of

water, and at the same time the

smallest workable quantity of glaze,

making more burns of it, but doing less

work at each burn.

Pottery.—Glaze is a gliiss built up
of 2 or more silicates. The normal

felspathic glaze consists of sodic or

potassic and aluminic silicates
;

salt

glaze, of sodic and aluminic silicates
;

lead glazes are mixtures of plumbic
with aluminic silicate, and small quan-
tities of sodic and potassic silicates.

Thei'e are also glazes containing zincic

silicate and ferric silicate, and ia some
cases one silicate is replaced by a

borate. Glazes may be rendered white

and opaque by the addition of an in-

fusible excess of stannic and arsenic

oxides, and may be coloured by metallic

oxides, in the same manner as glasses.
Glazes are applied by dipping, and by
volatilization. The difficulty in pre-

paring a glaze is the regulation of the

mixture, so that the contraction of the

glaze after fusion shall not be unequal
to that of the body to which it is

api)lied. The decorative eli'ect of
"
crackle-glaze

"
is obtained by an

adjusted disagreement between the

body and the glaze. If the disagree-
ment be allowed to go too far, the

glaze chips away fi'om the body. The

requirements of a glaze are—(1) agree-
ment with body, (2) power of resisting
solution and corrosion, (3) purity of

coloui", (4) power of developing applied
colours. The felspathic and sodic

silicate glazes are the most durable ;

the plumbic silicate glaze is liable to

gradual decay, which is indicated by
the appearance of a beautil'ul iridescent

film.
" Smears " and " flows

"
are

glazes applied by volatilization. In

the former process, the saggers are

washed inside with a mi.xture of one

or more of the following substances :

salt, red-lead or litharge, potassic

nitrate, potassic carbonate, and china

stone. The ware, generally fine stone-

ware, is exposed in these saggers, and

receives a gloss by the deposition and

combination of the volatilized mixture.

The object of the use of " flows
"

is to

soften or blur the outline of under-

glaze painting or jirinting. Ammonic

chloride, alum, and chalk, togetiier
with one or more of the materials used

for "
smears," ai'e placed in small bis-

cuit-cups in the saggers, together with

the ware. The glass, which is formed

by the deposition of the mixture on the

ware, partially dissolves the colouring

oxide, and softens the general effect.

Plumbic silicate glazes are coloured by
metallic oxides, and are used for colour-

ing ware. In this way, imitation
" crown " ware is often manufactured.

A mottled or marbled surface is some-

times produced on ware by instilling

differently coloured glazes from a vessel

containing several chambers communi-

cating with a composite neck. Opaque
glazes or enamels are used to conceal a

coloured body. Majolica is generally
made ofcommon fire-clay or marl, and is

coated with opaque white enamels, upon
which, whilst still moist, coloured enamel
decoration is applied. Limoges ware is

a clay body decorated by the aid of

coloured enamels. In Cloissonne ware,
the outline is marked out by metallic

threads soldered to a metallic body, and

the interstices are filled up with

enamels. Imitation Cloissonne is pro-
duced by painting on a white clay body
with coloured enamels, or by forming a

raised outline by painting with a mix-

ture of iron and copper dust, hardening
the same by fire, and filling in with

colour. Palissy ware has a white or

coloured body, covered with transpa-
rent coloured glazes. Bristol ware is

coloured by coloured felspathic glazes.
A curious lustrous or glistening effect

may be caused by applying coarsely-

powdered mica to the surface of ware.

Genuine lustre or iridescence is pro-
duced by the irregularity of a glazed

surface, caused either by decay, or by
the adhesion of an almost imperceptible
metallic film. Bismuth, gold, silver,
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copper, ziuc, iron, and platinum are used

for this purpose. Tiie metallic salt is

generally mixed with some strong re-

ducing agent, and applied to the ware
as a paint. The ware is then fired in a

reducing atmosphere, the salt is reduced,
and the metal is fixed upon the glaze of

the ware by heat. For Brianchon's

lustre, which is similar to that used at

Belleek and Worcester, a mixture is

used of bismuth nitrate, rosin, and es-

sence of lavender. If ferric or uranic

nitrate be added to this mixture, the

glaze of the ware will be tinted by the

ferric or uranic oxide, and the effect of

the lustre will be heightened. Instead

of applying the reducing agent together
with the metallic salt, a reducing vapour

may be directed upon a pigment rich in

copper, silver, or other metals, with

similar results. The red lustre of

Gubbio ware is due to the action of

smoke upon cupreous oxide
;

it is usually

applied to a coloured body. (Spons'

Enc'jdopadia.)
There are o sorts of glazes

—viz. lead,

salt, and felspar. Lead glaze can be

formed in two ways. (1) The biscuit-

ware is dipped into a tub containing a

mixture of about 60 pints litharge, 10

clay, and 20 ground flint, diffused in

water to a creamy consistence.

When taken out, enough adheres

to give a uniform glazing when
re-heated. The pieces are then again

packed up in baked clay cases

resembling bandboxes, called sag-

gers, with small bits of pottery be-

tween, and fired in a kiln. The

glazing mixture fuses at a very
moderate heat, and gives a uniform

glossy coating. (2) The common

clay vessels are painted over with

red-lead. If the vessel thus painted is

exposed to a moderate red heat, a glaze
is produced. These red-glazed vessels

are most dangerous for household use,
since the glaze is dissolved off by acid.

Salt glaze consists in throwing common
salt into the kiln in which the vessels

are heated. The salt is volatilized and

decomposed by the joint agency of the
silica of the ware and of the vapour of

water always present. Hydrochloric acid

and soda are produced, the latter forming
a silicate, which fuses over the surface of

the ware, and gives a thin but excellent

glaze. Felspar glaze may be either

ground felspar or a mixture of gypsum,
silica, and a little porcelain clay diffused

through water. The piece is dipped for

a moment into this mixture, and then

withdrawn
;

the water sinks into its

substance, and the powder remains

evenly spread upon its surface
;

it is

once more dried, and lastly, fixed at an

exceedingly high temperature. The
coarse stone-ware made at Bristol is

glazed by the vapour of common salt,

as is also the Staffordshire flint-ware.

The last is the best. The yellow glaze
is made by mixing together in water,
till it becomes thick like cream, 112 lb.

white lead, 24 lb. ground flint, and 6 lb.

ground flint glass. Manufacturers in

this differ. Nottingham black glaze :
—

21 parts white lead (by weight), 5 pow-
dered flint, and 3 manganese. Another
method is to immerse dried pottery in

sea-salt, and bake.

Eai'thcnware.—(1) For the glaze, a

mixture of borax, Cornish stone, calcic

carbonate, flint, and kaolin, is first fused

in a small reverberatory furnace, shown
in section in Fig. 127; A is the stoke-

FlG. 12"?.

.JL^

hole; M, fire-place, N, grate; K, damper;
USB, bed on which the mixture rests,

having been thrown in at V ; P, chimney;
R, opening by which the mixture, when

thoroughly fused, is run out into an iron

vessel containing water. The molten

mass is broken up by the cold water,
and is transferred to small mills, similar

to those employed for grinding flint and

Cornish stone. After prolonged grind-

ing with water, and passing through
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sieves of great fineness, it is purified by
agitation in a blunsfer armed with horse-

shoe magnets. A proportion of this slip

is mixed with a slip consisting of Cornish

stone and plumbic carbonate, or an

eqiiivalent of plumbic oxide. Into this

liquid mixture, contained in convenient

tanlcs, the wares, rendered porous by
burning, are <Upped ;

the mixture is kept
in constant agitation, and the porosity
of the ware ensures enough being talcen

up to produce a suiHcieut glaze. Con-

siderable skill is required to dip the dif-

ferent forms of ware in such a manner
that the glaze may be equally distri-

buted, and as little surface as possible
be covered by tlie dipper's hand. When
the parts that have been rubbed, or

insufficiently covered with the liquid

glaze, have been retouched, and the

ware has been thoroughly dried, it is

replaced in saggers, preparatory to the

fusion of the glaze. The ware can no

longer be packed one piece upon another,
as in the previous firing, for the fusion

of the glaze would cause the pieces to

adhere, and great damage would ensue.

The ware is therefore separated by the

insertion of props of refractory clay;
made in such form that as small a part
of the ware as possible shall be touched.

The saggers with their contents are

built up in a kiln similar to the one

employed for the first firing, only some-
what smaller. The saggers, as in the

previous case, are made airtight by the

insertion of rolls of plastic clay. The

firing lasts some 18 hours, and its

progress is tested by the removal of

pieces of ware similar to that being

fired, and previously dipped in the same

glaze. The test-pieces are usually made
on purpose, and pierced in the centre

to facilitate removal. (Powell.)

(2) Silicate of potash or soda at 35° B.

may be used either alone or mixed with
20 per cent, of red-lead and 5 per cent,

of silica. The thick varnish is brushed
over the half-burnt articles, which are

then dried and burnt. The same glaze
can be used for statuettes, &c., being
quite indestructible when properly burnt
in. (Dingl. Pol. Jl.)

(3) a. Silicate of soda at 50^ B., 100

parts ; powdered quartz, 15
;
chalk from

Meudon, 15. h. Silicate of soda at 50° B.,
100 parts ; powdered quartz, 15

; chalk,
15

; borax, 10. This is quite free from

poisonous ingredients, and is used at the

Lanilis pottery, near Brest. (Salvetat.)

(4) For clay tobacco pipes, requiring

only moderate heat, so that in burning
the pipes will not be baked too hard,

(a) Make a saturated solution of sugar
of lead (lead acetate) in hot water. Dip
the pipes in this, or apply it with a

brush to the outside, then dry and expose
in an open muffle at a low red heat until

properly glazed. (6) Potassium car-

bonate, 1 part ; borax, 5
;
melt together

in a sand crucible, pour out on an iron

plate to cool, powder, and mis into a

paste with a little turpentine oil for

use. Apply with a brush or clean rag,
and heat slowly in a muffle or oven to

incipient redness.

(5) White earthenware glaze : 35
Cornish stone, 20 borax, 10 crystal soda,
20 red-lead, \

blue calx; calcine, pul-
verize coarsely, and grind with 20 lb.

white-lead, 10 lb. Cornish stone, and
5 lb. flint.

Porcelain.—(1) The material used for

the glaze is a natural mixture of felspar
and quartz, and is known as "

peg-
matite." Its average composition is—
silica, 74" 3; alumina, 18'3; potassic

oxide, 6*5; calcic oxide, 0'4; magnetic
oxide, 0"2; water, 0*3; and it may be

approximately represented by the for-

mula 2(A1„03, SSiO^) -J- KjO, 3SiOj. It

is therefore an ordinary glass, to which
a second equivalent of aluminic silicate

has been added, and the transparency
of which is destroyed by the excess of

infusible material. Each fresh supply
of pegmatite is tested in order to ensure

a constant result. For use, the peg-
matite is first crushed under vertical

grinding-wheels turning upon a re-

volving base. It is then ground with
water in a mill with stone runners, and
when reduced to a sufficient degree of

fineness, is drawn off, sifted, agitated in

the presence of magnets, in order to

remove particles of iron, passed into a

receptacle, and maintained in suspension

by constant agitation. During the long
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process of grinding with water, great
cai'e must be taken to prevent a sudden

precipitation of the material, either

through the slackening or sudden stop-

page of the stones. The tendency to

precipitation may be retarded by mixing
a small quantity of acetic acid with the

watei'. Into the suspended pegmatite
the biscuit ware is dipped, care being
taken that no part of one piece remains

in the glaze longer than another, and
that the thick wares shall be dipped in

a thin glaze, and the thin in a thick.

The parts of ware which have been held

in the dipper's hand are retouched with
a brush dipped iu the glaze. The wares

are replaced in saggers, and the saggers
are arranged in the lower division of the

oven, the heat of which is more intense

than in the biscuit-kiln. The entire

absence of lead renders the glaze when
fused exceedingly hard and durable

;
it

is bluish in tint, and cold to hanale.

The grey tint of the body and glaze is

due to the reducing action of the atmo-

sphere of the kiln. The glaze is trans-

parent, and rather more fusible than

the body, but becomes thoroughly in-

corporated with it, and, from its simi-

larity of composition, expands and con-

tracts unifoi-mly with the paste. The
bases of ware when removed from the

saggers are rubbed smooth with sand-

stone. Owing to the difficulty of ma-

nipulating the paste, it is customary to

build up elaborate vases from distinct

pieces, which are joined together by
metallic fittings ;

this especially applies
to feet and handles. (Powell.)

(2) 40 parts Cornish stone, 45 red-

lead, 38 borax, 32;V tliut, 22J Hint glass,

18 crystal soda, 5 tin oxide, 1 enamel

blue; make small, calcine, grind, and
mix with water for dipping. (3) 40
Cornish stone, 36 flint glass, 20 red-

lead, 20 flint, 15 potash, 10 white-lead,
3 tin oxide. (4) Crystal : 105 Cornish

stone, 90 borax, 60 flint, 50 I'ed-lead,

12 crystal soda, 10 tin oxide, J blue

calx
; this must be considerably diluted

for dipping. (R. W. Hall.)
"Wood.—(1) la a clean bottle put

1 oz. crushed gum benzoin, add 1 gill

proof spirit, lay by in a warm place.

well shake the bottle frequently. This

is a superfine finish for mouldings and
turned work. May be used advan-

tageously on any kind of small work.
To use it, if the work be plain, lay on a

coat of the glue and water
;
when dry,

paper off, then take 1 part of polish and
1 of common varnish, mix together,

apply with a brush, and again paper
off when dry. Now take a mixture of

browu hard varnish, 5 parts ; polish, 1
;

brush it evenly over the work, the same

way as the grain of the wood. When
dry, again sandpaper oiT. Lastly, give
another coating of the last mixture, to

be followed, when quite dry, with a thin

coat of glaze, laid on with a very soft

brush. (Smither.)

(2) First, to prepare the work, give
it a coat of glue, size, and whiting ;

when dry, rub down with fine glass-

paper until quite smooth. If the wood
is soft, 2 coats may be given; then

prepare the enamel by putting 2 oz.

common isinglass into 1 pint boiling

water; when dissolved, pour in 2 oz.

flake white, and give the work a coat

with a camel-hair brush or fine Turkey
sponge, boiling hot. 2 coats may be

given if required. When dry, rub
down with pumice and felt rubber until

perfectly smooth. Having obtained a

level surface, proceed to body-up with

white polish, using a little flake white

on the rubber, then spirit off. This is

used in pine bedroom furniture. Any
decorations maybe put pn with a stencil

jjattern, mixing the colour with white

polish.

(3) In speaking of enamel, it must
be understood as polished paint on the

surface of woodwork, such as doors, &c.

Enamelling and polishing is an art

which requires the exercise of the

greatest care. The work will not bear

any hurry, but must go through its

regular course
;
have its proper time

to darken between each coat and pro-
cess

;
and the rubbing down must be

patiently and gently done—heavy pres-
sure will only defeat the end in view.

Great care should be taken in the se-

lection of pumii.e, both lump and ground,
as the slightest particle of grit or hard
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jirossure will scratch. There are several

kinds of filling-up colour used and sold

by the colourmen, but most of them are

of a dark colour, not suited for light

work, as they require so many coats of

paint afterwards that it defeats its own
objects. In practice, it is best to fill up
from the first with the same tint of

colour you intend to finish with, which
will bear much rubbing down without

being shady. For all dark grounds
which have to be finished with a

dark colour, the black or dark filling
is the best. The tools and material re-

quired are as follows, viz. :
—1. White-

lead ground in turpentine, and best

white-lead in oil. 2. A clear, quick,
and hard drying varnish, such as best

copal, white Coburg, and white enamel
varnish. 3. Ground and lump pumice, or

putty-powder. 4. Rottenstone, ground
in water or oil. 5. White felt, 5 to 5 in.

thick, and of the best quality. 6. Seve-

ral flat wooden blocks, of various sizes

and forms, suitable for getting into

corners and mouldings ;
these must be

covered with the felt on the side you
intend to use. 7. 2 or 3 bosses, made
of cotton-wool and covered with silk.

8. Sponge, and wash or chamois leather.

Mode of Operation.
—In order to sim-

plify the description, we will take a plain

panel to work upon. If it is new, give
it 2 coats of oil colour, mixed in the

ordinary way ;
now mix the white-lead

ground in turps with only a sutHcient

quantity of varnish to bind it with,

thinning to a proper consistency with

turps. It is as well to add a little of

the ordinary white-lead ground in oil,

as it helps to prevent cracking. Give
the panel 4 or 5 coats of this mixture,

leaving a sufficient interval between to

allow it to dry well. Let it stand for a

few days, until it is hard enough to

rub down. Wheu it is ready, you may
rub it down, first with a soft piece of

lump pumice and water, to take off" the

rough parts. Now use the felt and

ground pumice, and cut it down, working
the hand in a circular manner. You
will require to exercise much care to

rub it down to a level surface, and
without scratches. When you have got

it down level, if it is scratched or not

sufficiently filled up, give it 1 or 2 more

coats, laying it on as smoothly as you
can, and rub it down as before. If

done properly, it will now be perfectly

smooth, level, and free from scratches
;

wash well down, and be careful to clean

off all grit or loose pumice. Now mix
flake-white from the tube with the

before-named varnish, till it is of the

consistency of cream. Give 1 coat of

this; when dry, give another, adding
more varnish to it. Now let this dry
hard, the time for which will of course

depend upon the drying qualities of the

varnish; some will polish in 8 or 9 days,
but it is much the best to let it stand

as long as you possibly can, as the harder
it is, the brighter and more enduring
will be the polish.
ERBIUM.—This metal, like di-

dymium, is one of the so-called " cerium

group," and is met with to the extent

of nearly 3 per cent, (as oxide) in the

mineral gadolinite. It has not yet
been obtained in the free state.

GALLIUM.—This metal occurs in

minute proportions in some samples of

zinc-blende. To sepai'ate it, the blende

is dissolved in sulphuric or hydrochloric
acid, or in aqua-regia, and the solution

is decomposed by adding metallic zinc.

The precipitate contains most of the

foreign metals accompanying the zinc.

It is treated with hydrochloric acid, and

again with zinc in the cold
;

as soon as

the evolution of hydrogen becomes

feeble, the solution is decanted, and satu-

rated with sulphuretted hydrogen ; the

resulting precipitate is filtered oft'; the

remaining solution is warmed, to drive

off excess of sulphuretted hydrogen, and

fractionally precipitated by sodium car-

bonate in the cold till the precipitate no

longer gives the gallium line in the

spectroscope ;
the new precipitate is

dissolved iu sulphuric acid, slowly eva-

porated till the excess of acid is almost

removed, and treated for some time
with cold water

;
this solution is di-

luted, and heated to boiling, when basic

gallium sulphate separates out
;

this is

filtered oft' while hot, and dissolved in a

little sulphuric acid
; slightly acid solu-

Q
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tion of ammouium acetate is added, and

sulphuretted hydrogen is passed through
to saturation; the solution is filtered,

diluted, and heated to boiling ; the new

precipitate is washed with boiling water,
and dissolved in a little sulphuric acid

;

a slight excess of alkali is added, and
the alkaline solution is electrolysed, when
metallic gallium is deposited on the

]ilatinum jiole. To render it perfectly

(iure, it is treated with warm dilute

nitric acid, free from chlorine. The
metal possesses some curious properties.
It fuses at 86° F. (30° C), and then
remains liquid for many weeks even at

32° F. (0° C), unless touched by a frag-
ment of solid gallium, when it imme-

diately crystallizes. The molten metal
covers glass surfaces with a mirror-like

coating, and oxidizes on exposure to the
air. The solid metal has a sp. gr. of

5-9, and a blue-white colour; it is

tough, and may be cut with a knife. It

dissolves readily in caustic potash and
dilute hydrochloric acid, and slowly in

warm dilute nitric acid : but it is

scarcely affected by cold dilute nitric

acid, and is not volatile at a red heat.

CrXiASS.—This article has no pre-
tension to being a general treatise on
the manufacture of glass, which would
here be out of place, and which is

already given in a very complete man-
ner ia Spons'

'

Encyclopa?dia ';
it aims at

conveying a number of useful hints to

the many who use glass, as much as to

the few who make it.

Breaking.—Easy method of break-

ing glass to any required form. Make
a small notch, by means of a file, on the

edge of a piece of glass, then make the

cud of a tobacco pipe, or a rod of iron

of about the same size, red-hot in the

fire
; apply the hot iron to the notch,

and draw it slowly along the surface of

the glass in any direction you please ;
a

crack will be made in the glass, and
will follow the direction of the iron.

Round glass bottles and flasks may be
cut in the middle by wrapping round
them a worsted thread dipped in spirits
of turpentine, and setting it on fire

when fastened on the glass.

Coating on Metals.—The follow-

ing method has been suggested for coat-

ing metallic surfaces with glass :
—Take

about 125 parts (by weight) of ordinary

flint-glass fragments, 20 of soda car-

bonate, and 12 of boracic acid, and melt.

Pour the fused mass out on some cold

surface, as of stone or metal, and pul-
verize when cooled off. Make a mixture
of this powder with soda silicate (water-

glass) of 50° B. With this coat the

metal to be glazed, and heat in a muffle

or other furnace until it has fused.

This coating is said to adhere very
firmly to steel or iron.

Coloured.—(1) It is supposed that

any one of certain metals, if its condi-

tion of oxidation or its proportion be

varied, will, in combination with glass,

produce the several effects of colour

into which white light can be decom-

posed. Thus, copper, when suitably
treated, will produce the effects of blue,

green, and red. Metals enter into com-
bination with glass in various ways.
The effect of avanturine-glass is due to

the suspension in the body of the glass
of minute particles of metallic copper.
When gold oxide is used as a colouring

agent, it often happens that some oxide

is reduced to the metallic state, and the

result is a glass which, when viewed by
reflected light, appears to be of a dull

opaque red colour, but by transmitted

light, yields a beautiful opaline blue.

Opacity is probably due to an insoluble

excess of metallic oxide held in suspen-
sion in the glass. White opacity is

obtained by the use of arsenic trioxide,
tin dioxide, lime phosphate, powdered
talc, or cryolite. The effect of black-

ness is obtained by the oxides of iridium,

manganese, cobalt, copper, or iron in

excess.

Gold to be used in colouring glass is

first dissolved in aqua-regia; the solu-

tion, together with oxides of antimony
and tin, is added to the ordinary ingre-
dients of flint-glass. The ruby colour

is in a great measure due to the reduc-

ing action exercised upon the gold salt

by the stannous oxide. Ruby-glass is

usually gathered from the crucible in

the form of lumps, weighing |-1 lb.

As it is gathered from the crucible, it is
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perfectly colourless, and only acquires
its colour after it has been chilled and
reheated in the annealing-kiln. The

ruby lumps, after having been annealed,
are reheated as they are required, and
used for casing the flint-glass. Articles

are never made of solid ruby-glass,

partly on account of its cost, but chiefly
because the colour is so powerful that
an almost invisible film imparts a rich

colour to the article upon which it is

spread.
The red colour of copper ruby-glass

is due to cuprous oxide, and all sub-

stances liable to part with oxygen, and
to convert the cuprous into cupric
oxide, must be avoided in its prepara-
tion. In addition to avoiding oxidizing

agents, such as red-lead and manganese
oxide, it is necessary to add reducing
agents, to counteract such effects of

oxidation as are unavoidable. Stannous
oxide and iron scales or filings are for

this purpose mixed with the raw mate-
rials. The ruby colour produced is

intense, and can only be used as a casing
for colourless glass. The ruby-glass,
when gathered from the crucible, is of

a pale greenish-blue colour, and, like

the gold ruby, requires to be partially
cooled and again heated before the red
colour appears. If reheating is carried

too far, the red is replaced by a dull

brown tint. If copper and iron scales

be added in great excess, an opaque red
mass is obtained.

Cupric and cuprous oxides, when used
without reducing agents, produce pea-
cock-blue or green ;

the result appa-
rently depends on the quantity rather

than on the state of oxidation of the

copper. A very minute proportion of

cupric oxide will give a distinctly blue
tint. Ferric oxide (Fe203), in the pre-
sence of manganese dioxide, which parts
with its oxygen, and thereby tends to

maintaiu the oxidation of the iron, pro-
duces a rich yellow. Ferrous oxide

(FeO) gives a dull green ;
it is obtained

either by the oxidation of metallic iron

in the crucible, or by the reduction of
ferric oxide. Manganese dioxide by
itself and in large quantity gives violet.

If the mixture be heated too long, the

oxygen is driven off, and the glass is

rendered colourless. A red is obtained

by a mixture of manganese dioxide and
ferric oxide. A minute trace of cobalt

oxide imparts a deep purple-blue. Nickel

oxide produces a deep red-brown. The
oxides of chromium are very slightly
soluble in glass ;

a minute quantity

gives an emerald-green or yellow colour;

any excess remains in the form of

glistening crystals in the body of the

glass, and tends to its disintegration.

Antimony trioxide imparts a faint

yellow tint
;

excess tends to produce

opacity. Oxide of cadmium gives a

pale yellow. Uranic sesquioxide pro-
duces a bright yellow, but its peculiar

property of fluorescence, already referred

to, gives to the glass, when viewed by
transmitted light, a bluish-green eiiect.

Silver oxide, in common with cuprous
oxide, possesses the power of staining

glass, when applied as a pigment to its

surface, and heated. This is a more
convenient way of obtaining the yellow
colour which silver oxide gives to glass,

as, when mixed with the raw materials

of glass, and placed in a crucible, it is

only with the greatest difficulty that

the oxide can be prevented from be-

coming reduced. If reduced, metallic

silver sinks to the bottom of the cru-

cible, and the glass remains colourless.

The metallic oxides necessary for the

production of coloured glass, are intro-

duced into the crucibles with the raw-

materials. Sheets or circles may be

entirely gathered ft-om one crucible, or

from more than one, so as to produce
a glass composed of two diflerently
coloured layers. Copper-ruby and gold-

ruby glasses are always treated in this

manner, on account of the great strength
of the colours. Ruby is often cased

upon blue, green, and yellow, as well as

upon white
; and blue upon white and

green. These cased glasses are particu-

larly useful for representing heraldry,
as the casing can be removed by abra-

sion, or by hydrofluoric acid, and the

subjacent ground discovered. Splashed
or sprinkled glass is prodixced by rolling
the gathered mass of molten glass in

small fragments of difierently-coloured

Q 2
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glasses; the fcigments become incor-

porated in the molten glass, and expand
together with it.

Only 2 transparent glass stains are at

present known : a yellow stain, produced
by silver oxide

;
and a ruby, by cuprous

oxide, the latter being very rarely used.

A stain may be roughly described as a

transparent effect of colour obtained by
applying certain metallic oxides to the

surface of the glass, in the same
manner as pigments are applied to can-

vas or paper, and by subjecting the

glass to heat. The stain should be

incorporated in the glass, and be as

durable as the glass itself. For yellow,
either oxide or nitrate of silver is used

;

the latter is preferable by reason of its

solubility and easy manipulation. In

either case, it is necessary to employ
some finely-divided infusible medium,
moistened with water or tar-oil. The
media generally used are iron peroxide
and kaolin. (Powell.)

(2) The articles made at Venice of

black glass are distinguished above all

other productions of that sort by their

deep black colour, and on this account
meet with much favour. Dr. Kayser, of

Niirnberg, investigated the composition
of a frit from a Venetian glass factory,
and also some black glass wares made
there. The following were the results :

—
(a) The glass frit had the ordinary

appearance of a frit, and showed under
the microscope isolated small pieces of

black glass. In hot water, 29'7 per
cent, were soluble, consisting of alkalies

and salts of magnesia. These were in

combination with carbonic acid^ chlorine,
and sulphuric acid.

The Irit contained—
Silicic acid . . o5"57

Clay . . . 2-08

Iron oxide . . 1-25

Manganese protoxide . 1-80

Lime carbonate. . 8-88

Magnesia sulphate . 3-95

Soda sulphate . . 3-55

Potash chloride. . 0-55

Soda chloride . . 10-66

Soda carbonate . . 11-85

(6) A rod of black glass, such as is

iised for the manufacture of glass pearls,
contained :

—
Silicic acid . . 69-69

Clay . . . 1-9-lr

Iron oxide . . 2-43

Manganese protoxide . 11-39

Lime . . . 7-53

Magnesia . . . 1-26

Soda . . . 5-41

99-65

100-14

From the analyses it is probable that

the black colour of the glass is caused

by the large proportion of manganese
in it. To certify this conclusion, a

mixture of sand, soda, and powdered
manganese ore (to the extent of 15 per

cent.) was melted in a Perrot's glass
furnace. The glass substance obtained

was deep black while in very thin

layers, and dark violet when drawn out

in very thin threads, as well as in thin

splints. Hence, in j)oint of colour, it

was exactly like the Venetian black

glass. {Gewerbe/ialle.)

(3) Glass may be stained by painting
its surface with a fusible coloured glass

ground to a fine powder and mixed up
with gum-water or turpentine, and,
after drying, then heating the painted

glass in a furnace until the coating
fuses. Collodion, shellac, or spirit-copal

varnishes, coloured with one of the coal-

tar dyes, can in some cases be advan-

tageously resorted to as a coloured wash

for white glass.

(4) The pigments commonly em-

ployed for decorating glass and porce-
lain have hitherto been prepared either

by melting the metallic salt, which is

generally the nitrate, in rosin (colopho-

nium), or by decomposing soluble i-osin

soaps with the solutions of these salts,

whereby an insoluble resinate is formed,
which is first dried and then dissolved,

just as that formed by fusion is in oil

of turpentine, lavender, nitro-benzol, or

some similar solvent. Both these me-

thods of preparation have their disad-

vantages, the principal being that a

considerable quantity of the metallic

salt remains undissolved, and when the
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resinous mass is dissolved, it is preci-

pitated and lost, or at best is only-

recovered by a tedious operation. With
the help of carbolic acid, these pigments
can be prepared without difficulty,

and without any insoluble metallic

compounds separating, worth men-

tioning.
Bismuth.—2J dr. metallic bismuth

are dissolved in aqua-regia, and evapo-
rated in a parcelain dish to a thin syrup.
When cold, 12| dr. carbolic acid lique-
fied by gently warming in hot water

are added. It is left standing a few

hours, for, if warmed and stirred at

once, an energetic reaction takes place,

with violent foaming. At the end of

this time, it is well stirred with a glass

rod and heated awhile in a steam bath,

when there will be an evolution of

hydrochloric acid vapours. It is taken

out of the steam bath as soon as a drop
removed on a glass rod will dissolve

clear in nitro-benzol. When this point
is reached, the mass is dissolved in

nitro-benzol or a mixture of nitro-benzol

and oil of spike, when the preparation
will be ready to use.

Till.—2| dr. pure tin are dissolved in

aqua-regia, and the solution is evapo-
rated to a thin syrup, then mixed with

12J dr. carbolic acid in the manner
above described. The remainder of the

operation is the same as for bismuth.

Uranium.—3| dr. uranium nitrate

are mixed with 10 dr. hydrochloric acid

and dissolved. This solution is also

mixed with 12J dr. carbolic acid, as

before, and treated as already described.

Iron.—3f dr. iron perchloride are

dissolved in pure hydrochloric acid, and

any excess is removed by evaporation,
so that the solution when cold will have

the consistence of a thin syrup. To

this are added V2i dr. carbolic acid;

and it is then treated as described under

bismuth.
A raanaganese pigment can be made

from manganese chloride, and nickel

and cobalt pigments from their chlorides,

in precisely the same manner as that of

iron is made from its chloride. The

finished preparation can be diluted to

any desired extent, as the concentration

of the original preparation leaves plenty
of play for the dilution. The different

pigments above described may be mixed
with each other to form all kinds of

combinations. (Dr. R. Kayser, Deut.

Ind. Zcit.)

Imitation Gems.— The property of

glass to display a variety of tints by the

addition of metallic oxides, is made use

of for the production of artificial gems.
The percentage composition of the base

used is Si02, 38-10
; K^O, 7-90

; PbO,
53- 0; AI2O3, Fe^O^, 1-00. (Powell.)

Weiskopf gives the following for-

mula for the frit used in Bohemia for

making imitations of some of the pre-
cious stones :

—
Imitation Agates.— 10 lb. quartz,

17 lb. red-lead, 3-2 lb. potash, 2-2 lb.

borax, and O'l lb. arsenic. The quantity
of chloride of gold added is equal to that

obtained from 0-4 of a ducat.

Agate Glass.—10 lb. broken glass is

melted, and to it are added 0-15 lb.

copper oxide, 0'15 lb. each of the oxides

of chromium and of manganese, 0'02 lb.

each of oxide of cobalt and nitrate of

silver, 0"01 lb. oxide of uranium, 0'4 lb.

red argols, 0-3 lb. bone meal. Each
oxide is added alone and at intervals of

10 minutes. After heating the mixture
for an hour, 0'3 or O'i lb. of fine soot is

put in.

Red Marble.— 80 lb. sand, 40 lb.

potash, 10 lb. lime, 2 lb. table-salt, 1 lb.

saltpetre, and O'l lb. arsenic. The
mixture is melted, and then 25 lb.

copper suboxide and 1 lb. saltpetre are

mixed in.

Artificial turquoises are made in Paris

and Vienna that cannot be distinguished

by external appearances from the na-
tural product, and when artistically
made can only be distinguished by means
of the file, being usually softer. They
are made from alumina phosphate and

copper phosphate mixed together and

subjected to hydraulic pressure. Even
in chemical composition they resemble
the natural mineral, which is a hy-
drated alumina phosphate with 2 per
cent, of copper oxide. (^Diamant.)

The primary materials from which
the different kinds of artificial stones
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are made on the Continent is as fol-

lows :
—

Pure pulverized quartz .. 45*7

Pure dry soda carbonate ,. 22 "8

Calcined borax 7 • 6

Saltpetre 3-4

Pure red-lead (minium) ,. 11 '8

These substances are thoroughly mixed

together, introduced into a Hessian

crucible, and heated to vivid redness

in a charcoal fire. When the mixture

has been thoroughly melted, the pro-
duct is a transparent crystal glass of

very great brilliancy. In order to

imitate the various precious stones, cer

tain oxides or carbonates are added to

the above ingredients in the following

proportions by weight :
—

For sapphire, add 106 cobalt

carbonate.

„ emerald „ 0'530 iron oxide.

,, amethyst „ 0'265 manganese
carbonate.

„ topaz „ 1'590 uranium
oxide.

According to Donault, a magnificent

description of artificial ruby can be

obtained in the following manner :
—Of

the mixtiire given above to produce the

white transparent basis of all these

stones, 31 parts by weight are taken,

which, finely pulverized, are intimately
mixed with 2-30 parts antimony glass
and 0'05 purple of Cassius. On cooling
this mixture, after being well melted, it

sometimes gives a transparent mass, and

at others an opaque product. When

transparent, it is a brilliant imitation of

the topaz ;
when opaque, it forms a

splendid imitation ruby by melting 1

part of it with 8 of the primary mate-

rial (1st formula given above). The

product when taken from the crucible

is in the form of a brilliant yellow

crystal, but before the blow-pipe it is

transformed into a vivid red crystal,

having exactly the tint of the oriental

ruby. (Eisner.)

Cutting'.—(1) Annealed glass ves-

sels may be subjected to a variety of

processes after they have become cold.

The mark of fracture left at the base of

a blown-glass vessel by the working-
iron, is removed by pressing it upon the

edge of a swiftly-revolving stone wheel.

After the inequality is removed, the

roughness is polished away by substi-

tuting a wooden wheel for the stone

one. Cutting and engraving are modi-
fied forms of the same process. The
difference of effect lies in the greater

depth of incision produced in cutting.
In either process, lathes are used, in

which the glass is pressed against the

cutting-tools ;
these are wheels revolv-

ing rapidly in a perpendicular plane,
in cutting, the lathes are driven by
steam, and the cutting-wheels are of

considerable dimensions. The actual

cutting is performed by iron wheels

supplied from hoppers with sand and
water. The incisions produced by iron

wheels are smoothed by stone wheels

supplied with water, and are polished

ly wooden wheels supplied with water
and emery-powder, i ntty-powder, pum-
ice, or rouge. For t» graving, the lathes

are usually worked by foot-treadles, and
the wheels are of copper, and in some
cases do not measure more than

J in. in

diameter. In engraving, it is customary
to leave the pattern rough and the

ground clear
;
this arrangement, how-

ever, may be reversed, by polishing the

pattern with leaden wheels supplied
with oil and rouge, and by previously

roughening the ground. (Powell.)

(2) Glass can be cut under water,
with great ease, to almost any shape, by
simply using a pair of shears or strong
scissors. In order to ensure success, 2

points must be attended to—first and
most important, the glass must be kept

quite level in the water while the

scissors are applied ;
and secondly, to

avoid risk, it is better to begin the

cutting by taking off small pieces at the

corners and along the edges, and so

reduce the shape gradually to that

required, as if any attempt is made to

cut the glass all at once to the shape,
as we should cut a piece of cardboard,
it will most likely break just where it

is not wanted. Some kinds of glass cut

much better than others, the softer

glasses being the best for this purpose.
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The scissors need not be at all sharp, as

their action does not appear to depend
on the state of the edge presented to the

glass. When the operation goes on well,
the glass breaks away from the scissors

in small pieces in a straight line with
the blades. This method of cutting

glass has often been of service when a

diamond has not been at hand, for cut-

ting ovals and segments, and though the

edges are not so smooth as might be

desired for some purposes, j'et it will

answer in a great many cases.

Drilling.—(1) For drilling holes in

glass a common steel drill, well made
and well tempered, is the best tool.

The steel should ba forged at a low

temperature, so as to be sure not to

burn it, and then tempered as hard as

possible in a bath of salt water that has

been well boiled. Such a drill will go

through glass very rapidly if kept well

moistened with turpentine in which
some camphor has been dissolved. Di-

lute sulphuric acid is equally good, if

not better. It is stated that at Berlin

glass castings for pumji-barrels are

drilled, planed and bored like iron ones,
and in the same lathes and machines,

by the aid of sulphuric acid. A little

practice with these different plans will

enable the operator to cut and work

glass as easily as brass or iron.

(2) Small, rough, refuse diamonds,
set in the end of a tin tube, make effec-

tive drills for glass.

(3) Richter and Co., Chemnitz, have
a way of impregnating thin German
silver discs (15 to 25 mm. diameter)
with diamond, so that when fitted to a

quickly-rotating tool, these cut through
glass or porcelain in a few seconds, or

effect any desired carving with great

accuracy. With cylinders made on the

same principle, round holes can be

quickly and exactly made. The wear
of the implement, even after much use,

is hardly perceptible.

(4) A simple method of perforating

glass with the electric spark is described

by Fages. The apparatus required con-

sists (a) of a rectangular plate of ebo-

nite, its size, for a coil giving 12 centi-

metre sparks, about 18 centimetres by

12
; (';) of a brass wire passing under

the plate and having its pointed end
bent up and penetrating through the

plate (not farther). This wire is con-

nected with one of the poles of the coil.

A few drops of olive-oil are placed on
the ebonite plate about the point, and
the piece of glass to be perforated is

superposed, care being taken not to

imprison any bubbles of air. The olive-

oil perfectly accomplishes the object of

insulating the wire. One has then only
to bring down a wire from the outer

23ole of the coil, on the piece of glass,
above the point of the lower wire, and

pass the spark. By displacing the glass

laterally, for successive sparks, it is

easy to make a close series of holes in

a few seconds.

Enamelling. —An enamel paint

may be either an exceedingly fusible

glass, covered by some metallic oxide,
and rendered opaque by the presence of

arsenic trioxide, or an equally fusible

transparent glass, mixed with some

opaqvie infusible powder. It is always
applied as a pigment, and is fixed to the

glass background by heat. It is essen-

tially a glass, and by heat should be-

come partially incorporated with the

glass upon which it is painted. There
is little doubt that, in former times,
artists ground up for their paint some
of the self-same glass as that with
which they were glazing their windows.
Paints formed in this manner require
for proper fusion the actual melting-
heat of the glass to which they have
been applied. The pieces of glass back-

ground are therefore usually found to

be injured and distorted when removed
from the kiln. To obviate this defect,
it has become customary to fi.x the

paint by means of a glass very much
more fusible than the glass used for

glazing. Such may be produced by the

addition of a considerable proportion of

borax to the raw material of fluid glass,
or by the diminution of the proportion
of silica in the same glass. One of the

first requirements in a window is that

it shall keep out the weather. Any
decoration, therefore, that happens to

be on the outside of the glass, must be
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able to resist the action of the atmo-

sphere. Internal decoration is at the

same time exposed to the continued

action of the products of human respira-

tion, viz. moisture and carbonic acid, as

Avell as to the moisture always present
in the air. The borax contained in an

enamel paint is rendered anhydrous by
fusion, but after lengthened exposure,
it re-absorbs moisture, and becomes hy-
drated and efflorescent. The efflores-

cence of the borax means the decay of

the glass used to fix the pigment to the

backajround. After efflorescence has

continued for some time, the pigment
begins to flake off, and finally the back-

ground is denuded of ornament. Very

few of the pigments sold at the present
time for the decoration of glass do not
contain borax. The use of such pig-
ments upon work intended to be per-
manent should be carefully guarded
against. Flint -

glass, rendered more
fusible by the reduction of the propor-
tion of silica, is not liable to efflores-

cence when used as a fixative
; care,

however, must be taken, in preparing
the fixative, that the raw materials are

mixed in combining proportions. If

there be an excess of any ingredient,

decay must necessarily follow. A glass
formed according to the formula PbO .

4Si02, which is the same as thatKfi
of flint optical glass, will be found

Fig. 128.

®
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screens, placed one upon the other, with

protruding openings to allow the stoker
to watch the progress of the glass
within

; K, cast-iron casing or muffle,
with iron shelves resting upon ridges

projecting from the sides of the muffle,

upon which the pieces of glass lie
;

the inside of the muffle is always care-

fully coated with whiting, and the
shelves are covered with a layer of

plaster of Paris, in which the glass is

imbedded
; /, openings, allowing the fire

to pass from the grate, and through the
arch A, in siich a manner as to surround
the muffle, and to pass off through /'
into the main flue F

; X, soot-doors.

(Powell, Spons' Ency.)
Engraving.—Plante has suggested

a process for etgraving on glass by elec-

tricity :
—The plate is covered with a

concentrated solution of potash nitrate,

put in connection v/ith ono of the poles
of the battery, and tho design is traced
out by a fine platinum point connected
to the other pole. The results are said

to be of wonderful delicacy. Bound
articles can be treated by adding gum
to the solution to make it adhere.

Etching.—(1) Glass is etched by
hydrofluoric acid, or by hydrofluoric
acid gas. The gaseous acid has the

property of producing a surface which
resembles ground glass in its appear-
ance

;
the liquid acid produces clear

etching. Etching glass, therefore, con-
sists of 2 distinct branches—1st, the

production of a dull image on a clear

surface (when the gas is used); 2nd, the

production of a clear image on a surface

previously ground or dulled by means
of the liquid acid. 1st, the glass plate
to be etched is cleaned and gently
warmed until hot enough to melt wax.
The surface is then covered with an

equable layer of white wax, by rubbing
the wax over it. When cold, the design
is cut out of the wax with a graver.
A shallow leaden trough, about the size

of the plate (but a trifle smaller) is

obtained, into which is placed a small

quantity of finely-powdered fluorspar.
This must be weighed and then gently
sifted over the bottom of the trough.
To every 2 parts by weight of fluorspar

add 3 of good oil of vitriol. Stir quickly
with a wooden stick, and place on the
hob or other warm place. Vapour will

soon rise. Now remove the trough and
cover over with the waxed and graved
plate, wax side downwards. In a very
short time the acid will have etched
the bare portions of the glass. When
sufficiently etched, remove the wax by
melting. Conduct these operations
under a chimney, to carry off the

vapours, as they are very injurious. To

prepare the liquid acid for clear etch-

ing, place 2 parts fluorspar and 3 of

sulphuric acid in a leaden retort, the
tube of which must dip into a leaden
bottle half-filled with water. Apply
heat to the retort as long as the water
will absorb the fumes generated. If
a ground glass be prepared with wax,
as above, and a ledge of wax or putty
be made round it, on pouring the liquid
acid on the plate, clear lines on the dull

ground will result
; or a " flashed

"

coloured glass may, by the same means,
be made to present a colourless picture
on a coloured ground. The sheets of
clear glass may themselves be dulled

by exposing them, without previously
waxing, to the fumes of the acid gas.
N.B.—Hydrofluoric acid produces most

painful and malignant ulcers.

(2) The etching of photographs on

glass is a process little practised by
photographers, and yet some pretty
applications may be made by ornament-

ing globes, vases, and drinking-glasses
in this manner. It is true some glass
is better adapted for the purpose than

others, and that which contains a good
deal of lead is said to be the most suit-

able. Any photographic film is suffi-

ciently thick for protecting the glass
where the etching liquid is not to act,
and designs or pictures may therefore

easily be formed capable of resisting the
action of hydrofluoric acid, which dis-

solves the rest of the surface. Glass
which is faced with a surface of colour
or opal may be worked with great ease,
and the acid coming in contact with the

unprotected surface dissolves away the

facing, and leaves either a design in

transparent glass, or one in colour,
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according as a negative or positive has

been made use of to produce the mask

upon the glass. A dilute acid is em-

ployed for etching in preference to a

strong one, and the time that is required
to dissolve away the surface depends in

great measure upon the character of

the glass itself. A carbon film will suit

very well as a mask, and in this case it

is well to apply the moist solarized

tissue to the glass surface, and develop
the image upon the glass. The image,
under these circumstances, holds very

tenaciously to the glass surface (which
has not been waxed, it must be remem-

bered), and, when dry, the glass object
is transferred to the etching

- bath,

where, if it happens to be a lamp globe,
it is kept slowly revolving. The etch-

ing-bath is made of guttapercha, or

wood protected with sheet-lead, and the

object remains herein until the etching
has proceeded far enough. When this

is the case, the glass is withdrawn,
washed, and then the carbon or other

images removed in any ready manner
that may suggest itself. In the case of

designs or lithographs which it is de-

sired to etch upon glass, a special ink is

employed, which is applied to the sur-

faces to be protected from the action of

the acid. This ink is a thick solution

of asphalte in turpentine, thickened by
means of beeswax and rosin. In this

case, as also in the case of photographs
to be reproduced in ground glass or

colours, it is necessary that the glass
surface to be etched should, in the first

place, be of ground glass or faced with
coloured glass, blue, red, green, violet,

&c., according to desire. The lithogra-

phic ink or photographic film forming
the design then protects the coloured or

ground glass, and the rest of the sur-

face being washed away until the trans-

parent glass underneath comes into

view, there results a coloured or ground-

glass design upon transparent glass.

Frosting.—Make a saturated solu-

tion of alum in water, and wet the

glass with the liquid. It is advisable

to have the glass in a horizontal posi-

tion, as the solution is not likely to

drain nil". The more slowly it is cooled.

the more perfect will the crystals be;

you can with that intention warm the

glass. You may, if you choose, colour

the alum solution with cochineal, and

of course the more solution you use the

thicker you will have the crystals.

Gilding. — (1) Thoroughly clean

the glass, then take some very weak

isinglass size, and while warm float the

glass where you intend the gold to be

laid, with the size and a soft brush ;

then lay the gold on with a gilder's tip,

previously drawing it over the hair of

your head to cause the gold to adhere

to it. Tilt the glass aside to allow the

superfluous size to run away, then let

it dry, and if it does not look sufficiently

solid upon the face, give another layer
of gold the same way. Where the black

lines are to show, take a piece of pointed

firewood, cut to the width the lines are

needed, and with a straight-edge draw
a line with the piece of wood, which, if

made true and smooth, will take the

gold oft' clean, and so square and sharpen

up all the edges, lines, &c. When this

is done, give a coat of Brunswick black

thinned with a little turps, and the lines

will show black, and it will jn-eserve
the gold. Try a small piece first, so as

to get all in order.

(2) The proper flux is anhydrous
borax

;
the real gilding is effected by

the aid of heat. P'or this purpose a

solution of gold in aqua regia (chloride
of gold) is precipitated by potash or

green vitriol—a finely-divided powder
(brown) consisting of metallic gold.

This is washed, dried, and rubbed up
with the flux (anhydrous borax). Mix

the same with oil of turpentine or gum-
water

; apply with a brush. When
heated in the niuftle, the volatile oil

escapes ;
the gum consumed, the borax

melts and firmly attaches the gold to

the surface of the vessel.

(3) 2 gr. of isinglass; new rum, 2

parts ; water, 3 parts. Put the water

and the isinglass into a clean pan, and

let them simmer over the fire for about

an hour
;
add the rum when taken oft"

the fire, then let it cool. Clean the

glass, pour on the liquid, gild with
camel's-hair tip, set the glass upon its
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edge ;
the liquid will run from beneath

the gold, and in less than 20 minutes

you will have a burnished plate. When
dry, rub lightly with fine cotton

;
if

there are any spots not gilded, gild
them. Draw j'our design on paper,

perforate your lines with a needle, put
your paper next the gilded side, with
the reading the wrong way, dust

through the holes with a rag and

whiting, lift off the paper, and you will

find your design marked off. If you
wish the letters left clear black, cut

round the letters with yellow, paint all

over but tlie letters, wash off the gold
with water, then paint all over black.

If you want the letters gold, paint
the letters yellow, and wash oft' the

surplus gold, then paint all over black.

(4) Prof. Schwarzenbach, of Berne,
has recently devised the following
method of gilding on glass :

—Pure chlo-

ride of gold is dissolved in water. The
solution is filtered and diluted until in

20 qt. water but 15 gr. gold are con-

tained. It is then rendered alkaline by
the addition of soda. In order to reduce

the gold chloride, alcohol, saturated

with marsh gas and diluted with its

own volume of water, is used. The
reaction which ensues results in the

deposition of metallic gold and the neu-

tralization of the hydrochloric acid by
the soda. In practice, to gild a plate of

glass, the object is first cleaned, and

placed above a second plate slightly

larger, a space of about
-^^

in. separating
the two. Into this space the alkaline

solution is poured, the reducing agent
being added immediately before use.

After 2 or 3 hours' repose, the gilding
is solidly fixed, when the plate may be

removed and washed.

Ornamenting.—Some ornamental

processes during manufacture are :
—

(1)

Upon the surface of a vessel in course

of manufacture, small drops or seals of

molten coloured glass may be fixed, and

may be pressed by moulds into the form
of stars, gems, &c. (2) A small quan-
tity of molten glass is gatJiered upon
the end of a working-rod, and allowed
to lengthen by the force of gravity ;

the

free end is attached to some point on

the body of a vessel in course of ma-

nufacture, and the vessel is rapidly
rotated

;
thus a thread is evenly coiled

around the vessel. A machine is now
being used for causing the vessel

attached to the blow-pipe to revolve

more evenly and rapidly than can be

effected by the unaided skill of the

workman. (3) If, after the first

gathering, the bulb of white glass be

dipped into a crucible containing
coloured glass, a vessel may be formed
with a coloured casing. In preparing
coloured glasses for casing, great care

must be taken that they shall neither

be harder nor softer than the white

metal, or the vessel formed is sure to

crack. (4) If a bulb of molten glass be

rolled upon variously coloured powdered
glasses, flakes of mica, or leaves of gold,

silver, or platinum, it will adhere to

them, and, by continuous rolling, will

amalgamate with them. Very beautiful

effects of colour may be obtained iu

vessels made from glass prepared as

described. (5) Iridescence, which is

due to inequality of surface, may be

produced by the action of an acid, or of
the fumes of chloride of tin, upon the
surface of glass. The glass, whilst hot,
is subjected to the fumes of chloride of

tin during manufacture. Any acid

process must take place after the glass
is annealed and cold. To effect irides-

cence, weak solutions of hydrofluoric or

hydrochloric acids may be used. In the
latter case, the process takes place in

heated aii'-tight vessels. (6) Glass

vessels may be frosted by plunging
them, whilst still red-hot, into cold

water, and afterwards reheating them.

(7) Etchings in gold-leaf may be intro-

duced into the substance of a vessel in

the following manner :
—The gold-leaf is

floated on to a thin plate of glass, and
etched. The plate of glass is heated,
and a mass of molten glass is dropped
upon the surface of the gold-leaf, and
adheres to the thin plate of glass

through the pores in the gold. The
molten mass may be fashioned in the

glass-house, or by the cutter. (Powell.)
If glass be left in a strong alkaline

solution for some months, the surface
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becomes so eroded that it gives by re-

flected light the colours of the spectrum
in the most brilliant manner. This

effect can be produced by ruling very
fine lines upon glass plates, but those

who have the patience to wait for 3 or

4 months while the glass is in its bath

will be highly pleased with the result,

and there is no patent on the process,
because it is the outcome of an attempt
to explain the iridescence found on

articles of glass which have been buried

for many centuries in moist earth. As
to the solution, strong hyposulphite of

soda will do, but probably the eftects

might be more rapidly produced by
means of caustic potash or soda

;
but

inferentially any strongly alkaline solu-

tion will answer. The common kinds

of glass are more readily attacked than

the hard varieties ;
but for ornamenting

the ordinary blown water bottles and

cast tumblers, basins, and jugs, no pro-
cess can equal the iridescent. The only
drawback is the time. (Mayer.)

Bay's Process for making the new
kind of Glass which is smooth on one

side and rough on the other (^Craquele

Jndien.)
—The roughened surface of the

glass looks as if it was covered with

cracks, and this appearance is obtained

by spreading over the surface of a plate
of glass a thick layer of some flux or

easily fusible glass that has been made
fluid or ]>asty and mixed with coarser

pieces. The glass is then put in a muffle

or an open furnace and strongly heated.

As soon as this flux is melted, and the

glass itself becomes red-hot, it is taken

out of the furnace and rapidly cooled.

This flux or fused glass then cracks oft"

from the other glass which was attacked

by it, leaving numerous depressions in

tlie latter, resembling scales and irre-

gular crystalline forms, crossing and

intersecting each other, and producing

very beautiful effects when the light
falls upon it. This fusible layer is

cooled as rapidly as possible, cither by
a current of cold air or by carefully

sprinkling with cold water. If some

jiortions of the glass are protected from

the action of the flux, tiie surface re-

mains smooth there, in striking contrast

to the crackled portion. This can be
utilized in making arabesque letters,
and other designs on a white or coloured

ground. A similar crackled glass is

made in another way, by strewing a

coarsely-grained flux on a cylinder of

glass while still red-hot, and then

putting it back in the heating furnace
until the flux melts. It is then rapidly
cooled, either by sprinkling water on it

or waving it back and forth. The layer
of melted flux then cracks oft"and exposes
the surface of the glass which has been
oorroded by it. The cylinder is then cut

and spread out in the usual manner.
Benrath has examined a " muslin "

glass from Pivout, Charleroi. The
enamel was very regular and homo-

geneous, and the surface could be readily
cleaned

;
weak acids had no action on

the enamel
;
concentrated nitric acid pro-

duced no change in 3 days ; sulphide of

ammonium, however, gave a greyish

tint, whilst liquid hydrofluoric acid

showed that the enamel was only incor-

porated on the surface of the glass.
The substance giving the " matt " was

very fine and delicate, and of a white

tint, with a brownish-yellow shade ;

dilute acids dissolved out lead oxide and
boric acid

;
hot water had no action on

it. Its composition was—
Silica . . . 42-99

Boron trioxide . 6"2.'3

Carbonic acid . . trace

Stannic oxide . . 7'01

Lead oxide . . 37-78

Ferric oxide . . O-ll

Alumina . . 0-07

Potash . . . 2-95

Soda (by difference) . 2-84

lOO'OO

which represents a mixture of the fol-

lowing ingredients :
—

Sand ... 100

Litharge . . 110

Crystal . . 110

Anhydrous borax . 25

Potash stannate , 25

(^Ding. Pol. Jl.)

Three processes connected with the

ornamentation of glass, porcelain, and
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earthenware, were lately brought before
the Societe d'Encouragement, Paris.

Cacault, of Colombes, prints, on the fine

and hard earthenware of Breil, photo-
graphic impressions, which are fixed at a

single burning. Lacroix, Paris, has pro-
duced pencils like those of graphite, but

consisting of various vitrifiable colours.

A design executed with them on glass,

having the surface slightly dulled,
stands the fire, and becomes fixed, like

a painting on glass. A similar process,
tried on porcelain a few years ago, is

said not to have been successful. Lutz-

Knechtle, a Swiss, decorates glass, cold,

by his composition, made of a solution

of silicate of soda or potassium, with the
addition of zinc-white or ultramarine.
The colours are applied by means of a

stamp or roller, dry quickly, and stand

washing. The surface ofthe glass is fii-st

finely ground, and any design is then

painted on it with a mixture of anhy-
drous boracic acid, gum, and water.
When dry, it is exposed to a temperature
at which the boracic acid fuses, and im-

parts to those portions of the glass the
usual lustre, and thus fixes the drawing.
By mixing various metallic oxides with
the boracic acid, designs in colour may
be produced. (Dode.)

The surface to be ornamented is

covered with a sensitive varnish, and
the design, being made transparent, is

laid on the varnish, and the light is

allowed to act on the sensitive film

through the picture. After sufficient

exposure, the picture is removed, and
colours are applied in the following
manner:—The finely-pulverized pig-
ments or enamels are taken up (in a dry
state) by a brush applied to the parts
where they are required, which can be

clearly distinguished in the layer of
varnish on the article. The colours or

enamels adhere more or less according
to the degree to which the adhesiveness

of the varnish has been affected
;
that

is to say, according to lights and shades

in the design to be reproduced, or ac-

cording to whether the varnish has

hardened more or less. The varnish

may be composed of yellow gelatme,

gum-tragacanth, and quince-seeds mixed

with rain-water, and chrome salts, such
as potash bichromate, added, to sensitize

it. The composition of the varnish for

normal conditions may be—
Filtered water . . . oOO ])arls
Gelatine 1

j,

Gum-tragacanth .... 10
,,

Quince-seeds .... 3
,,

Chrome salt (in crystals) 40 .,

If the atmosphere is very dry, the quince-
seeds may be replaced by sugar, glucose,
or honey ;

or these may be used in addi-
tion. The proportions are merely ap-
proximate, as the exact preparation will

have to be varied according to the con-
ditions of the light, the degree of dry-
ness of the air, and other conditions

;

but practice will readily suggest what
is requisite to those skilled in kindred

processes. When the oxides have been

applied, they are protected by a coat of
thick turpentine, such as is known in

France as tercbenthine grasse, attempted,
if required, by common turpentine, and
the other superfluous parts of the varnish
removed by immersion for 24 hours

(more or less) in water acidulated witji

vinegar or other acid, say pure acetic or

hydrochloric. The strength of the bath

(viz. the proportion of acid therein)

may be varied within reasonable limits,
and determines the length of time which
the immersion has to last. The more
acid in the bath, the shorter the immer-
sion

;
the weaker the bath, the longer

the immersion has to be. The object
is then dried, touched up, and further

coloured with metallic oxides, if desired,
and fired in a kiln. Copies of works of

art and the like, such as portraits on

glass (whether seen by transparency or

by reflection), and either fired or not,
whether they are drawn from nature or

a copy of photographs, or of other

design, are with advantage produced by
making 2 or more facsimile copies as

above described^the copies being exactly
fitted one over the other ;

2 copies,
whereof one at least is transparent, are

sufficient in most cases. Upon one ofthese,
the enamels, metallic oxides, or other

suitable colours, may be applied, or it

may be touched up after the colours are
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fired
;
the second copy is placed over

the coloured one, so that all details and
contours register exactly in both pictures,
and consequently appear as a single

image to the eye. The 2 copies are

united, especially, if on glass, fired with
a flux applied at the edges, so that the

2, being fused together, form a single

piece ;
this may also, when practicable,

be eflected by the firing which fixes the

colours. The manner of uniting the

plates by the interposition and fusion

of a flux is the one which is preferable.
\Vhere a simple ornamental design, or

ornamented surface without figures, is

desired, it can be obtained upon glass
and other articles by applying a varnish

composed of asphaltum, pitch, or an

equivalent material, dissolved in spirits
of turpentine, to which sulphuric ether

is added. The plate is then dried, and
the design is ajijilied ;

the plate is next

treated with fluoric acid and water,
mixed in suitable proportions, then
washed in water, and the varnish is re-

moved, as will be readily understood.

This manner of proceeding produces

})lates which have a " frosted
"

or
" crackled

"
appearance ;

that is to say,

they appear as if covered by numerous
vein-like grooves or marks. The varnish

for this purpose may consist of—
Asphaltum .... 100 parts

Spirits of turpentine. . 50
,,

Sulphuric ether ... 50 „

These proportions may vary consider-

ably, and according to their variation

will produce a different design. The

sulphuric ether may be replaced by
light naphtha or by benzoline. The

cwmponent parts of the varnish do not

enter into chemical combination, but

merely become mechanically mixed. The
mixture is applied to the article by
means of a brush or a pad, similarly to
"
stippling." By this means, the non-

volatile fatty component parts of the

varnish adhere in flakes or patches to

the article, and protect it, and the fluoric

acid attacks only the parts not so pro-
tected, and thereby the design is pro-
duced. (Micciullo.)

The exceedingly delicate coloured

photographs on glass, which have come
into fashion somewhat of late, are pro-
duced by fixing a paper photograph
upon a cushion-shaped glass with trans-

parent cement, and when it is dry,

rubbing away two-thirds of the thick-

ness of the photograph by sandpaper.
The thin film left is then rendei'ed trans-

parent by soaking in melted paraftiu

wax, after which transparent colours

are applied, which appear softened down
when looked at from the front. The

background and heavier portions of the

picture are then painted in body colour

upon the face of another cushion-shaped

piece of glass, which is afterwards fixed

behind the first one. An improvement
in this process has just been made by
Mrs. Nelson Decker, daughter of the

late C. F. Varley, F.R.S. She has dis-

covered that the second sheet of glass

may be abolished, a better artistic eflect

be produced, and the picture rendered

more permanent, by protecting it from
the action of the air and deleterious

gases by wholly embedding in paraflin.
She does this by quickly dipping the

photograph into paraflin a second time
after the transparent colours have been

applied, and painting the heavier colours

upon the back of this second coat. A
third layer of paraffin is then applied,
and the background is painted upon
that

;
this third coat may be finally

protected by yet another layer of

paraffin. Some practice is necessary to

acquire the " knack "
of doing this

efficiently. It must be done rapidly

enough not to re-melt previous layers,
and the plate must, after each dipping,
be quickly tilted on end in such a

manner that the paraflin does not run
into ridges and thickened lines, but
forms an even coating. {Engineer.)

Protecting.—(1) In chemical la-

boratories it is customary to put a coat-

ing of clay on glass vessels that are to

be exposed to a temperature that would
soften or melt the glass, or where they
are liable to be broken by draughts of

air. Sometimes cows' hair or asbestos is

mixed with the clay to strengthen it.

Although this mass is cheap, it is liable

to fine checks and cracks, or it scales
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off, which frequently causes the glass

to break. The disadvantages referred

to can be entirely overcome by mixing

lip the materials with a little glycerine.
This cheaply and easily prepared mass

is thus rendered very easy, to apply,

always retains its desired softness, and

never cracks nor checks. {Gewerbe-

blatt.)

(2) I have recently been using, with

better results, a mixture of infusorial

earth and water-glass, which, if pro-

perly applied, will last for weeks, and

hence is not expensive, while it protects
and strengthens the vessel to such an

extent that I have, for the sake of ex-

periment, heated thick but cracked

retorts that were protected in this way
to 400° or 500° C. (932° F.) when ex-

hausted almost to a vacuum, and yet

they did not break or collapse. It is

important to make this mixture so that

it shall form a soft and somewhat elastic,

but not liquid, paste. A mixture of 1

part by weight of infusorial earth with

4 or 4J of water-glass will fulfil this

end approximately ;
the exact propor-

tions cannot be given, because commer-
cial watei'-glass differs in strength, and

the infusorial silica is not always dry.
The part of the vessel to be protected is

covered i to |
in. thick, and dried at not

too high a temperature ;
it is better to

dry in a drying closet or on a support
over the stove. If the temperature is

too high at first, it will cause air bubbles

in the mass, and it is not so good then.

It can be dried by swinging it back and

forth over a flame, the bubbles being

prevented by pressing them out. If a

crack appears, it is plastered over with

more of the mixture, and allowed to dry

again. If some parts of the vessel are

to remain transparent, they may be

protected by water-glass alone, by apply-

ing several thin coats, and letting each

dry before putting on the next. The
same mass can be used to cover gas

retorts, furnaces, stoves, and walls, just
as well as for glass and porcelain utensils.

(Schaal.)

Roughening.—This may be pro-
duced by the recently-invented sand-

blast process, based upon the principle

that if a stream of sand be made to fall

through a vertical tube open to the air

at the top, and the falling sand and air

be received in a suitable closed vessel

below, a jet or current of compressed
air can be obtained. The entire surface

of a vessel may thus be roughened, or,

if parts are protected by a suitable

medium, only the exposed portions will

be abraded. By this means, very deli-

cate patterns may be produced. Glass

may be etched by the action of hydro-
fluoric acid, either in solution or in the

form of gas. The variety in depth of

incision, which gives the chief beauty
to engraved glass, cannot be gained by
either of these processes.

Spun.—To make fine glass thread,
the glass is brought to a state of fusion,

a glass rod is dipped in it, and thus a

thread is pulled out, whicli solidifies

first in its thinnest parts, and so causes

a uniform thickness to be obtained. If

this thread is placed over a hot metallic

cylinder, and the latter is revolved, any

length of thread may be obtained, and

finer by revolving the cylinder more

rapidly. The heating of the cylinder
has the eflect of annealing the glass to

some extent, while the rapid cooling, if

wound on a cold cylinder, would make
it more brittle. A bundle of such

threads looks like a bunch of silk, and it

has therefore been called glass silk. It

is largely used for filtering liquids in

laboratories. In the microscope, the

threads are as fine as those of silk or

fibrillaj of cotton; they break more

easily than the latter, but are excessively

supple. From the unalterability of the

substance, it is very well suited for

filtering acid or alkaline solutions, even

concentrated, and various other sub-

stances, such as nitrate of silver, albu-

men, collodion, Fehling's liquor, &c. It

affords great rapidity of flow, with good

filtration; it does not, like filters of

paper or tissue, communicate organic
matters to the liquids, altering and

perhaps giving them a disagreeable
taste. It is much preferable to as-

bestos, which, from the arrangement
of its parallel fibres, cannot be formed

into a fle.^ible ball, and which lets frag-
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mcnts pass that float in the liquid. For

analysis it is very advantageous, allow-

ing of a ready determination of insoluble

matters deposited ;
also by calcination

and fusion of the glass may be found the

volatile principles fixed in the passage
of the liquid, unmixed with empyreu-
matic products. Notwithstanding the

price of glass silk is still high, it is no

great expense to use it, as its excessive

lightness admits of a considerable

number of filtrations being made with a

small weight of it
; besides, it may

serve an indefinite time, if after each

operation, it is thoroughly washed with
water and dried in the air.

Stoppering.—In stoppering a bot-

tle, there are 2 processes : (1) The
mouth of the bottle is opened to the

required size by a steel cone revolving
in a lathe

; (2) the stopper is fixed in a

wooden chuck, reduced to proper di-

mensions, and finally ground into the

mouth of the bottle.

Writing on.—(1) Ether, 500 gr. ;

sandarac, 30 gr. ; mastic, 30 gr. Dis-

solve, then add benzine in small quan-
tities, till the varnish, spread on a piece
of glass, gives it the aspect of roughened
glass. The varnish is used cold. To
have a homogeneous layer, pour over
that already formed some oil of petro-
leum, let it evaporate a little, then rub
in all directions with cambric cloth till

all is quite dry. With ink or lead pen-
cil, lines can be produced on this surface

as fine as may be desired. Thus a

drawing may be prepared in a few
minutes and immediately projected.

(Crova.)

(2) The glass is to be first gently
heated at a spirit lamp or gas flame,
till steam ceases to be deposited on it,

up to 112° or 140° F. (44° to 60° C).
Then a particular varnish should be

poured upon it, as is done in photo-
graphic operations with collodion. This
varnish is composed of 51 dwt. alcohol,
Gl gr. mastic in drops, and 122 gr.

pounce. The resins are dissolved by
being heated in a hot water bath, the
whole being in a flask corked and
fastened. The solution is afterwards
filtered. The varnish is very hard, and

becomes brilliant and completely trans-

parent. If it is poured on the cold glass, it

becomes opaque and absorbs ink. Draw-

ings may be executed upon it with
common or Indian ink. Then a thin

layer of gum is put upon it by dipping
the glass in a very diluted solution of

gum or any other non-alcoholic coating.
This process might be advantageously

employed instead of labels on bottles in

laboratories, and for making figures on

glass, and perhaps for tracing drawings,
which might thus be reproduced by
photography. (Terquem.)

(3) A mixture of flour, ammonia

hydrate,and hydrochloric acid, thickened

with gum acacia, forms an ink by which,
with a pen, letters or ornaments may be

traced on glass, where they will become

permanent.
(4) Faber makes pencils for writing

upon glass, porcelain, metal, &c., as

follows:—Black: 10 parts lampblack,
40 white wax, 10 of tallow. White:
40 white-lead, 20 wax, 10 tallow. Blm :

10 Berlin blue, 20 wax, 10 tallow. Bark
Blue : 15 Berlin blue, 5 gum-arabic, 10

tallow. Yellow ; 10 chrome-yellow, 20

wax, 10 tallow.

Q-OLD.—Gold is one of the most

widely distributed metals, and occurs

almost always in the native state under
3 separate conditions—(1) as free gold
in ancient and modern alluvial deposits ;

(2) encased in non-metalliferous rocks,

chiefly quartz ;
and (3) associated with

the sulphides and arsenides of other

metals, principally iron and copper,
more rarely lead and antimony. These

3 conditions of occurrence determine the

mode of extraction. In the case of

(1), advantage is taken of the great

sp. gr. of the metal to separate it by
more or less complicated washing pro-
cesses in water

;
in the case of (2), the

rock requires to be crushed to a gritty
or even pulpy consistence before the

washing operation can be entered upon ;

while in the case of (3), both the

crushing and washing are brought into

requisition in order to liberate the gold-

holding part of the mass of ore, and

this comparatively small proportion of

the whole is subjected to chemical or
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metallurgical treatment for the purpose
of isolating its metallic contents, with
which the goM is associated. This last-

mentioned treatment varies with the

nature of the metalliferous mass, and
will be found described under the heads

of the various other metals concerned.

When the gold is by these means ren-

dered independent of its former asso-

ciated baser metals, it is in a condition

which admits of its recovery by agi-

tating the mass with mercury, which
has a great affinity for gold, and rapidly
forms an amalgam with it. The mer-

cury is then distilled off for re-use, and
the gold thus obtained is sent into the

market. It always contains more or

less silver, and has to be sixbjected to an

operation known as "
parting," which,

however, is only done in the refinery
where the metal is worked up. The

proportion of silver present is ascer-

tained by assay, and governs the market

price per oz. of the commercial metal.

Eefining.
—The object sought is the

removal from the gold of every particle

Fig. 130.

ing the silver and gold together in a

coke furnace. The alloy thus made is
"
granulated," by ladling it out of the

melting-pots and pouring it into a vessel

of water. The alloy or "
parting metal "

is then in a physical condition favour-
able for the action of the acid upon it.

The acid portion of the operation is

technically termed "
parting."

When sulphuric acid is used as the

solvent, the plant employed is that re-

presented in Figs. 130, 131. The grauu-

of foreign metals, such as silver, copper?
lead, antimony, which may be present-
The process depends upon the solubility
of these metals in certain hot acids

which have no solvent action upon gold.
When the operation is conducted on a

large scale, with plenty of space for the

requisite plant, concentrated sulphuric
acid (oil of vitriol) is the acid emploved ;

but under other conditions nitric acid

is used. At some establishments, both
the sulphuric acid and the nitric acid

processes are used, according to circum-

cumstances, but generally only one or
the other of them. Neither of these

acids, however, will by any length of

boiling remove from the gold the silver

which it contains in small proportion ;

to enable the acid to dissolve it, the

proportion of silver has to be greatly
increased. The first thing, therefore,
done with the gold is to alloy it with
3 times its weight of silver, which con-

tains a limited proportion of copper.
This process is technically termed
"
quartation," and is effected by melt-

Fig. 131.

i
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lated alloy is introduced into a hemi-

spherical cast-iron pot a, about 2 or

2| ft. in diameter, which is heated by a
fire beneath, and provided with a flat

cover of sheet-lead b, having 2 openings
near its front part (the side nearest the
workman's platform c). The smaller of

these openings, provided for the intro-

duction of a siphon, has usually a re-

movable cover
;

the other, a larger
opening used for the introduction of the

materials, is usually furnished with a
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hinged cover. There is also, proceeding
from the back part of the leaden cover-

ing, a pipe d, made either of lead or

platinum, the use of which is to convei^

away the vapours generated in the pro-

cess. The alloy having been thrown in,

oil of vitriol is added in some excess of

the quantity known to be requisite i'or

the solution of the metals in the alloy,

and heat is applied. The sulphuric acid

is heated to boiling, and after about

1 hour's heatiug, the solution is usually

complete, the foreign metals are dis-

solved, and the gold lies at the bottom

of the pot in a powdery condition. The

reaction which takes place is this : half

the sulphuric acid necessary for the

solution of the metals is decomposed,

giving 1 of its 3 atoms of oxygen to

them for their oxidation, thus reducing
tliis proportion of the acid to the con-

dition of sulphurous acid, which is

evolved in the gaseous state ;
the other

half of the acid necessary for the solu-

tion combines with the metallic oxides

thus formed to produce silver, copper,

lead, (Sjc, sulphates. The acid used

being in excess, the liquor is still acid.

Abundant and dense white acid fumes

are evolved
; they consist of steam, sul-

phuric acid vapour, and sulphurous acid.

When the solution is complete, and the

gold has subsided to the bottom of the

iron pot, the liquor is ladled, or, by
means of a platinum siphon, drawn off

into water coiitained in a lead-lined

tank e, which is furnished with a wooden
cover /, in some works completely, and

at other works imperfectly. In the

former case, a hole in the cover is pro-

vided, through which the long arm of

the siphon is introduced. The tem-

perature is now raised by the injection
of steam through the pipes g. In this

tank the diluted solution remains for

about 3 hours. Being left to rest for a

time, a deposit of lead sulphate, &c.,

occurs, and then the clear solution is

drawn off by a tap near the bottom into

another vessel or tank h, lined with

lead, and containing sheets of copper ;

this tank is uncovered. The liquor, as

it runs from the tank e, is of a blue

colour, due to the copper sulphate it

contains. The object of the copper is

to decompose the silver sulphate in

solution, the result of the action being
the solution of the copper with the
formation of copper sulphate, and the

deposition of the silver of the silver sul-

phate in a powdery condition. The
solution of copper sulphate is run off

into appropriate tanks, and the silver,

being removed, washed with water, and

pressed in a hydraulic press, is melted
into ingots of pure silver. The gold
taken out of the iron pot is not, how-

ever, even now absolutely free from
silver. Hence, to remove the last traces

of this metal, the gold in the powdery
condition is boiled again in a smaller

pot with more oil of vitriol, the heating

being continued for 2 hoiirs. At small

works, this boiling is effected in the

same pot as the first boiling. The gold
is then washed with hot rain or dis-

tilled water, fused with soda bicar-

bonate in a graphite crucible, and sub-

sequently melted into ingots. The
solution of copper sulphate has now to

be dealt with. It is therefore trans-

ferred to a lead-lined tank, heated by a

fire beneath, where it is evaporated
down, and from which it is transferred

into cooling-vats to crystallize. The
crude salt is again dissolved and recr)-s-
tallized to prepare it for sale. The
rooms in which all these operations are

conducted are usually lofty and capa-

cious, and ventilated by louvres at the

roof.

In the nitric acid method, the granu-
lated alloy is introduced into a platinum
vessel of cylindrical form, like a show

tea-canister, and 18 to 24 in. high, with
a wide, short-necked opening at the top,
into which a stoneware pipe can be

fitted to carry off the fumes generated in

the process, and another opening fitted

with a cover, by means of which the

solution is at the end of the operation

poured off. At some works, the platinum
vessel is provided with a short spout,

through which the solution is poured
out, and the vessel itself is furnished

with pivots at the sides, which work

upon iron supports, so that it may be

tilted up to empty the liquid matters.
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The gold alloy having been introduced

and the nitric acid added, heat is applied

below, either by a coke fire or by the

flame of gas. At works in Sheffield

where the nitric acid parting is per-
formed on a small scale, large glass

flasks, heated each upon a separate sand-

bath, are used instead of platinum vessels.

The operation of solution of the foreign
metals occupies about 6 hours, during
which time acid fumes are being given
off. Part of the nitric acid is decomposed
to o.'cidize the metals, with evolution of

nitrous fumes, part unites with the

oxides to form nitrates, and part comes
off with watery vapour as nitric acid.

Acid fumes are given out during the

whole process of solution
;

but the

nitrous fumes are most abundant in

the earlier part of the process, and nitric

acid fumes at the latter part. Acid

fumes also rise when the contents of

the platinum or glass vessel are poured
out. The solution of the nitrates of

silver, &c., poured from the platinum
vessel or glass flask, is submitted to the

decomposing action of copper in ajJ-

jjropriate wooden vessels, and the solu-

tion of copper nitrate produced is reduced

by iron or is sold to chemical manu-
facturers who may require it

;
or the

impure silver solution is evaporated
down, and crystallized and recrystallizod
so as to obtain silver nitrate in a suffi-

ciently pure state for sale.

It is quite practicable to obviate

nuisance, whichever process of "
part-

ing
"
may be in use. As respects the

.«;ulphuric acid process, the more essential

requisites for the attainment of this

object are efficient means of drawing off

the vapours from the pot and the

tank d, and proper means of disposing
of them when drawn off. The draught
of the chimney of the works may be

used as the agent for the aspiration, or

a jet of steam may be thrown into some
convenient part of the pipe which
conducts the vapours away, or the

chimney draught may be aided by the

steam jet. But the adaptability of the

steam jet will in part depend upon the

method of condensing the vapour which
is preferred at the individual establish-

ment. At Rothschild's and at Raphael's
refineries, the acid vapour is condensed

by means of cold, the object being to

recover the evolved sulphuric acid as

little dilute as possible. The method

adopted is virtually the same at these

two establishments. The arrangements
for the first part of the condensation at

Raphael's works are represented in

Fig. 131. The pipe d is bent downwards
towards the floor of the works, and in

this vertical part is jacketed, cold water

flowing through the jacket i. This

pipe terminates below in a leaden pipe/,
about 16 in. wide and 20 ft, long, which
lies horizontally in a trough of cold

water. From this pipe any uncondensed
fume passes into a leaden chamber, 10 ft.

long, 4 ft. wide, and 5 ft. high, having
8 curtains arranged within it, so that

the fume must pass alternately up and
down in the chamber while traversing
it from one end to the other. It is now
conducted by a long pipe arranged round
the interior of the workroom to a

series of 3 leaden scrubbers, each about
6 ft. high by 3 ft. wide, and filled with

large coke, which scrubbers the fume
enters alternately at the bottom and
the top, and, from the last of which, un-
condensed gases pass away to a chimnev
145 ft. high. At Rothschild's works
there are no fewer than 12 leaden

chambers distributed about the works,
and in the cellars, as room could be

found for them, each 6 ft. square ;
the

fume has to pass through the whole

series, and finally through 3 coke
scrubbers similar to those in use at

Raphael's works, on its way to the

chimney, which is about 200 ft. high.
The acid collected in the various parts
of these condensing arrangements is

strong enough to make it worth while
to concentrate it for use again in the

iron pot (or about 60° Beaume). The
concentration is effected at both the
works mentioned by means of a cast-iron

still with a leaden or platinum lining,
and it is with a view to economy of

acid and the iitilization of the acid saved

that the method of condensation de-

scribed has been adopted. The sulphurous
acid gas which passes into the chimney

R 2
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is discharged at too great an elevation

to be any nuisance. At Eothschild's

worlis, the tank c is closely covered

down, and a pipe conveys the acid fume
drawn off from it first through a con-

densing pipe surrounded with cold water,
and then into the leaden chambers

;
it

is in fact dealt with first in the same

way as the fumes from the iron pot.
In another establishment, the acid fumes
from the pot, drawn off by means of a

steam jet, are driven into a lead-lined

covered tank filled with cold water,
which effectually arrests the sulphuric
acid

;
the uncondensed gases pass off

from the tank into the chimney of the

works. In another case, the acid fume,
first passed through a leaden pipe im-

mersed in a trough of cold running
water, is conducted through a small

leaden chamber or scrubber packed with

coke kept constantly wet with water,
the aspirating force being the chimney
draught. At both these last-mentioned

establishments a use is found for the

dilute sulphuric acid thus obtained, and
nuisance is cjuite avoided. Over-heating
and too violent boiling in the iron pot

may be avoided by duly careful working.
The escape of acid during the removal

of gold from the large to the small pot
is avoidable by waiting until the large

pot has sufficiently cooled down, and

by taking care that the small pot is not

much heated before the gold is trans-

ferred to it. Where the same pot is

iised for both boilings, the fire should

be drawn ^ hour before the solution is

ladled out and fresh sulphuric acid is

added. At Rothschild's refinery, a pro-
vision against nuisnnce from the acci-

dental evolution of acid fumes from the

pot into the atmosphere of the work-

shop, is made by enclosing the part of

the apparatus where the pot is situated

within a leaden closet or hood k. It

is glazed on one side for the admission

of light, and is open on the side next

the working platform. From the top
a wide pipe conducts away fume which
rises into it to one of the leaden con-

densing chambers already described.

It is to the advantage of the refiner

to save as much as possible of the nitric

acid evolved during the nitric acid

process. At Johnson and Matthey's
works this is effected by carrying the

stoneware pipe attached to the mouth of

the platinum vessel into a capacious
stoneware jar, shaped like a chemist's

Wolffe'i; bottle, and from this by long
stoneware pipes placed vertically and

rising to the roof of the chamber, and
then bent downwards, to 2 other

similar bottles. In these bottles the

greater part of the acid condenses and

is collected. So much of the nitrous

acid as is not condensed with the nitric

acid is conducted by a pipe proceeding
from the last bottle to the back part
of the ashpit of a coke fire, which
is always in use and well kept up.
Nuisance is thus avoided. (Dr. Ballard's

Report.)
Rossler improves on the sulphuric

acid process by allowing the sulphuric
acid sojjilion of silver to crystallize,
with addition of a little water. The

yellow crystals of silver sulphate are

then put into water, and metallic iron

is gradually added, by which all the

silver is precipitated, but the copper
remains in solution. The impurities
introduced with the iron are removed
in the slag on fusion, and the silver is

purer than when the copper is deposited
with it.

Coinage gold, not containing more
than

-j^ silver, is generally refined by
Willer's chlorine process, which consists

in melting the gold in a clay crucible

glazed inside with borax, and passing
chlorine gas through the liquid metal
from a clay tube

;
the silver is attacked

immediately by the chlorine, and rises

to the surface as chloride, while the

chlorides of other metals present (e.g.

antimony, arsenic, bismuth, zinc) are

volatilized, leaving the gold pure, except
about 3 to 9 parts of silver per 1000.

On the top of the fused mass in the

crucible is put a layer of melted borax,
which prevents volatilization of the

silver chloride. Absolutely pure gold

may be prepared by Rossler's process

just described, or by the following
method :

—The alloy is dissolved in aqua-

regia, and concentrated to drive off the
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nitric acid
;
after diluting with water,

and iiltering, the metallic gold is ^jre-

cipitated by a reducing agent, ferrous

sulphate (FeSO^) being commonly em-

ployed. Another good reducing agent
is oxalic acid

;
on adding a little oxalic

acid and an excess of potassium carbonate
to a gold solution, a clear solution is

produced, which decomposes on further

addition of oxalic acid, and precipitates
the gold when quickly heated to boiling.
The character of the gold varies with
the mode of precipitation, thus :

—
(1)

The gold is obtained in very fine powder
when the gold solution is poured into

the ferrous sulphate sohition
; (2) it is

scaly and more lustrous when the ferrous

sulphate is poured into the gold solu-

tion
; (3) it forms a fine yellow spongy

mass when precipitated by oxalic acid.

It is rendered compact and coherent by
fusion with borax and nitre.

The physical properties of gold render

it one of the most useful metals. Whilst

resisting the action of oxygen and of

water at all temperatures, its divisibility
is such that 1 gr. can be made to coat 2

miles of fine silver wire
;
and its extreme

ductility and malleability are shown by
the fact that 1 gr. can be hammered
out to cover an area of 56J sq. in., or so

that 280,000 leaves are required to make
a thickness of 1 in.

;
and its wire can be

drawn so tine that 1 gr. will make
700 ft. It is insoluble in all simple
acids but selenic, and it suffers no change
when fused with potash chlorate

;
but

it is attacked by nitrates and alkalies,
and dissolves readily in any acid liquid

evolving chlorine (e.g. aqua-regia). Its

sp. gr. is 19*265, and its fusing-point is

placed by different authorities at 1898°
to 2517° F. (1037° to 1381° C).

The reader desiring more detailed in-

formation on "gold-mining" is referred

to A. G. Lock's ' Gold : Its Occurrence
and Extraction.'

INDIUM.—This metal occurs in

very small proportions in some zinc-

blendes. It is best ])repared from
metallic zinc from Freiberg, Saxony,
which contains about -^ per cent., in

the following manner :
—The zinc is

almost completely dissolved in hydro-

chloric acid, and, after standing 2 or 3

days, the indium is precipitated on the

zinc remaining undissolved. The in-

dium powder is washed off the zinc,
and a few drops of dilute sulphuric acid

ai'e added to dissolve any basic zinc

chloride formed
;

the spongy metal is

well washed with hot water and treated

with nitric acid
;

the unfiltered acid

solution is boiled with excess of sul-

phuric acid till all the nitric acid is

driven off; the solution is filtered, the

residue is well washed, and large excess

of ammonia is added to the filtrate
;

the cadmium, copper, and zinc mostly
remain in solution, while all the in-

dium, iron, and lead are deposited ;
this

latter residue is well washed, dissolved

in a little hydrochloric acid, treated

with excess of hydric-sodic sulphite,
and boiled till sulphurous acid fumes
cease

;
the pi'ecipitate formed is indium

sulphite, which is purified by solution,
and boiling in sulphurous acid

;
the

pure salt decomposes when strongly
heated, leaving a residue of indium

oxide, which can be reduced to metal
either by ignition in a current of

hydrogen or by fusioa with sodium.

The latter plan is the better for dealing
with any quantity, and is thus carried

out:—The finely-divided oxide is packed
in alternate layers with thin slices of

sodium in a jjorcelaiu crucible, and
covered with a thick coat of anhydrous
sodium chloride

;
the porcelain crucible

and its contents are put into a covered
Hessian crucible, and gently heated till

the reaction is complete, when the tem-

perature is increased to moderate redness;
the brittle alloy obtained is boiled several

times in water, washed with alcohol

and ether, and re-fused under potassium

cyanide ;
the last traces of sodium are

removed from the regulus by throwing
it, in small pieces, into fused soda

carbonate, when the indium is obtained

pure. It is a malleable metal, softer

than lead, of a white colour, and non-

crystalline ;
it dissolves rapidly in

nitric acid and slowly in hydrochloric
and dilute sulphuric ;

it has a sp. gr.
of 7-42, melts at 349° F. (176° C), and
retains its lustre even in boilinsr water.
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IRIDIUM.—This valuable metal
occurs pretty abundantly in platinum
and osmium alloys, forming 27 to 77

per cent, of the mineral platiniridium,
and 53| to 58 per cent, of osmiridium.

The preparation of pure iridium has

been made a specialty by Johnson and

Matthey, the well-known refiners and

assayers, and is thus described by G.

Matthey, F.R.S. :—
The metal is prepared with the object

of being used in iridio-platinum alloy,

consequently it is not necessary to free

it from platinum, and the process is

devoted only to the removal of all other

impurities. In practice, the purest
iridium which can be obtained from its

ordinary solution (deprived of osmium

by long boiling in aqua-regia, and pre-

cipitated by ammonium chloride), will

almost invariably contain traces of

platinum, rhodium, ruthenium, and iron.

Such iridium, in a fine state of division,
is fused with 10 times its weight of

lead, keeping it in a molten state for

some hours
;

the lead is dissolved out

by nitric acid, and the residue is sub-

jected to prolonged digestion in aqua-

regia, yielding a crystalline mass com-

posed of iridium, rhodium, ruthenium,
and iron, in a condition suitable for

further treatment. By fusion at a

high temperature with an admixture
of potash bisulphate, the rhodium is

almost entirely removed, any remaining
trace being taken lap together with the

iron in a later operation. The iridium,
so far prepared, is melted, with 10 times

its weight of dry caustic potash and 3

times its weight of nitre, in a gold pan
or crucible, the process being prolonged
i'ur a considerable time to effect the

complete transformation of the material

into potash iridiate and ruthenate, as

well as the oxidation of the iron
;
when

cold, the mixture is treated with cold

distilled water. The potash iridiate, of

a blue tinge, will remain as a deposit
almost insoluble in water, more especially
if slightly alkaline; the iron oxide also

remains. The precipitate is well washed
with water charged with a little soda

hypochlorite and potash till the washings
are no longer coloured

;
then several

times with distilled water. The blue

powder is mixed with water strongly

charged with soda hypochlorite, and
allowed to remain for a time cold

;
then

warmed in a distilling vessel, and finally

brought to boiling-point until the dis-

tillate ceases to give a red colour to

weak alcohol acidulated with hydro-
chloric acid. The residue is again
heated with nitre and potash-water

charged with soda hypochlorite and

chlorine, until the last trace of ruthe-

nium has disappeared. The blue powder
(iridium oxide) is re-dissolved in aqua-

regia, evaporated to dryness, re-dissolved

in water, and filtered. The dark-coloured

solution thus obtained is slowly poured
into a concentrated solution of soda,
and mixed with soda hypochlorite ;

it

should remain as a clear solution with-

out any perceptible precipitate, and,
when subjected in a distilling apparatus
to a stream of chlorine gas, should not

show a trace of ruthenium when hydro-
chloric acid and alcohol are introduced

into the receiver. In this operation
the chlorine precipitates the greater

part of the iridium in a state of blue

oxide, which, after being collected,

washed, and dried, is placed in a por-
celain or glass tube, and subjected to

the combined action of carbon oxide and

carbonic acid, obtained by gently heating
a mixture of oxalic and sulphuric acids.

The iridium oxide is reduced by the

action of the gas, leaving the iron oxide

intact
;
the mass is then heated to red-

ness with potash bisulphate (which will

take up the iron and any remaining
trace of rhodium), and after subjecting
it to many washings with distilled

water, the residue is washed with

chlorine water to remove any trace of

gold, and finally with hydrofluoric acid

in order to take out any silica which

might have been accidentally introduced

with the alkalies employed, or have

come oft' the vessels used. The iridium,
after calcination at a strong heat in a

charcoal crucible, is melted into an

ingot ;
and after being broken up and

boiled in hydrochloric acid, to remove

any possible trace of iron adhering to it

through the abrasion in breaking up,
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should possess, if perfectly pure, a

density of 22'39
;
but as iridium, pre-

pared even with the utmost care, will

still contain minute though almost in-

appreciable traces of oxygeu, ruthenium,
rhodium, and possibly iron, the highest

density attained by Matthey was 22-38.

Deville et Debray's method of puri-

fying unrefined iridium is as follows :
—

The metal is ignited with barium nitrate,
and the mass is treated with water,
when the residue consists of iridium

oxide and barium osmate
;
this is boiled

with nitric acid to remove the osmium,
which volatilizes as tetroxide

;
the iridium

oxide is precipitated from the residual

solution by baryta, dissolved in aqua-
regia, and then thrown down as iridio-

ammouium chloride
;

on ignition, this

yields spongy iridium, containing small

quantities of platinum, ruthenium, and
rhodium

; ignited with potassium nitrate

and treated with water, potassium ru-

thenate is dissolved ;
the residue, fused

with lead, gives a regulus, which, treated

with nitric acid and aqua-regia, affords

the pure metal.

Compact iridium is oxidized when
heated with acid potassium sulphate, or

in presence of fused alkalies; when
pure, it is not attacked by aqiia-regia,
but dissolves when alloyed with much
platinum ;

it is slightly volatile, but

extremely difficult of fusion
;

it has a

sp. gr. of 22-38, and a colour resembling
polished steel

;
it is very brittle when

cold, but somewhat malleable at a
white heat

;
when an alcoholic solution

of the sulphate is exposed to sunlight,
the metal is deposited as an impalpable
powder, and the merest trace of this

iridium-black, washed with hot water,

dried, and thrown on paper saturated
with alcohol, produces ignition, the
metal being converted into grey sponge.
The only important use to which the

metal has been devoted is for the pre-

paration of an alloy suitable for stan-

dard measures
;

this alloy, consisting of

1 part pure iridium and 9 platinum, is

extremely hard, as elastic as steel, less

fusible than platinum, perfectly unal-

terable in the air, and capable of taking
a fine polish ;

some standard rules made

by Johnson & Matthey gave the fol-

lowing composition : 89-41 platinum,
10-17 iridiixm, 0-17 rhodium, 0*10 ru-

bidium, O'OG iron.

IRON AND STEEL.—Without
entering into the details of the manu-
facture of iron and steel, which would
be out of place here, there are many
matters relating to the subsequent modi-

ficatious and applications of these metals

not readily to be found in the general
literature of the subject. These will

receive attention.

Decorating. — (1) Bright steel

surfaces may be ornamented with ini-

tials, a cipher, or a pattern, by the

following process :
—If the ornament is

to be bright u2)on a dead ground, take a

camel-hair pencil and draw with it upon
the steel the letters or patterns in

Brunswick black. If the ornament is

to be dead upon a bright ground, the

letters or patterns must be left un-

touched, and the whole of the ground
painted over with the pigment. A
little aquafortis (dilute nitric acid) is

then poured upon the exposed parts of

the steel, and in a few minutes it will

be seen to have eaten sufficiently into

tlie metal. When this is done, wash
off the aquafortis with water, and re-

move the Brunswick black with turpen-
tine. A pretty variety in steel decora-

tion may be made by introducing blue

ornaments. Steel may be rendered a

beautiful blue by exposure to heat, and

the blue colour can be removed, where
it is not required in the pattern, with

white wine vinegar or other weak acid,

the parts to remain blue being protected
as before with Brunswick black. On
the parts from which the blue is re-

moved, further variety may be gained

by painting additional ornaments in

Brunswick black, and exposing the

remainder of the ground to the action of

the aquafortis. If the parts which re-

ceive these latter ornaments are after-

wards polished, the pattern will present
3 varieties, viz., bright blue, bright

white, and dead white. Gilding on

steel was formerly done with spirit;

now, if the operator can conveniently
send his work to an electro-gilder's, he
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will find it well to do so, first paintino-
over with Brunswick black those partswhich are not to be gilt. Or the gild-
ing may be performed at home by the
following method :—If sulphuric ether
and nitro-muriate of gold are mixed
together, the ether M-ill, by degrees,
remove from the acid nearly the whole
of the gold, and retain it for a loner
time in solution. Take ether thus
charged, and with the camel-hair
pencil paint over the parts of the
design intended to be in gold; after

givmg the ether time to evaporate, rub
over the parts thus gilt with a bur-
nisher. After the completion of the
design, the bright surface of the steel

may be restored, in any place where it
has become dim, by rubbing with a
little whiting. {Cassell's ITousehold
(juide.)

(2) Damascening.— By damascened
steel IS meant that sort of steel which
receives shades of darker and lio-hter
colour after the surface has been cor-
roded with acids s it is remarkable,when genuine, for its

elasticity, strength,and homogeneous fracture when broken.
(a) Natural Damascus steel comes

from India and Persia, is distinguished
by Its excellent quality and mixed vein-
ing, and is worked up principally into
sword blades. These Oriental blades
consist of a more- highly carburetted
steel than any European manufacture
seems to possess, and in which, by skil-
ful

cooling, a division of 2 difierent
carburets has taken place. This separa-
tion is

clearly visible on corrosion with
acids, as the parts subjected to the
action of the acid are deepened and
dyed by the exposure of the carbon, and,with the other less affected and conse-
quently brighter parts, produce a de-
sign, more or less delicate, of grey and
white lines, which often have a certain
degree of regularity. A distinction is
made between parallel striping or
waving lines and mosaic

damascening.It the cast-steel is made in iron moulds,as usual, the above separations do not
take place. By re-welding and sudden
cooling, the Damascus steel loses its

pattern. The Indian Woolz, as espe-

cially used for sword-blades, contains

foreign substances mixed with it—as

nickel, tungstate of iron, or manganese—which are said to impart peculiar
value. Jew European smiths succeed
in working up Indian steel, because

they do not accurately know the tem-
perature required for its treatment. In

consequence of the large amount of
carbon it contains (7-18 p5r cent.), this
can only be effected within certain
climatic limits : if too high a tempera-
ture is exhibited, it breaks to pieces
under the hammer; if too low, it

assumes a hard and brittle character.
The iron appears disposed to receive a
considerable quantity of carbon, through
the manganese combination.

(b) Artificial damascened steel. At-
tempts have been made, with more or
less success, to imitate the real damas-
cening, and the following methods have
been suggested :

—
Luynes imitated the Indian process ;

smelting soft iron with charcoal, tung-
state of iron, nickel, and manganese,
was highly successful. The manganese,
more especially, produced damascened
steel, and introduced a large quantity
of carbon without injuring its malle-

ability.
Breant produces a most valuable

damask, very closely resembling the

real, by smelting 100 parts iron with
2 of lampblack, or by smelting cast-iron
with oxidized iron-filings.

Clouet, Hachette, and Mille smelt
iron plates of different natures, harder
and softer, together, and produce a
damask remarkable for its elasticity
and hardness, but not having the wavy
damascening of the real blades.

(3) Browning.—All browning methods
known at present, obtained by moisten-

ing iron with acid, copper, or iron solu-

tions, permitting them to dry in air,

brushing off the rust formed in this

manner, and repeating the operation
several times, only produce a more or
less light or dark red-brown rust coat-

ing upon iron articles. Barft''s process,
as well as that of heating iron articles
in superheated aqueous vapour, only
causes an iron protoxide layer upon iron.
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These last-mentioned two methods have
the further defect that the protoxide of
iron layer peels otf in a short time,

whereby rust is invited. Iron articles

are easily coppered or brassed by dip-

ping in copper solutions, or coppered or

brassed by the galvanic method
;
these

coatings also scale oft' after a short time,

especially if the iron surface was not

thoroughly cleaned, when exposed to

the influence of moist air.

By the following process, it is easy
to provide iron articles with a handsome
bronze-coloured protoxide coating; it

resists the influence of humidity pretty
well, and besides this, the operator has
it in his power to produce any desired

bronze colour iu a simple manner. The
cleansed and scoured articles are exposed
to the vapours of a heated mixture of

concentrated hydrochloric and nitric

acids (1 and 1) for 2 to 5 minutes
;
and

then, without unnecessarily touching
them, heated to a temperature of 572°
to 662° F. (300° to 350° C). The

heating is continued until the bronze
colour becomes visible upon the article.s.

After they have been cooled, they are

rubbed over with petroleum jelly, and

again heated until the jelly begins to

decompose. After cooling, the article

is anew rubbed over with petroleum
jelly. If now the vapours from a mixture
of concentrated hydrochloric and nitric

acids are permitted to operate upon the
iron article, light red-brown tones are

obtained. However, if acetic acid is

mixed with the before-mentioned acids,
and the vapours are permitted to operate
upon the iron, oxide coatings are obtained

possessing a handsome bronze-yellow
colour. All gradations of colours from
dark red-brown to light red-brown,
or fi'om light bronze-yellow to dark

brown-yellow, are produced by varying
the mixtures of the acids. T-rods, 4^ ft.

long, for iron boxes, coated with such
oxide layers, after 10 months, during
which time they were continuously
exposed to the influence of the air of a

laboratory constantly laden with acid

vapours, do not betray the slightest
traces of change. (Prof. Oser, Dina.
Fo!. Jl.-)

Malleable.—Malleable iron is iron

which has been " decarburized
"

(de-

prived of its carbon) by the action of

air upon it in a molten state. There
are several ways of doing this.

(a) The "
bloomery

"
process, necessi-

tating the employment of wood charcoal,
is conducted in a "

finery," originally

consisting of a rectangular shallow

hearth, lined with 2-in. or 3-in. iron

plates, protected by an inside coating of
"
brasque

"
(charcoal dust), with holes

in the front plate for the exit of the

slag. The "twyer
"
or blast-pipe (tuyere)

is set at an angle of 5° to 16°, and the

depth of the hearth is 6 to 10 in. When
the furnace is heated and ready, layers
of fuel and 2-in. or 3-in. lumps of iron

are thrown on the hearth, and the blast

is put on. As the molten metal reaches

the bottom of the hearth, it encounters

the blast from the twyer,
" the result

being that the silicon in the pig is more
or less oxidized to silica, the carbon to

carbonic acid, and the iron to oxide of

iron. The oxide of iron combines with
the silica, the liquid slag thus formed
dissolves a further quantity of oxide,
and being intimately mixed with the

carbonized iron, re-acts upon it, remov-

ing the carbon." (Prof. Huntington.)
j\Ieans are taken to thoroughly break

up and expose the iron to the blast from
the twyer, and when the operation is

judged to be complete, the metal is

withdrawn as a spongy
" ball "-^laden

with slag ;
while still white hot, it is

squeezed imder a hammer to expel the

slag, and welded into a rectangular
'
bloom," or slab, which is afterwards

relieated and drawn out into a bar.

The expressed slag contains 70 to

80 per cent, of iron protoxide, and is

returned to the hearth with subse-

quent charges to help in removing
their carbon. The best iron for the

purpose is white pig, as it becomes

l)asty in melting.

Fig. 132 shows a furnace described

by Dalifol, adapted for using wood char-

coal : a, 4 conduits for admitting air

into the furnace; 6, openings for charging
iu the charcoal ; c, 2 little plates for

preventing the sides of the furnaces
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from meeting when bent by the heat;

(/, tie bars.

(b) When grey jiig-iron is used for

making malleable iron, it must first

be converteil into white iron by the
'•

whitening
"

process in a "
refinery,

'

which also removes most of the silicon.

Fig. 133 shows a moiiern "refinery" as

tiescribed by Prot. Huntington. It cuu-

sists of an oblong hearth a, 3 ft. long,
2 ft. wide, 2i ft. deep (on which the

fuel and pig-iron are placed), surrounded
on 3 sides by iron blocks b, cooled by
water, and on the fourth (in front) by a

sidid cast-iron plate with a tap-hole at

tlie bottom
;
c are hollow iron columns

for supporting the chimney d, about
18 ft. high; e, twyers placed at an
inclination of 25° to 30°

; /, funnel

j>ipes for supplying cold water to the

twyers; g, overiiow pipes for taking
away the heated water from the twyers ;

h, similar pipes for performing the same
service to the channels h

; i,
valves for

regulating the blast furnished by the

pipes k, which is usually about 400 cub.

ft. per minute at a pressure of H to

3 lb. per sq. in. The hearth is sujjplied
with alternate layers of fuel (generally

coke) and pig-iron, commencing and

finishing with the former. The charge
is subjected to the blast for about
2 hours, the first li hours being re-

quired to effect the melting. The
cinder and " fine

"
or "

plate
" metal

are tapped into a shallow cast-iron

loam-lined mould, cooled by circulating

water, whereby the metal is cast into a

plate 10 ft. long, 3 ft. wide, and 2 in.

thick, while most of the slag escapes to

a second mould beyond, and the residue

can be easily removed from the cool

surface of the plate. The metal is

further chilled by having M'ater thrown
on it, and can then be broken up readily ;

it should have a bright fracture and

show no honeycomb.
(c) Puddling.

— Where supplies of

wood for making charcoal are scarce,

the "
puddling

"
process is in vogue.

Many forms of furnace are employed,
but the main feature underlying them
all is that the fuel (coal or coke) is

burnt in a separate chamber, so that the

heated gases only reach the metal,

whereby the sulphur present is oxidize<l

and rendered harmless before arriving
at the metal. In general terms, the

furnace consists of a fireplace, a hearth,
and a flue leading to a chimney, bridges

separating the hearth from the fireplace

and flue respectively. The form and

size of the hearth are governed by the

character of the fuel, which is prefer-

ably dry, non-caking, and burns with a

Ions flame. The floor of the hearth is
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made of Ij-in. cast-iron plates, and
covered with a layer of materials rich

in iron oxide, such as slag and bloom

scale, strongly heated, and spread about
2 in. thick. The "

fettling
"

or lining,
known as "

bulldog," is obtained by
roasting

"
tap cinder

"
(the slag of the

puddling furnace), which is essentially
a silicate of protoxide of iron, till the

protoxide is converted into peroxide, and
the silica is liberated. This is smoothed
over with "

puddlers' mine," which is a

soft hematite made into a paste with
water.

The puddling operation is performed
with a '' rabble

"
or a '•

paddle," and by
2 methods, known as "dry puddling"
and "

pig-boiling." The former method

requires white iron, wastes less metal,
and consumes less fuel

;
but the sulphur

and phosphorus are not so well re-

moved. In the latter method, grey
iron is used. The details of puddling
furnaces are too diffuse and complicated
for further discussion hero. (See Spons'

Dictionary, article "
Iron.")

(it) The Chcmische CcntralUatt de-

scribes the following method practised
in Germany for the preparation of

malleable cast-iron :
—It consists of two

operations : (1) pouring the cast-iron

into moulds, and (2) removing part of

the carbon contained in the castings.
This is conducted in so-called " tem-

porary
"

furnaces, wherein the castings
are brought into contact with substances

containing oxygen and heated to red-

ness. The result is the formation of a

very tough material, poor in carbon.

The castings, contained in cast-iron

vessels, are placed on a layer of oxidiz-

ing substances, and the intervening

spaces are filled up with the latter.

Oxide of zinc, hammer scale, brown and
red iron ores, are used for this purpose

—
mostly the latter. The operation lasts

24 to 36 hours, and depends on tlie

dimensions of the iron to be tempered
and the degree of tempering. With

regard to the latter, the limits are

within a wide range, as, with a correct

formula for mixing, it is possible to

absorb the whole of the carbon. It is

best to use iron free from manganese

and containing amorphous car)jon—that

is, white pig-iron. The tempered iron

forms an excellent material, and com-

pares favourably with malleable iron as

to firmness. It can be worked and

polished with file and chisel, or forged
and welded at a moderate red heat.

(f) Malleable - iron Castings.
—^The

term nialleable-iron castings means an
iron that has been cast into any desired

shape, and then malleableized by re-

moving the carbon by a process of

annealing, which consists in burning off

the whole or a part of the carbon com-
bined with the iron from which the

castings were made. In the manufacture
of malleable-iron castings, the first

object is to get the jn-oper kind of pig-

iron, for all iron is not suitable for

making malleable iron by the process of

annealing. From the states in which
carbon exists in cast-iron, this has been
classified into 3 principal subdivisions.

The first is "grey "metal, or "No. 1

foundry pig," in which the carbon is not

combined with the iron, but is in the

grajihitic state, and maybe seen in large
fiakes when tlie iron is broken. These
flakes are sometimes called "tissue"
and " black-lead." The second division

is
" mottled '' cast-iron. In this the

carbon is partly combined with iron

and partly in the graphitic state, which

gives the iron a spotted or mottled

appearance. The third division is

" white "
cast-iron. In this the carbon is

combined with the iron, and is imseeu.

Grey or No. 1 foundry iron is best

for ordinary foundry castings, because it

contains the most carbon, and is softer

and will remain fluid longer than either

the mottled or white irons, yet it is

not best for malleable castings, for the

carbon in it is not combined with the

iron, and in converting the castings into

malleable iron the carbon is extracted
from the iron without melting the cast-

ings, and if this class of iron is used the

castings will be full of small holes after

they have been malleableized, and will

not liave the required strength.
The iron that will make the best

malleable castings is white cast-iron,
for in this the carbon is completely
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combined with the iron, and when it is

abstracted from it by the annealing pro-

cess, it leaves a perfectly sound and

smooth casting. But in using this iron

for malleable castings another trouble

arises. The iron contains so little car-

bon that it will not retain its fluidity

long enough to be run into light cast-

ings, and almost all malleable castings
are very light ;

so that this class of iron

cannot be used.

As the grey or No. 1 foundry iron

contains too much carbon, and the white

iron too little carbon, the best iron for

malleable castings must be the mottled

iron, which is between the two extremes.

This iron is always used for malleable-

iron castings, and none but the very
best brands of cold-blast charcoal mot-
tled iron will produce a good malleable

casting.
Iron for malleable castings may be

melted in a cupola or in either of the

reverberatory furnaces. But the iron

melted in a reverberatory furnace

always produces by far the best cast-

ings ;
for the iron is not melted in con-

tact with the fuel, as in the cupola, and
it is not deteriorated by the imjiurities
contained in the fuel. There is also the

advantage that, should the iron contain

too much carbon, part of it may be

removed by the oxidizing action of the

flame.

As most malleable castings are very
small, they are generally moulded in

snap
-
flasks, with greensand, from

metallic patterns or match plates. The

castings, before they are annealed, are

as hard and brittle as glass, and they
must be handled with care to pi'eveut

breaking. These castings are jiut into

a tumbler or rattle barrel, where they
are cleaned of all adhering sand, and
become polished by mutual friction ; to

anneal them properly, it is very essential

that thay should be thoroughly cleaned.

The cleaned castings intended for con-

version into malleable iron, are next

packed into iron boxes, with alternate

layers of fine iron scales from rolling-
mills. The boxes are then closed at the

top by a mixture of sand and clay, and
all the cracks are carefullv luted, to

prevent the admission of air. The boxes

are next put into the annealing oven,
where they are subjected to a white

heat, not sufBciently hot, however, to

melt the boxes. They are kept at this

heat for a week or more, and then
allowed to cool off gradually. After tlie

castings have been properly annealed,

they are covered with a film of oxide of

different coloui-s, and resemble in ap-

pearance that kind of Champlain iron

ore called peacock ore. These various

colours of the oxide are a sign of good
malleables. This adherent oxide is

removed from the casting by another

passage through the rattle barrel, and
the process of malleable-iron making is

finished.

Powdered iron ore is sometimes used
in place of iron scales, but it is not so

good, for it contains more or less silica

and earth, which, at the temperature of

the annealing oven, will fuse and form
a slag or cinder, and prevent the oxi-

dizing action on the castings.- For this

reason, scales are to be preferred, and
care should always be taken to keep them
as free from earthy matter as possible.
In every

" heat
"
or annealing operation,

the scales part with some of their

oxidizing properties, and before they are

again used they must be pickled and
reoxidized. This is done by wetting
them with a solution of sal-ammoniac
and water, and mixing and drying them
until they are thoroughly rusted, when

they are again ready for use. The

annealing boxes were formerly made ot

soi't iron, but at present they are mostly
made of hard iron—the same as the

castings are made of. The hard iron

boxes become annealed the same as the

castings, and will last longer than the

soft iron boxes. These boxes are gene-

rally made about 20 in. long by 14 in.

wide and 14 in. deep. They are set one

on top of another in the annealing oven,
but never more than two high. The
lower one has a bottom cast in it, but
the top one has no bottom, and is merely
a frame set on the lower box. These
boxes only last a few heats, and the

small boxes are said to last longor than
the larger ones.
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There are several different kinds of

annealing ovens in use, and some very-

important improvements have been

made in their construction in the last

few years. The best in use at the

present time is one with a fire on each

side of it, and so arranged that the flame

from the fuel does not enter the oven or

strike the boxes. This oven is not

allowed to cool olf, but is kept hot all

the time, and at one end there is a door,

through which the annealing boxes are

removed while at a white heat, and are

replaced by cold ones. The door is then

closed, and the boxes heated to the

required degree. This kind of oven is

most economical in use, for it requires

less fuel than any other, and is not

injured bv expansion and contraction in

cooling and reheating, as the other ovens

are. When annealing the castings iu

the oven, care should be taken to not

have the temperature of the oven too

high, nor the heat too prolonged, or the

castings may be burned and hardened

after they have been softened. After

the castings have been thoroughly de-

carbonized by annealing in the oven,

they are virtually a commercially pure

iron, and are the same as wrought-iron
without fibre, and fibre may be imparted
to them by rolling or hammering. Yet

these castings without fibre are some-

times equal to the best wrought-iron for

strength, and may be bent double when
cold without breaking them. (^Iron

Age.)
The process is conveniently applicable

only to small castings, although pieces

of considerable size are sometimes thus

treated. Handles, latches, and other

similar articles, cheap harness, mount-

ings, ploughshares, iron handles for

tools, wheels and pinions, and many
small parts of machinery are made of

malleable cast iron, or as steel castings.

For such pieces, charcoal cast iron of

the best quality should be selected, in

order to ensure the greatest possible

purity in the malleable product. The

castings ai'e made in the usual way, and

are then embedded in oxide of iron—in

the form, usually, of hematite ore—or

in peroxide of manganese, and exposed

to the temperature of a full red heat for

a sufficient length of time to ensure the

nearly complete removal of the carbon.

The process with large pieces requires

many days. If the iron is carefully

selected, and the decarbonization is

thoroughly performed, the castings are

nearly as strong and sometimes hardly
less malleable than flirly good wrought
iron, and they can be worked like that

metal. They will not weld, however.

The pig-iron should be very free from

sulphur and phosphorus. The best

makers have usually melted the metal

in crucibles having a capacity of 50 t<i

75 lb., keeping it carefully covered to

exclude cinder and other foreign matter.

The fuqiace is similar to that of the

brass foundry, 2 to 2^ ft. square, and

the fire is kept up by natural draught.
The temperature is determined with

sufficient accuracy for the practical

purposes of the iron-founder by with-

drawing a portion on an iron bar. If

hot enough, the drop burns on exposure
to the air. If right, the metal is poured

cjuickly. The "
cementation," or de-

carbonization, is conducted in cast-iron

boxes, in which the articles, if small,

are packed in alternate layers of the

decarbonizing material. As a maximum,
about 800 or 1000 lb. of castings are

treated at once. The largest pieces

require the longest time. The fire is

quickly raised to the maximum tempera-

ture, but at the close of the process the

furnace is cooled very slowly. The

operation reqiiires 3 to 5 days with

ordinary small castings, and may take

2 weeks for large pieces. This process
was invented iu 1759. Decarbonization

is often performed, in the production of

steel castings, by a process of dilution

accompanied with possibly some " dis-

sociation." By the preceding method
the carbon takes oxygen from the sur-

rounding oxides, and passes off as carbon

monoxide (carbonic oxide) ;
in the pro-

cess now referred to the carbon of the

cast iron is shared between the latter

and the wrought iron mixed with it in

the meltiag-pot, and a small portion

may possibly pass off oxidized. The

1
latter method has been practised to
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some extent for a century. Selected

cast iron and good wrought iron are

melted down together in a crucible, and
cast in moulds like cast iron. The
metal thus produced contains a per-

centage of carbon, which is determined

by the proportions of cast and wrought
iron in the mixture. The amount is so

small, frequently, that the castings can

be forged like wrought iron. (Prof
Thurston, Materials of Engineering.^

Melting.—There is probably as

much reason for changes in the plan of

melting iron as iu moulding jobbing
work. Melters will sometimes get
nervous at being ordered to charge up
their cupola in as many ditferent ways
as there are days in the week. A fore-

man that understands his biisin^ss very
seldom lays out a system, or a table of

charges, for his melter to follow day
after day in a regular jobbing-shop. The
iorenian may haA-e various reasons for

wanting his melter to make all these

changes. To-day he may want the

cupola to melt extra fast during the first

of the heat, and slowly after some heavy
casting is jjoured, in order to have
melted iron to feed with. To-morrow,
seeing that some moulder will not get

ready in season, this order may be

reversed. As he does not want to keep
bis men late when it can be avoided, he

orders the cupola charged, so that the

men having small work can be pouring
otf while the large casting is being got

ready. This casting, that perhaps

weighs 5 tons, may not be thick in any
of its parts, so as to require much feed-

ing, and the bottom can be dropped soon

after it is poured. In this way, the

only moulders kept late are the ones

that were going to keep the whole shop's
crew behind, which, for a shop that pays
overtime, would be expensive, and in

any case is not pleasant for the men.
On some days the shop-floor may be

covered with a class of work that is

better for being poured with dull iron,
and the next day the work may be such
as to require very hot iron. Again,
there will be heavy and light castings,

requiring entirely different grades of

iion; aud to complicate matters, the

foreman, if an observing man, will see

that the brand of iron is not of the same

grade as the last car-load.

Following are two of the many plans
that may be adopted to meet different

conditions. One is for melting special

grades of iron, and the other to retain

the bed in a cupola after melting a heat

for a break-down job, or for a piece of

casting that is wanted in a hurry.
The cupola man may receive instruc-

tion not to drop the bottom, but to

prepare it to melt iron again in the
course of 3 or 4 hours. The way to do
this is as follows :

—Leave the blast on
until you are sure all the iron in the

cupola is melted, and, instead of drop-
ping the bottom, knock out the front

breast, and with a bent hook pull out all

the clinkeriug coke or coal and iron

cinder that can be felt or seen. Then
fill up the breast-hole with loose sand,
and every 5 or 10 minutes take awav
the sand and pull out again whatever
clinkers or iron cinders will have formed,

repeating the operation for the first f
hour or so, until you are sure that all

the droppings of iron and clinkers are

pulled out. After this, every ^ hour
will be sufficiently often to clean the

bottom out. The stopping up of the
breast every time the clinkers are

cleared out is done to prevent the fuel

from burning away, and also to keep the
clinkers and droppings of iron from being
chilled with the air.

After the cupola is well cleaned out,
there should be some fuel shovelled in,

so as to freshen up and keep the fire in

good burnino; condition. When the

moulders have their mould or moulds
about ready, make up the breast as

usual, and shovel in the fuel for a bed,
the same height as for a regular heat.

After it gets to burning, charge up the

iron wanted, put on the blast, and you
will soon have your cupola melting iron

again. The first 2 or 3 cwt. of iron is

generally dull, and sometimes will have
to be poured into a pig-bed. After this,

the iron will come hot enough for

ordinary casting.
The question of how large a heat a

cupola run iu this way would melt could
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Rot be better answered than by the

following :
—A casting, the weight of

which was about 2500 lb., was poured
about 11 o'clock in the morning. The
iron was all blown down, the breast

knocked out, and the cupola treated as

above described, until the time for the

regular afternoon heats, which were

never less than 12 tons. The blast was

again put on, and after the first few

hundred pounds, the iron was as good
and as hot as usual. The time that the

cupola was held from one heat to another

was about 4 hours. The size of this

cupola was a 5-ft. shell.

To prevent the mixing of different

grades of iron when melted at one heat,

juis been the cause of a deal of thought
and many experiments witli foundrymen.
Some foundry owners make a practice
of melting only one grade of iron at a

time. If they have a roll to cast, they
will only charge up the iron weighed
off for it. The blast will then be put
on, and all the iron in the cupola melted

and tapped out. The blast is then

stopped and the bed renewed with coke.

Another grade of iron is then charged

up and all melted down. As many as 3

distinct blow-outs have been made

during the same heat. The first was
about 7000 lb. for a roll ; the second,
about 2000 lb. for soft work, and the

third was common iron to finish off' a

heat of about 8 tons. The size of the

cupola that this was done in was about

a 4 ft. 6 in. shell. The objection to this

style of melting is, that there is a little

more coke used, and it takes J to 1 hour

longer to run a heat off.

It seems almost an impossibility to

run a straight heat, when there are 2

or 3 different grades of iron to melt,
without ba^nng them mix more or less,

and the less the weights of the different

grades to be melted the more will they
be liable to mis. For example ; Charge
an ordinary cupola, with a regular feed

of a special grade of iron, with the

usual amount of fuel on top, and so on,

rharging with distinct grades of iron.

As the grades of iron melt, pour some

castings, the weight of which should

not be less than 50 lb. On the follow-

ing day, melt the special grades of iron

by themselves, and pour some castings,
and then compare the runners and gates,
and you will see that there is a differ-

ence.

It is generally known that hard iron

will melt sooner than soft iron, and most

foundrymen, when making a casting of

hard iron, have the hard iron charged
first, to make sure of having the casting
of good sound iron and of the grade
wanted. If they have soft iron to run,
it is generally charged on the top of the

hard iron. This plan cannot always be

approved of, as there are always more
or less particles of any grades or charges
of iron left remaining among the fuel

and on the bottom and sides of a cupola,
and which will affect 2 or 3 other

charges.
A plan that works well, when thei-e

are 2 charges of soft iron wanted, is to

melt the hard iron first
; then, instead

of putting the soft iron directly on the

top of the hard iron, charge about 2

charges of common iron—either soft or

hard. On top of tliese the soft iron will

be charged. After all the hard iron is

down, then the common is tapped out,

until, by the number of ladles carried off,

it is apparently all melted. At this

point, the soft castings are poured
according to the degree of softness

wanted. The softest casting wanted, if

there have been 3 charges of soft iron,

should be taken from what is thought
to be the middle or second charge.

In some cases, where only a small

amount of very soft iron is wanted, you
may charge up the soft iron on the top
of the bed, which should be burning
well, and should not have in as much
fuel by 4 in. to 6 in. as for ordinary
heats. This iron will be put in ^ to 1

hour before any other charge, and when
all is ready to have the rest of the

charges put in, make the first charge of

fuel (that which is placed between the

first and second charges of iron) a large
one—as much larger than usual as the

bed was left low. By this means, the

large charge of fuel takes a longer time
to get hot enough to melt the upper
charge of iron, and when the first charge
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of iron is melted, the second, or large

charge of fuel, will come down and raise

the bed up to the proper height to run
the balance of the heat off. By this

plan, hard iron has been charged on the

top of soft iron.

When not taking out the soft iron too

closely to the amount charged up, the

castings have been as soft as if the hard
iron had never been charged up. It is

in having only small quantities of

ditferent grades of iron to melt, that

there is serious trouble with their mix-

ing together. With large quantities,
there is more chance of having castings
the grade wanted ;

but even then the

melter must use judgment in seeing
that the iron is charged as it should be,

and the foreman should be watchful, so

as to know that the iron is taken away
from the cupola as the grades melt or

come down. There is nothing about a

foundry that requires such changes in

its management as a jobbing foundry
cupola. (T. D. West.)

Tempering.—This term is here

employed in its widest sense, embracing
hardening, case-hardening, softening,

toughening, and annealing. It will be

convenient first to discuss the principles
advanced by diiferent metallurgists as

underlying the operation of tempering,
and then to proceed to enumerate the

various recipes in vogue.
The liardening of iron and steel has

recently been studied in an able manner

by Prof. Akerman, of Stockholm, in a

paper read before the Iron and Steel

institute, of which the following is an

abstract :
—

Effects of hardening.
—The knowledge

of the effects of hardening, especially on

iron, is by no means so complete, and
still less so generally diffused, as is de-

sirable. It is necessary in the first

place to make ourselves acquainted
with the nature of hardening. If we

inquire what are the circumstances on
which it depends, whether more or less

of the so-called " combined "
carbon in

a malleable iron or steel exists as
"
hardening

"
or " cement

"
carbon, it

appears that the latter is changed into

the former by a heating to a red heat,

succeeded by a violent forcing together,
continued Txntil cooling is almost com-

plete ;
while hardening-carbon, on the

other hand, is changed into cement-
carbon by long-continued heating fol-

lowed by slow cooling without extra

compression. In the case of strong
hardening of hard steel, we have the
most powerful compression, for the

rapid cooling produces a great difference

of temperature between the outer and
the inner layers of the piece, the more
cooled exterior layers compressing the
interior with greater force in proportion,

partly as the latter are expanded bv

being more strongly heated, and partlv
as the limit of elasticity of the substance
is high, so that there is not too great a
loss of the compressing force by the
extension of the exterior layers. Again,
that hammering favours the conversion
of cement-carbon into hardening-carbon,
or the more intimate union of the cai-bon

with the iron in which it occurs, more
than rolling, may at least occasionally
to some extent be attributed to the
more powerful compression exerted by
the hammer, but still more to the cir-

cumstance that the iron or steel, when
the rolling is ended, commonly has a
far higher temperature than when it

has been drawn out under the hammer.
For if the iron or steel be still red-hot
when the drawing is finished, a part of

the carbon converted into hardening-
carbon, or more intimately united with
the iron during the compression to
which it has been subjected, may be

again changed into cement-carbon

during the succeeding slow cooling.
There is thus a very complete coi-re-

spondence between the occurrence of

hardening and cement-carbon and their

mutual conversion in malleable iron and
steel on the one side, and the relations

of the combined carbon and the graphite
in pig-iron on the other.

Proceeding to the hardening, we find

that experience has sufficiently shown
that its effect mainly depends upon the
content of combined carbon in the iron,

upon the differences of temperature be-

tween the iron or steel and the harden-

ing fluid, and further on the rapidity of
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the cooling. The last-mentioned again
is dependent on the quantity of the

hardening fluid, its specific gravity,

power of conducting heat, specific heat,

boiling-point, and heat of vaporization.
Of the 4 liquids, mercury, water, oil,

and coal-tar, therefore, the firet-named

hardens much more powerfully than

water, water considerably more power-
fully than oil, and oil more powerfully
than coal-tar. Further, the hardening

power of water is altered not only by
diflcrences of temperature, but also by
the addition of different substances,
which change its pi'operties in the

respects just mentioned. Finally, the

rapidity of cooling, so important for the

degree of hardening, is also dependent
on the way in which the piece is held

down into the hardening fluid. For if

it be kept still in a hardening fluid of

low specific gravity and small conduc-

tivity and specific heat, the quantity of

the hardening fluid is not of the same

importance as if the piece be unceasingly
moved about in it

;
but in the latter

case the cooling of the piece is apt to be

unequal, inasmuch as by the moving
about the front parts are cooled some-
what more rapidly than the back ones.

This is also the case if by hardening in

running water we make the quantity of

the hardening fluid, so to speak, un-
limited. The front part of the piece,
or that which is turned uji-stream, is

then, of course, cooled most rapidly ;

and in order in such a case to attain an

even hardening, it is necessary to turn

round the piece rapidly and unceasingly.
The layer of steam which, in the case of

hardening in a substance so easily con-

verted into vapour as water, is formed
around the warm piece, is an obstacle

to the contact of water with it, and
thus diminishes the speed of cooling

along with the degree of hardening
which is dependent upon it

;
but if care

be taken that in one way or another the

steam be easily and rapidly carried

away as it is formed, the rapidity of

cooling, on the other hand, on account

of the great heat of vajtorization of

water, is very considerably promoted
by this conversion into vapour. Small

pieces, therefore, are also very well
hardened in water-dust finely distributed

by means of a stream of air or steam
;

and the highest degree of hardening
may, according to Jarolimek, be attained

in this way with so moderate a quantity
of water that all the water-dust which
comes into contact with the warm piece
is brought by it into the form of steam.
These influences exerted by the forma-
tion of steam, must also be taken into

consideration when, in order to attain

an inferior degree of hardness, warm
water is used instead of cold. It can-

not accordingly be denied that there
are many factors, exceedingly difticult

of calculation, which exert an influence

on the speed of cooling, and thereby on
the degree of hardness. Kor is it much
to be wondered at that mistakes are

readily committed in hardening, and
that great practice is required in order
to be able confidently to reckon on a

certain etfect
;
and finally, that a work-

man accustomed to hardening considers

that only a single method which he has
been in the habit of employing can be

used for a certain purpose, while
another equally skilful workman can

only attain the same result by a method

essentially different. It further appears
that the rapidity of the first cooling,
from the 1112° to 1292° F. (600° to

700° C), to which steel has commonly
been heated, to 672° to 752° F. (300°
to 400° C), has a manifold greater in-

fluence on the degree of hardness than
the succeeding cooling. Thus, Jaroli-

mek has shown that steel wire may be

very well hardened both in watery
vapour and in molten tin, lead, and even

zinc, though the last-named metal does
not melt under 752° F. (400° C), while
the cooling of the same steel wire from
672° or 762° F. (300° to 400° C.) to

32° F. (0° C), does not cause any true

hardening, however rapidly it may pro-
ceed. In order that steel wire may be
hardened in this way, it is not, however,
allowed to remain any considerable
time in the molten bath of metal, for

by long-continued heating, following
such a hardening, the degi-ee of harden-

ing is afterwards diminished more and
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more. If it be taken out again after

being dijsped in the bath for quite a

short- time, and afterwards allowed to

cool in the air, the degree of hardening
for small articles is equal to that

attained by ordinary hardening with
the tempering following upon it.

Of the eftects produced by hardening,
it ^vas in old times mainly the hardness

on which attention was fixed, and from
this is derived the old saying that a

substance does not take hardening if it do

not thereby become so hard that a com-
mon file can no longer exert any note-

worthy influence upon it. From time
immemorial a distinction has also been

made between iron and steel in this

way, that the former, with common

hardening in water, is not hai'dened in

the sense just indicated, while steel, on

the contrary, is hardened. We some-

times hear it brought as an objection

against the old way of distinguishing
between iron and steel, that it is diffi-

cult to determine whether a piece, after

common hardening in water, is to be

considered as having taken true harden-

ing or not. But such a reason is in

fact quite iinwarranted, because, accord-

ing to the old view, only the varieties

approximating most closely to each

other of the hardest iron and the softest

steel can be mistaken for each other,
and such a mistake is indeed of little

importance when compared with the

great mistake just referred to, of soft

iron for soft steel. If it be wished

wholly to avoid the possibility of

making mistakes between hard iron and
soft steel, this even ought to be attained

very easily by the method of determi-

nation, in which a sharp-edged splinter
of a certain mineral—felspar, for in-

stance—scratches iron, although, after

being heated to moderate redness, it

has been suddenly cooled in cold water,
while steel, after similar treatment,
cannot be scratched by the same mine-

ral. The substance which exerts the

greatest influence on the increase of

hardness by a certain hardening process
is the content of combined carbon in

the iron. Iron completely free from
carbon is, even after hardening in mer-

cury, as soft as before, and an otherwise

pure iron, with at most | per cent, car-

bon, does not become very much harder

by hardening ; but, on the other hand,
as the content of carbon increases, the
ditferencc in the degree of hardness
before and after hardening increases

more and more, so that the boundary-
line between iron and steel lies in

general at a content of carbon of about
0'4 per cent., this depending, however,
upon the iron's content of certain other

substances, which also exercise some
influence on the degree of hardness.
In the closest connection with the
increase of the hardness by hardening
stand the raising of the limit of elasti-

city, the breaking strain or ultimate
tensile strength, and the diminution in

ductility. Unfortunately, the researches

that have been carried out regarding
these points are not yet numerous

enough to enable us with figures to

express completely all the changes in

these respects which are caused by
hardening in iron and steel with difler-

ent contents of carbon, but sufficient

experiments have already been made to

give us somewhat satisfactory ideas on
this point. A comparison shows that
the effect of hardening is in general less

in the case of the weld-iron, loose or

open in its texture, than in that of the
dense or compact ingot-iron ;

but in

proportion as the former even is denser
or freer of cinder, hardening has a

greater effect iipon it, as is shown by a

comparison both of the more compact
Lesjofors iron with the other sorts of
iron refined in the open hearth, and of

the more compact Surahammar with
the other sorts of puddled iron. In

order to augment considerably ^the

strength of ordinary puddled iron, a
French iron -manufacturing company
increases the hardening power of water

by adding to it sulphuric acid. The

cooling etl'ect of water is thereby raised,
and thus also its hardening power ;

but
in order to prevent the corrosion and

rusting of the iron, it would be advisable

to endeavour to attain the same result

in some other way, as by the addition

of some salt that would have less corro-
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sive action upon the iron. Hitherto we
have considered the influence of hai'den-

ing upon iron, but if we proceed to in-

vestigate its action on steel, we find

that it is shown chiefly by an increase

in its hardness and a diminution in its

ductility greater in the same proportion
as the steel is richer in carbon and the

hardening fluid employed is more power-
ful in its action. At the same time
that steel with an increased content of

carbon becomes, through a certain hard-

ening, all the harder, it becomes thus
at the same time more brittle

;
and in

the closest connection with this is the
f\ict that in the hard steel, rich in car-

bon, the limit of elasticity is increased

by hardening much more than the ulti-

mate tensile strength, so that these in

the strongly-hardened hard steel even
coincide. Provided the method of hard-

ening is adjusted to the degree of hard-
ness of the steel, so that it is less

powerful in the same proportion as the
content of carbon in the steel is greater,
it may be asserted that the breaking
weight is increased by hardening, even
in the case of steel

; but if the harden-

ing be too strong, the ultimate tensile

strength of hard steel is thereby
diminished quite rapidly ;

or the steel

breaks in pieces of itself either during
the hardening or a short while after.

It is on account of this brittleness or

deficient ductility that the hardened
steel is usually tempered or heated to

392° to 5720 p. (200° to 300° C), for

thereby its ductility is somewhat
increased, but its hardness at the same
time also diminished. This is the case

most of all with the outer layer, which
of course is that which it is desired

should be hardest, and to avoid this and
the trouble and loss of time connected
with the process just mentioned, the

hardening itself is sometimes instead so

modified that its effect is equal to that
of a more powerful hardening followed

by tempering. For such a method,
however, more than common skill and

practice are required, and it is therefoi-e

comparatively seldom used. For attain-

ing this end is sometimes used a less

powerful hardening fluid, and sometimes

a warm instead of a cold fluid, and
sometimes the piece is held only a short
time in the hardening fluid, and is

taken out while it is yet warm in its

interior and allowed finally to cool in

the air. Further, the material may,
for this purpose, be heated more gently,
but it must be kept in mind in connec-
tion with this that a less heat than a

gentle red heat (cherry-red) in general
does not induce any piroper hardening ;

and, on the other hand, that tool steel

cannot in most cases be heated to a

higher temperature than that just
indicated without running the risk of

becoming, by hardening, too brittle.

It is thus properly only for soft steel

and ii'on that the degree of heating can
be varied to a greater extent, but it

holds good specially for the latter, and
above all for weld-iron, that the tem-

perature must be considerably higlier
than for hard steel, if the proper action
of hardening is to be attained. The
more strongly and the longer the iron
or steel after hardening is again heated,
with slow cooling supervening, the more

completely are the eSects of hardening
removed

; and care ought therefore

to be taken in tempering ; but here we
have a good help in the different colours
of tempering which follow one after the
other. On the appearance of fracture

also, the hardening has an influence, the

grain becoming finer.

Causes of Hardening— Having dis-

cussed in detail the effects of hardening
on the different A'arieties of iron and

steel, we shall endeavour to ascertain

the intimate causes of these effects.

That they increase with the rapidity of

cooling, and thus are a consequence
thereof, has been already shown

; but
the question is, how the rapidity of

cooling can produce such effects. The

hypothesis that is still most common is

that which assumes that a rapid cooling
gives us the status quo, or the state into

which the substance was brought by
the heating which immediately preceded
the rapid cooling, and the action of the

hardening would in such a case only be

a result of the heating itself, inasmuch
as the rapid cooling onlr, so to sav, fixed

s 2'
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the warm conilition, or, in other words,
made it possible for the substance, evea

in a cold state, to show itself as it was

during the heating. During slow cool-

ing, on the other hand, the molecules

would have opportunity to group them-
selves in a more crystalline manner,
and hence tlie coarser grain. But if

the molecules can move about in this

way during the cooling, they may well

do so to a still greater extent at the

highest temperature to which the sub-

stance has been heated, for this grouping
of the molecules is rendered possible

just by the softening to a greater or

less degree which the heating causes in

the iron, and tlie softening is naturally

greater the higher the temperature is.

That, first of all, a violent compression
must in such a case take place is self-

evident, for we have now to do with a

body heated from without, whicli

therefore, at least when the heating has

not been of all the longer dur;ition, is

apt to be warmer in the outer than in

the inner layers. When now this body,

by dipping in a hardening fluid, or in

some other way, is exposed to a rapid

cooling acting from without, the outer

layers are cooled first, and the difference

of temperature between the outer and

the inner layers is greater the whole

way through in the same proportion as

the method of cooling is more powerful,
and the cooling is accompanied by com-

jiressing or forcing together, and the

more the outer layers have been cooled

in proportion to the inner, with the

greater compressing force must the

former work upon the latter, which by
their resistance react upon the outer

layers. The compressing force is, how-

ever, by no means exclusively dependent
on the rapidity of cooling, but also on

the compactness of the material; for

the smaller this is, the more readily
does the material allow itself to be

compressed, and the less accordingly
becomes the resistance which the inte-

rior develops against a certain compress-

ing force, so that no great resistance is

ever experienced in such a case. In

this way is explained the fact, which
has already been pointed out, that the

effect of hardening is greater on the

comjiact ingot-iron than on the weld-

iron, which is looser in its structure.

Further, the compressing force is natu-

rally in a very higli degree dependent
on the limit of elasticity of the material

;

and the smaller this is, the more easily
are the ouier layers stretched by the

resistance of the inner, and the smaller,

therefore, is the portion of the contract-

ing force wliich can be made available

as actually compressing. All substances

which in iron increase its limit of

elasticity, ought therefore to have an
influence on its power of hardening ;

a

fact which has also been confirmed by
experience, inasmuch as not only carbon,
but also manganese, silicon, and phos-

phorus, have shown themselves to have
some influence in this respect. The
action of the other substances, however,

upon the degree of hardening is limited

iu comjiarison with that of carbon
; and

the explanation of this appears, as has

already been pointed out, to lie mainly
in the more intimate union between iron

and carbon which a violent compression

produces. As the union between these

substances becomes more intimate, the

influence of the content of carbon on
the iron also becomes greater, and it is

just an increased exertion of the influ-

ence of the carbon on the iron that is

attained by hardening. If we now
compare with this the influence of

hardening as stated above, it appears
that it only still further increases the

degree of the properties just mentioned
as dependent on a certain content of

combined carbon, quite as if the content

of combined carbon had been increased

by the hardening; and inmost complete

correspondence with this stands the fact

that tlie ultimate tensile strength is

not continuously increased by the hard-

ening ;
but if steel with a large content

of carbon be strongly hardened, the

limit of the increase of tensile strength
is exceeded. The correspondence be-

tween the action of hardening and of a

larger content of carbon is thus mani-

fest in this case also. The diminution

of the tensile strength by a too strong

hardening of a highly carbonaceous
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steel is, however,'much more rapid than I

the corresponding decrease in conse-

quence of the content of carbon being
too large in the unhardened steel, but

this difference is easily explicable by
the great tension which a strong hard-

ening must produce in the highly
carbonaceous steel. When a hard steel

is too strongly hardened, the larger

pieces in particular readily break in

jiieces of themselves, which again is a

natural consequence of the fact already

mentioned, that the limit of elasticity
in this case nearly coincides with the

ultimate tensile strength, and therefore

when the resistance of the inner layers

against the contraction of the outer

becomes so strong that the limit of

elasticity is exceeded, fracture of the

hard steel readily takes place, instead

of the extension which would have
occurred in the outer layers of a less

hard steel. The same corresi)ondenee
between the influence of hardening and
an increased content of carbon also pre-
vails in respect of ductility, hardness,
and fineness of grain. The first of these

properties diminishes and the two
others increase with the content of

carbon, and corresponding changes are

produced by hardening.
Another proof that the effects of

hardening depend on the oft-mentioned

compression is afforded by the behaviour
of burnt iron in hardening. Burnt iron,
as is well known, is the name given to

an iron which, through too long-con-
tinued or strong heating, has had the

opportunity of assuming a crystalline

texture, with the brittleness which

accompanies it on account of diminished

cohesion of the crystals. The disposition
to such a crystalline segregation is less

in proportion as the iron is both more
mixed with cinder and freer from certain

substances
;
but the more carbon, and

in particular the more phosphorus, it

contains, the greater is the liability of

the iron to be burned, and the more
care ought therefore to be taken with
the heating, if it is not in consequence
of this distribution into crystals to fall

in pieces utterly, or at least crack, as

soon as the drawing begins. An iron as

good as free from these substances can,

without danger of burning, be heated

to the strongest welding heat, but with

an increase of carbon in the iron all the

more care must be obseiwed in the heat-

ing, and this is rendered necessary m a

much higher degree by an increased

content of phosphorus in the iron. So

long as the content of carbon in the iron

is quite small, however, this detrimental

influence of phosphorus is still rather

limited, more particularly if the iron

contains at the same time a good deal of

manganese ; but the greater the content

of carbon in the iron, the more is the

detrimental influence of phosphorus in-

creased, and the first requisite of a

really good steel is, therefore, that it

contains as good as no phosphorus. An
iron whose disposition to burn is so

great that this detrimental change
cannot in general be avoided, has from

old times been called "
cold-short," from

the brittleness caused by its crystalline
texture. But in this connection it must
be kept in mind that the disposition to

burn, increasing with the content of

phosphorus, is not only counteracted by
the presence of manganese and the

absence of carbon, but also that the iron

molecules in the puddled iron are inter-

calated with layers of a fine interspersed

cinder, which is unfavourable to the

formation of the coarse crystals which
cause the brittleness. A certain con-

tent of phosphorus is therefore not so

detrimental to the piuldled iron, loose

in its texture and mixed with cinder, as

to the cinder-free ingot-iron, and if by
the adoption of a suitable treatment the

production of even the least sign of

crystalline texture be prevented, a con-

tent of phosphorus rising to
| per cent,

does no great harm to the iron, so long
as it is in the non-crystalline condition

just mentioned
;

but the difficulty is

to avoid the crystalline texture in the

phosphoriferous iron, and, if success is

attained in this, to prevent the formation

of crystals in the case of a possible
future re-working of the iron in a warm
state. Now, whether an iron which,
from one cause or another, has a tendency
to burn, becomes, after a certain heating,
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burned or not, depends mainly on the

degree to which it is afterwards drawn

out
;

for the more an iron, which, when

heated, has begun to be crystalline, is

afterwards drawn oiit in a warm state,

the less is the danger that the crystalline

texture will remain in the fully-drawn
iron. In this way it is explained why a

greater degree of drawing out, and thus

also larger ingots, are requisite fur a

more than for a less phosphoriferous
iron. If, however, an iron after a cer-

tain heating, followed by drawing, still

ajipears to be coarsely crystalline or

burned, this burning can frequently be

removed by heating the iron anew to a

certain welding heat, properly adjusted
to its content of carbon and phosphorus,
succeeded by a new drawing out

;
but

we must not make too sure that we can

in this way always remove the burning
or cold-shortness. In complete corre-

spondence with this, experience has

shown that burning can be removed by
a corresponding heating, followed by

hardening instead of by drawing ;
and

this circumstance affords a new proof of

the correctness of the view, that tlie

effects of hardening must depend on the

compressiou caused by the contraction,

as it, like the drawing out, can remove

the crystalline texture. In close con-

nection with this, doubtless, also stands

the circumstance that the hardening of

an iron which contains much phosphorus
but little carbon can even increase its

ductility, for the somewhat crystalline
texture of a phosphoriferous iron may
be destroyed by hardening, whereby

again its ductility is greatly increased.

•'To the older observations noticed

above has lately been added a new ex-

perience, which further confirms the

correctness of the view that the effects

of hardening depend on the compression
caused by the contraction. The experi-
ence now referred to is that ingot-metal
free from blow-holes can, without

drawing, and merely by hardening
followed by a new heating to redness,

become quite equal to ingot-metal that

has been drawn out. It is, at least if

the content of manganese be not all the

greater, only whea the percentage of

carbon exceeds 0'3 that the ductility
suffers through hardening any loss

endangering the strength of the material,
and it therefore appears probable that

in all the cases where special ductility
is not demanded, it may not be necessary
to reheat to redness castings poor in

carbon after they have been hardened.

The higher the temperature at which
the reheating takes place, provided,

however, it does not exceed a full red

heat, the more is the ductility increased
;

while, on the other hand, the limit of

elasticity and the iiltimate tensile

strength are thereby diminished until

they descend to nearly the same minima
which characterise ingot-iron or ingot-
steel of the same composition which
has been heated to redness after hard-

ening. By modifying this reheating,
on the other hand, it is possible to bring
the hardened castings to intermediate

stages of these qualities, quite as is the

case with the hardened drawn iron or

steel. The consequence of this must be

that a drawn iron or steel—above all,

when the drawing, as in the case of

hammering, has been continued to a low

temperature
—loses in limit of elasticity

and ultimate tensile strength by heating
to redness followed by slow cooling ;

while an undrawn ingot may increase to

some extent in these properties, although
in a smaller proportion, according as

the degree of heating was less and the

cooling slower. On the other hand,

by sufficiently rapid cooling or actual

hardening, the oft-mentioned properties
are increased in the material to a higher

degree than can be attained merely by

drawing ;
but by renewed heating this

excess can be again removed."

Infliience of Carbon.—Prof. Chandler

Roberts has shown that in soft, tem-

pered, and hardened steels respecti^-ely,

the carbon present has distinct modes of

existence, as is indicated by the widely
different action of solvents on the metal

in these 3 states. The question whether

the carbon in steel is combined che-

mically or merely dissolved mecha-

nically has been much discussed. Ro-

berts inclines to the opinion that in

white cast-iruu and steel the carbon is
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merely dissolved. The phenomena of

hardening and terjipering steel wit-

nessed in the workshop are briefly
these : a piece of steel (by steel in this

connection is understood a piece of the

special metal wliicli is sold as tool steel,

shear steel, crucible steel, &c.) is forged
into the shape of a tool, heated to red-

ness, or as high a temperature as can

be reached without running a risk of
"
burning

"
it, and, wliile still red,

dipped into water and held there until

cold. The metal is now found to be

changed in its mechanical properties :

it is technically known as "dead-hard ";
that is, it is as hard as it is possible
to make it—brittle, and proof against a

file or drill. If the piece is now placed
on a hot plate, the surface will first

assume a light straw colour, and as the

temperature increases, the tint will

change, the order being deep yellow,

red, brown, purple, blue
;
at which last-

named colour the metal, instead of being
brittle, is springy and resilient. The
first jn'ocess is known as hardening; tlie

second as tempering, or drawing down
to a yellow, brown, or blue temper, the

exact temper being practically obtained

by dipping the metal in water as soon

as the desired colour is reached. These
are the phenomena in brief

;
in the

worksliop different brands of steel are

treated in various ways, and tlie j)ecu-
liar dips and tempering liquids are

looked upon as trade secrets; but in

principle the processes are as described,

'i'iie problem to be solved is, why steel

heated to redness and suddenly cooled

should become so very hard, and when

subsequently reheated should become
softer and springy. So far as known,
the properties of the steel depend upon
the quantity of carbon, and upon its

condition. The action of slowly-oxi-

dizing agents upon cold rolled steel,

made by the cementation process, ap-

pear to indicate that the carbon in such

steel exists in the form of iron carbide,
and is not mechanically diffused in the

mass as simple carbon. The iron car-

bide resists the action of the oxidizing

agents, which readily attack the iron

through Avhich it is distributed
;

but

whether all kinds of steel possess this

alloy of iron and carbon remains to be

proved, although for about half a cen-

tury it has been suggested that tempered
steel is a true alloy of carbon and iron,

the carbon being present in varying

proportions according to the tempera-

ture, and being rendered permanent by
the sudden cooling. The case of chilled

cast-iron is analogous, although in that

the hardening is effected with liquid

metal, and not with solid, as in the case

of steel. The surface of cast-iron is

case-hardened by heating it while closely
surrounded with carbonaceous sub-

stances, the sudden cooling shutting up
the carbon, and converting the skin

into a kind of steel. The presence of

carbon is visible to the eye in cast-iron,

but the chilled portion is uniform iu

structure. Soft steel shows a high

degree of molecular rigidity as com-

pared with the hardest iron, but far

less than that of tempered steel
;
which

fact, Prof. Huglies thinks, indicates that

in its softest state steel is still an alloy,

tJiough only feeble quantities of carbon

may be held in that condition. Hard-
drawn iron shows that mechanical

hardening has not diminished the free-

dom of the molecules in any great

degree ;
but if the iron is even slightly

alloyed with tungsten, sulphur, or other

substances, it loses its molecular free-

dom. (^Emj. Mech.)

Influence of Ihnperature.
— Perhaps

the best method ever discovered for

tempering steel, resulting in hardness,

toughness, and elasticity combined, is

that followed in hai-dening the blades of

the famous Damascus swords. The
furnace in which the blades were heated

was constructed with a horizontal slit

by which a current of cold air from the

outside entered. This slit was always
placed on the north side of the furnace,
and was provided on the outside with a

flat funnel-shaped attachment by which
the wind was concentrated and con-

ducted into the slit. The operation of

tempering the blades was only per-
formed on those days of winter when a

cold strong north wind prevailed. The

sword-blade, when bright red hot, was
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lifted out of the fire and kept in front

of the slit, and by this means was gra-

dually cooled in the draught of air. It

acquired the proper degree of temper at

the single operation. From this account
it may be seen that gradual cooling is

to be pi'eferred to sudden cooling. While
water has been used in the process of

tempering for a long time, it was only
at a comparatively recent date that hut

water was used in jjlace of cold, having
various temperatures for various kinds
of steel. For instance, for springs, the
steel must not be made more than red-

hot, and tempered in water heated to

150° F. (65|° C). Low spring steel

containing 0'002 to 0-004 of carbon, when
made red hot and plunged into boiling
water, has its tenacity and elasticity
increased without its softness being
altered. The colder the water, the
more coarsely crystalline is the fracture,
and by using hot water the fracture
becomes more finely granulated in pro-
portion to the temperature. By experi-
ment it has been demonstrated that
red-hot steel plunged into water at a

temperature of 35° F. (2° C.) will be as

brittle as glass, but when plunged into
water at 212° F. (100° C), it will be
annealed and tougliened. Water is not
essential in the process of tempering.
The only necessary condition is that of

temperature, and other bodies than
water may be used for contributing the

right degree of heat. There are various

liquids which can be heated to a higher
degree than that named without re-

quiring to be kept in a close boiler;
such liquids are oil, melted tallow, wax,
pitch, &c. Concentrated solutions of

various salts in water make its boiling-
point higher. It is substances of this
kind which constitute the various tem-

periug pickles. That the chemical con-
stituents of the matter have nothing to
do with its effects, but that it is only a
question of temperature, is conclusively
proved by the fact that when cooled
below the freezing-point of water it by no
means produces a fine granulated frac-
ture. Oils and fats do not cool off:' the
metal as rapidly as water. The boiling-
jioiut of water is comparatively low,

and the latent heat of the steam is not

very great. Its evaporation therefore
carries off' the heat which is in the steel
with great rapidity. In using oil or
melted fats it is not necessary to heat
them very much ;

oil of 100° F. (38° C.)
will be equivalent in its effects to

boiling water. Jewellers and watch-
makers do not temper their drills in

water, as this makes them so hard as to
be quite brittle. They use oil instead,
or tJiey stick the hot drill into solid

sealing-wax, pulling it out quickly and

sticking it in a fresh place, and re-

peating the operation until the drill is

too cold to enter, llercury, which is a

good conductor of heat, has been used
to make steel very liard

; by its con-
ductive properties it cools the steel

quickly, while its evaporation aids in

carrying off the heat rapidly. {Black-
smith and W7ieehv)-i(jht.)

Classifi/ing Steels. — The steel of
which all cutting tools are made de-

pends more, for its real value, upon
the degree of its temper than on the

quality of the steel itself. A piece
of untemj)ered steel, even the finest

grade, will under ordinary conditions
not cut at all

;
while a piece of steel of

inferior quality may be made to cut
well if judiciously hardened and tem-

pered. While the capacity of steel to
cut is mainly due to the tempe]-, the

durability of the cutting edge is deter-
mined by the quality of the steel and
its adaptability to the kind of work
upon which it is employed. Hence, it

is that, for cutting tools, the best cast-

steel is employed. The degree of temper
is varied to accommodate the nature of
the duty. The cost of steel of which a
tool is made is of very little import-
ance compared to its efficiency, because
this cost is very little in comparison
with that of performing the duty. For

example, a steel turning-tool weighing
but 2 or 3 lb. will cut oft' many thousand

pounds of iron, the operation lasting

jierhaps several weeks. The speed at

which this tool will cut, or, in other

words, the time it will take to cut off" a

given amount of iron, will vary 30 or

40 per cent, from a
verj^ slight differ-
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ence in the quality of the steel of which
the tool is made. The cost of the ope-
rator's time is so much greater than
that of the steel used up in a given
time, as to render it, even in the case

of cheap labour, always economical to

employ the best steel. With a given

quality, however, the efficiency depends
more upon the skill employed in the

forging, hardening, and tempering of

the tool, as well as upon its shape.
The art of hardening and tempering

steel as applied to cutting tools is much
more simple than when the same opera-
tions are employed to give steel elas-

ticity as well as durability of form, or

to give durability to pieces of slight
and irregular form with sufficient hard-

ness to withstand abrasion. The reason

of this is that for tool purposes a special
and uniform grade of steel is readily

obtainable, which is known as tool steel.

Special sizes and grades are made to

suit the manufacture of any of the or-

dinary forms of tools. The steel pur-
chased under the cognomen of steel,

whether crucible or otherwise, and

though of the same make and brand,

may vary so much as to seriously afiect

the degree of hardness or temper ob-

tained by any specific process. Host of

the difficulties met with are in obtain-

ing a uniform degree of temper, or in

tempering without loss from water

cracks, checks, &c. These defects may
arise from rigidly adiiering to some

special process of hardening, and can
be overcome by varying the method to

suit the quality of the steel. Very few,

especially of American steels, are as yet

sufficiently uniform to render it prac-
ticalile to employ an unchangeable
method of tempering, and to this fact

is largely due the importation of par-
ticular brands of foreign-made steel.

Manufacturers of special tools, such as

saws for example, find that they must
either manufacture their own steel or

import some well-known brand, and
this in the case of most articles manu-
factured that require a fine and uniform

degree of temper. This is not so much
due to the good quality of the article,

as to a precise knowledge of the process

necessary to temper such steel. There
is as yet no known method of practically

ascertaining in workshops the quality
of a piece of steel, unless it be by use.

As a rule, the steel that shows a frac-

ture of fine dull grain, the face of the

fracture being comparatively level, is

of better quality than that showing a

coarse or granulated surface : bright-
ness denoting hardness, and fibrosity

toughness.
The soft steels, approaching more or

less in their nature to wrought-iron, are

exceedingly troublesome to harden and

temper to a uniform degree, because of

the difficulty experienced in producing
them of uniform grade. Many kinds of

these steels are made of so low a grade
as to render it hard to determine the

line of demarcation separating them
from wrought-iron. With the object
of having universally adopted names
which should indicate the nature and
the distinction between iron and steels,

an International Committee was ap-

pointed at Philadelphia by the Institute

of American ^lining Engineers; they
resolved that tlie following should be

recommended :
—

(I) That all malleable

compounds of iron, with its ordinary

ingredients, which are aggregated from

pasty masses, or from piles, or from any
form of iron not in a fluid state, and
which will not sensibly harden and

temper, and which generally resemble
what is called wrought-iron, shall be

called weld-iron (Ger. Schweisseise}i ; Fr.

fer-soude). (2) That such compounds,
when they will from any cause harden

and temper, and which resemble what
is now called "

puddled steel," shall be

called weld-steel (Ger. Schicciss-sfahl ;

Fr. acicr-soudi'). (3) That all com-

pounds of iron, with its ordinary ingre-

dients, which have been cast from a

fluid state into malleable masses, and
which will not sensibly harden by being
quenched in water while at a red heat,
shall be called ingot-iron (Ger. Fluss-

ciscn ; Fr. fcr-fondu). (4) That all

such compounds, when they shall from

any cause so harden, shall be called

ingot-steel (Ger. Fluss-stahl ; Fr. acier-

fvndu). The main line of demarcatioq
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here laid down lies in the capability to

. liarden. Steel which will harden from

any canse—that is to sa)', by heating to

any temperature and using any quench-
ing liquid

—is termed weld-steel. That
wliich will harden by being heated to

redness and quenched in water is termed
steel.

Testing Steels.—Prof. Kich, of Prague,
after several experiments with nitric,

sulphuric, and hydrochloric acids, and
their combinations, with mordants com-

posed of the salts of copper, &c., has

arrived at the conclusion that a mix-
ture of equal parts of hydrochloric acid

and water, to which is added a trace of

solution of antimony, constitutes a mor-
dant especially applicable for the pur-
pose of testing iron and steel. The last

ingi'edient, which was recommended to

him by Prof. Gintl, renders the surface

attacked more capable of I'esisting oxi-

dation, and has the effect, after well

washing with hot water and the appli-
cation of a coat of protecting varnish

composed of damar resin, of preserving
the surface attacked sufficiently pure.
The method of proceeding is always to

surround the surfaces, previously pre-

]):ired liy means of a iile or hone, with a

wall of wax fully f in. high, the acid,
heated to a temperature of 53° to 86° F.

(12° to 30° C), is poured on to the

surfaces, and soon begins to act, as will

become manifest by tlie disengagement
of gas. In winter, owing to the low tem-

perature, the operation cannot be per-
formed so favourably. Its duration is

usually 1 to 2 hours, and it should be

continued, as a general rule, until the

texture of the iron is exposed. The

jjrogross of the action may be easily as-

certained by ]iouriug out tlie acid every
h hour without breaking the wax bor-

der, removing by means of a brush or

piece of rag the carbon (graphite) de-

posited on the surface, washing, and

again pouring on more acid if the
action appears insufficient. If the an-

timony chloride has been added to the
acid in proper proportion, but little

time will elapse, after the action has

commenced, befoi-e it will begin to throw
down a black precipitate. This is easy

to distinguish from the graphite, inas-

much as the latter is not very appre-
ciable, when for about If pint is added

only a single drop of the concentrated
solution of antimony chloride, which is

sufficient. When the action of the acid

has been continued long enough, the wax
wall is destroyed, and the surface of the

iron is washed by means of a brush with
several waters, the first of which is ren-

dered slightly alkaline by the addition

of a little lye ;
it is tlien carefully dried,

and a coat of varnish is applied. If, at

the end of a few hours, there are any
signs of oxidation, the varnish must be

dissolved with spirit of turpentine, the

oxide removed, and the varnish again

applied. The indications given by the

difierent kinds of iron are as follows :
—

Soft or fibrous iron, when of very
good quality, is attacked by the acid,

even when the action is continued for

several hours, in a manner so imiform,
and with an elimination of the carbon so

limited, that the surface acted upon
retains a dull lustre—a few incised specks
and cinder-like holes being only observ-

able.

Fine-grained iron gives exactly the

same indications
;
the surface generally

remains uniform, but it is not quite so

bright.

Coarse-grained iron and hot-short iron

are attacked by the acid with much
greater energy than the 2 kinds above
mentioned. Even at the end of about
10 minutes the surface, especially that

of the latter kind, becomes quite black.

If the acid be allowed to act for nearly

^ hour, a black muddy deposit (schlamm')

may be removed by washing, and no
amount of washing will prevent the sur-

face from remaining black
;
there will

also be a considerable number of small

holes distributed over the surface.

Some portions of the iron are generally
attacked more deeply in this way ;

others, although they may have become
black and a little porous, are better pre-
served. This appearance will be the

more manifest if, after about an hour's

action, I'epeated washing and drying, a

fine file be passed over the surface.

Malleable iron or annealed iron be-
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comes nisty, as is well known, more

readily than wrought iron
;
but an in-

teresting fact is that the action of the

acid is very violent and irregular.

Puddled Steel.— The colour, after

being treated with acid and washing,
is grey, and of a tolerably uniform

shade, the weldings being but little

apparent.

Blister Steel.—The appearance ex-

hibited is very like that of puddled
steel, and the weldings are also but

slightly aiDparent.

Bessemer Steel: Cast Steel.—The
surfaces of these steels are uniformly
grey-the non-homogeneo\is parts are

rare, and bi\t little apparent. The soft-

er the steel the more approaching to

grey is the colour. The action of the

acid produces veiy fine fissures. In a

sample of Mushet steel the prepared
surface was perfectly uniform, but
after he treatment with acid narrow
transverse fissures were observed
over the whole extent. It is prob-
able that the proportion, of titanium

in this steel was the cause that the

surface attacked presented the dark

grey colour.

The old blacksmiths' method of

calling that steel which can be hard-

ened, is one recognized method. To
harden, however, is one thing ; to

harden when heated to a definite de-

gree, is another; and to possess a defi-

nite degree of elasticitywhen temjoer-
ed to a particular point of tempera-
ture after hardening, is yet another.

So that, in the absence of great uni-

formity in the grade of the metal, the

blacksmith or the temperer must rely

upon his judgment and jjerception.
If under a given process the work is

not considered hard enough, he may
heat the metal to a greater tempera-
ture, providing its shape and size will

admit of that withoiit injury, or caus-

ing it to crack in the quenching. In
this case he will try to make up for

the deficiency in the metal to temper,
by chemical additions to the quench-
ing liquids.

Supposing that steel as operated

upon be of uniform grade, the opera-
tion of the hardenerwould not always
make it uniform, because steel de-
carbonizes somewhat by being heat-
ed ; hence a small tool deteriorates by
being heated in the open fire, and
one often heated to sharpen or re-

pair suffers in proportion. From all

these and other considerations, har-

dening and tempering processes of
steel differ according to the size and
nature of the work, the amount of

uniformity required, and the duty
to which the work is to be put. The
only information of value to the

practical man is such as will instruct

him in the practice of the work-

shops, giving the conditions and
tlie processes in connection with
each other.

Colour Tests.—If we heat a piece of

cast-steel to redness, and plunge it

into clean water until its temperature
is reduced to that of the water, the re-

sult will be that the steel will be har-
dened. The degree of tbe hardness
will depend upon the quality of the

steel, the temperature to which it

was heated, and to a small degree
ujion the temperature of the water in

which it was cooled. In any event the

operation will be termed hardening.
Ifwe reheat the steel, a softening pro-
cess will accompany the increasing
temperature, until upon becoming
again red-hot it will assume its nor-
mal softness, and if allowed to cool

in the atmosphere the effects of the
first hardening will be entirely re-

moved. If, however, after the steel

is hardened, we polish one of its sur-

faces and slowly reheat it, that stu*-

faee will assume various colours, be-

ginning with a pale yellow aod end-

ing in a blue with a green tinge, each
colour aj^pearing when the steel has
attained a definite degree of tempe-
rature; hence by the appearance of

the coloiirs we are informed of the

temperature of the steel, or, in other

words, how far or to what extent the

resoftening has progi'essed. This fact

is taken advantage of by the machin-
ist to obtain in steel any required de-
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gree of hardness less than that of the

absolute hardness obtained by hard-

ening, and is termed tempering. The
temperature at which these respec-
tive colours wUl ap]Dear are as follows :

Very pale yellow . 430°F. (221°C. )

Straw yellow . . 460=F.(238°C.)
Brown yellow . . 490°F.(254'^C.)

Light purple . . . 530°F. (277^0.)
Dark purple . . . 550^-F.(288°C.)
Clear blue . . . 570^^F.(299^-'C.)

Pale blue .... 610' F.(321°C.)
Blue tinted with green 630^F. (332-C. )

To say, then, that a piece of steel

has been tempered to a straw colour,

implies that it was iirst hardened and
then reheated until the straw yellow
appeared upon it, the temperature
having arrived at 460° F. (238° C),
and that the reheating process was
then discontinued. The presence of

the straw colour, however, while evi-

dence of temperature to which the

heating took place, is no indication of

the actual degree of hardness of the

steel, because that depends upon the

degree to which the steel was harden-
ed before the colour test tempering
was resorted to. And since the degree
of the first hardening depended upon
the quality of the steel, the degree to

which it was heated, and the temi^e-
rature of the water in wihich it was
cooled, it follows that the above qual-
ity, heating, and temperature must
be uniform in all cases if uniform re-

sults are to be reached. The higher
the grade of steel, the lower the tem-

perature at which it will harden, and
the harder it will be if cooled in water
from a given temperature; but any
degree of hardness obtained from a

temperature equal to or less than the

highest at which a coloiar would ap-
pear—that is, 430"-- F. (22FC.)—will
obviously be representable under the
colour process by a colour, providing,
of course, that the steel was first

thoroughly hardened. (Scientific
American. )

Hardening and Tempering defined.
—

It is manifestly desirable to obtain

any required degree of hardness by a

single process, if possible ;
hence by

heating a known quality of steel to a
definite temperature, and quenching
it in water or other liquid or mixtures
maintained at about an even tempe-
rature, the colour test is becoming,
in some cases, dispensed wtih, the
conditions of heating and cooling
being varied to give any degree of
hardness from the highest attainable
down to normal softness. Another
and very desirable method of harden-

ing and tempering is to heat in a flue

of some kind maintained at the re-

quired temperature over the fire, and
cool either in water or a quenching
or cooling hqiiid, and then, instead
of employing the colour test, to pro-
vide a tempering bath composed of

some substance that will heat, in the

open air, to a temperature of about
450° F. (232° C). By placing the
articles (after hardening them) in the

tempering bath, and heating it to a

temperature equal to the colour of

temper (under the colour test) requir-
ed, we have but to cease sujiplying
heat to the tempering bath when a
thermometer standing therein marks
the required temperature, and a uni-
form degree of temper will be given
to all the articles; and the operation
will occupy much less time than
would tempering either individual-

ly or collectively by the colour test,
because a hquid is much more easily

kept at an equal temperature throi;gh
out its mass than are the heated sand,
hot pieces of iron, or iron tubes re-

sorted to in tempering by the colour
test. Another method of tempering,
which, if capable of reduction to uni-

formity, would be the quickest and
hence most desirable of any, is to

heat the steel to a definite temper-
atiire, and cool or quench it in a

liquid having sufficient gi'easiness or
other quality which acts to retard its

retraction of the heat fi-om the steel,

and thus give a temper at one oper-
ation. As an example of this kind of

tempering, it may be mentioned that

milk-and-water, mixed in propor-
tions determined by experiment
upon the steel for which it was em-
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ployed, has been found to give an excel-

lent spring temper. Nor is there any
doubt that, carefully conducted, such

tempering may be of the very best qua-

lity. A great deal, however, in this

case depends upon the judgment of the

operator, because very little variation

in heating the steel or in the proportions
of milk to water produces a wide varia-

tion in the degree of temper. If, on

trial, the temper is too soft, the steel

may be made hotter, or there may be

more water added to the milk. If the

steel was heated as hot as practicable
without increasing the danger of burn-

ing it, more water must be added
;
while

if the steel was made red-hot without

being hot enough to cause the formation

of clearly perceptible scale, the steel may
be heated more. It is desirable, in all

cases, but especially with a high grade
of steel, to heat the steel not above a

blood-red heat, although shear and spring
steel may be, and often must be, made

hotter, in order to cause it to harden

when quenched [in water. In former

times the hardening by fire and water
and tempering by the colour test were

exclusively employed for hardening and

tempering, except in cases where elasti-

city was the property sought to be im-

parted to the steel, and in this case a

process termed blazing off (which will

hereafter be treated of) was substituted

for the colour test, and in those days the

term "
hardening

" was understood to

denote the process of heating to a cherry-
red and cooling in cold water

;
this was

sometimes further defined, if either of

the terms "
giving the steel all the

water
"

or " hardened right out
" was

used to particularly specify that the

steel was not to be extracted until re-

duced to the temperature of the water.

The necessity for these terms ai'ose from
a practice that sometimes obtained, of

withdrawing the steel from the water
before it was quite cold, and many ex-

cellent hardeners and temperers there

are, who at the present day withdi'aw

the steel from the water when it has

sufficient heat left in it to rapidly

dry off the water adhering to it, the

result being, it is claimed, to alter the

degree of hardness to a practically im-

perceptible degree, but to add consider-

ably to the strength of the hardened
steel.

In those days tempering was under-

stood to mean the second process, whose

object was to modify, to a definite de-

gree, by the colour test, the effects of

the first hardening. Since the introduc-

tion of the other methods of hardening
and tempering above referred to, the

terms hardening and tempering have
come to be used by many persons indis-

c)-iminately, and it is a fairly debateablc

question what process should be termed

hardening and what tempering. First,

then, any degree of hardness less than

that obtainable in a given quality of steel,

heated to the brightest degree without

causing the change known to smiths as
"
burning the steel

"
to set in, must be

a degree of temper, notwithstanding that

it would have no representative colour

under the colour test, because it is a

degree of hardness less than the maxi-

mum.
In practice a toolsmith usually heats

cast steel to what he terms a cherry-
red

; anybody, however, who has

watched an ordinary blacksmith heat-

ing tools to harden will have observed

that "
cherry-red

"
practically includes

all ranges of temperature between blood-

red and a red verging upon deep yellow,
the blacksmith being perfectly satisfied

so long as the steel was not burned.

The difference in the hardness obtainable

by these two extremes of heating is not

of practical importance in steels of fine

grade ;
but in steels of inferior grade,

as some spring and shear steel, it is so

great that a blood-red will not ajipre-

ciably harden, while a yellow-)'ed will

harden beyond the highest degree attain-

able under a colour test. The question
arises then, shall a piece of steel pos-

sessing any of the degrees of hardness

lying between that denoted by a yellow
under the colour gauge and the highest
attainable by giving the steel a maxi-
mum of heat (short of burning the

steel) and "
all the water," be termed

hardened or tempered ? Now, of these

degrees of hardness we have no clear
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conception, having no practical means
of gauging it. If we give to a machinist
a tool of a particular shape, he has such
a clear idea of the hardness and strength
it will possess when tempered to a

colour, that he can determine how hard
it can be made to perform a given duty,
or about to what colour it must be made
to leave it strong enough to withstand
the strain due to a given duty. Or if

we give him a piece of steel soft at one
eud and hard at the other end, the

graduation proceeding uniformly from
end to end, he can take a file, and after

testing the hardness, mark upon the
steel with tolerable accuracy the
sections corresponding in hardness to a

blue, a purple, a brown, and a straw

colour, and would know of what hard-
ness to make a tool that would cut the
steel at any particular section not too
hard to entirely resist cutting. This

knowledge he has obtained from mani-

pulations performed upon steel of all

degrees of colour temper ;
but if we were

to give him a piece of steel harder than

any degree denoted by a colour, and yet
not of maximum hardness, he would be

dealing with an utterly unknown
quantity.

"Temjiering," applied to define the

degrees of hardness denoted by the
sliades of colour ranging between the

palest yellow and the deepest blue, con-

veys (in connection with a colour as,

say, tempered to a straw colour) a clear
idea of a definite and recognizable
degree of hardness; but made to include
a greater degree of hardness than is

denotable under the colour test, it

would cover in its meaning a number of
unknown quantities which seriously im-

pair, if not even destroy, its whole value.
From this it appears that the word
"
tempered

"
(as applied to steel) should

properly apply to all degrees of hard-
ness denotable by colour in the colour

test, and that " hardened "
should in-

clude all degrees of hardness above that
denoted by the palest yellow on the
colour test. Under this interpretation,
the meaning of the word will be ex-
tended to include all single processes
which give degrees of hardness deaot-

able by colours
;

hence the original

meaning will be preserved to that
extent. On the other hand, however,
there is little doubt that the word was

originally applied to the process because
that process

"
tempered

"
or " modified"

the degree of hardness of the steel, as

indeed is proved by the fact that it Mas
and is very often used interchangeably
with the term " lowered "

; thus, to

lower to a blue was and is to temper to
a blue; this is further attested by an
old expression which is still in common
use, viz., to " draw " the temper ; thus,
drawn to a blue implies that a piece of

steel,
" hardened right. out

"
or ''

given
all the water," has had its hardness

reduced, or drawn, to the degree
denoted by a blue colour.

We have, however, another CDnsidera-

tion, in that steel given a definite

degree of temper (corresponding to a
colour under the colour test) by a siu'i-le

heating and quenching process has not
been tempered in the sense that it has
been lowered or suffered a reduction of
hardness

;
on the contrary, it has

received an increased degree of hard-
ness. We may indeed stretch a point
and claim that it has suffered a reduc-
tion of softness, but then tem])er is

understood to mean, directly, a degree
of hardness, becaiise normal softness is

in practice understood to be the con-
dition as regards softness in which steel

is supplied by the manufacturers. If
from this condition it is rendered softer

by softening processes, that is t(.'rmcd

softening, while all degrees of hardness
above that must come under the head
of either hardened or tempered.
We have then to choose between

including in the term "
tempered

"
all

processes which act to reduce the hard-
ness of the steel to a degree recogniz-
able under the colour test by a colour,
or to confine its meaning to all pro-
cesses by which the degree of hardness
is modified, lowered, tempered, or
lessened

; and in view of the fact that
the result reached and the object sought
in either case is to obtain a definite

degree of hardness comparable to that
obtained ixuder the coloui- test, the
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former iuterpretalion is undoubtedly
the better. In any event it is an error

to apply the term "
tempered

"
to pro-

cesses which, at one operation, leave

the steel harder than any degree
answerable to a colour in the colour

test
;
while it has been shown that a

process which reduces the hardness of

the steel without bringing it down to a

degree denoted by a colour in the colour

test, should be termed hardening.
Heat Tests.—This matter would be

considerably simplified if, instead of the

colour, the degrees of temperature were

specified ;
thus tempered to 460° F.

(238° C.) would mean the same degree
of hardness as a straw colour, and all

the degrees of hardness above that

would be specified in less degrees of

temperature, and all degrees of softness

down to a blue with a green tinge would
be included in ranges of temperature
up to 630° F. (332° C). The degrees of

softness below that, being indistinguish-
able by either a colour test or any other

known indication save the ease with

which it can be cut, would still remain
unknown quantities or degrees. This

plan would remove another technical

oijjectiou to the colour test, which is,

that the presence of a colour obtained

on a piece of steel by subjecting it to

heat is no evidence that the steel pos-
sesses any above its normal degree of

hardness
;

for steel, wrought-iron, or

even cast-iron, that has been softened to

the lowest degree, will assume, on a

polished surface, all the colours, pro-

viding that they are heated to the neces-

sary temperature ;
hence the presence

of colour is simply proof that the steel

has been heated to a certain tempera-
ture, but by no means proof that it

possesses temper, or indeed that the

process of heating has in any way
modified the degree of hardness or soft-

ness.

Tempering, when performed by a

second operation, reducing the hardness

obtained by a previous one, is dependent
for its uniformity upon the uniformity
of the first one ; hence if a number of

pieces of steel of the same grade be

heated to au equal temperature and

plunged in water until cooled, and

subsequently tempered to the same
shade of colour, they will all possess an

equal degree of hardness; butifotlier

pieces of steel of a dift'erent quality or

grade (this may be further specified by
saying "containing a different percent-

age of carbon") be subjected to pre-

cisely tlie same processes, leaving u])on
them the same temper colour, while

this latter batch will be uniform in

hardness, it will not possess the same

degree of hardness as the pieces of the

first batch : hence temper colour may
be used as proof of equality in the

degree of temper in pieces of the same

steel, but is not indicative of any deter-

minate and uniform degree of hardness.

In tool hardening, this fact assumes but

little practical difference, because for

tools a special quality of steel termed
tool steel is supplied, wliich will harden

sufficiently to give accuracy to the

colour test tempering, when heated to

any degree of heat from blood-red to

yellow-red, the difference of hardness

in steel quenched, from either of these

degrees of heat, being too small to be

of practical moment in all tools com-

paratively inexpensive to make. In

tools tliat are expensive, it is desirable

to give the exact degree of temper
which experiment has determined as tlie

best. It will be noted that in the

colour test the shades of yellow alone

extend over a range of 70° F. of tem-

perature, and tool users know tJiat

within these 70° F. lies a wide range of

hardness. It is better, then, to adopt a

tempering process that will determine

with approximate accuracy the first

heating temperature, such, for example,
as by heating the article in some flux

such as melted lead, melted salt, or

melted glass, plunging it into a cooling
mixture or liquid whose temperature
can be maintained, by suitable means,
somewhat equable, and drawing the

temper in a bath maintained at the

required thermonietrical temperature.

By this means, the steel used being a

brand known for its uniformity, both

the hardening and the tempering will

have the greatest practically obtainable
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degree of temper, and the tools will be

hardened more answerably to the re-

quirements of the duty than is obtain-

able under the colour test. This plan
is indeed largely resorted to when large
numbers of pieces require tempering ;

but if the articles are large, or tem-

pering requires to be done piecemeal
and at odd times, it will not pay, as a

rule, to keep heating and tempering
mixtures constantly ready upon the

fire, and the open tire and colour gauge
must be resorted to. It is under these

latter conditions that the whole of the

skill of the hardener and temperer is

called into play, since, from the moment
the steel is placed in the tire until it is

cooled, all through to the temperature
of the water, judgment and expertness
are qualities absolutely essential to

entire success.

Heating Steel.—In heating steel to

harden it, there arise many considera-

tions, the principal of which are as

follows :
—

As the steel becomes heated, it ex-

pands ;
if one part becomes hotter than

another, it expands more, and the form
of the steel undergoes the change neces-

sary to accommodate this local expan-
sion, and this alteration of shape becomes

])ermauent. In work finished and fitted

this is of very great consideration, and
in the case of tools it often assumes
sufficient impoi'tance to entirely destroy
their value. If, then, an article has a

thin side, it requires to be so manipu-
lated in the fire that such side shall

not become heated in advance of the

rest of the body of the metal, or it

will become locally distorted or warped,
because, though there exist but little

difference in the temperature of the

various parts, the more solid parts are

too strong to give way to permit th«

expansion ;
hence the latter is accom-

modated at the expense of form of the

weakest part of the article. It does

not follow, however, that the part

having the smallest sectional area is

the weakest when in the fire, unless it

is as hot as the rest of the body. For

example, suppose we have an eccentric

ring, say § in. thicker on one side than

the other, and heat it midway between
the thick and thin sides to a cherry-red ;

while those sides are barely red-hot,
the part heated to cherry-red will be

the weakest, and will give way most to

accommodate the expansion, because the

strength due to its sectional area has
been moi-e than compensated for by the

reduction of strength due to its in-

creased temperature. The necessity of

heating an article according to its shape
then becomes apparent, and it follows

that the aim should be to heat the
article evenly all over, taking care

especially that the thin parts shall not

get hot first. If, then, the steel is

heated in the open fire, it may be ne-

cessary to take it from the fire occa-

sionally, and cool it with water, and to

so hold it in the fire that the thin part
is least exposed to the heat. If the

article is large enough, the thin part

may be covered, or partially so, during
the first of the heating by wet ashes.

If, however, the article is of equal sec-

tional area all over, it is necessary to so

turn it in the fire as to heat it uni-

formly all over
;
and in either case care

should be taken not to heat the steel

too quicklj', unless, indeed, it is de-

sirable to leave the middle somewhat
softer than the outside, so as to have
the outside fully hardened and the in-

side somewhat soft, which will leave

the steel stronger than if hardened

equally all through. Sometimes the

outside of an article is heated more than
the inside, so as to modify the tendency
to crack from the contraction during
the quenching ;

for to whatever degree
the article expands during the heating,
it must contract during the cooling.
Whether the heating be done in the

open fire or in a heating mixture, it

must be done uniformly, so that it may
often be necessary to hold the article

for a time with the thick part only in

the melted lead or other heating ma-
terial

;
but in this case it should not be

held quite still, but raised and lowered

gradually and continuously, to ensure
even heating.

The size of an article will often be an

important element for consideration iu
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heating it, because, by heating steel in

the open fire, it becomes decarbonized
;

and it follows that, the smaller the

article in sectional area, the more

rapidly this decarbonization takes place.
In large bodies of metal, the decarbon-

ization due to a single heating is not

sufficient to have much practical signi-
ficance

;
but if a tool requires frequent

renewal by forging, the constant re-

heating will seriously impair its value;
and in any event it is an advantage to

maintain the quality of the steel at its

maximum.
Fud for Heating.

—To prevent de-

carbonization for ordinary work, char-

coal instead of coal is sometimes used
;

and where hardening is not done con-

tinuously, it is a good practice, because

a few pieces of charcoal can be thrown

upon the fire and be ready for use at a

few minutes' notice. Charcoal should

be used for the heating for the forging
as well as for that for the hardening.
Green coal should never be used for

heating the steel for the hardening,
even if it is for the forging process ;

because, while the steel is being well

forged, its quality is maintained, but
afterwards the deterioration due to

heating is much more rapid. A coke

suitable for heating to harden should be

made and always kept on hand. To
obtain such a coke, make a large fire of

small soft coal well wetted and banked

up upon the fire, and with a round
bar make holes for the blast to come

through. When the gas is burnt out of

the interior coal, and the outside is well

caked, it may be broken up with a bar,
so that the gas may be burned out of

the outside, and then the blast may be

stopped and the coke placed away ready
for use at a moment's notice. Good
blacksmiths always keep a store of this

coke for use in taking welding heats as

well as for hardening processes. It is

desirable that the article be heated as

quickly as possible, so as to avoid decar-

bonization as much as possible. If an

article has a very weak part, it is ne-

cessary to avoid resting that part upon
the coal or charcoal of the fire, other-

wise the weight uiav bead it ; and in

3

heating long slender pieces they should

bed evenlv in the fire or furnace, or,

when red-hot, the unsupported parts
will sag. In taking such pieces from

the fire, the object is to lift the edges

vertically, so that the lifting shall not

bend them
;
and this requires consider-

able skill, because it must be done

quicklv, or parts will get cooled and

will warp, as well as not harden so

much as the hotter parts.

Quenchint/.
— We now come to the

cooling or quenching, which requires
as much skill as the heating, to prevent

warping and cracking, and to straighten
the article as much as possible during
the cooling process. The cooling should

be performed with a view to prevent
the contraction of the metal from warp-

ing the weaker parts ;
and to aid this,

those parts are sometimes made a little

hotter than the more solid parts of the

article, the extra heat required to be

extracted compensating in some degree
for the diminution of sectional area

from which the heat must be extracted.

Water for cooling must be kept clean,

and in that c.ise it becomes better from

use. It may be kept heated to about

100° F. (38° C), which will diminish

the risk of having the article crack.

Cracking occui's from the weaker paits

having to give way to suit the contrac-

tion of other parts, and usually takes

place in the sharp corners or necks of

the articles, or through the weakest
section

; hence, in articles found to be

liable to crack, such corners are made
as rounded as possible. If the water is

very cold, and the heat is hence ex-

tracted very rapidly from the outside,
the liability to crack is increased

;
and in

many cases the water is heated to nearly
the boiling-point, so as to retard the

extraction of the heat. Since, however,
the hardening of the steel is due to the

rapid extraction of its heat, increasing
the temperature of the water diminishes

the hardness of the steel, and it is ne-

cessary to counteract this effect as far

as possible, which is done by adding salt

to the water, the steel hardening more

thoroughly in the saline mixture. To
assist the haideuiug, various ingredients

T
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are sometimes added to the water, such

as fullers' earth, cyanide of potash, &c.

All articles that are straight or of the

proper form when leaving the fire

should be dipped Yerticall\-, and lowered

steadily into tlie water
;
and if of weak

section or liable to crack or warp, they
should be held, quite still, low down in

the water until cooled quite through to

the temperature of the water. If the

article is taken from tlie water too

so(in, it will crack; and this is a com-
iiinn occurrence, the cracking often

being accompanied by a sharp audible
" click." Pieces of blade form should
be dipped edgeways, the length of the

article lying horizontally and the article

lowered vertically and hcM quite still,

because, by moving it laterally, the ad-

vancing side becomes cooled the quickest,
and warping and cracking may enrsue.

Straight cylindrical pieces are dipped
endwise and vertically. When, how-

ever, the dipping process is performed
with a view to leave sufficient heat in

the body of the article to lower or

temper the pnrt dipped, the method of

procedure is slightly varied.

Since the hardening of steel consists

of first heating and then rajiidly ex-

tracting the heat, it follows that this

latter part of the process may be per-
formed otherwise than by the use of

water— such, for example, as by placing
the article in a current of cold air, or,
if it is thin, by placing it between 2

cold iron plates. In these processes,

however, the heat is not extracted

quickly enough to give a great degree
of hardness

; hence, cold plates are rarely
used, unless in cases where straightness
and truth are of primary importance,
and where straightening processes, to be

applied after hardening, are inadmis-
sible. When extreme hardness is re-

quired, it is not uncommon to quench
the steel in mercury, which will harden
to a much greater degree than water.
To increase the efficiency of water, it

is not unusual to boil it, which draws
off the air contained in it

;
and there

is no doubt that the superiority of
water which has been long used for

hardening is largely, if not altogether,

due to its comparative freedom from
air.

Degrees of Temper.—The considera-
tions which determine the most de-
sirable degree of hardness or temper are
whether resistance to abrasion, capa-
bility of sustaining great pressure upon
a fine edge, or elasticity, is the qualifi-
cation sought to be imparted.
When elasticity is sought, tempering

is absolutely necessary, because the

degree of hardness accompanying elas-

ticity is that represented in the colour
test by the shades of blue. But when
the requirements include the element of

strength (as is always the case in cut-

ting tools, and is sometimes the case in
articles hardened to resist abrasion),
then the degree of temper is modified
to accommodate the strength, for steel

hardened right out—that is, made as
hard as fire (without burning it) and
water will make it—is somewhat brittle
and comparatively weak, but it resumes
its normal strength as its normal soft-

ness is restored. Hence, if a cutting
tool is of strong section, it is, in the
best practice, hardened right out

;
but if

it was found that the edge was, from
excessive duty, liable to break

oft', it

would be tempered to a straw colour,
or still lower, even down to a blue if

the requirements for strength demanded
it. It is self-evident, however, that
since the cutting capability of a tool is

mainly dejiendeut upon its degree of
hardness above that of the material to
be cut, the harder a tool can be made to
stand the duty without breaking, the
more and the better duty it will per-
form.

There is, it is true, a great difterence
of opinion with regard to the propriety
of tempering many strong tools to a
straw colour, especially in the case of

planer tools for iron. Some of our
most expert mechanics will temper
such tools to a straw colour, while

others, equally ex})ert, will give them
all the water—that is, harden them
right out, and not lower the temper at

all. There is among them all, how-
ever, a common practice of using the
full degree of hardness in the tool when
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tlie metal to be cut is hard, as is some-

times the case in even common unchilled

castings, and since the harder the

metal the more force it requires to

sever it, it would seem that a tool

strong enough for the hard metal

should be sutHciently so for the soft

metal. On the other hand, the tool is

sometimes made less keen for the hard

than for the soft metal, and the differ-

ence ill the tool shape may give as much
increase of strength as the increase of

its hardness tends to weaken it.

Here let it be noted tliat tlie difference

of opinion referred to is not in any way
due to a difference in the steel, for, of

two men operating the same tools in

the same machine and upon similar

work, one will simply harden and the

other harden and temper the tools.

Let he who would excel, however,
never use tools of a lower temper than

that which he finds will safely with-

stand the strain, and never rest satisfied

until, under equal conditions, lie can

use tools as hard as the best of others

engaged upon similar work, for in most
cases it will be found that an advantage
of shape is the cause of being able to

use a tool of increased hardness.

Under equal conditions and under

any given process, steel hardened with
the outer or forged skin removed, will

be harder, though tempered to the

same colour, than if that skin remained,
which appears an anomaly, since it is

universally conceded that the forged
surface is the closest-grained and most
retined steel. An explanation, how-

ever, may be found in the probability
that the forged skin, or scale, operates
as a separate film or lining between
the metal and the water, retarding the

extraction of the heat from the steel
;

but, be this as it may, it must always
lie allowed for in tools in which the

temper is drawn to give strength.

Suppose, for example, the conditions

require that a tool be filed to exact

shape before being hardened, and that

the proper temper for that class of

tool, if hardened with tlie forged skin

on, would be a pale straw, the temper
with that skin off would require to be

about a coffee-coloured brown
;
or if,

in tlie first case, a deep reddish brown,

then, in the second case, a clear reddish

puri)le.
The surface of a piece of steel tliat

is thoroughly hardened always appears
white, provided that its surface was not

covered with any substance during the

heating process ;
and if any dark places

or patches appear, it is an evidence that

in those parts the steel is not so

thoroughly Jiardened. For most colour

tempering, except it be for springs

subject to excessive duty in proportion
to their size and shape, the presence of

such dark spots upon good refined cast

steel, such as tool steel, is not of suffi-

cient importance to appreciably impair
the value of the tempering. If sliear

steel, blister steel, machine steel, or any
of the common qualities of steel are

used, the whiteness of the surface is,

however, a sure indication of the hard-

ness of the steel, provided it was
heated with its surfaces uncovered and

quenched in water
;
but if tlie surface

of any steel be coated with any of the

substances sometimes used to prevent
decarbonization, black or dark spots
will not be an indication of local

softness.

In large bodies of steel, the heat is

not extracted from the internal metal

sufficiently quickly to harden the in-

terior to the same extent as the

exterior. Furthermore, it is often

necessary to have a free current of

water in order to extract the heat

sufficiently rapidly to harden the ex-

terior, because the internal metal

supplies heat to the external, thus

partly counteracting the cooling effects

of the water. In such cases, however,
the coldest of water under pressure,

and, if practicable, with salt added, may
be employed.

In such sizes of steel as are used for

cutting tools and instruments, it is not

found that the internal metal is appre-

ciably softer than the external, provided
that the steel was heated equally all

through.
In articles tempered to any degree

not lower than a red purple under the

T 2
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colour test, it is not found that re-

moving the surface after hardening
alters the temper, or, in other words,
articles not tempered (by colour) to a

lower degree than a very light purple,

appear to possess their degree of temper
equally all througli the metal

; hence,

subsequent grinding and polishing does

not impair the hardness, unless the

operation should heat them. But in

all the degrees of temper represented
in the colour test, the blue purples and

blue, removing the surface of the metal

after tempering, will sensibly reduce

the temper, the amount of the reduction

depending upon the depth to which the

surface was removed. The difference,

however, will be found to be less in the

case of refined cast-steel than when the

quality of steel is that ordinarily used

for springs. It is stated to have been

found by experiment that the bare

removal of the blue tint from a pendu-
lum spring, by immersing it in weak

acid, caused the chronometer to lose

nearly one minute in each hour. It is

also stated as a well-known fact, that

such springs get stronger in a minute

degree during the first 2 or 3 years

they are used, from some atmospheric
change ;

while springs plated with gold,

silver, or nickel, remain constant,

though the covering or plating may be

so thin as not to compensate for the

loss of the blue surface removed for

the plating process. Be that, however,
as it may, certain it is that the elasti-

city of tempered steel is rapidly affected

by various conditions. Thus the springs
of engine pistons partly lose their

elasticity in the course of time, whether
from the heat or from rusting it is

hard to say. Springs operating under

dry heat get hai-der, but whether this

is not due to the crystallization of the
metal is an open question.

It does not appear that the method of

tempering affects the durability or

elasticity, since the deterioration men-
tioned applies to springs tempered
either on hot plates of iron, in sand, in

heated fluxes, or by burning oil, or

blazing, as it is termed.

Cracking and Spiitting.
—One of the

most serious losses common to our tool

and imjflement manufactories is that of

the cracking and splitting of steel

during the hardening process. Not only
is the arti( le or piece lost after having
incurred the cost of its manufacture,
but in many cases the completion of

the machine of whicli it forms a part
is arrested until the lost piece is re-

placed. In many cases this is done at

increased cxj)ense, because the piece has

to be made singly instead of witli a

number of others, involving as much

setting of macliine and adjustment of

tools as would be required for a large
number of pieces. Successful harden-

ing and tempering is indeed, even under

ordinary and unvarying conditions,

considered and kept as a trade secret.

Visitors are excluded from the harden-

ing and tempering room. In some cases

the method of heating, in other cases

the material used for heating, in yet
others the cooling mixtures, form the

supposed secret. As a matter of fact,

however, some of the very best tool

manufiicturers employ the simple open
fire or furnace and water, and it is

probable that with these two simple

agents good cast-steel can be as success-

fully and properly hardened for any

purpose as it can be under any other

process, and the advantage gained by
heating in iluxes consists in increased

expedition and the necessity for a less

expert manipulation.
The splitting or cracking of steel

occurs during the cooling part of the

hardening process, and is to be easily
avoided even with the most unfavour-

able of steels, if the conditions of

cooling are made to conform to the

form and size of the article. The

cooling is, in a majority of cases, per-
formed by dipping the heated steel in

water
;
and the manner in which the

dipping is performed may be made
at will to crack, warp, or straighten
the article.

The instant the surface of a piece of

red-hot steel enters the water, a rapid
contraction of the submerged portion
takes place, and unless this contraction

is kept equalized to suit the shape of



Iron—Tempering, 277

the article, the side or part most con-

tracted will bend hollow, causing the

diametrically opposite metal to bend to

accommodate the inner curve. Sup-

pose, for example, we heat a piece of

steel, 1 in. square and 12 in. long, to

a red-heat, and dip it slowly in water,
so that one side of the square will

strike the surface flat and evenly, then

that surface will contract while the

diranetrically opposite or upper sur-

face will remain expanded ;
the lower

face will curve to a concave, the upper
one to a convex. If, then, such a

bar were curved during the heating

process, we may help to straighten it

by dipping it slowly in the water with
its convex side downward. If it was
bent at one end only, we may dip at

that end, first diagonally, and with the

convex side downward. If, however,
we dip it with the length lying eitlier

diagonally or horizontally, we are apt
to warp it, no matter how quickly it

may be dipped, and the reason is, in

addition to the above, as follows :
—Ex-

periments have demonstrated that the

greater part of the hardness of steel

depends upon the quickness with which
its temperature is reduced from about

500° F. (2(30° C.) to a few degrees
below 500° F., and metal heated to

500° F. must be surrounded by a tem-

perature which renders the existence of

water under atmospheric pressure im-

possible ; hence, so long as this tem-

perature exists, the steel cannot be in

contact with the water, or, in other

words, the heat from the steel A'apor-
izes the immediately surrounding water.

The vapour thus formed penetrates
the surrounding water and is condensed,
and from this action there is surround-

ing the steel a film of vapour separating
the water from the steel, which con-

tinues so long as the heat from the

steel is sufficiently great to maintain

that film [against the pressure of the

water and the power of the water

which rushes towards the steel to

fill the spaces left vacant by the con-

densation of the vapour as it meets a

cooler temperature and condenses. The
thickness of the vapour film depends

mainly upon the temperature of the

steel, but here another consideration

claims attention. As the heated steel

enters the water the under side is con-

stantly meeting water at its normal

temperature, while the upper side is

surrounded by water that the steel has

passed by, and, to a certain extent,
raised the temperature of. Hence the

vapour on the under side is the thinnest,
because it is attacked with colder water
and with greater force, because of the
motion of the steel in dipping. Sup-
pose, now, we were to plunge a piece of

heated steel into water, and then

slowly move it laterally, the side

meeting the water would become the

hardest, and would be apt to become
concave in its length.
From these considerations we may

perceive how important a matter the

dipping is, especially when it is re-

membered that the expansion which

accompanies the heatiug is a slow pro-
cess compared to the contraction which

accompanies the cooling (although their

amounts are of course precisely equal),
and that while unequal expansion can

only warp the article, unequal contrac-

tion will in a great many, or indeed

ia most cases, cause it
_^to

crack or

split.

After an article is dipped to the re-

quired depth, it should, if straightness
is of importance, be held quite still

until reduced to the temperature of the

water, because if taken out before so

reduced in temperature, it is especially

apt to crack ; and it is better to have a

deep tank of water if the body of
metal is great, so that the steel may
be dii)ped slowly downwards, ami be-

come cooled sufficiently rapidly to

harden without any lateral movement,
except it be after the steel has lost its

redness.

When a piece of steel requires to be

hardened at one end only, the dipping
must be performed with a view to

make the graduation from the soft to

the hard metal extend over a broad
section of metal, for if the junction of

the hardened with the soft metal is

abrupt, the hardened end is apt to
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break short oft'. The method of dip-

therefore, is in tliis case to

plunge the end of the steel vertically
into the water to a depth a little more
than equal to the depth it requires

hardening, and after holding it still

there until it is black hot (that is, as

Koon as its redness is gone), dip it

slowly a little deeper, and then raise it

up to the amount of the increased dip-

ping, and slowly immerse again.
When a piece of metal requires

hardening and tempering at one part

only, we may heat the steel back of the

jiart to be tempered to redness, and dip
the article so as to harden the required

part, and leave sufficient heat in the

contiguous metal to raise the tempera-
ture of the hardened part enough to

temper it. This plan is always fol-

lowed in the tempering of lathe and

planer tools, flat drills, &c. If, how-

ever, the method of dipping is to hold

the steel in the water at an even depth
after the immersion, the temper colour

will be very narrow, wliile if the steel

is raised and lowered in the water, the

colour-band will be broad.

Burninij.
—The whole value of the

temper will be destroyed if the steel is

made too hot and becomes what is

known as "burned." As a general

rule, unsatisfactory results will bo

found to have arisen from overheating
the steel, for steel may liave its quality

imjiaired without giving evidence of

being what is known as burned. If a

piece of hardened tool steel shows bright-
ness and crystalline formation under

fracture, it has probably been burned ;

but if the fracture appears dull and

even, it has not been burned.

Modifications of
'

Dipping.
— When a

piece of work will be improved by
having its exterior hardened and tem-

pered, with the interior left softer, it

may be heated in melted lead, the

latter being covered with charcoal to

prevent its oxidation. It is an excel-

lent plan to heat the steel in some flux.

The Waltham Watch Co. heat their

hair-springs in melted glass. The
Pratt k Whitney Co. heat their taps in

a mixture of equal quantities of cya-

nide of potash and salt. The Morse
Twist-Drill Co. use a similar mixture.
The object of heating in these mixtures
is to prevent the loss of carbon in the

steel, which is of great consequence in

small or slight articles.

Wlieu a tool requires to be tempered
at and near the cutting edge oulj', and
it is desirable to leave the other ])art or

parts Soft, the tempering is performed
by heating the steel for some little dis-

tance back from the cutting edge, and
then immersing the cutting edge and
about half the rest of the steel, wliich

is heated to red-heat, in the water
until it is cold

;
then withdraw the

tool, and brighten the surface which
has been immersed by rubbing it with a

piece of soft stone (such as a piece of

worn-out grindstone) or a piece of

coarse emery cloth, the object of

brightening the surface being to cause

the colours to show themselves dis-

tinctly, to indicate the state of the steel.

The instant this operation has been

performed, the brightened surface should
be lightly brushed by switching the

finger rapidly over it ; for unless this

is done, the colours ajqicaring will be

false colours. A piece of waste or

other material may of course be used in

place of the hand. The heat of that

part of the tool which has not been im-

mersed will become imjiarted to that

portion which was hardened, and, by
the deepening of the colours, denote the

point of time at which it is necessary
to again immerse the tool and quench
it altogether cold.

The operation of the first dipping
requires some little judgment and care;
for if the tool is dipped a certain dis-

tance, and held in that position witli-

out being moved till the end dipped is

cold, and the tempering process is pro-
ceeded with, the colours from yellow to

green will appear in a narrow band,
and it will be im])ossible to directly

jierceive when the cutting edge is at

the exact shade of colour required ;

then, again, the breadth of metal of any
one degree of colour will be so 'small

that once grinding the tool will re-

move it and give us a cutting edge
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having a different degi-ee of temper or

of hardness. The first dipping should

be performed thus : Lower the tool

vertically into the water to about oue-

third of the distance to which it is red-

hot, hold it still for about sufficient

time to cool the end immersed, then

suddenly plunge it another third of the

distance to which it is heated red, and
withdraw it before it has had time to

become more than half cooled. By
this means the body of metal between
the cutting edge and the part behind,
which is still red-hot, will be suffi-

ciently long to cause the variation in

the temperature of the tool end to be

extended in a broad band, so that the

band of yellow will extend some little

distance before it deepens into a red
;

hence it will be easy to ascertain when
the precise degree of colour and of tem-

per is obtained; wlien the tool may be

entirely quenched. A further advan-

tage to the credit of this plan of dipping
is that the required degree of hardness

will vary but very little in consequence
of grinding the tool

;
and if the opera-

tion is carefully performed, the tool can

be so tempered that, by the time the

tool has lost the required degree of

temper from being ground back, it will

also require re-forging or re-fornung.
The distance a tool requires to be heated

and dipped at the first dipping, and the

distance to which the transient dipping
should be performed, vary so much
with the substance of the metal, that

no rule can be given, more than to say
that tlie heating should be to redness

for a distance of about 3 times the

diameter of the steel. A great deal of

the cracking occurring during hardening
arises from impi'oper dipping. Cylin-
drical or square bar pieces should be

dipped endwise. Blades should be

(lip]ied vertically and edgewise, with
the length of the blade horizontal. The
steel should be lowered vertically in

the water, and for hardening should

be held quite still near the bottom of

the tank. The thick side should enter

the water first. The water should be

heated to prevent liability to crack
;
a

difference of 40° or 50° F. makes uo

practical difference in the effectiveness

of the quenching water, provided its

temperature is at least 20° F. above

freezing-point. Soft water is better

for tempering than hard water, and the

water imjjrovcs by age, provided it is

kept clean, which is an im])ortaut ele-

ment. Water at 200° F. (93° C.) will

harden, and will reduce the liability of

the work to crack, but it should con-

tain 1 lb. salt per gal. in solution,

(Joshua Rose, Scient. Amcr.^
Anncalinij.

—There are many ways of

annealing steel : cj. heating it to red-

ness in the open or hollow fire, and
then burying it in lime, in sand, in

cast-iron borings, in dry sawdust, and

by packing in carbon in an iron box
and heating the whole to redness. This

last process is the most effectual, pro-
vided the steel is not heated to excess,

A layer of coarsely powdered wond
charcoal is placed at the bottom of the

box, then a layer of the steel, and so on
until the box is nearly full, finishing
with charcoal. The lid is luted with

clay or loam
;
the whole is then placed

in a furnace or hollow fire, and gra-

dually heated to redness. Overheating
is hurtful. It is seldom necessary to

keep up the heat beyond the time when
the contents of the box are uniformly
heated, unless the steel should contain

particles of hard impure iron, when it

would be necessary to keep up tlie heat

for several hours. When the whole
has ari'ived at the proper temperature,
the box is withdrawn from the fire and
buried in hot or cold ashes to become

quite cool, or left in the fire, and the
fire allowed to cool down. The steel

should be protected from air until it

becomes cool, when it is taken out of

the box, and is ready for the fitting or

turning room. It is then very soft,
and free from those hard bright spids
which workmen call "

pins." The
surface of the steel will be as free from
oxidation as before it was heated, and
the greater portion of the charcoal will

remain unconsumed, and can be used

again. This mode of annealing prevents
the steel from losing its ([uality ;

but it

absorbs a small quautity of carbon,
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which is favourable to the hardening
process. Animal charcoal is sometimes
iised.

If time will not admit of a piece of

steel being softened in a box with
charcoal powder, it niay be heated to

cherry-redness in an open, fire, then

drawn out of the fire, and allowed to

cool till the redness Is not visible by
daylight, but can be seen in a dark

place, then jilunged at this heat into

cold water, and allowed to remain in

the water until it becomes quite cool.

When taken out of the water, it will be

more uniform in temper than when it

left the forge. This is a very expedi-
tious way of annealing ; but tlie steel

will not be quite so soft as if it were
enclosed in tlie iron box in contact with
cliarcoal powder. Steel required to be

annealed in such large quantities as to

make it inconvenient, or the expense of

enclosing it in boxes too great, may be

heated in a charcoal fire completely en-

veloped and protected from the air.

After the steel is heated to the iirojjer

temperature, the fire and the steel may
be covered with pieces of plate iron,
the whole then covered with cinder

ashes, and the fire allowed to go out

of its own accord. It will thus be

protected until it is cold. Charcoal,

especially when used as fuel in the

open fire, is consumed with rapidity,
and therefore very expensive. A cinder

fire is less expensive ;
it is not so pure

as cliarcoal, but purer than coal, and
affords a very moderate heat. When
the steel is at the proper heat it is

taken out of the cinder fire and placed
in an iron box containing coarsely pow-
dered charcoal, which must completely
envelop the steel

;
the box is covered

up and luted with clay or loam, in

order to exclude the air and preserve
the charcoal for future use.

Cast-iron may be annealed in a similar

manner. In the state it leaves the

moulds it is always surrounded with a

crust or coating, sometimes so hard that

the best file will make no impression
upon it, while the interior of the casting
is soft and manageable. This hard crust

is generally removed either by chipping

with the cold chisel, or by grinding on
a large grinding-stone turned by ma-

chinery. But when the shape of the

casting is such that this crust cannot

conveniently be so removed, annealing
is the most economical process, as it

makes the whole casting soft and much
easier to work, but does not deprive it

of its natural character. The heat re-

quires to be kept up much longer than
for steel, and the iron needs solid sup-

ports to keep it from bending or break-

ing by the heat. When annealed, it is

more uniform in temper, consequently
less liable to alter its figure by subse-

quent partial exposure to moderate
heat. The outside is always somewhat
harder than the inside, unless such pro-
cesses be adopted as will exti-act the

carbon from the former; but these pro-
cesses deprive it of its natural character

and make it in the conditi.on of malkable

iron, but without the fibre which is due
to the hammering and rolling. Cast-

iron cutlery is enclosed in boxes, and
cemented with some substance con-

taining oxygen, such as poor iron ores

free from sulphur, scales from the

smith's anvil, and various other ab-

sorbents of carbon. The boxes are luted

as when annealing steel or case-harden-

ing iron
; they are afterwards placed in

suitable furnaces, and the cast articles

are kept in a state little short of fusion

for 2 or 3 days, when they are found

to possess considerable malleability, and
can be readily bent and slightly forged.

(Kde's Mancujcment of Steel.)

Jiccipcs.
—The following recipes for

hardening, softening, tempering, and

annealing are classified as nearly as pos-
sible according to the character of the

article operated upon.

Case-hardening Wrought-iron.
—

(1)

Wrought-iron is nearly pure decarbon-

ized iron, and is not possessed of the

property of hardening. But articles

made of wrought-iron may be exteriorly
converted into steel, and afterwards

hardened. The process is called case-

hardening, and only differs from ce-

mentation in being carried on for a

shorter time
;

it is seldom necessary to

convert tlie iron into steel more than
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1^ in. deep, unless where great stiffness

as well as hardness is required. Case-

hardened iron, for various purposes, is

better than steel
;

it has the hardness

and polish of steel externally, with a

core of soft fibrous iron in the centre.

Prussiate of potash renders iron nearly
as hard as steel, by heating the iron to

redness, sprinkling the potash finely

I'owdered u]>on it, and then plunging
the iron into pure cold water

;
but the

hardness is confined to the surface, and

only for articles not exposed to much
wear can a sufficient coating of steel be

obtained by this process. Greater and

more uniform effect is produced by a

perfectly tight box, and animal charcoal

just sufficiently burnt to admit of being
leduced to powder, in order that more
of it may be got into the box with the

articles
;
bones reduced to dust answer

the purpose equally W'ell. The box

should be of plate iron, not less than ^

to 5- in. thick. The size and shape
differ according to the articles operated

upon. The box is furnished with an

iron lid, with 2 holes pierced in it for

drawing testing pieces out if required.
The bos may be strengthened against

buckling by riveting a piece of iron

about 5 in. square inside the box about

1 in. from the top ;
this will also an-

swer for the lid to rest upon, and pre-
vent it from pressing upon the articles

when expanded by the heat. Clay or

loam put between this iron square and
the lid makes a secure joint. Two
holes are pierced in the box at opposite

sides, just above the lid, for inserting 2

iron pins, and making the joint more
secure. Upon a small scale, a good
box may be made by welding a i>lug

into one end of a piece of wrought-ii'on

pipe, and using a loose plug for the

opposite end ;
the loose plug being

fastened into place with an iron pin

passing through it and the pipe, and

luted with clay. For a small article, a

box may be formed of loam, gradually
dried before it is exposed to a red heat.

The articles being previously finished,

except polishing, are put into the iron

box in alternate layers with the animal

carbon, commencing on the bottom of

the box with carbon to the thickness of
about f in.

; upon this a layer of the
articles is placed, then another of carbon,
about

^ of the first, and so on till the

box is nearly full, finishing with carbon
about the thickness of the first layer,

leaving room every way for the expan-
sion of the articles by the heat, other-

wise they will bend each other in the

box. The packing completed, the lid is

put on and the box is luted. The whole
is now placed in a suitable furnace

;

the fire must not be urged, as the con-

tents of the box require to be very
gradually and uniformly heated to red-

ness, and retained at this heat for a

period answerable to the dejith of steel

required. In 5 hour after the contents

have arrived at the proper uniform

temperature, the depth of steel will

scarcely be the thickness of a sixpence ;

in an hour, about double the depth, and
so on. To tell when the central articles

arrive at the proper heat, a testing

piece is withdrawn
;

if it be not suffi-

ciently heated, the heating must be con-

tinued a little longer ;
after a reasonable

time, another piece is withdrawn, and,
if sufficiently hot, hardened in pure cold

water
;

it can then be broken with the

hammer, and the extent of the carboni-

zation ascertained. Different kinds of

iron absorb carbon unequally ;
conse-

quently the testing pieces must be made
of the same kind of iron as the articles.

The more homogeneous the iron, the

more equally it absorbs carbon; conse-

quently, the less likely it will be to

alter its figure in hardening. For test-

ing pieces, plain pieces of the same kind

of iron as the articles may be used.

They require to be brightened, and are

placed (at the time of the packing of

the box) in the central part, in such a

manner that they may be easily jjulled
out through the holes in the lid, either

by a piece of iron wire attached, or by
being made long enough to project

through the holes, so that they may be

gripped with pliers ;
the holes are luted,

the same as other parts. When the

articles are sufficiently converted, the

box is drawn from the fire, the lid is

taken off, and the contents are immersed
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in pure cold water; taken out when

cold, they are ready for polishing. The

articles may (to prevent them from

rusting) be dried by riddling in a sieve

with dry sawdust, after which they are

wiped with a greasy cloth. If the ar-

ticles be immersed in oil instead of

water, they will be much tougher but

less hani, though sufficiently hard fur

some purposes. It is not necessary to

immerse them at all direct from the

box, as it answers equally well to allow

them to remain in the box until cool,

and then reheat them in an open fire,

and immerse them separately. When
the case-hardening is required to termi-

nate at any particular part of an ar-

ticle, the part required soft may be

bound with thin iron-wire, and cased

with loam. This prevents the iron

from absorbing carbon at that part.

The loam requires to be gradually dried

upon the article, previous to putting it

into the box, otherwise it will crack.

Another method is to shrink an iron

ring or collar very tightly upon the part
not requiring to be case-hardened ;

but

this is not economical, especially when

many articles require to be treated.

To spare the trouble of shrinking a

collar on and getting it off again, a

collar somewhat larger in diameter than

the article may be used, the space be-

tween being filled up with loam. When
a collar is shrunk upon the article it

has generally to be cut asunder to be

taken oft',
and is useless in future ;

it

may be got off by hammering, but this

will damage the article if it hns been

previously finished, except polishing.

If the article, after being cemented with

the carbon, be immersed in water jire-

vious to taking the collar off, the collar

will become hard, because it has ab-

sorbed carbon ; consequently it will re-

quire to be ground on the grinding-
stone before it can be cut olf by the

chisel, file, or turning tool. In some

instances, when case-hardening is re-

quired to terminate at a particular

part, it is more convenient and econo-

mical to postpone the finishing until

after it has been cemented with carbon.

Iron cemented with uuimal charcoal,

however skilfully performed, is never as

tenacious as iron cemented with wood

charcoal ; consequently, it is unfit for

cutting tools, as it will not take a fine,

firm edge, and, were it to pass through
the process of forging and melting, it is

questionable whether the material could

produce such an effect, (tide's Manage-
mcnt of Stcd.)

(2) Take some good charcoal (from
oak the best); also some marble (carbon-
ate of lime). Mix together, the marble

having been broken small. Then lay
the tool or other piece to be case-

hardened in this compound in a covered

box, and subject it to good and continu-

ous heat. Kesult : a deep penetration
of the carbon into the iron, and there-

fore a coating of steel. In other words,,
the outer cuticle has been converted

into steel by the process of cementation.

(3) To economize in the more expen-
sive materials for case-hardening cast,

v.-rought, or malleable iron, and to

harden only portions of the article in

different degrees, if required, Gracie

Roberts, of Brooklyn, makes use of an

improved method. After polishing the

surface, he glues to the portion to" be

case - hardened a coating of yellow

prussiate of potash. A number of

coats are given, according to the degree
of case-hardening required. A cheaper

material, or simply boneblack, is used

where a slight effect only is required.
When the glue is set hard, the article

is packed in powdered charcoal, heated

to redness in a quick fire, and main-

tained at that heat for J hour. Then it

is hardened and tempered in the usual

manner.

(4) Axle Arms.— Instead of using
one largo pan and plunging half-a-dozen

arms into it, have a round conical box

for each ai'm, made of old boiler plate,

I in. thick, about 2 in. or 3 in. longer,
and aboixt 2^ in. larger in diameter inside

than the arm. Into the box place
sufficient animal charcoal to raise the

collar of the axle-arm nearly flush with

the top of the box, then surround the

arm with the charcoal as far up as the

collar, ramming it firmly down as you

proceed, and finally cover the top of the
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charcoal with fire-clay, taking care to
well plaster the clay round the axle and
the edge of the box. The furnace is a
small reverberatory one, capable of

holding 8 to 12 of these boxes at the
same time. The boxes are allowed to

remain iu the furnace 1 to 2 hours,

according to the size of the axles, &c.

(5) Common Prussiate of Potash
Process.—Crush the potash to a powder,
being careful that there are no lumps
left in it, then heat the iron as hot as

possible without causing it to scale
;

with a piece of rod iron, spoonshaped at

the end, apply the prussiate of potash
to the surface of the iron, rub it with
the spoon end of the rod until it fuses

and runs all over the article, which
must then be placed in the fire again
and slightly reheated, and tlien plunged
into water, observing the rules given
for immersing steel so as not to warp
the article.

(6) Place the pieces to be hardened
in an iron box, made airtiglit by having
all its seams covered well with fireclay,

filling the box in with bone-dust closely

jiacked around the articles, or (what is

better) with leather and hoofs cut into

pieces about 1 in. in size, adding thin

layers of salt in the proportion of about
4 lb. salt to 20 lb. of leather and 15 lb.

of hoofs. In packing the articles in the

box, bo careful to so place them that
when the hoofs, leather, &c., are burned

away, and the pieces of iron in the box
receive the weight of those above them,
they will not be likely to bend from the

pressure. When the articles are packed,
and the box is ready to be closed with
the lid, pour into it 1 gal. urine to the

above quantities of leather, &c.
;
then

fasten down the lid, and seal the seams
outside well with clay. The box is

then placed in a furnace for about
12 hours, when the articles are taken
out and quickly immersed iu water,
care being taken to put them in the

ivater endways, to avoid warping them.
Articles to be case-hardened in the
above manner should have pieces of
sheet iron fitted in them in all parts
where they are req\iired to fit well and
are difficult to bend when cold. Supjwse,

for instance, it is a quadrant fur a link

motion : fit into the slot where the die

works a piece of sheet iron (say | in.

thick) at each end of the slot, and 2

other pieces at equidistant places in

the slot, leaving on the pieces a pro-

jection to prevent them from falling

through the slot. In packing the

quadrant in the box, place it so that the
sheet-iron pieces will have their pro-
jections uppermost ; then, in taking the

quadrant out of the box, handle it

carefully, and the -':ccs of iron will

remain where they were placed, and

jjrevent the quadrant from warping in

cooling or while in the box (from the

pressure of the pieces of work placed
above it). It is obvious, that the

heavier pieces of work should be placed
in the bottom of the box.

Cutters.—(1) If for a cold set, have
it very stilf; round the corners slightly.
The principle in tempering cntting-
tools for striking on, is to avoid the
" hard line

"
: the temper should die

away gradually. The system adojited
with success is as follows :

—1st. Always
heat the tool a long way up. 2nd.

Never dip in absolutely cold water.
3rd. Dip deej), and move the tool

slightly up and down in the water.
Half-round tools are most liable to lly ;

get it hot right up to head, and if there
is not heat enough left to draw the

temper in itself, get lump of white-hot
iron to set the head on, or put head
iu fire.

(2) Quench in soft clay instead of

water; it should be pretty stiff. Some

things more susceptible to warping are

done in this way. Plunge in sharp
and straight.

(3) Get cutters just red-hot, and
throw them into hike-warm water

edgeways; they must be left iu the
water till all is cold, otherwise they
will crack. If you cannot wait till the
water gets cold, gently pour in cold

water. If any warp, they can be put
straight with a few blows over some
hollow place when they are hot. In

teraperiiig them, do not trouble whether
tlie teeth are sharp or round at bottom.

By the above plan you will go over a
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large quantity in a very short time
;

only be sure not to take them from the

water till all is colJ.

(4) Jlake the cutter of as low a red

heat as it will harden at, and quench
(liatways) in water slightly warmed.
In forming the teeth, make the bottom

round, not sharp, as they are more
liable to crack at those points.

(5) Take a bucketful of clean water,
and add 1 gill of vitriol

;
stir np well,

and bottle for use. This will last for

years if kept corked up : when using it,

]>ut your cutter on the top of a piece of

sheet iron, and when properly red drop
into the liquor. This, when taken out,
will be as hard as flint. Blaze, and let

ilown to a jnirple for cast-steel. This

has never failed in 1 case out of 50.

(6) Drive a lump of iron into the

hole in the centre, and after heating
cutter and iron to the requisite redness

for hardening, plunge both into the

water. The heat in the iron keej>s the

steel round the hole hot sufliciently

long to enable the steel to contract

equally.

(7)
" Carbonize

"
the fire by burning

a lot of old scraps of leather, take a

llat plate of iron, urge the bellows

slowly to make this ]Jate red-hot.

Then lay upon the cutter, or saws, with

another plate over this to throw the

heat and carbon down until you can

see it a pale red heat. Then take it off

and slip it edgeways into about 1 qt. or

more of oil. Do not use water. After

being in about h minute take it out

and place it between 2 pieces of very
flat hard wood, and squeeze it very

tight in a vice
;

it will now be ready
for use.

(8) Very gradually heat over a clear

coke fire to a dull cherry-red, and then

slide it, as it were, into the water

quickly at an angle of 10'' or 15°.

Use w-ater with the chill just taken off.

(9) Adopt some method of preventing
the water having access to the hole and
to the central part of the cwtter when

quenching. A good way would be to

]ir<ivide a rod of iron, say g
to 5 in.

diameter, screwed (tapped) for a dis-

tance of 2 in. at the end. First, put on

a nut, then a broad washer, say IJ in.,

or even more, in diameter
;
next your

soft cutter
;
then another broad washer,

and lastly, a nut over that. Take

plenty of time about heating the work,
and have a good lot of fire ready blown-

up ;
that is, avoid blowing the fire hot

while the work is in it; but, on the

contrary, have the fire already pre-

pared, and let the work "
soak," turn-

ing it over and over, till it is of an
even temperature all over. If you pre-
fer it, the piece of screwed rod need

only be long enough to carry the work
and the 2 nuts and washers, and you
will then handle the whole wdth the

tongs. Dif) edgeways, and there will

be no fear of flying in hardening. An
incidental advantage is that it matters

little if the cutter contracts in harden-

ing, as sometimes is the case, for you
can cori'ect the hole by scraping or

filing at your pleasure. Always avoid

leaving much substance towards the

middle of your cutters
; ^L to

J
in.

thick in the central w-eb, held between
a flat shoulder on one side and a W'ell-

fitted washer and set-screw on the

other, is sufficient for cutters up to

3 in. or 4 in. diameter for milling

wrought-iron. If you leave them thick,

they will go to pieces, unless you
specially provide against the water

reaching them. Use a charcoal fire if

you can get one.

(10) For cutters 3 in. and upwards
in diameter, the hardening process is a

hazardous one, and causes someanxietv.
In the first place, the lowest tempera-
ture at which the steel will harden
should be ascertained. If at a blood-

red heat, so much the better. The

cutter, when roughed out to near the

size before the finishing cut is taken off,

should be well annealed. This jire-

caution is too often neglected
—whether

for large taps, lathe mandi'els, or

cutters, it will be found, after the

annealing, that a degree of warpage has

taken place, showing that the steel,

though soft, was nevertheless in a

state of tension, and this preliminary

annealing greatly lessens the tendency
to crack in the hardening. For a
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cutter of 3 in. in diameter, a large
clear fire of cinders should be used,

great care being taken to heat the

work uniformly. The cutter should

be smeared over with a paste of soap
and leather charcoal. This causes the

finished cutting edges to come out

bright and quite hard, after the

quenching. Before hardening taps and

drills, rub a piece of soap over them
before heating, as no scale is then

formed, and they come out clean after

quenching. For large cutters, &c., in

order to lessen the risk of cracking

during the quenching, pour oil over

the water to the thickness of a card.

Files.—(1) The point of a file, being
thinner than the middle, is liable to

become hot sooner, and attain a purple
colour before the thickest part shows

any degree of heat
;
to prevent which

the heat must be applied gradually, by
shifting the file backwards and for-

wards in front of (not over, because

the smoke will colour it) a bright fire

or furnace door, so as to keep the thick-

ness. A piece of sheet-iron should bo

hung in front just above the file, to

keep the glare of the fire from the

operator's eyes, and by comparison from
time to time with a new file (which
should be at hand) he will be enabled

to judge of the progress of the opera-

tion, and regulate the heat until the

desired colour is obtained, when the

file must be immediately plunged into

water. Pale straw colour is low

enough for most files, but no file should

be brought lower than deep straw.

(2) Cover with oil, and hold over the

fire until the oil blazes, and as soon as

the flame runs all over the file, plunge
it in the water

;
or put in a moderate

hot oven for | hour if large file
;
but

if small, the former is better. (3) A
mixture of tallow, hog's lard, and

arsenic makes an excellent mixture for

hardening files. The oil becomes
thicker after being in use a week or

two, and fresh oil is added each week,
the thickest being taken out for giving
a bright black to iron or steel.

Gravers.—Heat in charcoal dust (not
too hot), and plunge into a box of wet

yellow soap. This renders the end

of the graver very hard and very

tough.
Hammers.—(1) Drive piece of iron

rod in eye to hold head by. Make full

red hot, lay rod on edge of slack trough,
harden the largest end, then turn
small end in water, watch for temper
in face, then the same to small end.

When you have both ends right, keep

turning them round in water until

middle is about black-hot, then cool off.

Do not dip deep. The colour will

vai'y with different qualities of steel,

and can only be determined by trial.

With ordinary steel, from brown to

blue will be about the thing. (2) A
hammer weighing 1 lb. should be

allowed 15 seconds to cool down before

plunging, and then you will require

nothing but clear water. Hammers

weighing 2 lb., 3 lb., or 4 lb., should be

allowed 30 seconds.

Lathe Mandrel.—(1) Have the water

lukewarm, and a little soapsuds in it.

Bring the mandrel to a cherry-red,
catch by the end in tongs, and be suri;

to dip slowly and vertically to the

bottom of the tub. If moved side-

ways, it will camber. (2) The risk

of cracking steel when hardening is

much reduced by surrounding the

article, when in the fire, by shreds

of leather, bone, &e., or by covering it

with prussiate of potasli as soon as it

gets to a dull red heat ;
then it may

be heated to the proper temperature
for hardening. It is a very difficult

thing to prevent the spindle from being
bent and distorted. If hardened in

water, it is almost sure to "
warp,"

and, if the mandrel is a large one, it

is not easy to harden it in oil. If it is

of moderate size, heat it as above, with

leather, &c., and at a good red heat
;

immerse it vertically in a mixture of

oil and tallow.

Mill Bills.—(1) Get the point of the

bill red-hot, put it on the ground to

cool, try it with a saw file. If you
cannot cut it, it is Mushet's steel. Treat

as follows :
—Get bright red, work out

a little at a time. On no account

hammer when getting cool, or they get
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full of little cracks. Better keep heat-

ing as often as they lose their red

appoiirance. The whole secret in work-

ing this steel lies in not hitting it un-

less red-hot. After you have got them
to the right shape, which should be

about
J

in. thick at 1 in. from the end,

get them bright red, and put them

carefully on the ground to cool. This

is all the tempering the steel requires.
When cold, grind to an edge. If com-
mon cast-steel, you do not want to

know anything about secrets or chemi-

cals. AH yuu have to do is to work
it out at a dull red heat, hit it flat-

ways when cooling as much as you like,

but not edgeways ;
tile or grind to an

edge, get red-hot f in. from the end,

dip or cool in water with the chill

taken oft', grind bright, hold over a

piece of red-hot iron till of a blue

colour. (2) Salt, 5 cup ; saltpetre,

5 oz.
; pulverized alum, 1 teaspoouful ;

soft water, 1 gal. Do not heat above a

cherry-red, nor draw to temper. (3)
Put the body of the tool in the fire,

leaving the 2 thin ends uncovered till

the middle is red-hot. As soon as the

middle is red-hot, pull back, and let the

thin end just get a dull red heat. It

must now be hammered edgeways first,

and flatways last of all. It is best to

hammer it on the flat part of the anvil,
as drawing steel on the edge of the

anvil, although a great deal quicker,
makes it short in the grain, and always
causes the tool to break in the thinnest

place. Serve the other end the same,

only repeat as soon as it loses its dull red

colour. The lighter the blows in work-

ing steel, tlie tougher it is. The point
should be quite as thin as a fitter's

chipping chisel, only a little longer,
then they will not require doing up so

often. When the ends are drawn out,
the middle will have lost its red heat.

The ends can now be filed a little. To

temper them, heat them in the flame of

the fire, using great care. When a

very dull red heat, cool in rain-water,
with the chill taken off, about | in.

from the end, and let down to a blue
;

if it should be too brittle, a little lower.

Serve the other end the same. Cool all

over. Grind the edge rather blunt, and
for the first few lilows hit as lightly as

possible. A little soapsuds or oil could

be poured on the water, but water is

the best. The secret is in working it

at as low heat as possible, only keep on

repeating very often, and to hit it edge-
wavs as little as possible, but flatways
as much as you like.

Wining Picks.—In the first place, a

good charcoal tire is necessary ; next,

good steel, and then a good light
hammer with a smooth-faced anvil. A
pick should never be "

upset," or ham-
mered endwise, nor raised above a full

red heat. The steel should be, moi'e-

over, heated as quickly as possible, as

long exposure to heat—even if the heat

is not in excess—injures its texture.

JIany blacksmiths find great difficulty

in tempering picks, because they do not

choose good steel. After being heated,
the pick must be worked with care,

special pains being taken, in drawing it

out, to hammer on all sides alike, in

one place as much as another, and on

one side as much as another. When

ready for hardening, it should be heated

in the blaze of a charcoal fire until red

hot, and then plunged into cold rain

water, and kept there until it is nearly
cold

;
but if kept too long in the water,

or until it is quite cold, the corners are

liable to fall oft'. Some blacksmiths

iise salt water
;

no salts of any kind

should exist in the water, but the

water should be cold
;

if the water is

warm, and a little ice should be thrown
in to chill it, the tempering will be all

the better. Piire soft water for hard-

ening will make a tougher pick, and
one less liable to

|

crack at the edges,
than where salt water is used. An old

miner who always sharpened the picks
at the claim, and was quite expert at it,

used to hold the pick end in the water

exactly until a certain shade of colour

appeared. Then he did not consider it

properly tempered until the point was
inserted in the ground and allowed to

gradually cool. The last hammering
of a pick shovild always be given on the

flat sides, across close to the edges, and

then up each side about an inch. By
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doing so, the corners will be less liable

to crack otf.

Saws.— (1) After toothing comes

hardening, the toothed plates being
heated to a light cherry-red, and then

plunged into a bath composed of whale-

oil, tallow, rosin, and beeswax. The

plates, after hardening, should be as

brittle as glass. They are covered with

scale, grease, and dirt, which is removed

by scraping and scouring with sawdust.

They come out buckled, and require to be

flattened. This is done between heated
dies brought together by hydraulic
pressure. The dies are circular in form,
horiznntal in position, and about 5 to

6 ft. in diameter. They are enclosed in

a furnace with an adjustable blast, and
ai-e I'evolved, to keep the temperature
even. The proper colour for hand-saws
is a blue, corresponding to spring

temper.

(-') Dr. Hartmann recommends the

addition of about 1 lb. rosin to the usual

liardening mixture, consisting of 4^ qt.

train-oil, 2 lb. beef tallow, and J lb. bees-

wax, as rendering it suitable for harden-

ing some articles that do not harden

sufficiently without it, although the

liroper amount of rosin can only be de-

termined by experience, since excess of

it may render the articles too hard and
brittle. After use for some months, the

mass loses its hardening power, and the

trough must be thoroughly cleaned of

it before fresh mixture is placed in it.

He also recommends another mass, con-

sisting of 95 qt. spermaceti oil, 20 lb.

melted tallow, 4^ qt. neat's-foot oil, 1 lb.

pitch, and 3 lb. rosin. The pitch and
rosin are melted together, the other

ingredients added, and the mass is heated

in an iron vessel until all the moisture
is expelled, and the heated mass ignites
from a burning splinter held upon it

;

the flame is thereupon immediately ex-

tinguished by means of a tightly-fitting
cover. In employing either mixture for

saw-blades, these, after being heated in

a suitable furnace, are placed vertically
in long troughs filled with the mixture,
with the toothed edge, or that intended

for the teeth, down, and as soon as they
are sufficiently cooled, they are removed

and wiped with leather until but a film

of grease remains upon them, and are

then placed flat over a coke fire until

the coating ignites, by the burning of

which their brittleness is diminished, and
the requisite elasticity imparted. If

they are to be very hard, but a small

portion of the coating is allowed to burn

off; but if softer, it may be allowed to

burn until it goes out.

Springs.
—

(1) Harden right out, and
then temper by flaring off in oil. If

they are flat springs, a good way to

harden them would be to get them red

hot, and lay them on a flat iron sur-

face, covered with water, quicklv bring-

ing another piece of flat iron (of about
7 lb. in weight) down on top of it. This
will prevent them warping. If they
are curved or bent, this cannot be done.
If bent, put them into water (or oil,

which is better than water for small

springs) edgewise. To produce a nice

spring temper, place them in a shallow
sheet-iron dish, cover them with lard

oil (this is important—mineral oils will

not do), and hold them over the gas
with a Bunsen flame until the whole of

the oil has burned or flared away ;
then

turn them out, and let them cool of

themselves.

(2) First harden right out by making
red hot, and cooling in water

; then, to

temper, have a bright, clear, arched

fire, and move the spring to and fro in

it until it is hot enough to scorch a

stick or make sparks fly off a stick when
rubbed along it, care being taken that
it will do this all along the spring, and

yet not be hot enough to set fire to the

stick
;
then let it cool of itself.

(3) Whale-oil is used for tempering
springs, which are first heated in the

lead bath, then plunged in the oil, and
blazed off in the fire.

(4) For long springs get a piece of

l-in. wrought-iron gas-pipe, put your
spring inside, place the pipe in furnace.

When hot enough, get hold of pipe with

tongs, tip the pipe up over tank with
oil or other tempering fluid in, and the

spring will slip out into tank. If you
have 2 or 3 pipes, you will temper over

a gross per hour.
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Taps and Dies.—(1) Rose says taps
should be heated fur hardening in char-

coal tire, slowly to a cherry-red, and

then dipped perpendicularly into clean

water. The watei' should be made suf-

ficiently warm to feel pleasant to tlie

hand
; for, if the water has not the cold

chill taken off it, the taps are apt to

crack along the flutes. The tap should be

lowered perpendicularly in the water,
even after it has disappeared below the

surface
;
but in no case should it be moved

sideways, or it will warp. It should

not be taken out of the water until

quite cold, or it will crack after it is

taken from the water and during the

cooling process. After the tap is har-

dened, it should be brightened along the

flutes and on the plain part, and then

lowered as follows :
—A piece of tube,

about half the length of the tap, and of

about twice or three times its diameter,
and having its thickness about the same,
if possible, as the diameter of the tap,
should be heated in the fire to an even

cherry-redness, and then taken from the

fire and placed in such a position that it

is 0])en to clear daylight, and not affected

by the rays of light from the fire. The

tap should be held in a pair of tongs,
whose jaws have been well warmed

;

and a small piece of metal should be

interposed between the jaws of the

tongs and the sides of the square of the

wrench-end of the tap, so that the tongs

may not obstruct the square of the

tap from receiving the heat from the

tube. The tap and tongs should then

be passed through the heated tube, so

that the square end of the tap and the

tongs only will be inside the tube. The

tap should be slowly revolved while in

this position, and when the tap has at

that end become slightly heated, but not

enough to draw the colour, the shank
and threaded part of the tap should be

slowly passed endways back and forth,

and, while slowly revolving, through
the centre of the tube, until the colour

appears ;
if it assumes an even hue all

over, proceed until a brown colour ap-

pears, then withdraw the tap from the

tube, and quench it jierpendicularly in

warm water. If, however, the colour

does not appear so quickly in any parti-
cular part, hold that part on the tube a

little the longest, and if either end
lowers too rapidly, cool it by a slight

application of oil. The square end of

the tap, on which the wrench fits, may
be lowered to a deeper colour—as may
also the shank of the tap

—than the

threaded part, which will leave them

stronger and less liable to twist or break.

By using the size of the tube here re-

commended it will be found that the

tempering process will be performed,
and the colours appear very slowly, so

that there will be ample time to judge
wlieu the precise requisite degree of

hardness has been reached. This plan
is far superior to tempering in heated

sand. Very long taps may be greased
and heated preparatory to being har-

dened in molten lead—the object being
to heat the outside of the tap evenly all

over to a red heat, so rapidly that the

inside metal of the tap is comparatively
cool

; hence, when the tap is hardened

the outside only is hardened : and if the

tap warps in the hardening, it can, after

being tempered, be straightened
—the

soft metal of the centre of tap prevent-

ing it from breaking in the straighten-

ing, which should be performed with a

leaden hammer and with the tap resting

upon lead.

(2) Take the chill off the water, then

get them to a cherry-red heat. Plunge
the taps in on their ends. After they
are cold, clean with a bit of stone or

emery-cloth ;
then warm them till the

spittle fries on them. Put some clean

tallow on, then hold them over a cleai*

fire till a light chestnut brown.

(3) The great difficulty in hardening
tools is principally their liability to

twist or get out of truth
; secondly,

cracking (especially if large) after

hardening ; thirdly, getting the right

temper. First, carefully select your
steel

;
let it be of the best cast, with a

medium grain (a fine-grained steel will

break when much less force is applied
than a coarser-grained, and although it

will take a keener edge, it will not

resist the strain required by a tap or

rimer). Nest centre it, and turn oti
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the scale and soften. The object of

softening after the scale is removed is to

make the grain of the steel equal

throughout ;
if it be softened with the

scale on, it will generally cast. To

soften, enclose the articles in a piece of

gas-tube, filling up with wrought-iron
turnings, and plugging the ends with

clay, making the whole red-hot and

allowing it to cool very slowly
— i.e.

leaving it in hot ashes all night. This

method makes the steel very soft, and

equalizes the grain. After softening,
turn up the work, taking care nut to

Lend or straighten it, should it have

cast, as it probably will in the process
of softening. The reason for this is,

that if the steel be bent or hammered,
the grain will be closer in one place
than another, and heat has a great

tendency to bring it back to its original

jiosition. The next thing after finishing

your tool is to harden it : first, slightly
heat it over a gas or other flame, and
rub it all over with a mixture of Castile

soap and lampblack. This is to prevent
the edges from being burnt. The next
is to get a thick iron pipe (2 in. diameter
aud 5 in. bore). This is well filled up
with taps or rimers and charcoal dust,
the ends being closed with clay as

before
;
this is placed in the furnace

and occasionally turned, imtil it is one
uniform heat of cherry-red, or on the

outside a trifle hotter. It is then care-

fully removed from the fire, one end of

the clay is knocked oft", and the contents

are allowed to drop perpendicularly into

a solution of water, chloride of sodium,
and nitrate of iron

;
this solution is

kept at a temperature of 60° F. (15J°
C). The articles hardened should re-

main at least J hour before being
removed. This method of hardening
may be summed up thus : make the

steel of one grain throughout, prevent
it from oxidizing whilst being heated,
allow every part to heat at the same

time, avoid bending while hot, and

lastly, restore if possible by replacing
the loss of carbon caused by heating.

Tools generally.
—

(1) Softening.

(rt) Heat your steel to dull redness,
hold it in some dark or shadj' nook or

corner until you can just see the least

possible tinge of redness, then cool

immediately in water at the ordinary

temperature, and you will be able to

file or turn it with very little difficulty.

There are times when the delay of the

ordinary process is extremely inconve-

nient—as in the filing of turning tools

of a particular shape, re-annealing steel

when the skin is taken off, &c., and then

this mode answers admirably. (6) Make
the steel red-hot, then put it in a heap
of dry sawdust till cold, when it will be

found to be quite soft, (c) Place a

quantity of newly-burnt lime in a damp
place, where it will fall in the form of

flour
; put it in an iron box. Heat the

articles to dull red, clean off all scale,

put in lime, and completely cover with
lime

;
cover box over with iron lid, and

leave until cold. The more lime and

larger the box the better. Keep air-

tight if possible.

(2) After being tempered, the volume
of the tool is slightly increased, and

consequently its specific gravity is

decreased. As the expansion or increase

of volume is so very slight, it is quite
immaterial which is plunged in the

liquid first
; however, every moment the

edge is kept out it is cooling, and the

tempering may be rendered defective

thereby. Mercury tempers the hardest,
then water, then salt water, then oil of

various kinds—as whale-oil. As oil

cools the metal more slowly, it is not

tempered so hard, but the tenacity is

increased.

(3) It is said that the engravers and
watchmakers of Germany hai'den their

tools in sealing-wax. The tool is heated
to whiteness and plunged into the wax,
withdrawn after an instant and plunged
in again, the process being repeated until

the steel is too cold to enter the wax.
The steel is said to become, after this

process, almost as hard as the diamond,
and when touched with a little oil or

turpentine, the tools are excellent for

engraving, and for piercing the hardest

metals.

(4) Tools deeply dipped, and with the

temperature let down slowly, are the

best tempered, For instance, a carpen^
V
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ter's chisel may be heated in a tube

(covei'ed with coke until the whole is at

a red heat) until it is at a heat slightly
more thau blood-red

;
then lower verti-

cally down to the bottom of a pailful
of tepid water

;
when cold, take it out

and polish it. Get a bolster, or large

nut, heat it to whiteness, and traverse

the chisel through and back until the

surface has an orange or gold colour
;

cool out. Taps, dies, half-circular

cutters, &c., so tempered, stand wear
and tear much the best.

(5) The forging and tempering of iron

or steel can be greatly enhanced,

accordiilg to Blass, by di2)ping the

metal, in whatever form, in fused salt.

Tliis dipping in salt is also well adapted
for annealing steel without the oxidation

of the surface. If the metal be rusted,
it must be allowed to remain some time

in the bath. Borax can with good effect

be mixed with the salt. Jletal ''

puri-
fied

"
by such an immersion is very

susceptible to galvanic depositions, and
can easily be coated with copper, zinc,

tin, nickel, silver, &c. For iron in the

spongy or powdered state, as obtained

from the reduction of the ores, the salt

bath is especially adapted, for it aug-
ments the combination of the particles

by making their surfaces free from im-

purities. To prepare the bath for an

ajiplication as here proposed, the salt

must be fused in a puddling furnace, and
the iron sponge, with the addition of a

flux, be added in small quantities, so as

not to vitrefy the salt. The iron is left

in the furnace till the flux has combined
with all the impurities, and formed a

slag, whereupon the iron is taken out

and forged together. While the iron is

in the furnace, it should be constantly
covered with the salt, so that oxidation

be prevented. For the hardening of

iron, the salt is fused in a convenient

vessel and the object immersed, and from
time to time a small quantity of potash

ferrocyanide is added—1 lb. or 2 lb.

per 100 lb. of iron. The articles,

according to their thickness, are per-
mitted to remain 5 to 30 miu. in this

bath, and are then plunged in water

containing, in 100 parts, 1 of hydro-

chloric acid, 5 of wine vinegar, and 1 of

salt. If the objects are to have a silver

lustre, they should be immersed for a

few minutes in a mixture of 3 parts
wine vinegar and 1 of hydrochloric
acid.

(6) Steel punches, or other small im-

plements, particularly engraved dies,

when, by accidental exposure to too

great heat, they have become spoiled, or,

as the blacksmith says, burned, may be

restored by the following mixture : 2 oz.

bichromate of potash, 1 oz. pure nitre,
1 oz. gum-aloes, 1 oz. gum-arabic, and
2 oz. rosin. The whole having been well

powdered and mixed, the piece of steel

is heated to low redness, and the pow-
der sprinkled over it. It is then heated

again to low redness, and cooled. This

makes the piece very hard again. The
amount of nitre may be doubled, and
that of the rosin taken 10 times greater,
to produce a higher temper.

(7) In tempering a tool for boring

cylinders, turning rolls, or any large

pieces of cast-iron, let it be as hard as

water will make it, taking care not to

heat it more than to cherry-red. In the

second heating, after the tool is harden-

ed, the first perceptible tint is a light

straw-colour, which makes its appear-
ance wlien the heat reaches 430° F.

(221° C). This gives the metal a

maximum of hardness, with a certain

amount of elasticity, fitting it for lan-

cets, razors, and surgical instruments.

At 470° F. (243° C.) a full yellow is

produced, which is the temper employed
for penknives, scalpels, and fine cutlery.
The temperature of 490° F. (254° C.)

gives a brownish-orange, suitable for

shears and chisels used for cutting iron.

At 510° F. (26G° C.) the brownish-

yellow becomes flecked with purple, the

lint for pocket-knives. 52U° F. (271° C.)

gives a bluish jjurple, fit for table

cutlery ;
while the different shades of

blue from 530° to 570° F. (277°-299°
C.) indicate a temper proper for watch-

springs, sword-blades, saws, and instru-

ments requiring great elasticity. Beyond
this temperature the metal becomes too

soft to be used for cutting instruments.

The temper greatly depeuds on the



Iron—Temperin g. 291

quantity of carbon that is in the steel.

This the practical man soon finds out,
and he tempers or draws down the tool

accordingly. In Switzerland, razors,

pocket-knives, &c., made from English

cast-steel, are tempered by immersing
the blades at a dark cherry-red into a

bath composed of 4 parts finely pow-
dered yellow rosin, 2 of fish-oil, to

which is added, in a very hot state, 1

of melted tallow, and allowing them to

cool perfectly ;
after which they are

heated without wiping them, and har-

dened in water in the ordinary way.
The blades hardened by this process are

found to be more imiformly tempered
than by any other, making it possible to

produce an exceedingly fine cutting edge.

(8) By melting together about 1 gal.

spermaceti oil, 2 lb. tallow, and j lb.

Avax, a mixture is obtained very con-

venient for tempering any kind of steel

articles of small size. Adding 1 lb.

rosin, it is used for the tempering of

larger articles. The addition of rosin

must be made with care, for an excess

of this material renders the steel too

hard and brittle. After several months'
use the mass loses its energy ;

it must
then be wholly renewed, taking care to

thoroughly cleanse the bottom of the

tub which contained it. Another mix-

ture, of which practice likewise has

proved the efficacy, consists of 20 gal.

spermaceti oil, 20 lb. tallow, 10 gal.
ox-foot oil, 1 lb. pitch, and 3 lb. rosin.

The pitch and rosin are melted together,
then the 3 other materials are succes-

sively added, and the whole is heated in

an iron pot till all the water is evapo-
rated. This is ascertained when the

mass takes fire at the approach of a

burning chip of wood
;
the flame is put

out by hermetically shutting the pot
with a cover. The tempering is effected

in both cases as follows :
—

Saw-blades,
fur instance, are heated in special ovens,
and when they have reached the tem-

perature, they are dipped in the mass
contained in tubs arranged side by side.

For a continuous manufiicture a certain

number of tubs are used, so as to allow

the mass time for cooling during the I

progress of the operation. As soon as

the blade is cooled, it is withdrawn from
the bath and cleaned with a piece of

leather, so that there remains still on it

a thin layer of grease. It is then passed
over a coke fire till the grease catches

fire and burns with a clear smoke. In

this way the blade acquires elasticity.
If it is desired very hard, a part only of

the grease is allowed to be burnt
;
the

more softness is desired the more the

burning is completed. For springs, the

flame is left to burn itself out. If the

objects are of various forms and sizes,

the burning is repeated on the several

parts till all are deemed equally tem-

pered. The blades are finished by
hammering and heating them again on
a clear coke fire till they return to a

straw-yellow hue. The coloration is

then taken away by washing in dilute

hydrochloric acid, and afterwards in

plenty of water.

(9) Some mechanics attach much im-

portance to a hardening })ickle, but

probably failure comes as often by in-

jury in heating the article as by harden-

ing and tempering. An evenly-distri-
buted heat of the proper temperature is

absolutely requisite to success, and this

it is not always possible to assure by
heating in an open fire. One portion
of the article is liable to be overheated,
while another portion is undcrheated

;

judging ot the amount of heat by colour,
is not always to be trusted ;

a dark
corner or a cloudy day changes the
conditions from a light shop and a

sunny day sutficieutly to make a great
and telling diiference in the amount of

heat judged by fight.
A perfectly reliable method of heating

for hardening is by means of the lead

bath. It is an easy matter to keep in

the shop a crucible or iron pot of lead

to be used as occasion demands. The
article to be heated for hardening will

not suffer when in the lead bath, even

if not closely washed, as is necessary at

the open fire
;
the melted lead cannot

pass to a degree of heat injurious to the

steel. But one condition must be

strictly observed — the lead must be

pure and clean ;
it is best to buy the

mercantile pig for this purpose.
V 2
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lu order to harden well, it is ueces-

sary to heat the article through and

through. If the piece is of unusual

thickness, as a tap or reamer of 3 in. or

more in diameter, it is better to drill a

hole through it from end to end, so

that the heating can be even and the

hardening be equal. A tap of 4 in.

diameter broke sqtiarely across in the

hardening. It was of solid steel. The

drilling of an inch hole from end to end

was practised, and a large number of

the same size taps were hardened with-

out a failure. {Scient. Amer.)
(10) Firstly, the steel must only be

heated to dark red, which is the tempera-
ture at which a film of sofit burns off.

Secondly, the heated article must be

carefully protected from oxidation
;

hence a flame rich in carbon must be

used, and the immersion be done as

quickly as possible, so as not to keep it

long in the air.

Thirdly, water used fur hardening
must be free from alkalies and lime car-

bonate. (Reichel, Zeit. f. Instrumenten-

kunde.)

(11) A great many different articles

require to be hardened. The first will

doubtless be a cutting-tool of some kind.

Take, fur example, a set of tools for

metal-turning
—

say, gravers, chisels,

and parting-tools. The tools having
been filed up and prepared, a clear fire

at a small forge will be the best means
of heating them. The tools are held by
the tang in a pair of small forge-tongs,
and the blade must be heated slowly
until it is at low redness. Care must
be taken not to overheat the steel, or

its cutting properties will deteriorate,
and in that case it will be perfectly
useless as a cutting-tool. When the

steel is made to the desired heat, it

must be plunged into cold water, which
will render it perfectly hard, and if it

were used in. this state, the point, or

cutting-edge, would immediately break
off". It depends a great deal upon the

material that is to be turned what heat
will be the best to make the tool before

dipping or plunging it; and another

plan, used in some cases, is to take the

extreme chill off the water. The

hardening having been finished in a

satisfactory way, proceed to temper it

and make it fit for use. The face of

the end so hardened must be cleaned
either with a piece of emery-paper or

on a grindstone
—either will do, as long

as the part to be tempered is cleaned so

that the colour can be seen when it

appears. Having got all the tools that

are to be tempered ready, make a piece
of bar-iron about

^
in. ))y \h in. red-hot,

and on it place the tools, with the

hardened end extending beyond the

heated surface, and in a short time it

will be easily noticed that the bright

part gradually changes colour—of course

being deeper where it is nearest the
iron. As soon as the cutting part gets
to a straw-colour, it must be again
dipped into water, to prevent its going
deeper and becoming too soft for its

purpose. There are also many different

degrees to which cutting-tools for

turning various substances should be

what is termed " let down to." For

example, a tool that is to be appro-

priated for turning steel, especially if it

is not well softened, will require to be

liarder than one that is to be used for

turning brass or gun-metal ; therefore,
if the latter is to be the material

worked, leave the tool on the hot iron a

little longer, until it becomes a darker

straw-colour, or orange tint. Only
practice will perfect any one in this

most useful branch of mechanics. Any
workman of experience can tell in a
moment what temper will be required
for the many different purposes the

various tools are used for. Another

way, which by men of practice is

generally adopted, is to heat the tool,
then dip it into water as far as neces-

sary, and let down the temper with the

heat left in the other end of the tool.

The colour being obtained, the whole
tool is cooled in the water, and the

necessity for heating the iron is dis-

pensed with. Assuming that a quan-
tity of small articles are made, and

ready to be hardened and tempered,
great care must be taken not to over-

heat them
;
tho best way to avoid this

will be to build a small hollow fire, and
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in this place an iron box, about 4 or

5 in. square, and open at the end.

Make it red-hot, and on the lower side

place the cutters in a row. The tire

must be kept going, or the box will

cool
; they will soon get hot, subjected

to the heat in the box. This not only
makes a certainty of not burning the

tools, but enables the operator to have

a dozen at a time getting hot. When
the whole lot are so hardenetl, the bar

of liot iron will be again required.
While this is getting hot, the faces of

all the tools can be cleaned, and then

jdaced in a row on the hot iron
;
and

as they run down very quickly, being

small, it is better to hold in the left

hand a vessel of water, and with the

right hand push oft' each tool as it

assumes the required colour. By this

means a number of articles may be soon

effectually hardened and tempersd.
There are other means for effecting the

same purpose. One of these is the

blowpipe. Have a large piece of char-

coal, in which make a hollow
;

there

place the object to be heated, and blow
the flame into the recess

; it becomes a

miniature oven, and all the heat of the

flame is utilized. In making a spiral

spring hot, prior to ]>lunging, it will, if

heated in an open fire, twist and bend
all ways ;

the best way to avoid this is

to get a piece of old gas-pipe, as near
the size as convenient, and lay the

spring in it, and then make the pii)e

hot. The spring will soon get sufli-

ciently hot, and a regular heat will be

the result, and it will be more likely to

remain straight. The next thing will

be to jdunge it, but not in water.

There are various opinions as to the

best liquid to be iised for this purpose ;

some prefer oil and water mixed.

Anotlier mode is to have a vessel con-

taining a body of water, with about
1 in. of oil on the surface, so that the

heated spring passes through the oil

before it reaches the water. I give

preference to a simple body of oil, and
for a long thing like we have under

consideration, a cylinder biscuit-tin will

be found as good as anything to hold it.

The spring being now hardened by the

immersion in the oil, it must of course

be tempered, and the best way to effect

this is to blaze it— that is, after it has

been placed in the oil, it should be

taken out and held over the fire until

the oil upon it catches liglit, and

according to the degree of temper the

spring is required to have, so long
must the oil be allowed to flare. If a

mild action is only wanted, it may be

allowed to burn out, and be immediately
dijiped into water

; experience alone

can make any one proficient. The pro-
cess of hardening a plain mandril is a

piece of work with which great care

should be again taken. Many j)eople
;ire under tlie impression that the

mandril of a first-rate lathe should be

all steel. This is an error, and it is

only from want of knowledge that

any one is impressed with this idea.

To make a tlioroughly good lathe the

mandril must be composed of iron and
steel. I am speaking now of a pdain
lathe

; traversing mandrils are made of

steel, but this is special. Taking, then,
the plain mandril, the very best fagoted
iron must be used, and round the ])art

which is to form the bearing a thick

ring of shear-steel must be welded.

Cast steel will be of no use for this

purpose, as it cannot be welded. The
nose which eventually is to receive the

chucks must be of iron. The mandril

being fitted into its place as it must be,
it will be ready for hardening, and the

first thing to do will be to protect the

nose from getting hot. To effect this,

it must be covered with clay, bound on
with thin binding-wire. It was at one
time considered necessary for the heating
of a mandril to have a hollow fire, but
this idea has gradually died out. A
mandril is a thing especially liable to

break when heated and dipi>ed into

water
;
before diiijjing or plunging the

mandril into the water, make a piece of

iron hot, and stir the body of water
with it. This is, to a certain extent, a

safeguard ;
but nothing will make

certain of its not breaking. The man-
dril must not be simplv put into the

water and taken out again, but moved
about aud allowed to remain until cold,
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or nearly so. The traversing mandril

is made of the very finest steel to be

obtained, and as it has to be bored

through, and is not of sufficient sub-

stance to admit of welding, the nose is

in the solid with it. In hardening one

of this description, a somewhat diflerent

process will have to be gone through.
An experienced turner will detect at

once, when turning a mandril, whether
it is likely to reqixire to be made to a

greater or lesser heat
;

for instance, if

the steel turns short and crumbly, so

to speak, it will require less heat than
if it will admit of a long shaving being

taken, and is, in fact, of a much softer

texture. A traversing mandril will be

about 14 in. long, and will only require to

be hardened where the fittings or bear-

ings take place ;
that is, about 2 in. from

the collar at the front, and oh in. at

the small end, leaving 1 in. quite soft

at the extreme end, where the guides
are to be fitted. The first thing to do

will be to protect the nose from being
made hard

;
this can be done, as in the

case of the plain mandril, with clay.
There are differences of opinion as to

Avhether the nose should have the screw
cut upon it before or after it is hardened.

One thing is sure : that if cut first,

it will certainly require correcting
afterwards

;
but if it can be kept per-

fectly soft, it is better to do it when the

mandril is hardened. One reason why
more care is required with this kind

than witli a plain mandril is that it is

longer, and there are two bearings to

harden instead of one, and the nose

being of the same steel as the mandril

itself, it has more risk of becoming
hard. Having protected the nose, pro-
ceed with all care to harden. First

make a clean fire, free from clinkers,
and heat the end that has the collar on

it first
;
when sufficiently hot, which

will be a deep blood colour, plunge it

into cold water. To keep it as straight
as possible, the best plan is the fol-

lowing : before dipping, have a pail of

clean water ready, and when the work
is hot, take a stick and twist it round
about in the pail, and so form a kind of

diminutive whirlpool, the mandril being

placed in the centre. The action of the

water, in its circuitous course, tends to

assist in keeping it in its original form
;

but take what steps you may, it is

impossible to rely upon its being straight
after it has been through such a course

of treatment. The one end having
turned out well— that is to say, hard—
and not very much distorted, the other

part may be done in precisely the same

way, and when this is finished, it will

be consoling to find the mandril is still

intact, as it has often happened that,
before going so far, it has broken. But
here even the anxiety does not cease :

it may be perfectly hard, not scaled nor

broken, but, when placed between the

centres of the lathe, it may be so

crooked that it would be out of all

character to try and grind it into

straight line again. JMandrils of this

kind were at one time always tempered
so that they could be turned with a

diamond point ;
but since the intro-

duction of emery-wheels, this is avoided,
and they are left perfectly hard, and

ground true by means of a small emery-
wheel running between two centres

driven at great speed. But before

grinding it true—that is, absolutely
so—it must be brought as near as pos-

sibly so by other means; and it is here

that the anxiety comes in. It may
possibly be found when the spindle is

)ilaced between the centres, that it is

bent in 2 directions
;

should tliis be

the case, it is not at all an easy matter
to correct it. It must, however, be

done with the pane of a hammer, and
the mandril itself placed u])on a fiat

surface, and the blow from the hammer
take effect tipon the opposite side to

where the error is
;
this is where the

danger of breaking is, because a sudden
or uneven jar is likely to make the

mandril suddenly 2 pieces. Sometimes
the steel, from various causes, will bear

the blow upon the same side. The
mandril must be held firmly in the left

hand, and with the right hand the

hammer is applied gently. Do not

blow the fire fiercely, but let the

material get gradually hot through,
and then, when it is so, do not plunge
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it in the water, and withdraw directly
to see if it is cold

;
let it remain there

till it is so. I have frequently heard a

piece of steel crack some little time

after it has been out of the water, but

at the same time this may be no fault

of the person who is hardening it—it is

a thing that will, and unfortunately

does, occur. Some authors direct that

tho nose of a mandril should be left as

hard as possible. This is quite an

error: let the nose of all such work be

kept as soft as possible. In the harden-

ing of small centre screws, and for such

things as horizontal cutters and the

like, many are broken from the fiict of

being made hard on the screw i)art;

it will be clear that if the screw fits at

all tight iipon entering, it leaves the

chance of the point being twisted oft'.

To avoid this, do not harden it, and the

way to prevent it is to have only sufli-

cient water in a flat-bottom saucer, and

when hot place the screw point down-
wards into it and move it about. Be-

fore the small body of water gets hot,
remove it quickly into a greater body,
and cool it. (J. H. Evans, Enij. Jicch.)

Welding.—The following abstract

of a paper by G. Newcombe, the secre-

tary of the Cleveland Iron Trade Fore-

men's Association, will be found a

valuable addition to the literature of

the subject.
Conditions.—Newcombe calls atten-

tion to the ambiguity of language in

which the conditions for an eftective weld

are often stated, and introduces extracts

from some of the latest writers on the

subject. Edward Williams, at the con-

clusion of a paper
" On the Manufacture

of Rails," read before the Iron and
Steel Institute in September 1869, said

welding was the one thing needful, and
we should never lose sight of it. The
chance of obtaining thorough welding
would be much increased by not insist-

ing on more toughness and fibre than is

absolutely necessary to guard against so

much brittleness as would bring about

breakages of the rail in work. In the

discussion on that paper. Sir William

Armstrong said that in the manufoc-

ture of guns on the coil system, a perfect

welding is just of as much importance
as it is in the manufacture of rails.

The conclusion arrived at, both at Els-

wick and Woolwich, was this, that in

proportion as the iron has a steely cha-

racter, so in proportion is it unfavour-

able for welding. The indication of its

steely cliaracter was obtained by taking
a specimen of iron heated to a certain

point, and then plunging it into water.

If its tensile strength was found to be

increased beyond a certain limit, it was

rejected as vxnfavourable for welding.
The iron welds most perfectly which

undergoes no increase of strength in

the process of hardening. Williams, in

repl}' to questions, defined good welding
to be a combination of effects, an actual

amalgamation of the surfaces, and sol-

dering together by means of the cinder.

In proportion as there is more of the

absolute contact and less of the solder-

ing, so is welding good, and vice versa.

Where there is no contact of the actual

metallic surfaces, and nothing but the

soldering of the layers together by
means of the cinder, it is poor welding ;

and it is the poorer the thicker the

cinder. Where you have a large pro-

portion of surface actually brought in

contact with the layer next to it, then

you have good welding. But perfect

welding
—that is, complete contact of

surfaces, or anything at all approaching
it—is impossible.

Mattieu Williams, in treating on

lamination and blistering, says that

when a blacksmith makes a weld in a

common open fire, he throws sand on

the surface to be joined, the object being
to flux the scale—that is, to convert

the oxide into fusible silicate. This

being done, he brings the fluxed surfaces

together, and by hammering forces out

the liquid silicate, and thus brings clean

surfaces of pure iron together, which at

a proper heat unite perfectly. If he

had a film of oxide between the sur-

faces it would prevent welding. Fol-

lowing up this princi]ile, Mattieu Wil-

liams obtained from the potteries some
"
slip," or finely-ground flint used in

glazing earthenware, mixed this with
sufficient water to form a sort of paint
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or whitewash, aud with a whitewasher's

brush painted it over the surface of the

piles on both sides of each layer. He
treated several piles of the finest quality
of iron in this manner. They were

rolled into boiler-plates, none of which

showed any signs of lamination. He
believes that by this means lamination

may be efiectually prevented.
At a meeting of the Iron and Steel

Institute, Richard Howson, in a paper
read before that society,

" On Welding
Iron," said that in order to obtain com-

plete metallic contact the skill of the

workman had to be exercised—1st, in

heating the iron sufficiently; 2nd, in

protecting the surface from oxidation

by means of a flux
; 3rd, in forming the

surfaces in such a way that the ilux

has a means of escape when the ends

are closed up under the hammer.

Having thus given a resume of the

latest theories on the subject, New-
combe examines them from a practical

standpoint, to ascertain how far they
are supported or contradicted by the

most advanced practice of the day ;
and

as Howson's views are of the most re-

cent date, and may fairly be supposed
to include much that had previously
been said on the subject, he takes up
the consideration of his conditions—
first, on the necessity for proper heats

to secure good welds.

Heating.
—In point of importance, it

rightly stands first, for if the primary
cause of defective welding could be

traced, its origin Avould in a majority
of cases be found in bad heating.

There is no operation connected with

smithing which requires more careful

haudling, or gives more an.xiety to the

smith, than the process of welding, for

on tbe successful issue of one weld in

the manufacture of a single article may
depend either the success or loss of

much labour and money. It may there-

fore repay us to examine with care the

conditions to be observed in obtaining a

good heat. In the first place, the fuel

must be as free from metallic impuri-
ties as possible, especially sulphur, as it

readily combines with iron, and with it

forni8 sulphide of iron, which is natu-

rally detrimental to the formation of

a good weld
; 2nd, by a proper con-

struction of the hearth, and arrange-
ment of twyer, to obtain the requisite
chemical combination necessary for a

proper combustion of the fuel for heat-

ing purposes. This is effected by placing
the twyer about 4 in. below the level

of the hearth for lighter kinds of work,
and 6 to 8 in. for heavy kinds. But
even with good fuel and the arrange-
ment of twyer just spoken of, we

may obtain two kinds of heat—viz., a

carbonaceous (reducing) heat, or an

oxidizing (destroying) heat; the car-

bonaceous is that which is required by
the smith to reduce his iron to a

welding condition, to obtain which ho

must maintain a constant sujiply of

heated fuel between his twyer and the

iron to be heated, and covering it like-

wise if the whole mass is to be heated.

The chemical action which here takes

jilace may be explained thus:—The

oxygen of the air, after passing the

twyer, comes in contact with the heated

carbon in the fuel
;
chemical union then

takes place ;
1 part of the carbon com-

bines with 2 of oxygen, forming car-

bonic acid
; this, in passing through the

heated fuel above it, takes up another

part of carbon and forms carbonic oxide,

which is composed of 2 parts carbon

and 1 oxygen ;
and so long as this

action can be maintained, we have a

reducing heat suitable for bringing iron

into the welding state with the forma-

tion of the least amount of oxide on the

surfaces of the iron
;
and if wo fail to

obtain those conditions, and allow the

fuel to become deficient in quantity
between the twyer and the iron when it

is in a semi-welding state, then we have

a chemical action of a different kind,
for the oxygen then being in excess,

through a deficiency of carbon, readily
combines with the iron, and foi'ms a

cinder or oxide of iron. This combina-

tion results in great loss of iron.

If the destructive effect of oxygen is

so apparent on a small sample of iron,

an approximate opinion may be formed

of the great loss resulting from its ac-

tion on hirge masses. In proj)ortiun as
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we obtaia heats, under either of the two
conditions just named, so shall we get

good or bad welding. If the oxidizing
heat has acted on the iron, it leaves a

film of cinder which is dirticult to re-

move, and which prevents close metallic

contact of the molecules needful to

good welding ;
this is often apparent in

examining large forgings, when turned

and polished, that have been laid to-

gether or built up in slabs or piles. A
dark horizontal line may be traced in

the forging, which indicates the junc-
tions of the slabs that in heating have
been allowed to oxidize, perhaps through
the furnace being too slow in heating,
or through the admission of too much
free oxygen. The oxide not being pro-

perly expelled while under the hammer,
the result is a defective shaft, the weak-
ness of which is soon made apparent if

in performing its work it is sixbject to

much torsion; whereas, if the mass had
been heated in a full carbonaceous flame

to that fine mellow or spongy condition

so essential to a complete incorporation
of the molecules, and which renders

iron as nearly homogeneous as can be

obtained under the piling system, no
such thing would happen.

Flujxs.—He next examines the second
section of the conditions just quoted as

necessary to secure good welding
—viz.

protecting the surfaces from oxidation

by means of a flux. The views advanced
in this section of Howson's argument
are so utterly at variance with the best

practice of modern times, that Newcombe

joins issue with him on this subject, as

he is convinced that it is not necessary to

use any flux in order to secure a perfect
weld—that is, if the iron is compara-
tively free from carbon, and the proper
conditions of heating have been observed.

Large masses of scrap are welded up in

forges, and smaller sections of iron in

smithies, without any flux. Indeed, in

the process, described by the author, of

piling and rolling large armour-plates
at Sheffield, and the manner adopted at

Low jMoor in manufacturing plates and

bars, shows that no silica was used as a

flux to assist the welding, other than

that which the iron contained when it

left the puddling furnace
; yet the

author admits that his samples were as

nearly homogeneous as it is possible to

get them without absolutely melting
the iron. That welding may be eft'ec-

tively accomplished without the iise of

a flux, there are few workers in iron

prepared to dispute ;
but as fluxes are

used in welding, and chiefly b_v smiths,
Kewcombe inquires into the cause of

their adoption.
The flux chiefly in use is sand

; being

abundantly found in nature, it is con-

sequently cheap. It is composed of

silicon and oxygen, and technically
known as silica. It readily melts on

being applied to hot iron
;
and it is

this property, combined with its cheaj)-

ness, that accounts for its general iise.

Why is it used by the smith? Because
in joining 2 i)ieces of iron together
different kinds of splicing or scarfing
are adopted ; those, or at least the most
common in use, are of a pointed cha-

racter, and they present an unequal
thickness of iron to the action of the

heat
;
and as the point of the scarf is

farthest into the fire, and through its

imequal thickness conducts the heat

much quicker than the heel or thick

part of the scarf, it consequently
arrives in a welding state first, and, if

the action of the heat was not checked,
the point would be burnt away before

the heel had arrived at a welding state.

To prevent this, the smith throws on or

dips the back of the point into the sand
;

the sand, on coming in contact with the

heated iron, melts and absorbs so much
of the heat of the part to which it is

apjilied, and on melting becomes vitri-

fied. This glassy silicate readily combines
with the iron, and forms a covering to

the part exposed to the heat, and being of

a very refractory nature, it is some time
before it is burnt oft' the iron. It thus

protects the iron in its weak or exposed
part, while the other or thicker part is

absorbing the heat and arriving at the

welding condition. It is sometimes
used when the iron is on the anvil, but

only when such iron is overheated, and
will not bear hammering. A little

sand thrown on absorbs the heat and
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restores its cohesive power. The smith,
in using sand, is alwaj's careful to keep
it from the face of the scarf; he knows
from experience that the cleaner he

keeps the 2 surfaces to be welded the

closer and more perfect will be the

weld. This is the legitimate use of

sand in welding ;
it is employed as

a chemical agent to prevent waste of

iron, and even in this capacity should

be used as sparingly as possible, for its

baneful effects are left behind on the

forged articles, M-hich, if they have to

be either planed or turned, present on

their surfaces a series of knotty or

flinty points, which blunt the tool and

are a source of much annoyance to the

operator.
The use of sand is injurious to iron,

and though it may be used as an agent
to prevent -n'aste of iron in some par-
ticular kinds of scarfing, it is not

essential to sound welding. In support
of this assertion, Newcombe refers to

the welding of tires for railways and

tubes for boilers
;

both these articles

are continually under inspection for the

purpose of detecting flaws or unsound-

ness, and they are subjected to con-

tinual tensile strain and shocks, which
tend to develop any flaws or unsound-

ness
; yet how few out of the many

tJiousands in use give w.ay at the weld,
and they are invariably welded without

any flux being used. Numerous other

examples might be given of specialties

of manufacture where the welding is

done without any flux.

Selection of Iron.—Before closing this

subject there is one matter nearly con-

nected with welding which has not re-

ceived that careful attention that it

demands, and which future interests

will require
—the selecting of iron

suitable for welding properly together ;

not that there is any dithculty in weld-

ing Cleveland iron, for it is remarkable
for the excellence of that quality, yet
there are few districts which produce
iron that is more laminated. Perhaps
this may, in a measure, be the result of

the prosperity of the past few years,
which has prevailed in the iron trade,

when quantity and not quality was the

great desideratum. In welding hard

and soft irons together, the difficulty is

to get a heat suitable to both, as it is

difficult to define the exact temperature
for iron in the welding state, for it

differs materially according to the

different degrees of quality of imn.

The amount of heat which a hard pure
iron would absorb before arriving at a

proper viscous or pasty condition would
be sufficient to destroy a soft impure
iron by burning. Iron may be welded

at different degrees of lieat, varying in

colour from a greasy yellow up to a

white heat, and if heated beyond this

point it becomes burnt, through not

being fusible when in an uucombined
state. Heat has great influence on

iron in altering its condition. A higli

heat will change a fibrous to a crystal-
line iron, whilst a low welding heat

will allow it to retain its fibrous cha-

racter. Irons in a welding state pos-
sess great affinity or attraction for each

other, and this is manifested in a

greater or lesser degree according to

uniformity of quality. If 2 pieces of

iron are laid together in a welding con-

dition, they readily stick to each other,

and, if the surfaces are of moderate ex-

tent, it requires some force to pull tliem

asunder. A striking proof of this

attraction may be seen in any forge, in

the piling of very large masses of scrap

containing thousands of pieces, which
are heated to a welding state, and then

brought out of the furnace, and held in

suspension by the middle, between tlie

points of a pair of tongs, and thougli it

may weigh 2 or 3 cwt. there is no

difficulty in transmitting it from the

furnace to the anvil, during which time

the particles composing the mass are held

togetlier by atomic attraction, but some

mechanical force is necessary to bring
the particles into closer metallic con-

tact. The difficulty is not so great in

welding hard and soft irons together as

in keeping them together after they are

welded. In a sample containing 5

different kinds of iron, of varying

degrees of quality, the welds, so far as

can be judged from appearance, seem to

be perfect, yet if this sample had much
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work put on it, if it were upset under
the steam-liammer, the harder knots

would separate from the softer, their

structural forms are so diilereut. The
fine crystalline form of the Low Moor
iron cannot be thoroughly incorporated
with the open molecular structure of

the common Cleveland. Much of the

defective welding found in Cleveland

iron is due to this cause : we find on

examination a layer of crystal and

another of fibre in regular succession

throughout the commoner kinds of iron.

A low heat is adopted in its manufac-

ture, purposely to retain its fibrous

character
;
the result is the lamination

spoken of. This evil is not confined to

the manufacture of bars onlj- ;
the rail

trade has suffered from the same cause.

Welding, properly performed, is neither

a soldering nor gluing process. Neither

of those words is applicable to the pro-
cess. It is possible to get a near ap-

proach to complete metallic contact by
welding ;

but as the conditions are so

varied by reason ofthe different chemical

combinations in iron, it is impossible, in

the present state of metallurgical

science, to lay down any fixed rules
;

therefore, the skill and observation of

the workman must supply this want,
and be constantly directed to those

affinities and combinations which are

constantly taking place in all metallur-

gical operations, iinder fixed though
perhaps undefined laws, which govern
the results, and give good or bad work
in proportion to the extent in which

they are regarded or neglected. (^Enrj.

Mech.)
Nature of Welding.

—In the address

of Jordan, President of the Socicte des

Ingenicurs, delivered at the annual meet-

ing of that society in Paris, a novel ex-

planation of the welding of iron is

offered. Jordan says that welding is a

phenomenon exactly similar to the rege-
lation of water, the phenomena of rege-
lation being these, that if 2 or more

pieces of ice at a temperature not lower

than their melting-point, or preferably
at a temperature much higher than

their melting-point, be pressed together,
the liquid M'ater adhering to their melt-

ing surface becomes solid at the places
of contact, and thus the 2 pieces are re-

frozen into one. Jordan very aj)tly
illustrates the phenomena of regelation

by the making of a snowball, telling us

that this may be done when snow is at

a temperature not lower than 32° F.

(0° C), i.e. the freezing-point of water.

Every man will remember that when
the snow is very dry, and the tempera-
ture of the air below the freezing-point,
the snow-flakes will not cohere without

the aid of miich pressure and warmth
from the hand, but that with sloppy
snow during a thaw, one can make a

hard ice snowball with ease. Jordan

compares the making of the snowball

with the Aveldiug of the iron ball,

maintains that the processes are iden-

tical, and applies Sir W. Thomson's

explanation of regelation to the cases of

iron and platinum welding.
It appears to Prof. Mattieu 'Williams

that the conditions of solidification in

the 2 cases are not only by no means

alike, but are diametrically opposite, the

welding of both iron and platinum being
effected at a temperature consideraldy
below their melting-point, while the

primary condition for the cohesion of

2 pieces of ice by regelation is that they
shall be exposed to a temperature above,
or at least not below', their melting-

point. In order that regelation should

be analogous to welding, it should take

place at a temperature far below the

freezing-point. Now, it is well know^n
that under such circumstances regela-
tion does not and cannot occur, and
therefore it differs essentially and pri-

marily from welding.
If it had been discovered that 2 or

more pieces of iron, while in a furnace,
raised above their melting-point and

steaming into fusion, would cohere Avhcn

pressed together, and that this cohesion

resulted from the solidification of their

liquid surfaces, in spite of the melting
heat of the furnace, we should have an

analogy with the regelation of melting
ice, and Jordan's conclusions would be

justified. Eegelationineans the resolidi-

fying of a liquid, or a special cohesion

in spite of liquidity; welding means a
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special cohesion in sjiite of solidity or

ajjjjareut solidity. If Jordan had de-

scribed them as examples of curiously

oj^posite actions, the comparison would
have been more nearly correct. We
might plausibly assume that, while

the pressing together of 2 pieces of

wet ice produces a solidification of

the surface liquid, the pressing to-

gether of 2 pieces of heated iron has

the opposite effect of momentarily lique-

fying the surfaces of contact, and thereby

soldering them together. The plausibi-

lity of this explanation is increased by
the fact that pressure develops heat, and
thus the welding heat might, at the sur-

face of contact, be momentarily raised

to the fusing-point, and then, on the

removal of the pressure, this liquid film

might solidify and thus produce the

welding cohesion. But even this theory

is, in Williams's opinion, too learned. A
far simpler explanation may be found,
and we must never forget that when 2

or more explanations equally fit a given
set of facts, the simpler is the better,
and usually the true one.

In order to find a true analogy to

welding, we need go no further than the

vulgar
"
sticking together

"
of two pieces

of cobblers' wax, pitch, putty, or clay.
These are in a viscous or semi-tiuid con-

dition, and they cohere by an action

similar to the transfusion or inter-

mingling and uniting of 2 liquids. Iron

and platinum pass through a viscotis or

pasty stage on their way from the solid

to the liquid states, and the temjierature
at which this pasty condition occurs is

the welding heat. Other metals are not

weldablo, because they pass too suddenly
from the solid to the liquid condition.

Ice, although it fuses so slowly, in con-

sequence of the great amount of heat

rendered latent in the act of fusion,

jiasses at once from the state of a brittle

crystalline solid to that of a perfect

liquid. It passes through no interme-

diate pasty stage, and therefore is not

weldable, or does not cohere like iron,

&c., at a temperature below its fusing-

point.
It is usual to cite only iron and pla-

tinum, or iron, jjlatinum, and gold as

weldable substances, but this is not cor-

rect. Lead should be included as a

weldable metal. The two halves of a

newly-cut leaden bullet may be made to

reunite by pressure, even when quite
cold. This is obviously due to the soft-

ness or viscosity of this metal. Out-
side of the metals there is a multitude
of weldable substances. Glass is a typi-
cal example of these. Its weldability

depends upon the viscosity it assumes at

a bright-red heat, and the glass-maker
largely uses this property. When he

attaches the handle to a claret-jug, or

joins the stem of a wine-glass to its cup,
he performs a true welding process.

The chief practical difiiculty in weld-

ing iron arises from the fact that at the

welding heat it is liable to oxidation,
and the oxide of iron is not viscous like

the metallic iron. To remedy this oxi-

dation, the workman uses sand, which
combines with the oxide and forms a

fusible silicate. If he is a good workman,
he does not depend upon the solidifica-

tion of this film of silicate, as the adhe-

sion thus obtained would be really a

soldering with brittle glass, and such
work would readily separate when sub-

ject to vibratory violence. He therefore

beats or squeezes the surfaces together
with sufficient force to drive out between
them all the liquid silicate, and thus he

secures a true annealing or actual union
of pure metallic surfaces.

Cast iron orsteel containing more than
2 per cent, of carbon cannot be welded,
because the compound of iron with so

much carbon is much more fusible than

pure iron, or than steel with less carbon,
and it runs more suddenly or directly
from the solid state into that of a liquid,
and hence presents no workable range
of weldable viscosity. (Mattieu Wil-

liams, ifon.')

Ih'cijtes.
— Steel. — (1) An excellent

composition for welding cast-steel is

prepared by boiling together 16 parts
borax and 1 of sal-ammoniac over a

slow fire for 1 hour. When cold, grind
it to powder. The steel must then be

made as hot as it will conveniently bear,
and the composition used the s.ame as

sand.
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(2) There is one point in welding
steel which cannot be too strongly
insisted upon, and that is that the

pieces, after having been brought to

welding-point, should not be struck

heavily with the hammer, but only

tapped lightly at first until they have

begun to weld
;
after that, the sledge or

steam hammer may be used with perfect
freedom. Another important thing in

welding steel is the heat. While it is im-

possible to give any specific rules on this

point, the general rule, which will be

found to hold good in all cases, is not to

heat the steel any higher than is abso-

lutely necessary to effect a weld—the

higher the steel is in carbon the lower

the heat at which it ought to be worked,
hence necessitating heavier hammers—
and next, not to finish the operation at

too low a temperature. It will be best

to work the steel as rapidly as possible,
reheat as often as required to prevent

working or finishing cold, and anneal

immediately after welding the whole

piece
—not only the immediate vicinity—containing a weld. The annealing

heat should always be higher than that

at which the piece was finished. Another

source of danger to the homogeneity of

the finished product is to be found in

cqld-straighteuing. The presses in many
mills are so constructed as to exert

absolute shearing stresses, and are apt to

do more harm than any subsequent
service can do. Cold- straightening

ought to be done at black heat, and the

local effects of the press be modified by
distribution over a large area. This can

be accomplished by the use of broad oak

wedges or the insertion of pieces of

plank. Generally, plates, angles, beams,

&c., have of necessity to xindergo more
or kss hammering in the course of

construction, and as this produces effects

comparable to punching and shearing,

though in a much less degree, it becomes

necessary, in steel construction, to

modify these effects in the same way by
protecting the metal surface with wood
and substituting heavy wooden mallets

for sledges. In time, the working of

steel in every stage requires care—and,

above all, intelligence
— and the meu

engaged in it must be impressed with

the necessity for careful manipulation
and rational treatment. Undoubtedly
the steel must possess the jiroper

qualities for structural purposes in the

first place, but then it miist also be

projierly treated subsequently if it is.

to bring tliose qualities into the finished

structure. (A. Hill.)

(3) Shear and double-shear steel are

easily welded, and the latter will answer
almost all the purposes of cast-steel.

Cast-steel, however, is more difficult to

weld, but it can be done by practice.
Care must be taken not to heat too hot,
or it will fall to pieces under the

hammer. Use powdered borax as a

flux.

(4) A mass of ingredients is sold for

the purpose of welding cast-steel, but

the simplest and best method is, accord-

ing to the Revuo Industriellc, the one

employed by Fiala, of Prague, Bohemia.
He uses pulverized white marble for the

jturpose. The 2 pieces to be welded

together are heated, and, after rolling
in marble dust, are promptly joined

together, and subjected to a good ham-

mering.

(5) Cast-steel can be, and is, success-

fully welded
;

but there is greater

difficulty in the accomplishment of the

process than with other kinds of steel,

and it requires a practical hand to make
a good job. The precautions necessary
to ensure success are as follows :

—Keep
it from the air while being heated

;
heat

as quickly as possible ;
don't make it

too hot, or it will burn, and break in

pieces when hammered—for cast-steel

requires a low welding-heat ;
strike

lightly at first, and increase to heavy
blows

;
don't use coals, for they con-

tain sulphur, and will give the surface

of the steel a coating of sulphide of

iron
;
but use coke, or what smiths term

"
breeze," that is, coal well burnt and

the cinders washed. Use the following
flux :

—Borax \ lb., washing potash \ lb.,

and a small quantity of white glass,

powdered ;
melt together, and when

cold, pound it. This flux will dissolve

the oxide that forms. Apply some

before putting in the fire, to protect
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surface of work from oxide, and apply
more at your owu discretion. If wanted
to wold cast-steel to iron, the iron will

require a greater heat than the steel.

((3) The sand usually employed must
be discarded, and borax employed in

its stead. Some of the cast-steels

require a still more fusible flux than

even borax, and sal-ammoniac is mingled
with it

; 1 of sal-ammoniac to 15 or 20

of borax is sufficient. The best mode
of using borax is to put it in an iron

kettle or ladle over the fire, and heat it

until it discontinues to boil up ,
\/hen

cold, reduce it to a powder. When the

stool is somewhat heated, the powdered
borax is applied, and vhen again inserted

in the fire, the heat ij raised as high as

the steel will bear without injury.
When at the point of fusion, on to the

anvil with it quickly; hit it lightly,

very liglitly, at first, till it begins to

adhere, and increase the force of the

blows by degrees. If the joint is not

satisfactory, try a second heat with
another application of the borax.

(7) Put 5 lb. saltpetre, and | lb. oil

of vitriol, in 2 gal. water, heat ends of

steel red-hot, and cool tliem in the

mixture before welding. Make a longer
scarf than for iron, using nothing but
sand while heating ;

but be sure to get
sand with a glassy grain, and free from

sulphur. Heat high above the iron,
roll your heats well iu the sand, keeping
plenty on the off side, for it melts and
runs below, and forms a capital flux.

Be careful not to heat too high. Don't
brush your heats, or you will take away
the flux

;
if there be any dirt on them

just tip it
oil',

and you will have a good
solid weld. If you don't get it solid

with first heat, you can take another
heat over all, using sand the same as at

first.

(8) The cheapest flux is a piece of

soft clay. First get your heats to a

cherry-red in a clear fire
;
then just dip

in the clay. You will find it form a

thin coat on the scarf
;
then put your

heats in the fire, and when you see the

clay run off the point of the scarf, it is

right to weld
;
but be careful not to get

your heats too hot behind the scarf. Iu

shutting your heats, tap them lightly
till you feel them begin to stick, then

you can ]iave your hammers down on
it.

(9) There are so many grades or

tempers of cast-steel now in use (from
steel rails to surgical instruments) tliat

there is a great difficulty in under-

standing what is meant by cast-steel.

The old system of steel-making was
the converted or cemented process ;

the

converted bars were welded once or

twice, then called single or double

shear-steel, according to treatment re-

ceived. In the Huntsman or crucible

process, the converted bars were broken

up into small pieces and charged into

crucibles along with oxide of manganese,
&c., and when melted, cast into ingots,
hence the term cast, to distinguish from
shear-steel. We have 3 methods by
which cast-steel is produced, i.e. Besse-

mer, Siemens, and Huntsman (crucible)

processes, and the various qualities and

tempers manufactured by these are le-

gion. Some of these steels will weld
without any difficulty, and some with

only the greatest difficulty ; some kinds

will harden very hard when plunged
into water at a red heat, and others,
when subject to the same treatment,
will bend over and over without show-

ing any sign.s of a fracture, the sudden

cooling having made no perceptible
difference

; yet botli are cast -steel, and

probably may have been made from the

same process. Cast-steel rails are sold

at about 9/. per ton, cast-steel for tools

at 60/. to 140/. per ton.

(10) Two points must be taken into

consideration chiefly in effecting the

welding of steel : it is necessary to

render the film of oxidized iron on the

surfaces to be united liy welding as

fluid as possible, and some means must
be found to restore to the steel the

cai-bon eliminated during the process of

heating to the welding temperature.

According to the Revue Industriellc,

Rust considers boric acid the most

effectual in performing the former, and

fen-ocyanide of potassium in doing the

latter. Rust considers the functions of

the ferrocyaaide to be also to restore to
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the steel nitrogen, upon which he looks

as au important constituent of the

metal. In 1850, a workman of Mul-

house, Alsace, sold the following recipe
for a welding compound : 65 parts

borax, 20 of sal-ammoniac, 10 of potas-
sium ferrocyanide, and 5 of colophony.
Rust changed it as follows:—61 of

borax, ITJ of sal-ammoniac, 16f of ferro-

cyanide, and 5 of colophony. He states

that, with the aid of this compound,
welding may be accomplished at a yellow-
red, or at a temperature between the

yellow-red and white, and that no treat-

ment is necessary after welding. The
borax and sal-ammoniac are powdered,
mixed, and are slowly heated until they
melt. Heating is continued until the

strong odour of ammonia ceases almost

entirely, a small quantity of water

being added to make up for that lost by
evaporation. The powdered ferrocyanide
is then added, together with the colo-

phony, and the heating is continued

until a slight smell of cyanogen is

noticed. The mixture is allowed to

cool by spreading it out in a thin layer.

During the process given, boric acid

and chloride of sodium are formed, am-
monia being expelled. The same pro-
duct may therefore be obtained by
mixing 41 "5 parts boric acid, 35 of dry
sodium chloride (salt), 15 '5 to 26*7
of potassium ferrocyanide, 7"6 of co-

lopliony, and 3 to 5 of dry soda car-

bonate. The only trouble with this

mixture, which gives the same results,

is that it decomposes easily, imless it is

kept in a dry place.
Broken Spring Plate.—Get the length,

and then take the part of broken plate
which is easiest to' handle, and upset it

suitable for welding. Make a piece of

iron
I

in. wide, quite thin at one edge,

leaving the other about 3 in. thick,

something like a razor-blade. Take a

welding heat on the part that has been

upset, and weld the iron across, having
the thick end on the point of the plate.
Scarf it for welding, upset the other

part of plate, and scarf it so that when

welding the piece of iron comes between
the two steels. In the first heat—it

cannot be done in one—don't strike too

hard at first, and thin down any thick

edges of the scarfs. Take a second heat,
and the result will be, in the hands of

au average smith, a good sound weld.

If the steel is at all fiery, do not attempt
to weld it. Should there be a hole

near the broken place, showing, on being

heated, any sign of a flaw, make a new

plate. The piece of iron welded between
facilitates the welding, and also makes

up for the length lost in jumping.
Cast-iron.—The Chinese process of

welding cracked iron wares by cement-

ing them with molten iron is tlius

described :
—In the case, for example, of

a cast-iron pan requiring such treat-

ment, the operator commences by break-

ing the edges of the fracture sliglitly
with a hammer, so as to enlarge the

fissures, after which the fractured parts
are placed and held in their natural

positions by means of wooden braces ;

the pan being ready, crucibles made of

clay are laid in charcoal and ignited in a

small portable slieet-iron furnace, with
bellows working horizontally. As soon

as the pieces of cast-iron with which
the crucibles were charged are fused,
the metal is poured on a layer of partly
charred husk of rough rice, previously

spread on a thickly-doubled cloth, the

object of this belugto prevent the sudden

cooling and hardening of the liquid
metal. While in the liquid state, it is

quickly conveyed to the fractured part
under the vessel, and.forced with a jerk
into the enlarged fissures, while a paper
rubber is passed over the obtruding

liquid inside of the vessel, making a

neat, strong, substantial, and in every
respect thorough operation.

LACQUERS AND LAC-
QUERING.—These terms, as gene-

rally used, cover such a wide ground,
that no accurate definition can be given.
The subject may be conveniently di-

vided into the following sections.

Brass Lacquers.— (1) Seed-lac,

dragon's blood, annatto, and gamboge,
each 4 oz.

; saffron, 1 oz.
;
wine spirit,

10 pints. (2) Turmeric, 1 lb.
; annatto,

2 oz.
;

shellac and gum juniper, each

12 oz.
;
wine spirit, 12 oz. (3) Seed-

lac, 6 oz.
; dragon's blood, 40 gr, ;

amber
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and copal triturated in a mortar, 2 oz.
;

extract of red sanders, § dr.
;

oriental

saffron, 36 gr. ; coarsely powdered glass,

4 oz.
J

absolute alcohol, 40 oz. (very

fine). (4) Seed-lac, 3 oz.
;
amber and gam-

boge, each 2 oz.
;
extract of red sanders,

§ dr.
; dragon's blood, 1 dr.

; saflVon,

J dr.
;
wine spirit, 2 pints. (5) Tur-

meric, 6 dr.
; saffron, 15 gr. ;

hot alcohol,
1 pint. Draw the tincture and add—
gamboge, 6 dr.

; gum sandarach and gum
elemi, each 2 oz.

; dragon's blood and

seed-lac, each 1 oz. (6) Alcohol, 1 pint ;

turmeric, 1 oz.
;

annatto and saffron,
2 dr. each. Agitate frequently for a

week, filter into a clean bottle, and add

seed-lac, 3 oz. Let stand, with occasional

agitation, for about 2 weeks. (7) Gam-

boge, J oz.
; aloes, 1 J oz.

;
shellac (fine),

8 oz.
;
wine spirit, 1 gal. (8) Put 3 oz.

seed-lac, 2 dr. dragon's blood, and 1 oz.

turmeric powder into 1 pint well-

rectified spirits. Let the whole remain
for 14 days ;

but during that time agi-
tate the bottle once a day at least.

When properly combined, strain the

liquid through muslin, when it is ready
for use. (9) To 5 oz. spirits of wine add

gamboge enough to give a bright yellow
colour, and 3 oz. seed-lac in fine powder.
Put in sand-bath till dissolved. (10)
Ground turmeric, as sold, 1 oz.

;
saffron

and Spanish annatto, each 2 dr.
; highly

rectified spirits of wine, 1 pint. Place

tliem in a moderate heat, shaking occa-

sionally, for several days; then add 3 oz.

good seed-lac, roughly powdered ;
shake

occasionally till the lac is dissolved. If

a deep orange lacquer is required, in-

crease the quantity of annatto
;

if a

bright yellow, decrease it. Lay it on
with a brush (warm), like you would

paint. One or more coats, if necessary.
Avoid using too much seed-lac, as it has
a tendency to prevent the lacquer lying

evenly. (11) Pale gold lacquer is best

for microscope ;
be sure and get the best

(24s. per gal.), and see that the things
are sufficiently hot before putting on
the lacquer ;

heat after lacquering, and
it will stand well. Damp will affect

the best lacquering. (12) Is the best

for optical work
;

if it comes off, either

the metal was not clean when applied,

or else it was put on cold. The mefal
should be heated to just such a point
that it di'ies as fast as the brush passes
over it. Work is often spoiled in lac-

quering. Circular things may be done
in the lathe, going quite slow, and

working a good body by going over
.several times.

(13) In preparing brass for the colour-

less or nearly colourless lacquer, the

goods, after being annealed, pickled,

scoured, and washed, are either dipped
for an instant in pure commercial ni-

tric acid, washed in clear water, and
dried in sawdust, or immersed in a
mixture of 1 part of nitric acid with
4 of water, till a white curd covers the

surface, at which moment the goods are

withdrawn, washed in clear water, and
dried in sawdust. In the first case, the
brass will be bright; in the latter, a
dead flat, which is usually relieved by
burnishing the prominent parts. Then
the goods are dipped for an instant in

commercial nitric acid, and well washed
in water containing argol, to preserve
the colour till lacquered, and dried in

warm sawdust. So prepared, the goods
are heated on a plate and varnished.
The varnish used is one of spirit, con-

sisting, in its simple form, of 1 oz.

shellac dissolved in 1 pint alcohol. To
tliis simple varnish are added such

colouring substances as red sanders,

dragon's blood, and annatto, for im-

parting richness of colour. To lower
the tone of colour, turmeric, gamboge,
saffron. Cape aloes, and sandarach are

used. The first group reddens, the

second yellows the varnish
;

while a

mixture of the two gives a pleasing

orange, and various tints can be got by
suitable mixtures.

(14) Small circular work, after being
well scoured, and burnished (if neces-

sary), is best lacquered in the lathe.

The work should be slightly v/armed
over a clear charcoal fire, or in a stove,
and the lacquer applied very thinly with
a soft camel-hair brush. A charcoal

brazier should be held under the work
for a few seconds, after the application
of the lacquer, to prevent chilling. To

iacquer a, flat surface, clean carefully by
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boiling in American potash and water.

Dip ill hydrochloric acid, if it be de-

sirable to heighten the colour of the

brass
;
wash well, first in cold water,

then in hot (i-emoving any black muddi-

ness with a fine brush), and dry in

hot sawdust. When dry, burnish if re-

quired. Place upon a flat iron plate,

just lukewarm. Pass the lacquer quickly
but evenly over the surface, by means

of a rather large but tine camels'-hair

brush. Be careful not to pass twice

over the same spot, or a ridge is almost

sure to appear. Warm the lower plate

until the work is quite dry.
Bronze Lacquers.—(1) To make

a bronze lacquer, dissolve 5 lb. shellac

and J lb. sandarach in 3 qt. alcohol, and

add enough e.xtract of dragon's blood

and turmeric to produce the desired

colour. (2) For ornaments bronzed

Avith gold-coloured bronze, paint the

articles, of cast iron, with white paint,

which is white lead and oil
;
when hard

dry, varnish with copal varnish
;
when

sticky dry, dust the bronze powder over

it
;
and when hard dry, brush oil' all the

superfluous bronze with a camel's-hair

brush. To protect it from the dust and

from soiling, coat the bronze surface,

when dry, with spirit copal varnisli.

Brunswick Black.— (1) Many
recipes for making this varnish do not

mention the secret, viz., to boil the

as)ihaltum until all the moisture is

driven oft'. Take 7 lb. pitch and 7 lb.

asphaltum, boil in an iron pot for 7 to

10 hours with frequent stirring. When
all moisture is out, add 2 gal. boiled oil,

previously heated, then add 2J lb. red

lead and 2^ lb. litharge, and boil for

3 hours, or until some of it will set

hard. Then let it cool down, and add

5 gal. turpentine, or as much as will

reduce it to the consistence best suited

for your work. This varnish should

diy in 20 minutes to 1 hour, according

to the state of the atmosphere. You
caa try leaving out the red-lead but,

add the extra in asphaltum, and also

vary the quantity of oil. If wanted

good and cheap, and 2i hours will suit,

add more oil, less turps. (Mayer.)

(2) There are 2 kinds of Brunswick

3

black—viz., best and common. The

way the best is manufactured is as

follows :
—In an iron boiler, over a slow

furnace, DO lb. foreign asphaltum is

boiled for about 13 hours, and at the

same time 12 gal. boiled oil is re-boiled

for 13 hours. During the boiling of the

oil, about 12 lb. litharge is gradually
introduced, and boiled until it becomes

stringy. The boiler containing the oil

is then emptied into the boiler con-

taining the asphaltum. They are both

boiled together until, upon trial, the

mixture will I'oll into hard pills. The
mass is then cooled, and mixed with

50 gal. turpentine. Common Brunswick
black is made as follows:— 112 lb.

common black pitch and 112 lb. common

asphaltum made from tar are put in an

iron boiler, and boiled for 32 or 40 hours,

by which time the gas and moisture

will have evaporated. It remains stand-

ing for 2 niglits, and on the third

morning is re-boiled. As soon as it

boils, 32 gal. boiled oil are added
;
then

40 lb. red-leail and 40 lb. litharge are

gr.idually introduced, and boiled for

12 hours, or until it will roll very hard.

When rea<ly for mixing, 80 gal. turpen-
tine are introduced, until the whole
mass is of a proper consistency. This

will dry in h hour, if properly boiled.

(Crawford.)

"

Copper Lacquer.—Into a large-
mouthed bottle, Ayres puts 500 gr.

methylated alcohol, and 90 to 100 gr.

pulverized gum lac. In another similar

bottle he dissolves 90 to 100 gr. pow-
dered bitumen in 500 gr. benzine.

Shaking the bottles frequently, the

solution is complete at the end of 2 or

3 days. The 2 solutions are mixed in

equal proportions, and thickened to the

consistency of cream with finely pul-
verized charcoal. It may be rendered

more fluid, if required, by adding the

proper quantity of a mi.xture of equal

parts of alcohol and benzine. (^Soc.

Franc. Photog.')
Gold Lacquers.—(1) Pale lac, in

grains, gamboge, dragon's blood, and

anuatto, each 12J oz.
; saffron, 3^ oz.

Each gum is dissolved separately in

5 pints alcohol, and the annatto and
X
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saffron are separately infused in a like

quantity of alcohol. The ingredients
are mixed to form any particular tint

desired. Turmeric (ground), 1 lb.
;

alcohol, 2 gal. ;
macerate for one week,

strain by expression, and add gamboge,
Ij oz.

; pale shellac, f lb.
; gum san-

darach, oi lb. Strain, and add tur-

pentine varnish, 1 qt. Other lacquers
are prepared in a similar way from

alcohol and shellac, a solution of the

colouring ingredients, as dragon's blood,

gamboge, &c., being kept on hand, and
added to produce any required tint. (3)
2 parts seed-lac, 4 sandarach, 4 elemi,
40 alcohol. Alcoholic solutions of gam-
boge and dragon's blood, or ftichsin,

picric acid, Martin's yellow, and coral-

line, are separately prepared, and added
to the above in quantities ascertained

by trial to impart the desired colour.

To remove the marks left by the brush,
and to impart lustre, the varnish, after

drying, is polished. This is effected by
first rubbing with powdered pumice and

water, and next with an oiled rag and

tripoli, until the desired polish is pro-
duced

;
the surface is afterwards dried

with a soft linen cloth
; any greasiness

is removed by means of powdered starch,
and the process is finished by rubbing
with the hand. Great care must be

taken that the surface to which varnish

is applied be free from grease or smoke,
which prevents all oil-varnish from

drying. (4) Turmeric, 1 dr.
; gamboge,

1 dr.
;
oil of turpentine, 2 pints ; shellac,

5 oz.
; gum sandarach, 5 oz.

; dragon's
blood, 7 dr.

;
thin mastic varnish, 8 oz.

Digest with occasional agitation for

14 days in a warm place, then set aside

to fine, and pour off the clear. (5) Dis-

solve gum lac in spirits of wine. ((3) 1 lb.

ground turmeric, li oz. ground gam-
boge, 3 lb. ground gum sandarach, 1 lb.

ground shellac (bleached), 2 gal. alco-

hol, 3 pints turpentine varnish. Put the

whole into a suitable vessel, cork close,

and agitate until dissolved. (7) 1 gal.

methylated spirits of wine, 10 oz. seed-

lac bruised, and § oz. red sanders
;

dis-

solve and strain. (8) A gold lac, remark-
able for its great hardness and beautiful

colour, on being analysed by Dr. R. Kayser

at Nuremberg, gave as its constituents

picric acid and boracic acid. There-

upon a clear shellac solution was mixed
with picric acid and about h per cent,

crystallized boracic acid, each being

previously dissolved in alcohol, and the

resulting lac possessed all the advantages
of the former one.

Iron and Steel Lacquei^s.—(1)
A black varnish, splendid in tone on
steel or iron, is produced by turpentine
and sulphur boiled together, laid on with
a brush. The evaporation of the tur-

pentine leaves a thin layer of sulphur,
which unites with the iron when heated

a short time over a gas or sjMrit flame.

The A'arnish is durable and perfect. (2)
2 gal. spirits of wine, 1 lb. fine pale
shellac

;
add to the above 3 oz. Cape

aloes cut small, and 1 oz. gamboge cut

small. Those who make lacquei's fre-

quently want some paler and some

darker, and sometimes inclining m^re
to the particular tint of certain of tlie

component ingredients. Therefore if a

4-oz. phial of a strong solution of each

ingi-edient be prepared, a lacquer of any
tint can be produced at any time. (3)
For cast-iron pipes use ordinary as-

phalte. Have a long cast tank set up
on a small furnace underground. As-

phalte is melted in it in sufficient quan-
tity to entirely cover the pipe outside

and inside, which is left in long enough
to become the same temperature as the

asphalte, then lifted out and well

drained by holding the pipe vertically ;

a wooden cover keeps in the heat, and
forms an extinguisher should the as-

phalte catch fire by overheating. (4)
For hot-water pipes, lime or whiting
whitewash mixed with size is a good
varnish for protecting pipes ;

but no-

thing is better than blackleading, if ap-

pearance counts for anything.
Japanese and Chinese Lac-

quers.—Of late years, large quantities
of Japanese lacquer-ware have been

brought to this country in the course

of trade, and sold often at remarkably
cheap prices. Tlie markets, indeed,
have been quite glutted with Japanese
manufactures

; nevertheless, the works
of real art in Japan lacquer always
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realize a higli price. It has been said

that the process of lacquering, as known
to the old Japanese workers, is, if not

quite lost, becoming rapidly so in the

present day, and that the modern system
of lacquering is not calculated to stand

the ravages of time, as was the work of

a generation or two since. It is not to

be supposed that the cheap lacquered
articles of the present day, that are

made simply to sell, will ever bear com-

parison in workmanship with the more

costly and durable work, the make of

which, as well as the polish, are, not-

withstanding their great age, as perfect as

when they left the hands of the workman.
The date of the discovery of the art of

lacquering, in Japan, is given by the

Japanese as A.D. 72-4 ; some authorities,

however, consider it to have been later,

probably indeed about 889 or 900. It

seems, however, not to have attained to

any degree of perfection till the year

1290, for the name of a distinguished

painter in lacquer, who lived at that

time, is still hamled down as the founder

of a particular school of art in lacquer-

painting. From that time, it developed
imtil it attained its present perfection.

A very elaborate report on the lacquer

industry of Japan has recently been

produced by J. J. Quin, H.M. Acting
'Consul at Hakodadi. This report has

been drawn up chiefly as a description
of the articles of various kinds illustra-

tive of the lacquer industry of Japan,
collected for the use of the Museum of

Economic Botany at Kew. This collec-

tion is a most complete one, and is now
exhibited in the No. 1 Museum, Royal
Gardens, Kew. It comprises not only a

fine series of finished lacquer articles,

such as boxes, cabinets, bowls, trays,

&c., both of ancient and modern work-

manship, but also a very complete set

of the instruments and appliances used

in the manipulation of the lacquer-ware,

including specimens of the trunk of

J?/jMS vernicifera, gashed to show the

mode of extracting the juice or lacquer,

together with the iron instruments used

for this purpose ; also a complete set of

the lacquers themselves, and of the

colouring matters used.

The following notes are abstracted

from the report referred to, which is

probably the most detailed account ever

written of the lacquer manufactures of

Japan. In his introduction the vyriter

says great difficulty has been expe-
rienced in obtaining thoroughly reliable

information, as not only are the arti-

ficers for the most part uneducated, but

they are entirely ignorant of what takes

place in any other department, except
that to which they have been brought
up. A well-known and most intelli-

gent manufacturer, Takei Tusuke, who
has been over 20 years himself a worker
in gold lacquer, and from whom great
assistance has been derived in bringing

together the present collection, was

quite unaware of the mode of tapping
and treating the trees, and had never
seen a cut specimen cf the wood until

the pieces now forwarded were pro-
cured. He states that his head work-

man, a highly-skilled artisan, over 50

years of age, hardly knows the name of

a single article that he uses.

The lihus vernicifera, the well-known

lacquer-tree of Japan, is met with all

over the main island, and also in smaller

quantities in Kiushiu and Shikoku, but
it is from Tokio northwards that it

principally flourishes, growing freely on
mountains as well as in the jtlains ;

thus

indicating that a moderate climate suits

the tree better than a warm one. Since

early days, the cultivation of the tree

has been encouraged by the Government
in every province and district. The

lacquer-tree can be propagated by seed

sown at the end of January or the be-

ginning of February. The first year
the seedlings reach a height of 10 in. to

1 ft. The following spring the young
trees are transplanted about 6 ft. apart,
and in 10 years an average tree should
be 10 ft. high, the diameter of its trunk

25- to 3 in., and its yield of lacquer suffi-

cient to fill a 3-oz. bottle.

A more speedy method is, however,
generally adopted. The roots of a vigo-
rous young tree are taken, and pieces
6 in. long and the thickness of a finger
are planted out in a slanting direction a

few inches apart, 1 in. being left e.x-
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posed above the ground. This takes

place in the end of February and through
March, according to the climate of the

locality. These cuttings throw a strong
shoot of 18 to 20 in. the first year, and

are likewise planted out the following

spring. Under equally favourable cir-

cumstances, these trees would be in 10

years 25 per cent, larger in girth, some
2 or 3 ft. higher, and would yield nearly
half as much more sap than the trees

raised from seed.

It has not hitherto been the custom
to bestow any special care on the trees

after planting them out, but in cases

where leaf or other manure has been

applied they are much finer. Of late

years, hillsides and waste grounds have

been used for lacquer plantations, as

owing to the rise in price of cereals and

farm produce generally, it does not pay
the farmers to have their land cumbered
with trees. Those that have been

hitherto planted along the borders of

fields aa-e being rapidly used and up-

tooted, and, where practicable, mulberry-
trees are planted instead, with a view to

rearing silkworms. Nevertheless, as a

good workman is expected during the

season to tap 1000 trees 10 years old,

and as the province of Yechizen alone

sends out 1500 "
tappers

"
yearly to the

various lacquer districts, it will be seen

that an immense production annually
takes place, stimulated doubtless by the

demand for cheap lacquered articles

abroad. It should also be mentioned

that to remedy the possible exhaustion

of the supply, and in view of the great
rise which has taken place in the price
of lacquer, several companies are being

projected to plant waste lands with the

tree. A 10-year-old tree, which some

5 years ago only cost 1 to 2 sen, now
costs 10 sen, which, allowing even for

the depreciation in the value of paper

currency, shows a rise of about 500 per
cent.

The best transparent lacquer comes
from the districts of Tsugaru, Nambu,
Akita, and Aidzu. It is largely used by
the workers of Kioto, Osaka, and the

southern provinces, but though also used

in TOkiO, is not so much appreciated

there as the lacquer produced from the

neighbourhood of Chichibu, in the pro-
vince of Mus-ashi, from Nikko, in Shi-

motsuke, and that produced in the pro-
vinces of Kodzuke and Sagami, which
hardens more rapidly, and is the best for

black lacquer. There are some districts

the lacquer obtained from which is best

for certain kinds of work, but is not so

well adapted for others. The kind
which is used for transparent lacquer is

mixed in large tubs, to ensure a uniform

quality, and being allowed to stand for

some time (say a week or 10 days), the

best portion, which is oi'dinarily 70 per
cent, of the whole, is skimmed off. This
is used for Nashiji and Shu lacquer,
while the remainder is used for making
inferior mixtures, such as Johana, kc.

Almost all the various classes of lacquer
are similarly dealt with to ensure uni-

formity, as some qualities dry much
quicker, and are better than others, and
the slow-drying qualities would other-

wise remain unsold.

The whole country produces on an

average 30,000 to 35,000 tubs per
annum, each tub being of about 4 gal.

capacity. Some 70 to 80 per cent, of

this total amount is produced from T6-
kiu northwards. Nearly § the lacquer

produced is sent to the Osaka market,
where it is prepared as required, and
resold all over the western and southern

provinces, the remaining portion being
used up locally and in Tokio.

The usual age at which a tree is

tapped is 10 years, but in some few cases

a tree is tapped when only 3 or 4 years
old. The best lacquer for transparent
varnish is obtained from trees 100 to

200 years old, as their sap has more

body and is more glutinous. The tools

used in obtaining the lacquer are as fol-

lows :
—

Kawa-muki (bark-parer), a curved

knife, with which the workman smoothes
all ineqvialities of the bark before tap-

ping the tree.

Ycda-gama (branch sickle), an instru-

ment with a gouge on one side and a

knife on the other, fitted with a piece of

bamboo to give the hand a good hold

when tapping branches.
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Kaki-gama (scraping sickle), a similar

instrument, without the piece of bamboo,
used for tapping trees generally.

Yeguri (a gouge), used in autumn to

scrape the bark smooth before giving
the final cut with the Kaki-gama.

Natsu-hcra (summer spatula), used for

scraping the sap out of the incision

into the receptacle named go.
Hucho (knife), used for cutting the

bark of branches in obtaining scshiine

or branch lacquer.
Seshime-bcra (scshimc spatula), used

for collecting the sap which exudes

from the incisions in the bark of the

branches.

Go, the bamboo or wooden pot in

which the sap is put as it is collected.

Go-guri (pot-gouge), a long straight
knife for scraping the lacquer out of the

pot into the tub.

Te-hukuro (glove), worn by the tapper
to protect his hand from contact with
the sap.

The first tapjiing takes place about
the beginning of June. The standard
number of trees allotted to a tapper
for the season is 1000, presuming them
to be about 10 years old, or about 800
of the older ti'ees, and so on, less and
less according to the size of the trees.

Having cleared away the grass from
the roots, the workman makes the round
of his allotted trees, marking each with
small notches about § in. long. The
first of these notches is made about 6

in. from the bottom of the tree on the

right-hand side; the next, one "hand
stretch

"
higher up on the left-hand

side ; the nest, one " hand stretch
"

higher on the right; and so on, alter-

nately, as far as the workman can reach.

These preliminary markings, which are

to determine all the places for subse-

quent tapping, take fully 4 days, being
at the rate of 250 trees a day. The

tapper then goes round provided with
the bark scraper, the ordinary scraping
sickle, the summer spatula, and the pot
to hold the lacquer ;

and first smooth-

ing the bark where required, gives one

cut above and one cut below the two
lower marks, and one cut above the

ireujainder of the other marks, the cut

being in each case about 1^ in. long.

After giving the cut, the mstrument
is reversed, and the knife is run along
the incision to ensure the bark being

entirely cut through. This process is

i-epeated every 4 days, each incisioa

being made a little longer than the pre-

ceding one, up to the fifth tapping in-

clusive, after which the remaining inci- •

sions ai'e made of the same length. At
each round, when all the requisite inci-

sions have been made on the tree, the

workman gathers the sap, which has

been exuded, with the spatula, beginning
with the 2 lowest incisions, and so on to

the uppermost cut ; 25 is considered the

normal number of cuts, which, at the

rate of one incision at each place every
4 days, occupy 100 working days, and

allowing for some 20 days of rain, during
which the sap cannot be drawn, the

season is brought to a close about the

end of September. If the workman has

any large trees to tap, the whole of

which he cannot reach, when his round

is concluded, he returns with a ladder,

and, mounting each tree, taps the re-

mainder of the trunk and the leading
limbs in the same manner as above de-

scribed, previous to making a fresh

round.

When the full number of incisions

has been given, the workman gives an

extra long cut underneath all the initial

notches on each tree to obtain the sap
which has collected there, and another

above the uppermost cut of each set.

These incisions are called ura-mc (back

marks). The workman also makes a

number of cuts, each about 1 ft. apart,
in all the branches whose diameter ex-

ceeds 1 in. This operation requires
about 16 days to get through the whole
number of trees. The next operation is

called tome (the finish). This consists

of a number of incisions completely en-

circling the tree wherever the workman

perceives a likely place. The next pro-
cess consists in cutting off all the

branches
;
the larger ones are once more

tapped after being cut off, to extract any
sap that may still remain in them, and
the small branches, which have not yet
been tapped, are tied in bundles and
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steeped in water for about 10 days.
When taken out and dried, the bark is

cut with a knife, and the sap which

exudes is collected with a branch spatula,
and is called scshiine lacquer. This

word seems to be derived from schi, the

name of a machine, and shimeru (to

press), from a practice which obtained

in olden da3's of pi-essing the bi-anches

in such a machine to obtain the sap. It

is also known as yeda urushi, or branch

lacquer.
The sap obtained from the first 5 cuts

above each notch is poor, containing, as

it does, a large proportion of water
;

the middle 15 cuts produce the best

sap, and the sap obtained from the last

5 incisions is poor, and lacks consistency.

Again, the sap obtained from the ura-ine

(back marks) and tome (finishmg) cuts,

is very good, and dries quickly. The

saj) from the first 25 cuts is mixed and

sold together ;
but the ura-me and toini

sap is almost always mixed and sold

separately. The operations above de-

scribed kill the tree in one season, but

frequently the tree is made to last 2

years or more by giving only half the

number of incisions, and reserving the

vra-inc and tome cuts for the final year.
The sap obtained the second and follow-

ing years is, however, of an inferior

quality, and this method is only resorted

to by private individuals, who tap their

own trees during intervals of farming.

Ordinarily a wholesale dealer in lacquer

buys so many thousand trees from the

owner, and, as a matter of course, ex-

tracts the sap with as little delay as

possible, making a contract for the pur-

pose with professional tappers. A first-

rate workman will receive over 100 yen

(equal, at the present low rate of ex-

change, to nearly 13^. sterling) for the

season, and can collect 4J tubs (equiva-
lent to 18 gal.) ;

but the average receive

75 yen, and collect proportionally less.

The present price per tub of lacquer

ranges from 90 to 100 yen. After the

sap has been taken, the exhausted tree,

which remains the property of the

seller, is cut down by him, and is used

for firewood, for building purposes, or

for uiaking boxes.

The roots of the young trees throw 3

to 5 shoots the following spring, and

these can be used in G or 7 years. Of
these 5 sprouts 3 are commonly much

stronger than the other 2. In such

cases, the strong ones only are tapped
and cut down, the weaker ones being
allowed a year or two longer to grow,

v/iien, receiving the whole of the nutri-

ment, they shoot iip in 1 year as much
as an ordinary tree would in 3. After

tapping and cvitting down, fresh shoots

to the number of 5 are again allowed

to sprout, and so on, the root not seem-

ing to become exhausted by the process ;

but when a very old tree is cut down,
the roots will not give out new shoots.

In the northern provinces, very old and

large trees are met with in considerable

quantities. These were kept for the

sake of their berries, from which the

wax used for the Japanese candles was
obtained.

This was the more profitable use to

which to put the tree, as a good tree,

from 80 to 100 years old, yielded yearly,
on an average, equal to 6s.

;
while the

price of a 10-year-old tree, to be used

for extracting the sap, was under Is. 2d.

Previous to the revolution of 1868,

every tree reserved for making wax was

officially registered, and the owner was
not allowed to mutilate it in any way.
Even if a tree died, he had to get official

permission before removing the stump.
The Shogun's Government, and also the

local magnates, had large plantations of

the lacquer-tree reserved for wax, but

since the opening of the country to

foreign trade, and the introduction from

abroad of kerosene oil, the wax industry
has greatly declined, and there are now
no restrictions on the free sale of the

tree for tapping, and, consequently, all

the fine old trees (whh-h will sell at 5 to

6 yen each) are fast disappearing.
To show the relative value of the

berries and the trees a few years ago,
the following may be cited :

—A whole-

sale lacquer merchant 5 or 6 years ago

went, as usual, to purchase trees in the

district of Aidzu, and among others

bought one tree for a yen (then equal to

I 4s.), the owner reserving the berrie?
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that might be got as his own property.
He does not consider the bargain was a

cheap one, but the owner realized a sum
of 80 sen (equal to 3.s. 2(7.) from that

year's yield of the berries alone, before

cutting down the tree.

It should be mentioned that the above

description of the method pursued in

tapping the lacquer-tree is that which is

recognised as the proper one, but the

rule is not rigidly observed, the style
and size of the tree, and the caprice of

the workman, combining to cause varia-

tions in the number of incisions given in

each series.

The woods chosen for lacquering on

are naturally selected according to the

use to which the lacquered article is to

be put. For shelves, cabinets, boxes of

all kinds, the following are principally

used, and are set down in the order of

their excellence :
—Hinoki (^Chamccc^/j^aris

obtusa) : by fir the best wood for making
boxes, as it does not warp. Kiri (^Pcm-
lownia imperialis) : light wood used for

clothes-boxes, which are only lacquered
on the outside. It is also used for mak-

ing tea-caddies, as the wood has no

smell. Hono-ki (^Magnolia hr/poleuca) :

sword sheaths have hitherto been made
of this wood. Saicara (JJhamacijparis

pisifera) : a wood of a coarser grain than

Hinoki (C. obtusa). Hime-ko-matsu :

used for carved figures of men, animals,
&c. It is not liable to split and crack.

Tsuga (_Abies tsugtt), Hiba (^Thnjopsis
dolabrata : for making cheap articles.

Akamatsu (^Pinus dcnsijiora), Sugi{Cryp-
tomeria japonica) : only used in making
the cheapest and most inferior goods.
The following woods are mostly used iu

the manufacture of such articles as are

turned in a lathe, as bowls, rice-cu]is,

rovmd trays, &c. :
—

Kcijaki {Plancra jt-

poaicd), the best being obtained from the

province of Iliuga. Shoji^ the scientific

name of which is unknown. Sakura

(^Pruaus pseicJocerasus). Katsura {Cer-

cidopldjUum japonicuni). Tcho (_Gingho

biloba). I-go : grown iu large quantities
in the neighbourhood of Hakoue. It is

principally used in the manufacture of

chenp articles. Buna : principally used

in the district of Aidzu fur the same

kind of utensils as heyaki and sakura, but

being a brittle wood, it cannot be turned

in a lathe to make such fine articles ;

those made of

heavier. For
this wood are coarse and
raised gold lacquering

over unvarnished surface, the followmg
hard ornamental woods are often used :

—
Shitan, Tagayasan, Kavin (quince),

Kuwa (mulberry), Keyaki (Planera japo-

nica), ornamental grain.
Various Kinds of Lacquer and

Mixtures Used. — (A) For Plain
Work.—Ki-urushi (crude lacquer) is

the generic name by which all lacquer
obtained from the trunks of live trees is

known. It forms the basis of nearly
all the various mixtures used in making
lacquer ware.

Seshime (branch lacquer).
—This kind

is obtained from the branches of the

trees as described above ;
but the yield

is only 1 per cent, in comparison with
other lacquer. As, however, in working,
the proportion of nearly 90 per cent,

is required, the lacquer manufacturers
sell a mixture which is stated to be a

compound oftrue branch lacquei', the best

crude lacquer, ura-mc and tome lacquer,

funori (seaweed jelly), sweet potatoes

grated fine
;
the whole coloured as may

be necessary with soot. The propor-
tions iu which these materials are vised

cannot be ascertained, and indeed each

manufacturer uses his own special mix-

ture, but the extraneous additions are

believed not to injure the quality of the

whole. True branch lacquer becomes

extremely hard when once dry, but used

alone will not dry under some 20 days ;

so that now, when time is an object, the

pure sap is but little used.

Previous to the revolution of 1868,
branch lacquer of a very superior quality,
and which would dry quickly, was ob-

tained by using the young shoots which

sprouted yearly from the roots after the

trees had been cut down. This kind was
called lu-scshimc (crude branch), and
was made under directions of the Go-

vernment, who received it as taxes
;
but

the practice has been discontinued of

late. The price of pure branch lacquer
is, owing to the difficulty in drying, only
70 per cent, of ordinary good lacquer,
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Eo-urashi (black lacquer).
—This is

made bv adding to crude or branch lac-

quer, about 5 per cent, of the tooth

dye (haguro) used by women, a liquor

formed by boiling iron filmgs in rice

vinegar, and exposing it to the sun for

several days, stirring the mixture fre-

quently till it becomes a deep black.

In preparing all lacquer
—from the

crude lacquer to the various mixtures
—the principal object is to get rid of

the water that exudes from the tree

with the sap. To effect this, it is ex-

posed iu broad flat wooden dishes, and

stirred in the sun. This, however,
alone will not cause the original water

to evaporate, so from time to time—
ordinarily about 3 times in the day

—
a small portion of clean water is stirred

in, say 1 per cent, each time, for 2 or

3 days, according to the heat of the

sun. All the water then evaporates

together. No lacquer will dry until

this process has been gone through.
If the lacquer is old— i.e., has been

tapped a long time before using
—it is

much more difficult to dry. In such

a case, a portion of fresh lacquer is

added to the old by wholesale dealers,

or else the manufacturers, instead of

water, sometimes mix sake (rice beer)
or alcohol to '•

quicken
"

it.

A very remarkable property of lac-

quer should be mentioned. If crude

lacquer, which is originally of the

colour and consistency of cream, is ex-

posed to the son for a few days with-

out adding water, it loses its creamy
colour, and becomes quite black, or

nearly so, but also becomes thinner and

transparent, or rather translucent, as

can be seen when it is smeared on a

white board. It will not now, however,

dry if applied to an article, even if

kept a month or more in the damp
press. But if water is mixed with the

lacquer which has thus been exposed
and become black, it at once loses its

black colour and transparency, and be-

comes again of a creamy colour, though

slightly darker, as if some coffee had

been added, than at first. After eva-

porating this water, it can then be

used like any ordinary lacquer, either

alone or in mixtures, and will dry in

the damp press, during which process

it agaiu turns black. What lacquer-

Avorkers have found their greatest stum-

bling-block is the difficulty of obtaining
a clear, transparent varnish. What is

called transparent varnish is really

black to the eye, and requires grinding
and polishing after application before

it presents a brilliant surface, becoming
also much lighter after a little time.

It would be a new era in the manu-

facture of lacquer-ware if a method

could be discovered of rendering the

lacquer varnish perfectly clear and

lio;ht-coloured, when so desired, without

depriving it of its drying qualities, and

also if colours could be used with it

other than those hereafter mentioned.

Kakanwi-xirushi (middle-painting var-

nish).
—This is merely the crude lacquer.

After having been exposed for some time

to the sun to darken it, and to get rid

of all water, it is used for under-coats

for making first-class ware.

Nuritatc-urushi (finishing lacquer).
—

This is a mixture of crude lacquer and

a little turpentine with to-mkhu (whet-
stone water), being the mixture obtained

from whetstones on which blades have

been sharpened. In it is some 7 to 8 per

cent, of iron, and after mixing, the whole

is exposed to the sun, both for the pur-

pose of getting rid of all the water, and

to darken the colour. This is used for

final coats of cheap lacquer, which is

not polished afterwards.

Jo-hana-untshi.—This is a mixture of

the above kind, with oil obtained from

the ye plant (Fcrilla ocymoides). This

is used for still more common kinds

requiring no after jiolishing, and the

lacquer does not present a hard surface.

Ju-chui, called iu Kioto, Chiu-hmia ;

Jo-tame, called in Kioto, Ge-hana.—
These contain more and more oil, and

are used for the commonest articles,

such as for varnishing clogs, clothes-

baskets, &c,. These 3 last kinds give a

high polish, but the lacquer does not

last.

Shu-urushi (vermilion lacquer).
—

This is the best crude or transparent

varnish mixed with ye oil {rerilh^
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ocymoidcs), sometimes as much as 50 per
cent, being added. It is then exposed
to the sun, and water is added, which is

afterwards evaporated. This kind is

only used for red (whence its name) and

coloured lacquers ;
the colours being

added at the time of apjilieation. It

requires no after-polishing.

(B) For Lacquering with Gold.—
2^ashiji-umshi (pear basis lacquer), or

Suki-urushi (transparent lacqiier).
—The

first name is that best known in the

trade, as indicating that it is required
for using over gold, silver, or tin pow-
dering. It consists of the finest crude

lacxiuer obtained from old trees. As
stated previously, the lacquer is allow'ed

to stand till all dirt and foreign matter

have sunk to the bottom, when the best

is skimmed oft', and after being exposed
to the sun to evaporate the water in the

usual manner, and carefully filtered, it

is ready for use. Except when used for

the highest class of gold powdering, a

certain proportion of gamboge is mixed

with the lacquer to give the dust a fine

yellow colour.

N.B.—The following 10 kinds are all

bought by the lacquer-workers ready

prepared from the manufacturers. Any
further mixtures used by them are

made as required, colours added, iS:c.

Seshime-urushi (branch lacquer) and

Eu-urushi are used also in making gold

lacquer.
Yoshino-urushi.—This is crude lac-

quer from the district of Yosliine, in the

province of Yamato. It dries quickly,
and closely resembles transparent var-

nish. It is used when giving the final

coats before polishing.
Yoshino-nohe-'unishi (Yoshino spread-

ing lacquer).
—Same as above, with the

addition of about ^
of camphor to render

the lacquer thinner and more easy to

spread.
Sesh imc-nohc-itrushi (spreading branch

lacquer).
—This is merely branch lacquer

with the same proportion of camphor as

above
;
when cheap work is required,

more camphor is used till the propor-
tions are reversed. This renders the

mixture very soft, and a small quantity
can be spread over a large surface.

Shita-maki-unishi (under-coat lac-

quer).
—A mixture of branch lacquer

and henigara (red oxide of iron), in equal

parts by weight.
Kc-iwhi-uruslti (inside line lacquer).—This is the same as above, but it is

allowed to stand for about 6 months
after mixing before it is used. By this

time it has got thicker, and the very
finest lines can be drawn without fear

of their running ; they, moreover, stand

out better.

Shita-maki-nohe-urusM (under- coat

spreading lacquer).
—Same composition

as above, with tlie addition of a little

camphor to make the lacquer thin. It

thus goes much further, and causes a

great saving when lacquering with

])owdered gold-leaf (/;t's/u'/i<rt),
for which

it is best suited. As in the other mix-

tures, the more camphor is used, the

thinner it renders the lacquer, and the

less gold is required.
Taka-maki-iirushi (raised lacquer).

—
To make this, a certain quantity of i-o

or nuritate is taken and divided into

3 parts. To 1 part is added lampblack
anl camphor, in equal proportions ot

bulk. These, after being well mixed,
are boiled together ;

then the other

2 portions are added, and the whole

stirred together, and afterwards filtered

through paper. It is boiled more or

less according to the season. In sum-

mer, when lacquer dries quickly, it is

boiled for a longer period ;
while in

winter or during cold weather, when

lacquer naturally takes longer to dry,
the mixture is boiled for a shorter time.

The reason why Taka-mald is thus pur-

posely rendered soft, is explained by the

fact that otherwise the upper surface

would harden at once, while the under

portion, Taki-maka (being applied

thickly), being excluded from the upper

air, would not be able to dry, and later,

the top surface would crack and show
fissures

;
whereas the introduction of

camphor renders it soft and much
slower to dry, and the whole has thus

time to harden equally. Camphor being

volatile, is gradually lost, and the com-

position becomes quite hard.

BO'SG-urushi (a. mixture of black ami
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brancli lacquer).
—This is used for the

lacquer coating upon which gold, silver,

or tin powder is scattered, except in

such cases where the grain of the wood
is to be shown, when Nashiji lacquer is

used instead.

Kiiina-uruslil (shading lacquer).
—A

mixture of Juhana lacquer and lamp-
black, used for final shading in the

feathers of birds or animals, or for

drawing hair, &c., on flat and raised

gold lacquer.
It should be noticed that whenever

lampblack is mentioned as a mixture, it

is used for the superior kinds, wood- or

coal-soot being used for inferior articles.

IlIPLElIENTS AND MATERIALS USED
IN THE Manufacture op Plain Lac-

quered Ware.— Hera. — A spatula
made of HinoJd (^Chamaicijparis obtusa),

used for applying the under or priming
coats and for mixing the lacquer.

Ilahe.— A flat brush made from
human hair, iised for laying on the

lacquer.
Kohuso. — Finely

- chopped hemp.
Jlixed with lacquer, it is used for

covering joints.
Nuno.—Hempen cloth, used for past-

ing over the wood to prevent it splitting,
and to strengthen corners, &c. For

very line work and small articles, silk is

used.

Ji-no-ko (burnt clay).
—Afterwards

reduced to a very fine powder. Pounded
bricks are often used.

To-no-ko.—A fine kind of clay, which
is procured from Mount Mari, near

Kioto. This is likewise burnt, and
reduced to a fine powder.

Sumi.— Charcoal made of Honoki

(^Magnolia hijpoleuca'), iised for smooth-

ing down the under-coats
;

it has rather

a rough grain. Also charcoal made
from Hiijalaijikkd (^Lar/erstnemia iiuUctC).

This is very soft and of a fine grain, and
is used for the linal smoothing before

hand-polishing. This kind is called by
the trade Eo-iro-sumi (black-coloured

charcoal).
To-ishi.—Whetstones of 4 different

qualities of fineness : Ara-to (rough),
shiro-to (white), aico-to (green), and

nujurd, the last being the finest. These

are used for smoothing down the priming
coats.

Tsuno-ko (horn powder).
— This is

made of calcined deer's horns reduced
to a fine powder, and is used for the

final polishing with the finger.
2'o-husa (^Equisetuni).

— A kind of

scouring rush, used for smoothing the

lacquer.
Kald-no-shihu (persimmon juice).

—
This is used when no ground lacquer is

required, as in the Aidzu lacquer, or

when the grain of the wood is shown.

iS'i/Mwa (glue).
—This is used to mix

with the groundwork for cheap kinds of

ware, instead of lacquer.

Ywjcn-sumi (lampblack).
—Used for

groundwork of cheap articles, mixed
with persimmon juice. For still more
common ware, soot of any kind is used.

Gofun (whiting)
—Made from burn-

ing old shells, such as are obtained from
the ancient kitchen middens

;
used for

mixing with glue to make the ground-
work of common lacquer.

Sho-no (camphor).
—Used for mixing

with lacquer, to make it thinner and

spread more easily.
Ilocho (knife).

—Used for scraping off

all inequalities of the hempen cloth

after it is pasted on the article, &c.

Toshi)io-ijami.
—A very thin kind of

paper, made at Yoshino
;
used for filter-

ing the lacquer before using it.

Jo-ban.— A box with a very hard

lacquered lid, usually containing drawers

for the various pencils, &c. The lid is

used for mixing the lacquer on while

working.
Tsuno-ko-ban.—Board for mixing and

powdering the deer's-horn ashes before

using : generally made of cherry-wood
or oak.

Muro.—A cave or cellar underground
is used, where practicable ; otherwise,
an air-tight case, made of wood, with

rough unplaned jjlauks inside. These

are thoroughly wetted before the lac-

quered article is put in to dry, which

occupies a period varying from 6 to 50

hours, according to the time of the year or

style of the lacquer. Lacquer will not

dry or harden properly in the open air;

it absolutely requires a damp closed
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atmosphere to do so, otherwise it would
run and always remain stick)-.

The following are mixtures made by
the workmen as required :

—
Koliuso.—A mixture of finely chopped

hemp, with i-ice starch and branch lac-

quer sullicient to make a thick paste.
Jino-ko (No. 1).

— Powdered burnt

clay and branch lacquer, mixed together
in the proportion of 1 part of clay to

2 parts of lacquer.
Jino-ko (No. 2).

—The same, mixed in

the proportion of 10 parts of clay to 13
of lacquer, and a little water.

Jino-ko (No. 3).
—The same, mixed in

the jiroportion of 10 parts of clay to 8

parts of lacquer and 2 parts of thin rice

starch. This mixture is known in the
trade as Ilan-dan-ji (half-step basis).

Jino-ko (No. 4).
— The burnt-clay

powder mixed with liquid glue only in

such proportions as will resemble th«

consistency of lacquer.
luri-ko.—A mixture of Jino-ko and

Tuno-ko in equal portions with li of

branch lacquer. This becomes very
hard.

Sahi.—A mixture of 2 parts of the
burnt clay from Mount Mari to Ih of

branch lacquer, with just sufficient

water to mix the clay into a paste.
An inferior class of Sahi is made by

putting in less lacquer—as little as 8

parts of lacquer being used to 20 of the

clay. Less lacquer cannot be used, as

it would not stand polishing after having
been dried.

Mu(ji-unisJd.
—Wheat lacquer ; being

a portion of wheaten flour mixed with
branch lacquer to such consistency as

may be required. It is used to paste
the hempen cloth on to the wood.

Shin.—A mixture of rice flour with
branch lacquer, used for the same pur-
pose as wheat lacquer. Wheaten flour

is the best, but being more dilficult to

blend with lacquer it is not so mu.ch
used.

Ka-no-ji.—A mixture of whitincr and

liquid glue, used for under-coats or

cheap articles.

Shibu-ji.
—A mixture of lampblack

and persimmon juice, used for under-

coats \n inferior ware,

The following are the modes of apply-
ing the lacquer:

(a) Jloiiji (real basis).
—The article to

be lacquered is first carefully smoothed,
and the wood is slightly hollowed away
along each joint, so as to form a circular

depression. The surface of the whole
article is then given a coating of branch

lacquer (this is called Ki-ji-gatame
—

hardening the wooden basis), and the
article is set to dry in the damj) press, or

mwro, for about 12 hours. The hollowed

portions are filled with prepared Kokuso,
which is well rubbed in with a spatula
made of the wood of the Chainccci/paris

obtusa, and the article is enclosed in the

drying-press for a period of at least 40
hours. Over the Kokuso a coating of

Sahi is applied, and set to dry for 12
hours. The next process is to smooth -

off with a white whetstone any i-ough-
ness or inequalities of the ICokuso and
Sahi. The article is then given a coating
of wheaten lacquer, over which is

stretched hempen cloth, great care

being taken to spread it smoothly and
leave no wrinkles or perceptible join-

ings, and it is then again enclosed in the

drying-press for about 24 hours. After

taking the article out of the press, all

inequalities in the cloth—which has
now under the influence of the lacquer
become harder than wood—are smootlied

down with a knife or with a plane. Next,
a coating of Sahi is applied with the

spatula, to hide the texture of the

hempen cloth, and the article is again
put in the press for 24 hours. Next, a

coating is given of No. 1 Jino-ko, applied
with the spatula, after which the article

is enclosed in the drying-press for 24

hours, and this process repeated. Next,
the article is given a coating of Iiiriko,
likewise applied with the spatula, and
the drying process is repeated for 24
hours ; there is then a repetition of the
same process, after which the article is

set to dry for at least 3 days. The sur-

face is next ground smooth with a fine

white whetstone, and a hardening coat
of br;yich lacquer is given with a spatula,
and set to dry for 24 hours. A fresh

coat of Sahi is applied with the spatula,
and the article is put to dry iu the press
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for 24 hours. When thoroughly har-

dened, the surfixce is ground with a

white whetstone, as befoi-e. Next, a

thin coating of branch lacquer is applied
with the spatula, and the article is set

to dry in the press for 12 hours. A
coating of Naka-nuri is applied with
a flat brush (^HahP), and the aiticle is

set to dry again for 24 hours. On being
taken out, the surface is ground smooth
with charcoal made from HonoJii (^Mag-
nolia hijpoleuca'). A thin coating of

branch lacquer is given with cotton

wool—old wool being chosen because

less likely to leave hairs behind it—and
rubbed off again with soft paper, after

which the article is set to dry for 12

hours. A coating of 115 (black lacquer)
is then applied, and the article is set to

dry for 24 hours. The surface is rubbed
smooth with a piece of charcoal mailc

from Hiijakujikko (^Lai/erstrcrniia indica).
The surface is partly polished with

finely powdered Lagerstrccmia charcoal,

applied with a cotton cloth. A coating
of £o is applied very thinly with cotton

wool, and this is rubbed off again with

soft paper, after which the article is

enclosed in the drying-press for 24
hours. The surface is now polished
with an equal mixture of powdered
burnt clay from Mount Mari (To-no-ko)
and calcined deer's-horn ashes, applied
with a cotton cloth and a little oil

(made from Scsairmm orientale) till a

tine polish is obtained. A coating of

branch lacquer is next given, applied
with cotton wool very thinly, and the

article is enclosed in the drying-press
for 12 hours. The workman dips his

finger in oil and rubs a small quantity
of it over the surface, which he then

}}olishes with deer's-horn ashes, applied
with a cotton cloth, till a bright surface

is obtained. A coating of branch lac-

(juer is applied thinly with cotton wool,

wiped olF with soft paper, and set to dry
for 12 hours. Oil is again apjilied, and
then a final polishing with deer's-horn

ashes given with the finger to the sur-

face, which now assumes the most bril-

liant polish of which it is capable.
For articles that are liable to get

rubbed, such as scabbards, these last 2

processes are repeated 7 or 8 times, the

surface getting harder at each repetition ;

but this is not necessary for other ar-

ticles, even of the best quality. In de-

scribing the above processes, the mini-

mum time for drying has in each case

been given, but for the first 25 processes
the longer the article is kept in the

press the better. From the twenty-

eighth process to the finish it is better

not to greatly exceed the times men-
tioned.

(6) A'aia-;4 (hard basis) ; (c) Handan-

ji (half-step basis) ;
and (c7) Ilanzo

(after a lacquer-worker of that name)—modifications of the first process.

(e) Ka-no-ji (inferior basis).
—In this

class the joints of the article to be lac-

quered are frequently not hollowed

away, a strip of paper being merely
pasted over them, and even this precau-
tion being often omitted. A coating of

Kn-no-ji (whiting and glue) is applied
with a spatula twice or thrice, and
dried in the sun. The article is then

wiped over with a wet brush and rubbed

smooth with a white whetstone, and

afterwards given an extra smoothing
with the spatula. Sometimes a thin

coating of Nakanuri or of branch lacquer
is given to the article, but more fre-

quently a coating of glue and lampblack,
or of glue and soot mixed together, is

applied. A final coating of either Jo-

hana or Ju-chiu finishes the process with-

out any subsequent polishing.

(/) Shibu-ji (persimmon-juice basis).

The joints of the article are prepared
in the same manner as for (f), but in-

stead of ICa-no-ji, 4 or 5 coats of Shibu-ji

(persimmon juice and lampblack) are

applied with a brush
;
these dry very

rapidly, and the last coating is smoothed
with To-husa {Equisctum). A final

coating of either Jo-hana or Jo-chui is

given. This kind of article is chiefly
made in Aidzu, and indeed goes by the

name of " Aidzu ware." It has not

such a good a])pearance as Ka-no-ji, for

the grain of the wood is easily traceable

under the lacquer, but being made
without glue, it stands water much
better, and is in general request for

rice-bowls and zen (small diuner-trays
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with legs, one of which is set before

each guest).

(^) Sabi-Sabi (double Sabi).
—In this

class of goods the joints are generally
hollowed out, and a basis-hardening coat

of branch lacquer is given. Paper is also

pasted over the work after filling in the

joints with Koku-so. Three coats of

inferior Sabi are then applied, and aftei

drying for about 12 hours in the press,
the article is ground smooth with a

white whetstone. Next comes a coat-

ing of branch lacquer, applied with
cotton wool, and then one of Naka-nuri,
which is ground smooth with Maijnolla
charcoal. Another coating of branch

lacquer is followed by one of Jo-hana
or Jo- chill, and the article is finished

without further polishing. Drying in

the damp press is requisite after each

process for this class of lacquer. It is

manufactured only in Tokio, though the

processes for the under coats of Vlakasa

lacquer are identical. Rice-bowls,

drinking-cups, and luncheon-boxes, &c.,
are the usual articles manufactured.
In this, as in Aidzu ware, the grain of

the wood is traceable, and its common

appearance constitutes the reason for

classing it so low, but in actual excel-

lence and durability it ought to rank

fourth next to Handan-ji.

(Ji) Kaki-awaso (mixture), or Kuro-
shunkci (black Shunkei), from the name
of its inventor. In this class of goods
the wood is given a basis-hardening coat

of branch lacquer mixed with lampblack,
over which is laid a final single applica-
tion of Jo-hana or Jo-chiu. This ware
is made at Tokio, and is used for cheap
rice-bowls and boxes. For the com-
monest kind of work a mixture of glue
<and lampblack, or persimmon juice and

lampblack, is used, instead of branch

lacquei', as a ground coat.

(j) Aka-shunkci (red Shunkei).—This

kind also derives its name from the

inventor. For making articles of this

class, which show the natural grain of

the wood, a mixture of Yoshino lacquer
and gamboge is rubbed on with a hard

brush, after which they are enclosed for

a day in the press to dry, and then a

coating of Shu-unishi (transparent lac-

quer, containing a proportion of Pcrilla

ocymoidcs oil) is applied. When dry, it

pi'esents a polished surface, and it aj)-

pears dark when at first finished, but in

a few months becomes much lighter.
A cheajier quality of Shnnkci is made by
using glue and gamboge or persimmon
juice and oxide of iron for the under-

coat, but though the colour has a better

appearance at first, it gradually dete-

riorates. The best is made in the pro-
vince of Dewa, at Akita. For the most

part soft woods are used in making this

ware.

{j) Ki-ji-ro (colour of the grain of

wood).—Well-seasoned wood is selected,
and the article having been carefully

smoothed, a thin coating of Yoshino

lacquer is applied with a brush, after

which it is set to dry in the press for

12 hours. A coating of best Sahi is

then api'lied with the spatula, and set

to dry in the press as usual. This is

ground completely away with a green
whetstone. A coating of Nashiji (pure

transparent lacquer) is now given, and
the article is enclosed in the press for

2-i hours. It is again ground with a

green whetstone till no remains of tlie

lacquer coating are apparent. Then
follows a second coat of transparent lac-

quer, which, after drying as before, is

ground smooth with a piece of Iliyaku-

jikko (^Lagcrstracmia indica) charcoal.

Transparent lacquer is again applied
with a piece of cotton-wool, and wiped
oft" with soft paper, and the article is set

to dry for 12 hours. Afterwards it is

given a primary polish with an equal
mixture of To-no-ko and deer's-horn

ashes applied with a cotton cloth and a

little oil. Next, a coating of Yoshino

lacquer is applied with cotton-wool,

wiped oft' with paper, and set to dry as

before. At this stage only deer's-horn

ashes, with a trifle of oil, are used for

polishing. This process is repeated 3

times, and results in an exceedingly
brilliant polish. Only hard woods are

used for this kind of ware.

(/O Ecd and Coloured Lacquers.—For

making best red and other coloured

lacquers the first 22 processes are the

same as in Ilonji ('<). Next a mixture
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of Nashiji (pure transparent lacquer)
and vermilion, or the colour desired, is

given to the article, which is therevipon
set to dry. The remainder of the pro-
cesses are identical with («), except tliat

Toshino lacquer is substituted for
" branch lacqiier," and transparent
varnish is used instead of Ed (black

lacquer). For extra high-class work,
instead of tlie tliin coating of lacquer,
Avliich is wiped off again, a thick coating
of transparent varnish is given, applied
with a brush, and set to dry for about

35 hours, the further processes re-

maining unchanged. For second-rate

articles, the colour is mixed with (S'/i?<-

unishi (trnnsjiarent lacquer containing

oil), and no after-polishing takes place.
The article presents a brilliant surface,
and the colour is better and brighter
than in the best kind, but the surface

is much less hard. Many processes are

omitted for cheaper articles, as is the

case in black lacquer, and less lacquer
and more oil is used.

Colouring Matters.— Shu (ver-

milion).
—For red lacquer ;

used also

mixed with gold-dust for shading.
Sci-shitsu (green lacquer).

—A mixture

of Kio (chrome-yellow) and Uav-ai

(Prussian blue).
Muras-ahi-ho (purple powder).

— A
mixture of white-lead and To-hcni (ma-

genta roseine).

Benigara (red oxide of iron).
—Some-

times used instead of vermilion.

In the district of Aidzu the light
colours are produced to the greatest

perfection, viz., yellow, green, and inter-

mediate shades. In Tokio, though the

same materials are used, the resulting
colours are inferior and darker. In

Aidzu no after-polishing takes place
with coloured lacqiiers. The lacquer is

applied like paint, Tokio is, however,
best for black lacquer, as well as for

such high-class red, &c., as are polished
afterwards. These differences are attri-

buted to some climatic influence.

The Kioto, so-called " black lacquer,"
shows a reddish-brown tinge. With the

exception of Tokio, Kioto, Osaka, Kagn,
Tsngaru, Wakasa, Nagova, Suruga, and

Shidzuoka, and one or two isolated

places, the method of smoothing with

charcoal, and afterwards polishing, is not

pursued. In Tsngaru and Wakasa
neither flat nor raised gold lacquer is

manufactured.

It should be mentioned that the jdain

lacquered articles are almost exclusively
manufactured by one set of workmen,
who suppdy the workers in gold lacquer
with the articles ready for the applica-
tion of the gold powdering, various pat-

terns, &c.

The wholesale lacquer trade is in the

hands of a few large merchants. In

Tokio there are 2 houses only. These
receive the crude lacquer from the pro-
ducers as it arrives from tlie various

districts, either buying it outright or

making advances to the contractors,
who are bound by the rules of the guild
to deliver only to them. They sell it

in quantities as required to the lacquer
manufacturers, who prepare and refine

the sap for the market, and these again
retail the material to the lacquer-
workers. The various processes that

the lacquer undergoes in the hands of

the manufacturers before retailing are

kept secret, only the approximate mix-
tures being known.

That all lacquer, even that sold as

pure lacquer, undergoes some adultera-

tion, is rendered evident from the fact

that, in accordance with a strange
custom peculiar to the lacquer trade,
the retail manufacturers sell even the

smallest quantity at the same rate at

which they buy it from the wholesale

merchant.

Gold Lacquer.—Among the tools

and materials used in the manufacture

are :
—

Neji-fudc.
—Brushes made of rats'

hair, used for tracing out the patterns,
and for drawing tlie very fine lines, &c.

The best are made of the long hairs

from the backs of "ship rats," whose
fur is not so likely to get rubbed.

U- no-kc-usiiji-fude.
— Fine brushes

made of hares' hair. These are a little

larger than rats'-hair brushes, and are

used for filling in the patterns of the

best articles, also for drawing outlines

on common articles and ground work.
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There are 2 sizes, Bai and Sho, used for

drawing
"
large

"
and " small." There

are, besides, 5 sizes of Ji-nuri-fuda
(grounding-brushes).

U-no-ke-hake.—A flat brush made of

hares' hair, used for sjireading the lac-

quer on large pieces of wovk. There
are 2 sizes used.

Mcn-su.—A stiff brush made of deer's

hair, used for appl3-ing the Sabi, &c., in

making raised gold lacquer. It is

only employed for stiff mixtures.
Ilake.—Flat brushes ofhuman hair, for

smoothing the lacquer after application,
as in ordinary plain lacquer. There
are 2 sizes used.

Bun-mawashi.—Compasses with fine

brush attached for describing circles.

Ke-bo.—Brushes made from the long
body-hairs of a horse, used for smoothing
the fine gold powder and brushing off

extra particles, as also for dusting.
There are 4 sizes.

Fude - arai. — Brush -
cleaner, made

either of ivory or tortoise-shell. The
brushes have to bevery carefully cleaned,
after using, with Sesamum orientalc oil,

to remove every trace of lacquer.
Tsutsti.—A qiiill from the wing of a

swan or crane, over one end of which
is stretched a piece of silk, used for

scattering the gold-dust. There are
2 sizes iised.

For applying Nashiji or Iliramc, bam-
boo tubes of 3 dilTerent sizes are used,
with silk of more open texture.

Soji.
—

Spoon, for putting the gold-
dust into the quill or bamboo tube.

Hiramc-fude.
— A pointed piece of

bamboo or other wood, used for picking
lip and applying Hirame, or the gold,
or shell-squares.

Kujira - bcra. — Whalebone spatula.
Used for mixing the materials, and also

when transferring the tracing on the

paper to the article to be painted (pro-
cess described farther on). The kind
used is called island whalebone, and
comes from China

;
that obtained from

Japan is practically useless, being liable

to split. Two sizes are used.

Hera. — Spatulas made of Hinoki

{Chamacyparis ohtusa), smaller than
those used by workers in plain lacquer.

There are 3 sizes used for applying
plain lacquer, and 3 for applying iSabL

The tooth of a fish, ordinarily tlie

Tai {^Cerranus niarginalis), fastened with

lacquer on to a piece of bamboo, used
for polishing such crevices as are too
small to admit of charcoal, &c., being
employed.
A piece of polished shell, used for

smoothing the paper on which the

pattern is drawn before tracing with

lacquer.
Tsumc-han.—A palette, made either

of tortoise-shell or buffalo-horn, worn
on the left thumb.

Take-ban.—A small bamboo board,
used when cutting the gold and silver

foils into squares.
Gold and Silver Dust used for Orna-

mentation.—Of these there are several

kinds, viz. :
— Yasuri-ko or fun (file-

powder), made of Yaki-kin (pure gold),
Koban-kin (10 parts gold to

2^^^^ .silver),
and Gm (silver). There are 12 qualities
of each, differing in fineness.

Besides these, there is an extra large
kind, used for ground-work, called

//(ra-7?ie (flat-eye). The coarsest filings,
whether of pure gold, Koban, or silver,
are taken and rolled out flat on an iron

plate. Of Hirame there are 8 kinds
each.

Next comes the sort called Nashiji,
from its resemblance, when applied to
the article, to the rind of a pear. Na-
shiji is used for grounJ-work, in making
which pure gold, also Kobnn-kin (10
parts gold, If-^ silver), Jiki-ban (10 parts
gold, S^'j silver), Nam-ban (10 parts gold,

ofg silver), and silver of seven qualities
of fineness each, are used.

Aka-fun (red powder) is vermilion
mixed with pure gold, Koban-kin, and
silver, for shading.

Kuro-fun (black powder) is camellia-
charcoal powder mixed with pure gold,
Koban, and silver.

Giijdbu 7iashiji is the coarsest kind of

Nashiji made, but it is little used, as it

requires 7 or 8 coats of lacquer to be

applied before it is covered sufficiently
to stand polishing.

Keshi-fun.
—This is the finest kind

used
;

it is only made in pure gold and
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Kohan. This is made by mixing gold-
leaf in liquid glue till it is reduced to

an impalpable powder ;
water is then

added, and when the gold sinks the

liquor is poured away. This is repeated
till all the glue has been got rid of.

Shaku-do fu7i.
—A mixture of 7 parts

pure gold and 3 of copper powder.

Kana-gai.
—Foil made of pure gold,

Kohan, and silver. It is made of 4
thicknesses in each quality, viz. : Ilon-

ncji, Chiu-ncji, Usushu, Kime-tmke, the

last being the thinnest.

Besides the above, there are several

mixtures, as—
Kuri-iro-fxui (chestnut-coloured pow-

der).
—A mixture of one-half gold-dust

with powdered camellia -chai'coal and

vermilion.

Nedznmi-iro-fnn (rat-colour grey).
—

A mixture of half silver and powdered
camellia-charcoal, and a little vermilion.

In each case it is evident that several

distinct shades can be obtained ac-

cording as more or less colour is added
to the gold and silver dust. It is a re-

markable fact that no vegetable colours

can be used with lacquer. They are all

eaten up, as it were, by the lacquer,
and disappear, which accounts for the

very few variations seen in the colours

of lacquer. The workmen have never

been able to produce white, purple, or

any of the more delicate shades.

Of late years, since cheap Avork has

been introduced, the custom of using
tin-dust has been adopted for making
common NashijL It is manufactured
of tlie same sizes as in gold and silver,

anil when plenty of gamboge is mixed
with the lacquer to cover it, an inex-

perienced person might easily mistake
it for gold when the ware is new

;
but

it soon deteriorates. Burnt tin-dust is

also sometimes used for nnder-coats in

making cheap raised lacquer.
Mode of making Gold Lacquer.—

(a) Togi-dashi (bringing out by polish-

ing).
—The article having been subjected

to the first 22 processes, as described in

making Jlonji (Class I.), is then treated

as follows :
—

The picture to be transferred to the

article is drawn ou thin paper, to which

a coating of size made of glue and alum
has been applied

—that known as Ifino-

gami is best. The reverse is rubbed
smooth with a polished shell or pebble,
and the outline is very lightly traced in

lacquer, previously roasted over live

charcoal to prevent its drying, with a
fine brush made of rats' hair. The
paper is then laid, with the lacquer
side downwards, on the article to be

decorated, and is gently rubbed with a
whalebone spatula wherever there is

any tracing, and on removing the paper
the impress may very faintly be per-
ceived. To bring it out plainly, it is

rubbed over very lightly with a piece
of cotton-wool, charged with powdered
white whetstone or tin, which adheres
to the lacquer. Japanese paper being
jieculiarly tough, upwards of 20 im-

pressions can be taken off from one

tracing, and when that is no longer
possible, from the lacquer having be-
come used up, it only requires a fresh

tracing over the same paper to reproduce
the design ad infinitum. This tracino-

does not dry, owing to the lacquer used
for the purpose having been partially
roasted, as previously mentioned, and
can be wiped off" at any time.

The next process is to trace out the

veining of the leaves, or such lines to
which in the finished picture it is de-
sired to give the most prominence, and
these lines are powdered over with gold-
dust through a quill. The qualities
called Mijin, Konia-kame-mijin, and

Aragohu, are generally used
; either

finer or coarser qualities cannot be used.

The article is then set to dry for 24
hours in the damp press. The outline
is now drawn carefully with a rat's-hair

brush over the original tracing-line
with a mixture of black and branch

lacquer, called EO-se. The whole is

then filled in with Eo-se a^pplied with a
hare's-hair grounding-brush. Gold-dust
of a slightly coarser quality than 21ijin
is scattered over the lacquered portion,
and the article is set to dry for 24
hours. Another thin coating of Eo-se

lacquer is again given to the gold-

powdered portions, and the article is set

to dry for 12 hours. Next, a coat of
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ii'J (black lacquer) is aji})lied ovor the

whole surface of the article, which is

set to dry for at least 3 days. It is

then roughly ground down with 3Iag-
nolia charcoal, the surface-dust being

constantly wiped olTwith a damp cloth

till the pattern begins to appear faint!}'.

Another coating of £5 lacquer is then

given, and the article is set to dry for 36

hours. It is again ground down with

Magnolia charcoal as before, this time

till the pattern comes well out. The

ensuing processes are the same, from 28

to 33 inclusive, as in bl.ick lac(]uer

(Ilonji) (a).

In making Togi-dashi on hard woods,

transparent lacquer is uesd instead of

M.
(b) Ifira-maldi/e (flat gold lacquer).—The article having been thoroughly

finished, either in black or red, &c., as

already described under the head of

Honji, Class I., and the following kinds,
a tracing is applied to the surface as in

Tugi-dashi, the outline is carefully

painted over with a fine brush of rats'

liair, and then filled in with a hare's-

Inur brush, using Shitamahi lacquer

(branch lacquer and red oxide of iron).
Over this surface gold-dust (of the

quality called Aragohu being generally

used) is scattered with a brush of

horse's hair {A'cho} till the lacquer will

not absorb any more. The article is

then set to dry for 2-4 hours. A thin

coating is ne.xt applied over the gold, of

transparent lacquer or Yosliino lacquer,
and it is set to dry for 24 hours at least.

It is then most carefully smoothed with

camellia-charcoal, and finally jiolished
otfwith Tono-k) and a little oil on the

point of the finger, till the ornamented

portion attains a fine polish. The

veinmg of leaves and the painting of

.stamens, kc, of flowers, or such other

fine work, is now done with a fine rats'-

hair brush charged with A't'-Mo'/ii lacquer
over which fine gold-dust (^Goku-mijin)
is scattered from a brush of horse's hair

(Kebo), as before, and the article is set to

dry for 12 hours. Some Toshino lacquer
is then applied to a piece of cotton-wool,
and rubbed over the whole surface of

the box or other article, and wiped off

again with soft paper. It is set to dry
for 12 hours, after which it is polished
off witli deer's-horn ashes and a trifle of

oil. When very high-class work is

desired, Yoshino lacquer, to which a

little water has been added, is applied,
and ])olished oil' a second time, and a

very brilliant surface is attained.

More ordinary
" flat gold lacquer

"

difTers in the manufacture as follows :
—

The tracing is accomjdished in the same

manner, but Shitainaki -noha lacquer

(branch lacquer, red oxide of iron, and

camphor) is used for filling in the

pattern with a hare's-hair brush. The
article is then set to dry in the press
for 10 to 20 minutes, during whicli

time the lacquer has begun to harden,
and less gold will adhere. Then gold-
dust (^Golin-mijin') is applied witli

cotton-wool thinly, and tlie article is

set to dry for 24 hours. The whole
surface is then smeared over with
Toshino-nobe lacquer (^Yoshino lacquer
and camphor) on a piece of cotton-

wool, and wiped off again with sotl

paper. The reason is that it is less

trouble to smear over the whole surface

thinly, and it is, moreover, not neces-

sary to give a thick coat of lacquer to

the decorated part, as the gold-dust
has been very thinly ai)plied. It is set

to dry for 12 hours, and ground smooth
with camellia-charcoal, and polished
with powdered whetstone and oil on
the point of the finger. The fine lines

are then drawn with a rats'-hair brusli

charged with Shitainaki lacquer, and

sprinkled with gold-dust (^Goku-mijiii)
from a brush (Kebo), and the article is

set to dry for 12 hours. The whole is

again smeared with Yoshino-nobe lac-

quer and carefully wiped off again with

paper, and set to dry for 12 hours.
The article is then polished with pow-
dered whetstone and oil on the point of

the finger ;
and a second application of

I'os/jiMO-Hoie lacquer with a little wafer,

wiped ofl' with soft paper, set to dry foi

12 hours, and finally polished off with
deer's-horn ashes and oil on the finger,
finishes the operation.

Should it be required to make any
dark spots or lines, such as birds' eves,
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or to draw huuiau hair, <S;c., or other

shading, this is done last of all with

Kuma,
" bear

"
lacquer, Jo-hana, and

lamjjljlack.
Jlore common kind of Flat Gold-

Lacquer Painting.
—Instead of tracing

the design in roasted lacquer, it is done

with a mixture of powdered Tono-ko

and water, and the impression is trans-

ferred to the articles with the whale-

hone spatula as before. The reason for

only using Tuno-l^o instead of lacquer is

that the ground-work being inferior, it

cannot be ground or smoothed after-

wards, and the edges of the pattern
would not be clean, nor stand out clear,

sliould any lacquer get smeared outside

the tracing-line. The outline is then

filled in with Shltumilu-nohe lacquer
with a coaise liares'-hair brush, and
the article is set to dry for 20 minutes,
or till a thin skin has formed on the

lacquer, and then the half-dry surface

is wiped oA'er with cotton-wool cliarged
with Kesld-fini, the finest gold-powder,
and set to dry for 5 or 6 hours. The whole
surface is then smeared with I'ushiiio-

nohe lacquer, which is carefully wiped
off again with soft paper, and the article

is set to dry for J day. The surface is

then rubbed over gently with deer't,-

horn ashes and soft paper, to give it a

polish, and to get rid of any of the last

coat of Yoshino-nobc lacquer.
The fine lines are now drawn with a

fine hare's-hair brush charged with
Shitainaki-nohe lacquer, and the article

is set to dry for 20 minutes or so
;
then

Keshi-fun is applied with cotton-wool,
and again set to dry for 5 or 6 hours.

No further process takes place.

(c) Ta/«'-wia/i/7/eCraised gold lacquer).—The ground-work may be either black

or coloured lacquer, iVrtsAy 4 (pear ba.sis

of gold-dust), or the plain wood. The
outlines of the pattern are transferred

to the surface of the article in the same
manner as in 2ugi-dashi, or " flat lac-

quer." The outline is then painted
over with Shitamaki lacquer, and this is

covered with powdered camellia-char-

coal. If the outside is to be higher
than the inside, a broad margin is

painted and covered with cliarcoal-

powder, leaving the centre untouched,
and vice versa; if the centre is to be

higher, a faint line only is painted out-

side, and the inside is given a thickish

coating, which is sprinkled with the

charcoal-dust, and the article is set to

dry for 12 hours. When taken out of

the press, it is well dusted to get rid of

any loose charcoal-powder, and is also

washed, using abrush made ofhuman hair

{Uithe) to clean out all the crevices and

bring out the lines, &c. Some Yoshino-

nobe, or " branch lacquer," with cam-

phor, is now rubbed on with a piece of

cotton-wool, and carefully wiped off with

soft ]iaper, and the article is set to dry
for 12 hours. The raised ]jarts are

next carefully ground smooth with a

piece of Magnolia charcoal, and a second

coat of Yoshino-nohe, or of " branch

lacquer," is applied as before, and

dried.

If a well-raised pattern is required,

1, 2, or even 3 coats of Sibi (" branch

lacquer
" and Tono-ko) are applied, the

outside edges being painted with a

brush of deer's hair (J/cnso), and the

inside lacquer applied with a small Sabi

spatula, tlie article being set to di-y

after each ajiplication for 12 hours.

For coarser work, it is then ground
smooth witli a white whetstone, and for

finer work with a yellow whetstone.

Over this some " branch lacquer,"
mixed with camphor, is rubbed with

cotton-wool anfl wiped off with soft

paper, and the article is set to dry for 12

hours.

If the pattern is not to be very high,
the operations described in the last para-

graph are omitted. A coating of Taka-

mald lacquer is now given, the outside

edges being carefully drawn with a

rats'-hair brush, and the inside of the

pattern filled in with a hares'-hair

brush, and the article is set to dry for 36
to 48 hours. When taken out of the

press, the surface is ground smooth with

Magnolia charcoal, and then partly

polished with camellia-charcoal on a

cotton cloth. A little oil is now rubbed

on, and a further polishing takes place
Mith powdered

" whetstone
" on a cloth.

Next,
'• branch lacquer

"
is rubbed over
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the raised parts with cotton-woul and

wiped ofl' with soft paper, and the

article is set to dry for 12 hours. It is

next polished with deer's-horu ashes

and a little rape-seed or sesamum
oil applied on the point of the finger

Up to this point the formation of the

pattern, whether mountains, wares,

trees, men, birds, or animals, has been

gradually completed.
If small squares of gold-foil (known

as Kiri kanc), or of coloured shell, are

used in producing the pattern, they are

now applied one by one on the point of a

bamboo stick {Hirame ftide), the spot
where they are to be affixed having been

smeared with a little Rose lacquer to

make them adhere. When all that is

required has been affixed, a piece of soft

bibulous paper is spread over the freshly

done parts and pressed very carefully
with the finger. This is to get rid of

as much as possible of the Rose lacquer
that is not covered by the gold squares ;

the article is set to dry for 12 hours,

and then the portion where the gold
has been applied is gently polished with

a little camellia-charcoal on the point
of the finger, to get rid of the remainder

of the Rose lacquer. Shell patterns,
and the coarser kinds of gold-dust that

may be required, are applied in the

same manner. The finer kinds of gold-
dust are applied next over a coat of

Shitainaki lacquer, and the article is set

to dry fur 12 hours. The remaining

processes of polishing, drying, &c., are

the same as in first-class
" flat gold

"

lacquer.
For making raised-lacquer patterns

on plain wood the whole surface is

covered with tin-foil, stuck on with rice-

paste, to keep the wood quite clean, and

then the place only where the pattern is

to come is cut out. lu making all

high-class lacquer, the edges of every
article are pasted over with tin-foil to

prevent their being rubbed or injured

by the workman, and the same is done

over each portion as it is finished.

The above is the ordinary method of

making best raised lacquer, but from a

glance at specimens it will be seen that

there are such innumerable modifica-

tions of one process or another, according
to the object to be produced, that it is

manifestly impossible to do more than

give the above cursory sketch. Nearly

every piece of good lacquer made ex-

hibits a specimen of each kind, viz.,

Nashiji, Tvga-dashi, Hira-makiyc, and

Tuka-viakiye.
lu making raised lacquer on inferior

articles, the methods do not vary much
from the good kinds

;
the work is

merely less carefully executed. The

saving is in the quantity and quality of

the gold-dust used, and the absence of

minute after-work, or in the use of

silver and tin instead of gold-dust. In

the very cheapest kinds, burnt tin-dust

is used instead of charcoal over the first

coat of Shitanudd. This is burnished

bright, and over it a thin coating of

lacquer and gold-dust is applied. At
first it looks well, but loses its colour

in a year or two. By using tin-powder
the same height is attained in 1 coat

that would necessitate at least 3 coats

of lacquer and charcoal-dust. This

kind of work is, however, only used for

cheap articles for foreign export, and

has been quite lately introduced.

(c7) Lacquering on Metal.— For

lacquering- on iron or copper, brass or

silver, the metal is smoothed and

polished, and then given a coating of
" crude lacquer

"
or " black lacquer

"
;

the article is put over a charcoal fire,

and the lacquer is burnt on to the

metal till all smoke ceases to escape.
The fire must not be too fierce, and the

metal must not be allowed to get red-

hot, or the lacquer turns to ashes.

After the lacquer has burnt quite hard,
the surface is rubbed smooth with

Zagcrstrccmia charcoal ; these opera-
tions are repeated 3 or 4 times, till a

good foundation of lacquer has been

obtained. Then the same operations

exactly are repeated as in making best

"black lacquer," Togi-dashi, "flat

gold lacquer," or " raised gold lacquer,"

only that the lacquer is burnt dry over

the fire instead of being dried in the

press. The lacquer is thus rendered

quite hard and very durable. After

the first 2 or 3 coats have been burnt
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on, the subsequent (lr3'ing processes
can be carried on in the damp press,
should it be so desired.

In winter, or when any article is

required in a burry, the workmen some-

times put a charcoal fire in the press,

over which a pan of hot water is placed.
The steam which is thus generated

helps to diy the lacquer in an hour or

two, which would take 24 hours to

harden ordinarily, but the lacquer thus

dealt with loses its strength, and is

never very hard. " Black lacquer
"

turns a rusty brown, the colouring
virtue of the iron being apparently lost,

and therefore this plan is never adopted
for good work, and in second-rate work

only for under-coats.

NaSHIJI (Pear Basis).
—This style of

ornamentation, occupying an inter-

mediate position between plain and
ornamental lacquer, is treated of last.

Till the opening of Japan to foreign

trade, it was in the hands of workers in

gold lacquer, but now for the most

part all Nashiji on articles intended for

exportation is applied by workers in

plain lacquer. In making best Nashiji,
as in Toiji-dashi, the first 22 processes
are identical with Honji (Class I.). A
coating of Rose is applied, and the

gold-dust is sprinkled over the surface

through one or other of the bamboo

tubes, according to the fineness re-

quired. Th^e article is set to dry in the

press for 48 hours, and is then given a

coating of pure transparent varnish.

This is set to dry for 3 or 4 days, when
it is roughly ground with Magnolia
cnarcoal, and a second coat of trans-

parent lacquer is given. The article is

set to dry for 48 hours, and tlien ground
with Jlcujiiolia charcoal till a perfectly
smooth surface is obtained. Trans-

parent lacquer is then applied with a

piece of cotton-wool, and wiped off

again with soft paper, and the article

is set to dry for 24 hours. It is then

polished with a mixture of Tono-ko and
camellia charcoal powder and a little

oil. Next, a coating of I'oshino lacquer
is given, and wiped off with paper ;

the

article is set to dry for 12 hours, and
then it is polished with deer's-horn

ashes and oil. This is repeated 3 times

to finish the article.

The same processes are gone through
when using silver instead of gold dust.

For cheap qualities, tin-dust is used,
and the powder is scattered on glue

immediately above a coating of Kanoji

(whiting and glue). When the article

is dry, it is burnished with Tu-kusa

(^Equisetum), and as soon as it presents
a bright surface a coating of pure
transparent lacquer, with gamboge, is

given to it. It is set to dry for a day
in the press, and ground with Magnolia
charcoal. Over this a coating of <S7i!(-

urushi (transparent varnish containing

oil) is applied, and another drying for

24 hours completes the process. (J. J.

Quiu.)
The best lacquered wares are dear on

the spot. The .Japanese are great con-

noisseurs of the art, and will not scruple
to give prices which make European
bidders draw back. The lacquer itself

is comparatively high-priced. Its col-

lection entails the expenditure of a good
deal of time and trouble

;
the culture

of the trees that furnish it is not

properly understood or systematically
carried out. In the province of Yoshiuo,
375 gr. is considered a fair yield for a

well-grown tree. In the districts fre-

quented by foreigners, the current prices
of the several sorts of lacquer were

(1875) as below :
—

Per lb.

Ki-urushi-red lacquer, as it Us. Ga.-Ss. 6c?.
comes from the tn.'0 . . )

Seshime lacquer, for ground I „
^^

coats I"

Ro-iro-urushi — best black V .

g
Japanese lacqutT . . . )

Red lacquer mixed with cin- / ^ „ ,

nabar S

Nashiji lacquer for sprink- ) „
^^

liug with gold-leaf . . . f
Haku-oh'to-urushi — golden ) . „ ,

lacquer J

Dr. Wagener doubts whether Japanese

lacquer could be advantageously used

to any extent in European domestic

architecture and cabinet-work. The

process of lacquering is far more tedious

and elaborate than graining, varnishing,
and other decorative processes used in

Europe. The labour required would be
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greatly increased by its application to

cabinet-work of European design in

place of similar objects of Japanese
model. Labour, too, is much dearer in

Europe. In Japan, the weekly wages
of a good lacquerer do not exceed 2s. to

3s. The hardness, durability, and

brilliant metallic hues of these lacquers
render them suitable for ornamenting

fancy goods of all kinds in wood, paper.

glass, porcelain, &c., a purpose for which

they are very extensively employed in

Jai)an. {Monats. f. d. Orient.)

The following details were communi-
cated to ' La Nature '

by the Japanese
Commissioners at the Paris Exhibition,

the accompanying illustrations (Fig. 13-1-)

being copied from a Japanese treatise

on the subject written by Igarashi iu

1570.

Fio. 134.

Objects in lacquered wood ornamented
with paintings are termed in Japanese

Makiye, a word which signifies powdered
or lacquered painting. The material

best adapted for the work is kinski, the

wood of a species of pine botanically
termed Jictinispora obtusa. The piece

having received the desired form is

plunged for an instant iu boiling water.

then wiped, and dried in the shade. It

J s next covered with lacqiier
—the word

is here employed iu the sense of vainish—and over this coating is sifted a layer
of jisuH, or unglazed pottery finely pul-
verized. Another powder is made of a

schistose stone (tonoko), which is mixed
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with jisun to form kiriko. This is di-

luted with lac varnish by means of a

wooden spatula tei-med urushi hera (a).

When the mass is perfectly homogeneous,
the spatula is employed to lay it on as a

groundwork on the object, which is

then enclosed in a case, probably to pro-
tect it from dust, etc., and left quiet
for IJ days in summer and somewhat

longer in winter. Then with a piece of

the schist the entire surface is rubbed

smooth.

A new paste of powdered schist and

seshime (a kind of lac) withovit jisun is

now prepared and applied, dried, and

polished as before. Then the whole is

rubbed with a wad of cotton soaked

with lac, and carefully wiped with very
fine paper, softened by long crushing in

the hands. The object is next again
enclosed and loft to rest for h day.
Still another preparation is then made,

composed of a difterent kind of lac—
nuritate-urushi and shoycn, or soot pro-
duced by the burning of pine knots

rich in rosin. This is intimately mixed
and filtered through paper. Into the

mixture a flat brush, siich as is shown
in 6, is dipped, and with this implement
the object is covered with a smootli

coating. Another drying of 2 days'

duration, succeeded by polishing with

Honoki charcoal, follows.

These preliminary operations consti-

tute the shita nwi or sub-lacquering.
The intermediate stage (jiaka nuri) con-

sists simply in repeating the preceding

painting with the soot mixture. Then

begins the ximnuri, or surface lacquer-

ing.
The object is first covered with kocro-

urushi, a very fine and brilliant varnish,

greenish black in hue and purified by
filtration. When dry, polisliing by
charcoal follows, and rubbing witli

schist is continued until not the least

inequality on the surface is perceptible.
At this point the schist powder is di-

luted with oil, and this is used as a

polish until the surface becomes bril-

liant.

Now, on very thin closely made

paper, tlie design which is to appear
on the object is sketched. To transfer

the marks to the work, a peculiar var-

nish called yaki-urushi, or burned lac, is

employed, made as follows :
—A band of

paper is rolled in tube form c, an end

being left unwoiand. A very small

quantity of the scshime-urushi is placed
on this end, and heated quickly to

eiTervescence. Adding a very little red

oxide of iron and camjjhor, the whole is

carefully mixed and filtered. The var-

nish thus prepared warm does not

become dry and friable. The paper,

painted side up, is now attached to the

object and rubbed with a whalebone

spatula d. This causes the lines to be

transferred to the prepared surface. A
bit of tow is then used to dust on tin in

powder, and the excess of the latter is

removed by a very soft jiencil c.

Painting the design is done with a lac

called shitamichi urushi. This is a

mixture of seshime-urushi
^'g part, nashyi

urushi
y^j,

a small quantity of red oxide

of iron of intensely red colour, and a

little camphor. This is mixed aud
filtered 4 times

;
the more frequent the

filtering the purer the material. The
latter is then placed in a shallow cup
/, and covered with a piece of permeable
paper, which comes in contact with its

surface and prevents its hardening by
contact with the air.

The varnish thus prepared is laid on

by means of a very fine pencil g, which
is composed of rats' hair. The little

finger is placed on the side of the object,
so that the brush is held vertically and

only the tij) used, h. When this work
is terminated, the design is covered with

a priming powder by means of the

brush shown in i, and the object is

returned to its case to rest. This last

powder consists of Honoki charcoal,
mixed with

^^j sulphur. The whole is

pulverized in a mortar and sifted

through silk. On the next day, rub'jing
with scshime-urushi mixed with cam-

phor, and another polishing with schist,

follow.
" Rust finish

"
is the name given to the

operation which produces the relief

work for the figures. A mixture of

seshime and schist powder is made pasty
and applied with a spatula. The por-
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tions not designed to stand in relief are

removed with a brush. After drying,
the low and raised portions are carefully

polished with pieces of green schist, cut

in forms either prismatic, conoidal, or

cylindrical, k. The operation described

at the end of the last paragraph is then

repeated. On the next day, a soot var-

nish is made, and applied with a rats'-

hair brush. After another \\ days, a

charcoal polishing succeeds, the charcoal

being first rubbed smoothly on pieces of

schist, and then applied. Jlore polish-

ing with schist powder and a rubbing
with oil precede the painting of the

lowered parts, for which purpose the

seshime varnish, mixed with oxide of

iron and camphor, is again used.

The designs are next painted with a

rats'-tail pencil I, dijipcd in filtered oxide

of iron, seshime varnish. Then, if, for

instance, a peony is to be represented, 2

kinds of gold powder and a gold scale

(l/asuriko) are used for branches and

stem. To represent rocks and stones,

pieces of metal flaked, and made of still

another kind of gold powder (Jmnaho),
are employed. How these metallic

preparations are made will be described

farther on. Having thus ornamented

the work, H days' rest is allowed, at

the end ofwliich time the rats'-tail brush

is used to apply to the more dulicate

shades yosheno-urushi varnish, camphor-
ated and filtered. Polishing with

Camellia japonica charcoal follows
;
and

this is a most delicate operation, re-

quiring the longest practice, for there

is constant danger of rubbing off the

thin layer of metal. A little schist

powder is scraped from a tender piece
of the stone mixed with oil, and

applied to the painting with the

finger-tip, to produce a polish. The

operation of gilding, &c., is then re-

jieated, and then with a wad of tow the

appropriate metallic colours for the

objects depicted are applied. Next

comes covering with yosheno-urnshi var-

nish, wiping with cotton and paper,

polishing with shikido (another schist)

and oil, another application of camphor-
ated varnish, then of the same mingled
with water, another drying, and then a

final polishing with powdered horn.

The object is now uniformly brilliant,

and the gold portions are finished.

To prepare the kirikane, or cut metal,
a leaf of the same is spread upon a

cylinder of bamboo m, and covered with

paper. Then, by means of a razor, a

number of fine equal bands are cut, a

margin on each side being left intact.

The leaf and paper are then turned ss

that the strips occupy a position per-

pendicular to that which they had at

first. Carrying the razor in the former

direction around the bamboo, the

squares of metal leaf are detached and

fall into a blackened saucer n. To pick

up the pieces, a small stick of willow o

is used, slightly moistened with saliva.

Gold, copper, and silver are treated in

this way.
The depolishing consists in removing

the polish on certain parts of the oljject

where portions of the design to be

painted in colours fall. This is done by
rubbing with Honoki charcoal powder,
followed by retouching with the rats'-

tail pencil. In the latter operation a

cup of buffalo horn p is used, which is

retained on the thumb by a cord. This

cup contains a lacquer, seshime varnish,
and iron oxide, filtered 5 times through

paper. Then the proper powder to

give the colour is placed in a goose-

quill r, at the end of which is a very
fine sieve, through which the powder is

shaken in clouds over the wet lacquered

part, the excess being removed with a

soft brush. The object is then left to

dry.
The powders and leaves of metal used

are always in harmony with the subject.
To paint a river, for example, the shores

are boldly traced with the rats'-hair

pencil, using the point to indicate the

water. Then with the feather a certain

coloured gold powder is sifted on, then

a powder of diii'crent colour, and, finally,

here and there fragments of gold-leaf
arc inserted. For a black ground a

smoke-black varnish is used, and the

gilded parts are covered with a trans-

parent varnish. After 5 or 6 days'

drying, the black parts are slowly

polished with powdered Ilonvhi char-



328 Lacquers—Japanese and Chinese.

coal, then tlie gold is poli.slied with
camellia charcoal, then with horn pow-
der, then rubbed with a wet cloth, then

with a dry one. The piece thus pre-

pared is covered with black varnish

again, the design is rubbed and dried,

and the piece is put away for the night.
Next day schist powder and oil are

applied, and more rubbing with paper
is done. On the following day the

finger is the rubbing instrument, and

another polishing with horn powder
finishes the operation.
A grey groundwork is apjdied after

tlie sub and intermediate lacquering
above described is finished, the parts

being previously depolished by the

goose-feather apparatus, held as shown
in s, and rubbed gently on the surface,
so as to scatter the metallic powder.
The white flakes called shiroq-irshi are

gently passed over the parts thus gilded.

Nashiji-urusld varnish mixed wiMi cam-

phor is then laid thinly on
; polishing

with camellia chai'coal follows, then

drying, and then another coat of varnish;
after another drying, a number of small

prisms of camellia charcoal are polished
on schist wrapped in ))aper, and are

rubbed over the surface till the ground-
work shows. Then follows a series of

varnishing and horn-powder polishing
similar to that already described.

Japanning and Japans.—(«)
When finished wood, ])apier-m:1che, com-

position, or metals are varnished in the

usual manner and left to dry in the air,

the drying is in most cases imperfect,
and the coating more or less uneven.

If the surface thus varnished is heated

for some time to a temperature of

250° to 300° F. (121° to 149° C), or

higher, it is found that the whole of

the solvent or vehicle of the gums or

resins in the varnish is soon driven oft',

and the gummy residue becomes lique-
fied or semi-liquefied, in which state it

adapts itself to all inequalities, and if

the coating is thick enougli presents a

uniform glossy surface, which it retains

on cooling. This process of drying out

and fusion secures a firm contact and
adhesion of the gums or resins to the

surface of the substance varnished, and

greatly increases the density of the

coating, which enables it to resist wear
and retain its gloss longer. This process
of hardening and finishing varnished or

lacquered work by the aid of heat con-

stitutes the chief feature of the japan
-

ner's art. In practice the work to be

japanned is tirst thoroughly cleansed

and dried. If of wood, composition, or

other porous material, it is given while

warm several coats of wood-filler, or

whiting mixed up with a rather thin

glue size, and is, when this is hardened,
rubbed down smooth with lump pumice.
It is then ready for the japan grounds.
Metals as a rule require no special pre-

paration, receiving the grounds directly
on the clean dry surface. In japanning,
wood and similar substances require a

much lower degree of heat and usually
a longer exposure in the oven than

metals, and again a higher temjjerature

may be advantageously employed where
the japan is dark than whea light-
coloured grounds are used : so that a

definite knowledge of jiist how much
heat can be safely applied and how long
an exposure is required with different

substances and ditferont grounds can

only be acquired by practical experience.
The jaj^anner's oven is usually a room
or large box constructed of sheet metal,
and heated by stove drums or flues, so

that the temperature
—which is indi-

cated by a thermometer or i)yrometer

hung up inside, or with its stem passing

through the side-wall midway between
the top and bottom of the chamber—
can be readily regulated by damjiers.
The ovens are also provided w'ith a

chimney to carry oft' the vapours derived

from the drying varnish, a small door

through which the work can be entered

and removed, and wire shelves and hooks

for its support in the chamber. The
ovens must be kept perfectly free from

dust, smoke, and moisture.

A good cheap priming varnish for

work to be japanned consists of:—
Shellac (pale) . . . . 2 oz-.

Eosin (pale) .. .. 2 „
Rectified spirit .. .. 1 pint.

Two or three coats of this are put on

the work in a w'arm dry room. A good



Lacquers—Japanning and Japans. 529

black ground is prepared by grinding
fine ivory-black with a sufficient quantity
(if alcoholic shellac varnish on a stone

slab with a muller until a perfectly
smooth black varnish is obtained. If

other colours are required, the clear

varnish is mixed and ground with the

])roper quantity of suitable pigments in

a similar manner: for red—vermilion

or Indian red
; green

—
chrome-green, or

Prussian blue and chrome-yellow; blue—
jirussian blue, ultramarine, or indigo;

yellow— chrome-yellow, &c. But black

is the hue commonly required. The

following are good common black

grounds :
—

(1) Asphaltum 1 lb.

Balsam of ca])ivi . . 1 „
Oil of turpentine ,. q.s.

The asphaltum is melted over a fire,

and the balsam, jireviously heated, is

mixed in with it. The mixture is then
removed fi-om the fire and mixed with
the turpentine.

(2) Moisten good lampblack with oil

<if turpentine, and grind it very fine

with a muller on a stone plate. Then
add a sullicient quantity of ordinary

copal varnish and rub well together.

(3) Asphaltum 3 oz.

Boiled oil 4 qt.

Burnt umber . . . . 8 oz.

Oil of tur[)entine .. q.s.

Melt the asphaltum, stir in the oil,

previously heated, then the umber, and
when cooling thin down with the oil of

turpentine.

(4) An extra fine black is prepared
from—

Amber V2 oz.

Asphaltum (purified) 2
,,

Boiled oil 5 ])iut.

Rosin 2 oz.

Oil of turj)entiiie .. 16 „
Fuse the gum, rosin, and asphaltum,
add the hot oil, stir well together, and
when cooling add the turpentine.
A white ground is prepared from

copal varnish and zinc white or starch.

Large japanners seldom make their own
varnishes, as they can procure them
more cheaply from the varnish-maker.
From 1 to 6 or more coats of varnish

are applied to the work in japanning,

each coat being hardened in the oven
before the next is put on. The last coat

in coloured work is usually of clear

varnish without colouring matters, and
is in fine work sometimes finished with
rotten-stone and chamois-leather. For

ordinary work, the gloss developed in

the oven under favourable conditions is

sufficient. {Scicnt. Amer.)
(J))

Melt 50 lb. Naples asjjhaltum and
8 lb. dark gum anime, boil for about
2 hours in 12 gal. linseed-oil

;
then melt

12 lb. dark gum-amber and boil it with
2 gal. linseed-oil

;
add this to the other,

and add dryers. Boil for about 2 hours,
or until the mass when cooled may be

rolled into little pellets. Withdraw the

heat, and thin down with 30 gal. tur-

l)entine. During the boiling the mass
must be constantly stirred to prevent
boiling over.

(c) Japan for Tin Lantern. — The

following are the proportions for black

jai)an: asphaltum, IJoz.; boiled linseed-

oil, 4 jjints; burnt umber, 4 oz. Heat
till well mixed, and when cool add

turpentine till of a proper consistence.

(d) Re-japanning Tea-trays.
— It is

no easy matter for an amateur to

japan a tea-tray. In the first place, if

the tray is scratched or chipped, burn
otf the japan ;

if it is not scratched, cut

it down with pumice and water (ground
pumice) until it is smooth. Thea get
some brown japan (Pontypool varnish)—

say, 2 gills
— and with a camel-hair

brush lay it over evenly. See that no
hairs get on

;
if they do, pick off with a

knife. Then put in a ])lace free from
dust to dry, which will take about
4 days, unless you have an oven. A
common oven will do

;
but take care of

dust. When you cannot leave any marks
of your fingers, it is hard and ready for

rubbing with pumice again, and adding
another coat

;
3 coats altogether will do.

Then pumice, and finish with rotten-

stone and water, or putty-powder. Be
careful to rub all one way, not across

nor roundabout. Then take and rub

quickly with the heel of the hand to

burnish it. To ornament the same :
—

If with transfer pictures, varnish the

part neatly and very thinly (as it leaves
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,1 mark when too much i.s put ou) with

copal varnish. Then let it stand for

5 hour until it is set or nearly dry.
Put ou the transfer, press it with the

hand, take sponge and hot water and

dab it lightly; in 3 minutes slide the

paper off. Then draw the sponge across

the picture to take the gum otf, or it

will appear a network of cracks in a day
or two. When dry, varnish the picture

parts only, as the black will stand longer
than varnish.

(e) Japanning Tin.— The first pro-
cess with the tea-tray, whicli is made
of sheet-iron, is to scour it well with

a piece of sandstone, which process re-

moves all the scales of iron and makes
the surface perfectly smooth. It is then

given a coat of vegetable black, which
must be mi.xed with black tar varnish,
and thinned with tar spirits and well

strained : only a small quantity,of var-

nish, as this coat may dry dead. The
article is then put into a stove to harden.

This stove is nothing more nor less than

a large oven
; large of course where a

great quantity of work is p)ut in at one

time. The heat must be as even as

possible all over the heated space, and
must be free from dust. Temperature
must not be much, if any, under 212° F.

(100^ C), the articles to remain in tliis

temjjerature 10 to 12 hours
;
when taken

out of the stove, to be allowed to get
cold. They then receive a coat of black

tar varnish, which must in no case be

thinned except it be so thick as to be

quite unworkable
;
and in tliat case tar

spirits should be used sparingly. A
stifFish bristle brush with short bristles

sliould be used, such as are generally
bound with iron ferrules. The varnish

is distributed evenly all over the surface,
and must be put on so sparingly that it

cannot "run," as japauners say, which it

is sure to do immediately it gets warm,
particularly on upright articles, if too

much is put on. Two coats of this

varnish on the top of the vegetable black

is very often sufficient when done by
an expert hand, but a third coat im-

proves the work, and very frequently is

indispcnsalile; 10 to 12 hours' hardening
is reqiiisite between the coats. It is

likewise necessary to rub down the
small lumps which will appear after

each coat with a piece of pumice, first

made flat by rubbing it on a slab of

slate. Keep dipping the pumice in

water. This rubbing-down must be

executed very lightly, or the smooth

parts will be scratched. If the article

is to be decorated with burnished gold,
the first process after coming out of the

stove the last time is to "
rough

"
it.

This is done with very fine pumice sand,

applied with some kind of corded or

roughish material. Russell cord does

very well. Jean is the material mostly
used. The process is very laborious, as

it requires all the pressure that can
be employed, and that, too, for some
consiilerablo time. It is part of the

p(dishing. When the surface has been
made level by this, the next thing is to

go through the same again ;
but this

time, instead of using sand and the

cutting material, black or soft rotten-

stone must be used, with flannel or

cloth kept well wetted, as before. This

makes the surface exceedingly smooth,
and ready to be brightened up into a

fine polish by rubbing the sand up and
down. The person so employed has to

keep rubbing the dry soft hand into

powdered white rotten-stone, and also

occasionally moistening the hand by
placing it on a wet cloth for the purpose.
The polish soon comes up under a prac-
tical hand. All these processes are

performed by women and girls. It takes

months of practice in this polishing
before the hand obeys the intellect. The
work now passes to the ornamenter.

After he has put on his ornaments of

gold and colour, it is placed in a stove

at only a few degrees of heat, as much
heat would destroy his work. When
dry, that part only of the article which
is covered with ornament receives a coat

of copal polishing varnish. This varnish

does not improve the appearance, but is

necessary to preserve the decoration.

No polish or varnish can equal black

varnish, which is about a fourth the

price of copal. This varnish is put on
with a flat camel-hair brush, and will

harden in a heat of about 100° F. (38° C.)
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ia 4 hours. If put in too great heat, it

will turn colour, and completely spoil
the work. It is now ready for " finish

"

polishing, which consists of the rotten-

stone process again, and handing up as

before, and last of all, a few spots of oil

are used, with a sprinkling of water,
and this is called oiling off. It requires

great dexterity, or instead of adding to

the lustre with the oil it will com-

pletely dull the surface. There are

l>leuty of goods that do not go through
all these processes and yet look fairly
well

; such, for instance, as grocers' canis-

ters and numerous other articles. These,
as soon as they have received the second
coat of black varnish, are taken straight
to the ornamenter without being
"
roughed

"
or polished, and if the

varnish has been put on well and kept
free from dust they look very well.

When no polishing is done either before

or after the ornamenting, the article is

frequently covered all over with the

copal varnish coat. The only safe way of

obtaining the proper varnishes is to get
them from thoSe who supply japanners.
The best black tar varnish obtainable

can be had at 4s. Gd. per gal. The best

oil copal polishing varnish is 16s. per gal.,
inferior qualities as low as 6s. or 7s,

Oil copal polishing varnish at 12s. should
be good enough for most purposes.
When tin goods are to be japanned, the

only preparation necessary is to clean

off all grease spots with a piece of clean

rag dipped in turpentine ;
and as to

heat, when it is not too hot to disturb

the solder, it will not hurt the black

varnish, provided it is put on sparingly.
If not, the vaiTiish will shrivel. The
finish upon grocers' canisters may easily
be obtained, as there is nothing on them
but good stoving and varnishing

—no

polishing. Coloured surfaces are ground
in turpentine in a mill, or on a stone

slab, and mixed with mixing varnish,
which costs about 6s. per gal. If an

emerald-green ground is required, some
let the first coat be of white-lead mixed
with varnish, and this is followed by
2 coats of the emerald-green without

any white in it. The coat of white

gives to the green a solidity which

could not be obtained otherwise, A
moderate heat is required, as these

varnishes will not become hard without

heat, but in no comparison to the heat,
nor the time required, for black varnish.

A vermilion ground is sometimes first

coated with orange-red, and one coat of

vermilion on that should be sufficient.

When the last coat is dry or hard, the

whole surface should be well rubbed
down with fine pumice sand, which can

be purchased from oil and colour shops ;

but it must be fine, and if necessary
dusted through fine muslin. What is

called a " bob
" must be made of a piece

of jean, large enough to hold in the

hand conveniently, and this must be

dipped into water and then into the

sand
;

this rubbed vigorously up and
down the work will make it quite
smooth. Use freely of the water, but

moderately of the sand. Afterwards

wipe all off cleanly with a wash-loather ;

and the surface will be found to be dull

but smooth. Exactly this method is used

likewise for black varnished surfaces.

The work is now ready for ornamenting,
if any ornamenting is to be done. If

not, it is ready for varnishing with the

clear varnish (not mixing), which will

at once brighten the surface which has

had to be dulled in the operation of

smoothing it. (Enij. Mech.)
(/) All wood-work intended to be

japanned must be prepared with size,

and some coarse material mixed with it,

to fill up and harden the grain of the
wood (such as may best suit the colour

intended to be laid on), which must be
rubbed smooth with glass paper when
dry. In cases of accident, it is seldom

necessary to re-size the damaged places,
unless they are considerable. Be very
careful, in japanning, to grind your
colours smooth in spirit of turpentine ;

then add a small quantity of turpentine
and spirit varnish

; laj^ it carefully on
with a camel-hair brush, and varnish it

with brown or white spirit varnish,

according to the colour. The colours

required are flake-wliite, red-lead, ver-

milion, lake, Prussian blue, patent yel-

low, orpiment, ochres, verditers, van-

dyke -brown, umber, lampblack, ami
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siennas raw and burnt. With these

you may match almost any colours in

general use in japanning. For a black

japan, it will be found sufficient to mix

a little gold-size with lamp-black ;
this

will bear a good gloss without requiring

to be varnished afterwards. To prepare

a fine tortoise-shell japan ground by

means of heat, take 1 gal. good linseed-

oil and I lb. umber ;
boil them together

till the oil becomes very brown and

thick; strain through a coarse cloth,

and set again to boil, in which state it

must be continued till it acquires a con-

sistence resembling that of pitch ;
it will

then be fit for use. Having thus pre-

pared the varnish, clean well the sub-

stance which is to be japanned. Then

lay vermilion tempered with shellac

varnish, or with drying-oil very thmly
diluted with oil of turpentine, on the

places mtended to imitate the more

transparent parts of the tortoise-shell.

When the vermilion is dry, binish the

whole over with black varnish tem-

pered to a due consistence with the oil

of turpentine. When set and firm, put

the work into a stove, where it may

undergo a very strong heat, which must

be continued a considerable time
;
if even

6 weeks or a month, it will be the better.

This tortoise-shell ground is not less

valuable for its great hardness, and en-

during to be made hotter than boiling

water without damage, than for the

superior beauty and brilliancy of
^its

appearance. {Painter, Gilder, and Var-

nisher's Compnnion.)
Metallic surfaces, Lacquering.—Following are miscellaneous recipes

for lacquering motn'lic surfaces of all

kinds. (1) For goll: 1 gal. alcohol,

J lb. turmeric; macerate for a week,

then filter, and add 2 oz. gamboge, 6 oz.

shellac, 1| lb. gum-sandarach ;
dissolve

in warm bath, and add 1 qt. common

turpentine varnish. For red lacquer use

IJ lb. annatto instead of the turmeric,

and 8 oz. dragon's blood instead of the

gamboge. (2) Pale : alcohol, 8 oz.
;

turmeric, 4 dr.
; dragon's blood, 4 scr. ;

red Sanders, 1 scr. ; hay saflrou, 2 scr. ;

shellac, 1 oz.
; gum-sandarach, 2 dr.

;

gum-mastic, 2 dr.
;
Canada balsam, 2 dr.

;

dissolve, and add 1§ dr. spirits of tur-

pentine. (3) The following is an excel-

lent lacquer for brass :—Seed-lac, 12 oz.;

copal, 4 oz. ; dragon's blood, 80 gr. ;

extract of red sanders-wood, 50 gr. ;
saf-

fron, 70 gr. ; pounded glass, J lb.;

spirits of wine, 2 qt. This is very dur-

able. (4) Pale : 1 gal. methylated

spirits of wine, 5 oz. shellac, 4 oz. gum-

sandarach, and 1 oz. gum-elemi ;
mix in

a tin flask, and expose to a gentle heat

for a day or two
;
then strain off and add

h gal. spirit to the sediment, and treat

as before. (5) Pale gold : 1 gal. methy-
lated spirits of wine, 10 oz. seed-lac

bruised, and | oz. red sanders ;
dissolve

and strain. (6) A paste is made of

finely-pulverized quartz, carbonate of

potash (or oxide of lead) and water,

according to the colour required. A
thin coat of this is applied with a brush

to the object, which is then placed in a

muffle, and heated to 1495° F. (811° C).

The articles emerge covered with a sort

of polished glass, which resists blows, and

which does not split nor scale off, while

it serves perfectly to protect the metal

against oxidation. (7) Petroleum es-

seiice, 1 lb.
;
boiled linseed-oil, J lb.

;

to be mixed cold. Metallic plates pre-

pared for lithography, &c., are brushed

over with this varnish (applied cold) ;

when dried by heating, it has a golden

yellow tint. iBul. Soc. Chim.} (8)

Green Varnish for Metals.—Finely pul-

verized gum-sandarach or mastic (the

latter, however, is too expensive for

some uses) is dissolved in strong potash

lye until it will dissolve no more.

The solution is diluted with water,

and precipitated
with a solution of

a copper salt, either sulphate or ace-

tate. This green precipitate is washed,

dried, and dissolved in oU of turpeu

tine, producing a fine green varnish

which does not change under the effect of

light, and will be especially useful for or-

namental iron-work. {Industrie BVdtter.')

(9) Green Transparent Varnish.—
Grind a small quantity of Chinese blue

with double the quantity of finely pow-

dered chromate of potash (it requires

most elaborate grinding) ;
add a suffi-

cient quantity of copal varnish, thinned
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with turpeutiue. The toue may be

altered by more or less of one or the

other ingredients. (10) Green Bronze

Liquid.
— 1 qt. strong vinegar, J oz.

mineral green, i oz. raw umber,
5 oz. sal-ammoniac, g- oz. gum-arabic,
2 oz. French berries, ^ oz. copperas ;

dissolve the whole in a pipkin over

a gentle tire, allow to cool, and then

filter. (11) Green Lacqvxer.
— Mix 5

oz. shellac, 6 oz. turmeric, 4 oz. gum-
sandarach, and 1 oz. each gum-elemi
and gum-gamboge in 1 gal. methylated

spirits ; expose to a gentle heat, strain,

add i gal. spirit to the sediment, and

treat as before. (12) Gold-coloured

Lacquer for Brass Watch-cases, &c.—6

oz. seed-lac, 2 oz. amber, 2 oz. gamboge,
24 gr. extract of red sanders-wood in

water, 60 gr. dragons'-blood, 36 gr.
oriental safl'ron, 4 oz. powdered glass,

36 oz. pui'e alcohol. The seed-lac,

amber, gamboge, and dragons'-blood
must be pounded very fine on porphyry
or clean marble, and mixed with the

l)ounded glass. Over this mixture is

poured the tincture formed by infusing
the saffron and the sanders-wood extract

in the alcohol for 24 hours, then strain-

ing. Metallic articles that are to be

covered with this varnish are heated,

and, if they admit of it, immersed in

packets. (13) For philosophical instru-

ments : 1 J oz. gamboge, 4 oz. saudarach,
4 oz. elemi, 2 oz. best dragons'-blood,

IJ oz. terra merita [terra meiita is the

root of an Indian plant ;
it is of a

red colour, and much used in dyeing ;

in varnishing, it is only employed in

the form of a tincture, and is parti-

cularly well adapted for the mixture
of those colouring parts which contri-

bute the most towards giving metals

the colour of gold ;
in choosing it, be

careful to observe that it is sound and

compact], 4 gr. oriental saffron, 2 oz.

seed-lac, 6 oz. pounded glass, 40 oz.

pure alcohol. The dragons'-blood, gum-
elemi, seed-lac, and gamboge are all

pounded and mixed with the glass.
Over them is poured the tincture ob-

tained by infusing the saffron and terra

merita in the alcohol for 24 hours.

This tincture, before being poured over

the dragons' -
blood, &c., should be

strained through a piece of clean linen

cloth, and strongly squeezed. If the

dragons'-blood gives too high a colour,
the quantity may be lessened according
to circumstances. The same is the case

with the other colouring matters. This

lacquer has a very good effect when

applied to many cast or moulded articles

used in ornamenting furniture.

Optical Work, Lacquering.—
If an article has been lacquered before,
that lacquer must, in the first place, be

removed, and the ai'ticle afterwards

carefully cleaned and polished. When
tlie brass has not been lacquered before,
it must receive before lacquering the

highest possible finish and polish, if it is

desired to make a fine job. This is done

by taking out the marks of the file

with finer and finer sorts of emery-
paper or cloth, then polishing with
rotten-stone or oil, and giving the article,

after this has been cleaned oft", a final

touch with a buft-stick and crocus pow-
der. The article must be carefully

wii)ed clean, and care taken that it is

nut touched with the fingers after this

has been done, as these would leave a

greasy mark. Care must be taken at

every step to invariably lay the succes-

sive strokes of the emery-cloth or paper
and polishers in the same direction.

When the desired degree of polish has

been attained, a quantity of lacquer is

poured into (say) an egg-cup, which is

a very convenient receptacle for the

purpose. A fine fiat camel-hair brush
is taken, and the article being gently
warmed and held on the left hand,
a small quantity of the lacquer is taken

up on the brush, and the brush is drawn
over the bi*ass with straight strokes,

always, if possible, in the same direc-

tion. The article may generally be

held by screwing a piece of wire into

some hole in it, and holding the wire

with a small hand-vice. As many coats

of the lacquer as desired may be given

by keeping the brass hot
;
the degree of

heat is an important element in the

success of the operation. Holtza))ff'el

says it must not be warmer than boiling
water ; but so far as my experiencti
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goes, I should say the heat of boiling
water would be too great. Considerable

skill is requLi'ed in lacquering well, and

that skill can only be attained after a

good deal of experience. The great
secret of lacquering for beginners, at all

events, is to take as little as possible of

the lacquer at a time on the brush,
have the article jjcrfcotly clean, a good
brush with no loose hairs in it, and not

make the article too hot.

Now as to lacquers. There are a

great variety of them. As a rule,

English brass-work is covered with a

very pale lacquer containing almost no

colour
; while, on the contrary, Conti-

nental lacquers contain too much colour.

Wray's is a very fine specimen of lac-

quering. It has, however, in it a fugi-
tive colouring material, and when a

certain time elapses, the brightness
leaves it. Zeiss's, again, has a great
amount of colour in it. Wray's looks

well when new
;
but it very soon fades,

and the colour becomes bad. The sim-

plest and best pale lacquer, Holtzapft'el

says, is made of shellac and spirits of

wine only, in the proportions of about

J lb. of the best pale shellac to 1 gal. of

spirit. It is, he says, required to be as

clear and bright as possible, and is

always made without heat by continuous

agitation for 5 or 6 hours. If not clear,
it may be filtered, and should be kept
out of the influence of light. It may be

coloured for yellow tints with turmeric.

Cape-aloes, saffron, or gamboge ;
and for

red tints with annatto or dragons'-blood.
What I have described is the process

adopted for lacquering the outside of

photographic lens mounts, or all those

portions of the brass-work where the

light does not pass. Tlie inside of the

mounts, however, is treated in a totally
ditferent way. We must have, where

light passes, a surface as nearly dead
black as can be got. This is obtained,
in the inside of the tubes, by mixing
finely triturated lampblack with the

lacquer used for the outside, and apply-

ing the black lacquer in one or more
coats with heat to the inside of the tube.

The result is a finely grained black sur-

face which reflects no light. As soon

as the surface has received one or two

coats, no more must be given, as the

repeated application of the lacquer
would make the surface glossy

—the

very thing which it is wished to avoid.

Tliis method of blackening the brass

does excellently for all portions which
are not to come into contact with the

fingers ;
but wherever the brass requires

to be handled, we must have recourse

to something difterent from lampblack.
One of the modes adopted for that pur-

pose is to bronze the articles. There
are various ways of doing this. Every
one must be familiar with the ordinary

greenish colour of gas-fittings which are

bronzed. The article is first thoroughly
cleansed from all grease, and then dipped
in vinegar or a strong solution of sal-

ammoniac, or sal-ammoniac and vinegar
mixed in the proportion of 1 to 3 oz. of

the sal-ammoniac to 1 pint of vinegar.

Holtzapftel says a quick bronze is made
with 1 oz. corrosive sublimate dissolved

in 1 pint vinegar. The best and most

rapid, however, of all the bronzing
liquids, is the nitro-muriate of platinum,
called " chemical bronze." It is known
in the shops as the ter-chloride of plati-
num. This produces the colour very
readily. All these methods, however,

merely give a bronze tint, and not the

black surface we should like to get. If

I take a piece of clean brass, and touch
it with the platinum solution, the

bronze effect is almost instantly pro-
duced

;
but it does not, in my hands,

produce black. The bronzing process
is invariably used with all articles put

together with soft solder. The method
I am about to describe requiring a con-

siderable amount of heat, the articles

must be without any soldered joints.
When I first began to " work in brass,"
a great many years ago, at the lathe, I

experienced much difficulty, sometimes
not being able to give some parts of the

articles I produced a sufficiently dead-

black surface, such as the setting of

lenses, lens-stops, and such like.

Merely bronzing in such a case will

not do, and lacquer and lampblack is

worse. I became acquainted with an

Edinburgh optician who had been taught
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his knowledge of brass-work fiuishing
for philosophical instrumenls in the

workshop of the late John Adie
;

he

knew no method except bronzing. At
that time he had a large business in the

sale of the student's Nachet and Hart-

nack microscopes, the brass stages of

which are, perhaps, the most beautiful

specimens of blackened brass which can

be produced. We wrote to Nachet, and
asked him how it was done, and, I think,
he replied that it was done by nitrate

of silver. We tried that, and failed.

There was nothing for it but to fall back

upon the bronze again. Some time

after, when the Eer. J. B. Reade de-

scribed his microscope kettle-drum con-

denser in the Proceedings of the Royal
Microscoi)ical Society, he incidentally
mentioned that those portions of the

mount which it was necessary to blacken

were blackened by nitrate of copper.

My friend and I tried it almost as soon

as I had read it, and we succeeded at

once in producing a black surface which
was everything we wished. I prepare
the solution by dissolving copper wire
in nitric acid, weakened by adding, say,
3 or 4 parts of water to 1 of acid. Tlie

article to be blackened is heated pretty

hot, and then dipped into the solution
;

it is then taken out, and heated over a

Bunsen burner or spirit-lamp. When
the article is heated to the proper tem-

perature, the green colour of the copper
first appears, and as the heat is in-

creased, the article becomes of a fine

dead black. It is not necessary to lac-

quer it. It seems better, to my think-

ing, to let it alone, just giving it a good

brushing to remove the dust, and it may
be considered finished. If, however, it

gets a single coat of lacquer, the colour

becomes blacker, and if there is not

sufficient put on to make the siirface

glisten;
—too much lacquer, however,

invariably produces an objectionable

polished surface. (W. Forgan.) See

also Workshop Receipts, pp. 74-76.

LANTHANUM.—This is ano-

ther member of the cerium group of

metals. About bh per cent, of its ox-

ide is present in orthite, SJ in cerite, and

3j ill gadoliuite. Its separation from

the associated metals is a very difficult

matter. Mosander obtained the metal
as a grey powder by heating the chlo-

ride with potassium ;
and Hillebrand

and Norton procure it in globules by
electrolysing the fused chloride. The
metal oxidizes slowly in water and in

nitric acid, whether concentrated or

dilute
;

it dissolves in hydrochloric and
in dilute sulphuric acid, but not in cold

concentrated sulphuric acid
;

its sp. gr.
is 6'163, and its colour is iron-grey; it

takes a high polish, but soon tarnishes
;

it burns brightly in a flame, and ignites
in chlorine gas ; finally, it can be ham-
mered into foil, but not drawn into

wire.

LEAD.— The two most important
sources of metallic lead are its natural

sulphide (galena) and its carbonate

(white lead ore). The ore, when mined,
is hand-sorted free from refuse, broken

small, and washed clean. It is then

treated by one of the following methods
for the extraction of the metal.

Oro-hearth.—The ore-hearth or Scotch

furnace is a form of blast-furnace well

suited for the treatment of ores contain-

ing little silica
;
here it is used on poor

ores, but on the Continent (Przibram in

Bohemia and Pesey in Savoy) it is em-

ployed on the richer kinds. It is one

of the simplest forms of furnace, as may
be seen from the illustration of it in

Fig. 135. It consists merely of a small

Fig. 135.

forge, measuring about 2 ft. high and

\h by 1 ft. in area, arched above to

allow the '• fume "
or vapours to be

carried throixgh long flues (sometimes

upwards of 3 miles), wherein much oxide

and sulphate of lead are condensed and
recovered. The operation involved is

simply oxidation of the sulphur com-
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bined with the lead, thus : PbS+ 20 =
Fb-1-S0„. The temperature necessary
is therefore but small, and must never

rise to such a point as to endanger fusion

of the sulphide. The ore is previously

spread on the bed of a reverberatory
furnace in charges of about 5 ton, and

gently roasted for some 8 hours with
constant stirring. By this step much
of the antimony and part of the sul-

phur are expelled, and the hot roasted

ore is raked out into a tank of water,
where it breaks up. Thus reduced in

size, it is charged into the ore-hearth,
Avhose sides and floor are lined with

cast-iron plates, leaving an opening
about 1 ft. high in front

;
this is occu-

pied by the " work stone," a sloping
iron plate, upon which the materials

are drawn for inspection as the opera-
tion proceeds. Quantities of 25 to 30
lb. of ore are introduced at a time, and

the druught is stopped every 10 minutes

to rake out half-fused and exhausted

matters, and to replenish the fuel and

mineral. The draught enters at a,

about midway down the back of the

furnace 6
;
c is the work stone

;
f^ is a

cast-iron i)ot which catches the molten

lead running from the floor of tlie

hearth, and heated by a separate fire c.

This plan is apt to entail considerable

loss of metal by vaporization and to

occasion un[ileasant fumes; but it is

eminently simple, the low temperature
renders the metal free from hard im-

purities, and requires but little fuel,

which maybe of the poorest description.
In Scotland, peat blocks are used, the

furnace being filled with them at start-

ing. The first charge of ore is
"
browse,"

the mixture of cinders and half-fused

ore from a previous operation ;
this is

immediately preceded by a little coal,

to momentarily increase the heat. At
short intervals the charge is withdrawn
on to the work stone for manipulation.

Shining glassy lumps of '•

grey slag
"

(a mixture of silicates of lead and lime)
are picked out for treatment at a higher

temperature in the "slag hearth"

(p. 342) ;
and the cleansed browse is

returned into the furnace. A little

lime is added to regulate the readiness

with which the browse fuses, according
to circumstances. Each time a new
charge is introduced, the entrance to

the blast-pipe is closed to exclude dust.

According to Dr. Ballard, the ore

hearth appears to be the only plan
adojited for lead-smelting in Scotland,

Northumberland, Durham, and Cum-
berland. Tlie form used by Cookson
and Co., of Howdon, near Newcastle, is

shown in Fig. 136. It consists of an

oblong cast-iron tank or well a, about
2 ft. G in. wide, 2 ft. from front to back,
and 6 in. to 1 ft. deep, capable of con-

taining 12 cwt. to 2 tons of lead, with
which it is filled to the brim, the

surface of the lead forming, in fact, the
floor of the hearth. The floor thus
formed is enclosed at the sides with
blocks of cast iron, and another block

of cast iron is placed behind, and is

perforated for the passage of the twyer
6, which conducts the blast into the

furnace about 2 in. above the surface of

the lead in the well. A brickwork shaft

c proceeds upwards from the hearth to

the flue, and behind it is blind flue or

pit d, into which the "hearth ends"

(dusty matter which comes oft' with the
" fume ") may fall, and from which it

is removed as convenient by the door c.

The front opening to the hearth is some-
times provided with a sliding shutter /,

which, by means of a counterpoise, can
be raised or lowered in its grooves so

as nearly to close in the front of the

hearth. Extending forwards from the

front of the hearth, and inclining down-
wards at an angle from it, is an iron

plate called the "fore-stone
"
or " work-

stone," in which is a groove h leading
towards an iron pot ?', kept hot by a

little fire j beneath. The ore is fed in

either from the front or through a

hopper k at the side. The chimney of

the fire which keeps the lead pot hot is

shown at I. The fuel used may be either

peat or coal, the latter being general.
A fire being made upon the hearth, and

piled up chiefly behind, a moderate blast

is put on, the ore (sometimes previously

calcined) is thrown in, and the shutter

(if there be one) is let down. After the

lapse of a few minutes, the workman in-
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trodiices a poker and stirs up the fuel

and ore, and from time to time repeats
the process with fresh small quantities
of ore, adding fuel as it appears requi-
site. At intervals of a few minutes, he
raises the shutter, draws forward a

Fig.

portion of the charge on to the fore-

stone, and picks out from it portions of
"
grey slag," which he pushes aside and

Tiltimately throws ofi' on the floor of

the works-hoj) at the side of the hearth.

As the lead forms, it runs into the well,

136.

and overflows along the channel of the

fore-stone into the pot set to receive it,

from which it is ladled into moulds.
It is a process which requires constant

manipulation of the charge, 2 workmen
being continually occupied in adding ore

3

or fuel, poking up the charge, &c., at

intervals of a few minutes. Lime is

used, as in the Flintshire process, to

thicken the slags. (Dr. Ballard's

Report.)

Bevcrheratonj furnaces.
—The empiov-
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ment of reverberatory furnaces for

smelting galena depends upon the

double decomposition of the lead sul-

phate obtained by the roasting and of

the non-oxidized sulphur when these

two react on each other. It can only
be applied to ores containing 55 per
cent, of lead and at most 4 to 5 per
cent, of quartz or clay, otherwise there

results a formation of lead silicate

difficult to reduce. The presence of

blende or pyrites produces oxysulphides
which render the slag more tluid

;
this

mechanically holds some grains of lead,
whence the necessity for liquation as

practised at some works. Gruner pre-
fers to treat these rich residues in a

shaft furnace, and to avoid the liquation.
The rapidity of the reverberatory method
differs much in different localities : it is

slow and gradual in Carinthia, more

rapid in Brittany, and much quicker
still in British, Spanish, and Belgian
works.

In Carinthia, the process is as follows :

A charge is made of an ore contain-

ing a little blende and pyrites, as

gangue, to a depth of about 2 in. on

the inclined floor of the furnace
;

the

roasting is conducted slowly for 5 hours,
followed by stirring up for another 4 or

5 hours. By reason of the moderate

heat of the roasting, the lead suli>hide
is only partially reduced ;

in the presence
of the lead sulphate formed, a certain

quantity of lead oxide remains in the

bath, and sulphuric acid is disengaged.
At the moment of stirring, the temper-
ature rises

;
there is then complete

reduction and decomposition of the lead

oxide, with formation of metallic lead,
a result which may be expressed by the

following equations :

2 PbS-f2 PbO . S03+ 30 = Pb2S+
2 PbO-f-3 SO3

and PbS + 3 PbO =:: 4 Pb 4- 3 SO3.
This last equation ])oints to the pro-

portions of oxide and sulphide desii-able

to maintain after the first period.
There remains on the bed, after the re-

action which follows the stirring, an

appreciable proportion of rich cinders,

containing about 40 per cent.
;
these are

set apart for ultimate treatment by

liquation. In Carinthia, the heating
is done with wood

;
in some experiments

in Belgium with this furnace and with

a view to avoid the extreme slowness

which characterises the Carinthian

method, coal was employed ;
in this

case, the air necessary for oxidation,

instead of passing through the grate, is

admitted by holes immediately into the

furnace.

The Breton process being no longer
in use, since the closing of the Albert-

ville and PouUaouen works, it requires
no description. Suffice it to say that it

differs from the preceding in the roast-

ing being performed more rapidly and

at a higher temperature, resulting in a

smaller yield and a less pure product.
At Albertville, use was made of a fur-

nace with a double hearth, one half for

the roasting and the other for the re-

action
;

this principle was also tried in

Carinthia, because it gives a certain

economy of fuel. An attempt was made
to superpose the second hearth, but this

was not successful.

The English process, properly so

called, employs furnaces with an inter-

nal basin furnished with 3 working doors

on each face. The object is not to raise

the temperature too high at first, so as

to produce lead oxide, as in the Carin-

thian process, followed by gentle heat to

obtain the metallic lead. There is thus

a succession of distinct periods of roast-

ing and reaction, and is finished by

adding a little slaked lime to cement

the mattes
;
there remain rich cinders,

which are feebly liquated and treated

in a blast furnace. The fault of the

English method is a too rapid action
;

some lead is liberated before the roast-

ing is finished, and consequently there

is a premature softening of the mass,
which impedes the subsequent roast-

ing ;
this entails a loss of lead which

more than compensates for the gain in

economy and rapidity of working. (The

English process deals with a ton in

7 hours, while the Carinthian method

only treats a charge of 4 cwt. in 9 or

10 hours.)
The English method has long been

applied on the Continent. In Belgium,
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for instance, they use long furnaces

provided with a fire at each end, and
in which the operation is conducted as

if there were 2 distinct furnaces joined

together. They experience great waste
of lead by the rapid heating and im-

perfect roasting, and afford another

proof of the necessity for roasting

slowly and in one operation at a low

temperature. Applying this principle
to the English furnace, very good re-

sults have been secured at theTarnovitz

works, Upper Silesia. The arrangement
of the furnace is shown in Fig. 137.

Owing to tiie nature of tiiu ore, which
contains about 40 per cent, of carbonate

and sulphate of lead, the first roasting

period is somewhat reduced, but is

nevertheless much more gradual and

prolonged than in England ;
it is in-

deed pushed to that point at which the

correct proportions of sulphide and
oxide are obtained for the final reaction.

In the figure, a is the fire
; 6, the bed

of the furnace
; c, the well ; d, hopper ;

c, working doors.

Prof. Huntington describes the Eng-
lish furnace as having a hearth about
8 ft. by 6 ft., separated from the fire

by a bridge rising to within 18 in. of

the arch, the latter gradually descend-

ing towards the chimney till it is only
6 in. above the hearth. The coaling
door and ashpit are on opposite sides of

the fireplace, known respectively as the
" labourer's

"
and the "

working
"

side.

The hearth is lined with slags from a

previous operation, spread while still

pasty, and in a manner to leave a de-

pression where the molten lead can

collect, and whence it may be tapped
into a receptacle placed outside. The

operations are divided into 4 consecutive

stages or "fires." (1) After lead has

been tapped, and while

the furnace is still

glowing, about a ton
of fresh ore is charged
in through the hop-
per, a little coal being
meantime pat on the

fire to maintain a mo-
derate heat without

sufficing to fuse the

galena. After consi-
' ' '^''

' "
derable roasting, the

skimmings from the outer receptacle, con-

sisting mainly of a mixture of sulphur
and lead, are thrown in upon the charge,
and are rapidly attacked by the oxide

and sulphate, occasioning separation of

metallic lead. The charge is stirred at

intervals, and some small coal is occa-

sionally scattei'ed on it to regulate the

oxidation. At the end of one hour,
most of the lead is run olT; after IJ
hour, the ore is thoroughly stirred up
from both sides

;
and at the end of 2

hours, the first fire is complete. (2)
The heat is urged to bright redness,
when the sulphide present reacts on
the oxide and sulphate, and liberates

much of the metal
;
the working and

calcining endure about 1 hour, a little

quicklime being introduced to help
stitlen the unreduced portion, (o) The
fire is driven still more fiercely for

about f hour, when the slags are again

spread, and more lime is thrown in,

combining with any silica present, and

diminishing the fusibility of the mass.

(4) The fire is driven to the utmost for

f hour, when the lead is tapped out,
Z 2
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and the slags are dosed with lime to

cause their partial solidification, when

they are withdrawn. A little coal

being thrown in to deoxidize any lead

oxide remaining, the furnace is ready
for another cliarge. The wliole opera-
tion lasts about 5 hours, and consumes
about 12 cwt. of coal per ton of ore.

Di'. Ballard describes the use of the

reverberatury furnace under two distinct

headings
—the Flintshire process aiid

the Cornish process. The former is

adopted in North and South Wales,

Yorkshire, Shropshire, and Derbyshire.
The latter is apparently peculiar to Par,

Cornwall, and differs in some respects.
It requires 2 revej'beratory furnaces :

the first, with a flat floor, is used for

calcining the ore, which, after calci-

nation, with addition of a little lime to

prevent clotting in the early stage, is

.'.rawn out and introduced into the

second or "
flowing

"
furnace. This

latter resembles the ordinary Flintshire

furnace (Fig. 136), but the charge,
mixed with culm (small anthracite),
is introduced through doors opposite
the tap-hole, instead of by a hopper in

the roof. The charge is at once melted

down with closed doors and strong heat.

At a certain stage of the smelting,

scrap-iron is intro<luced into the well

of the furnace. The products, which
are all run at one time from the tap-
hole, are : first, lead

;
then a regulus or

matte, consisting chiefly of iron proto-

sulphide, but containing other metals,
such as copper and silver, present in

the ore; and lastly, a slag, which, since

it is
'• clean

"
(/.c contains only 1 to l^-

per cent, of lead), is thrown away. At
some works, the first stage of the smelt-

ing, in which the greater part of the

lead is got out, is performed by the

Flintshire process, and the grey slag
drawn out is then treated by the Cornish

process. (Dr. Ballard's Report.)
Blast Furnaces.—A characteristic of

working by fusion is the necessity of

producnig as far as possible only proto-

silicates, and not bisilicaies, as in work-

ing by roasting and reaction. On roast-

ing a quartzose ore, a great part of the

leal is already in the state of silicate,

and its precipitation will be more diffi-

cult according as the proportion of silica

definitively combined is higher. As to

the reduction, it is obtained by either

iron or lime. The lime has a more

energetic action, and the introduction of

a ferrous flux renders the ashes more
corrosive

; but, on the other hand,

slightly ferrous fluxes are more fusible,

consequently the working can be done

at a lower temperature, and the vola-

tilization of lead is diminished. Finally,
in treating blendic ores, the ferrous

element combats the decomposition of

the zinc silicates formed in the roasting,
and as a consequence reduces the vola-

tilization of this metal, which always
carries away a certain amount of lead

with it. In any case, very corrosive

scorise are produced, necessitating ener-

getic measures for preserving the

twyers and sides. On this account it

will be interesting to describe the stic-

cessful plan adopted by Baron at the

Pisa works. These treat quartzose and

pyritous ores coming from the mines
of Pallieres, mixed with others from
Sardinia. He commences by roasting
in reverberatory furnaces, 23 to 40 ft.

long and 6 ft. wide, with doors on one

side only. This roasting is pushed to

the point of cementing the matters, but
not to fusion, which would render the

ultimate reduction more dilficult. For
the fusion, after employing a Castilian

furnace 6 ft. high and 3 ft. in diameter,
blown by 2 or 3 twyers. Baron was led

to increase the height of the furnace,
and to close the threat by a charging
door, as well as to replace the refractory
bricks at the level of the twyers with

cast-iron sides cooled by a current of

water.

The only kind of high-blast furnace

seen in use in England by Dr. Ballard is

the Piltz furnace, shown in Fig. 138. It

is adapted for highly argentiferous ores,

and is much employed in the United

States. It is charged through the top

opening with ore, fuel, and an appro-

priate flux (iron in some form being

essential), quite up to the top, into

which an iron chimney a is introduced

3 or 4 ft., to catch any fume and conduct
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it into the flues. The reduction of the

metal takes place a little above the

level of the twyers 6, and the metal and

slag, with a regulus or matte, collect in

the well c below, whence they are run

ofl. At the Sheffield Smelting Co.'s

works, a form of blast furnace, in use

for smelting rich argentiferous ores, is

much lower than the Piltz, and is

closed at the top, whence proceeds a

flue for carrying off the "fume." A
peculiar form of water-jacket is provided
to prevent the destruction of the sides

in the neighbourhood of the twyers.
The jacket is made of cast iron, and has

a number of inclined shelves, over which
flows a stream of water. The water
enters cold by a pipe at the top, and
flows away nearly boiling by another

pipe at the bottom, available for feeding

a steam boiler. Omitting the water-

jacket, a similar furnace is employed at

Snailbeach for smelting slags. (Dr. Bal-
lard's Report.)

Frecipitation.
—This method consists

in precipitating the lead in a metallic

state by another metal capable of taking
its place in the chemical combinations.

Iron complies with this requirement,
and the operation is conducted in a blast

furnace. The iron is added either in

the form of scrap, more or less oxidized,
or as cast-iron, or even as ore

;
but

whatever the material which furnishes

the iron as an element of precipitation,
the process is costly, besides producing
a certain quantity of cinders, which
increases the loss of lead and silver.

It is therefore only in special cases, for

treating very quartzose, slightly argen-
tiferous and cupriferous ores, or where
fuel is scarce, that the precipitation
method could be preferred to those of

roasting and reaction, or roasting and
reduction.

With a view to economy, the cheapest
iron matters were long used

;
but this

plan has been given up on account of
the excessive corrosion caused, and the

rapid destruction of the twyers. It was

only in 1866 that attention was given
to the employment of streams of cold

water in the twyers or in contact with
the sides. The experiment was made
on a Raschette furnace, and succeeded

perfectly. The Raschette furnace (Fig.

139) is used at Altenau, in the Harz. Its

length is about 7 ft.
;

its breadth, which
descends to 3 ft. at the level of the

twyers, reaches 4 ft. 9 in. at the level

of the throat
;
each face is provided with

5 twyers arranged in quincunx order.

It is claimed that this system largely
increases the production of metal, re-

duces the lead contents of the mattes,
and permits the use of iron cinders in-

stead of cast or scrap iron. This latter

point once accomplished at Altenau, fur-

ther experiments were made with other
furnaces when provided with water

twyers and tanks. At Clausthal, in

particular, these efforts were crowned
with success. The emi^loyment of a

Raschette furnace with this object is
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thus not au essential ;
but it is well to

approach at least its bell-mouthed form,

ill order to reduce the losses by priming,
and to obtain mattes and cinders poor
ill lead by reason of the complete re-

duction of the iron oxides.

1^^

Tlie use of ferruginous cinders has

much reduced the cost of the precijtita-

tion process ; nevertheless, tlie losses by

slagging and volatilization have always
remained high, and it is conceded that

pure and rich ores should by preference
be treated by roasting and reaction. If

these ores are silicious, this latter me-
thod becomes inconvenient; but the

precipitation method oilers anotlier ditfi-

culty
—the necessity for subjecting the

mattes obtained to long operations,
whence result new losses of metal.

Therefore in many works, the plan is

adopted of having a preliminary roast-

ing for silicious ores. Precipitation by
ferruginous matters entails special diffi-

culties if the ores are blendic ;
the zinc

sulphide generally concenti-ates in the

mattes, passing equally into the cinders,

both which become very pasty ;
but at

the contact of the lead cinders there is

produced zinc silicate, and during this

transformation a part of the zinc oxide

formed is rediiced by the fuel, giving
metallic zinc, which vaporizes. By em-

ploying cast iron, the direct action of

the iron on the zinc sulphide suffices to

bring about the formation of metallic

zinc. Finally, abundant vapours of zinc

arise, of which a large proportion arrives

at the mouth alter having escaped a

new oxidation, and carry away at the

same time much lead and silver. There

are hardly any but the slightly argen-
tiferous copper ores which lend them-

selves well to the precipitation process.

The copper remains in the state of sul-

phide in the mattes, where it concen-

trates, and these are subjected to a

special treatment for the recovery of

the copper •,

but it is still necessary that

these mattes be not too abundant
;
that

is to say, that the i)roportion of pyrites
contained in the ore remains within

certain limits, otherwise a preliminary

roasting would still be required to

eliminate part of the sulphur.

Slag Smelting.
—In smelting the slags

and cinders resulting from the foregoing

operations, the object aimed at is the

quantity of lead recovered without

regard to its quantity ;
hence a A'ery

high temperature is adopted. The fur-

nace employed, as will be seen from

Fig. 140, bears a strong resemblance

in general outline to the ore-hearth

(Fig. 136, p. 337). Its dimensions are

36 in. high, and 26 by 22 in. in internal

area. The bottom a is a cast-iron plate

covered with 16 in. of closely jiacked

porous cinders, which latter permit the

molten lead to escape further oxidation

while restraining the slag. The sides 6

are of sandstone. The molten metal

escaping from a gains an outer re-

servoir c,
which is cinder-lined in like

manner, and thence runs into the iron

melting-pot d, heated by a distinct fire.

The accumulating slag flows off the

cinder lining in a and c, and collects in

a tank of water e, which causes it to

break up so that the lead caught in it

can be waslied out. The fuel used is
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peat, and a blast is introduced from the

rear about 4 in. above the cinder bed.

Coke is employed to urge the heat before

charging in the slags. Prof. Huntington

gives the ordinary charge as 100 parts

Fig. 140.

reverberatory slag, 20 of coal ashes, 13

of lead-imj)regnated clay hearth of old

furnaces, and 5 of rich slag from a

previous operation. The rationale of

the process is as follows :
—The silica and

alumina of the clay and in the coal

ashes combine with the lime and iron

oxide in the reverberatory slag to form

a very fusible slag ;
the lead is rendered

metallic chiefly by the reducing action

of the hot carbon on the lead oxide. In

arranging the charge an effort is made
to keep the coke in front and the slag
at the back. In order to carry the

draught up the middle of the charge,
the twyer is allowed to form a pro-

longation of itself, termed a "
nose,"

which it does by gathering molten slag
on its end and chilling it to the solid

state
;

this is only effected when
the blast is at the right tempera-
ture, about 300° F. (149° C), for

if too hot no solidification will take

place, and if too cold the nose will grow
too long.

Another form of furnace is used for

treating slags in and around Newcastle.

It is variously known as the " econo-

mico," or Richardson's, and is a modifi-

cation of the Castilian, being a blast

furnace provided either with a blowing
engine and 3 twyers, or a chimney and
half-a-dozen draught-holes. The body
is of firebrick, circular in form, 8j ft.

high and 2| ft. in diameter
;
the bed is

covered with tightly rammed clay and

coke-dust, dished in the middle. The

ore, previously roasted, and containing
not over 30 per cent, of lead, is charged
in at the top ;

the lead collects in

depression, and is tapped out at in-

tervals, while the slag runs over the
side wall of the hearth into cast-iron

trucks.

Condensing Vapours.
—The fumes pro-

duced in the various metallurgical

operations with lead contain in suspen-
sion extremely minute particles rich in

lead, sometimes in such proportion as

to amount to 7 per cent, of the total

product of the works. Much of the

solid material of the fume given off

from the smeltiug-furnaces and slag-
hearth collects in the flues of the works,
and being very rich in lead, is from
time to time taken out and smelted,
but separately from the ores, since it

contains metallic impurities such as

zinc, arsenic, and antimony, which
render the lead produced from it hard
and unfit to mix with lead produced in

the earlier processes.
French and Wilson, of the Sheffield

Smelting Co.'s works, have studied the

physical nature of lead-fume as it pro-
ceeds from the blast furnace used at

tliese works. It consists of polished

spheroidal particles, very uniform in

size for the specimens taken at the same

time, although those taken at different

times frequently differed greatly. The
smallest were about ^jjl^ iu. in diameter.
After passing along a flue for about
GO ft., these particles begin to aggre-
gate into flakes, which become more
numerous and larger as the distance

from the furnace increases. Lead-fume

appears to have no definite composition,
as the proportion of its constituents

varies in every specimen. French gives
the following results of analysis of 2

specimens of fume proceeding from blast

furnaces ;
—
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a. b.

Lead oxide -H-SO 68-35

Zinc oxide 4-80 1-80

Bismuth and copper oxides . 1'52

Iron oxide trace

Lead sulpliide 2-25

Lime 2-63

Alumina. lO-OO 5-40

Arsenic and antimony oxides 3-03

Sulpliuric anliydride (SO3) . 28-81 16-84

Insoluble silicious matter . 9-00 2-25

101-96 99-52

Lead-fume may also contain a little

gold, and as much even as J to 1 per
cent, of silver. When fluorine is pre-
sent in the ores, or when tiuor-spar is

used as a flux, silicon fluoride will be

present as a gaseous element in the

fumes, but it will be decomposed by any

watery vapour present, as it is in the

flues of artificial manure-works.

Following is the composition of lead-

fume collected in the flues of the Bagillt
Lead Works, where reverberatory fur-

naces are used :
—

a. h.

Lead protoxide 46-54 62-26
Lead sulphide 4-87 1-05
Iron aud alumina sesquioxide 4-16 3-00
Zinc oxide 1-60 1-60
Lime 6-07 3-77

Sulphuric acid 26-51 25-78
Insoluble residue . . . . 10-12 1-97

(Dr. Percy) 99-87 99-43

The lead exists in the fume almost

entirely as sulphate, so that the pro-
blem involved in its treatment for the

recovery of the lead it contains is simply
the reduction of that salt. Where the

ore-hearth is in use, the material is

merely wetted to make it agglutinate,
and is then smelted much in the same

way as the original ore. Where the

reverberatory furnace is in use, it is

smelted in this furnace. At Wass's

Alderwasley Works, where poor ores

and slags and varioiis refuse matters

are smelted down in a slag-hearth, more
with the object of making fume (which
is carefully collected) than to obtain

lead directly, the smelting of the lead-

fume collected and subsequently stored

as a pasty mass, is conducted as fol-

lows:— It is charged on to the revei--

beratory furnace in the usual way, and
heated or calcined for about an hour

with occasional rabbling, ixntil the whole
has become melted aud run down into

the well. This part of the operation
lasts about an hour. Fine slack is then

added, and the whole is pushed back

upon the floor of the furnace, and the
heat is urged, when the lead separates
and runs down into the well. The slag
which forms is raked out by the doors

opposite the tap-hole, and is added to

the matters which are treated in the

slag-hearth. The operation lasts 3|
hours and upwards. Care must be
taken that solid fume does not pass otf

with the sulphurous gas into the air.

The essential element of condensation

or collection of the fume is a very long
flue, in the construction of which it is

well to make provision for retardation

of the current of gases through it in

their way to the chimney. Such pro-
vision may be made by giving a large

capacity to the flue, by giving it an

angular or zig-zag course, by inter-

polating large chambers which are best

placed at the far end of the flue, or zig-

zags in its course, by introducing baulks
or mid-feathers here aud there, against
which the current may impinge, or by
hanging within the flue such things as

iron hooping, bushes, old nets, &c., upon
which the solid matters may be de-

posited. These various contrivances are

adopted at diflerent works. French

says that invariably the fume is most
abundant where the gases have sutfered

the greatest friction and fall in tem-

perature. That this fact causes the

fume to settle is also proved by the
increased escape into the air for some
time after the flues have been swept
out. This has been proved by assays of

the smoke, and is apparent at the top
of the chimney to the eye. At many
works some kind of arrangement for

washing or damping the fume is adopted
in addition. As to the value of this,

however, opinions among lead-smelters

difler very remarkably. Some of the

largest smelters are satisfied that as

good results are obtainable by dry flues

as by the use of water in addition.

A. 0. Walker (who merely uses some
steam produced by the evaporation
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of water in his flue) says that the

damp acid gases have injured his brick

chimney-shaft, through which obviously
6ome percolation has taken place. French

goes further, and says that the use of

steam in the flues is positively injurious
to the deposition. He has carefully
examined flues in order to determine

this point, and has found, less deposit
in the parts where the steam has con-

densed into water than in the drier

parts. The following particulars of the

methods of condensation adopted at

some works where that subject is most

carefully attended to may be usefully

given. The figures are to be regarded

mostly as approximate :
—

1. Smelt by reverberatory furnace.

Aggregate length of flues (much of

them underground), 2 miles
;

for the

most part 7 ft. high by 6 ft. wide, but

in some parts they are 10 or 12 ft. high.

Early in their course the fume is made
to pass thi-ough a number of shallow

flues, at the bottom of which a layer of

water is kept constantly supplied ;
the

heated air converts some of this water
into steam, which is carried forward

with the fume. The greater part of

the flue is disposed in the form of a

lu'li.x, from the first part of which a

branch or " relief-flue
"

passes away to

a zig-zag of 20 rows or bendings, each

of which being 14 yd. long (the length
of the zig-zag), gives a total of 280 yd.
of this arrangement. Old iron hooping
is festooned upon iron rods within the

flues of the zig-zag. The zig-zag
terminates near the last coil of the

helix. Fi'om the helix a straight flue

conducts the fume up the side of the

hill to the summit, where is a brick

chimney-shaft 267 ft. high.
2. Smelt with ore-hearths. Formerly

water condensation was used, but damage
having resulted to the foundations of

tlie works, it was abandoned, and dry
condensation substituted. The flues are

arranged in a block, and in the form of

a zig-zag ;
5 tiers of such zig-zags, one

above another, having been built up,
each tier consisting of 5 passages. The
fume enters the nearest passage of

the top tier, passes backwards or for-

wards along the 5 passages, and then

drops down to the first passage of the

tier below, and so on to the bottom. It

then goes through a series of 4 chambers,
from the last of which a straight flue

conducts it up the side of a hill to the

summit, where it terminates in a chim-

ney 120 ft. high ;
the height of the hill

is 110 ft. Following are particulars of

the size of the flues and chambers, and
the rate of passage of the fume through
them :

—
Length. Width. Height. Capacity.

ft. ft. in. ft. in. cub. ft.

Flues . . 2610 X 4 8 X 9 = 100,020
Bu. . . 1530 X 2 8 X 5 6 = 22,440
Pc). . . 180 X 4 8 X 5 = 4,200
L)0. . . 360 X 7 X 8 =: 20,160
Chambers 43 X 30 X 20 = 25,800

Do. . 27 X 15 X 23 = 9,315
Do. . 24 X 15 X 14 = 5,040
Do. . 20 X 15 X 20 = 6,000

4794 202,575

The volume of gases passing into the

condensing-flues is 920 cub. ft. per
minute; hence the length of time re-

quired for the gases to pass from the

smelting-furnace to the exit at the

main chimney is 3 hours 39 minutes.

The condensation here is very efiectual.

Cookson finds it more economical in

the long run to roast the ore before

smelting in the ore-hearth, notwith-

standing that this process increases the

cost of the smelting 34 per cent. Es-

pecially in the case of roasted ore, his

exit-gases are remarkably free from

(solid) fume, whereas in the case of raw
ore the escaping fume is greater than
that of the roasted ore, even taking into

consideration the original quan*:ities of

fume made. Following are particulars
of the results obtained on smelting 400
tons of ore, all the same assay, Aaz., 81

per cent., half of which was smelted

raw, and half after having been roasted.

These particulars are quite reliable, as

extreme care was used :
—

200 tons, 200 tons,
Roasted. Raw.

Lead, first fire . . . 73-10 60-80
Do. in grey slag , . 2-50 1-80
Do. in fume, hearth) ,..„ ,o,,n

ends, top, &c A ^'^^ 18 >«

81-OOVo 81-OOVo
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In the case of raw ore, the " hearth

ends
" were a large item, but very

small and very much less in the case of

the roasted ore. The proportion of

fume (including
" hearth ends ") made

is as 1, in the case of the roasted ore,
to 3-28 in the case of the raw ore

;
but

the testing of the exit-gases at the

chimney showed that the fume escaping
was as 1 in the case of the roasted ore

to 3-35 in the case of the raw ore.

3. Smelt with the ore-hearth. The
fume is passed through 3 large cham-

bers, the first with 3 divisions and the

others with 4, and the fume is made to

pass through these chambers in succes-

sion on its way to a wooden chimney
attached to the works, and 85 ft. high.
The following is approximately the size

of the chambers in feet, viz. :
—

„,,„,,. T „„„.,. Width.
Cubical
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little more than nominal, consisting of

narrow showers of water passing here

and there into the flues. It is sufficient

to damp the fume with steam, but not

to effect much more. French saj^s that

practical results accord well with the

theory that rain-drops, with their com-

paratively enormous surface tension, are

ill adapted to collect the extremely
mobile particles of fume they encounter
in their descent. It is also less easy to

condense the fume proceeding from a

reverberatory smelting furnace than
from ore-hearths, since in the former
case the efficiency of the smelting is

dependent upon the strength of the

chimney draught, while in the latter

the draught need only be moderate, and
the supply of air is given by a blower
in just the moderate quantity requisite,
and is strictly under control. But
while the solid element of the fume can

be arrested in the way described, long
flues have no influence in arresting the

escape of sulphurous acid from the

chimney, and ordinary modes of wash-

ing with water fail to remove more
than a moderate proportion of it. Pro-

bably such washing will remove more
when the ore-hearth is used than wlien

the reverberatory furnace is used, since

in the former case the acid is less di-

luted with air. Hence it is important
that the chimney in which the flue ter-

minates should be removed to a good
distance from habitations, and, if it be

pi'acticable, should be erected on the

summit of some neighbouring hill.

A method of condensation devised by
Wilson and French is in use at the

Sheffield Smelting Co.'s Works. One

great advantage it possesses is that it

occupies little space. The principle of

the condensation lies in this, namely,
that the gases from the furnace carrying
solid particles of fume with them are,
after due cooling, forced through water
in such a way that the water and fume
are brought into very close contact anel

thoroughly mixed
;
the solid element is

thus efl'ectually wetted and retained in

the water, and the soluble gases are, as

far as the dissolving power of the water

permits, dissolved. Fig. 141 represents

the condensing a])paratus as it stands.

The condenser consists of a wooden box
or case a, having a shelving bottom
where the solid matter arrested collects,

and a tap 6 at the lowest point, by which
the contents of the condenser are from
time to time run ofi". The case is filled

with water to the level of c. The box

is fitted at d with a series of 3 or 4 copper

Fii;. 141.

wire-gauze screens, which are supported
in a horizontal position between / and e;

/ is a partition reaching from the top to

a depth of 3 ft. 6 in., and the whole widtli

of the bos, so as to form, with the wall

of the case a, a broad channel g, into

which the gases first enter from the

pipe h. From the lower part of this

channel, a horizontal series of triangular
wooden tubes i pass forwards beneath
the screens, and are provided at the top
surface with perforations through which
the gases pass out from them, and then

through the screens (which are im-
mersed in the water) and water, to be

finally discharged by the pipe/, which
leads to the chimney of the works. An
open space k, formed by the side of the

case and the plank e which supports the

triangular pipes and the screens, acts as

a return or overflow channel for the

water which is set in motion by the

ascending current of gases : this pro-
motes the subsidence of fume to tlie
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bottom of the bos, and prevents at the

same time a considerable amount of

saltation of the water above the gauze,
which would tend to wear it out.

The cooling arrangement in use at

these works is as follows :
—The smoke

from the furnace passes by a wide in-

clined flue to the bottom of the first of

a series of 4 upright tubes, through
which it passes in succession from the

top of the first to the top of the second,
and from this to the bottom of the

third, and so on. The cooling tubes are

made of boiler-plates (being simply old

boiler-tubes), and they are placed verti-

cally, merely with the object of saving

space and to facilitate cleaning, since all

the fume which settles there is found in

cavities prepared for its reception at the

bottom of the supporting brickwork.
From the cooler, the smoke passes

through a wrought-iron pipe to a

blower or fan which is worked by a

direct-action engine, and which forces

the smoke into and through tlie con-

denser.

With respect to the working results

of the apparatus, French says that the

quantity of lead, silver, &c., arrested

amounts to 95 to 98 per cent, of that

contained in the smoke as it leaves the

furnace, and frequently even 95 to 98

per cent, of the metallic contents as

they enter the condenser, without taking
into account that which deposits in the

flue leading from the furnace to the

condenser. These results are obtained

when the smoke is made to pass through
a depth of 8J in. of water and 3 wire-

gauze screens. With greater depths of

water and the same number of screens,
as high percentages as 99 and 99-5 have
been caught. With smaller depths, the

results are lower, but still very satis-

factory. The power required to work
a condenser capable of condensing 95 to

98 per cent, is about 2 h.-p. for each ore-

hearth or reverberatory furnace. Bell

was commissioned by the Sheffield

Smelting Co. to test the capabilities of'

the condenser and its adaptability to

their work. He tested tlie smoke im-

moiliately before it entered the con-
denser (station 1), and as it left it

(station 2), using the depth of water

generally employed, viz., 7 in. above
the perforations of the triangular pipes.
He found that with this depth of water,
93 to 93f per cent, of the metallic lead

was arrested
;
he took no account of the

fume which was deposited in the flue

between the furnace and the condenser,
the quantity of which usually varies

from J to ^ of the total amount of

fume which leaves the furnace. In

order to condense the remaining 5 per
cent, of fume (not arrested when 7 in.

of water are used) a little extra depth
of water (say 8^ in.), and therefore an
extra blowing power, would be requisite ;

but this would add only about Is. 6(/.

per 24 hours to the cost of working,
and the extra cost would be in many
cases repaid by the additional saving of

fume. Bell also found that the con-

denser was effectual in arresting the

sulphurous acid contained in the smoke.
He says that a large proportion of the

sulphurous acid gas was absorbed by
the water in tlie condenser, and it was

apparently not until this water was
saturated that sulphurous acid began to

make its appearance at the second sta-

tion. When the water in the conden':er

has become saturated with this gas, an
event which would rapidly happen in

cases where the condenser was used in

ordinary lead smelting, the escape of

sulphurous acid by the exit flue would
recur. French thinks that it might all

be arrested by his condenser, if instead

of charging it with a definite quantity
of water, a constant stream of water
were made to flow through it. But
under this arrangement, settling-ponds
for the fume suspended in the effluent

water would have to be provided.
Other modes of dealing with the sul-

phurous acid escaping after the satura-

tion of the water in the condenser may
be suggested. French thinks that the

gas would be arrested if the smoke
washed in the condenser were made to

pass up a coke tower supplied with
water at the top, and perhaps this

might be effectual where the ore-hearth

or any form of blast furnace is in tise.

But it may be doubted if a coke-scrubber



Lead—Wet methods of Extraction. 349

Would arrest the acid when the smoke
is so largely diluted with air as it is when

proceeding from a reverberatory fur-

nace. Still, the use of Wilson and
French's condenser is calculated to

facilitate subsequent disposal of the

acid gases, and perhaps some chemical

mode of dealing with them might be

devised. French suggests that the

waste gases might be propelled by
means of a steam jet through a heat-

ing apparatus similar lo the hot-blast

heaters used in iron-smelting works,
and the hot sulphurous acid, steam,
and air passed through common salt,

according to Hargreave's process. Other
chemical agents calculated to arrest the

sulphurous acid may be suggested, such,
for instance, as a soluble sulphide {e.g.,

the yellow liquor from alkali waste

heaps, if available), or hydrated peroxide
of iron. In the one case an alkaline

hyposulphite, and in the other sulphate
of iron would be produced, both of which
have a commercial value. But it remains

yet to be seen by actual working whether
the condenser is equally applicable to the

ordinary processes of lead smelting.
As respects vapours proceeding from

smelting-houses where the ore-hearth is

used, some advantage appears to be

gained by the use of a sliding shutter,
Vv-hich can be let down in front of the

opening to the hearth during part at

least of the operation. At several

works a hood is in use to catch the

offensive fume proceeding from the

slags when drawn forward upon the

forestone, a pipe above conveying the

fume to a chimney outside. With the

sami object, the oro-hearth is at some
works set back within an arched recess

capacious above and similarly communi-

cating with the outside air. But even

this is sometimes inefficacious. A sug-

gestion made by Norman Cookson ap-

pears valuable, namely, to bring the

hood well forward and to draw the air

required for the blast from the upper
part of the interior of it.

Where iron is used to remove sulphur,
whether in the Cornish method of smelt-

ing or in smeltinof with the blast fur-

nace, there is of course less sulphurous

acid made, and therefore less to discharge
into the air, than when iron is not used.

The iron fixes the sulphur in forming a

protosulphide. But unless the matte be

thrown away, which would be a waste-

ful proceeding, there is still a liability
of nuisance being created in the subse-

quent dealing with it. If the matte be

burned or "
salciaed," sulphurous acid

is again formed, and must be got rid of

somehow, although it is more easy to

utilize it without creating nuisance

when it is formed iu this way, inasmuch
as it need not be inconveniently diluted

with air, being capable of biirning by
itself without any fuel. (Dr. Ballard's

Report.)
Wet Methods.— Wet methods have

been tried for treating lead ores. They
offer notable advantages with argenti-
ferous ores, more especially those contain-

ing also an appreciable quantity of zinc.

It is easy to see that the zinc increases the

loss of lead in the dry method of treat-

ment, either by rendering the slags

pasty (when they mechauically retain

minute grains of lead), or by augmenting
the volume of metallic vapours carried

out of the apparatus.
Iu the Koswag process, the ore, finely

ground, and calcined if necessary, is

treated with hydrochloric acid, more or

less concentrated according to the ore,

but usually consisting of a mixture of

equal volumes of water and the com-
mercial acid. After formation of the

various chlorides, the mass is allowed to

settle, and decanted hot. The cooling
favours the deposition of the major part
of the lead chloride

;
the liquor is again

applied to more ore, and takes up a fur-

ther quantity of lead chloride, which it

deposits under similar conditions. The
number of successive decantations re-

quired to exhaust the ore is generally
3 or 4.

The removal of the chlorides left in

contact with the ore is effected by
washing with hot watei\ The wash-
waters and solutions are mixed, and

concentrated if necessary. The remain-

ing lead is precipitated by metallic zinc

—old zinc from galvanization, for in-

stance ; as the amount of lead to be
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l>recipitated is approximately known,
the coDsumption of zinc as a precipitant

is calculated at the rate of
\
to

|.

The metallic lead sponge, which con-

tains the silver of the ore, is washed

with a little water and pressed into

bricks to remove the liquid which it

holds; these bricks are put into a rever-

beratory furnace with an alkaline flux

and a little charcoal to prevent oxi-

dation.

The liquors containing the zinc chlo-

ride are heated to boiling ;
the zinc is

precipitated by milk of lime, and the

zinc oxide thus obtained is washed and

compressed into bricks constituting a

material assaying 53 per cent, and more

of metallic zinc.

Maxwell-Lyte's process is for the

separation of the metals lead, zinc, silver,

copper, and iron, in mixed ores, by a

wet chemical treatment, having in view

the employment of the cheapest possible

rc-agents, such as brine, hydrochloric

acid, old scrap zinc, hard spelter, chalk,

and quicklime, thus rendering it possible

to utilize economically on a large scale

otherwise relatively valueless ores often

hitherto treated as refuse, and to present

them in marketable forms, either directly

applicable in the arts, or treatable by
the ordinary modes of smelting for the

production of the pure metals. Following
is a summary of the principal reactions

on which it is based, taking for example
a mixed ore containing blende with

argentiferous galena and copper pyrites,

such as the so-called bluestone of the

Parry's Mountain and Mona mines of

Anglesea, North Wales.

By calcining this ore, most of its sul-

phur is burned off, but part is oxidized

into sulphuric acid, variable quantities

of which remain combined with the me-

tallic oxides produced. The gases re-

sulting from this calcination, strongly

charged with sulphurous acid, may be

utilized for the manufacture of sul-

]ihuric acid. There generally remains in

the calcined ores 3 to 5 per cent, of sul-

phur, in one form or another, but this

does not interfere with the treatment of

the ore.

When this calcined ore is finely pul-

verized and then treated for a certain

length of time with hot or boiling hy-
drochloric acid of about 15 to 17 per
cent. HCl in proper quantity, i.e. the

quantity requisite to bring into solution

the zinc and other more soluble bases,

the zinc and the copper can be for the

most part dissolved, and if this solution

be now decanted off and cooled, most of

the lead and silver remain insoluble,

either with the gangue in the attacking-

tub, or separate out of the decanted

liquor as it cools. (For the most perfect

working of the process, the acid should

be used in such quantity as to leave an

excess of about 5 or 6 per cent, of free

HCl still in solution, together with the

chlorides produced, but some latitude is

allowable in this respect.) On adding
another like quantity of hydrochloric

acid, the lead, as well as that part of

the silver which may have before escaped

attack, becomes completely chloridized,

and largely dissolved by this second

acid, while more or less of the iron ses-

qui-oxide, always present in such ores

after calcination, is taken into solution as

sesqui-chloride. Tliis iron sesqui-clilo-

ride seems materially to assist in com-

pleting the chlorination of the lead and

silver. According, then, to the quanti-
ties of lead and silver present in the ore,

the whole or part of these metals will

have been dissolved by this second acid,

but portions of these may, and generally

do, remain mixed with the gangue as

chlorides.

If again this solution of the lead and

silver chlorides in hydrochloric acid, re-

sulting from this second attack, be de-

canted into another vessel containing a

fresh charge of calcined ore, it will take

up more zinc and copper, and becoming

partially neutralized, most of the lead

and silver will again separate and fall

down as the liquor cools, so that the

clear liquid may be drawn off nearly
free from these two metals.

These operations being completed, the

first vessel where the ore was attacked,

which for clearness may be called A,
will contain a gangue together with

more or less lead and silver chlorides,

this gangue being still wet with some of
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the acid liquor of the second attack con-

taining iron sesqui-chloride. The ore,
ou the other hand, in the second attacJi-

ing-vessel, called B, will have lost most
of its zinc and cojjper, but will have got
added to it some of the lead and silver

drawn over from A by the second acid.

By boiling the partially saturated acid

with the fresh ore in the second vessel

B, allowing it to settle, and decanting
the liquor off", it is feasible, with the

application of a fresh charge of acid, to

chloridize all the lead and silver in the

new batch of ore in B, and by decanting
B once more on to a fresh charge of ore

placed in A, nearly all the lead and
silver this acid had taken up can again
be precipitated on cooling, and so on

ad infinitum, always obtaining as resi-

dues, on the one hand, the decanted

(partially neutralized and cooled) li-

quors, rich in zinc or copper, but poor
in lead or silver

; and, on the other

hand, gangues wet with acid, and con-

taining the lead and silver completely
chloridized. Were these liquors de-

canted oS" quite neutral, they would
retain and carry over in actual solution

but insignificant traces of lead or silver,

and nearly the whole of these metals
would remain with the gangue as chlo-

rides when settled. In practice, how-

ever, where speed is desirable, it is not

convenient to obtain them so, since they
have to be decanted while still hot.

Some traces of these metals are there-

fore still carried over in the hot de-

canted liquors, but these weakly acid

zincous and cupreous liquors, when al-

lowed to stand and cool, deposit nearly

every trace of the lead and silver chlo-

rides they may have carried over,
whether in suspension or in actual

solution.

The acid zinc liquor derived from the

attacks of the several batches of ore by
the hydrochloric acid, holds, besides zinc

and copper chlorides, the chlorides of

any other soluble bases the ore may
have contained, usually iron, alumina,
lime, and often some soluble silica. If

this liquor be simply neutralized with

chalk, i.e., if chalk be added and stirred

up with the liquor till a further addi-

tion ceases to cause effervescence, the

iron and alumiua present are for the

most part precipitated, only that iron

remaining in solution which the cal-

cined ore may have afforded as pro-
toxide or sulphide. If the liquor be now
decanted through a filter, this precipi-
tated iron, together with any excess of

chalk which may have been added, as

well as the silica and alumiua present,
are retained, while the liquor passes oft'

containing the copper and the zinc. If

the work has been carefully conducted,
no more than 4 gr. of silver to each cub.

ft. of zinc liquor should remain in solu-

tion, and even this silver, if it be con-

sidered worth while, may be collected by
some spongy lead reduced by means of

spelter from a solution of lead chloride

in brine. The copper and these traces

of silver may also be conveniently ex-

tracted by immersing bits of spelter or

scrap zinc in the neutralized filtered

solution
;
and finally, the zinc may be

extracted as oxide by heating the solu-

tion to boiling, and treating it, while

boiling, with the least possible excess of

lime in the form of milk of lime.

The actual quantity of hydrochloric
acid to be employed in the attack will

of course depend in each case on the

composition of the ore to be treated. In

treating the Welsh bluestone already
mentioned, about 65 or 7 parts of acid, of

15 per cent. HCl, to 1 of calcined ore,

may be used
;
but the quantity is easily

adjustable for each kind of ore by an

experiment in the laboratory on a small

scale, or the quantity requisite may be

calculated on an analysis of the ore. In

practice it is found that even if double

the amount of real HCl be employed
which would be requisite for attacking
and chloridizing the soluble bases (not

including the iron the ore may contain),
the solutions run off" will not retain

more than mere traces of lead or silver

on cooling. Thus the zinc, and for the

most part the copper, as chloride, may
be separated and decanted off" from the

lead and silver chlorides which are left

insoluble in the cooled liquors or with

the gangue.
If now a quantity of strong brine (say
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10 gal. of brine to every 4 lb. of lead

the charge of ore may hare contained)
be next heatei to boiling, and tlushed

hot on to the mixture of gaugue with

the lead and silver chlorides, and boiled,

those lead and silver chlorides which

separated fi'om the zinc solution on cool-

ing being returned to the gangue, the

lead and silver are entirely taken into

solution
;
and this brine being allowed

to settle and run off as hot as possible
into a clean vessel, and cooled, will de-

posit most of its lead as chloride, but
none of its silver, this latter metal being
retained entirely in solution, provided it

be not present in larger proportion than
about

j'g part of the lead, or providing
there be at least about 10 gal. of brine

to every 1'8 oz. of metallic silver the

ore contained. Silver rarely occurs in

larger quantity than this
;

but if it

does, the quantity of brine must of course

be increased and apportioned to it, so

that all the silver may be taken up and
retained in solution on cooling.

Lead chloride is soluble in boiling
saturated solution of sodium chloride

(brine) to the extent of about 53| parts

(=40 parts metallic lead) to 1000 parts

by measure of boiling brine
; whereas,

on cooling down to ordinary tempera-
tures, most of it crystallizes out until

no more than about 10-8 of lead chloride

(= 8 of metallic lead) to 1000 of brine

remains in solution. Silver is soluble

in the same liquid to the extent of about
1 of silver chloride (= 0'75 part of

metallic silver) to 1000 of brine at

about 50° to 531° F. (10° to 12° C.) and
about 1"2 of silver chloride to 1000 of

brine at about 77° to 79° F. (25° to

26° C), and about double that quantity
at a boiling temperature. The presence
of lead chloride in the brine would

appear not to diminish this rate of solu-

bility of silver as chloride. The solution

of silver chloride in brine appears to be

peculiarly liable to that condition che-

mically termed super-saturation, so

much so, that it will often be found that
hot brine saturated with silver chloride
will remain clear on cooling, until some

determining cause, such as the addition
of an atom of solid silver chloride, inter-

venes, when immediately the whole

liquid will tui-n milky from the separa-
tion of silver chloride. It thus becomes
evident that when lead and silver

chlorides are present together, they are

dissolved, and if care be taken to have
brine enough present, all the silver is

retained in solution on cooling, while

most of the lead becomes deposited as

lead chloride.

If the cooled brine, still containing,
as it generally does, some ferric chloride,

be now decanted from the precipitated
lead chloride, and a strip of zinc be im-
mersed in it, the lead chloride still re-

maining in solution and the whole of

the silver chloride are reduced, together
with formation of spongy lead and silver

on the one hand, and zinc chloride which

passes into solution on the other. It

suffices, however, and is more convenient

in practice, to only precipitate part of

the lead from the brine, and by leaving
this light spongy lead floating about,
and agitating the brine with it, this

lead gradually picks up all the silver

from the brine, till it becomes very

argentiferous. Successive charges of

argentiferous brine may be run into a

tub properly disposed for the purpose,
with bits of spongy lead floating about,
in it, and the silver be picked up from
each such successive charge, the brine

being thus desilverized. This brine, as

it now contains but a fraction of the

lead it had taken from the ore, and no

silver, may be pumped up, neutralized

if necessary, reheated, and used afresh.

Thus the same brine may be employed
over and over again to take more lead

and silver out of successive charges of

ore, depositing lead chloride in one tub,
and all the silver with but a little lead

in a third, while, by mere reheating,
the same lot of brine becomes repeatedly

regenerated in its solvent powers.
The above-mentioned employment of

spongy lead is by far the most suitable

and convenient in these circumstances,
and otfers special facilities for the sub-

sequent separation and refining of the

silver, being for this reason superior
to iron, copper, or any of the metals

whose employment has been previously
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proposed as a means of collecting silver

from its solutions. The fact of the

silver remaining in the brine tojjether
with what lead is still retained in solu-

tion after cooling, especially facilitates

this mode of its recover}-, while it admits

of the utilization of the same brine over

and over again as a carrier and depositor
of the lead on the one hand, and of

silver on the other
; and, as shown

already, by so proportioning the quantity
of the brine as to make it sufficient to

retain the whole of the silver in solution,
this metal can be entirely carried over

into a separate vessel, where it may be

thrown down completely, the brine

being thus freed from silver at each

successive operation. The process of de-

silverizing usually employed
—or rather,

what should be termed concentrating
the silver in lead previous to cupellation—may be dispensed with when this

process is employed, for the silver is

thus at once obtainable with lead in a

sufficiently conctutrated form for im-

mediate cupellation. Heating the brine

during the desilverizing materially ac-

celerates the operation, a tubful being
thus able to be completely desilverized

in a few hours. As the brine often con-

tains traces of copper gathered from the

ore, it is usually convenient to so appor-
tion the lead thrown down as to have

enough of that metal present to ensure

proper cupellation, and further, in order

to avoid loss, it is well not to obtain the

silver in too concentrated a form. Lead
with 2 to 4 per cent, of silver will be

rich enough ;
the quantity of lead pre-

cipitated being of course proportionati-
to the time of immersion of the spelter,
the quantity of the spelter employed,
and the temperature of the brine.

Argentiferous precipitates are easilv,

however, obtainable with 28 or 30 per
cent, of silver from ores containing but
a few oz. of silver per ton. Instead of

spelter, zinc-dust may be used for this

precipitation ; or, instead of employing
spongy lead at all for the collection of

the silver, the same end may be obtained

by stirring into the argentiferous brine

some precipitated lead or copper sul-

jihide. This will also gather the silver

from the brine, though not perhaps

quite so efficaciously or so rapidly as the

spongy lead. This process is now being
worked on a grand scale in Lancashire.

Softening Lead.—Crude metallic lead

is always more or less "hard," that

quality being mainly dependent upon
the proportion of antimony, and to a

less extent upon that of the other

foreign metals which it contains. Thesj

may occur in the following extreme

proportions: antimony, ^ to of per
cent.

; cojiper, |
to

}^ per cent.
; iron,

._,';

to 5 per cent. ; silver, in almost any
proportion. When the last - named
metal is largely present, a ])articular

process termed " desilverization
"

is

employed ;
but in ordinary cases, the

softening is accomplished by exposing
the metal in a reverberatory furnace

with a cast-iron bed to the action of

dull-red heat with ire^a access of air.

This oxidizes the foreign metals, some
of whose oxides pass off as fume, and the

remainder combine with the lead oxide

formed, and with it are skimmed off as

dross, which is subsecjucntly reduced,

together with litharge maile in the

cupellation of silver, in a reverberatory
or blast furnace, in which it is mixed
with carbonaceous matter.

The form of the furnace is shown in

Fig. 142. The arch a is 18 in. above the

hearth at the fire end and only 6 in. at

the chimney end. The fireplace h

measures 5 ft. long by IJ ft. wide; the

bridge c is 27 in. wide and 16 in. high.
The hearth is occupied by a loosely

% 4
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fitting cast-irou pan d, 10 ft. long, 5 ft.

wide, and slielviug fi-om 9 in. deep at

the chimney end to 8 in. near the fire
;

it has an outlet at e, closable by an iron

1)1 ug. The lead is first melted in an

adjacent iron pot /, heated by a separate
fire g, in quantities of 8 to 10 tons at

a time
; when fluid, it is ladled into

the gutter h, communicating with the

softening pan. The softening process

may be completed in a single day, or it

may require several weeks, according to

the amount of oxidation necessary to

be accomplished. Its progress is noted

by stirring up the metal through the

working door i till an iridescent film

makes its appearance ;
also by watching

for a peculiar crystalline look m samples
ladled into ingot moulds at intervals.

The dross formed on the surface, consist-

ing mainly of antimony and lead oxides,
is occasionally I'aked off, mixed finally
with coal, and pulverized in an edge-run-
ner mill, ready for smelting in a small

reverberatory. The resulting lead-anti-

mony alloy is reheated with new charges
till it is fit only for typefounrting.
A much simpler softening process,

adapted for small quantities, is to throw

repeated doses of a mixture of soda ni-

trate, soda, and lime upon tlie skimmed
surface of the metal melted in a cast-

iron pan, removing the dross as formed.

Desilverizing Lead.—Three methods
are in use in this country, viz., Pattin-

son's, Parkes', and the Rozan method.

By Pattinson's process the lead is melted

in a series of 8 to 12 strong hemisphe-
rical cast-iron pots set in a row

;
the

pots are of such a size as to be capable
of dealing with 6 to 10 tons of lead, the

last pot (the
" market pot ") being,

however, smaller than the others
;
each

is heated by a separate fire beneath.

The lead melted in one of these pots is

allowed to cool, and as it cools, lead, in

great measure free from silver, crystal-

lizes, and is removed by means of an iron

ladle perforated with holes, through
which tlie liquid lead strains away.
The lead which remains liquid contains

most of the silver. To enrich the liquid
lead further, the operation is repeated
in another pot, and the process is re-

peated until a rich lead is obtained,

containing, say, 500 to 600 oz. of silver-

to the ton. The crystals of lead strained

from the pots have also to be desilver-

ized in a similar way. The rich silver-

lead is then cupelled in a hearth made
of bone-earth, where part of the lead is

blown off and collected as litharge (to
be subsequently reduced with carbon-

aceous matter in another furnace), while

part is absorbed by the substance of the

cupel. The ladle measures about 18 in.

wide and 5 in. deep, with holes J in.

diam. and f in. apart, and is fixed to a

handle about 10 ft. long, half the length

being of iron and half of wood. The
lead operated upon is generally in
" salmons "

of 120 to 140 lb. Should
it contain, say, 25 oz. silver to the ton,
it may be filled into the middle pot of

the series. It will then be melted
;

and when the whole is thoroughly
liquid, the fire will be drawn, and the

lead allowed to cool. As it cools, a

workman keeps stirring the lead, and
"

slicing," or freeing from the sides,

the portions setting on them. As the

cooling proceeds, crystals begin to form
;

and when a sufficient quantity appears,
a second workman withdraws the

crystals from this pot by means of the

perforated iron ladle, and passes them
into the pot on his right, continuing to

do so until he has thus moved §
of the

lead. When he has done this, he with-

draws with a solid-bottomed ladle the
J

of liquid lead remaining, and moves it

to the pot on his left. The central pot
is again filled with original silver-lead,

and the same operation is repeated. If

this has been properly conducted, it will

be found that the liquid lead removed
to the left, instead of containing 25 oz.

of silver per ton, as did the original

lead, will now contain 50 oz. per ton
;

and the crystals moved toward the mar-

ket pot will now only contain 12J oz. of

silver per ton. It will readily be seen that,

by repeating this operation successively
in the various pots, the poor lead gradu-

ally becomes poorer, until it is so free

from silver as no longer to pay for

working ;
while the rich lead, on the

other hand, will gradually increase i^
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richnei-s till its silver couteuts make it

fit for the refinery. In addition to the

removal of the silver, another advantage
is gained, iu that the major portion of

the antimony and copper go witji the

silver, while another portion is removed

Ly oxidation during the heating.
The Kozan process, the invention of

Luce Fils et Rozan, Marseilles, and

known also as the '' steam "
process, is

iu theory very similar to the Pattinson

process, but is applicable to lead which
has not been previously softened, inas-

much as it efl'ects the softening at the

same time as the desilverization. The

object sought is the enrichment of the

lead by crystallization. One great

ailvantage of the process (which indeed

is mainly that which commends it to

the lead smelter) is that it performs by
mechanical agency, and so at com[)ara-

tively small cost, what is performed
less perfectly and at great cost by hand
labour in the Pattinson process. Lead

being melted and skimmed in a hemi-

spherical pot, is run off into a cylindrical

pot or " kettle
"

of iron, where some
water is run over the top, and where
steam is blown iu below, causing great

agitation during the cooling which then
takes place. The lead crystallizes in

the pot as the cooling proceeds, and the

crust formed is broken down by hand
from time to time. When the operation
is believed to be completed, the enriched

liquid lead is run out through a strainer

by a tap-hole below into a pot sunk in

the floor of the works. The kettle is

provided with a conical cover furnished

with doors, which can be opened for

manipulating the contents, and a wide
iron pipe proceeds from the summit of

the cover to convey the steam and fume,
which consist of lead and foreign metals,
to a flue which leads to a series of

capacious chambers in which the solid

matter is deposited, and from which the

final volatile matters pass away by
another flue to the chimney of the

works. The matter deposited in the

chambers is smelted with litharge in a

reverberatory furnace. The process is

thus described by Norman Cookson,
whose firm are working it on the Tvne.

Instead of using a row of pots, as in

the old process, there are two only ;
of

whicli the lower is placed at such a

height that the bottom of it is 12 to

15 in. above the floor level, while the

upper is placed at a suflSciently high
level to enable the lead to be run out

of it into the lower pot. The capacity
of the lower pot, which in those most

recently erected is 36 tons, should not

be less than double that of the upper
one. Eound each pot is placed a plat-

form, on which the workmen, of which
there are two only to each apparatus,
stand, when skimming, slicing, and

charging the pots. The upper pot is

open at the top, but the lower one has

a cover, with hinged doors
;
and from

the top of the cover a funnel is carried

to a set of condensers. At a convenient

distance from the two pots is placed a

steam or hydraulic crane, so arranged
that it can plumb each pot, and also

the large moulds, which are placed at

either side of the lower pot.
The mode of working is as follows :

—
The silver-lead is charged into the

upper pot by means of the crane. When
melted, the dross is removed, and the

lead is run into the lower or work-

ing pot, among the crystals remain-

ing from a previous operation. When
the whole charge is thoroughly melted,
it is again drossed

;
and in order to keep

the lead in a thoroughly uniform con-

dition, and j)revent it from setting solid

on the top and the outside, a jet of

steam is introduced from tlie pipe. To
enable this steam to rise regularly in

the working pot, a disc plate is placed
above the nozzle, which acts as a baffle-

plate ; and uniform distribution of the

steam is the result. To quicken the

formation of crystals, and thus hasten

the operation, small jets of water are

allowed to play on the surface of the

lead. This, it might be thought, would
make the lead set hard on the surface

;

but the violent action of the steam acts iu

the most effectual manner in causing the

regular formation of crystals. Owing
to the ebullition caused by this action

of the steam, small quantities of lead

are forced up, and set on the upper
2 A 2
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edges and cover of the pot. From time

to time the valve controlling the thin

streams of water playing on the top of

the charge is closed, and the workman,
opening the doors of the cover in ro-

tation, breaks off this solidified lead,

which falls among the rest of the

charge, and instantly becomes uniformly
mixed with it. Very little practice
enables an ordinary workman to judge
when

?,
of the contents of the big pot

are in crystals, and
), liquid ;

and when
he sees this to be the case, instead of

ladling out the crystals ladleful by
ladleful, as in the old Pattinson process,
he taps out the liquid lead by means
of 2 pipes, controlled by valves, the

crystals being retained in the pot by
means of perforated plates. The liquid
lead is run into large cone-shaped
moulds on either side of the pot ;

and a

wrought-iron ring being cast into the
Idocks thus formed, they are readily

lifted, when set by the crane. To give
some idea of the rapidity of the process,
it may be mentioned that, from the

time the lead is melted and fit to work
in the big pot, to the time that it is

crystallized and ready for tapping, is in

the case of a 36-ton pot from 35 to

45 minutes
;
and the time required for

tapping the liquid lead into the larger
moulds is about 8 minutes. Before the

lead begins to crystallize, the ujiper pot
is charged with lead of half the richness

of that in the lower pot. Thus, when
the liquid lead has been tapped out of

the lower pot, it is replaced by a similar

amount of lead of the same richness as

the remaining crystals, by simply tapping
the upper or melting pot, and allowing
the contents to run among the crystals.
The same operation is repeated from
time to time, until the crystals are so

j;'oor in silver that they are fit to be

melted, and run into pigs for market.
The large blocks of partially-worked
lead are placed by the crane in a semi-

circle round it, and pass successively

through the subsequent operations.
The process has other great advan-

tages in addition to that of saving
labour. In the first ]ilace, after taking
into account the fuel used for supplying

the crane powei', and the steam for

crystallizing, it sti,ll shows a great

economy in fuel. In the case of Cook-
son's firm, they find that, as compared
with the Pattinson process, as formerly
carried out by tliem, they only use

l^
of

the amount of coal, though of a slightly
better quality. Another wost important
advantage is that the steam, in addition

to its mechanical eft'ect, produces an
effect of a chemical nature. Almost all

silver-leads, as received, contain im-

])urities, such as copper, arsenic, iron,
and antimony. In the Pattinson process,
these extraneous metals had to be re-

moved by calcination before the lead

could be used in the separating depart-
ment. But it is found that in the

Kozan or steam process these extraneous

metals, if they exist in moderate quan-
tities (as is usually the case in English,

Spanish, and other leads of similar

qualit)^), are readily oxidized by the

steam
;
and that their presence in the

desilverizing ajjparatus, instead of being
a disadvantage, is a positive advantage,
since, where a small quantity of anti-

mony or copper exists, it has the effect

of lessening the oxidation of the lead.

A small qiumtity of lead and other

oxides is carried mechanically from the

lower pot by the steam and other gases,
which escape from it after having done
their work

;
but these are conducted

by the funnel on the top of the pot
cover to condensers, where the metals
are practically all recovered. Those
oxides are found to contain a very

large quantity of antimony and cop-

jjer, and in colour are nearly black,
instead of the yellow proper to pure
ead oxide.

To sum up, the advantages of the

steam process, as compared with the

old 6-ton Pattinson pots formerly used,
are:—(1) saving of

§ amount of fuel

used; (2) saving of cost of calcination

of the lead to the extent of at least ^
of

all that is used
; (3) above all, saving

in labour to the extent of
§.

The

process has its disadvantages, and these

are a larger original outlay for plant,
and a constant expense in renewals and

repairs. This is principally caused by
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the breakage of pots ;
but with increased

experience, this item has been very
much reduced during the last 2 or 3

years.
The arrangement of the steam appa-

ratus is shown in Fig. 143 : a is a

Fig. 143.

melting-pot of 9 or 10 tons capacity,
where tlie crude lead is melted

; 6, a

pot of 15 tons capacity, where the lead

is subjected to the action of the steam
;

c, jjipe introducing the steam
; d, cast-

iron plate for distributing the steam

through the mass
; e, fireplaces.

Parkes' or the " zinc
"

process de-

pends upon the affinity which zinc has

for silver. The lead is melted in a

Pattinsou pot, and skimmed ;
then molten

zinc is added to it, and stirred up with
it

; finally, the fire being damped, the

metal is left to cool gradually. The
zinc containing the silver now rises to

the top, and is skimmed off with a

perforated ladle
;

if necessary, the pro-
cess is repeated, no more zinc, however,

being used than is requisite to combine
with the silver known to be present.
The zinc is then distilled off the alloy
in an appropriate retort, and condensed,
when it can be used in subsequent

operations. As worked in this country
by Locke, Blackett & Co., the process
is as follows :

—A charge of silver-lead,

usually about 15 tons, is heated to a

point considerably above that which is

used in either the Pattinson or the steam

process. The quantity of zinc added is

regulated by the amount of silver con-

tained in the lead : but for lead con-

taining 50 oz. to the ton, the quantity
of zinc used is in most cases about IJ

per cent, of the charge of lead. The
lead being melted as described, a por-

tion of this zinc, usually
about 5 the total quan-

tity required for the

charge, is added to the

melted lead, and thor-

oughly mixed with it by
continued stirring. The
lead is now allowed to

cool, when the zinc is seen

gradually to rise to the

top, having incorporated
with it a large proportion
of the silver. The setting-

point of zinc being above

that of lead, a zinc crust

is gradually formed, and

this is broken up and

carefully lifted oil" into

a small pot conveniently placed, care

being taken to let as much lead drain

off as possible. The fire is again ap-

plied strongly to the pot, and when
the lead is sufficiently heated, a fur-

ther quantity of zinc, about \ of the

whole amount used, is added, when the

same process of cooling and removing
the zinc crust is repeated. This opera-
tion is gone through a third time, with

the remaining portion (J per cent.) of

zinc
;
and if each of these operations has

been carefully carried out, the lead will

be found to be completely desilverized,
and will only show a very small trace

of zinc. In some works, this trace of

zinc is allowed to remain in the market

lead, but at Locke, Blackett & Co.'s

works it is removed by subjecting the

lead to a high heat in a calcining fur-

nace. The zinc crusts, rich in silver,

are freed as far as possible from the lead

by allowing this to sweat out in the

small pot, after which the crusts are

placed in a covered crucible, where the

zinc is distilled off, and a portion of it is

recovered. The lead remaining, which is

extremely rich in silver, is then taken
to the refinery and treated in the usual

manner. The quantity of zinc recovered
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50 to 60 per cent, of the

has much
oi'i-

to recommend

is as high as

total used.

This jirocess

it, in the low

ginal cost of plant,
the small amount
of labour, and the

extreme quickness
with which the lead

can be treated. The
stock of working
lead required is also

small as compare
with either the Pat-

tinsou or the steam

process. Against

this, however, is to

be set the cost of the

zinc whicli is lost.

The combination

of the lead with the

zinc is effected in

several ways, c.cj.,

by mechanical agitation, by introducing
the lead in a kind of rain through an

iron sieve into the molten zinc, and by

dispersing the znic drop by drop among
the molten lead by putting it (the zinc)
into an iron colander, which is plunged
into the lead.

Similarly, a plurality of methods
have been proposed for separating the

silver and zinc compound produced by
the desilverization of the lead. At

Pisa, distillation is adopted : after a

portion of the lead has been liquated
from the material, the latter is placed
in a crucible and heated to redness

;

the zinc distils over, and the residue of

silver-lead left is cupelled. At Fried-

richshiitte, near Tarnovitz, the silver-

zinc scums are liquated only to such

a point as will leave lead enough to

ensure that the proportion of zinc does

not exceed 12 per cent.; they are then

distilled in zinc muffle furnaces with

coke powder. In the works on the

Rhine, chlorination is preferred ;
it con-

sists in mixing, at a low-red heat, lead

chloride with the zinc crusts, and the

result is a zinc chloride which sepa-

rates, and a silver-lead which is cu-

pelled. At Ilothschild's works, in

Havre, oxidation
b)''

steam has given

very satisftvctory results. The appa-
ratus used is shown in Fig. 144. The
lead is first melted in the upjier pot <t,

Fig. 144.

and then the zmc is introduced by
means of an iron box pierced with

holes; after stirring, settling, and

skimming, the lead-zinc mass is run
into the lower pot b, into which a

current of superheated steam is con-

ducted by the pipe c; there is thus

produced zinc oxide and a rich silver-

lead. The latter is cupelled, while the

zinc oxide is washed to remove grits,
and then affords pure zinc oxide, which
is sold as zinc-white, and an impure
lead oxide, which is reduced in a revei"-

beratory furnace, or treated with hydro-
chloric acid to dissolve the zinc and
liberate the lead

; d, the fireplaces.
Sheet-lead.— As lead is made into

sheets by rolling, the first process to

which the " softened
" and desilverized

pigs are subjected is meltiug and casting
into cakes of suitable size. About 10
tons are commonly melted at one time,
and the liquid metal is, on raising a
valve in the melting-pot, allowed to

escape directly into the iron mould,
which receives about A\ tons. Lifting-
hooks are previously adjusted under the

cake, so that, when solidified, it can be

lifted out of the mould and carried by
a crane on to the table of the rolling-
mill. The size of the cake is usually
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Jevers,
is pushed under the cylinder,

rolling once begun, the metal

7 ft. 10 in. by 5 ft. After i-emaining in the

mould some days to cool, it is lifted out,
and the rough edges are trimmed round
with an adze. It is then placed upon the

rolling-mill table, in the direction of its

least width—that is, so tliat the breadth

of 7 ft. 10 in. shall be invariable, while the

5-ft. length is increased by the rolling.
The mill is a single cylinder of cast

iron, 30 in. in diameter and nearly 9 ft.

long. It is geared directly to the main

driving-engine, and has the adjustments
common to all rolls. The taljle is com-

posed of small rollers arranged in 2

parallel lines. Between them is a rack,
the teeth of which serve as fulcra for

the insertion of levers, whereby the

cake

The

passes to and fro under the roll about

150 times, so that it is finally reduced

to a sheet 30 ft. long and of the width
above stated. It tlien weighs oO lb. to

the sq. ft. This sheet is cut into

smaller pieces by vertical knives, which
are actuated by a screw, so that they
move across the table and between the

cylinders on which the metal rests.

Tlie smaller sheets are now rolled into

18-ft. lengths, and vary in weight from

2J to 10 lb. per sq. ft. Tliese constitute

the usual sheet-lead stock—the varia-

tion being i lb. to the ft. up to 5 lb.,

and 1 lb. per ft. thereafter. Their

j)rincipal use is in chemical works for

lining acid-proof receptacles, notably

sulphuric-acid chambers and coucen-

tratiug-pans, and also for the interior

of tanks, cisterns, &c.

Cookson & Co. have introduced an

improvement in sheet lead rolling, as

follows :
—When lead is required for

sheet-making, instead of running out

the " market "
lead into the usual jjigs

of about 1 cwt. each, it is run into large
blocks of 3| tons, and by so doing a

very great saving botli of time and

labour is obtained. These oi-ton blocks

are taken on a bogie to {he mill-house,

Avhere the mill melting-pot is charged
with them by means of a double-powered

hydraulic crane, lifting, however, with

the single power only. Three such

blocks fill the pot, and, when melted,

are tapped on to a large casting-plate,
8 ft. 4 in. by 7 ft. 6 in., and about 7 in.

thick. This block, weighing lOJ tons,
is lifted on to the mill table by the same
crane as fills the pot, but using the double

power ;
and is moved along to the rolls

in the usual manner by means of a rope

working on a surging-head. The mill

itself, as regards the rolls, is much the

same as those of other firms
;
but in-

stead of an engine with a hoavy fly-

wheel, always working in one direction,
and connected to the rolls by double

clutch and gearing, the work is done

by a pair of horizontal reversing-engines,
in connection with wliich there is a

very simple and at the same time ex-

tremely effectual system of hydraulic

reversing. In tlie usual method there

is no necessity for full or delicate con-

trol of lead-mill engines ;
but with this

system it is essential, and the hydraulic

reversing-gear contributes largely to

such control. This may be explained as

follows:—lu all other mills, when the

lead-sheet, or the original block, has

passed through the rolls, and before it

can be sent back in the opposite direc-

tion, a man on eitiier side of tlie mill

must work it into tlie grip of the rolls

with crowbars. In Cookson's system
this labour is avoided, and the sheet or

block is fed in automatically by means
of subsidiary rolls, whicli are driven by
power. When it is required to cut the
block or sheet by the guillotine, or

cross-cutting-kuife, instead of the block

being moved to the desired point by
hand-labour, the subsidiary driven rolls

work it up to the knife ; and such

perfect control does the engine, with its

hydraulic reversing-gear, possess, that
should the sheet overshoot the knife

I in., or even less, the engine would

bring it back to this extent exactly.
Another point, which is one of the

greatest improvements in this mill,
is its being furnished with circular

knives, which can be set to any desired

widtli, be put in or out of gear at will,
and which are used for dressing-up the
finished sheet in the longitudinal direc-

tion. This is a simple mechanical

arrangement, but one which i.-j found to
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be of immense benefit, and which is far

superior to the iisual practice of marking
olf the sheet with tlie chalk-line, and
then dressing; off with hanJ-knives.

The last length of the mill-table forms

a weigh-bridge, and a hydraulic crane

Jifts the sheets from it either on to the

warehouse floor, or to the tramway

communicating with the shi]>piug-quay.
Sheet-lead is also used in the manu-

facture of the so-called "tinfoil." A
sheet of lead is placed between 2 of tin,

and- the whole is rolled and rerolled

until the thin material with which all

are familiar is produced. The tin serves

in this case simj)ly as a covering for

the lead, and prevents the latter metal

communicating its deleterious properties
to substances enclosed in it.

The making of sheet-lead for lining

tea-chests, &c., is an important industry
of Hong-kong. It Is made principally
in the western districts. On entering

one, workmen will be seen with shears

cutting out the sheets of lead to the

required sizes and shapes. The shears

are simply large scissors firmly fixed to

a solid block of wood some 2 ft. in

height ;
the lower blade of the shears

terminates in a square ])iece of iron

instead of being pointed, as is the upper
blade. The sheets of lead are of small

size, and somewhat irregular in shajie,

and tliis arises from the method of

manufacture. Beneath an iron pan,
raised 12 in. or so above the ground,
and carefully finished off',

is a furnace,
and at the side of the pan next the wall

is the flue communicating with it. In

this pan the lead is melted
;

when

sufficiently hot, the workman takes 2

large square paving-tiles, and smoothly
and carefully covers them with several

layers of unsized paper. Having placed
these tiles before him, one above the

other, the workman raises the upper
one with his left hand, and, taking a

ladle of the proper size in his right,

dips it in the melted lead and then

pours its contents on to the lower tile.

He then drops the upper tile and cjuickly

presses the lead out into the form of a

sheet. The paper being a bad conductor

of heat, prevents the lead from solidi-

fying immediately it leaves the ladle,
and as by long practice the workman

always ladles out the same quantity of

lead, the sheets made vary but little

either in size or thickness.

Leaden Pipe.
—Leaden pipe is made

by forcing the partially congealed molten
lead through dies, in which a core is

inserted, by hydraulic pressure. The
essential part of the apparatus for this

purpose is exhibited in section in Fig.145.

Fio. 14!).

The die a is simply a metallic disc, in

which is an ajierture which lixes tlie

outside diameter of the pipe to be madf.
This opening flares downward. The
die is inserted in a collar which, in

turn, rests in the bed-jjiece, and is

adjustable so as to bring the die ac-

curately in line by means of the set-

screws h. Resting above die and bed-

piece is the lea<l receptacle c. This is

a heavy cylinder having an annular

chamber formed in it to receive the

steam by which it is kejit hot. d is

the j)ress-plunger working downward,
and in it is inserted the core e, whicli

enters the die aperture. The nietal is

drawn oft' directly from the kettle, and

the j>hmger is at once brought down upon
it, so that it may be kept under moderate

j)ressure until sufficiently congealed.
The press is then set in operation, and

the lead is forced through the annular

space between the core and die, and

emerges in the form of pipe. The pro-
cess is quite rapid, and there is nothing
further to do but reel-up the jiipe as it

is drawn. As soon as one charge is

exhausted, or rather partially so, as a

portion is left in the chamber, to which
the new charge unites, more load is
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admitted from the furuace, and the

operation is repeated. The amount of

pipe made at a single pressure depends
upon the weight of same when finished.

Thus an extra-light 1-in. pipe weighs
2 lb. to the ft., and the chamber may,
for example, hold 135 lb. Tiierefore

67j ft. of pipe are produced at each
descent of the plunger. Ditl'erent sizes

of pipe are produced by substituting
suitable dies and cores. The die is

easily reached by lifting the chamber c,

which is done by attaching the same
to the press-plunger and elevating the

latter.

Tin-lined leaden pipe is produced some-
what differently. Before the lead is

run into the chamber, a mandrel is

inserted, which closes the die aperture
anil extends up through the receptacle.
This mandrel consists of a central stem,
around which are grouped dovetailed

sections, so that when the central por-
tion is removed the sections are easily
taken out, leaving a hollow sjjace in the
lead whicli is run in while tlie mandrel
is in place. The sides of tlie mandrel
are tapered, or rather crenelated, there

being 3 or 4 shoulders and a different

taper from each. The object of this is

that after the mandrel is removed, the
tin which is poured into its place may
have several purchases against the lead

which surrounds it. Of course before
tlie tiu is let in, the core, as already
described, is inserted. Afterwards the

pressure is applied in the usual manner,
the result being that the pipe emerges
with a thin lining of tin. Tin-lined

leaden pipe and plain leaden pijje weigh
the same.

Shot.—Shot, though sometimes made
of lead alone, is almost always formed
of an alloy of arsenic and lead, the
arsenic being introduced in the form of

arsenious acid or the sulphide (orpi-

meut). The object of the additrou of

the arsenic is to slightly harden the lead,
and render it capable of cooling to a

globular form. Owing to the rapid
decomposition of the arsenic, it is treated

by itself in the bottom of the melting-
kettle shown in P'ig. 146. A cover is

placed over the substance, and its stem,

Fig. 146.

which rises up through the kettle, is

fastened down. The lead is then added
above the cover, and, when melted, the
cover is lifted out of

the liquid mass, which

instantly becomes per-
meated by the arsenic

beneath. The alloy
thus produced con-
tains 45 lb. of arsenic

to the ton of lead, and
is known as " tem-

per." This again is

added in the proportion of 1 per cent,

to the pure lead, and thus the shot

alloy, containing a very small per-

centage of arsenic, is produced. The

making of quantities of the temper at a
time is a great convenience, as the pro-
portion of arsenic in the shot is thus

kept uniform, while the melting can be
done in the ordinary kettle in the sum-
mit of the shot-tower. The temper-
pots hold about a ton of metal each,
and the cooled product has a brownish

gloss distinguishing it in a marked,
manner from the dull hue of the ]iur(;
lead.

The manufacture of shot is almost

universally conducted in tall brick
towers with iron frames. In the top
chamber is a melting-pot, whence the
molten lead is dijijied by workmen
wearing thick gloves and Avielding iron

ladles. The metal is poured into co-

landers, which are simply perforated
copper pans, resting in iron rings fastened
over the well of the tower. In the
bottom of the colander is placed a layer
of the dross which rises to the surface
of the lead during melting. This in a
measure checks the too rapid escape of
the melted metal, and is thought to

have the effect of increasing the ro-

tundity of the shot, possibly by expediting
its cooling as it passes through. The
holes in the colanders vary from

jL to

3,'.,-, in., but the shot are of larger diameter
than the orifices. In falling to the base
of the tower, the particles of semi-fiuid

lead, acted upon alike over their whole
surface by a current of air, are made to
assume the globular form, and by the
time thi'y reach the bottom they are
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sufliciently hardened by cooling to bear

the shock of striking the surface of the

water in the well below. The size of

the shot is only approximately fixed by
the sizes of the holes in the colanders.

The mass is always larger than the hole

from which it exudes, and as the period
of dropping is not exactly uniform,

perhaps half-a-dozen sizes are produced
fi'om the same sieve. Again, large-
sized shot require to be dropped from a

greater height than small-sized, and
while in some cases 100 ft. is sufficient,

in others an elevation of 150 ft. is

hardly enough. Buckshot, as will be

explained further on, are not made l)y

the di"nj)ping process at all, owing to

their size.

Various devices have been proposed
for shot-making, having for their object
the abolition of the tower. One pro-
cess consists in pouring lead upon a

revolving table on which is placed a

cylinder of perforated sheet brass. The
table is revolved with a velocity of

1000 ft. per minute on the periphery,
and the lead is thrown through the

perforations on the side, forming round

shot, which strike against a linen screen

placed to intercept them. A method
has also been patented for dropping
shot through short distances, but sub-

jecting them meanwhile to a powerful
air-current which cools them.

After the shot have reached the bot-

tom of the well, they are at once lifted

out by an elevator and thrown upon an

inclined drying-table, over which they

slide, falling ultimately into a wire-

gauze rotating cylinder. Here they are

rolled and ground together, and in this

way the minute burrs upon them are

removed. From the cylinder, another

elevator lifts the shot upon a screening-

table, which consists of a series of planes

arranged at gradually decreasing heights.
Between each 2 is an interval. The

shot, being started at the end of the

highest plane, will, if perfect, roll from

one plane to another, jumping over the

intermediate spaces ;
if imperfect, how-

ever, the latter become pitfiills, into

which, sooner or later, it tumbles and
is carried off into a receptacle, the con-

FiG. 147.

tents of which go back to the melting-
kettle. The good shot, after passing
this ordeal, reach the separators. There

are usually several tables, each devoted

to a different size of shot and its ap-

proximating sizes. This is for conve-

nience in future separating. The shot

are next elevated to the top cylinder of

a series, arranged on an incline. Two
of these cylinders are represented in

Fig. 147. They are conical in form, in-

clined, and co-

vered with perfo-
rated sheet brass.

Each cylinder
serves as a sieve

for a particular
size of shot, re-

taining that and

allowing all small-

er sizes to escape.
The shot, as the

cylinder revolves,
traverses its en-

tire length, and

then the small ones run out into the

next cylinder below, and thus the sifting

goes on until each cylinder has picked
out the particular class of shot to wliiili

it is adapted.
The sizes of shot are standard. The

smallest is known as "dust," and then

comes No. 12, which is 0-05 in. in

diameter, 2326 shot going to the oz.

The sizes then increase by hundredths

of an inch up to
-f^i,

of which there are

24 shot to the oz.

The shot being now assorted, polisliing

alone remains to be done. This is

accomplished by placing the shot to-

gether with graphite (plumbago) in a

box, which is rapidly rotated. This

imparts the glossy black smoothness

demanded by sportsmen. The shot are

then weighed, bagged, and are ready
for commerce.

Buckshot, which range in size from

22 to 38 hundredths of an inch, are

moulded. The moulds represented in

Fig. 148 consist of a series of pivoted

bars, the outer pair of which have

handles. The upper edges of these

bars are hollowed to form the moulds,
so that when they are closed together,
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the opposite halves of each cavity unite,

and it is only necessary to pour the

lead into the apertures. The shot are

Fig. 14S.

thus at once moulded to the proper

size, so that rumbling and polishing

only are subsequentlv required.
LITHIUM.— This alkali - metal

occurs in appreciable quantity in several

minerals, besides being very widely dis-

tributed through all 3 kingdoms (ani-

mal, vegetable, and mineral), in less

perceptible proportions ;
it is present to

the amount of 4 to 5§ per cent, in spo-
dumene (an aluminium-sodium-lithium

silicate), 1| to 5f per cent, in lepidulite

(lithia-mica), 2| to of per cent, in peta-
lite (an aluminium-sodium-lithium sili-

cate), and li to 3j per cent, in triphy-
line (an iron-manganese-lithium phos-

phate). The best method of extracting
lithium salts from lepidolite and petalite
is Troost's, as follows :

—A mixture of 10

jiarts finely-powdered lepidolite, 10 of

barium carbonate, 5 of barium sulphate,
and 3 of potassium sulphate,, is fused at

a very high temperature 'in a blast

furnace
;
the heavy barium silicate and

sulphate sink to the bottom, while the

potassium and lithium sulphates form a

layer at the top, and can be extracted

by simple lixiviation
;
the sulphates are

converted into chlorides by addition of

barium chloride, the chlorides are eva-

porated to dryness, and the lithium

chloride is extracted by treatment with

a mixture of absolute alcohol and ether.

The best method of extracting lithium

salts from triphyline is Hugo Miiller's.

It consists in dissolving the ore in hy-
drochloric acid, oxidizing by nitric acid,

precipitating the phosphoric acid by an

iron persalt, evaporating to dryness,
and extracting by hot water

; msJiganese
and lithium chlorides are thus dissolved ;

the manganese is precipitated by barium

sulphide, and the excess of barium is

removed by sulphuric acid; lithium

oxalate is produced by evaporating with
oxalic acid, and is converted into car-

bonate by ignition. The best method of

prejiaring metallic lithium is Bunsen's,
as follows :

—Pure lithium chloride is

fused in a thick porcelain crucible over

a lamp, and decomposed by a current

from a zinc-carbon battery of 4 to

cells, the positive pole being a small

splinter of gas-coke, and the negative an

iron wire about the stoutness of a knit-

ting-needle ;
after a few seconds, the

iron wire beneath the fused chloride is

surrounded and coated with a silver-

white regulus, wliich soon attains the

size of a small pea ;
to obtain the metal,

the wire and regulus are lifted out in an

iron spatula, and the wire is withdrawn
from the still molten metal, which is

protected from ignition by the lithium

chloride which coats it
;
after cooling

under petroleum, the metal can be de-

tached from the spatula by a penknife.
Metallic lithium lias a sp. gr. of onlv

0-5891 to 0-5983, and fuses at 356° F.

(1S0° C); it is softer than lead, can be

made into wire, and welds at ordinary

temperatures ;
it is much less oxidizable

tlian sodium and potassium, and has a

silvery lustre, but tarnishes on exim-
sure

;
it attacks glass and porcehain

below 392° F. ('200° C), and oxidizes on

water without fusing ;
it is rapidly dis-

solved by dilute hydrochloric and sul-

phuric acids, slowly by concentrated

sulphuric, and fuses and ignites in con-

tact with nitric acid
;

it is more highly

electro-negative than sodium, and burns

with a white light when heated in the

air, combustion taking place also on

heating in bromine, chlorine, iodine,

sulphur vapour, and anhydrous car-

bonic oxide.

liUBRICANTS.—" Lubricants
"

are substances employed to reduce fric-

tion. "Friction" may be described as

the effect produced by two bodies sliding
one upon tlie other, which have upon
their opposing surfiices minute asperi-

ties, that interlock each other. Tiie

sliding movement, which forcibly re-

moves these minute irregularities,
creates what we call friction. Friction
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is reihiced whon tliese asperitio? are

small, and lubrication is resorted to to

prevent that loss of power caused by
inotion under these conditions. The
chief lubricants used have a less co-

efficient of friction than the parts in

contact. The term " co-efficient of

friction" is an expression which indi-

cates the proportion which resistance

to sliding bears to the force which

presses the surfaces together. There is

little friction when this amounts to

only r}f, ;
it is moderate when it is

-Jfj,

and it is ver_y high when it is J, or 25

per cent., of the force which presses the

surfaces together.
In a steam-engine, where many parts

are moving, a large amount of friction

is produced, which tends to stop those

parts, and it would ultimately do it

were they not continually re-supplied
with fresh motion obtained by the

burning of fuel. Hence it is apparent
that the engine has not only to over-

come the resistance of the work to be

done, but also the resistance offered by
its own parts. In other words, the

amount of heat manifested in friction is

the amount of extra heat that will have
to be generated under the boiler, and
the extra cost of working will be the

cost of the fuel necessary to produce
that heat. From the experiments of

Morin, we find that the friction of a

cast-iron shaft upon a dry l)ell-metal

bearing amounts to '2 of the transmitted

power, while with a wrought-irou shaft

the friction is more than '25
; therefore,

if such shafts were dry and unlubricated,
i and I respectively of the total fuel

cost would be wasted in overcoming
friction. By careful lubrication of the

same shafts, the loss may be reduced to

•065 in the one case, and '089 in the

other. Hence the importance of a good
lubricant. One of the next essential

])oints is that it shall be properly dis-

tributed over the surface on which it is

required, that just sufficient shall be

used, and all waste avoided
; otherwise,

what would have to be spent in over-

coming friction will have to be spent in

buying oil.

For very heavy bearings, tallow and

other solid lubricants ai'e used, such as

mixtures of sulphur and tallow, asbestos,

soapstone with asbestos, graphite,
caustic soda, beeswax, and other simi-

lar mixtures which find favour among
locomotive engineers and those in charge
of heavy machinery. The pressure
that can be borne by a good lubricant

for a useful length of time depends upon
the nature of the bearings as well as

upon the lubricant itself. The velocity
of the rubbing action also must be

taken into consideration. The maxi-
mum of pressure that solid lubricants

will bear without destruction is un-
known. For steel surfaces, lubricated

with the best sperm-oil, moving slowly,
1200 lb. pressure per sq. in. of bearing
surface has been found permissible.
Under the pivots of swinging bridges,
several thousand lb. persq. in. have been
found to work

;
for iron journals, 800 lb.

per sq. in. should not be exceeded.

An efficient lubricant must exhibit

the following characteristics :
—

(1)
Sufficient "

body
"

to keep the .surfaces

between which it is interposed from

coming into contact; (2) the greatest

lluiility consistent with (I) ; (3) a mini-
mum co-elHcient of friction ; (4) a

maximum capacity for receiving and

distributing heat ; (5) freedom from

tendency to "
gum

"
or oxidize

; (6)
absence of acid and other properties

injurious to the materials in contact

with it
; (7) high vaporization- and

decomposition-temperatures, and low

solidification-temperature ; (8) special

adaptation to the conditions of use
;

(9) freedom from all foreign matters.

The modern methods of testing the

lubricating qualities of oils are directed

to a discovery of the following points :
—

(1) Their identification and adultera-

tion
; (2) density ; (3) viscosity ; (4)

"
gumming "; (5) decomposition-, vapo-

rization-, and ignition-temperatures;

(G) acidity ; (7) co-efficient of friction.

The 1st and 2nd stages are described

very fully in an original article by Dr.

Muter in Spons'
'

Encyclopa;dia,' pp.
1462-1477. The viscosity and gumming
tendency may be simultaneously detected

by noting the time required by a drop
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to travei'se a knowa distance on an

inclined plane. A 9 days' trial gave
the following result :

—Common sperm-
oil, 5 ft. 3 in. on the 9th day ; olive-oil,

1 ft. 9J in. on the 9th day ; rape-oil,
1 ft. 7^ in. on the 8th day ; best sperm-oil,
4ft. 6^ in. on the 7th day; linseed-oil,

1 ft. 65 in. on the 7th day; lard-oil,

llf in. on the 5th day. The day given
is in each case that on which the oil

ceased to travel. There are several

ways of applying the plane test. A
very simple and general test of iluidity
is to dip blotting-paper in the oil, and
hold it up to drain ; symmetrical drops
indicate good fluidity ;

a spreading

tendency, viscosity. Retention of the

oil on the paper for some hours at

200° F. (93P C), or for some days at

ordinary temperatures, will show the

rate of gumming. (Thurston.)

Putting aside the commoner charac-

teristics of a good oil, such as the

absence of acidity either natural or

artificial, and the absence of gummiuess,
one of the most commonly believed

ideas is, that an oil of high specific

gravity is the best for lubricating pur-

poses. Although this may be true in

certain cases, yet from observations and

experiments made over a long period it

appears that they are not always the

best, and that the point upon which we
must rely is the viscosity. To test this,

a French pourette graduated into 100 cc.

is most useful. The pourette is fitted

on a stand and filled with the oil to be

tested
;

after allowing all bubbles of

the air to separate, it is permitted to

run through, and the lime it takes to

do so is carefully noted. At the close

of the experiments, it will be found that

the viscosities are directly proportional
to the time taken

; thus, if a mineral
oil takes 15 seconds, and rapeseed-oil
45 seconds, the viscosity of rapeseed-oil
is 3 times that of the mineral. The

temperature may be either 60° or 90° F.

(15^° or 32° C), but the latter is

preferable, as the oil may be subjected
to that temperature when in use. Now,
if an oil of very high viscosity, such as

castor or rapeseed, were used to lubri-

cate an engine of low hoi'se-power, in

all ]ir(ibability, instead of reducing the

friction to a minimum, it would itself

become a source of resistance, and in-

crease the evil. Conversely, if an oil

of very low viscosity were used to

lubricate an engine of high horse-power,
the friction would be but slightly if at

all reduced. Hence, looking at extreme

cases, there exists a marked connection

between viscosity and horse-power, and
to ensure perfect lubrication, the visco-

sity miist gradually increase with the

pondcrousness of the machinery. It is

stated by one authority that the best

method for mixing oils with this object
is to take a basis of American or Scotch

mineral oil at 0'885 to 0-90o sp. gr.,

and add olive, lard, rapeseed or castor

oil to work up the viscosity. Olive and
lard oils, when mixed with mineral oils

in ])roportions of 10, 20, 25, and so on

up to 75 per cent., arc about equal in

value as lubricants of the lighter class of

machinery. Rapeseed-oil in like propor-
tions is valuable where the machinery is

of a heavier kind, or where the lubri-

cant lias to be iised throughout on
works in which the machines vary
much

;
but in such a case it is better

to divide them into classes, and use a

special oil for each class. Castor-oil,
mixed with mineral oil in varying pro-

portions, may be used in the case of

the most ponderous machinery. Cold

mixed oils are considered preferable to

those mixed at a temperature over

100° F. (38° C).

Fire-testing is specially applicable to

mineral oils. There are several forms

of tester, as Tagliabue's, Jlillspaugh's,

Abel's, Saybolt's, Parrish's, kjallerou-

Urbain's, Sintenis', Bernstein's, and

Bailey's. The apparatus consists es-

sentially of a receptacle for the oil to

be tested, a water-bath surrounding
the receptacle, a lamp for heating the

water-bath, a thermometer to indicate

the temperatures, an outlet fur the

vapour generated from the oil, and a

means of reaching the oil itself.

The form of tester recognised in this

country under the Petroleum Act, 1879,
is shown in Fig. 149. The oil-cup A
consists of a cylindrical vessel of 2 in.
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diameter and
2,^^.

in. internal lieight,

with an outward projecting rira hff^ in.

wide, I
in. from the top, and 1^ in. from

the bottom of the cup. It is made of

gun-metnl or brass, tinned inside. A
bracket k, consisting of a short stout

piece of wire bent upwards and termi-

nating in a point, is fixed to the inside

of the cup to serve as a gauge. The

distance of the point from the bottom

Fig. 1:9.

of the cup is 1 J in. The cup is pro-
vided with a close-fitting overlapping
cover made of brass, which carries tlie

thermometer I and test-lamp m. The
latter is suspended from two supports
at the side by means of trunnions on
which it oscillates, and is provided with
a s])out, whose mouth isy'^in. in dia-

meter. The socket to hold the ther-

mometer is fixed at such an angle, and
its length is so adjusted, that the bulb
of the thermometer, when inserted to

its full depth, shall be li in. below the
centre of the lid.

The cover is provided with three

square holes, one iu the centre, /|j
in. by

/gin., and two smaller ones, -j^gin. by

f~^ in., close to the sides and opposite
each other. These three holes may be

closed and uncovered by means of a

slide moving in grooves, and having

perforations corresponding to those on

the lid. In moving the slide so as to

uncover the holes, the oscillating lamp
is caught by a pin fixed in the slide, and

tilted in such a way as to bring the

end of the spout just below tlie sur-

face of the lid. Upon the slide being

pushed back so as to cover the

holes, the lamp returns to its ori-

ginal position. On the cover, iu

front of and in line with the mouth
of the lamp, is fixed a white bead /,

the dimensions of which represent
the size of the test-Hame to be used.

The bath or heated vessel B con-

sists of two flat-bottomed cop))er

cylinders, an inner one of 3 in. dia-

meter and 2^ in. height, and an

outer one of SJ in. diameter and

5f in, height ; they are soldered to

a circular copper plate C, per-
forated in the centre, which forms

the top of the bath, in such a

manner as to enclose the space be-

tween the two cylinders, but leaving
access to the inner cylinder. The

top of the bath projects both out-

wards and inwards about |
in.

;
that

is, its diameter is about | in. greater
than that of the body of the bath,
while the diameter of the circular

opening in the centre is about the

same amount less than that of the

inner copper cylinder. To the inner

projection of the top is fastened, by six

small screws, a flat ring of ebonite, the

screws being sunk below the surface of

the ebonite, to avoid metallic contact

between the bath and the oil-cup. The
exact distance between the sides and

the bottom of the bath and of the oil-

lamp is § in. A split socket similar to

that on the cover of the oil-cup, but set

at a right angle, allows a thermometer
c to be mserted into the space between
the two cylinders. The bath is further

provided with a funnel d, and overHuw

pipe /, and two loop handles g.
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The bath rests upou a cast-iron tripod

stand, to the ring of which is attached

a copper cylinder or jacket, flanged at

the toj), and of such dimensions that the

bath, while firmly resting on the iron

ring, just touches with its projecting

top the inward-turned tlange. The

diameter of this outer jacket is 6J in.

One of the three legs of the stand serves

as support for the spirit-lamp attached

to it by means of a small swing-bracket
a. The distance of the wick-holder c

from the bottom of the bath is 1 in.

Two thermometers go with the appa-

ratus, one for ascertaining the tempera-
ture of the bath, the other for deter-

mining the flashing-point. The former

has a long bulb and a space at the top.

Its range is from about 90° to 190° F.

(32° to 88° C). It is furnished with a

metallic collar fitting the socket, and

the part of the tube below the scale

should have a length of about 3J in.,

measured from the lower end of the

scale to the end of the bulb. The ther-

mometer for ascertaining the tempera-
ture of the oil is similarly fitted with

collar and ivory scale
;

it has a round

bulb, a space at the top, and ranges from

about 55° to 150° F. (13° to 66° C.) ;
it

measures from end of ivory back to bulb

2i in.

The test is applied in the following
manner :—The apparatus is placed where
it is not exposed to draughts. The
water-bath is filled by pouring water

into the funnel d until it begins to flow

out at the spout of the vessel. The

temperature of the water at the com-

mencement of the test is to be 130° F.

(541° C), attained in the first instance

either by mixing hot and cold water in

the bath, or in a vessel from wliich the

bath is filled, until the thermometer
which is provided for testing the tem-

perature of the water gives the proper
indication ;

or by heating the water

with the spirit-lamp (which is attached

to the stand of the apparatus) until the

required temjierature is indicated.

When a test has been completed, this

water-bath is again raised to 130° F.

(542°C.) by placing the lamp under-

neath, and is readily achieved while the

petroleum-cup is being emptied, cooled,

and refilled with a fresh sample to be

tested. The lamp is then turned on its

swivel from under the apparatus, and

the next test is proceeded with.

The test-lamp is prepared for use Ijy

fitting it with a piece of flat plaited

candle-wick, and filling it with colza- or

rape-oil up to the lower edge of the

opening of the wick-tube. The lamp
is trimmed so that, when lighted, it

gives a flame of about 0-15 in. diameter,
and this size of flame, which is repre-
sented by the projecting white bead i on

the cover of the oil-cup, is readily
maintained by simple manipulation from

time to time with a small wire trimmei'.

When gas is available, it may be con-

veniently used in place of the little oil-

lamp, and for this purpose a test-flame

arrangement for use with gas may be

substituted for the lamp.
The bath having been raised to the

proper temperature, the oil to be tested

is introduced into the petroleum-cup,

being poured in slowly until the level

of the liquid just reaches the point of

the gauge which is fixed in the cup. In

warm weather, the temperature of the

room in which the samples to be tested

have been kept should be observed in

the first instance, and if it exceeds

65° F. (18° C), the samples should be

cooled down to about 60° F. (15^° C), by

immersing the bottles containing them
in cold water, or by any other con-

venient method. The lid of the cup,
with the slide closed, is then put on,

and the cup is placed in the bath. The

thermometer in the lid of the cup has

been adjusted so as to have its bulb

just immersed in the liquid, and its

position is not under any circumstances

to be altered. When the cup has been

placed in the proper position, the scale

of the thermometer faces the operator.
The test-lamp is then placed in

position upon the lid of the cup, the

lead-line or pendulum, which has been

fixed in a convenient position in front of

the operator, is set in motion, and the rise

of the thermometer in the petroleum-

cup is watched. When the temperature
has reached about 66° F. (19° C), the
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oiieration of testing is to be commenced,
the test-riame being api)lieil once for

every rise of one degree, in the follow-

ing manner:—The slide is slowly drawn

open while the jiendulum performs three

oscillations, and is closed during the

fourth oscillation. .

If it is desired to employ the test

aijjiaratus to determine the flashing-

points of oils of very low volatility, the

mode of proceeding is to be modified

as follows:— The air chamber which

surrounds the cup is filled with cold

water to a dej)th of Ih in., and the

water-bath is tilled as usual, but also

with cold water. The lamp is then

placed under the apparatus, and ke])t

there during the entire operation. If a

very heavy oil is being dealt with, the

o])eration may be commenced with water

previuubly heated to 120° F. (49° C),
instead of with cold water.

The schedule omits to state that the

length of the pendulum to be used shall

be 2 ft. from the point of suspension to

the centre of gravity of the weight.
The ^*

flashing-point
"

of an oil is un-

derstood to mean the temperature at

which the escaping vapour will mo-

mentarily ignite ;
the "

burning-point
"

is that at which the oil takes fire and

burns. Lubricating oils should always
flash above 250° F. (120° C), and take

fire at a considerably higher tempera-
ture. Animal and vegetable oils do

not vaporize, but decompose at high

temperatures, beyond the range of a

water-bath. A comparison of petro-

leum, sperm-oil, and lard-oil showed the

following respective figures:
— Flash-

ing-point: 245° F. (118° C), 425° F.

(219° C), 475° F. (246° C.) ; igniting-

point : 290° F. (143° C), 485° F. (252°

C), 525° F. (274° C.) ; burning-point:
300° F. (149° C), 500° F. (260° C),
525° F. (274° C). The standard animal

and vegetable lubricating oils, and all

mineral oils of good body and high

sp. gr., decompose or vaporize only at

temperatures exceeding that of steam in

ordinary engines, the former usually and

latter sometimes bearing steam at loco-

motive pressure. The precise value of

any lubricating material is best ascer-

tained by one of the many forms of

apparatus devised for this purpose, such

as McNaught's, -Napier's, Ingham and

Stapper's, Bailey's, Ashcroft's, Cross-

ley's, Van Cleve's, Hodgson's, &c., fully

described and figured in Thurston's

work on Friction.

The suitability of a lubricating me-

dium depends upon the character of the

work being done, and is not constant.

In order to procure the nearest possible

approach to what is required for special

purposes, many compounds are now in

the market, being mainly mixtures of

mineral and animal or vegetable oils in

proportions calculated to develop the

jjarticular characteristics re([uired. The

general experience gained of various oils

used for lubricating tends to the follow-

ing results:—(1) A mineral oil flashing

below 300° F. (149° C.) is unsafe, on

account of causing fire
; (2) a mineral

oil evaporating more than 5 percent, in

10 hours at 140° F. (60° C.) is inad-

missible, as the evaporation creates a

viscous residue, or leaves the bearing

dry; (3) the most fluid oil that will

remain in its place, fulfilling other con-

ditions, is the best for all light bearings
at high speeds ; (4) the best oil is that

which has the greatest adhesion to me-

tallic surfaces, and the least cohesion in

its own particles: in this respect, fine

mineral oils are 1st, sperm-oil 2nd,

neatsfoot-oil 3rd, lard-oil 4th
; (5) con-

sequently the finest mineral oils are

best for light bearings and high veloci-

ties
; (6) the best animal oil to give

body to fine mineral oils is sperm-oil ;

(7) lard- and neatsfoot-oils may replace

sperm-oil when greater tenacity is re-

quired ; (8) the best mineral oil for.

cylinders is one having sp. gr. 0"893

at 60° F. (15^° C), evaporating-point
550° F. (288° C), and flashing-point

680° F. (360° 0.) ; (9) the best mineral

oil for heavy machinery has sp. gr.

0-880 at 60° F. (15.',° C), evaporating-

point 443° F. (229° C), and flashing-

point 518° F. (269° C); (10) the best

mineral oil for light bearings and high
velocities has sp. gr. 0-871 at 60° F.

(15^° C), evaporating-point 424° F.

(218° C), and flashing-point 505° F,
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(262° C); (11) mineral oils alone are

not suited foi' the heaviest machinery,
on account of want of body, and higher

degree of inflammability ; (12) well-

purified animal oils are applicable to

very heavy machinery; (13) olive-oil

is foremost among vegetable oils, as

it can be purified without the aid of

mineral acids; (14) the other vegetable
oils admissible, but far inferior, stated

in their order of meiit, are gingelly-,

ground-nut-, colza-, and cottonseed- oils
;

(15) no oil is admissible which has been

purified by means of mineral acids.

As the result of numerous experi-
ments, Veitch Wilson is convinced that

mineral oils are, if used alone, unsatis-

factory lubricants
;
but bearing in mind

the natural and almost ineradicable

tendency of mineral oils to develop

acid, and of vegetable oils by the absorp-
tion of oxygen to gum and clog the

bearings and to induce spontaneous
combustion, bearing also in mind the

fact ,that mineral oils can now be ob-

tained in every respect as safe as the

finest animal oils, and that the admixture

of mineral oil with animal or vegetable
oil neutralizes the acidity in tlie one

case and the acidity and oxidizing

tendency in the other, he is of opinion
that the safest, most efficient, and most
economical lubricants for all manner of

bearings are to be produced from a

judicious mixture of animal or vegetable
with good mmeral oils. With regard
to cylinder lubrication, the peculiar
conditions are the liberation of natural

acids from vegetable and animal fats

and oils by the action of steam and heat,

the action of these acids on the cylinders,
and the evidence that as these acids are

constituents of all animal and vegetable
fats and oils, they cannot be removed

by any process of refining. One of the

lubricants largely in use is tallow, but

there is conclusive evidence that it is

the cause of considerable injury to the

engine cylinders. From the mass of

evidence he has been able to collect

upon the subject, he is convinced that,

if care was exercised in the selection of

the oil, and equal care in its preparation
and application, hydro-carbon oil would

be found thoroughly efficient as a

cylinder lubricant, absolutely harmless,
and mucli more economical than tallow.

The bulk of the cylinder oils now before

the public are of American origin :

they are usually sold pure, but some-

times a small percentage of animal or

vegetable matter is added in order to

increase their lubricating properties,
and iu his experience this has always
been attended with most favourable

results. The thickest oil that can be

introduced to a cylinder is the best.

Hot-air engines may be lubricated on

precisely the same principles as steam

cylinders, but gas engines present a

new and special feature, as in their case

the lubricant is not only subjected

temporarily to the intense heat of the

explosion, but also comes into direct

contact with the flame, and is liable to

be decomposed or carbonized thereby.

If, therefore, animal or vegetable fats

and oils are objectionalile in steam

cylinders, they are mnch more so in tiie

cylinders of gas engines ;
and in the

case of gas engines he would most

emphatically protest against the use of

any but pure hydro-carbon oils without

any admixture. (^Cullicnj Guardian.')
The results of W. H. Watson's ex-

periments upon the corrosive action of

various oils on copper and iron surfaces

are worthy of reproduction here. After

10 days' exposure of copper to the action

of the several oils named below, the

effects were evidenced by the following

quantities of copper held by them :
—

Linseed-oil,
• 3000 gr. ; olive-oil,

• 2200

gr. ; neatsfoot-oil, 0*1100 gr. ;
almond-

oil, 0-1030 gr. ; seal-oil, 0-0485 gr. ;

colza-oil, 0- 0170 gr. ; sperm-oil, 0-0030

gr. ; paraffin, 0-0015 gr. Iron sub-

jected to similar treatment for 24 days
was affected to the following extent :

—
Neatsfoot-oil, 0-0875 gr. ; colza-oil,

0-0800 gr. ; sperm-oil, 0-0460 gr. ;

lard-oil, 0-0250 gr. ; olive-oil, 0-0062

gr. ; linseed-oil, 0-0050 gr. ; seal-oil,

0-0050 gr. ; castor-oil, 0-0048 gr. ;

paraffin, 0-0045 gr. ; almond-oil, 0-0040

gr. ; special lubricating-oil, 0-0018 gr.
These results show that the extent of

the action of anv oil on one metal is no
2 E
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guide to the degree in which it will

affect another metal.

C. W. Volney has jiuhlished the

following results of au investigation of

the effects of different oils upon brass.

Strips of sheet brass were covered", each

separately, with oil. The temperature
was 81^ F. (27° C). The strips of metal

were weighed ;
the temperature was

kept uniformly at 81° F.
;

after 16

days, the metal was removed from the

oil and carefully washed with alcohol,

dried and weighed. (1) Menhaden-oil :

weight of metal, 0-590. The oil had be-

come thick, gummy, and covered with

a tough skin. After cleaning and

drying, the metal weighed 0*587
; loss,

0-003. The metal itself was covered

with a green film
;
the colour of the oil

was unchanged. (2) Crude cottonseed-

oil : weight of metal when immersed,
0-574. The oil had retained its original

consistency. The metal was covered

with a green film
;
the colour of the oil

was unchanged. Weight of metal after

washing and cleaning, 0-572
; loss,

0-002. (3) Lard-oil : weight of metal

Avhen immersed, 0-572
;
the oil showed

no change of consistency or colour
;

there was only a slight tinge of green
on the metal, which weighed, after

washing and cleaning, 0-5715; loss, not

quite 0-001. (4) Olive-oil: weight of

metal before immersion, 0-794. The
oil was green from dissolved oleate

;
the

metal was thickly covered with green
film. Weight of metal after washing
and cleaning, 0-790; loss, 0-004. (5)
Neatsfoot-oil : weight of metal before

immersion, 0-791
;
no change in colour

or consistency of oil, but a green residue

<ir precipitate had collected on the

bottom of the glass ;
the metal was

covered with green oleate. Weight of

metal after washing and cleaning,

0-787; loss, 0-004. ((3) Crude petro-
leum from Scio : weight of metal before

immersion, 0-717. No change was ob-

served in consistency or colour of the

oil, and there was no change in the

appearance or colour of the metal.

Weight of metal after washing and

cleaning, 0-717
; loss, none. The

foregoing trials express iii themselves

the fact that the mineral oils form the

best protectors for brass. The figures
obtained by expressing the loss caused

by the oils upon the metal, give also the

relative value of the oils in this respect.

Reduced, the following table is obtained,
which may be considered as an indicator

of the dissolving or corroding effect of

these oils iipon brass :
—

j\Ienhaden-oil . . . '511

Neatsfoot-oil . . , -505

Olive-oil . , -504

Crude cottonseed-dil . . •348

Lard-oil . . . 'ISl

Crude petroleum from Scio . "000

These figures may express the chemical

effect of these oils upon brass, and thus

give values for the estimation of these

oils as protectors of metals
;
to form

estimates of their values as lubricators,
the above obtained factors will doubt-

less prove valuable, but the mechanical

action in friction will have also to be

considered. These figures also express

merely results obtained with the oils

under investigation, as the acidity of

the vegetable and animal oils differ.

Probably the results of their effects

upon metals will differ
;
but in general

it maybe stated that these oils in course

of time will invariably show acidity,
and in this respect only mineral oils are

excepted. (^Oil and Paint Ecv.)
The lubricating power of a mineral

oil increases with its specific gravity.

Wherever, therefore, in machinery there

is great friction with heavy pressure,

only heavy mineral oils should be em-

ployed, and if they are properly pre-

pared
— i.e. free from resins and acids—

they retain their lubricating power at

any temperature. Animal and vege-
table oils, on the contrary, however

pure, gradually lose this power, and,

owing to the oxidizing action of the air,

become thick, gummy, and eventually

quite stiff, and hence continual oiling
and frequent cleaning become necessary.
The heavy mineral oils have not this

tendency to become thick under the

same influences. Then, again, at a low

temperature, animal and vegetable oils

become thick, or even solid, whereas

mineral oil always remains liquid, anil
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even the greatest cold only makes it

slightly thicker, but never solid. The
chief advantage, however, of the mineral

oils is that they do not act njjon iron

like those ofanimal and vegetable origin.
As already stated, the latter are com-

posed of fatty acids and glycerine, a

combination which is broken up into its

constituent parts by superheated steam.

(On this fact the manufacture of stear-

ine and glycerine depends.) The same

decomposition, however, takes place,

although only graduall}', under the in-

fluence of atmospheric moisture even at

the ordinary tem]ierature. The free

fatty acids attack the metals with which

they are in contact, forming the so-

called metallic soaps, and this takes

))lace irrespective of the presence of

steam. The atiinity of the fatty acids

for ferric oxide is indeed so great, that

it seems as if the iron dissolved in them
at tlie moment of contact. (7,f i)>.

Fiirh.

Zcit.)

During experimental observations on

paraffin-oils, it was found that certain

oils burned somewhat imperfectly in

dilferent lamps, and an examination of

these oils led to the discovery that they
were contaminated so largely with lead

compound as to lead to the choking up
of the wicks, and ultimately to the

lessening and practical extinguishment
of the light. In the case of one of the

oils, the wick of the lamp had to be

changed several times during a single

night, and the examination of these

wicks proved that they contained so

much lead compound as to leave, when

charred, a fine network of metallic lead.

The oil in question had been stored in a

cistern or tank lined with sheet-lead,

and notwithstanding the absence of

affinity between paraffin-oil and other

substances, as indeed its own name indi-

cates, the oil had apparently acted upon
the metal, and held the lead in solution.

In order to determine how far paraffin-
oil could act upon lead, a series of

experiments was instituted, in which
oils of various qualities, originally free

from lead, were allowed to remain in

contact with the metal fur different

jierlods of time. Theic experiments

proved that all the samples of parailin-
oil which were experimented upon had
more or less action upon metallic lead

;

that mere contact of the oil with the

lead was sufficient to communicate

traces of lead to the oil
;
aiad that in a

week's time the oil invariably became so

highly charged with lead that it was
rendered unsuitable for combustion in

ordinary lamps, owing to the encrusting
of the wicks, and the consequent lower-

ing of the luminosity of the flame. In

order to render the experimental obser-

vations more complete, similar trials

with paraffin-oil and other metals were
carried on

;
and to enable the various

experiments to be compared with each

other, the same quality of oil was em-

ployed in the principal investigations
with the different metals. Twelve
series of experiments were made with
the highest quality of burning-oil and

the metals—lead was employed in ?> of

the trials because this metal is more
liable to be acted upon when the surface

is bright than when the surface pos-
sesses the ordinary skin or coating of

oxide and carbonate, and the results

obtained with bright lead might not

apply to tarnished lead. This ditierence

in action is well known in the case of

the chemical influence of difl'ereut

natural waters upon lead.

(1) Bright lead.—When paraffin-oil

is brought into contact with scrajied lead,

where the surface is quite bright, the

chemical action begins instantly, and a

few moments are alone required to

communicate the metal to the oil. In

a day the action is so decided that the

oil begins to present rather a cloudy

appearance, owing to the presence of the

lead compound ;
and on washing the

oil with water, the latter when settled

retains a milky appearance from the

lead compound, which is apparently a

basic salt, and has an alkaline actioii on

test-papers. (2) Tarnished lead with

unprotected edges.
—Lead cut into small

sheets and placed in the paraffin-oil,

without any protection to the freshly
cut edges, necessarily exposes a large
surface of tarnished metal with the

natural .skin of oxvcarbonate, an 1 a

2 i; li
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comparatively small surface of bright

metal, where the fresh-cut edges are

visible. The investigation showed tliat

under these circumstances the lead is

not so readily acted upon by the oil, but

in a couple of days the oil gets impreg-
nated with lead compound, and becomes

unsuitable for illuminating purposes.

(3) Tarnished lead with protected edges.—In this case the lead was taken with

its natural skin, and the freshly cut

edges were protected by wax. Under

those circumstances, the paraffin
- oil

acts even less energetically, and though
traces of the metal may be found in the

oil in an hour from the commencement
of the experiment, yet it takes about a

week before the oil becomes largely

impregnated with the metal. (4) Tin.—
This metal is very slightly acted upon

by the oil, and in a month's time the

amount of metal dissolved in and diffused

through the oil is very small, and is not

sufficient to impede the combustion of

the oil in lamps. (5) Copper.
—A very

slight action is apparent after a month's

e.xposure, and practically the oil is not

affected thereby as a luminant. ((3)

Iron is slightly affected by the paraffin-

oil, and on 10 days' contact the oil

becomes deeper in colour and throws

down a fine ferruginous sediment. The

oil itself is, however, not materially

injured as an illuminating agent. (7)

Zinc.—This metal is sensibly acted upon

by the paraffin-oil, and the latter retains

the zinc compound in solution and sus-

pension. The oil is decidedly injured as

a luminant. (8) Tin solder of the best

quality, containing 2 parts tin and 1 of

lead, is acted upon by tlie paraffin-oil,

and the latter is injuriously affected as

an illuminating agent. (9) Tin soldered

with tin solder is also acted upon, and

lead is dissolved out from the solder by
the paraffin-oil. The quantity of metal

dissolved out is not large, but is sufficient

to influence the oil as a luminant. (10)
Tinned copper is not practically affected

by the paraffin-oil so far as the combus-

tion of the oil is concerned, but traces

of both the tin and the cojijier are found

in the oil after a month's exposure.

(_11) Tinned iron is acted upon very

slightly, but the oil does not suffer as

an illuminating agent. (12) Galvanized

iron is readily acted upon by the oil,

and the quality of the oil for burning
with wicks is sensibly injured.

These experimental observations de-

monstrate that the metals lead and

zinc should not be employed in the

construction of or in the lining of cis-

terns or other vessels intended for the

storage or reception of paraffin-oils ;

that the metals tin, copper, and iron, as

well as tinned copper and tinned iron,

may be safely employed in the fabri-

cation of the cisterns or other vessels';

and that ordinary tin solder containing
lead should not be used in the soldering

of such cisterns or vessels. Galvanized

iron should likewise be avoided. Whilst

stating that the cisterns or vessels for

the retention of paraffin-oil may be

safely constructed of or be lined with

tin, copper, or iron, it would be prefer-

able to use cisterns or vessels lined with

enamel in the interior, provided such

could be obtained of sufficient size for

the purpose. The ordinary enamelled

iron pots present absolutely no surface

upon which the paraffin-oil can act, and

cisterns or vessels constructed in a

similar way, with an interior lining of

enamel, would retain the paraffin-oil for

any time without affecting in the

slightest degree the purity of the oil or

its entire suitability for illuminating

purposes. In cases where leaden cis-

terns or vessels have been in use for the

retention of the paraffin-oil, there can

be no doubt that the inferior illuminat-

ing power of the oil may be fairly

attributed to the lead impregnation.
The action is lessened much by washing
over the surface of the lead with dilute

sulphuric acid, which forms a coating

of the insoluble lead sulphate, in or

through which the paraffin-oil has com-

paratively a feeble action. The oil,

however, does take up a little lead, and

hence the impurity still continues to

pass to the wick. A better protective

coating is obtained by brushing over

the surfiice of the lead with solution of

sul]ihuretted hydrogen, and still better

witli ammuniuiu sulphide, when a coat«
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ing of insoluble lead su'lphide is formed,
on or through which the paraffiu-oil
has still less action than on or through
the lead sulphate. The impregnation
of the oil, however, still goes on, though
in a minimum degree.
The paraffiu-oil employed in the

principal trials was of excellent quality,
and was free from acid and alkali. The

action, therefore, of the oil upon the

metals was not due to the presence of

any impurity in the oil. In other

experiments made with different samples
of paraffin-oils upon the metal lead, it

was found that the power of action

differeil materially in the various oils,

but such difference in degree of action

was not traceable to impurities in the

oils. It is probable, however, that the

various proportions of the hydrocarbons
present may have an influence in aiding
or arresting the action of the oil upon
the metal. (Dr. Stevenson Macadam.)
Some time since, Chevreul studied

the effect produced upon the drying-oils

by different metals. He found that

under certain circumstances metals

exerted an influence upon the oxidation

of the oils
;

for example, linseed-oil,

when spread upon a sheet of lead, dried

immediately. Livache believed that the

metals would act more energetically if

in the fine state of division in which

they are obtained by precipitation from

solution, instead of using only surfaces

of sheets of metal. He tried the effect

of tin, copper, and lead on the oils, but

only the last-named exerted any con-

siderable action. The lead employed in

the experiments was obtained by pre-

cipitation with strips of zinc from the

solution of a lead salt
;

it was quickly
washed with water, then with alcohol

and ether, and finally dried in vacuo.

If this lead is moistened with a certain

quantity of oil, and then exposed to the

air, in a short time an increase of weight
is observed, and the more drying the oil

the greater this increase. When raw
linseed-oi! is treated in this way, the

increase of weight attained its maximum
in 36 hours, while the same oil, if

merely exposed to the air alone, requires
several months to reach this state, A

I solid but elastic substance is formed,
like boiled linseed-oil dried in the air.

Experiments made with different oils

show that the increase of weight is

nearly the same as that of their fatty
aci(ls when exposed to the air for a few
months :

—
Oil treated , r ^""^.*^,«,Increase of of weiglit

weight in oil of fatty
acid in

ill 2 days. 8 dys. 8 mos.

Linseed . 14-3 per cent. .. 11.0
\V'alnut . 7-9 „ .. ;6-0

with pre-
cipitated

lead.

Clove .

Cottonseed
Boech-niit .

Rape . .

Sesanir" .

Peanut .

Rapes c I .

Olive . .

6-S
5-9
4-3
0-0
0-0
u-o
0-0
u-u

3-7
•
.s

2-«
2-9 2-6
2-i 2

2-i) u-9
1-7 U-7

Cottonseed-oil was the only drving-oil
that showed a markeil excej)tion ;

the

tatty acid from it exhibited a very slight
increase of weight. That is i)robably
the reason why this oil can play a

double role, as a drying and a non-

drying oil, for it is used to adulterate

linseed-oil on the one hand and olive-oil

on the other. Contact with precipitated
lead imparts to oil the property of

absorbing oxygen rapidly. In his study
of the oxidation of the oils, Cloez has

shown that it is always attended with the

total disappearance of the glycerine, and
in Livache's experiments it was noticed

that the glycerine was modified by the

precipitated lead. If glyct'rine is mixed
with precipitated lead in a tight bottle

free from air, the lead soon vanishes,

being oxidized at the expense of a por-
tion of the glycerine, and then dissolved

in it. These facts indicate that a

rapidly drying oil can be obtained by
simply treating linseed-oil for some
time with red-lead or litharge, although
the product thus obtained always re-

mains greasy, and does not dry as well

and quickly as boiled linseed-oil. In the

arts, advantage may be taken of this ac-

tion of lead toward drying-oils, as for ex-

ample to prove the presence of cottonseed-

oil in linseed-oil as well as in olive-oil.

Pi-obably boiling may be dispensed with

by substituting mere contact of the oils
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with precipitated lead, or solutions of

load and strips of zinc on which tlie

lead may be deposited in a fine state of

division. Oils prepared in this waj are

always of a lighter colour, and retain a

greater degi'ee of fluidity. Perhaps the

bad smell of boiling-oils, and the great

danger of their taking fire in the opera-

tion, can be avoided by this treatment.

( Oil, Paint, and Drug Rep.)
All the mineral oils—and also sperm-,

lard- and neatsfoot-oils — appear to

reach a nearly uniform coetficient of

friction at very greatly different degrees
of heat in the bearings. Several kinds

of the best mineral oils, andsperm- and

lard-oils, show a iiniform coefficient of

friction at the following degrees of

heat :
—

'Temperature at u-hich the coefficient of

friction is the same.

Downer Oil Co., 32°, Machinery
(an exceedingly fluid oil) .. 76° F.

„ „ Light Spindle 105° F.

„ „ Heavy Spindle 125° F.

Various samjiles of Sperms 90 to 114-° F.

Leonard and Ellis Yalvoline

Spindle 127° F.

„ „ AVhite

Yalvoline Spindle 122° F.

„ „ White
Loom 111° F.

Olney Bros., Gorman Spindle.. 112° F.

„ „ A Spindle 107° F.

Neatsfoot 170° F.

Lard-oil 180° F.

Lubrication seems to be effective in

inverse ratio to viscosity
—that is, the

most fluiil oil that will stay in its place
is the best to use. Lard-oil heated to

130° F. (5-ti° C.) lubricates as well as

sperm at 70° F. (21° C), or the best

mineral oil at 50° F. (10° C). But of

course it is a great waste of machinery
to work oil of any kind up to an exces-

sive heat
;
and there must be the least

wear in the use of oil that shows the

least coefficient of friction at the lowest

degree of heat.

The quantity of oil used is a matter
of much less importance than the qua-
lity. The mill that saves gallons of oil

at tlie cost of tons of coal, or dollars of

l-epairs, plays a losing game. Waite's

experiments on very heavy bearings at

Manchester go far to prove that a con-

siderable quantity of thin fine oil keeps
the bearings much cooler, and requires
loss power, than a smaller quantity of

thick viscous oil. Here let it be ob-

served that a superstition which prevails
in favour of using castor-oil to cool a
hot bearing is without any warrant. No

vegetable oil is fit to use as a lubricant
;

and castor-oil is the worst of all, because

the most viscous. If used, it will surely
set the mill on fire, as it did in the only
case of which we have a record.

Cast iron holds oil better than any
other metal or any alloy, and is the best

metal to use for light bearings, perhaps
for heavy.

It has been proved by Waite's experi-
ments that a highly polished bearing is

more liable to friction than a surface

finely lined by filing. The lines left by
the file serve as reservoirs for the oil,

while the high polish leaves no room
for the particles between the metal

surfaces.

So far as laboratory experiments may
serve as a guide in practice, it therefore

appears that fine mineral oils may be

made to serve all the purposes of a

cotton-mill, and such is the practice in

some of the mills that show the very
best results in point of economy.

Next, that the best animal oil to mix
with a fine mineral oil, in order to give
it more body, is sperm-oil ; this, again,
accords with the practice of many of the

mills in which the greatest economy is

attained.

Lard- and neatsfoot-oil are used to

give body to mineral oil in some of the

best mills
;

but the results of work
seem not to warrant this practice, unless

there is some peculiarity in the machin-

ery that makes it more difficult to keep
a less viscous or tenacious oil on the

bearings.
All the mixed oils sold under fancy

names we believe must of necessity
consist of certain proportions of the oils

heretofore named, as none of the vege-
table or fish oils is fit to be used, and
there are no other animal oils that can
be had in any quantity.
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It appears that all varieties of mineral

oils are or have been used in print cloth-

inills, and are all removed in the pro-
cess of bleaching, as practised in print-
works.

All mineral oils stain more or less,

and give more or less difficulty to the

bleacher when dropped upon thick cloth,
or cloth of a close texture. On this

point we have been able to establish no

positive rule
;
but as very many kinds

are and have been used in mills working
on such cloths, and are removed, we are

inclined to the belief that this question
is not of as great importance as it has

been assumed to be. {Scicnt. Amer.^
A writer in Iron says :

—One of the

first effects of friction is to engender
heat. It is a singular circumstance

that whereas lubricants are intended to

prevent friction, many of them are

capable, under certain circumstances, of

exciting a degree of heat which is

fraught with danger. This action takes

place, not when the lubricants are in

contact with metallic surfaces, but
when they are absorbed into certain

fibrous or cellular bodies of a vegetable
nature. Wood, in the form of sawdust,
when impregnated to a moderate ex-

tent with one or other of a certain class

of oils, is capable of developing sponta-
neous combustion. The action is still

more rapid when the material consists

of cotton rags to which the dangerous
class of oil has been applied. The

phenomenon is evidently one of oxida-

tion, for in the case of sawdust, if the

saturation be very complete, combustion
does not take place, whereas if the

soaking be slight, there is a probability
that combustion will ensue.

The test with regard to spontaneous
combustion is one which ought on no
account to be overlooked. It has no
relation to what is termed the "

flashing-

point
"
of an oil. Scientific investigation

seems to show that oils which have a

viscid character are those w^hich possess,
in varying degrees, the dangerous in-o-

perty of sotting up a high degi'ee of
heat under certain circumstances. So
far as the flashing-point is concerned,
the most volatile of natural lubricating

oils will not give off an inflammable

vapour at a lower temperature than

200° F. (93° C). Consequently the

vapour cannot come into play until

danger pi-esents itself from some other

source. As for the risk of spontaneous
combustion, the following test has been

applied:
—Cotton waste, soaked in llan-

goon engine-oil, was enclosed in a

metallic vessel surrounded by an air-

bath having a temperature of 170° F.

(77° C). In 6| hours the temperature
of the oiled cotton had not risen to

above 144° F. (62° C). The gas flame

which heated the air-bath was allowed

to remain under the vessel for a further

period of 17 hours, but no change was

produced, except that there was dis-

cernible a slight smell, due to the evo-

lution of acrid vapour in small quantity,

arising from the slow decomposition of

the vegetable part of the oil. The bath

was next raised to 190° F. (88° C), and
so remained for 24 hours

;
but no effect

was produced. The temperature of the

bath was next raised to 200° F. (93° C),
and left at that point for 6 hours, but
the material still remained perfectly

quiescent, showing its utter incapa-

bility of producing spontaneous com-
bustion.

In contrast with the foregoing, it

may be mentioned that cotton soaked
with olive-oil (Gallipoli), on being

exposed to a temperature of 170° F.

(77° C.) for a day and a night, was

found, on examination in the morn-

ing, to be much charred, the centre

portion being reduced to ashes, show-

ing that actual ignition had taken

place. In a series of experiments con-

ducted by John Galletly, a quantity of

cotton waste was soaked in Gallipoli

olive-oil, and loosely packed in a paper
box, in size about

j'g
cub. ft. The box

was exposed to a temperature of 130° F.

(54° C). Two trials were made under
similar circumstances. In the first,

rapid combustion was found to be coming
on in little more than 5 hours, and in

the second within 6 hours. Remarking
on these and similar experiments with
other oils (exclusive of the hydro-

carbons), Major v. D. Majendie, R.A.,
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Her Jlajesty's Inspector of Gunpowder
Works, observes :

—" These tacts illus-

trate the grave and urgent chai'acter of
the risk which exists when oiled cotton
waste is deposited, even in very small

quantities and for a very short space of

time, in moderately elevated tempera-
tures—such temperatures as exist in

the majority of factories, in the neigh-
bourhood of a steam-j)ipe, or under ex-

posure to the sun's rays."
One of the most delicate articles to

lubricate is a watch, and special pre-
cautions are necessary to be observed in

selecting a material, or combination of

materials, for this purpose. Some find

porpoise-oil to give most uniform satis-

faction, though perhaps rather thiu for

certain parts. To get rid of acid in the

oil, the latter should be washed in

filtered water, to which a little soda
carbonate has been added

;
after settling,

tlie oil is poured oft", and heated to 212°
to 225° F. (100° to 107° C.) for an hour
or so with constant stirring. The plan
of placing lead shavings in oil to neu-
tralize the acid, is thought by some to

exert a drying influence. Oil cannot be
tested fur acidity by the direct applica-
tion of litmus

;
but filtered water used

for washing the oil will redden litmus-

paper if any acid was present in the
oil. Crisp thinks that no very fatty
oils (neatsfoot, lard) will repay the
trouble of washing and refining; and
he is of opinion that all oils refined by
heat, by evaporation, by alcohol, or

by any quick method, though looking
clear and bright, have their lasting
properties quite destroyed. He declares
it is only by a slow process of ab-

stracting the deposits from the oil at
30° to 32° F. (

- 1° to 0° C.) that a

reliable oil can be obtained suitable for

watchmakers. Vaseline may be used
with great advantage in the priming
up of fusees

;
a small quantity may also

be applied to the collet. Oils for chro-

nometers or watches ought (1) to be

chemically pure, (2) not to gum or clog,
(o) not to evaporate, (4) not to freeze.

Before refining, sperm-oil gums ; olive-oil

is acid, and discolours steel and brass,
which acidity is much reduced or an-

nihilated by the washing process ;
neats-

foot-oil is very hard to get genuine.
Piarely can the oil be depended upon
that is oftered in the market; besides,
neatsfoot is a very tender oil, and re-

quires to be filtered at a very low

temperature to get rid of the stearine.
As an instance of this, a gallon obtained

perfectly genuine was quite solid at

a temperature of 50° F. (10° C). Upon
putting this gallon into a bag, about
1 qt. filtered through the bag at a

temperature of 32° F. (0° C), which is

the only portion suitable for watch-

makers, and this portion requires wash-

ing and again filtering to get rid of its

acidity. This is also about the pro-
portion that can be obtained from olive

and sperm oils, yielding about |, or

1 qt. per gallon, under the same con-

ditions of obtaining oil under the cold

process.
Some hundreds, if not thousands, of

formula; have been propounded for the
fabrication of lubricants suited to all

needs
;

the following are selected as

exam])les :
—

(1) English railway axle-grease.
Summer. AVinlcr.

Tallow . . . 504 lb. 420 lb.

Palm-oil , . ,280 „ 280 „
Sperm-oil . , 22

,, 35 „
Caustic soda . , 120 „ 126 .,

Water , . ,1370 „ 1524 „
(2) German railway-grease.

Tallow 24-(30

Palm-oil .... 9-80

Kapeseed-oil . . . 1-10
Soda 5-20
Water 59-30

(3) Austrian railway -grease.
Tallow. Olive Old

oil. grease.
Winter . , ,100 20 13

Sjiring and autumn 100 10 10
Summer ... 100 1 10

(4) French lard. Dissolve 3 oz.

shredded indiarubber in 1 gal. finest

rapeseed-oil by the application of heat.

(5) Common heavy shop oil. 30

pints petroleum, 20 of crude paraffin-

oil, 20 of lard-oil, 9 of palm-oil, 20 of

cottonseed-oil.

(6) Frazer's axle-gi'ease js composed
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of partially saponitied rosin-oil—that

is, a rosin-soap and rosin-oil. In its

preparation, | gal. of No. 1 and 2J

gal. of No. 4 rosin-oil are saponified
with a solution of i lb. sal-soda dis-

solved in 3 pints water and 10 lb. sifted

lime. After standing for 6 hours or

more, this is drawn otf from sediment,
and thoroughly mixed with 1 gal. of

No. 1, o| gal. No. 2, and 4p, gal. No.

3 rosin-oil. This rosin-oil is obtained

by the destructive distillation of com-
mon rosin, the products ranging from

an extremely light to a heavy fluorescent

oil or colophonic tar.

(7) Pitt's car-, mill-, and axle-grease
is prepared as follows :

—
Black oil or petroleum residue 40 gal.

Animal grease 50 1b.

Rosin, powdered 60 lb.

Soda lye 2^ gal.

Salt, dissolved in a little water 5 lb.

All but the lye are mixed together,
and heated to about 250° F. (12l° C).
The lye is then gradually stirred in, and
in about 24 hours the compound is

ready for use.

(8) Hendricks' lubricant is prepared
from whale- or fish-oil, white-lead, and

petroleum. The oil and white-lead are, in

about equal quantities, stirred and gra-
duallv heated to l)etween 350° and 400°
F. (177° to 204i° C), then mixed with
a sufficient quantity of the petroleum to

reduce the mixture to the proper gravity.

(9) JIunger's preparation consists of—
Petroleum 1 gal.
Tallow 4 oz.

Palm-oil 4 oz.

Graphite 6 oz.

Soda 1 oz.

These are mixed and heated to 180° F.

(82° C.) for an hour or more, cooled, and
after 24 hours well stirred together.

(10) A somewhat similar compound
is prepared by Jolinson as follows :

—
Liquid. Solid.

Petroleum (30° to 37°

gravity) 1 gal. 1 gal.

Crude paraffin .. .. 1 oz. 2 oz.

Wax (myrtle, Japan and

gambler) 1^ oz. 7 oz.

Bicarbonate of soda . . 1 oz. 1 oz.

Powdered graphite 3 to 5 oz, 8 oz.

(11) Maguire uses for hot neck

grease
—

Tallow 16 lb.

Fish 60 lb.

Soapstone 12 lb.

Graphite 9 lb.

Saltpetre 2 lb.

The fish (whole) is steamed, macerated,
and the jelly pressed through fine sieves

for use with the other constituents.

(12) Chard's jireparation for heavy

bearings consists of—
Petroleum (gravity 25°).. 12 oz.

Caoutchouc 2 oz.

(13) Booth's. J lb. soda, 1 gal. rape-

seed-oil, 1 gal. water, J lb. tallow or

palm-oil ;
mix intimately, heat to boil-

ing, and continue stirring till cooled

down to 60° or 70° F. (15i° to 21° C).

(14) 1 gal. boiling water, ^ lb. Scotch

soda, 10 lb. of a mixture of palm-oil and

tallow iu any proportions ;
treat as

(13).

(15) 10 lb. Scotch soda, 1 lb. glue
dissolved in 10 gal. water, 10 gal. oil,

4 lb. indiarubber dissolved in oil of tur-

pentine ;
add the indiarubber last, and

stir the whole thoroughlv.

(16) 2A lb. lard, 1 oz.'camphor, J lb.

graphite ('• blacklead"). Rub up the

camphor into a j)aste with part of the

lard in a mortar, add the graphite and
the rest of the lard, and intimately
mix.

(17) Dissolve 2J lb. sugar of lead

(lead acetate) in 16 lb. melted but not

boiling tallow, and add 3 lb. black

antimony, stirring the mixture con-

stantly till cold. For cooling necks of

shafts.

(18) 4 lb. tallow, 1 lb. graphite,

ground together till quite smooth, add-

ing 3 lb. to 5 lb. camphor per cwt.

(19) Railway-grease.
— For summer

use—15 cwt. tallow, Ijcwt. palm-oil;
for autumn and spring

— Ij cwt. each

tallow and palm-oil ;
for winter—15 cwt.

tallow. If cwt. palm-oil. Melt the

tallow in an open pan, add the palm-oil,
and remove the fire the moment the

mixture boils
;

stir frequently while

cooling, and when the temperature has

follen to about 1U0° F. (38° C), run it

through a sieve into a solution of soda
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(5»5 to 60 lb.) iu 3 gal. water, and stir

together thoroughly.

(20) To a quantity of good lard, ren-

dered semi-fluid (but not liquid) by

gentle heat iu an iron pan, is gradually
added i part by weight of finely

powdered and sifted graphite (black-

lead), with careful and continued

stirrinc till the mass is homogeneous
and smooth

;
the heat is then steadily

increased till the compound liquefies,

when it is allowed to cool, the stirring

having been meanwhile kept up un-

ceasinglv.

(21) 8 lb. tallow, 10 lb. jialm-oil, 1 lb.

graphite (blacklead).

(22) Watchmakers' (.il.
— Olive-oil

containing a strip of clean lead is ex-

posed to the sua in a white glass vessel

till all deposit ceases, and the super-
natant oil is limpid and colourless.

(23) Oleine for lubricating fine me-
chanism is prepared by agitating almoud-
or olive-oil with 7 or 8 times its weight
of strong alcohol (sp. gr. 0'798) at

nearly boiling-point ;
the solution is

allowed to cool, and the clear fluid is

decanted, filtered, and heated to drive

off the alcohol. It may further be ex-

posed to a low temperature to deposit

any remaining stearine.

(24) Railway- and Waggon-grease.
—

The first of these consists essentially of

a mixture of a more or less perfectly
formed soap, water, carbonate of soda,
and neutral fat, ami is used on the axles

of all locomotives, railway-carriages,
and t-rucks that are provided with

axle-boxes
;
while the second is a soap

of lime and rosin-oil, with or without

water, and is used on all railway-trucks

im])rovided with axle-boxes, and for

ordinary road vehicles.

The requisites for a good
" locomo-

tive-grease
"

for high velocities are :

(1) a suitable consistency, such that it

will neither run away too rapidly, nor

lie too stiff to cool the axles; (2) lasting

jiower, so that there may be as little

increase of temperature as possible in

the axles, even at high si)eeds ; (3) a

minimum of residue iu the axle-boxes.

In ])ractice, it is found that a grease

containing 1-1 to 1-2 per cent, soda (100

per cent.) gives the best result. The

process of manufacture is very simple :

Morfit's soap
-
pans, provided with

stirrers, are the most suitable vessels

for the purpose. The fats, usually
tallow and palm-oil, are heated to 180°
F. (82° C), and into them are run the

carbonate of soda and water heated to

200° F. (93 J° C); the whole is well

stirred together, and run into large tubs

to cool slowly. Many railway com-

panies buy a curd-soap made from j'ed

palm-oil, dissolve it iu water, and add
thereto enough tallow and water to

bring the composition of the whole to

the desired point. It is usual to allow

21 per cent, for loss by evaporation of

the water during the manufacture.

The comjjosition has to be slightly
varied according to the season of the

year ;
the following formula; for mixing

have stood the test of successful ex-

periment ;
the summer one ran 1200

miles. It should be carefully borne in

mind that a careful analysis of locomo-

tive-grease is no test whatever of its

practical value, which can only be de-

termined by actual experiment.
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with a shaft and stirrers, without the

application of heat, after which the

whole is run out into barrels to set.

Many other ingredients are often stirred

in, such as "dead oil," petroleum resi-

dues, graphite, sea-weed jelly, silicate

of soda, oil refiners' foots, micaceous

ores, steatite, Irish moss, &c. (Spons'

Encyclopcsdii.)
See also the article "Friction

"
in Spons'

Dictionary of Engineering, and •' Lubri-

cants
"

in Workshop Keceipts.

MAGNESIUM.—This metal is

widely distributed in some of the com-
mon rocks

; e.g. as carbonate in dolo-

mite and magnesite, as sulphate in

kainite and kieserite, and in many
saline springs ;

and as chloride in car-

nallite and sea-water. The metal was
first obtained in a compact form by
fusing the anhydrous chloride with po-
tassium. Later, Bunsen prepared it by
electrolysing the fused chloride in a

porcelain crucible, centrally divided by
a vertical partition formed of the cover
of a similar crucible ground to fit

;

hanging over this partition is a support
carrying 2 poles of retort carbon, the

negative one being notched for the

reception of the deposited metal, which,
being lighter than the fused chloride,
would otherwise reach the surface and

ignite. Matthiessen avoids the difficulty
of preparing the pure chloride by using
a mixture of 3 molecules of potassium
chloride and 4 of magnesium chloride,

together with some ammonium chloride,

fusing the mass, and electrolysing with-

out any notches in the negative pole,

they being unnecessary here, as the

metal is heavier than the fused mass.

For preparing magnesium on the large

scale, Caron et Devil le's method is mostly
used. It is as follows:—A mixture is

made of 60 parts fused magnesium
chloride, 48 of finely powdered fluor-

spar, and 23 of sodium. The sodium is

cut into little fragments after being

carefully freed fi'om oxide and any
jjetroleum adhering to the surface. A
porcelain crucible is heated to redness

in a furnace, and into it the mixture is

thrown
;
the cover is replaced and held

firmly down during the violent reaction

which soon takes place. When the

crepitations have ceased, the crucible is

opened, and discovers a very fluid mass

consisting of undecomposed magnesium
chloride, of salt resulting from the re-

action of the sodium upon a part of the

magnesium chloride used in excess, and

of calcium fluoride ;
no particle of mag-

nesium is yet visible, it being dissemi-

nated in niicrosco])ic globules in the

slag. The portions which have attached

themselves to the upper part of the

crucible are stirred up with the re-

mainder by a clean iron rod. The cru-

cible is drawn from the fire, and left to

cool for some minutes
;
then pvire dry

jiulvorized calcium fluoride is thrown
in small portions on the surface of tl e

red liquid, so as to hasten the cooling,

at the same time that the mass is

stirred till it becomes pasty. The me-
tallic globules are tlius brought to

agglomerate, and if properly performed,

by the time the slag has consolidated,

all or nearly all the magnesium will

hare run into one large mass occupying
the bottom of the saline fluid. A little

of the slag coats the metal and pre-
serves it from oxidation by the air, and

ignition ;
should the latter accident

happen, combustion may be stopped by

throwing a little calcium fluoride upon
the incandescent metal. The crucible

is broken when cold, and the metal is

chipped out, amounting, with the few

little globules scattered through the

saline slag, to about 9^ parts, or f of

the quantity which the sodium used

ought to furnish. The slag remaining
should be re-melted and re-treated seve-

ral times, to afford further small quan-
tities of the metal, by which the yield
may be brought as high as 45 oz. of

crude magnesium for 100 oz. of sodium

used.

A modification of this process, which

gives good results, is as follows :
—The

magnesium chloride is prepared by the

method just described
;

6 parts of this

are mixed with 1 of fused salt (or better,
of Wohler's mixture of salt and potas-
sium chloride), and 1 of dry pure cal-

cium fluoride, the whole being pre-

viously reduced to powder ;
1 part of



580 Magnesium. Manganese.

sodium in fragments is well mingled
with the chloride, and the whole is

thrown into a red-hot crucible
;

fusion

and stirring are repeated as in the pro-
cess just described, and when the metal
has been brought together in a single

ball, the whole mass is poured out on a

stone or iron slab ; on breaking the

slag, globules of magnesium are dis-

covered and removed, and the slag is

re-melted to afford further small quan-
tities. To make ingots of magnesium,
the crude pieces are fused with a mix-
ture of magnesium chloride, salt, and

calcium fluoride
; by somewhat increas-

ing the proportion of this last-named

substance, which is gradually added to

the melting-pot, the slag is rendered

less fusible than the magnesium, so that

the metal can be poured into a mould
at the moment when the slag sets. Per-

haps a better plan is to melt together
60 parts common salt and 75 of potas-
sium chloride (Wohler's flux), which is

run upon a clean iron slab. The cooled

mass is broken, and introduced into a

hot crucible at the same time as the

globules of magnesium, which have pre-

viously been carefully cleaned b}' means
of nitric acid. The wliole is fused, and
soon the magnesium floats on the saline

slag ;
but at the moment when the

latter begins to solidify, the magnesium
becomes denser than it, and falls to the

bottom of the crucible, where it collects

in one mass. Even after this operation,
the magnesium is not pure, containing

carbon, silicon, and nitrogen ;
to obtain

it in a state of absolute purity, it must
be distilled.

VVuhler suggests using the fused

double chloride of magnesium and

sodium, to avoid the trouble of pre-

paring the anhydcous magnesium chlo-

ride. Sonstadt proposes a mixture of

potassium and magnesium chlorides,
which may be obtained by fusing car-

nallite, carefully avoiding the presence
of kieserite, which may cause explo-
sions.

The distillation of magnesium to effect

its purity, as alluded to in the last

paragraph but one, is thus effected :

the crude metal 13 put into an iron

crucible (with an iron tube passing

through from the bottom to within

J in. of the cover) until it is filled to

the level of the mouth of the tube,
when the lid is carefully luted and
screwed down, and the air is displaced

by a current of hydrogen or coal-gas.
As the crucible becomes heated, the

magnesium distils over, passing through
the upright tube into a receptacle be-

neath, where it forms a compact mass
that may be melted and moulded as

desired.

For the manufacture of magnesium
wire, use is made of an apparatus in-

troduced by Mather and Piatt, Salford.

Metallic magnesium is employed
chiefly as a source of light for fire-

works, signals, and photography : 2^ oz.

of burning magnesium will afford a

light equal to that from 74 candles

burning 10 hours and consuming 20 lb.

of stearine, and the light is of an in-

tensely white character. The metal

has a sp. gr. of 1'73 ;
in dry air it re-

tains its silvery lustre, but in damp
air it assumes a coat of oxide

;
it melts

at a red heat, and boils at a little

higher temperature than the volatilizing-

point of zinc.

MANGANESE.—When the me-
tal manganese was first discovered in

1774 by Frederick Gahn, the celebrated

Swedish mineralogist and chemist, in

reducing it from the natural oxide in

a small crucible, nobody could have

foreseen that the identical body, only
combined with a few per cent, of carbon

and iron, would a hundred years hence,
be produced in the largest blast fur-

naces, and at not very much greater cost

than common crude iron. When this

greyish-white and very brittle metal
was first known, its properties seemed
to render it unfit for any practical use,
as it required a very great heat for its

reduction from the ore, and when ex-

jiosed to damp air, it would rapidly

decay or crumble to pieces. Although
the metal was known to exist to some
extent in the so-called spicgeleiscn, and

although it was many years ago thought
to be essential in the manufacture of

the very best German shear steel, nobody
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took the trouble to produce metallic

manganese on jmrpose. Oxidized man-

ganese was, however, at an early date, a

frequent admixture in the manufacture

of ordinary cast steel or crucible steel,

and by the Sheffield steelmakers par-
ticular cleansing or strengthening pro-

perties were attributed to it, in more

good belief than reality.

It was only after Valenciennes, in

1870, had succeeded in producing, in a

magnesia crucible with a gas-furnace,

pure manganese metal in the molten

state from pure manganese hyperoxide,
and had exhibited this to the French

Academy, that fresh attention was di-

rected upon this peculiar and, as is now

generally acknowledged, highly useful

metal. Thus, Dr. Percy, in 1873, pro-

posed to empliiy manganese instead of

nickel in the manufacture of German

silver, an alloy which contains copper
and zinc besides. At that time also

Tamm was able to produce an alloy of

manganese and iron, with 96 per cent,

of the former; while at Jauerbiirg, in

Carniola, ferro-manganese, an alloy of

iron with carbon and up to 30 per cent,

of manganese, had been successfully

produced in the charcoal blast-furnace

and on a large scale. Since then the

production of either pure metal or of

its alloys with iron has been attem])ted

by many English and foreign metal-

lurgists, and by the employment of very
different methods. The palm must, how-

ever, be given to those who have suc-

ceeded in producing ferro-manganese,

containing 80 to 90 per cent, of the

metal, by using the ordinary blast-

furnace as a reductor and coke as fuel.

Such specimens were largely exhibited

at the late Diisseldorf Provincial Ex-

hibition by the Phcenix Iron Company
of Ruhrort, and the Gutehotihuugs-
Hiitte of Oberhausen; while alloys of

manganese with copper, ziuc, tin, and

lead were shown by the Brothers

Heusler, of Dillenburg, in Nassau. They
are remarkable for their extraordinary

strength, toughness, and hardness, which

nuxy be produced at will by varying the

(juantities of the conijionent me<als.

When we look at the progress whicli

the production of ferro-manganese
—

or,

as we now may well call it,
" crude

manganese
"—has made during the last

few years, we find it to be quite astonish-

ing. Tlie reduction of manganese in

combination witli iron and carbon was

attempted as long ago as 186.5 by several

metallurgists, such as Prieger, Bessemer,
and others, who employed crucibles

;
and

by Henderson, who used the Siemens

furnace for this purpose ;
and while the

latter succeeded in getting a compound
with about 30 per cent., the crucible

process was able to produce an alloy
with 60 per cent, of manganese, spietjcl-

eisen at that time hardly ever contain-

ing above 12 per cent, of the metal.

This was the state of the manufacture

of manganese compounds wluui, at tlie

Meuna International Exhibition in 1873,
the Krainer Eisen- und Stahlwerks-

Gesellschaft, of Laibach, in Carniola,

produced specimens of spietjelcisen with

nearly 20 per cent., and others of ferro-

manganese of a far higher i)ercentage,
which were then considered as some-

thing ([uite wonderful among metal-

lurgical products. For, as was stated,

they were products of tlie blast-furnace,

and very many tons of these compounds
could every day be tajiped from the

blast-furnaces of Jauerburg and Sava.

Though these statements met at lirst

witii some incredulity, it was never-

theless confirmed that the technical

managers of the company. Von Banz and

Luckniann, had indeed succeeded in em-

ploying the ordinary blast-furnace, with

charcoal as fuel, for the production of

the above-named compounds from a

mixture of calcined cnrbonates and hy-
drates of iron, with manganese ore fi'om

Vigunsza. The samples showed the

characteristics of splcijeleisen up to a

content of 20 per cent, of manganese ;

above this, they lost all crystalline ap-

pearance, and became non-magnetic,
with an almost homogeneous or fine-

grained fracture. Some of these samples,
taken at the Exhibition, gave by analysis,
in 100 parts

—
Carbon .. 5-33 5-31 5-28 5-27

Manganese 22-46 23-48 28-70 35-04
This irreat success stimulated tha



382 Manga:^ese.

managers of the Keschitza Iron Works,
in Hungary, to imitate the process, and

after a good deal of trouble they were

able to produce, with a slag containing

principally lime, manganese, iron, and

alumina, and only slightly above 20

per cent, of silica, a compound with

over 35 per cent, of metallic manga-
nese. At the same time, in 1874,

Joi-dan, at the St. Louis Iron Works,
wear Marseilles, also succeeded in getting
from the blast-furnace ferro-mauganese
with 20 to 25 per cent. At Terrenoire

tlie Siemens furnace had been tried,

since about 1868, in such a manner that

bricks were made from an intimate

mixture of calcareous manganese oxide

witli pounded Mokta iron ore, fine coal,

and pitch, which bricks were then

burned and strongly heated in the

Siemens furnace with an addition of

spie(/c/c'!scn, when alloys with 60 per cent,

could be obtained. The blast-furnace

process at Terrenoire, has, however, only
been in use since 1877

;
and though

over 3 tons of coke are required for

1 ton of ferro-manganese, an alloy con-

taining 72 to 7-i and even 80 per cent,

of manganese can be now made there,
when a very basic and refractory green
manganese slag is aimed at.

At the Diisseldorf Exhibition of 1880,
the Pha'uix Company of Ruhrort cx-

liibited specimens of ferro-manganese
from the blast-furnace, made with coke

and an exti-emely basic slag, in which
silica is mostly replaced by alumina.

They contained from 22 up to 77 and
80 per cent, of manganese, while the

Outehoflhungs-Hutte of Oberhausen was
able to show samples containing 75

per cent, of manganese with about
5 per cent, of carbon, and, besides iron,

only traces of sulphur and phosphorus.
Such is the present state of manu-

facture of " crude manganese," which
will find a still larger use in the metal-

lurgy of steel the more the basic Bessemer

process spreads, as its addition is neces-

sary to restore to the overblown iron

the required amount of carbon, and to

free it by the aid of manganese from its

J;ist traces of sulphur, wliich are left

tveu after phosphorus is entirely elimi-

nated. The success of the blast-furnace

process depends, next to a high tem-

perature, and to an extremely basic slag
with very little silica, to an intimate

mixture of the oxides of iron and man-

ganese as it is found in the natural

carbonate ore or tlie knebelite ore of

Sweden, which is a silicate of equal

priqiortions of protoxide of iron and

manganese. Whenever the mixture is

artificial, the most intimate contact

must be looked for, because the re-

duction of manganese is much more

owing to the action of metallic iron

than to that of carbon, the former

playing an intermediate role because it

it is easily reduced by carbon, and then

lielps to render the manganese metallic.

(_Sci. Amer. Sup.^
For the preparation of crude man-

ganese, ores are mostly used whicli

contain the manganese in the form ol'

dioxide (MnO.j) or its jiydrate (MnH^Oj).
These compounds are reduced in tlit^

blast-furnace, by the rising current of

gases, to manganic oxide (Jln.jOj) or

mangauous-manganic oxide (JlUjO^), a

corresponding quantity of carbon mon-
oxide being oxidized to dioxide. This

oxidation is accompanied by a consider-

able development of heat. 'i'lie high

temperature thus prodwced in the ujqer
])art of the furnace rapidly destruvs

its walls and fittings, causes more fuul

t<i be consumed, and greatly interfeies

with the proper course of tlie process;
iiiir can the issuing current of gases be

utilized any further, on account of a

largo amount of carbou dinxide. To
obviate these difficulties, Lederer re-

commends to subject the manganese
ores to a reducing process before tliey
ai-e brought into the furnace. Of the

'

two ways in which this can be eflected,
that one is preferable which consists iu

exposing the ore to the action of a
current of gas containing carbon mon-
oxide at a temperature of about 572° F.

(300° C). The ajjparatus necessary for

this is simple. It requires a furnace

in which the ores are bi'ought into con-

tact with the reducing gases, and, as

sucii, a cu])ola furnace with an inclined

Sole is best, the gases entering at the
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lower end and the ores advancing to-

wards the draught. For the reduction,
the gases issuing from the blast-furnace

itself are most profitably used, since

they liave retained all carbon monoxide,
if the manganese ores have been pre-

pared in the manner stated. The reduc-

tion beginning about 392° F. (200° C),
a sjjecial heating arrangement is not

even necessary, because the furnace-

gases are hotter tliau the above tempe-
rature. At most, at the commencement,
the furnace may be heated up by burn-

ing the gases in it
; afterwards, how-

ever, the atmospheric air is to be ex-

cluded, so that the gases can exert their

reducing action upon the ore. (Chan.
Cent): Blut.)
MERCURY.—The most important

ore of mercury ((|uicksilver) is the sul-

pliide called cinnabar, identical in com-

position with the vermilion of commerce.
The most important deposits of this

mineral are at Almadeu in Spain, Idria,

Xew Almaden in California, Amiata in

Tuscany, China, and Borneo.

Extraction.—When cinnabar is heated

in a current of air, it is decomposed,
the sulphur uniting with the oxygen of

the air to form sulphurous acid, and

leaving the mercury in a metallic state.

But owing to the low temperature at

which mercury volatilizes, the heat

required to liberate the sulphur distils

the mercury in a va])our, and necessi-

tates the use of complicated apparatus
to efiect its condensation to the liquid
state.

The oldest cinnabar-roasting furnace

still, or till recently, in use is the

Bustamenti furnace. In this apparatus,
the ore and fuel are charged together
into a short vertical shaft, and air is

admitted from below and from the side.

When the shaft is incandescent, the air

decomposes the cinnabar, and the vola-

tile products, sulphurous acid, mercurial

vapour, and carbonic acid, pass off

through flues into 2 large square cham-

bers, where the gases are somewhat
cooled. At some distance is a second

])air of chambers, and the two sets are

connected by several tubes. These

tubes are formed c<f short joints, and

each joint is an earthen vessel, swell-

ing at the middle, and with one end

larger than the other, so that the small

end of one aludel, as these vessels are

called, may be thrust into the large
end of the next. The joint is made
with clay. These composite tubes slope
from each end towards the centre, and
rest on a foundation of masonry. The
mercurial vapours passing througii
these tubes are cooled down, and the

metal is deposited in drops, which, on

account of the inclined position of the

tubes, run down to the central point.
A small hole in the under-side of the

aludel occupying that position, allows

the metal to escape and collect in vessels

set to receive it. So much of the vapour
as escapes condensation iu the aludcls

passes into the second set of chambers,
where another portion is liquefied, and
the remainder passes out into the air

and is lost.

Besides the metallic mercury, another

product is condensed, called " soot."

Its composition varies, but it contains

flour of mercury— i.e. mercury in

minute globules ; undecomposed sul-

phide of mercury, for cinnabar is itself

volatile, and when air is not brought
into contact with it, may be distilled

unaltered
; calomel, when there has

been any salt in the ore
;

and soot

proper, formed by the imperfect c(jm-

bustion of the fuel. This product is

collected and worked over by hand
with lye to cleanse the minute globules
of metal from impurities, whereupon a

large portion of them unite to drops,
and are thus recovered. The remaining
matter is added to the ore at tlie next

charsre. The mixincr of fuel and ore, as

practised in this furnace, has one groat

disadvantage. If at any time thei'e is

more fuel than there should be, too

great heat is created, and if there are

easily fusible compounds in tlie ore,

such as silicate of iron, a glaze is pro-

duced, which in this, as in all roasting,
interferes A-ery much with the proper
action of the air upon the ore. The

aliidels, too, are somewhat difficult of

manipulation, and it is very hard to

make the joints between them t'l'Ad
;
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no one would now build a furnace on

this plan.
Tiie liustamonti I'urnace is shown in

Fig. 150. Ou the fireplace a is kindled

a fire of wood introduced through b,

the flame of which reaches the cinnabar

stacked upon the perforated firebrick

arch c. The ore is introduced through
the openings fg

• in stacking it, large
blocks poor in metal are placed first,

next above come smaller pieces of richer

ore, and at top are put cakes made by
kneading up the " soot

"
before referred

to with clay. The sulphurous and
mercurial vaiinurs liberated by the heat

escape by the flues d, in the side of the

furnace, into the condensing arrange-
ment e, consisting ordinarily of about

300 aludels arranged in 12 separate lines

of 25 each, side by side. All but one of

each line are placed on an incline as

shown
;

this one is laid horizontally in

the centre, and is perforated on the

lower side, to enable the condensed

mercury to escape into the gutter /i,

leading to suitable receptacles. The
uncondensed escaping vapours pass into

the chamber
i,
where a further deposi-

tion of mercury takes place. The

chimney j carries off the smoke from

the wood fire a, and the chimney k

serves for the escape of the sulphurous
acid gas. Each roasting occujiies about
12 hours, and the furnace has to cool

for 3 or 4 days before receiving a fresh

charge. The losses at the numerous

joints render it also a very wasteful

apparatus.
The New Almaden furnace consists, in

the first place, of a large square shaft,
two opposite sides of which are broken

through with numerous openings. This

shaft is filled with lumps of ore so

arranged as to leave passages through
the mass, but no fuel is mixed with it.

The fireplace is placed on the outside of

one of the perforated walls. The flame

strikes through the perforations into

the ore, and the gaseous products of the

process pass through the opposite wall

into a series of condensers. The con-

densers are large chambers of brick,

wood, iron, or glass, in which are cross-

walls, and these cross-walls are broken

through altern;Uely at the bottom and

tup, to admit of the passage of the

vapour, but at the same time to compel
it to take a circuitous course. This at

once lengthens the distance over which
it must jjass, giving it time to cool, and,

by producing gentle eddies in the cur-

rent, favours the fall of minute particles
of solid or liquid matter. The floors of

the chambers are curved, and slope
towards the outside wall, so that the

metal, as it liquefies, may collect at one

point in each chamber, whence it may
either be allowed to run out continually

through a small opening, or may be

tapped when it has accumulated. As
the vapour must be cooled down as far

as practicable, the natural draught is

Very slight, and a tall chimney, generally
with a small fire in it, is needful to

draw in tlie requisite amount of air

through the grate. The working i:i
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very simple. The fire is gradually in-

creased from the start, imtil, after ;'» to

4 days, the mass of ore has come to a

moderately bright-red heat, plenty of

air being admitted all the time. When
this point has been reached, the distilla-

tion is cousidei'ed complete, and the

furnace is closed up and allowed to cool.

As soon as it is cold, the exhausted ore

is removed through suitable openings,
and the furnace is re-charged. The

necessity of allowing the furnaces to

cool down before re-charging involves

great loss of time and fuel.

The Idrian I'urnace is shown in Fig.
l")! ; a is the grate upon which the

Fig. 151,

fuel (wood) is burned
;

it is surmounted

by 3 perforated tirebrick arches b c d,

which carry the ore, the largest pieces

being stacked on the lowest, and the

size decreasing upwards, while the top-
most contains shallow stoneware dishes

e, filled with ore-dust and " soot." Air

is admitted to the heated ore through

passages / in the walls. The suljihitrous

acid and mercurial vapour pass by 2

chimneys (/
into 6 condensing-chambers A

on each side, connected alternately at

top and bottom (as at i), and each pro-
vided with a movable lid /;, The sixth

chamber on each side is furnished with

means of maintaining a shower of water,
to complete the condensation of the

vapours. The first 3 chambers on each

side catch the bulk of the mercury in a

liquid state
;

this finds its way by a

subterranean channel to a reservoir,

whence it is ladled into cloth filters,

and bottled for export. The last 3
chambers on each side collect solid

matters, consisting of a mixture of

minute mercury glob'ules, vaporized
mercury sulphide, and soot from the
combustion of bituminous matters in

the ore. The working-ofF of a charge,
and cooling the furnace ready for

another, occupies .about a week.
The iirst furnace devised to allow of

a continuous working w.as the Hiihner
furnace. In this the ore and fuel are

charged together into a shaft, the

bottom of which consists of a grate
with mov.able bars. By moving one or

more of these bars, the lumps of ex-

hausted ore can be allowed to drop from
the furnace, while fresh material is

.added at the top. The condensation-

chambers are arranged as in the Al-
maden furnace.

The continuity of the Ilahner furnace
is a great .advantage, but not the mi.xing
of fuel and ore. It has consequently
been modified so as to resemble furnaces

long in use for ores of other metals, by
allowing the flame from one or more

outlying fireplaces to strike into the

shaft filled with ore alone. An im-

portant advantage is gained, as in the

similar Swedish furnace, by placing the

openings for the entrance of the flame

some distance from the bottom of the

shaft, and allowing the air for roasting
to enter at the ojiening intended for

withdrawing exhausted ore. In this way
the air is heatcl by the hot worthless

material, and the heat is thus returned
to the upper portion of the furnace.

The " Knox and Osborne "
furnace of

California, and the latest furnace of the
works at Idria, Southern Austria, cor-

respond to this general descri]ition.
The former is provided with a single

fire, which draws straight across the

column of ore in the shaft, and is

built of heavy brick walls. The Idria

furnace, of which a copy is now putting
up at New Almaden, is provided with 'A

firei>laces, which draw through nearly
f of the height of the column, the gases

passing out at 2 openings close to the

top of the furnace. The walls are of a

2 G



386 Mekcuiiy—Extractiou.

construction first adopted in England
for iron blast-furnaces, and since ap-

plied with great success to a variety of

other furnaces; a comparatively thin

lining of firebrick, surrounded by an

annular space filled with air, answers

admirably as a non-conductor of heat,

outside of which is another tliin wall of

brick enclosed in a shell of boiler-iron.

The charging apparatus is also borrowed

from blast-furnace construction, and is

of tlie kind called "Parry's bell and

hopper." The moutli of a conical hopper
is closed by drawing up into it an up-
right suspended cone. When the hopper
is filled, the cone is lowered, and the

ore enters tlie furnace
;
but its fall is

broken by the presence of the cone, and
it is thus necessarily distributed in all

directions in the furnace. The cone is

instantly raised again, and thus sliuts

oft" the escape of gas.

Fig. 152 illustrates the improved
furnace used at Idria for ores containinjr

less than 1 per cent, of mercury : a is

the hearth of the reverberatory furnace,
whence the vapours pass through a

condensing chamber h, thence by an iron

pipe c (kept constantly cool hy water

trickling from the gutter </) successively
into other chambers e f, back by
another similar pipe (/into a chamber h,

and so into the chminey /. The hearth

is divided into 3 .sections, that farthest

from the fire receiving the crude ore by
means of the hopper k, provided with
an adjustable damper /; the ore is

turned ovei', as the roasting proceeds, in

the direction of the fireplace, thus ex-

periencing a growing heat, till, ex-

hausted, it is raked into the well in.

The liquid mercury is run into suitable

receptacles, while the "soot" which
collects iu the chambers is dried, raked

over a sloping table to liberate as much
inetal as will run free, and finally dis-

tilled. The fuel used is wood.

At the Siele works, in the Amiata

mountain, Tuscany, the ore is reduced

by women into small pieces, v/hich

are kept as dry as possible. The works
have 12 half-moon retorts of cast-

iron for treating therich ore, and 3

vertical furnaces for the poor ore. The
retorts are arranged horizontally, 3

by 3, in 4 ovens. The mouth of the
retort is closed by a cover, luted with

clay, and kept iu place by a screw and

strap. The charge of a retort consists

of 2 to 2^ cwt. of ore and quicklime, iu

the proportion of 1 of the latter to 8 of

the former. The retorts are charged
every 8 hours, and this operation must
be performed very quickly, as distillation

begins at once. If the retort be not

closed directly, there is great loss of

metal, and the men's health suffers

through the mercurial vapours. The
distilled mercury escapes by the neck
of the retort, and passes into a receiver

in which cold water is constantly circu-

lating. The mercurial vapours from
the G retorts are condensed in one and
the same tank filled with cold water;
and the metallic mercury is drawn off

from inclined channels at the bottom.

The retorts, fired with wood, of Avhicli

a large quantity is consumed, only
serve for the rich ore

;
the poor is

treated in the 3 vertical furnaces, which
are 13 ft. high by 3^ ft. in diameter.

Each furnace is closed at the top by a
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hopper with 2 doors, the upper of

which has a water joint ;
12 charges

are made a day, and care is taken to

opea the upper door as little as j)ossible.

At the bottom of the furnace is a grating
with movable bars. The charge con-

sists of 2 cwt. of ore, mixed with 5 the

quantity of charcoal. The charge is

only lowered into the furnace by opening
the lower door, while the upper one is

closed
;
and a fire is ke]>t burning at

the upper part of the furnace for pre-

venting the escape of the gases. The

mercurial vapours and gases of com-

Ijustion are led by a chimney into con-

densing chambers. From 150 to 160

tons of ore are extracted from the Siele

mines every month, yielding about 22

tons of metallic mercury, which is

packed in about 3u0 cans with screw

stoppers.
This distillation with lime is a gene-

rally adopted method for poor ores, as

it is effective, though troublesome. Fig.

ly.'j shows the arrangement of apparatus

Fig. 153.

alopted on the liiiiue. About V>0 jjear-

shaped cast-iron retorts a are placed in

a gallery-furnace b, treated by the

vapours from a single coal fire running

throughout the whole length, but not

in contact with them. Each retort is

§
filled with about 70 lb. of a mixture

of
I
ore and 1 quicklime, and its mouth

(qiens into a stoneware vessel c con-

taining water. The " black mercury,"

consisting mainly of finely divided

metal and undecomposed sulphide, col-

lected here, is dried and re-distilled.

The action of the lime (calcium oxide)
is mutual decompo.--ition with the cin-

nabar (mercury sulphide), yielding me-
tallic mercury in vapour, and leaving
behind a deposit of calcium sulphide,

partially converted into sulphate by
excess of oxygen. The process is waste-

ful and inconvenient, from the numerous

joints and small working capacity. The

pear
-
shaped retorts may be advan-

tageously replaced by gas retorts of 10

times the capacity.
A very crude and wasteful practice is

current in Hungary for I'ecovering the

mercury from grey copper ore )>y pre-

liminary roasting before smelting for

copper. The ore is burned in mounds
-iO ft. long, 20 ft. wide, and 4 ft. (5 in.

high, built as follows: a patch of

ground is covered with a bed of small

ore, followed by a layer of larger lumps
which have already been once roasted

;

next comes a
s] treading of fuel (coal

and wood), and then more oi'e, finishing
at top with a covering of finely pow-
dered ore to check the draught and
condense the mercurial vapours. Com-
bustion is supported by channels left in

building the mounds
;

and the heat

generated by the fuel ignites the sulphur
in the ore, and thus hastens the de-

composition. When a mound has buinied

in this way for about o weeks, the

upper layer, containing the condensed
mercurial vapours, is washed to re-

cover the metal.

The condenser of a mercury-roasting
furnace forms of course an exceedingly

important portion of the structure, and
no absolutely satisfactory construction

has thus far been hit upon. Brick is

a porous material, and mercury both
filters through it and is absorbed into

it by the almost resistless force of ca-

pillary attraction. Some years ago, iu

pulling down an old furnace at New
Almaden, it was found that the metal
had penetrated the foundation and the
earth for over 30 ft., and down to the
bed - rock. Since then the furnaces

have been built on arches, and in the

2 c 2
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liillars on which the arches rest sheet-

iron plates have been placed to inter-

cept the metal in its downward course;
much metal, however, undoubtedly
penetrates the outer walls of the con-

denser, ,T,nd is evaporated from the

surface, for mercury evaporates, more
or less, at all temperatures above the

freezing-point of water, and the con-

densers, though })uilt of a very con-

siderable thickness, are of course some-

what warm on the outside. On the

other hand, the thicker the condenser

the less does the vapour inside cool
;

and as it must cool to condense, the

necessity for thick Walls renders a large
number of condensing chambers in-

dispensable. It is natural, therefore, to

seek some material better adapted to

the work required than brick. Cast

iron and wrought iron answer very
well for condensers, so long as the gas
is hot, but when the temperatui'e falls

below the boiling-point of water, a

very disagreeable action sets in. Sul-

phurous acid, heated with air in contact

with highly porous substances, is par-

tially converted into sulphuric acid
;

this condenses with the water, and
attacks and soon destroys the iron.

Wood withstands this action tolerably

well, and does not let mercury through
like brick, and it has consequently been

much iised for the later condensers of

the series
;
but wood is a non-conductor

of heat, and hence, properly speaking,

ill-adapted for cooling apparatus. At
New Almaden glass is found to answer

excellently, being a much better con-

ductor of heat than wood, though not

so good a one as iron, and being of

course quite unaffected by the acid

liquors. The condensers assume a great

variety of forms, such as chambers of

various shapes, and tubes. Columns of

coke are also used with some success as

a final conductor. The draught is

sometimes kept up by the aid of a

chimney, with or without the help of a

fire, to give the air in the stack addi-

tional buoyancy, and sometimes by a

suction-fan, or a "
water-drum," an

apparatus which sucks in air by means
of the friction of a jet of water. So

far as the condensation is concerned, an
artificial blast would be preferable, but
the danger of blowing jets of the

metallic vapour through fine cracks in

the apparatus would be too great to

admit of its employment.
The losses in mercury-smelting are

various and A'ery important, though

they are not all well understood. The
whole bulk of gas passing out of the

last condenser is saturated with mer-
curial vapour. The amount of metal
contained in this vapour depends on the

temperature, and for low temperatures
is very small per cub. ft., biit its

aggregate amount per day is by no
means inconsiderable. Another source

of loss is the fine dust of mercury
suspended in the gas, minute globules
so small that they fall very slowly

through the air, and are therefore

carried away in the current of gas.
The rate at which a spherical body
falls through tlie air depends xipon its

specific gravity and its size, and we
have therefore only to make a globule
small enough to give it a permanent
velocity of 10 ft. or of 1 ft. per second.

As the mercurial vapour is cooled in

the condensers, the mercury is separated
out like mist, and the individual glo-

bules, which are too small to fall rapidly,
and which do not collide and aggregate
with others, are, to a great extent,
carried off as a dust. Nothing is more
dillicult than to filter very fine dust

effectually on a large scale from a

current of gas, as has been proved over

and over again in the attempts made to

catch the fume from silver-smelting
furnaces. How much such fume is

formed in mercury-smelting must de-

pend on varicuis circumstances, but the

formation of soot in the conductors is

sure to be accompanied by a loss in this

way, for the metal which is separated
out at the same time as the soot, Avill

to some extent be coated by non-metallic

impurities, and rendered incapable of

running together into larger drops.

Refining.
—As a general rule, mercury

in its crude imported condition needs

refining for use. This may be known

by its "taU"-ing, or leaving streaks
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where the globules are rolled over a

glass surface. The impurities (lead,

bismuth, and zinc) are sometimes

eliminated by re-distillation. A better

and simpler plan for small quantities is

to shake it up with powdered sugar in

the presence of air, whereby the foreign
inetals are oxidized tc a grey powder,
and removed by filtration through per-
forated paper. The best refining process
ii washing the metal in a thin layer
with dilute nitric acid (1-15 sp. gr.) for

a couple of days, with frequent agita-
tion. The acid dissolves out the un-

desirable metals as nitrates, and may be

used several times before its energy is

cihaubted. The cleansed mercury is

washed (with clean water) free from

acid, and dried, first with bibulous

l)aper and then by gentle heating. Me-

chanical impurities can be separated by
filtration throuijh perforated paper.
MICA.—Mica is composed of sile.v,

alumina, and potash. It is found in

AuK-rica, Switzerland, Siberia, Norway,
Ijiihciuia, and lUissia. Siberia and the

United States probably furnish the best

and largest specimens. It occurs in

granite and quartz, also in rubellite,

green tourmaline, felspar, lepidolite,

and several other minerals. It is one of

the constituents of granite, gneiss, mica-

schist, talc-slate, &c. It sometimes

occurs in granular limestone, and rarely
in lava, dolomite, and magnetic iron

ores. According to Dana, mica is

usually in thinly foliated plates or

scales ;
colour from white, through

green, yellowish, and brownish shades,

to black
;
with a pearly lustre, trans-

parent or translucent
;
before the blow-

jiipe infusible, but becomes opaque
white. There are a number of varie-

ties. That in which the scales are

arranged in plumose form is called

jilumose mica
;
that in which the leaves

or scales have a transverse cleavage is

called prismatic mica. The crystals are

chiefly rliombic, or si.K-sided, though
not always. The cleavage of mica is

highly perfect, and, according to Prof.

Henry, it can be split or divided into

leaves, 250,000 to the inch. The uses

of mica are various. Diamond dust,

with whicli ladies powder their hair, is

ground mica. The costly French silver

mouldings are cast from ground mica.

The wonderful showers of diamonds in

scenic plays are mica scales. As a

lubricator, mixed with oil it wears

longer than any other ingredient. For

stoves, it has now become indispensable,
and the demand for clear, transparent
mica is rapidly increasing. Large

plates, when they could be procured,
were at one time used in the Russian

naval vessels for deck or dead lights,

because not liable to fracture from con-

cussion. It is in conmion use for lan-

terns, and is rapidly coming into use

for lamp chimneys. On account of its

transparency and toughness, and the

thinness of its folia, it has been used as

glass in Siberia, but is now too costly
for common use. Sizes as large as 14 in.

have been found in North Carolina, and

not uufrequently 18 to 24 in. One block

or crystal weighed fully 100 lb. Crude
mica (pieces too small for cutting) and

the cuttings are too far from market,
and tlie uses of waste mica are too

limited, to render them valuable. Sizes

less than 2i x 4 or 4^ in. are liardly
W(jrth saving. Sizes 5x7 and 9 in. are

worth 27s. to 30s. per lb., with a rajiid

increase in price for larger sizes. (Cary

French.)
The minerals which form the group

of micas divide readily into 2 classes :

those which ate silicates of alumina and

an alkali, and those which are silicates

of magnesia. They are all notable for

their lustre and for their distinct cleav-

age, which permits of their being sepa-
rated into thin sheets. In granite, the

plates are rarely of a useful size,

although in the coarser descriptions of

that rock ])lates are occasionally found

1 ft. and more in width
;
but in lime-

stone formations, mica is often found in

masses of considerable size, plates having
been met with in Siberia several ft. in

diameter. The micas chiefly occurring
in commerce are muscovite and lepi-

dolite (or lithia-mica) of the first divi-

sion, and phlogojjite (rhombic mica) and

biolite of the latter division, or magne-
sian micas. Of these, the most exteu-
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sively used in the arts are muscovite

and phlogopite. The former is mainly
a silicate of alumina and potash, with

traces of iron, fluorine, chromium, &c.,

which impart colour to the otherwise

grey or silver-white plates of mica.

The crystals of muscovite are usually
G-sided—the colour varying from black

through grey to green, chromium being

invariably present in the crystal of the

last-mentioned tint. This variety of

mica is proof against acids, is very re-

fractory, the thin edge only fusing
before an ordinary blowpipe, while the

lamina; are very tough and flexible.

Phlogopite, or rhombic mica, as it is

sometimes called, is mostly found in

limestone, and is composed mainly of

silica, alumina, and magnesia, with
traces of iron, potash or soda, and

fluorine. Its colour varies from brown,

through brownish yellow, to grey. If

it is previously reduced to fine powder,
it is attacked by hot sulphuric acid, but,
like muscovite, although it whitens in

the blowpipe flame and fuses on tlie

thin edges, it is virtually refractory to

anything short of an intense heat.

These extraordinary properties, com-
bined with toughness and elasticity, and
the peculiar facility with which it splits
into thin sheets, some of which appmach
closely to transjtarency, led naturally
to the use of uiica for windows, and

especially to its employment in lanterns.

For many years it has been used in

liussia for windows, and in some parts
is still to be found, though it is of

course rajiidly giving way to the more

transparent glass, i^o common, how-

ever, was its employment for this i)iir-

posc at one time in Russia, that it was

frequently called "
Muscovy glass." It

is found in Siberia, Sweden, and Mora-

via, which also supply the lepidolite, or

lithia-mica. In America it is found in

various parts, as North Carolina, New
.Jersey, and Canada. In some coarse

granitic rocks of the first-named state,
the mica is found in considerable abun-

dance, and there are unmistakable
evidences that it was worked many
years ago. The commercial value of

mica varies through a wide scale
;
the

large, sound, and clear sheets being
naturally the highest priced, fetching
as much as 40s. a lb. In the United

States, where large quantities are used
for what is called " stove glass," that is,

for the fronts of gas and other stoves,
the utilization of mica has been carried

further than in this coimtry. The
small and waste stuff' is there made into

a coarse powder, and sprinkled over tar

in roof-making ; finely ground, it is

used as a lubricant, and is sometimes
used in packing deed-boxes and safes to

render them fireproof. The finer sheets

are used for such purposes as the dials

of compasses, for the letters of fancy

signs, and the very finest and thinnest

pieces are sometimes employed in lieu

of enamel for covering photogra]ihs ;

but one of the principal uses to which
the better qualities are put is the con-

struction of shades for lamps, the nature

of the material rendering its decoration

a comparatively easy process ;
chromo-

lithography being extensivelj' employed
in this manufacture. The preparation
of the mica is very eas}'. When first

obtained, it is in plates and crystals of

various sizes, from 5 in. to even occa-

sionally 1 ft. in thickness, and from 6 in.

to 1 ft. and upwards in diameter.

These plates are dull and opaque, and
when taken to the workshop they are

split sufliciently thin to render them

semi-transparent, when they are exa-

mined for flaws, and sorted into difterent

qualities. The comparatively thick

plates are then taken by the workman
and split into the thinnest sheets, a

stout knite and skill being all that is

required for the inirpose. Tliese thin

lamina; are easily cut with a jiair of

shears into any desired form, and are

then ready for any further process

necessary to fit them for the }iurpose
for which they are intended.

The facility with which they can be

bent into various shapes, and the power
they possess of resisting heat, together
with their transparency and naturally
beautiful api)earance, make these thin

sheets of mica of jteculiar value in many
situations. They have been used as

reflectors lor some years, and a ]iatent
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has recently been obtained in this coun-

try for an improved process of silvering

plates of mica, the inventor being a

resident of Philadelphia. The flexible

nature of the material to be silvered

will probably ensure its introduction

into the arts and industries to a greater
or lesser extent, and it is perhaps not

imjiossible that it may be employed in

the manufactui'e of telescopes, although
it must be confessed that its utilization

for that purpose is rather improbable.
Jn the process recently patented, sheets

of mica, as free from metallic deposit as

can be obtained, are thoroughly washed
in nitric acid, and then rinsed in water.

They are then placed upright in suit-

able vats or baths, being arranged in

pairs, back to back, so as to expose only
one side to the coating solution. This

latter is tolerably well known, and is

made by dissolving 1 oz. nitrate of

silver in 1 qt. distilled water, and in a

separate vessel 1 oz. glucose in 1 qt.
distilled water. When the silver has

dissolved, a small qiiantity of liquor
ammonias is added, and the solution be-

comes cloudy, the cloudiness disappear-

ing on the addition of a little more
ammonia. When this stage has been

arrived at, the 2 solutions are mixed

together and poured into the bath

containing the mica plates, the bath

being placed in a warm room, to facili-

tate the deposition of the silver. When
the mica plates are sufficiently coated,

they are withdrawn from the bath,

thoroughly rinsed in water, and stood

away to dry, after which they may, if

deemed necessary, be coated with spirit
varnish.

The mica plates thus prepared may
be nioimted on frames of tin, sheet-iron,

paper, or plastic composition. Many
other applications of these mica reflectors

will suggest themselves, though their

principal use is undoubtedly for illumi-

nating purposes. The inventor of the

process claims the right of constructing
reflectors and shades in the manner

described, but, inasmuch as the method
of silvering is certainly old, and reflec-

tors made of mica have been known for

years, we doubt whether he could suc-

ceed in upholding the validity of his

patent. (Eng. jMcch.)
In India, small fragments of mica are

largely employed in the tiusel decora-

tion of temples, palaces, banners, &c.

In powder, it is used for ornamenting

pottery, and even the clothes of the

natives. By native artists it is much
in vogue for painting on. Although
mica is one of the most widely distributed

minerals in India, its occurrence in plates
of sufficient size to be of commercial
value is limited to a few particular
tracts. All the mica which occurs in

rocks other than those of crystalliue or

metamorphic character is fragmentary
or detrital, and of no substantial value,

though it is collected to a small extent

by the natives for ornamental purposes.
The plates of useful size are found

generally in veins of coarsely crystalline

granite.
In the year 1826, largo transparent

lamina were jirocured a few miles to

the east of Hazaribagh station. In 1849,
Dr. jSIcClelland described the mica mines
at Dhanwi, Dhoba = Dhunbhar (?) and

(^uadrumma. At Dhanwi the mica is

said to occur in strata alternating with
coarse gneiss. The plates are associated

with large crystals of felspar and amor-

phous masses of quartz. About 50 to

100 men and boys were engaged in the

mines, which were inclines running with

the dip*, and as many more women and

children occupied themselves with sort-

ing and dressing the plates.
At Dhub and at Jamtara, in the

Kharakdiha pargana, are mica mmes
which have been described by Jlallet as

follows :
—Having given the geological

relations of the granite dykes, which
he considers to be truly intrusive, he

says that the coarsest pegmatite is fre-

quently found in dykes of moderate

thickness, in which therefore plates of

the largest mica occur, and it is such

dykes that the miners generally select

for their operations. They pay 1 to 2

rupees each per annum, according to

the richness of the yield, to the owner
of the land for the privilege of mining.
The usual mode of working is simply to

excavate a trench along the course of
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the dyke, which in the Gawan neigh-
bourhood is seldom carried deeper than

20 or 25 ft. Sometimes, where a con-

siderable thickness of decomposed mica

is near the surface, rude shafts are sunk

to the fresh and uninjured mineral, and

excavations are carried on laterally

from the bottom. In a few cases also,

rough horizontal galleries are driven in

from the side of a hill. In the last

methods, of course artificial light is

necessary. No precautions are taken to

support the roof, and accidents are not

unfrequent from its falling in. The

plates of mica are generally brought to

the miners' villages, and there, after

being slightly trimmed with ordinary

grass-cutting knives, they are sorted

into dift'erent heaps according to quality
and size. The qiiality depends on the

mineral being in a perfectly unaltered

condition, on its transparency and free-

dom from cloudiness caused by internal

ibreign matter, on the absence of minor

cleavages which render it liable to split

into ribbons and triangles, and on the

jdaneness of its fissile surfaces. Six

kinds are recognised, according to the

size of the plates, viz. (1) sanjhla ; (2)

inanjhhi ; (3) rasi ; (i) karra ; (5) m'tha:

(G) adinalla. Some of the miners inter-

polate failurtha between the fifth and

sixth, and speak of another size, bar/ni,

still larger than adinalla. All these

terms are used i-ather vaguely in respect
to the absolute size of the plates indi-

cated thereby. At Dhub and Jamtara
the miners were induced to separate a

ijuantity of the mica into the different

grades ;
measured average specimens of

each gave the following results :
—

Dhub. Jamtara.
Inches. Inches.

Sanjhla . . 5x4 4x3
Manjhla . . 7x5 5x4
Kasi . ,.9x6 6x5
Karra . . 12 X 9 8x6

The above 4 sizes include the greater

])ortion of the mica found, it being only
in tlie best mines that urtha and adinalla

are procurable. The largest plates which
were seen measured 19 X 14 in., and
20 X 17 in., but considerably larger
onco are sometimes obtained. The mica

is sold by the load, which is built up of

plates, either into one frustum of a cone,
and carried on the head after being
bound together with a cord, or in two

such, and carried in a hanghi. A load

equals 6 panseries, one panseri being

equal to 5 kachclia seers of 12 chittacks

each, or 3^ pakka sccrs of 16 chittacks;

the load, therefore, being 2'2h seers, or

4G lb. avoirdupois. The miners stated

that the prices paid to them per load by
the inahajans were as follows : sanjhla,

3 annas
; manjhla, 5 annas ; rasi, 7

annas
; harra, 12 annas ; urtha, rs. 2

to rs, 5
; adinalla, rs. 4 to rs. 9

;
the

selling prices being about double these

figures. The value of the large plates
more especially varies greatly with the

quality. According to Colonel Boddam,

j>lates of first quality of 18 in. diameter

fetch as much as rs. 60 a maund in the

market, or about rs. 30 a load. Within

the past few years some attempts have

been made by a European to work some
of these mines, but with extension of

tlie operations the trouble and expense
caused by water have increased so much
tliat the work has, it is believed, been

abandoned. (Ball, Economic Gcolv[/>j of

MOLYBDENUM.— This metal

occurs sparsely in many iron ores, and

passes into the slag and the pig-iron in

the smelting ; but it is found much
more abundantly in molybdenite (molyb-
denum sulphide) and in wulfenite (lead-

molybdenum oxide), and is mot with as

a native trioxide (molybdic ochre).
Metallic molybdenum is prepared by

heating the trioxide or a chloride to

redness in a current of hydrogen ;
the

trioxide is not easily reduced, and

the product requires to be afterwards

heated in a current of anhydrous hydro-
chloric acid. The pure metal dissolves

rapidly in hot concentrated sulphuric

acid, in nitric acid, and in aqua-regia,
but is insoluble in dilute suli)huric

and hydrochloric acids and in hydro-

Huoric; it oxidizes only when heated

in contact with the air, and is in-

fusible in the highest heat of a blast

furnace
;

it has a sp. gr. of 8'6, nvA a

silvery colour.
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NICKEL. 0/-CS.— The principal
ores of nickel are magnetic nickeliferous

]iyrites, nickel arsenides (especially

kupfer nickel, and nickel arseno-sulphide
or grey nickel), and the hydrosilicates
of nickel and magnesia.
The first-named ore is simply magnetic

]iyrites containing a certain proportion
iif nickel sulphide, and is one of the

most important. It is met with in

Spain, Sweden, Scotland, Piedmont, and
the United States. The nickel yield of

this kind of ore is usually very small.

That from Val Sesia (Piedmont) con-

tains about IJ per cent, nickel
;
that

from Sagmyra (Sweden) about ^ per
cent.

; those from Scotland, 7 to 22

(rarely) per cunt.
;
while the celebrated

(iap mine, in Lancaster Co., Pennsyl-
vania, which supplied all American

wants, and even contributed to European
sujiplies for many years, aftbrds an ore

I'lintaining only o per cent, of nickel,
and very difficult to work.

Kupfer nickel is less abundant but
richer than the preceding, and occurs

in veinlets, especially in Scotland and

Saxony. The percentage of nickel varies

iVom 20 to :M).

Arseno-sulphide or grey nickel is met
with more particularly in the Harz,

Sweden, and Styria. The percentage of

grey nickel, coiTesponding to the formula

NijAsSj, is 35'48.

The hydrosilicates of nickel and mag-
ui'sia are obtained chiefly from New
Caledonia, and carry about 10 per cent,

of nickel.

J'roccsscs of Extraction.— The pro-
cesses employed in obtaining nickel

differ widely, according as it is derived

from the sulphuretted or arseniuretted

iires commonly found in Europe, or from
the oxidized ores of \ew Caledonia.

For the former, the first step is the

elimination of the two metals nickel

and cobalt in an intermediate product
called " matte "

or "
speiss," according

as the original ore was a sulphide or an
arsenide

; these products are then

gradually concentrated by a succession

of roastings and fusions
; finally, there

remain oxides of nickel and cobalt,
which are reduced in a closed retort.

For the Isew Caledonian ore, the most

interesting of the methods employed is

related to the metallurgy of iron : the

initial operation is to make a pig of

iron and nickel, followed by a refining

process on the hearth of a reverberatorj'

furnace, to remove the foreign matters

and give pure nickel.

Treating Sulphidca.
—By sulphides are

understood magnetic pyrites containing
small proportions of the sulphides of

nickel and cobalt, with 50 per cent, of

gangue. In treating this ore by the

dry method, the following observations

have been made :
—

(I) In the presence
of an acid silicate, the nickel sulphide
is not nearly decomposed, while the

cobalt sulphide is so completely, and a

part of the cobalt is lost in the slag ;

(2) run down with a material contain-

ing sulphur, the nickel oxide is de-

composed, and all the nickel combines
with the sulphur, while with the cobalt

oxide the reaction is only partial ; (3)
under the same conditions, that is to

say in contact with sulphur free or

combined, nickel silicate is only i)artialiy

decomposed, cobalt silicate not at all.

Consequently, the object must be to

slowly o.xidize the matters other than

the nickel and cobalt, so that they can

be easily removed in the cinder, while

the nickel and cobalt are retained by
the sulphur in the mattes formed

;
but

care must be had to avoid the oxida-

tion of these 2 metals, and especially
their silication. The first roastings arc

generally effected in stalls
;
the oxida-

tion is achieved by preference on the

heai'th of a reverberatory furnace. The

roasting is much more moderate accord-

ing as there is more cobalt, and greater
care is needed to avoid scorification.

The first fusions are made in a blast

furnace, and the last in a reverbe-

ratory.
The Sagmyra works, in Sweden, treat

very poor ores, containing 0-6 per cent,

nickel and 0'7 copper. The roasting of

the ores is done in pyramilal heaps of

300 to 400 tons, and lasts 3 to 4 weeks.

The first fusion takes place in a blast

furnace measuring 12 ft. high between
the level of the twyers and that of the
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throat.
;

the section is trapezoidal ;
3

twyers are placed in the rear wall and
1 in each of the lateral ones, niiriang a

total of 5
;
a sixth opening is reserved

in front for withdrawing the slag and

tapping the matte
;

this last has a mean
richness of 4- per cent, nickel and 4^

copper. Next comes another roasting ;

the first matte, in masses of about 25

tons, is put through 4 or 5 fires, the

object of whicli operation is to oxidize

a f'resh quantity of foreign metals. This

result is not attained witliout the nickel

and cobalt also oxidizing a little, but,
as scorification is avoided, the reduction

of the oxides thus formed is readily
achieved. The roasted matters are

smelted in another blast furnace 10 ft.

high, with a closed bi-east : the new
inatte contains about '25 per cent,

nickel and 25 copper. The second en-

riched matte is grauulatedatthe moment
of running out, then roasted in a I'ever-

beratory furnace
;
the roasting lasts 24

hours, and the heat is furnished by the

gases of the blast furnace of the first

fusion. A final fusion on the hearth of

a reverberatory furnace gives a matte

holding 35 per cent, nickel, 40 of cop])er,

and less than ^ of iron. Efforts have

been made to suppress the second roast-

ing and second fusion
;

in that case the

first matte is granulated and treated

with weak sulphuric acid, by which a

great part of the iron is dissolved out,

and but little of the nickel, thus sejja-

rating the ii'on and nickel
;
but the

process has the inconvenience of ]iro-

ducing a great quantity of iron sulphate,
wliich is not always marketable.

Trcathiij Arsenides.—Arsenides, like

sulphides, are subjected to a series of

roastings and fusions : the nickel and
cobalt are at once united by the first

fusion in a new product termed "speiss,"
a comi)h'x mixture of arsenides formed

with all the metals contained in the

ore
;

the nickel and cobalt are then

concentrated in the speiss by freeing
this latter of the more oxidizable metals

which it contains. To regulate these

operations, regard is had to the follow-

ing jieculiarities :
—

(1) Arsenides of

nickel and cobalt, in proonce of slacj

having 33 per cent, of iron oxide,

scarcely yield any nickel or cobalt
;

(2) nickel oxide fused in the presence
of arsenic or mispickel is entirely

decomposed, the nickel uniting with

the arsenic—this only partially takes

place with cobalt oxide
; (3) nickel

silicate fused in presence of free or

combined arsenic is partially decom-

posed, but cobalt silicate is much less

attacked.

From the preceding considerations,

the roastings are conducted in a manner
to avoid oxidation, and especially silica-

tization, of the nickel and cobalt. lu

general, reverberatory furnaces are used

for the roastings ;
but for rich speiss,

the first roastings are done in heaps.
Tlie fusion is performed in little cupola
furnaces

;
that .shown in Fig. 154 is of

Fig. 154.

the form employed at Hopfriesen. The

speiss once concentrated, the fusion is

sometimes exchanged for a roasting in

a "Hungarian
"

furnace, as illustrated

in Fig. 155. Sufficient concentration is

generally attained after 3 successive

series of roasting and fusion
;
the table

below, taken from the experience of the

Georges works near Dobrina, in 1876,

gives an example of the progressive
character of the speiss ;

but sometimes

the final richness is ]uished as far
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as 65 to 70 per
cobalt :

— cent, of nickel and
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aud nickel oxides, which furnish, finally,

a marketable alloy of the 2 metals. As to

the separation of the nickel and cobalt,
if the proportion of cobalt be small,

advantage can be taken of its superior

oxidizability ;
if the cobalt is abundant,

recourse must be had to the wet way.
The roastius; alluded to above is per-
formed on the hearth of an ordinary
revcrberatory furnace, or in more com-

])licated special furnaces, such as those

at Sagmyra, Sweden, shown iu Fig. 156.

Fig. 156.

The materials, granulated mattes, are

charged through the openings iu tlie

arch
; they are roasted Ijy the o.xidiziug

Ihime of a sort of blow-pipe entering
at the centre

;
and the oxide vapours

escape by the lateral flues which de-

scend into a jiit. The roasted matters
are removed in trucks, into which they
fall tlirough apertures in the sole of the

furnace.

(2) Wet Process.—Mattes or speisses

containing both nickel aud cobalt in

some considerable quantity, are first

roasted, and then dissolved iu hydro-
chloric acid, with or without the addition
of nitric acid. If there is much iron,

the solution is evaporated, and the resi-

due calcined to remove a portion of the

iron in the state of a chloride, taking up
again in water

; thus, on adding lime

carbonate, the remainder of the iron, as

well as some cop])er and arsenic, is pre-

cipitated ; finally, the cobalt is removed
iu the state of sesquioxide liy means of

lime chloride and carbonate, and the

copper aud nickel are generally precipi-
tated together as oxides by the lime.

Preparinij Metallic Nickel.—The oxides
once obtained, eitlier by the dry or by
the wet way, it remains onlv to reduce

them. With this object, they are mixed
with a little meal and water, and made
into a paste, which is cooked and cut

into cubes measuring about J in. on the

face
;

these cubes are then strongly
heated in contact with pulverized wood
charcoal. Generally the metal does not

fuse, though the melting-point of copper

may be reached and surpassed : it re-

tains the form of little cubes, and is

thus met with in commerce, when it

has been obtained from arsenical and
antimonial ores

;
but it is then never

quite pure. (Badoureaa.)
Kickel ores mostly come to this

country for reduction after having

undergone a process of " concentration
"

abroad. They come here either as a

matte — a combination of nickel,

cobalt, copper, and iron with sulphur ;

or as a speiss
—a combination of the

nickel and copper with arsenic. In the

preparation of nickel from the matte or

speiss, nuisance is apt to ai'ise. The
earlier steps in the reduction of the

matte or speiss consist of processes

very similar to those employed iu

the smelting of copper. The objects

sought are the further concentration of

the material, i.e. the separation of iron

from it by alternate calcination aud

meltiug, by which the iron is slagged off;
and then the conversion of the valuable

metals present into oxides or soluble

salts. The calciuers aud melting fur-

naces used are similar iu construction to

those em])Ioyed in copper smelting, and
for the oxidation of the nickel, &c., free

access of air is given iu the last process.
The product of the last operation at the

furuaces is then subjected to a series of

wet processes. It is first dissolved, by
the aid of steam, in water to which

hydrochloric acid is added in sufficient

quantity, and then the iron present is

precipitated from the solution by means
of milk of lime, aud the solution is

again filtered. Sulphuretted hydrogen
is then passed through the solution to

separate the copper and arsenic present,
and the solution is again filtered. After

this the whole process is a wet one, in

which nothing of an offensive character

is or can be given olf. The foul slags



Nickel—Garnier's dry methocl. 397

from the melting processes are melted

with coke in a cupola furnace, a form

of cold-blast furnace. A matte sepa-

rates, which is tapped off from the well

at the bottom of the furnace. During

melting and the tapping of the slag,

arsenical fumes, recognisable by their

alliaceous odour, may be freely given

off. (Dr. Ballard.)
At the works of Wiggin & Co., nickel

refiners, Birmingham, the speiss is

roasted in reverberatory furnaces, where

the arsenic is driven oft' as arsenious

acid, and condensed iu coke scrubbers.

The calcined ore is treated with hydro-
chloric acid in earthenware pans, and

the mixed solution is ladled into wooden

vats, where it is diluted, and treated

with lime chloride sufficient to form

sesq\iioxide of all the iron present, which

is then thrown down by adding milk of

lime, and carries some of the arsenic

with it. The residue left in the earthen-

ware pans is subjected to repeated cal-

cinations and lixiviations till it contains

no more nickel. The precipitate formeil

iu the wooden vats is well washed on a

flannel filter. The portion remaining
behind is sufficiently arsenical to serve

for subsequent smelting purposes ;
the

solution is treated with sulphuretted

hydrogen to precipitate the bismuth,

copper, and lead as sulphides; then

with lime chloride at a higher tem-

jierature to throw down the cobalt as

sc3quioxide, and finally M'ith milk of

lime to give hydrated oxide of nickel.

The Kcw Caledonian and other non-

arsenical ores, are lirst fused with iron

pyrites to get the nickel as sulphide.

The mixed sulphides are subjected to

a series of calcinations and smeltings
to remove the iron and' sulphur, after

the manner of the copper smelting-

process used at Swansea. The nickel

oxide obtained is reducedj as already
described.

Galbraith makes some objections to

the existing methods, and indicates im-

provements. The success in treating
tlie mixed bulphides of nickel and iron

with dilute hydrochloric acid depends
on the circumstances under which the

pi-ecipitation takes place ;
and iu pre-

cipitating with sulphuretted hydrogen,
it is impossible to dissolve all the iron

without also dissolving some of the

nickel. He overcomes the difficulty by
using calcium sulphide as the precipi-
tant

; by this means, especially if the

solution is hot, the nickel is thrown
down as a dense flaky precipitate of sul-

phide, which dissolves only with difti-

cultv in strong hydrochloric acid, and

is almost completely insoluble in a mix-

ture of 1 part concentrated acid to 4 of

water. On this he has based a patent
for extracting nickel from its ores. The
New Caledonian ore is dissolved in acitl

(hydrochloric or sulphuric), the solution

is neutralized with lime-water, and the

yellow liquor from "tank waste," or a

solution of waste gas lime, is used as the

precipitant, being less expensive than

the sulphide prepared by boiling sul-

phur in a thin lime paste. Any iron,

magnesia, &c., present in the ore is

precipitated, and quite easily separated,
without dissolving any of the nickel,

bv means of dilute hvdrochloric acid.

(//. Soc. Chem. Jnd.)
Garnier's Jri/ method fur Xcw Cale-

donian ores.—This is analogous to the

process followed in the metallurgy of

iron: carbon is selected as the reducing

agent, and as a vehicle for the nickel and

cobalt, instead of the sulphur or arsenic

usually employed. The intermediate

product is therefore a more or less com-

plex carbide of iron and nickel. The
treatment resolves itself into 2 opera-
tions :

—
(1) Fusion of the Ore to make Xickc 1

Pig.
—This is ert'ected by mixing tiie

ore and suitable fluxes with charcoal,
which is, however, performed in '1 ways,

according as the ore treated is poor
in nickel and in iron, or rich in nickel

and poor in iron.

In the former case, corresponding to

a richness of about 3 per cent, of nickel,

there is reason to fear, from the rela-

tively small proportion of the metal, a

considerable loss
;

this is avoided by
adding some rich iron ore to the bed of

the furnace, so that the total metal may
amount to 15 per cent, of the weight of

the mass. This process is well adapted
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to ores having approximately the fol-

lowing composition ;
—

Walter 21-25

Silica 41-75

Niclvcl oxide . . . ;j-50= nickel 2-75

Iron protoxide , . 5-18=:iron . 4-03

Mugnesia .... 20-65

Lime 2-20

Ordinarily, with selected dressed ore,

the composition will more nearly re-

semble :
—

Water 10-00

Silica and insoluble 50-00

Nickel oxide . . , 18-50= nickell4-62

Iron pei-oxide . . 3-50= iron . 2-45

IMagnesia .... 15-75

Lime 2-G5

In this second case, the preceding

operation is not called for
;
sometimes

even only a portion of the iron present
is run into the pig with the nickel,
which result is easily attained owing to

the greater oxidizabilitj' of the iron.

Part of it then passes into the slag, to

whicli it gives great fluidity, and thus

tends to avoid loss by mechanical re-

moval of particles of metal.

The reduction and fusion are con-

ducted in furnaces about 12 ft. high.
To avoid complete reduction of the iron,

the shaft is made low
;
and to prevent

too great heat, cold air can be intro-

duced at low pressure. The carbide of

nickel and iron obtained may vary from

46J nickel and 51 iron to 27 nickel and
68 iron, while the carbon fluctuates be-

tween 2^ and 5 per cent.

(2) Refining the Pig.
—The pigs whose

richness does not permit them to be

employed directly in alloys are treated

either for nickel, for copper and niekel

alloys, or for nickel salts (double sul-

phate of nickel and ammonia), used in

electro-plating. For the last-named the

wet method is available, but for the 2

first-named the dry way is required.
The operation is conducted on the sole

of a furnace resembling that used for

making steel. For the commercial alloy
of nickel and copper, the charge con-

sists of the nickel and iron carbide with
a certain amount of copper. Once these

matters are in a state of fusion, the
carbon and then the silicon are removed

by the oxidizing atmosphere maintained,
and finally the iron oxidizes. In order
to hasten the operation, sometimes oxi-

dizing agents are added, such as the

oxides of copper and manganese. During
the process, and especially towards the

end, repeated samples are taken to as-

certain the progress of the refining, and
thus the charge can be run out at the

moment when the alloy contains the

desired proportions of nickel and cojjper.
When the object is to produce me-

tallic nickel, the addition of copper is

omitted
;
the heating is urged, and the

oxidizing actions are developed to the
utmost

;
the carbon and silicon are first

eliminated, then comes the turn of the

metals, such as chromium, manganese,
and iron, which are oxidized and pass into

the slag. The nickel remaining, either

in the molten state or ia lumps, is cast

or cut up in marketable quantities.

Christofle's wet ivay for Kav Caledo-

nian ores.—The pulverized ore is placed
in earthenware vessels and treated with

liydrochloric acid, avoiding, by some
secret means, complete solution of the

magnesia ;
a little nitric acid is then

added to peroxidize the iron, and the

iron and alumina are precipitated by
lime chloride or powdered chalk. The
lime chloride, in presence of the excess

of hydrochloric acid, does not precipit.ate
the nickel. The solution is concen-

trated, a little oxalic acid is added, and
the whole is brought to a boil

;
nickel

oxalate is precipitated, and requires

only to be calcined in a charcoal cru-

cible. If the iron and alumina are pre-

cipitated by powdered chalk, lime chlo-

ride is added, then a little lime
;
black

sesquioxide of nickel is deposited, washed,
dried, and calcined with charcoal in a

charcoal crucible. Tliis has the advan-

tage of avoiding the use of oxalic acid,
which is a costly article. The nickel

obtained by these processes often runs
to 97f per cent, pure nickel, with about

1\ of cobalt, and less than ^ each of

silica and manganese.
Properties and Uses.—In many re-

spects, nickel bears a close resemblance
to iron. It is slightly more fusible, less

magnetic, and possesses about the same
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ductility, tenacity, and malleability ;
it

is inferior in electrical conductivity, but

infinitely superior in the matter of re-

sisting oxidation, ranking on this score

between gold and silver. This power of

rt^'sisting oxidation, coupled with the

ordinary physical qualities necessary in

iiu'tals, is the secret of the great value

of nicliel in industrial applications, not-

ably for plating other metals, and as an

ingredient in alloys. Mermet recom-

mends nickel crucibles instead of silver

ones for use in chemical manipulations.
Nickel is slightly attacked by melted

jiotash, and so is silver itself. Nickel

crucibles cost at first much less than

tliose made of silver, and they have the

great advantage of melting at a higher

temperature. It often hapiiens that in-

experienced chemists melt their silver

crucibles in heating them over a gas

lamp ;
but such an accident is not to

l)e feared in working with crucibles

made of nickel. Nickel stereotypes
would have special value for colour

jprinting, because many kinds of coloured

ink attack copper (vermilion, for ex-

ample) and destroy the plates, while

their own brilliancy is also atfected by
t he copper-faced type and plates.

Dr. Fleitman, of Iserlohn, Westphalia,

Prussia, has improved and cheapened
the operationof refining and toughening

nickel, and has reduced the liability to

the presence of blowholes in castings by
adiling to the molten charge in the pot,

when ready to pour, a very small

(juantity of magnesium. This is imme-

diately decomposed, magnesia is formed,
and grajjhite is separated. It would

seem that the magnesium decomposes
the occluded carbonic oxide, or reduces

it to a minimum. The magnesium
must be added with great care and in

small portions, as it unites explosively
with the charge. It is stirred in.

Aboxit 1 oz, of magnesium is suflicient

for GO lb. of nickel
; g oz. to 54- lb.

of metal has been used with success by
Wharton. It is to be noted that com-

plete malleability of nickel was ob-

tained at Wharton's works in Camden,

U.S., before Fleitman's invention or

process, but this last is more rapid and

better than the old method. The metal

so treated becomes remarkably tough
and malleable, and may be rolled into

sheets and drawn into wire. Cast plates
can be successfully rolled. The cast

plates, such as are made for anodes,
after reheating, are rolled down to the

desired thickness. It is found that it

is a great improvement to the nickel

anode plates to roll them down. They
dissolve with greater uniformity in the

bath. Nickel so treated with magne-
sium has been rolled into sheets as thin

as paper.
Pure nickel, after melting and cast-

ing, generally holds a greater or less

quantity of oxygen in solution, and the

metal is brittle. To hinder the inju-
rious eflects of the oxygen, it is neces-

sary to incorporate in the melted nickel

some substance which has a strong alfi-

nity for oxygen and also for the nickel

itself. Gamier finds that phosphorus
serves both these purposes very satis-

factorily, producing eftects analogous to

those of carbon in iron. If the phos-

phorus does not exceed f^ per cent., the

nickel is soft and very malleable ;
above

this quantity, the hardness increases at

the expense of the malleability. Phos-

phorized nickel, when alloyed with

copper, zinc, or iron, gives results which
are far superior to those that are ob-

tained from the same nickel when not

phosphorized. By means of the jjhos-

phorus. Gamier has been able to alloy
nickel and iron in all proportions, and

always to obtain soft and malleable

products. Nickel welds and melts at

the same temperature as steel, and its

elongation in forging and rolling is

equal to that of Bessemer steel of

medium hardness. Nickel-coated sheets

of any practical thickness may be got

by welding a steel ingot between two
nickel ones and passing through a pair
of rollers. In the same way nickel-

coated steel wire can be obtained by
drawing.

Alfred Smeaton Johnstone, of the firm

of Wiggin and Co., who had previously
been experimenting with manganese, has

succeeded perfectly in rendering both

nickel and cobalt malleable by means
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of manganese. Commercial manganese
(about 95 per cent.) or any ferro-man-

ganese may be used for the jmrpose, tlic

presence of iron not destroying the

malleability. Thiis the analogy between

the treatment of nickel and cobalt and
of iron which has undergone fusion is

jierfect. The manganese is addeil a

little at a time to the fused nickel,
which is kept well stirred during the

time, and linally jMiured out into moulds
when tranquil. The metal is consider-

ably agitated by the escape of gas

during the addition of the manganese.
For most purposes, the addition of

2 per cent, of metallic manganese is

sufficient
;
but when tlie maximum de-

gree of malleability and ductility is

required, the quantity added may be

increased to as much as 5 per cent.,

beyond which there is no gain under

ordinary circumstances. The manga-
nese left in the nickel need not exceed

about Yo pt"!' cent. Zinc can be suc-

cessfully alloyed with nickel by re-

ducing their oxides in a state of ad-

mixture. By rapidly fusing the alloy
thus obtained, a tough malleable and
ductile metal can be made. The meltiug-

]ioint of nickel is too high to admit of

zinc being introduced into it after the

nickel is molten. The addition of
^'g

per cent, of magnesium is said to im-

prove the working ]n'operties of this

alloy. It is not likely that important
applications will bo long wanting for a

metal possessing such valuable pro-

]>erties as malleable nickel, the price

(about 4.9. a lb.) being comparatively
low. Malleable nickel anodes are al-

ready being substituted for the old cast

auodes. The former certainly have a

great advantage in tlu'ir unif<irniity of

striacture, which not onl}' ))revents to a

great extent their being eaten away
irregularly, but also avoids loss through
secondary currents. (Prof. Huntington,
Jl. Soc. C'/iem. Jnd.)

See also under "Allovs," pp. 20, 22,

25, .H5, 41.

NIOBIUM.—This rare metal usu-

ally occurs with tantalum, in the form
of an oxide (Nb./3.), in the following
uncommon minerals:—5H to 78 per

cent, in columbite, 47 to .M per cent, in

pyrochlore, 45 per cent, in t'ergusonite,
42 per cent, in yttrotantalite, 35 per
cent, in euxenite, and 7h to 29 percent.
in tantalite. lioscoe has obtained the

impure metal (containing small quan-
tities of hydrogen, and chloride and

oxide) as a steel-grey crust by re-

peatedly passing the vapour of the pure
chloride with hydrogen through a red-

hot tube, which was then more strongly
heated in a porcelain tube traversal

by hydrogen. Niobium is dissolved

by concentrated snlj)huric acid, being

scarcely aflected by even heated nitric

or hydrochloric acids or aqua-regia; it

ignites and oxidizes with vivid incan-

descence on heating in the air at a low

temporaturfl.
OSMIUM.— This metal is met

with chiefly in the natural alloy osmiri-

diimi, in proportions varying from 27J
to 4^)4 per cent., as well as in minor

qtiantities in platiniferous minerals. It

is obtained in the Ibrm of a more or less

pure and very volatile tetroxide in the

course of preparing the other members
of the platinum group by the following

process of Deville et Debray :—The os-

miridium ore is fused with zinc, the

regulus is treated with hydrochloric

acid, the finely divided residue is mixed
with the same quantity of barium
uitrate and 3 times the quantity of

barium binoxide, and the mass is heated

for 2 hours at about 1800° F. (982° C.) ;

the resulting compound is cooled, ground

very fine, and jiut into a stoppered ves-

sel containing dilute hydrochloric acid,

which must be kept cool and placed in

a thorough draught, to prevent the

poisonous osmium tetroxide vapours

escaping. On completion of the reac-

tion, 2 parts sulphuric and 1 of nitric

acid are added, the mixture is well

shaken, the barium sulphate is allowed

to deposit, and the clear liquid is poured
oft"; the residue is washed by decanta-

tion, and f of the liquid are distilled

over; this distillate is precipitated by
ammonia and ammonium sulphide, and
the precipitate is mixed with sodium

chloride, and heated in a slow cuiTent

of chlorine
;
the lixiviated mass gives
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sodium osmichloride solution, from
which sal-ammoniac precipitates ammo-
nium osmichloride, and this, washed
with sal-ammoniac solution and heated
in a covered crucible, yields spongy
osmium. Deville et Debray also obtain

pure osmium in the form of an amor-

phous powder by passing the vapour of

the pure tetroxide, mixed with carbon
monoxide and dioxide, through a red-hot

porcelain tube. Crystalline osmium

may be produced by fusing the powder
with 3 or 4 times its weight of tin in a

charcoal crucible, treating the alloy
with acid, and heating the residue in a

current of hydrochloric acid gas. Me-
tallic osmium has a sp. gr. of 22-477

;

it is infusible, but evaporates at the

temperature reached when iridium is

fully melted, and deposits as a black

powder on cold surfiices introduced into

the vapour. Its alloy, osmiridium, is

used for tipping gold pens and for com-

pass bearings, being inoxidizable, jiroof

against acids, and not magnetic.
PALLADIUM.— This valuable

metal occurs in most platinum ores and
in alloy with gold. It may be separated
from other platinum metals by taking

advantage of the fact that, in neutral

solutions, mercuric cyanide gives an
insoluble precipitate of palladium di-

C3'anide. In preiniring pure palladium
from the platinum residues of the

St. Petersburg mint, Bunsen adds potas-
sium iodide to a solution of palladium
dichloride, when palladium di-iodide

separates out as a black insoluble preci-

pitate. For preparing the commercial
metal on the large scale from the resi-

dues of platinum works, the followinw

process is most convenient :
—

Philipp describes the following method
for recovering the palladium, rhodium,
ruthenium, osmium, and iridium con-

tained in the mother -liquors of the

platinum manufacture. These liquors
are boiled down, by which iridium chlo-

ride separates out with a little plati-
num. The concentrated liquor is stood

aside for a time, poured off from the

deposit of iridium, diluted, and precipi-
tated by zinc. The precipitate is

digested with hydrochloric acid, washed,
3

and ignited. Aqua-regia dissolves the

palladium and a little gold, while

impure rhodium remains behind. The
solution IS supersaturated with ammo-
nia, and the jialladium is precipitated

b}- hydrochloric acid. The residue from
the platinum solutions, which in Rus-
sian platinum averages 8 per cent., is

ignited, ground, and washed, to remove
the greater part of the iron, &c. The

pulp, now amounting to 2 or 3 per cent,

of the original material, is smelted with
an equal quantity of a mixture of borax
and nitre till the mass flows smoothly.
After treating with hydrochloric acid

and water, the metals remain behind.

They are alloyed with twice their bulk
of zinc in a graphite crucible

;
the alloy

is broken up and powdered, and freed

from zinc by adding hydrochloric acid.

The residue is treated with chlorine in

a Hessian tube, and iridium and osmium

chlorides, with a little platinum, are

thus obtained. The remaining mass is

ignited in a current of hydrogen, and
smelted with caustic potash and niti-e

to afford its ruthenium.
Commercial palladium may be puri-

fied by Bunsen's process, already de-

scribed, or in the following manner :
—To

a solution of the impure metal, as free

from acid as possible, ammonia is added
till the precipitate formed re-dissolves

;

hydrochloric acid gas is then passed
into the solution, and throws down

palladio-ammonium chloride, leaving

copper and iron in solution
;
the preci-

jjitate, washed and ignited, yields spongy
palladium. The same result is attained

by igniting palladium cyanide. Metal-

lic palladium is rapidly dissolved in hot

nitric acid, especially when nitrous

acid, copper, or silver is present ;
the

spongy metal dissolves in hydrochloric
acid in contact with the air, and the

compact when chlorine is passed in
;

also in boiling concentrated sulphuric
acid, and in fused potash bisulphate ; it

has a sp. gr. of 11 '4, a silvery colour,
and a fusing-point about equal to that
of wrought iron

;
its colour and appear-

ance are unalterable by exposure to the

air or to sulphuretted hydrogen. It has
been chiefiv used as a substitute fc r
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gold iu dentistry, and for graduated
surfaces on scientific instruments.

PliATINUM.—Tiiis metal occurs

almost exclusively in the native state,

but is seldom pure. Analyses of

samples from Australia, Califoi-nia, the

United States of Colombia, and the

Urals, show 611 to S6\ per cent, of the

metal, combined with varying propor-
tions of copi>er (J to 4), gold (^ to 1\\
iridium (| to 4\), iron (4J to llf), os-

miridium (^ to 26), palladium (j to IJ),
and rhodium (| to If). The prepara-
tion of the malleable metal from the

raw material is generally effected in the

wet way. As first conducted, this was
as follows :

—The crude mineral is dis-

solved in 15 times its weight of aqua-

regia (equal parts of nitric and hydro-
chloric acids), and precipitated by sal-

ammoniac
;

this precipitate of platin-
ammonium chloride is dried, pressed
into a conical fire-clay mould, and

ignited ;
thus the platinum is obtained

as a coherent mass. The ultimate duc-

tility of the product is found to depend
upon gently heating the double chloride

at a temperature just sufficient to expel
all the sal-ammoniac, and occasion the

least possible cohesion of the platinum
particles. This metallic powder is

rubbed in the hands till it will pass

through a fine lawn sieve, then well

levigated, and the cold pulp filled into

a conical brass barrel, and pressed veiy
hard

; the hardened cake is removed,
heated to redness on a charcoal fire to

expel moisture and increase the cohe-

sion, then subjected to about 20 minutes'

ignition in the highest attainable heat
llf a blast furnace, and, while still hot,

placed on an anvil and hit with a heavy
nammer, when the ingot of metal can
be applied to the usual purposes where

ductility is required. This process is

still very commonly adopted, in spite of
its tediousness.

Several dry methods have been intro-

duced with more or less success. The
first step in tliis direction was the appli-
oation of the oxy-hydrogen blowpipe to
the fusion of large masses of platinum.
The arrangement mostly employed is

shown in Fig. 157
5
it consists of 2 well-

fitting lumps of quicklime a b, the upper
one a having a hole drilled in the centre

for the insertion of the blowpipe c,

while a side opening d serves as an e.\it

for the products of combustion and for

the molten metal. The hydrogen or

common coal-gas (the latter being more

generally used) enters bv the tube e,

Fig. 157.

while the oxygen is conveyed by /,

meeting in the blowpipe c, whose upper

part is of copper and lower part of

platinum. The lime crucible well with-

stands a high temperature, and absorbs

the slags of the iron and silicon oxides

and other matters formed during the

fusion. Based upon this principle
Deville et Debray have proposed 2 dry

ways of treating platinum minerals, as

follows :
—

(«) The ore, mixed with lime,

is merely fused, when a platinum-iri-
dium-rhodium alloy is produced ;

this

is -well adapted for melting down old

platinum vessels, as the impurities

(gold, iron, lead, phosphorus, sulphur)
are either volatilized or absorbed by the

lime. (6) This takes advantage of the

fact that lead alloys with platinum but

not with osmiridium
;

the platinum ore
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is mixed with galena, and some glass
aud borax as fluxes, and treated in an

ordinary melting crucible
;
the osmiri-

dium goes to the bottom, and litharge
is gradually added till no more sulphur
dioxide is evolved

;
when the mass is

cool, the lead alloy at the top is removed
and cupelled, and the platinum residue

(containing a little iridium and rho-

dium) is fused in a lime crucible by the

oxy-hydrogen flame. But it is ditHcult

to ensure by these means that the

platinum obtained is either homogeneous
or free from foreign matters.

Heraus, at Hanau, Germany, employs
the following process :

—The raw ore is

dissolved in a mixture of 1 part aqua-
regia and 2 of water in a glass retort

under a pressure of 12 in. of water

(Dullo having shown that the solution

of platinum is facilitated by pressure) ;

the solution is evaporated down, antl

the dried mass is heated to 257° F.

(125° C), when the palladium and
iridium salts are reduced to chlorides.

From the clear solution, acidifled by
hydrochloric acid, pure platinum chlo-

ride is precipitated by adding sal-am-

moniac, whilst iridium chloride is re-

covered by evaporating down the mother-

liquor. The solution remaining after

precipitation of the platinum chloride

is treated with scrap-iron, and the

precipitate, freed from excess of iron by
adding hydrochloric acid, is re-dissolved

in aqua-regia ;
from this solution, further

quantities of platinum aud iridium

chlorides are thrown down by sal-am-

moniac. From the mother-liquors, and
from the residue left on dissolving the
ore in aqua-regia, palladium, rhodium,
ruthenium, osmium, and iridium are

obtained. The platinum sponge pro-
duced by igniting the chloride is com-

pressed, broken up, and fused into a
mass by heating in an excess of oxygen
in a lime crucible.

Commercial platinum is rarely pure,

containing generally a considerable pro-

portion (about 2 per cent.) of iridium,
and a little rhodium, with sometimes
other bodies. Johnson and Matthey
prepare pure platinum in the following
manner :

—The ordinary commercial

platinum is melted with (5 times its

weight of pure lead
;
the mass is granu-

lated, and slowly dissolved in dilute

nitric acid (1 vol. acid to 8 water),

being placed for this purpose in porcelain
baskets, such as are used for holding
the manganese oxide when making
chlorine. When the first charge of

acid is sufficiently saturated, a fresh

quantity should be added till no more
action is apparent ;

at this stage, the

greater part of the lead will have been

dissolved out, together with a portion
of any copper, iron, palladium, or

rhodium that may have been present.
These metals are subsequently extracted

from the mother-liquors, the lead nitrate

by crystallization, and the others by
well-known means. The residue is an

amorphous black powder, consisting of

platinum, lead, and small portions of

other metals originally present, the

iridium existing as a brilliant crystal-
line substance insoluble in nitric acid.

After digesting this compound in weak

aqua-regia, immediate solution of the

platinum and lead takes place, leaving
the iridium still impure, but eflocting

complete separation of the platinum.
To the platinum and lead chlorides,
after evaporation, is added sufficient

sulphuric acid to effect the precipitation
of the whole of the lead as sulphate ;

and the platinum chloride, after solu-

tion in distilled water, is treated with
excess of ammonium-sodium chloride,
the excess being to ensure that the

precipitated yellow double salt may
remain in a saturated solution of the

precipitant. The whole is then heated
to about 176° F. (80° C), and allowed
to stand for some days ;

the ammonio-
chloride of platinum settles down as a

firm deposit at the bottom of the vessel,
whilst any rhodium present will colour

the surface liquor a rose tint by com-
bination of the salts of the 2 metals.

The precipitate is repeatedly washed
with saturated solution of ammonium
chloride, and subsequently with distilled

water charged with pure hydrochloric
acid. The small quantity of the double
salt taken up and held in solution is

recovered afterwards. Rhodium may
2 D 2
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still exist in the washed precipitate,
which must therefore not be reduced to

the metallic state until its separation
is completed ;

this is best effected by
mixing with the dried compound salts

of ammonia chloro -
platinate and

chloro-rhodiate, potash-bisulphate and
a small proportion of ammonia bi-

sulphate, and subjecting to a gradual
heat, brought by degrees up to a dull-

red, in a platinum capsule, over which
is placed au inverted glass funnel. The

platinum is thus slowly reduced to a

black, spongy, porous condition, free

from water, nitrogen, ammonia sulphate,
and hydrochloric acid, the rhodium re-

maining in a soluble state as rhodium

bisulphate and potash, which can be

dissolved out completely by digesting
in boiling distilled water; a small

quantity of platinum will have been
taken up in a state of sulphate, but is

regained by heating the residue (obtained
on evaporation) to redness, at which
heat it is reduced to the metallic con-

dition, the rhodium salt remaining un-

decomposed. The resulting platinum
is absolutely pure.

Deville et Debray prepare pure
platinum on the large scale by the

following process :—The crude metal,

containing iridium and rhodium, is fused

with 6 to 10 times its weight of pure
lead (obtained by calcining pure lead

acetate); the cooled mass is treated

with nitric acid, and the residue with
dilute aqua-regia, when a crystalline

alloy of iridium, ruthenium, and iron

forms, and remains behind, while the

lead, platinum, and rhodium (partially)
are dissolved. [If the platinum is rich

in rhodium, this is not dissolved by the

aqua-regia, but will be separated from
the iridium-ruthenium-iron alloy by
conceutrated boiling sulphuric acid.]
The lead-plat iuum solution is treated

with sal-ammoniac, when the double

chloride of ammonium and platinum is

precipitated, leaving the rhodium in

solution. The precipitate is washed in

water soured with hydrochloric acid,
and ignited ;

the resulting metal is

heated in a lime crucible till fusion is

complete, when th« heating is abruptly

stopped, so that solidification proceeds
from without, and thus avoids the for-

mation of bubbles.

Properties and Uses.—Platinum pos-
sesses properties which render it prac-

tically indispensable in chemical and

metallurgical pursuits. It is inosidizable

at any temperature by oxygen, water,
or sulphuric or nitric acids ; but it is

attacked by aqua-regia, by sulphur in

presence of alkalies, by alkalies them-

selves, by nitre, and by alkaline cyanides ;

the silicon reduced from the ash ofburn-

ing charcoal combines with the metal,

rendering it brittle and liable to crack
;

the heating of platinum vessels in a

flame where the combustion is in-

complete causes formation of platinum
carbide, which oxidizes, and produces
blisters

;
arsenic and phosphorus alloy

with platinum when heated in contact,
as also do the easily-reducible metals at

a high temperature. The commercial

platinum, containing .about 2 per cent,

of iridium as an impurity, is better than
the pure metal for making chemical

apparatus, as it withstands acid.5 in a

superior degree ;
new platinum crucibles

may be tested by boiling in hydro-
chloric acid and then in pure nitric

acid, when none of the metal should bo

dissolved
;
the cleansing of crucibles is

best effected by fusing potash bisulphate
in them. Pure platinum has a sp. gr.
of 21*5, a tin-like colour, the softness

of copper, and malleability ranking next

to gold and silver ; it welds readily at

a white heat, but is infusible in mass,
even in the highest heat of the blast

furnace, succumbing only to the oxy-

hydrogeu flame
;

this latter is now
utilized for joining platinum seams by
autogenous soldering, instead of using

gold as was formerly the case. In the

forms known as ''spongy platinum"
and "

platinum black," the metal is

much used as an oxidizing agent. The

preparation of the former has already
been described ;

the latter is best

obtained by warming a solution of

platinum ))ichloride in potash with
alcoh(d.

POTASSIUM.— Salts of potas-
sium (silicates and chlorides mainly)
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exist in several rocks, and in most soils

and mineral waters. The metal is

prepared from the carbonate by reduc-

tion with carbon at a white heat. Acid

potassium tartrate (crude tartar) is

ignited in a covered iron crucible, and
the porous charred mass is rapidlv
cooled by dipping the crucible into cold

water, and then transferred to a retort.

This latter was until lately represented

by a wrought-irou mercury-bottle, but
malleable - iron tubes covered with a

coating of fire-clay are now substituted.

The arrangement of the retort and fur-

nace is shown in Fig. 158. At a white

Fig. 158.

heat, the reduction takes place, a mixed

vapour of metallic potassium and car-

bon monoxide being generated. At a

very high temperature these vapours
combine to form a very explosive black

.•substance, represented by the formula

K2C2O2, rendering the process one of

great danger. The risk of explosions

may, however, be avoided by employing

the condenser introduced by Mareska
and Donny, and shown in Fig. 159, which
effects very rapid cooling of the vapours
before the explosive combination can
take i)lace. This condenser consists of

Fro

a

a tray a and cover h of cast iron, wliich
can be clamped together as in c, so as to

form a sliallow box almost \ in. deep,
10 to 12 in. long, and 4 to 5 in. wide

;

the socket at d fits in the short tube

emerging from the end of the retort or

bottle, while the other end e is left open
to give free passage to the vapours. When
these latter commence to appear at the
exit tube of the retort, the condenser is

attached, and the metal begins to con-
dense into a liquid state, and flow into

a vessel containing petroleum, placed
below to receive it

; any deposit ob-

structing the exit tube must be promptly
removed by inserting a red-hot rod.

On the small scale, metallic potas-
sium can be prepared by electrolysing
the cyanide or the chloride. In the
former case, the salt is melted and
allowed to cool so as to form a solid

crust, when a current from 3 or 4 Bunseu
cells is passed through by means of gas-
retort carbon poles. In the second case,
a mixture of potassium and calcium

chlorides, in equal molecular propor-
tions, is fused in a small porcelain
crucible over a lamp, with carbon poles
from 6 or 8 Bunsen couples dipping
into the fused salt

;
the lamp-flame is

adjusted so that the portion of salt
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around the negative pole may solidify,

while that around the positive pole re-

mains fluid, thus allowing the free

escape of the chlorine
;
the current is

passed for about 20 minutes, when the

crucible is allowed to cool, and is opened
under petroleum, affording a deposit of

pure potassium around the negative

pole.
The metal possesses some singular

j)hysical and chemical properties. While
brittle and of crystalline fracture at

a2° F. (0° C), it softens like wax at

69|° F. (15° C), and can easily be cut

by a knife, the clean surfaces being

readily welded again ;
it melts at

lUi° F. (62^° C), and boils at a red

heat
;

it has a silvery lustrous appear-
Auce, and a sp. ^r. of 0"875 at 55^° F.

(13° C); it dissolves in liquid ammonia,
and is re-precipitated unchanged on

evaporation of the solvent
;

in ordinary

atmospheres, its surface is converted

into caustic potash and carbonate, oxi-

dation often proceeding so rapidly when
the metal is in thin shreds that ignition

ensues, and the metal burns, but in

quite dry pure air it undergoes no

change ;
in electro-positivenoss it ranks

next to caesium and rubidiurji; it decora-

poses water so energetically that suffi-

cient heat is developed to ignite the

hydrogen evolved
;
and its powerful

reducing properties give it a use in

chemical operations, where, however, it

is generally replaced by its cheaper ally
sodium.

RHODIUM.—This member of the

platinum group of metals is prepared
from the solution remaining after throw-

ing down ammonio-platinum chloride,

by precipitating by metallic iron, and

fusing the deposit with 1 part lead and
2 parts litharge to foi-m a regulus ;

the

copper, lead, and palladium are dis-

solved out by dilute nitric acid, and the

insoluble residue is mixed with 5 parts
barium binoxide, and heated to redness

for 2 hours
;
the mass is lixiviated with

watei', and the residue is boiled with

aqua-regia to volatilize the osmium

tetroxide, which is condensed (see

p. 400) ,
the barium in excess is pre-

cipitated by adding sulphuric acid, and

the filtrate is evaporated at 212° F.

(100° C.) with excess of sal-ammoniac
;

the residue is washed with sal-ammoniac
solution so long as a rose-red colour is

communicated to the wash-water, and
the filtrate is evaporated with nitric

acid in excess to decompose the sal-

ammoniac
;
the solid residue is heated

to redness with 3 or 4 parts of sulphur,
and rapidly boiled out with aqua-regia
and sulphuric acid. The resulting

nearly pure metallic rhodium may be

refined by fusing with 3 or 4 parts of

zinc, and treating the alloy with strong
hydrochloric acid

;
it is then dissolved

in aqua-regia, and evaporated with
ammonia in excess

;
the rhodium-ammo-

nium chloride which separates out is

jiurified by re-crystallization, ignited
with sulphur in a graphite crucible,
and finally fused in an oxyhydrogeu
furnace to remove traces of osmium
and silicon. The pure metal is less

fusible than platinum, has a sp. gr. of

12 "1, and resembles aluminium in

lustre and colour
;

it is almost insoluble

in all acids, though its alloys dissolve

in aqiia-regia ;
it is attacked by chlorine

more readily than any other member of

the platinum £,roup, and can be dis-

solved by repeated ignition with phos-

phoric acid, acid phosphates, or fused

potash bisulphate.
RUBIDIUM. — This compara-

tively newly-discovered metal is widely
distributed in minute quantities in the
minerals containing other alkali metals,
such as lepidolite (0-24 per cent, of

rubidium oxide), carnallite, and mica,
as well as in sea-water, brine springs,
and mineral waters, and in many plants
and the potashes made from them. The
best material to work upon for the pre-
paration of the metal is the saline

residue left in procuring lithium from

lepidolite (see p. 3G3), containing so-

dium, potassium, lithium, and traces of

rubidium and caesium, all in the form
of chlorides. About 2^ lb. of this resi-

due is dissolved in 5J lb. water, and the
cold solution is precipitated by adding
a solution of 30 grm. platinum in aqua-
regia ;

when the precipitate has settled,
it is collected and boiled 25 times with
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successive small quantities of water, ia

each case poured upon the original solu-

tion, and amounting in all to about

o\ lb.
;
thus is formed a fresh precipi-

tate, which is again washed and treated

as the first
;

this sei-ies of operations is

repeated 7 or 8 times, till nearly all the

rubidium is exhausted, when each plati-

num precipitate is dried, the platinum
is reduced by hydrogen, and the alka-

line mass is dissolved in water, giving
about 125 grm. rubidium chloride, with

3 or 4 per cent, potassium chloride and

a little cajsium chloride
;
the potassic

impurity can be almost completely re-

moved by repeating the precipitation
and washing. The metal itself is best

prepared by the same process as that

used for ])otassium (p. 405), charred

rubidium tartrate being heated to

whiteness in an iron tube, and yielding
about 5 oz. of the metal from 75 oz. of

the tartrate. The metal has a silver-

white colour, and a sp. gr. of 1*52; it

is soft and wax-like at 14° F. (-10° C),
and melts at 10U° F. (38i° C.) ;

on

exposure to the air, it is immediately
coated with a bluish suboxide, and ig-
nites even more readily than potassium.
RUTHENIUM.—This member of

the jilatinum group of metals occurs in

osmiridium (J to 6J per cent.) and

j>latinum "ores," and as sulphide in

laurite. It is best prepared by Deville

etDebray's method from the osmiridium-

ruthenium alloy. This latter is fused

with zinc, and the regulus thus obtained

is treated with hydrochloric acid
;
1 part

of the residue in a finely-comminuted
state is mixed with o of barium binoxide

and 1 of barium nitrate, and the mixture

is heated for 2 hours to a temperature
somewhat below the melting-point of

silver; when cold, the solid mass is

reduced to impalpalile powder, and

added to hydrochloric acid contained in

a stQppered vessel, which is kept quite
cold to prevent liberation of osmium
tetroxide vapour, the operation being
conducted where the ventilation is effi-

cient, on account of the poisonous nature

of this vapour ;
when all action has

ceased, 1 part nitric and 2 parts sul-

phuric acid are added, the mixture is

shaken, the barium sulphate deposit
is allowed to settle, the clear liquid is

poured oft', and the residue is washed by
decantation

;
the liquid is distilled till

f have passed over, and the distillate is

treated for recovery of osmium (see

p. 400) ;
the concentrated residue,

mixed with 2 or 3 parts sal-ammoniac
and a little nitric acid, is dried in a

water-bath, and washed with water half

saturated with sal-ammoniac till the
filtrate is colourless, thus leaving behind
an ammonium-iridichloride containing
some ruthenium

;
on igniting this, it

aftbrds a spongy metallic mass, which
is fused for 2 hours in a silver basin

with 2 parts nitre and 1 of caustic

potash, then dissolved in water (forming
potassium rutlienate), and treated with
nitric acid till the yellow colour dis-

ap])ears, when ruthenium oxide, conta-

minated with silicic acid, iridium, and

osmium, separates out
;

this is ignited
in a graphite crucible and fused in the

oxyhydrogen furnace. To obtain the

metal chemically pure, it is heated in

a current of oxygen till all the osmium
tetroxide has been volatilized, then re-

fused with nitre and caustic potash,
dissolved in water, saturated with chlo-

rine, and distilled in a stream of chlorine

in a water-bath
;

the i)ure ruthenium
tetroxide volatilizes

;
this is dissolved

in caustic potash, and the sesquioxide is

precipitated by alcohol, and again re-

duced to the metallic state by ignition
in a stream of coal-gas or hydrogen.
The fused metal oxidizes slowlj' in the

air, taking on a brown film
;
the pure

metal is almost unattacked even by
a([ua-regia, but combines with chlorine

at a red heat
;

it is hard, brittle, almost

as dilficult to fuse as osmium, and has a

sp. gr. of 12-261 at 32° F. (0° C).
SELENIUM. — This element,

which fills an intermediate place be-

tween tellurium and sulphur, occurs

mainly in connection with the latter

body, being found in association with
native sulphur itself, and with the

sulphi<les of iron, copper, lead, and

molybdenum, as well as with tellurium

ores and pitchblende (uranium ore_).

The commercial sources of selenium
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are three-fold ;
—

(o) the native double

copper-lead selenide found in the Hartz
;

('))
the deposits formed in sulphuric

acid chambers and flues where seleni-

ferous brimstone or pyrites is burned
;

((,')
the flue-dust of roasting furnaces

in works where lead desilverization is

carried on. Following are the pro-
cesses of extraction emploj-ed.

(«) The pulverized copper-lead sele-

nide is treated with hydrochloric acid to

dissolve the earthy carbonates
;

the

residue is washed, dried, and ignited
for some time with an equal quantity
of black flux

; by this means, the sele-

nium is converted into potassium sele-

nide, which is dissolved away by boiling
water from the oxides simultaneously
formed

;
the solution undergoes oxida-

tion on exposure to the air, and a grey

deposit of selenium results
;

this is

washed, dried, and distilled.

(6, 1) The seleniferous deposit is

mixed with potassium nitrate and car-

l)onate, and deflagrated in a red-hot

crucible
;
the residue, containing potas-

sium selenate, is heated with hydro-
chloric acid, and the wlu)le is evapo-
rated down to small bulk

;
a reducing

action is thus set up, and selenious

acid is liberated
;

on saturating the

solution with sHli)hurous acid, and

heating to boiling, red amorphous flakes

of selenium are thrown down.

(h, 2) The deposit is treated with

aqua-regia ;
the excess of this acid is

expelled by heat after addition of

sulphuric acid
;

the cooled residue is

washed with water, the solution is

neutralized with sodium carbonate, and

the mass is evaporated to dryness ;

the residue is roasted at a gentle heat

with an equal quantity of sal ammoniac
till it assumes a reddish-brown colour

;

the mass is then treated with water,
which leaves the selenium undissolved.

(6, o) The deposit is washed, and

digested with a moderately strong solu-

tion of potassium cyanide at 176° to

212° F. (8U° to 100° C), till the red

colour just changes to pure grey ;
the

residue is lixiviated with boiling water
till the liquid censes to assume a red-

dish opalescent appearance on addition

of hydrochloric acid
;

after filtering
the solution, the selenium is preci))i-
tated by hydrochloric acid

;
it contains

as impurities small quantities of copper,
iron, and perhaps mercury, from all

which it may be freed by converting it

into selenious oxide, subliming this

compound, and precipitating the sele-

nium by sulphurous acid.

(b, 4) In order to recover that por-
tion of the selenium which is carried

into the sulphuric acid in the chambers,
this latter ('' chamber acid ") is allowed

to run down a Glover tower without the

addition of any nitrated acid
;

it is thus

brought into contact with the reducing

gases from the chambers (the >S0„),

which precipitate the selenium encoun-

tered as a red amorphous powder ;
the

reddish turbid acid thus obtained is

allowed to settle, and decanted, and
the deposit of selenium is washed, and
dried at 212° F. (100° C).

(c")
The flue dust, containing 9 per

cent, of uncombiued selenium, is levi-

gated, the heavier parts being washed
out with water containing hydrochloric

acid, and then with pure water
;

the

mass is then fused with crude sodic or

potassic carbonate, pulverized and lixi-

viated
;
on leaving the brown-red liquid

exposed to the air, the selenium deposits ;

this is separated by filtration, and
distilled.

Selenium is insoluble in hot and
cold water, very slightly soluble in

concentrated sulphuric acid, and is oxi-

dized and dissolved by nitric acid and

aqua-regia. In the variety of its modi-
fications of form, it bears a striking
resemblance to sulphur. The crystal-
line form conducts electricity more

readily than the vitreous, its capacity
in that respect increasing with the

temperature.
SILVER. Occurrence.—This metal

frequently occurs in the native state,
sometimes in masses of great weight
(5 to 10 cwt.) but more or less con-

taminated with copper, gold, and mer-

cury. The most common ores are as

follows :
—

(1) The sulphide (" silver

glance "), a combination of 87 parts
silver and 13 sulphur, most abundantly
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found in association with the sulphides
of the baser metals (lead, copper, anti-

mony, iron, zinc) and arsenic, and

recovered by processes incidental to

the treatment of the ore for its other

constituents
; (2) the chloride (" horn

silver "), containing 75 parts silver and

25 chlorine
; (3) the antimonio-sulphide

(" ruby silver"), consisting of 60 parts

silver, 22J antimony, and 17^ sulphur;

(4) the cupro-sulphide ("silver-copper

glance"), giving 53 parts silver, 31 J

copper, and 15f sulphur ; (5) the arseno-

sulphide (" light-red silver "), composed
of (35J parts silver, 19^ sulphur, and

15 arsenic; (6)
" antimonial silver,"

yielding 78 parts silver, and 22 anti-

mony ;
and (7) the cupro-antimonio-

arsenical sulphide, affording about 95

per cent, silver. The German " butter-

milk ore" is a mixture of silver chloride

and clay.
Extraction.—The processes designed

for the preparation of metallic silver

from the minerals with which it is asso-

ciated, may be catalogued in 3 groups,
that being the number of distinct prin-

ciples involved. According to the first,

it is amalgamated with mercury, and

the latter is then distilled oft': this

constitutes the "
amalgamation

"
sys-

tem. Or it may be alloyed with lead

and recovered by subsequent oxidation

of the lead : the "
cupellation

"
process,

which sometimes entails a preliminary

step known as "
eliquation." Or it

may be converted into a salt, and

brought into solution, and then be re-

precipitated in the metallic form by
means of copper : such processes are col-

lectively denominated " wet methods."

(«) Amalgamation. (1) Patio pro-
cess.—The earliest and rudest of the

amalgamation methods is that known
as the Mexican or patio process, which
is employed in the treatment of ores

containing metallic silver, sulphide, and

chloride, disseminated through large
masses of worthless material, situated

in a locality devoid of both cheap fuel

and plentiful water. The first step is

the reduction of the ore to a more or

less fine pulp, by a process of grinding
in aji arrastra, the oj-e being previously

smashed into pieces of pretty uniform
size in a set of perpendicular dry
stampers. The arrastra or tabona,
where the fine grinding with water is

performed, consists of a circular inclo-

sure of stone paving about 12 ft. across,
surrounded by a wall about 2 ft. higli,

and provided in the centre with a post
fi.xed in a footstep below, and in a beam

above, and having attached to it a

series of arms, from which depend

heavy blocks of stone
;
these arms are

made to revolve by mules harnessed to

the outer end, and the ore is ground by
being placed between the stone paving
and circulating blocks, the latter being
made of porphyry, granite, or basalt,

and measuring some 16 in. thick, by a

length that just allows them to revolve

clear of the wall at one side and the

centre post at the other. The charg-

ing of the arrastra is performed
somewhat differently according to local

peculiarities of the mineral treated.

When the ore contains gold and is re-

duced to a very fine state, some 600 to

1100 lb. of the coarse " sand
"

(r/ranza)
from the stampers are introduced with

10 gal. water at 4 A.M.
;

this is supple-
mented by the addition of 10 gal. more
water at 9, 10 gal. more at 12, 30 gnl.

more at 3 P.M., and 50 gal. more at 4,

and the grinding is continued for

another 12 hours. In the meantime,
small quantities of mercury, or silver-

amalgam, or copper-amalgam, are re-

peatedly thrown into the arrastra, with
the object of collecting any gold that

may be present ;
this lies undisturbed

for periods of 3 to 6 months in the

bottom of the arrastra, and is removed
at such intervals to be strained, re-

torted, ami run into bars. After 24

hours' total grinding, the mud or
"
pulp

"
(Jama) is either baled out or

tapped into barrels for removal to stone

tanks (lameros') where a portion of the

water may evaporate in the sunlight
and leave a paste fit for the patio.
Ores containing no gold require a less

degree of comminution.
The patio or amalgamation floor is a

stone-paved area of some 250 to 300

sq. ft., rendered smooth and water-tight
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by cement, and slightly inclined to

facilitate drainage. A heap (J.ortci) of

the pulp is conveyed from the lamcros

to a circular patch 30 to 50 ft, wide on

ihc patio, amounting perhaps to nearly
100 tons, and forming a deposit about 1 ft.

thick, retained by a temporary stoue or

plank wall witli well-pugged joints. As
soon as, by evaporation of the water, it

has arrived at the consistence of thiu-

iiish mud, 3 to 5 per cent, of common
salt is added, and the torta is stirred up
by wooden shovels, and well trodden

Q'cpaso) by mules turned in for the pur-

])ose, which are blindfolded, yoked in

fours, and guided by a driver in the

centre, who causes them to gradually
diminish the radius of the circle de-

scribed. The salt is left to exercise its

iuduence during the night, and the

next day the mass is treated with

mercury and a material termed 7naijis-

tral. This latter is prepared by slowly

roasting a mixture of iron- and copper-

pyrites with a little salt in a reverbera-

tory furnace, resulting in the formation

of cupric and ferrous sulphates with
some chlorides

;
the cupric sulphate,

constituting 20 to 40 per cent, of the

mass, is the most important ingredient,
and its proportion regulates the amount
of the inajistral to be used, but the 6

to 12 per cent, of iron salt is not

without some value. The torta being
in a fit condition (or rendered so by
adding water if necessary), about 1 per
cent, of its bulk of magistral is spread

evenly over its surface from wooden

shovels, and the mass is trodden for 1

hour
;
next the mercury is introduced

by squeezing it through canvas so as

to break it up into fine particles, the

proportion being generally 3h to 4 lb.

for every every marco (say h lb.) of

silver estimated to be present, and the

treading operation is repeated. Chem-
ical action soon commences in the mass,
and its pi'ogress is watched by the

periodical examination of ^-Ih. samples
taken from all parts. These are

washed with water in a little bowl, by
which the earthy particles are carried

away, and the metallic portion is

exposed to view. If the mercury exists

in tiny globules without having under-

gone much change of colour, the magis-
tral is in iusufiicieut quantity ;

but if it

presents a leaden aspect, there is an
excess of magistral, and a small dose of

lime may be required, to limit the

action on the mercury ; while a light-

grey appearance is indicative of good
working order, and the globules in the

sample taken next day will show a

whitish hue and assume a scaly form on

pressure, being largely impregnated
with silver. The samples are generally
taken 3 times daily, viz : befoi-e,

during, and after the day's treading,
and they must be chosen from all parts
of the mass. The treading increases

and hastens the action of the magistral,
and is usually completed in 15 to 45

days. Towards the end of the operation,
the mercury globules on being rubbed
show little amalgam, and finally they
become almost altogether free from

silver, and run together in the bottom
of the bowl, when the mass is consi-

dered to be exhausted of its silver, and
is subjected to a washing process.

Before proceeding to describe the

next step, it will be interesting to

notice some remarks made by Prof.

Huntington {Jl. Soc. Ghem. lud.) on
the nature of the reactions which take

place in the torta on the patio. The

following are some of the main points

investigated :
—

1. Mercury worked up with silver

sulphide, sodium chloride, sand and

water, extracted about ^ of the silver

present, and 3 times as much as when
sodium chloride was absent. The

presence of iron oxide causes loss of

mercury when the mixture contains

sodium chloride, owing to ferric chloride

being formed, which is reduced to fer-

rous chloride by the mercury, with for-

mation of calomel. A very little iron

oxide has a marked eft'ect, as the

ferrous chloride, as fast as formed, re-

oxidises, in contact with the air, to

ferric chloride, and so on.

2. When, in addition to the sodium

chloride, the mixture was made up with

copper sulphate, which would produce

copper chloride by double decomposis
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tion, rather less silver was obtained,
and the loss of mercury was greater.

However, on substituting the mineral

proustite (silver 65 "5, arsenic 15 "1,

sulphur 19 '4) for the artificial silver

sulphide, twice as much silver was
extracted by the mercury when the

mixture contained copper chloride. The

decomposition of the silver sulphide is

very imperfect, unless the mixture be

frequently and thoroughly agitated.
3. Zinc sulphide, in the presence of

cupric chloride, causes the formation of

copper sulphide and zinc chloride. It

is well known that ores containing
blende amalgamate badly.

4. A number of experiments were
made to establish the action of cupric
and cuprous chlorides on silver sulphide.
The generally accepted explanation of

the action of the copper chloride in the

Mexican amalgamation process is em-
bodied in the following equations :

—
1. Ag2S+ 2CuCl2= 2AgCl+ Cu2CI„+S;
2. AgjS+ Cu^Clj =2AgCl-l-Cu2S.

*

In the experiments made by Prof.

Huntington, it is shown that the libera-

tion of the sulphur is entirely due to

a secondary reaction, which takes place

only to a liinited extent. It may be

represented as follows:—
PRIIIAHV :

AgjS-fCuClj = 2AgClTCuS ;

SECONDARY :

CuS-t-CuClj= Cu2Clj+S.
The secondary reaction takes place pari
passu with the primary, at the moment
double decomposition is occurring be-

tween the cupric chloride and the silver

sulphide, and is brought about by the

copper of the chloride concerned in the

reaction reducing to a lower chloride a

farther quantity of cupric chloride,
in preference to combining with the

sulphur of the silver sulphide ;
so that

in the result silver chloride, cuprous
chloride, and free sulphur are produced.
The experiments, as a whole, lead to the

conclusion that the amount of cuprous
chloride formed and of sulphur set

free is directly dependent on (a) the

strength and quantity of a solvent for

cuprous chloride present, such as NaCl
and CuClj, (b) the temperature, (c) the

presence of air. The secondary reaction

is limited by the power of the solution

to dissolve cuprous chloride. Ob-

viously, if the cuprous chloride in solu-

tion can by any means be removed, the
solvent power of the solution will be to

a certain extent renovated. The action

of air in facilitating the secondary re-

action is therefore due to its converting
the cuprous chloride into insoluble oxy-
chloride, according to the equation—

3CuXl2-j-3H„0+ 30=
SCuO.CuClj.SHjO-i- 2CuCl2.

5. In the course of these experiments
it was found that when silver sulphide
is ti'eated witli a strong solution of

cupric chloride at a high temperature
(boiling), in a stout closed bottle,

cuprous chloride and free sulphur are

formed in large quantities. If the

beating be continued for some time, all

the free sulphur disappears, and sul-

phuric acid is formed. Under similar

circumstances, cojijier sulphide strongly
heated with cupric chloride, air being
excluded, yielded co]iper sulpliate ancl

cuprous chloride, no free suljjhur being
formed. Sulphur strongly heated in a

hermetically sealed tube with water,

produced sulphuretted hydrogen, but no

sulphuric acid. When a 300 per cent,

solution of cupric chloride was similarly
heated with sulphur, cuprous chloride

and copper suljjhate were formed. The

following equations explain what takes

place :
—
S+HjOztHjS+ O;
H^S-fCuCL= CuS-l-2HCI ;

CuS+ 40 = CuS0,.
Also, CuS-f-CuCL^CujClj+ S
6. The next point investigated was

the action of cuprous chloride, dissolved

in a solution of sodium chloride, on
silver sulphide. This is a case of

simple double decomposition, rejire-

sented by the formula—
Ag2S-fCu2Cl2 = 2AgCl+ Cu2S.

A groat many erroneous statements
have been made bj' Malaguti and Dii-

rocher, and by othei-s, as to the action

of cuprous chloride on mixtures con-

taining silver sulphide. They say that
silver is liberated in the metallic state.

On this supposition they have built up
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various theories relating to amalga-
mation processes and to geological

l)henomena. These errors have arisen

through their having employed am-
monia as a reagent in the investigation
of the action of CujClo on AgjS. Am-
monia being a solvent for silver chloride,

they thought that if the latter were
formed by the action of cuprous chloride

on silver sulphide, it could be dissolved

out from the copper sulphide by am-

monia, and then detected by precipita-
tion in the ordinary way. But when am-
monia is added to a mixture of AgCl and

CujS, it causes double decomposition to

take place, CuoCU being re-formed
;
and

CujClj-f AgCl, in the presence of am-

monia, react upon one another with the

i'ormation of CuClj and metallic silver.

Thus :
—

PRIMARY REACTION.

2AgCl + CujS .^ jSHj
= AgjS + CujClj.NHj.
SECONDARY REACTION.

2AgCl -f CujClj.NH,
= Ag, -4- CuCl^NHj.

It was also found that " reversal
"

takes place when a mixture of silver

chloride and copper sulphide is treated

with water or sodium chloride solution.

No secondary reaction, liberating silver,

however, takes place.
It follows from the foregoing that, in

order to bring about double decomposi-
tion between silver sulphide and copper
chloride, the copper chloride solution

must be maintained at a certain

strength, otherwise the reaction will

cease, and anything whicli caused the

solution to be still further diluted

would undo a proportionate amoixnt of

the work already done.

Sometimes, before commencing to

wash up a torta, a fresh quantity of

merciiry is added. The washing is

effected in a triple series of circular

tanks built of cemented masonry,
measuring 9j ft. wide and 5-i ft. deep,

provided with discharge-holes at suit-

able levels, and with stirring apparatus
which can be worked by mules. The
mass of amalgam and residue (Ja7na),

previously softened by watering and

treading, is introduced gradually into

the first washing-tank in charges of

about 4 tons, at the same time that
water is admitted, and the stirring ap-
paratus is set in rapid motion

;
this is

continued till the whole of the charge
is in, when the speed of the stirrer is

reduced by degrees till the mules walk
;

as soon as the samples then taken from
the upper portion of the mass appear
pretty free from metal, the slimes are

run off, and the operation is repeated
on successive charges of lama till the
torta is exhausted. Then the final ac-

cumulation of heavy matters at the
bottom of the tanks is very carefully
collected and washed out either on

washing-tables or in hateas, to separate
the clean amalgam from the other por-
tions, the latter having to undergo
further grinding and amalgamating.
The treatment of the liquid amalgam
will be described later on. The Mexican

process is obviously crude and wasteful,

resulting in a loss of some 10 to 40 per
cent, of the silver in the ore, with an

accompanying consumption of 24 to 32
oz. of mercury for every 1 lb. of silver

recovered.

(2) Stove Process.—Some modifica-

tions of the patio process are in vogue
in certain districts. In that known as

the " stove
"

process, the operations are

identical as far as to the treading, but
when this is only half accomplished, the

mass is removed to a chamber provided
with heating flues beneath the floor, and
here subjected to an increased tempera-
ture for 2 or 3 days, before completing
the treatment on the patio. By this

plan, the silver retiirn is somewhat

increased, but at the espense of a

greater waste of mercury.
(3) Hot-water Process.—A hot-water

process is employed on ores rich in

native silver, or where the metal exists

as a bromide, chloride, or iodide. The

stamped and ground ore (not too fine)
is washed, and charged into a vessel

with wooden sides and copper bottom,
with sufficient water to make it into a

thin paste. The size of the vessel, which
is tub-like in form, may vary from that

of a cazo (3 ft. diameter at top, 2 ft. at

bottom, and 18 in. deep), capable of
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holJiug about 100 lb. of ore, to that of

a fondon (oh to 7^ ft. diametei' at the

bottom), holding 1200 to 1500 lb. In

either case, the couteuts are heated to

boiling by a fire playing upon the

copper bottom, and at this point 5 to

10 per cent, of common salt is thrown
in and thoroughly stirred up, by hand in

the smaller vessel, but by rotatiug arms

carrying lumps of copper, worked by
mule power, in the larger vessel. After

the salt is introduced, the attendant

kee])s up a gradual supply of mercury,
until samples withdrawn at frequent
intervals show that the silver is pretty

completely extracted
;

the estimated

requirement of mercury is twice the

weight of silver present in the ore, and
the cooking operation generally lasts

about 6 hoiirs. The rationale of tlie

process is that the copper of the vessel

decomposes the silver bromide, chloride,
or iodide, itself uniting with bromine,

chlorine, and iodine, and liberating the

silver in a metallic condition free for

amalgamation by the mercury. But

any sulphide of the metal is not so

affected, consequently the residual mass
is transfeiTed to the patio to undergo
treading in the usual manner, except
that no addition of magistral is needed,
as sufficient copper chloride is present
to effect the conversion of the silver

sulphide into chloride. In this process,
the mercury loss is reduced to 2 or 3

per cent., mainly by reason of the fact

that the reduction of the silver chloride

is effected at the expense of the copper
utensil instead of the mercury.

(4) Barrel process.
—" Barrel amalga-

mation
"

is the term applied to a

method introduced nearly lOU years

ago at Freiberg, Saxony, for treating
ores containing silver associated with

antimony, arsenic, copper, iron, lead,

sulphur, and zinc, with occasionally

bismuth, cobalt, gold, and nickel. The
ores are classified and assorted so that

the lead present does not exceed a pro-

portion of 4 per cent, of the total bulk,
nor the copper 1 per cent.

;
and they

are divided into 2 grades,
—a richer, in

which the silver amounts to 90 to 130
oz. per ton, and a poorer giving only

30 to 40 oz. An essential condition in

each case is the presence of about 25

per cent, of iron sulphide, for conversion

into sulphate during the roasting ;
if

this is not sufficiently supplied by the

iron-pyrites in the ore, the deficiency
must be made up, whilst if the ore

affords too much, part must be abstracted

by previous roasting of the portions
richest in sulphur. The prepared ore

is spread in a thin layer, covered with

10 per cent, of salt, thoroughly mixed

together, passed through a coarse sieve,

and piled in heaps of 41 to 5 cwt. each,

ready for roasting in reverberatory
furnaces. For this j)urpose the charge
is spread on the hearth, and gently
heated for 20 to 30 minutes to drive off

the moisture, which is facilitated by
constant stirring. After breaking down
the conci-etions formed at this stage
the fire is urged till dense white fumes
are evolved from the charge ;

this is

continued for about 3 hours, during
which time the stirring of the mass is

kept up ;
and then the fire is allowed

to burn down, but the stirring is main-
tained till the charge becomes dark

throughout and gives oft' no sulphurous
odour. At this stage the mass has

become oxidized, and is in a very friable

state, occupying an increased space. On

again raising the heat for about f hour,
the iron sulphate formed from the

pyrites decomposes the salt and liberates

chlorine and hydrochloric acid, which
attack tlie metals present, and form

chlorides, together with some sodium

sulphate. The roasted charge is with-

drawn, cooled, and passed through sieves;

the fine portion passing through is

ground to impalpable powder ready for

the amalgamation process, while those

portions which do not go through the

sieves are calcined anew.

Amalgamation is performed in a set

of revolving barrels, one of which is

shown in Fig. 160. It measures 2 ft.

8 in. long, and 2 ft. 8 in. and 2 ft.

10 in. in diameter at the ends and
middle respectively; it is constructed

of 3|-in. pine, strengthened by iron

hoops and binders, and is provided at

one end with a toothed v.heel « for
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receiving the rotary motion, and in the

centre with a 5-in. plug-hole b by

Fig. 160.

which it is charged and emptied. The

arrangement of the barrels, feeding-

hoppers, escape-troughs, and motive

power is better illustrated in
l'"ig.

161.

Fig. 161.

The prepared ore is placed in the

hopper a, one of which is over each

barrel, and provided with a wooden

spout b, whose lower end is joined to a

piece of canvas hose, and terminates in

a cylinder of tin plate c
;
d are water-

tanks supplied by pumps through means
of pipes c

;
below each barrel/, which

is caused to rotate by the cogs on the

wheel g, is situated a triangular trough
h for catching the matters discharged
from the barrel. At starting, 3 cwt.

of water is run into each barrel, then
10 cwt. of ore is let in through the

spout b, and, in addition, 80 to 100 lb.

wrought iron in fragments 1 in. square
and I in. thick are introduced and

periodically replaced as they become
consumed by the chemical action which
ensues in the barrels. The barrels

being charged and their plugs secured,

they are set to rotate, at the rcateof 12

to 15 revolutions per minute, for 2

hours. The contents are then e.xamined,
and the consistence of the mass is ad-

justed by adding a little water or ore

as may be necessary ;
this done, 5 cwt.

mercury is introduced, and the barrel is

rotated again for 16 hours at 13 revolu-

tions a minute, being twice examined, at

intervals of 4 hours, as to the consis-

tence of its contents, so as to ensure

that the mercury is neither too much
broken up by the mass being over thick,
nor left at the bottom by its being too

thin. The chemical action generated
within the barrel is evidenced by the

increased temperature of its exterior.

After 18 hours, the barrel is filled up
with water, and set to rotate for 1| to

2 hours at 6 to 8 revolutions per

minute, by which the mei'cury is

separated from the other materials and

collected in one mass
;

each barrel iu

succession is then thrown out of gear
and stopped with its outlet uppermost ;

a little pin in the centre of the plug is

removed, and replaced by a tube at-

tached to a length of small hose
;
the

barrel is then turned with its outlet

downwards, when the mercury escapes

through the pin hole into the hose, and

runs down the tube i into a gutter k for

collection and re-use. On the barrel

being turned mouth upwards again, the

large plug is withdrawn, and the barrel

is turned over so that all the contents

may escape into the gutter A, by which

thev flow to larpe underground tanks.
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The nature of the changes •which

take place in the contents of the barrel,
and the products resulting from them,
may be summarized thus. The first

2 hours* agitation without mercury
witnesses the reduction of the chlorides

to protochlorides, the solution of the

saline matters by the water, and the

exposure of the particles of silver

chloride. This last is decomposed by
the constant and prolonged friction with
the mercury and metallic iron, resulting
in iron chloride and silver amalgam,
with which latter are associated any
copper or lead which would hare simul-

taneously suffered reduction from their

chlorides.

The mass run from the barrels to the

underground tanks mentioned at the

end of the last paragraph but one, is

diluted with water, and kept in constant

motion by revolving iron arms
;
outlets

at various depths in the sides of the

tanks allow the muddy waters to

escape into settling-tanks, where the

solid matters are deposited ;
these are

examined for their yield of silver, and
should this amount to 4i oz. per ton,

they are dried, subjected to a second

roasting with 15 or 16 per cent, pyrites
and 5 or 6 per cent, salt, and the

residues are sifted and amalgamated in

the barrel for a rather shorter period
than the bulk of the mass. The

mercury which accumulates in the

washing-tanks and settlers is periodi-

cally collected and treated separately
from that run dii'ectly from the barrels,

which treatment will be described pre-

sently. The barrel process of amalgama-
tion entails a loss of about 5 to 10 per
cent, of the silver, and an expenditure

/ of mercury equal to i to i of the weight
of silver extracted.

(5) Krolinke's process has been suc-

cessfully applied in Chili to silver ores

containing complex sulphides rendering
them unsuited to the patio process.
The sulphides are decomposed by the

employment of cuprous chloride, pre-

pared by heating metallic copper with

a solution of copper sulphate and

common salt
;

and amalgamation is

effected by mercury and zinc, agitated

with the ore in closed barrels, such as

have just been described.

(6) Washoe process.
—This was de-

vised for treating the vast masses of

comparatively poor argentiferous ores

found in districts in Xevada, where

labour, fuel, necessaries, and transport
are too costly to admit of the adoption
of any of the methods already described.

The ore is divided into 3 classes,

according to its character. The first

class embraces all mineral assaving over

30^. worth of metal per ton of "2000 lb.,

and in which the silver is intimately
Bissociated with antimony, arsenic, iron,
and lead

;
the eecond class includes

material aflfcrding 18/. to 30/. worth of

metal
;

and the third class comprises
all workable stuff of a lower value thau
18/. per ton.

First-class ores are crushed dry^
roasted with salt in reverberatory fur-

naces, and submitted to barrel amal-

gamation. The reverberatory furnaces

are of the form shown in Fig. 1G2, and

Fig. 162.

are built of commou
hearth

; 6, stirring
door

; d, grate ; c,

g, ashpit ; h, hopper.
sists of 1000 lb. ore

cent, salt, the latter

ore in the hopper,
heated very gently

temperature is gr

red brick
;
a is the

door
; c, discliarge

bridge ; /, flues
;

The charge con-

mixed with 6 per

being added to the

The charge is

at first, and the

aduallv increased
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towards the end, 6 hours being the

usual duration of a roasting ;
the

charge is constantly stirred, and turned

right over once or twice. The effect

produced by the roasting witli salt i.s,

stated briefly, first the oxidation of the

metallic compounds, converting the

sulphides into sulphates, and next the

decomposition of these sulphates by the

salt, with consequent formation of

metallic chlorides. Sometimes a little

limestone is added to the charge, for

the purpose of decomposing the copper
and zinc chlorides, and thus in a measure

preventing their subsequent amalgama-
tion, along with the silver in the barrel.

A furnace roasting -4 charges of 1000 11).

each in 24- houi's consumes 1 cord of

wood, and employs 2 men stirring on

each 12-hour shiit. The roasted ore is

passed through a screen with 1600
holes to the sq. in., to remove any
caked lumps or coarse particles, and
thence passes to the amalgamating
barrels, which do not differ in any
essential particular from those already
described ou pp. 413-4.

The common reverberatory furnace is

often replaced by one recently intro-

duced by Stetefeldt, the main feature of

which consists in allowing the mixture
of ore-powder and salt to meet an as-

cending current of hot air in a shaft,
this ]ilan obviating the need of so much
labour for stirring the charge, and
better ensuring its complete subjection
to the action of the heat. The furnace

(Fig. 163) consists essentially of a shaft

a, about 20 ft. high and 3 to 4 ft.

square at the base, wliere are situated 2

fireplaces c, whose products of combus-
tion are led into the main .shaft a, bv
short fines. Ou the top b of the shaft

is placed an automatic feeding ajqjara-
tus for regulating the admission of

materials, with a damper c just beneath

it; and somewhat lower down the

shaft is a flue /, into which the heated

gases pass around the triangular cast-

iron flue-bridges g. The cast-iron plates
h impede tlie progress of any solid

matters which may bo mechnnically
suspended in the vapours, and cau.'sc

such to fall into the well i, whence they

can be discharged at k. The auxiliary

fireplace I provides additional heat in

the flue /, and this prolongs the chemi-

cal action. The chief portion of the

ore in a roasted and " chloridized
"
(the

metallic constituents converted into

Fig. 163.

chlorides) state is withdrawn at the

door d in the base of the shaft, while

similar doors 7i allow of the removal of

the deposit Avhich accrues in the flue m
and dust-chamber o

;
the draft through

the whole furniice is produced by a

chimney shaft about 60 ft. high, at the

end of the dust-chamber. Common
bricks are used in the construction,

except for the fireplaces and arches ;

the walls are built double with spaces
between

;
and the whole structure is

tied by iron rails and -l-in.
rods. The

dust-chamber may be roofed with iron

plates, on which to dry the pulverized
ore before roasting. The ore is first

mixed with salt on a drying floor, and

stamped dry ;
then it is

" elevated
"
to

the hopper of the feeder at the top of
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the furnace, for continuous supply to

the chloridizing shaft a. This last is

maintained at as even a temperature as

possible, and sufficiently high to keep at

red heat the ore which collects at the

bottom. A furnace worked by 8 men
can chloridize as much ore as 10 rever-

beratories employing 36 men, with a

consumption of only ^ the quantity of

fuel, and but 3 to 6 per cent, of salt,

while about 90 per cent, of the silver

present is converted into chloride. The
chief difficulty is in securing a regular
and constant feed, owing to the liability
of the ore to form cakes.

Second and third-class ores, which
are often not distinguished from each

other, are reserved for the Washoe or

pan treatment. They pass through the

usual crushing and stamping processes,

employing extensive apparatus whose
numerous and varied forms may be

studied at length in Andre's '

Mining
Machinery' and in Lock's 'Gold,' and
are then ready for amalgamation in
"
pans." These latter vary consider-

ably in detail of construction, as may
be seen by reference to the works just

quoted ;
but are alike in their general

form and object. They consist essen-

tially of circular vessels with cast-iron

bottoms, and cast-iron or wooden walls,

penetrated perpendicularly by a shaft

which carries a rotating muller, and

provided with a cast-irou false bottom.

The pan is charged with ore and water
in such proportions that the mixture is

of suitable consistence, the muller being
meanwhile raised ;

the mass is then
heated to a temperature of 185° F.

(85° C.) by the injection of free steam
into the interior of the pan, and is

maintained at this point in many cases

by the use of a steam jacket ;
the

muller is lowered by degrees, and
rotated for about 2 hours, by which
time the mass should have become a

soft pulp ; mercury (about 60 to 70 lb.

for a charge of 1200 to 1500 lb. ore) is

IS then added by squeezing it through
canvas so as to render it more easily

disseminated, and the muller is rotated

for another 2 or 3 hours, but at a

distance from the bottom, so as to act

rather as a stirrer. Sometimes small

quantities of copper sulphate and salt

are introduced into the pan, but with-
out any marked benefit resulting.
When the treatment in the pan is

regarded as complete, the mass is

diluted by the addition of water

through a flexible hose, and then run
into a series of separators, settlers, or

agitators, placed at a lower level, and

designed to effect the separation of the

amalgam and unnmalgamated mercury
from the worthless materials. These

separators bear a general resemblance
to the pans just described, but the

muller is replaced by a set of revolving
arms carrying wooden blades. Abun-
dance of water is kept supplied to the

apparatus \yhile it is in motion, and
this carries off the lighter valueless

stuff through plug-holes situated at

various levels in the side. The speed
of the revolving stirrer and the

quantity of water require to be nicely

adjusted to suit the demands of the

case, so as to completely draw off the

waste matters and leave all the mer-

cury and amalgam at the bottom. The
waste tailings are run over blanket-

tables and other contrivances for catch-

ing any stray particles of metal not

eliminated by the sepnrator. The amal-

gam collected is treated as all others

are done.

The chemistry of the Washoe process
is summarized by Arnold Hague thus :

—
(1) The ore consists chiefly of native

gold, native silver, and argentiferous

.sulphides, associated with varying pro-

portions of blende and galena ; (2) the

action of the sodium chloride and

copper sulphate in the pan produces

copper chloride
; (3) the presence of

metallic iron causes formation of cop-

per sub-chloride
; (4) both the copper

chlorides assist in the reduction of the

ore by chloridizing the silver sulphides
and decomposing the lead and zinc

sulphides ; (5) copper sulphate enhances

the amalgamating energy of the mer-

cury, by causing the formation of a

small quantity of copper amalgam,
while It also tends to expel the lead

;

(6) notwithstanding the importance of

2 £
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chemical agents as j^^st indicated, the

quantities added to the pulp in the

ordinary practice of Washoe mills are

too small to effect any very beneficial

results; (7) the mercury and iron,

aided by heat and friction, are the prin-

cipal agents concerned; (8) an essen-

tial condition for amalgamation is that

the mercury be kept perfectly bright

and pure ; (9) the consumption of mer-

cury in the Washoe process is chiefly

mechanical, and only in a slight degree

chemical.

Sodium-amalgam.
— It has become

pretty general to use a small proportion

(say 1 to 2 per cent.) of sodium with

the mercury employed for amalgama-

tion. The object of this is to prevent

the surface of the mercury being coated

with a film of sulphide, by which it is

rendered partially inactive and divided

into little particles,
an occurrence tech-

nically known as "
flouring

"
or " sick-

ening
"

;
the sodium acts as a preventive

by decomposing the mercury sulphide

with consequent formation of sodium

sulphide, and leaving the mercury free.

The reader interested in this subject will

do well to refer to Lock's
'

Gold,' where

the use of sodium-amalgam and ofmany
otiier substances for economizing the

mercury is discussed at length.

Retorting the Amalgam.
— Having

obtained an amalgam (or mercury-silver

compound) by any of the methods just

described, the next step is to effect the

separation of the two metals without

losing either. This is performed by

subjecting the amalgam to heat in a

retort which admits of the collection of

the mercury thereby distilled over,

leaving the metallic silver behind in a

free state, and ready for melting into

ingots.
Before retorting, the liquid amalgam

is first relieved as far as possible
of the

excess of uncombined mercury. This

may be done by placing the mass in a

narrow wooden cylinder about 8 ft.

high, when the liquid mercury forms a

stratum at the bottom ;
but the sepa-

ration is more generally effected by

squeezing the mass in a canvas bag,

•when the
lic|uid portion strains through.

This liquid portion is not pure mercury,

but contains about 20 oz. silver per ton ;

it is used for amalg^unating a fresh lot

of ore. The solid portion remaining m
the canvas is a pasty mass consisting of

about 80 per cent, mercury, and 20 per

cent, silver, with small proportions
of

the various other metals originally

present in the ore, especially antimony,

bismuth, copper, gold, lead, and zinc.

This pasty amalgam, made up into balls,

is submitted to distillation in furnaces

of varied construction.

A simple form is shown in Fig. 164.

The balls of amalgam are put into iron

Fig. 164.

trays a about 5 in. apart, supported on

an iron rod 6 traversing their centres,

and standing in an iron box c filled with

water. When the trays a have been

charged with amalgam, an iron bell d is

dropped over them, with its mouth

resting beneath the surface of the water

in c, and a fire is made in the compart-

ment e, successively with wood, peat,

and charcoal, so that the upper portion

of the bell becomes red hot
;
the mer-

cury is thereby vaporized,
and passes

down to the water beneath, where it

condenses, the water being kept cool by

continually renewed supplies entering

I

the trough / in which the iron box
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c stands. The distillation of 3 cwt. of

amalgam is complete in about 8 hours,
when the bell is lifted off, and the

spongy masses of impure silver are col-

lected from the trays.
A more modern form of retort is

shown in Fig. 165. The cylindrical
retort a is made of li-in. cast iron, and

extending its full length beneath, and a

vault above communicating with the

chimney by flues k. The amalgam is

either charged directly upon the bottom
of the retort, or put into trays of suit-

able shape. The surface of the trays
or retort is first covered with a thin

wash of clay, battery slime, or wliiting.

Fig. 1C5.

^z^ e f

measures 3 to 5 ft. long by 1 ft. in

diameter; the charging end h is cast

with a flange into which the door shuts

closely, and fastens by means of a bar

turning under two projecting Ings.

The exit end c of the retort is conoidal

in form, gradually diminishing to 2^ in.,

from which point the exhaust-pipe d

passes to the condensing-tube e
;
this is

made on the principle of a Liebig's

condenser, consisting of a pipe / of

considerably larger diameter than the

exhaust-pipe d (which passes through

it), and kept constantly supplied with

cold water flowing in at
;/,

while it

escapes (as it becomes heated) through
h. The bottom of the exhaust-pipe dips

just beneath the surface of water con-

tained in a vessel t placed below to

catch the condensing mercury. The
retort is set in a brickwork furnace of

simple construction, resting either on an

firch or on iron bars, with a fireplace

w

or with a laypr of wood
ashes or pajier, to prevent
adhesion of the metal.

When the amalgam has

been introduced, the door

is closed and bolted, and
the fire is gradually raised,
too great a heat being
avoided at first, as tending
to cause fusion of the

surface of the metal in

contact with the retort, and thus pre-
vent the liberation of the mercury from
the inner portion. The charge is some
1200 lb., and the firing occupies about 8

hours. When volatilization of the mer-

cury has ceased, the retort is allowed

to cool down, and the bullion is with-

drawn.

Fig. 1G6 illustrates another modern
form of distilling apparatus, consisting
of a charcoal fire a which heats an iron

crucible 6 measuring 22 in. wide ancj

2 E 2
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11 in. deep; the vaporized mercury is

collected in the iron hood c, and passes

by the swan-neck d into the condensing
tube e, which traverses a cistern of

oxide (litharge) is the ai-ticle mainly
sought, and then the purification of
the silver takes a secondary place. The
details of the cupellation process are

water /, escaping at
[/

into a suitable

receptacle. The inside of the crucible

is coated with lime wash, and an iron

plate similarly coated is fitted into the

crucible, and withdrawn with the silver

adhering to it at the close of the opera-
tion. The charge is 4 cwt., and the

duration is 5 hours.

Melting the Jletal. — The impure
metal left after the distillation of the

mercury is melted down, commonly in

crucibles made of a mixture of fire-clay
and graphite. During the melting, the

mass is briskly stirred with an iron rod,
to facilitate the escape of fumes of anti-

mon}', bismuth, and zinc o.xides, and
the formation of a dross containing cop-

per and lead oxides, which is skimmed
oft' as long as any appears, after which,
the metal is cast into ingots. Where

very large qunntities are dealt with, a

furnace holding several egg-shaped
retorts is employed for the melting.

{h) Cupellation and Eliquation.
—The

process known as cupellation is per-
formed with the object of separating
silver from lead by the oxidation of the

latter. In this country, it is mostly
employed on the highly argentiferous
lead obtained by the Pattinsou desilver-

izing method, as described under Lead,

p. 354. The chief object is generally
the recovery of the metallic silver in a

purer condition, but sometimes the lead

subject to a variety of modifications,
but there are only two essentially
different plans, known respectively as

the English and the German.

(1) English process.
—The operation

consists in exposing the silver-lead to the
action of air at a high temperature on
a porous hearth, by which the lead

oxide is partly removed in a liquid
state and partly absorbed by the hearth,
the silver remaining unchanged. The

English "cupel" or hearth (Fig. 167)
is a wrought-iron elliptic frame «, 5 ft.

Fig. 167.

by 2| ft., crossed by 5 iron bars 5 3| in.

wide, and filled with bone-ash c moist'

ened with water containing a little

potash carbonate
;
this bone-ash filling

is well beaten down and dished out till
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it is only | in. thick over the bars, but

leaving a rim d 2 in. wide all round,

except at the end e, wliere it is 5 in.

wide, and through which (the
" breast

"

of the cupel) a channel / is cut to allow

the liquid lead oxide to flow away into

a receptacle without coming into con-

tact with the iron rim, which would be

attacked by it. The prepared cupel is

jilaced on a truck, to facilitate its

removal into the space it is to occupy in

a reverberatory furnace (Fig. 168), the

hearth a of which it forms. Here it is

Fig. I(j8.

so arranged that the flame from a coal

fli-e b passes completely across it, and

into the two flues c opening into a 40-ft.

chimney d. An air blast measuring
about 200 cub. ft. a minute is projected
over the whole surface of the metal by
means of a twyer c introduced into the

cupel at the opposite end to that from

wliich the lead oxide escapes, and pro-
vided with a hood and pipe / for con-

veying the fumes into the chimney.
The silver-lead is first melted in an iron

j)ot g heated by a separate fire /;, and

from this it is ladled into the cupel to

the amount of 500 to 600 lb., nearly

filling it after it (the cupel) has been

very gradually heated almost to redness.

As soon as the surface of the metal

becomes covered with melted lead oxide,

the blast is turned on, and the lead

oxide is driven off in waves through a

channel cut for it, and into a cast-iron

pot placed outside to catch it. As one

channel becomes corroded, it is closed,

and another is cut
;
and as the lead

disappears from the cupel it is replaced

by additions from the melting-pot g, so

as to maintain an even level. This goes
on for some 16 or 18 hours, during
which period 4 or 5 tons of lead will

have been introduced, leaving an alloy

liolding about 8 per cent, of silver in

the cupel ;
this is let out through a

hole made in the bottom, and cast into

ingots. The aperture is closed with

fresh bone-ash, and a new charge is

supplied, till the cupel is worn out
;

the life of a cupel does not often exceed

48 hours, with a capacity for treat-

ing 5 cwt. an hour. The ingots of

metal from the first cupellation, to the

amount of about 3 tons, are cupelled
anew in the same furnace, but on a

liearth provided with a dejiression in

the bottom, capable of containing the

mass of residual silver, weighing i)er-

haps 500 lb. The reason for divid-

ing the cupellation into 2 stages is to be

suuglit in the fact that the lead oxide

driven oft" from the highly argentiferous
mass carries away an appreciable quan-

tity of silver with it, therefore the lead

obtained by smelting it and the cui>el is

reserved for treatment witli tlie object
of recovering this silver, amounting
perhaps to 40 oz. per ton. Sometimes
a steam-jet is used instead of a blowing
machine to supply air for the oxidation

of the lead, and this plan is said to

aflbrd a better product in a shorter time.

Much lead and silver is in any case

driven away as vapour, by the force of

the blast, and partially condenses as

oxide in the flues, whence it can be

recovered. The lead oxide is reduced

to metallic lead by smelting in a rever-

beratory furnace with a hearth measur-

ing 8 ft. by 7 ft., lined with bituminous

coal, which soon forms a porous coke,

capable of protecting the hearth from
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corrosion while permitting the fluiil

metallic lead to escape through its

])ores. The action of the furnace is

very simple, the carbon of the burning
fuel uniting with the oxygen of the lead

oxide and leaving the lead in a metallic

state. The charge for a furnace of the

dimensions given is composed of 3 tons

lead oxide and 6 cwt. small coal.

(2) German process.
—This is adapted

for treating leads of low quality, while

the English process is only suited to

those containing but little antimony
and copper. The main diti'oreuce in

the furnaces is that the German (Fig.

1G9) has a iixed circular hearth a,

Fig.

the supernatant scum (cibsug') is skim-

med oft" through the working door/, and

the twyers are brought into play to aid

the oxidation. The mass is kept at a

low-red heat till the imi)urities cease to

separate, and impure litharge (ahstich)

commences to form. A cherry-red heat

is then maintained and a full blast is

kept up, the litharge being washed in

sweeps towards an outlet which requires
to be deepened in proportion as the

liquid metal sinks in the hearth. When
the oxidation has been carried as far

as is feasible in this furnace, water is

run in by a wooden spout through the

door / upon the surface of the silver,

169. ,,,---A

i^rf^Jm'^m- '̂^^^fW^^

which is covered by an iron dome h

lined with clay and capable of being
removed by a crane c

;
the cupel is

aljout 10 ft. in diameter, and is formed
of damp wood ashes, or a mixture of

clny and lime, which is dished out auil

shaped with a central hollow about

\ in. deeper than the rest and 20 in.

across, where the silver accumulates.

Air is introduced by 2 twyers d, and
heat is supplied from the fireplace c, in

which wood is preferably used as fuel.

The lead pigs are piled on a straw bed,
and the fire is gradually increased

(without any blast for the first 3 hours)
till the metal is completely fused, when

causing it to solidify. The cupel is

renewed when worn out by removing
the dome 6; the impregnated cupel is

broken up and smelted for the recovery
of the lead and silver which it has

absorbed. The lead obtained by the

reduction of the litharge first formed is

fit only for shot or type-metal, as it

contains antimony, iron, and other im-

purities ;
whilst the lead from the last

portions is largely mixed with silver.

The use of a blast heated to 400° F.

(204J° C.) eftects a notable saving of

time an-d fuel in the cupellatiou, and

permits the treatment of lead associated

with 10 or 12 per cent, copper. All
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the silver separated by cupellation has

to undergo a process of purification,

described on p. 428.

(3) Eliquation.
—This constitutes a

preliminary step to cupellation in the

case of some ores containing copper.
The principle involved in the process is

first to extract the silver from the

copper by producing a silver-lead alloy,

and then to separate the silver from

the lead by cupellation. The process is

now mostly superseded by the " wet

methods," but where it survives it is

conducted as follows. The copper is

dealt with in the form known as '' black

copper
"

;
this is broken very small or

granulated, and melted with alternate

charges of argentiferous lead in a small

blast furnace
;

the copper-lead alloy
thus formed is cast into discs measur-

ing 18 in. across and 3 in. thick, by

pouring it into thick cast-iron moulds

and chilling it with cold water. On a

Fig. 170.

hearth similar to that shown in Fig.

170, the discs a are ranged on edge

Fig. 171

with wooden wedges between, along a

trough formed by 2 cast-iron plates 6

inclined towards each other, and heated

by a wood fire in the grate c. When
the gutter is packed with discs, it is

closed at the side by an iron plate d

(Fig. 171), and then all remaining

space is filled up with wood cliarcoal.

The heat from the fire in c ignites the

charcoal, and, as the temperature rises,

the lead melts and flows between the

plates b and out into receptacles placed

to catch it at the mouth of the furnace

c. -The fire is regulated by dampers
at e. After 3 or 4 hours, the lead will

have flowed away, carrying the silver

with it, and is cast into ingot ready
for cupellation.

The residuary copper discs, still con-

taining about 25 per cent, of argentifer-

ous lead, are submitted to greater heat

in a sweating furnace (Fig. 172); here

they are put over a series of fire-brick

stalls a, where wood fires are ignited,

whose combustion is supported by the

draught of tlie chimney 6 and fines c.

The lead is mainly oxidized to litharge,

much of which, mixed with copper
oxide and silver, accumulates in the

bottoms of the stalls a, and is gathered
thence for fusing with tlie black copper
in the liquation hearth.

(4) Smelting.
— In Nevada, the argen-

tiferous galenas containiug much anti-

mony are dealt with in the following
manner. The ore is first smelted in a
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shaft furnace to afford a crude metal

consisting of antimony and lead with

Fig. 172.

some 30/. to 40/. worth of silver per ton
;

this is ne.xt freed of antimony by calci-

nation in a sublimation furnace
;
and the

silver-lead alloy is finally cupelled on

an English hearth. The shaft furnace

for smelting the crude ore is shown in

Fig. 173. Its total height is about 40 ft. ;

pipes to supply water to the twyers ;

/, furnace lining. The capacity of the

furnace ]s 12 to 13 tons per 24 hours.

The ore is broken small, spread upon the

charging floor, and mixed with about

25 per cent, of flux, which may be

limestone, or slag, or a mixture of both,
or litharge from the cupelling furnace

;

to this is added about 15 bush, wood-

charcoal per ton of ore, and some

100 lb. of the mixture is fed in at once,

the supply being kept up as the smelt-

ing proceeds. When the furnace is in

regular operation, the slag is discharged

continuously, while the metal is tapped
off into an iron sump at intervals of 1

or 2 hours, and is removed thence for

casting into ingots. The yield is about

5 tons of crude mi.xed metal from 12

tons of ore. The charcoal used is made
from the " nut pine," and is considered

of excellent quality,
The sublimation furnace for the re-

moval of the antimony consists of a

cast-iron bath 13 ft. long, 5 ft. 8 in.

wide, and 8 in. deep, made of 1-in.

metal, supported on a substantial foun-

Fio. irs.

the hearth is built of trachytic rock,

and the shaft is of common brick with

a fire-brick lining from the hearth up
to the throat

;
a is the hearth or sole

;

b, the sump or receiver into which the

metal runs on being tapped from the

furnace
; c, twyers ; d, blast pipes ; c,

dation, and inclosed by brick walls

10 in. high, over which an arch is

turned. At one end is a fireplace, the

flames from which pass over a bridge
and thence impinge upon the surfiice of

the metal in the bath. Openings are

provided for the admission of air to the
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charge, and others for introducing the

charge and removing the scum which
forms on the surface. A tap at the

side near one end of the pan permits
the refined lead to be drawn off, while

a chamber connected with the chimney
arrests much of the condensed anti-

mony oxide. At starting, the bath is

usually heated to redness, and the pigs
of crude metal are introdaced and

allowed to melt
;
the charge may be C

or 8 tons to commence with, and fresh

supplies are added as the skimming and
oxidation reduce the bulk by removing
the antimony. Very little fuel is

needed, sometimes even sage-brush suf-

ficing for this purpose. The metallic

scum taken off during the calcining
constitutes practically an antimony-
lead alloy (71 per cent, of the former

with 29 of the latter), and is cast into

bars and sold for type-founding and
similar applications. The lead in the

bath gradually becomes enriched in

silver, and when it reaches a value of

70^. to 80/. a ton, it is removed to the

cupellation furnace, already described.

(c) Wet methods.—This term is ap-

plied to those processes in which the

metals present in the ore are brought
into solution in the form of salts, and

are reprecipitated separately. They
are mainly as follows.

(1) Augustin's.
— This process is

adapted for treating speisses and mattes

containing 50 to 70 per cent, copper,
and free from antimony, arsenic, lead,

and zinc. It is divided into '6 stages :
—

(1) -roasting the matte to form sul-

phates of the metals
; (2) roasting with

salt to form silver chloride
; (3) lix-

iviating and precipitating the metals.

The finely ground and sifted matte is

roasted for 10 hours in a reverberatory

furnace, when a sample should give a

faintly blue solution with hot water,
and a precipitate of silver chloride on
addition of salt. The charge is then

drawn, cooled, ground fine, sifted, mixed
with 3 to 5 per cent, common salt, and
roasted for 2 or 3 hours at a low tem-

perature in the same furnace. The
chloridized ore is transferred to a series

of lixiviatiug-tanks provided with linen

strainers supported on a layer of twigs ;

into these is run a solution of common
salt, previously heated by steam-pipes,
which dissolves the silver chloride

present and carries it oft' to another
series of tubs, where the silver is pre-

cipitated in the metallic state by adding
cement copper The cupreous liquors
are next treated with scrap iron, which
causes the metallic copper to go down

;

and the brine solution, thus completely
freed from both silver and copper, is

pumped up for re-use on a fresh lot of

chloridized ore. By the addition of

chlorine water to the brine solution,

any gold which may be present is dis-

solved at the same time with the silver.

The silver obtained is washed witii

hydrochloric aci<l to remove traces of

copper, again with water to remove any
adhering acid, and is then made into

small balls
;
these are dried and fused.

The copper matte, when exhausted of

its silver, is washed with water, and
smelted in the ordinary copper furnace.

The copper precipitated by the iron is

used again instead of cement copper for

throwing down the silver. Usually 8

to 12 per cent, of the silver in the ore

is lost
;
and even less satisfactory results

are obtained with speisses than with
mattes.

(2) Claudet's.—This process was de-

vised to eSect the recovery of the pre-
cious metals (mainly silver) contained
in the liquors resulting from the wet
method of extracting copper from Sjki-
nish and Portuguese pyrites. The first

3 washings contain 95 per cent, of the
silver yielded by the wash-waters, and
these alone are treated. The silver

is extracted as an iodide, in the fol-

lowing manner. The liquor is allowed
to settle for a time in a capacious vat, and
is then run into another of somewhat

greater capacity, where it receives an
addition of a soluble iodide in just
sufficient quantity to precipitate the
silver ascertained to be present, and
about

ytj of the volume of the liquor of
water

;
the whole is stirred thoroughly

during the filling, and settled for 48
hours. The clear liquor is then run

otT,

and the accumulated sediment is col-
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lected once a fortnight. The lattei'

consists essentially of lead (sulphate and

chloride), silver (iodide), and copper

(subsalts) ;
the copper salts are re-

moved by washing with water con-

taining hydrochloric acid, and the pre-

cipitate is decomposed by metallic zinc,
from which result (1) a precipitate rich

in silver and containing some gold, and

(2) a zinc iodide which is used for pre-

cipitating fresh quantities of silver.

The chief components of the precipitate
are 5G per cent, lead, 15 per cent, zinc,
about 1450 oz. silver per ton, and 15 to

20 oz. gold per ton
; or, on a working

scale, over ^ oz. silver and 3 gr. gold
are recovered from each ton of pyrites,
at a total cost of 8d. per ton.

(Phillips.)

(3) Cumenge's.
—Ores containing large

quantities of antimony, arsenic, copper,
and silver are successfully treated by
Cumenge's process, which is a combina-
tion of dry and wet methods. It is

based on the oxidation of antimony and
arsenic by injection of steam during the

preliminary roasting, and on the fact

that this oxidation is limited by the

presence of the hydrogen set at liberty ;

this latter combines witli the antimony,
the arsenic, and the sulphur, efl'ecting
at once the elimination of these trouble-

some bodies in the form of volatile pro-
ducts. But tliis plan presents serious

inconveniences in the shape of the long
duration of the operation and the cost

of the steam
;
these have been largely

overcome by introducing a maximum of

5 per cent, of soda nitrate into the

furnace, which renders the oxidation

much more active, and causes an in-

creased production of sulphuric acid

from the sulphur present, with con-

sequent formation of soluble double

salts. Nevertheless the reducing in-

fluences still have suflicient effect to

prevent the iron present being oxidized

to the utmost
;
while the antimony and

arsenic are almost completely removed

by volatilization. The silver is mainly
sulphatized, but a certain portion is

reduced to the metallic state during or
al'ter the action of the iron subsalts.

All these reactions are clean and easily

realized, but it is essential that the ore

be first submitted to smelting in a

cupola furnace, to remove great part of

the earthy matters ; it is the matte
thus obtained, weighing only ^\r to Jr^

of the origmal mass of ore, that is

l)owdered and roasted. The sulphatized
silver is dissolved in 5 or 6 times its

weight of hot water, and precipitated

by copper, iron being then used to

recover the copper. The roasting with
the soda nitrate is conducted in fire-

clay vessels resembling gas retorts,
the pulverized mineral being spread
about i in. thick and constantly stirred

to prevent agglomeration. The roasting
is continued for 8 hours with steam
alone (superheated by preference) ;

the

soda nitrate is then added
;

next fol-

lows another roasting for 4 hours, the

nitrate being thus introduced towards
the end of the operation to prevent for-

mation of silver and soda antiraonates

and arsenates
; finally, 4 hours' roasting

effects the sulphatization of the silver.

The heat of the retort should be care-

fully niaintained between dark-redness

and cherry-redness.

(4) Hunt and Douglas's.
—This pro-

cess is based on the difference of solu-

bility of the chlorides, and consists of

tlie following operations. The mineral,
after being submitted to ordinary chlo-

rination, is jiut into wooden vats fur-s

nished with stirring-arms, and a solu-

tion of iron and sodium chlorides, called
" Hunt and Douglas liquor," is kept in

contact with it for 4 or 5 hours, the

whole mass being meantime heated by
steam and subjected to an atmosphere
of sulphurous acid. Under the influence

of the various chlorides introduced or

formed, the silver salts which have

resisted the first chlorination process
are converted into chloride ; after roast-

ing, the liquid portion is drawn
off', and

the residue is washed with hot water,

by which the iron and copper chlorides

are removed. Then, in the same vessels,

the silver chloride is dissolved by adding
lime hyposulphite, the temperature

being raised to 100° F. (38° C), and
the whole is stirred for about 3 hours.

After washing the residues, nearly all
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the silver originally in the ore will be

found in the more or less concentrated

liquors, and mav be precipitated as

sulphide by adding calcium sulphide.
It remains to wash the precipitate, dry
it, and roast it at a low temperature in

a small reverberatory furnace, to remove
accidental impurities, which will be

minimized by conducting the hot-water

washing witli great care. The products

employed undergo revivification : the

liquor drawn from the vats is filtered,

and its copper is recovered by adding
metallic iron. The lime hyposulphite

liquor, after precipitation of the silver,

always contains a slight excess of the

calcium sulphide employed: bypassing
a current of sulphurous acid, the sul-

phide is transformed into hyposulphite.

(5) Maxwell-Lyte's.
— This is de-

scribed under Lead, pp. 350-3.

(6) Percy and Patera's.—This process
is suitable only for ores containing 2

per cent, and upwards of silver, though
the presence of antimony, arsenic, bis-

muth, cobalt, copper, iron, lead, nickel,

and sulphur does not interfere with it.

The preliminary step is roasting the

comminuted ore with 6 to 12 per cent,

common salt and 2 to 3 per cent, iron

sulphate in a furnace to which steam is

admitted. The mass is ne.xt washed
with hot water for 6 hours, by whicli

the chlorides and
metals other than

away in solution.

sulphates of the

silver are carried

The silver chloride

deposit in tlie washing-vats is treated

with cold dilute sodium hyposulphite
solution, which dissolves the silver.

From this solution the silver is precipi-
tated by means of a solution consisting

chiefly of sodium pcntasulphide with a

little sodium hyposulphite, obtained by
fusing soda-ash with sulphur and boiling
the aqvieous solution of the product with

excess of sulphur. The silver sulphide
is deposited in about 6 hours as a slimy
mud

;
this is strained through canvas,

washed, dried, heated to redness in

presence of free air, and fused in gra-

phite crucibles witii addition of metallic

iron
;

the scum thus produced is re-

moved and used as a substitute for the

iron sulphate in the first roasting, and

finally the application of a little bone-

ash and wood-ashes cleanses the surface

of the metallic silver, and leaves it

ready for casting.

(7) Sulphuric acid.—Nearly all the

silver and gold contained in copper
mattes may be extracted by treatment

with hot dilute sulphuric acid, when
the copper forms a solution of sulphate.
The process is applicable to materials

containing antimony, arsenic, and load,

but not iron. The finely granulated
metal (preferably black copper) is

moistened with the acid and exposed to

the air; fresh supplies of the acid are

added to dissolve the sulphate formed,
and this solution is allowed to run

through a long leaden trough, in which
the cooling liquor deposits imperfect

crystals of copper sulphate and a muddy
sediment containing the silver and gold.
The strongly acid liquor flowing away
clear is re-used on the copper, while the

accumulated matters in the trough are

removed and dissolved, when the copper

sulphate forms almost pure crystals,
and the silver-gold mud is liberated.

This latter is smelted with litharge so

as to afford a silver-lead alloy contain-

ing 2 per cent, of the more valuable

metal
;
the alloy is cupelled, and yields

a silver holding about Ig to 1^ per
cent. gold. The copper suljdiate pro-
duced in the process is sold in tliat

form.

(8) Ziervogel's.
— The basis of this

process is the fact that on roasting

argentiferous copper- and iron-pyrites

(sulphides), the iron is converted suc-

cessively into ferrous sulphate, ferric

sulphate, and ferric oxide
;

the copper
into cupric sulpliatc and cuj>ric oxide,

the sulphuric anhydride being cxiicllcd;

and the silver into suljihate. On lix-

iviation, the silver sulphate passes into

solution, fi'om which it can be ]irc-

cipitated in the metallic form. The

process is well suited for treating

copper mattes containing 80 per cent,

copper subsulphide, 11 of iron sulphide,
I and 0*4 of silver sulphide, without

appreciable quantities of antimony,
arsenic, lead, and zinc. The material to

1 be operated on is granulated, ground
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fine, sifted, and roasted in a reverbera-

tory furnace in contact with fuel for

about 10 hours, care being taken to stir

it frequently. The roasted mass is

taken to vats and there treated with
hot water containing a little sulphuric

acid, till common salt gives no precipi-
tate in the liquor running away. The

subsequent treatment of the silver sul-

phate solution, first witli copper to throw
down the silver, and then with iron to

recover the copper, presents no novel

feature. The whole success of the pro-
cess depends upon the roasting iu the

reverberatory furnace, which is a deli-

cate and difficult operation. At the

same time, in dealing with such materials

as mentioned before, the process is said

to lie the most efi'ective and least costly
of all.

Purification.
—Commercial silver is

never pure, traces of copper and gold

being universally present. For coinage

purposes, these impurities are not detri-

mental
;
but for analytical applications,

greater purity is necessary. This may
be attained by boiling well-washed

silver chloride with caustic potash and

sugar ;
when the metal is completely

reduced (as ascertained by a well-

washed sample dissolving completely in

pure dilute nitric acid), it is melted
with pure sodium carbonate in a

crucible. To obtain absolutely pure
silver, the following plans are in use :

—
(1) The ordinary metal is dissolved in

pure nitric acid, leaving a residue of

gold; tlie solution is evaporated to dry-
ness, and the residue is fused to elimi-

nate accidental traces of platinum
nitrate, and then dissolved in dilute

ammonia solution; the solution is fil-

teredi and the filtrate is diluted till the

silver present amounts to 2 per cent.
;

enough normal ammonium sulphite solu-

tion is added to destroy all colour on

heating, and the mixture is left for 24
hours in sealed bottles

;
about 33 per

cent, of the silver crystallizes out, and
the remainder is thrown down on heat-

ing the solution to 140° to 158° F.

(60° to 70° C); the metal is w.ashed

with water, and left in contact with
concentrated ammonia for some days, to

get rid of any remaining copper; after

another washing and drj'ing, it is melted
with 5 per cent, each of sodium nitrate

and fused borax in an unglazed porce-
lain crucible, and then cast in moulds
coated witli a mixture of burnt and un-

burnt china clay ;
the bars are cleaned

with sand, heated with potash to destroy
attached silicate, and washed with

water. (Roscoe and Schorlemmer.) (2)
Commercial fine silver is dissolved in

dilute nitric acid, the solution is eva-

])orated to dryness, and the residue is

fused till red fumes cease to come off,

dissolved in water, filtered, and diluted

with 30 parts filtered rain-water to

each one of silver
;

the silver is pre-

cipitated as chloride by adding pure

hydrochloric acid, washed with dilute

hydrochloric acid and with water, dried,
triturated in a mortar, repeatedly

digested with aqua-regia, well washed,
and reduced by boiling with pure dilute

caustic potash in presence of milk

sugar ; finally the metal is washed with
dilate suljihuric acid and with water,
and then dried and fused. (Stas.)

Properties and Uses.—I^Ietullic silver

has a sp.gr, of 10 '424 to 10 '57, a pure
white colour, and a fusing temperature
of about 1904° F. (1040° C.) ;

it is ex-

tremely malleable and tough, and the

best conductor of heat and electricity ;

it offers great resistance to oxidation,
and is not affected by fused caustic

alkali. Its chief applications are for

coinage purposes, when it is always
alloyed with more or less copper ; and
fur ornamental objects, whether iu the

solid form or as a thin coating on some

cheaper base. The surfaces of standard

silver articles are sometimes given a
" frosted

"
appearance by heating till a

thin skin has had its copper oxidized,
then removing this oxide by immersion
in ammonia or dilute sulphuric acid,
thus leaving only pure silver showing.
SLAG.—The disposal of the enor-

mous output of slag or scoria from blast

furnaces has always been one of the

serious difficulties of the iron trade.

Taking an average of all the districts

in England, for each ton of iron made,
25 cwt. of slag is produced ;

and from
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the official returns of 1879 of the iron

smelted, no less than 8,000,000 tons of

slag were produced. The space occupied
by this mass, when loosely tipped, is

something like 170,000,000 cub. ft.,

whilst the bulk of the iron occupies

only
1 of the same space. There is,

however, this great difference between
iron and its refuse, that, whilst the

former is diffused and finds its way
into GTcry corner of the world, the latter

is left behind at the smelting-works,

absorbing something like 250,000/.

annually in its disposal, and destroying
hundreds of acres of valuable agri-
cultural laud. While we produce such
enormous quantities of iron, so long will

these heaps go on accumulating ;
and

there is little chance that existing masses
Avill ever be turned into a marketable

product. At the same time, blast-furnace

slag possesses many valuable properties,
which may in certain localities be con-

verted into thiugs useful to the arts and

sciences, aud at considerable profit.
Of other slags produced in metal-

lurgical operations
— such as in the

smelting of copper, lead, zinc, and tin

ores—no use is made
;

but there are

also slags, or cinders, produced in the

manufacture of wrought irou, some of

which are re-smelted, after which no

great bulk of refuse is left.

Blast-furnace slag, as it flows from
the furnace when making foundry iron,
is usually of a grey colo^ir, of much the

same consistency as molten glass, a

substance, in many points, it greatly
resembles, particularly when the more
siliceous ores are being smelted. It is

very fluid, and has a temperature con-

siderably above the melting-point of

cast iron
;

in proof of which, if a piece
of cold cast iron be placed in a block or

wagon of fresh molten slag, it readily
melts. At this high temperature it

contains a large quantity of gas, a con-

siderable portion of which is thrown off

or exuded as the slag cools down or

becomes set. So much is this the case,

that a large "block' or "ball," tech-

nically so termed, will often burst, an

hour or two after being run, from the

accumulation of this gas in the inside.

The bursting of these balls at the iron-

works is of constant occurrence, and a
source of danger, caused by the liquid

slag aud the outside shell dropping after

the ball has burst. This is partially
overcome by making the workmen knock
a hole through the top crust before

leaving the furnaces. Again, the least

derangement in working the furnace is

quite sufficient to alter the nature of

the slag, and often, within J hour, will

the slag be changed from grev to a

perfect black. Such a colour usually
indicates imperfect smelting, and the

slag will be found to contain a larger

proportion of irou than it should do.

For Road-metal.—For many years
the only known use for blast-furnace

slag was in road-making, and for this

purpose it is still largely employed. In

Northamptonshire, and in certain dis-

tricts of Yorkshire, the whole of the

slag produced is sold at a considerable

profit. These, however, are local excep-
tions. Large quantities of slag are used
ill the works on the breakwater at the
Tees mouth, something like 500,000
tons annually. A similar class of work
is carried on at Barrow-in-Furness, from
the slag produced at the hematite

furnaces in that town
;

but in con-

sequence of the large amount of lime

contained in this slag, much greater
care has to be taken in its selection.

The slag used at the Tees breakwater is

chiefly taken away ujjon bogies, in blocks

weighing 3^ tons each. The slag is run
iuto these blocks upon the waggons at

the furnaces, a case or box beiug jdaced

upon the bogie for this purpose. When
the slag is sufficiently "'set," this case

is removed, and the waggon, with the
block upon it, is taken a distance of

about 6 miles to the breakwater. A
large quantity is also tipped upon a

platform on the riverside, in such a

position that the tide completely covers

it
;

it is then wheeled into hopper barges.
Fowler and Wood devised a plan for

shipping the bogies with the hot balls

into barges, and towing them down the
river for discharging ;

each barge is

constructed to carry 40 bogies and is

about 220 tons burden. The loading of
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these barges at all states of the tide has

necessitated the uoustruction of special

machinery l)y Appleby Bros., South-

wark.

For Castings.
—The next stage in slag

utilization is the endeavour which has

at various times been made to run the

liquid slag as it flows in a stream from

the furnace, into moulds
; or, in other

words, making slag castings. Such an

idea at first sight would seem natural

enough. Here, it may be said, is a

material flowing to waste, in a liquid

state, capable of being run into moulds,
and of taking impressions almost equal
to those of cast-iron. The castings also,

when sxiccessfully made, are exceedingly

durable, and even beautiful to look at.

So alluring has been the idea of casting,
that during the last 50 years the

Patent Office has recorded almost an-

nually the attempts of some inventor

impressed with the notion that he could

treat this treacherous fluid successfully.
To describe these various schemes, or to

give even an outline of them, wouhl

occupy too much space, but the follow-

ing remarks will afford a general idea

of the difficulties.

The high temperature at which the

slag leaves the furnace has been before

noticed—namely, about 3000° F. (1727°
C), but, when it is brought into contact

with anything cold, in the shape of a

mould, it readily parts with its heat,

and, in so doing, suddenly contracts.

The surface contracting, becomes filled

Avith fine cracks or flaws
;
so much is

this the case that, if allowed to assume

entire consolidation in the moulds,
these cracks will be found to penetrate

completely through the casting, and

upon exposure to the air the casting
falls to pieces. This is the more vexing

as, when slag is run into a large mass—
say into a pit of sand 8 or 10 ft. deep,

and containing 30 to 40 tons—there is

such an enormous amount of heat ac-

cumulated that it becomes self-anneal-

ing, the outside of the mass is kept at a

high temperature, and, if allowed to

remain until cool, not a flaw will be

found, and the slag becomes so tough
and hard that it may be quarried in the

same way as granite or whiustone, and
used for street-paving.

For PaviiKj-blocks.
—There is, how-

ever, one exception to the numerous
ftiilures in slag-casting. It is known as

AVoodward's patent, and although there

is absolutely nothing new in the process,

still, through the perseverance of Dobbs,
the late manager and engineer for the

furnaces of T. Vaughan and Co., an

amonnt of success has been arrived at

sufficient to enable the company which
works the process to pay a fair dividend.

The success has been eminently a

practical one, and appears to rest mainly
upon 2 points :

—
Firstly, in the quickness

with which the castings are removed
from the moulds and jdaced in the an-

nealing ovens, where the temperature
is constantly kept up nearly as high as

the melting-point of slag, the heat, after

the ovens are full, being so gradually
lowered that the outside of the casting
cools at the same rate as the inside

;

thecontractionis thus equalized through-
out, strains upon the outside are avoided,
and the fine surface cracks do not

penetrate much below the skin. And

secondly, upon the fact that only solid

rectangular blocks, with a certain

amount of bulk in them, are attempted.
At the works of the Tees Scoria

Paving-block Co., blocks are made by
running the liquid slag into a series of

open-topped moulds. The moulds are

of cast iron, and are held by one end

upon the periphery of a horizontal wheel

or table. The wheel is suspended by
tie-rods upon a central pillar. The

moulds, when being filled up, are

broucjht in succession under the slag-
runner by the man in attendance, who
watches until the mould is full. When
the slag has become consolidated in the

moulds, a catch-hook is knocked up, the

moulds fall to pieces, and the bricks

drop to the ground. When they come
out of these moulds, although con-

solidated, they are still in a sort of half-

molten state, and are immediately re-

moved into annealing ovens, which ai"e

always kept at a high temperature, so

that the blocks receive no chill. The

ovens are of small size, and when full



Slag—Bottle-glass, Shingle. 431

are sealed up, and allowed to cool down

by themselves. There are about 70
moulds upon each machine, and the
hotter these are kept the better

; whilst,
to prevent chilling of the molten slag as

it runs into the moulds, they receive a

thick coating or washing of chalk or

lime after each casting, the lime acting
as a non-conductor as well as assisting
the block more readily to drop out of

the mould. Thus the casting is not

allowed to remain in contact Avith any-

thing which can extract its initial heat,
so as to produce ixnequal cooling ; and,
as before stated, the whole success has

been eminently a practical one, and
reflects great credit upon those who
have so patiently worked it out. Large
quantities of these bricks or paving-
blocks are used in the North of England
for crossings, stables, yards, and streets,

possessing durability, uniformity, and

good general appearance when well set.

From a series of tests recently made

against a crushing strain, some of these

blocks carried a weight equal to the

hardest granite.
For Bottle-glass.

—The next success-

ful process for dealing with molten slag
is Bashley Britten's. He converts it,

by a kind of compound process, into

glass for bottle-making, and for many
purposes where a pure white glass is

not essential. The slag is taken from
the blast furnace in large ladles upon
wheels, in quantities of about 500 lb.

In this state it can be conveyed a con-

siderable distance to the glass works,
where it is poured into a Siemens re-

generative gas-furnace, known as the
" continuous melting tank furnace,"

arranged to work with gas made by a

Wilson's gas producer, and considered to

be a great improvement upon the furnace

employed at the slag-glass works at

Finedon. The material is fused and

amalgamated in a melting-tank. The
fluid metal, becoming fused, flows

through a bridge into a secondary
chamber called the gathering basin.

The glass is withdrawn from this basin

through a series of holes by the work-

men, and fashioned into bottles, or other

pseful articles, in the visual way. By

this arrangement the work of charging
and withdrawing the liquid glass is con-

tinuous and pi'oceeds uninterruptedly.
The consumption of coal per ton of slag-

glass should not exceed 10 to 12 cwt.
With each charge of molten slag into

the melting-tank, alkalies and sand, and

colouring or decolorizing material, are

added in proportion depending on the

quality, colour, and composition of the

glass required.
So far, the only slag operated upon

is that produced from the Finedon fur-

naces in Northamptonshire, a very sili-

ceous slag, the analysis of which is as

follows :
—

Silica .38-00

Alumina l-i-87

Iron protoxide 0-36

Manganese protoxide . . 0-39

Lime 38-19

Magnesia 1-90

Titanic acid 1-00

Potash 1-58
Calcium l-55"> JCalcium \ o '-q

Sulphur 1-24/
^^

\sulphide J _2_
99-08

To make bottle-glass equal in quality
and appearance to French champagne
and claret glass, about 50 per cent, of

slag may be used
;
for plate-glass, the

same proportion, or rather less of slag;
but for glass for heavier articles, a
much larger percentage can be adopted.
Bottles made from slag-glass are stronger
than those manufactured in the ordi-

nary way from the usual materials, and
will stand 320 to 350 lb. per sq. in.

;

half-bottles (pints), 420 to 450 lb. per
sq. in. Slag-glass, owing to its tough-
ness, is especially suitable for manu-

facturing into tiles, cisterns, plates,

slates, &c., for which glass is not now
employed. The chief points of merit
claimed for the process are the utiliza-

tion of a waste product, economizing
the heat of the molten slag, and con-

verting it, with additional materials,
into good glass, quicker, and at less

cost, than by the processes genei-ally

employed.

Slag-shingle.
— In 1871, the waste

land for the deposit of slag at the Tees
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Iron Works being filled up, and the

works of the Tees Conservancy liaving

temporarily been brought to a stand-

still, it became of serious moment to

know what was to be done with the

slag.
The cost of cooling it, and putting it

on board barges for taking out and tip-

ping it into the sea, was so heavy, that

it was suggested the slag should be pre-

pared in such a form that it could be

tipped into the barges in the same way
as coal is done upon the Tyne and other

places. To meet these requirements,
several schemes were proposed and
tried

; amongst the first (and only suc-

cessful one) is the horizontal rotary

slag-cooling table designed by Wood,
and which, with little alteration, con-

tinues to work up to the present time.

The machine upon which the slag falls

revolves very slowly, and is about 16 ft.

in diameter. The top of this table is

formed by a series of slabs
;
these re-

ceiving or cooling plates, or slabs, are

about 2 ft. in width, each forming a

segment of the circle. These plates are

kept cool by having a zig-zag wrought-
iron pipe cast in them, through which
water circulates, being fed from a centre

globe ;
the water, after passing through

2 plates, flows into the basin under the

table. These water plates are bolted

down in such a way as to be able freely
to expand and contract. The liquid

slag, as it flows from the usual runner,

spreads itself upon the moving table

into a broad band of slag, varying in

thickness from i in. to f in., depending
upon the quantity and fluidity of the

slag. From the point where the table

receives the molten slag a distance is

traversed of about 10 or 12 ft., to allow

the slag to consolidate
;
after which,

water from a jet is made to flow freely

upon the surface of the hot slag until it

reaches a set of scrapers, when, having
become nearly cool, it is pushed oft' into

iron waggons below. When the slag
reaches the scrapers, it has become
somewhat brittle, and readily parts
from the table, and slides off' in large
flat pieces. When perfectly cold, it is

tipped from the waggons, and falls into

small-sized pieces, called "
slag-shingle,"

The produce of this machine has found
such ready sale that it has been kept

going almost constantly ever since it

started, and about 200,000 tons have
been sold, chiefly for making concrete.

In place of paying Gd. per ton to get rid

of the slag, it has realized about Is. 3(/.

per ton.

The large concrete blocks, each weigh-

ing about 230 tons, constructed by Fow-

ler, for dropping into the sea to form
the head of the Tees breakwater, are

chiefly composed of this material, and
several heavy foundations for engines,

drainage work, building, &c., in the

district, have been executed with it.

Slag-sand.
—The next great step in

advance, and which laid the foundation

for several processes hereinafter men-

tioned, was the redviction of the molten

slag, as it flows from the furnace, into

a soft spongy kind of sand, by a ma-
chine known as Wood's slag-sand ma-
chine. In principle it is the reverse of

the slag-shingle machine, inasmuch as,

instead of the wheel being horizontal

and the slag running upon a dry table,

the slag flows into a wheel placed upon
its edge, and falls into a bath of water,

varying in depth from 18 to 24 in. The
wheel or drum is of wrought-iron, and
about 14 ft. in diameter. It is fixed

and carried on curved arms. The arms
are curved to allow, in the first place,
the slag runner or spout to enter the

wheel
;
and secondly, to make room for

the sand-receiving spout on the opposite
side at the top. The wheel makes about

5 revolutions per minute, and the water
contained inside is partly carried up by
the elevators, and in falling causes a,

constant rush of water to the bottom.

Perforated screens, or elevators, are

arranged to screen the slag from the

water, and lift it to the top of the ma-

chine, where it drops upon the sand-

receiving spout, and thence slides in a

constant stream into wooden waggons.
The spout is also perforated, to allow

any water which has been carried over

with the sand to return into the

machine. The perforated buckets have

another important function to perform,



Slag—Cement. 433

viz,, that of agitating the water. The

water, in rushing to the bottom, meet-

ing these obstructions, rolls over in a

violent manner, and into this agitated
water the liquid slag flows just as it

comes from the furnace. The united

action of the agitated water and the

formation of steam, scatters, as it were,
the molten slag in the water into the

material called slag-sand. The wear
and tear of this machine is very light,
there being no working parts coming in

contact with the sand or the heat. The

heat, being taken up by the water, is

thrown off in the shape of steam, which
comes away in large volumes. Grey
slag takes up about 20 per cent, of its

own weight in water. The total cost of

this sand in railway trucks is about 6d.

per ton.

On the Continent, a kind of slag-sand
has been made—prior to tlie adoption of

the process just mentioned—by running
the slag into tanks full of water, and

elevixting the sand by chain buckets

into waggons ;
but the apparatus is

very imperfect, and will only work slag
made from forge iron, known as black

slag.

The application of slag-sand, in so

cheap a form, to the useful arts, natu-

rally followed the production, and after

numerous experiments, extending over

many months, it was decided to establish

separate works in close proximity to

the furnaces, where, under Wood's own
direction, various processes coulQ be

developed ;
and in 1876 the first ma-

nufactory of the kind was started. In

Georgemarienhutte, in Hanover, under

the direction of Luurnan, a process of

lirickmaking was initiated a few months

jireviously.
The remarkable setting properties of

slag in a state of subdivision has at-

tracted the attention of scientific men
for years, and many schemes for produc-

ing artificial stone, cement, &c., have

lietni tried
; but, in consequence chiefly

of the cost of disintegration, no results

were obtained with commercial success.

John Gjers, of Middlesbrough, about

15 years since, produced a coarse kind

of slag-sand, which, after grinding under

edge-runners, was used extensively for

some little time upon the pig-beds ; but
it had to be abandoned, because it con-

solidated too much, causing violent ex-

plosions (technically termed "boils"),
from the steam from the damp sand

being unable to escape when the metal
was run from the furnace in pigs.

For Cement.—Up to the time when
the Cleveland Slag Works was started,
there was not a single instance of slag
utilization in this country—otherwise

than for road-making or for river-work
—commercially carried on. Before pro-

ceeding to describe the various manu-
factures produced at the Cleveland Slag
Works at Middlesbrough, it is necessary
to draw attention to the chemical nature
of the material operated upon. The

following analysis gives a good general
idea of the chief slags produced in the

United Kingdom :
—
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these, caustic lime be added, they are

acted iipou, water of combination or

crystallization being taken up ;
and if

the material be kept damp and ex))osed
to the air, hardening or induration is

carried on for months.

making mnerete for heavy foundations
and the setting properties and strengtli
of this combination have upon examina-
tion been fully confirmed. Again,
having to erect a row f columns for a

large roof upon the bed of an old iron-

Lime
Silica

Alnmina ....
Iron protoxide
Manganese protoxide
Iron peroxide .

Magnesia ....
Potash
Soda

Sulphur ....
Sulphuric acid

Phosphoric acid .

Carbonic acid

bLAG.

a £

50'55
30-50
15-00
0-45
0-10

2-00
0-40
0-20
1-50

Water (of ci'ystallization)

T3

o

32-68
36-50
22-95
0-06
0-31

5-83
0-59
0-37
1-73

o

30-47
43-07
14-85
2-53
1-37

5-87
1-84

0-89

3

35-63
38-76
14-48
1-18
0-23

6-84
1-U

0-98

Ph

60-88
23-16
7-68

3-00
1-01
0-72
0-31
0-05
2-60
0-08

0-77

O DO

C -a
o o

29-90
25-15
21-80
1-44

0-53
0-36
1-00
1-25
0-01
2-60
9-50

a

C3

32-32
0-35

3

-00

12 to 15

40-18

00

00 21-00

If caustic lime be added to slags poor
in lime, so as to bring this element up to

55 or 60 per cent., it -will be seen at

once how closely it will resemble the

analysis of Portland cement, the com-

position of which is as follows :
—Lime,

60 per cent.
; silica, 24

; alumina, 8
;

iron oxide, 4. German Portland cement
is ."sometimes made with as low as 5.5

per cent, of lime, whilst Roman cement
has often only 50 per cent, of lime ; but
these will generally be found to contain

oxides of iron in an increased propor-
tion.

The remarkable hardening effect of

o^;ides of iron in conjunction with lime,

silica, and alumina, is well known, and
is well exemplified in the Italian puzzo-
lanas, where, in several of the best qua-
lities, the lime is actually as low as 8

per cent., whilst the oxides of iron run

up to 12 or 15 per cent. The hardening
effect of iron oxides induced Wood, prior
to the development of the slag indus-

tries, to employ the dust from the iron-

stone clamps in place of sand, when

stone clamp, the floor of which had been

accumulating for several years, it was
foimd to be so extremely hard that

Wood simply levelled the bed down,
and set the columns directly upon it.

These, after many years, show not the

slightest signs of settlement, although
the ground underneath had been made

up from ships' ballast.

It appears an absolute necessity for

obtaining good results, that the ferru-

ginous material should be calcined or

roasted, the eftect of which is to drive

off the carbonic acid and water
; the rc-

absorptiou of the water, which unites

in chemical combination with the mate-

ria], afterwards assists in hardening.
Skuj-cemcnt.

—The next product to bo

described is the manufacture of what is

called slag-cement. The word cement
has sometimes been objected t ' in con-

nection with this material, because it is

generally manufactured in a wet state,

and must be used within a few hours of

its being made. Upon this point Wood
exprcs<!cs no opinion, simply mentioning
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tlio fact that, in point of strength, he

finds little difference Avhether the mate-

rials are ground together in a dry or in

a vret state. The cost of production,

however, is as nearly as possible 4 to 1

in favour of the wet state. It is made

by grinding imder edge-runners, for

about 1 hour (the finer the better), 70

per cent, of slag-sand, 15 of common

lime, and 15 of iron oxides, calcined iron-

stone, or spent pyrites. Following is

an analysis of this cement, lately made

by Patterson and Stead :
—

Per cent.

Lime ....
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mass, it is peculiarly adapted. Slags
from the furnaces making Bessemer

iron are better adapted for this cement
even than those from the Cleveland

ores.

Mention has been made of the neces-

sity of keeping the products from slag-
sand in a damp state for a length of

time after manufacture, in order to give
them time to harden, or, in other words,
to allow the material to absorb or take

up as much water as will chemically
combine with the lime, silica, and alu-

mina
;
but whether this water becomes

water of crystallization, or water of hy-
dration, or a combination of both, is not

at all certain. Wood is, however,

strongly impressed with the idea that

water in a fixed state, more particu-

larly in a compound state, plays by
far a more important part in the setting
of cements than is generally supposed ;

that the presence of water in a chemi-

cally combined state forms as much a

constituent part of cement as does the

lime, silica, and alumina, seems certain

from the results of the analysis shown
further on. For instance, if Portland

cement be heated to redness, so as to

evaporate the fixed water, the cement
loses at once its strength, and becomes

rotten. Again, with gypsum, where
the water of crystallization amounts to

more than i of its bulk
;
if this is driven

off at a red heat, we have little better

than a powder left. And it seems clear

th.-*t the quicker this crystallization
takes place, the quicker is the setting ;

and, on the contrary, as in the slag
cements and the brick, the slower the

water is in becoming fixed, the slower is

the hardening ;
thus showing the neces-

sity of keeping them damp during the

process.
At Wood's request, Patterson and

Stead made many analyses with the

object of testing this point. Samples of

Portland and Roman cements were
mixed with water in the usual way,
some specimens being supplied by the

cement manufacturers themselves, as

vast pieces, from their works, and had

consequently been under water for

terious periods. These were all re-

duced to powder, and carefully dried by
keeping them for several hours at a

temperature of 212° F. (100° C), so as

to evaporate every particle of free me-

chanically-mixed water. A very careful

determination of the chemically-com-
bined water was then made, with the

following interesting results :
—

Combined Water.
4 days in water. 6 days in water.

Portland. Roman. Portland. Roman.

5-76% 5-25% 6-8% 6-78%
t days in water.

Portland. Slag cement. Slag brick.

7-75% 10-50% 5-70%
From this it seems certain that the har-

dening follows closely in proportion the

quantity of water which becomes chemi-

cally combined, and that the slag-cement

imdergoes a similar change to that

which takes place in Portland or Roman
cements. That other chemical changes
occur there seems also to be no doubt,
and with Portland, or Roman, or slag
cement—time being left out of the ques-
tion—the same chemical changes ap-

parently ensue.

Ransorae, the well-known inventor of

artificial stone, has recently taken out a

patent for mixing the slag-sand in its

wet state with chalk, and then burning
the whole together in a cement kiln into

clinker, after which he grinds it down
in the same way as Portland cement.

The results given are remarkable, ex-

ceeding Portland cement in strength by
nearly 30 per cent.

Reid made some experiments on the

application of slag to the manufacture
of Portland cement, and could not get

very satisfactory results; but that was
before Wood's granulated slag was to be

had. He found the greatest difficulty
with the sulj)hur. lie got in his slag
about IJ per cent, of calcium sulphide,
which would amount to about 2'8-l: per
cent, of lime sulphide in the cement when

finished, an amount which made the

cement very unreliable. He found also

that, in working up the slag with the

lime, it was very difficult to incor2)orate
the 2 thoroughly ;

but it was very

possible that Wood's granulated slag,
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which was veiy finely divided, might be

more easily mixed with lime. The

amount of sulphur usually contained in

Portland cement, according to Grant,

is nearly 2 per cent. If you were to

make cement from slag already contain-

ing 12 per cent, of sulphur, you would

get 4 per cent, of lime sulphate in it,

which would render it unreliable. This

process was patented by Bodmer in 1866;
the specification stated that the inven-

tion consisted in the manufacture of a

cement by mixing togetlier slag cinder

or scoria, whether naturally or arti-

ficially produced from furnaces, with a

certain proportion of lime or calcareous

matter, and with or without alumina.

Eglestoiv has referred to blast-furnace

slags being used for various things, and

amongst others for the manufacture of

cements. He said that the possibility

of having them in the form of granu-
lated slag, reduced the price of the

pulverized material to such a figure

that, in certain parts of Germany, an

artificial cement equal in every respect

to the best Portland was manufactured

at a large profit.

For Mortar.— Mortar for building

purposes is another material supplied
at the Cleveland Slag Works. It is

simply made by grinding the slag-

sand with about 6 per cent, of slaked

lime in an ordinary mortar-mill, and

(if ground fine) it makes a far

better mortar than is generally em-

ployed by builders. Two years ago
there was a very large demand for this

material in Middlesbrough. There is

only one objection made to it, viz., that

it sets too quickly. Jlortar supplied on

the Saturday, left
'

unused, would be

worthless on the Monday. As with the

other slag products, its remarkable

strength and cheapness combined make
it m\ich liked by those who, in close

proximity to the works, can obtain it

freshly made.
For Bricks.—At the Cleveland Slag

Works the most important production,
and the one which consumes by far the

greatest quantity of slag, is that of

eoncrete-bricks, known in the market as

slag-bricks. These are made from the

sand produced by the slag-sand machine

before described. The sand is dropped
from the railway wagons into hoppers,
or depots, at the works, whence it is

filled into large barrows, taken up a

hoist to the top of the building, and

tipped into a hopper, which supplies a

measuring apparatus. Here it is mixed

with a certain quantity of selenitic lime

(General Scott's patent), with an addi-

tion of iron oxides
;

it then passes into

the brick-press hereinafter to be de-

scribed. The bricks are taken oft' the

presses by girls, placed upon spring-
barrows carrying 50 bricks each, and

removed to air-hardening sheds
;

here

they remain a week or 10 days, after

which they are stacked in the air to

further harden, and at the expiration of

5 or 6 weeks they are ready for the

market. Here is the curious anomaly
of bricks being made without burning,
and of a wet season being favourable to

the hardening process. The bricks thus

produced are very tough ; they do not

split when a nail is driven into them,
and are easily cut

; they do not break

in transit, and the frost has no eilect

upon them. According to a certificate

received from Kirkaldy's testing-works,
some of these bricks, taken from stock

3 years »ld, carried a pressure of 21 tons

before crushing, whilst others only 4

months old crushed with 9 tons pres-
sure

; showing not only great toughness,
but also that they greatly improve by

age.
There are now 2 machines fully em-

ployed, making about 130,000 bricks

weekly, consuming 250 tons of slag-

sand and 30 tons of selenitic lime and

oxides.

The preparation of this selenitic lime

forms a necessary branch of the busi-

ness. It is made in the following
manner :

—
80 per cent, of unslaked common lime.

10 per cent, of raw gypsum.
10 per cent, of iron oxides calcined.

These are all ground together, under

edge-runners, into a fine dry powder.
The composition is then passed through
a fin» sieve, 24 meshes to the inch, and

is ready for the brick-press. _ To each
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1000 of bricks, 6 cwt. of this lime is

iised
;
no water is added, sufficient being

held in suspension in the slag-s.and to

thoroughly moisten the lime
;
in fact,

it is no uncommon thing to find flowing
from the brick-press a stream of water

wliich has been squeezed out of the

sand. The loss of bricks in manufacture

is very small
;
in fact, after the bricks

are once upon the barrows, the waste is

not more than IJ per cent. At the

present rate of production, there is a

consumption of slag for this one article

alone of about 14,000 tons per annum.

The weight of theco bricks is about 30

per cent, lighter than ordinary red ones

—9 in. by 4^ in. by 2J in.—weighing

only 2\ tuns per 1000. Another inter-

esting feature in connection with tliese

bricks is the economy in manufacture,
Avhich—including all materials, labour,

wear and tear of machinery, superin-

tendence, power, and everything except
interest on capital

—does not exceed

10s. Qd. per 1000. The following is an

analysis of these bricks, made by Patter-

son and Stead, and will be found worthy
of notice, showing the hardening pro-

perties contained, the composition com-

paring favourably with the cements

previously mentioned :
—

Per cent.

Lime 29-90

Silica 25-15

Alumina . . . . 21-80

Iron protoxide . , 1-44

Manganese protoxide. 0-26

Iron peroxide . . . 1-66

Magnesia . , . . 5*10

Potash .... 0-53

Soda 0-36

Sulphur .... 1-00

Sulphuric acid . . 1-25

Phosphoric acid . . O'Ol

Carbonic acid . . 2 GO

Total water . . 9-50

100 -50

Less oxygen of the

lime combined with

sulphur.

As before mentioned, the .lime used

for making bricks is selenitized, the

following being the analysis of the raw-

gypsum employed in the process ;
—

Sulphuric acid .

Lime
Silica . . .

Water at 100

per cent.

Ditto given otT at

red heat, being
water of crys-
tallization .

Per cent.

46-181 Lime

32-32/ sulphate
0-35

Nil

il-00

99-85

0-50

100*06

The process of brick-making, as now
carried on, is extremely simple, and, as

already shown, inexpensive ;
but it was

here that the greatest difficulties Avere

met with. There was no machinery to

be purcliased that could work the slag-

sand into bricks, in the state in whicli

it arrived from the blast furnaces. In

the earlier attempts, the sand had to be

prepared in a tine state, the result being
a superioj- class of bricks, but at a cost

so great as to exclude them from the

market. Wood had therefore to design
and construct brick-presses and other

machinery that could work the sand, as

it came from the slag-sand machines,

directly into bricks. The success of

this machinery at once rescued the

Cleveland Slag Co. from an early col-

lapse, but not before a large amount of

money had been spent and some 2 years
wasted.

In designing the press, the following

points had to be kept in view, viz. :

unusual depth of brick moulds, as the

sand (being spnugy) is exceedingly com-

pressible ; great pressure, in order to

consolidate the slag ;
as well as great

care in mixing the lime in fixed propor-
tions to the sand—too much lime tend-

ing to burst the bricks, whilst too little

seriously affects the hardening.
For Artificial Stone.—One other ma-

nufacture from slag is carried on at

the Cleveland Slag Works, which, al-

though it does not consume much,
is still of interest, viz., artificial
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stone. It is moulded iuto chimuey-
pieces, window-heads and sills, balus-

trading, wall coping, and other orna-

mental work for builders, as well as for

paving for footpaths, stables, &c. The
stone is composed of 2^ parts finely-pul-
verized slag, and 25 of ground tire-

brick, to 1 of Portland cement
;
the

mixture is run into moulds, and sets

quickly, the articles being ready for the

market in 5 or 6 days.
A sort of concrete brick has been

made by the Moss Bay Iron Co., Working-
ton, from hematite Bessemer slag. These
bricks have been made by a process

ditlering entirely from the system
adopted by Wood at Middlesbrough.
The slag employed at Moss Bay is

pulverized from the cold solid mass
imder heavy edge-runners, which crush
the material into fine dusty shingle ; it

is then lifted by elevators into French

burr-stones, and ground down as fine as

sand. From the stones it passes through
a worm conveyer to a brick-press, during
which about 25 per cent, of common
river-sand is added, with sufficient water
to thoroughly damp it, without any
addition of lime

; again showing, in a

remarkable degree, tlie extraordinary

setting nature of the slag after the
chemical combination with the water
and exposure to the air have taken place.
These bricks are taken from the press
and placed under cover for a few days,
when they are put out in the open air

to'harden. They are of excellent shape,

grey colour, and become exceedingly
hard. Large quantities have been em-

ployed in building the Moss Bay Steel

Works, and appear to be standing re-

markably well. The cost, however, is

very heavy, owing to the difficulty of

preparing the slag, and the wear and
tear of the machinery ;

the excessive

weight also precluding the sale at any
great distance from the works. The

large amount of lime, combined with
the silica and alumina in the Bessemer

slag, quite accounts for the setting

properties. The bricks continue to

harden for years, and appear to arrive

at a kind of crystalline fracture, wliich

damp greatly accelerates.

Slag-wool.
—One more application of

blast-furnace slag is the manufacture
of slag-wool, or silicate cotton, so called

from its resemblance to cotton-wool.

The first attemjit at this manufacture
was in 1840, by Edward Parry, in Wales,
and a large quantity was made

;
but no

etfort appears to have been made to

confine the woo] after production ;
con-

sequently it floated about the works
witli the slightest breeze, and became
so injurious to the men that the process
had to be abandoned. About 4 yeai'S

aTo, Krupp of Essen, and a little later,
l-.irman of Georgmarienhutte in Han-

over, both supplied a great deal to the

market
;

but the precise methods of

manufacture never transpired, having
been kejit a secret at the works

;
and

until 2 Nuars ago the wool had never
been successfully made in this country.

As carried out by Wood at the Tees
Iron Vforks, the jirocess is exceedingly

simple. A jet of steam is made to strike

upon the stream of molten slag as it

flows from the usual spout into the

.slag waggons or bogies. The steam
scatters the slag into shot. As each
shot leaves the molten stream, it draws
out a fine thread, ju»t in the same way
as when you touch treacle lightly with
the finger

—if you lift it up you will see

a fine thread attached. Tlie consistency
of molten slag is not unlike treacle

;

each shot makes a fine thi-ead which,

losing its heat, becomes set like glass.
The shot being heavy, drops to the

ground, but tlie thread is sucked into a

largo tube by an induced current of air

caused by the steam jets, and the wool
is discharged into a large chamber. The
finer qualities float about and settle

near the outside, whilst the heavier or

larger fibres lie chiefly in the centre of
the chamber. After each blowing, the
chamber presents a most remarkable
and curious as well as a beautiful ap-
pearance. The wool is of snow-white

colour, and attaches itself to the sides

and roof, or to anytliing which it can

touch, in the same manner as a light
fall of snow does in calm weather upon
every tiny twig of a leafless tree. The
wool is taken up daily with forks, and
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put into bags for sending away. It is

principally used for covering boilers or

steam-pipes, for which purpose it is

peculiarly adapted, as being a splendid
non-conductor of heat, and incombustible.

About 4 tons of this wool is produced
per week, and as only J cwt. is made
from each ton of molten slag opei-ated

upon, the process is not a very rapid
one.

Repeated bursting of hot-water pipes
encased in slag-wool induced Pi'ofessor

T. Egleston to examine into the cause.

The results he obtained are set forth in

the following abstract from his paper
on the subject (Trans. Amer. Soc. Civ.

Engs., cclix. 253-61) :—
Slag transformed into wool does not

difter in any respect from slag in a solid

condition, except that its fibres become
interwoven. It occupies, when not com-

pressed, a maximum volume for a mini-

mum weight, and thus retains a very
large quantity of air. This is its only
value : it is the air and not the slag
which is required. The only value of

the slag is its capability of holding this

air when it is not compressed ;
when it

is compressed, it has very little more
value than slag in its solid form. This

compression may be caused by the sag-

ging of the pipes on it, if only the

envelope and not the pipe is supported,
or by its becoming soaked with water,
when it mats together, water takes the

place of the air, and it ceases to be a

non-conductor of any value. Its great
value is in its very fine fibres

,
but it is

precisely this quality of fine division

which makes it most dangerous, for in

this condition it is most easily attacked

by organic acids, alkalies, or moisture,
which not only decompose it, but
render the pipes liable to attack. Even
the commencement of decomposition
causes it to sag and settle.

It would seem, therefore, that mineral

wool, if made from slags containing

sulphur, IS, under certain conditions, a

dangerous material. In one case of

explosion, the moisture undoubtedly
came from defective joints, which are

likely to belong to any other system.
la the other and far more dangerous

one, this moisture was that of "condensa-

tion
;
and as it was not expected, every

precaution having been taken against it,

it is by far the more dangerous one, as

it would not be looked for, while every

joint would from time to time be

visited. In any system, moisture is

likely to come from rain or snow leaking

through the envelope, where the pipes are

exposed above ground in the open air, or,

when they are below ground, from

drainage water, and, in both cases, from

condensation, due to sudden cooling or

too sudden heating of the pipes. The
effects produced are likely to be all the

greater in intensity as the pipes are

hotter, this facilitating the liberation of

the sulphuric acid, which produces a

further decomposition of the slag, and

keeps setting free new portions of acid

to further decompose the slag and

attack the iron. The moment the

silica commences to assume the gelatin-
ous condition, the other constituents of

the slag are set free to attack the pipes,
and unless the leakage is found and

stopped, an accident is sure to happen.
It seems, therefore, a wise precaution,
when this substance is used, to employ
it only where leakage is not likely to

occur or moisture to collect, and to carry
the whole system above ground, under

cover
; or, when it is necessary to carry

it below the surface, to have all parts

easily accessible, so that it may be care-

fully examined from time to time.

Beneath the ground, where it cannot be

examined, it becomes a real element of

danger. Kept free from moisture,
mineral wool is one of the best and

cheapest materials that can be used for

covering steam pipes. To employ it

successfully, it must not become packed,
for then it loses its non-conductive

power. When it becomes moist, it packs ;

and if this moisture and packing are

continuous, the slag is attacked, liberat-

ing its dangerous elements to act on and

weaken the pipes.
For Insulating.

—
Buttgenbach, the

well-known metallurgist, gives the

following method for the utilization of

blast-furnace cinder as an insulator for

steam-pipes, &c.;—Wis 150 parts cinder-
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dust, 35 of fine coal-dust, 250 of fire-clay,

and 300 of flue-dust, with 10 of cows'

hair
;
add 600 parts water into which

10 to 15 of raw sulphuric acid have

been poured, and make a stiff dough of

the whole. This is thrown in small

amounts upon the warmed pipe, harden-

ing rapidh'. Upon this rough coat a

second, third, &c., is laid, according to

the thickness which is to be used. By
the action of sulphuric acid gypsum is

formed, and the silica, rendered free,

hardens. The mass becomes as hard as

porcelain, and is still porous. It adheres

firmly and never cracks. Buttgenbach
states that he has tested its merits by
10 years' use, and has found it to meet
all requirements.

Fur Manure.—A material containing
so much lime, silica, alumina, sulphur,
and magnesia, in a condition like the

white soft slag sand, suggested its ap-

plication as a fertilizer for some kinds

of land. Three years ago it was brought
before the Royal Agricultural Society,
and Dr. Voelcker reported that the

result of his examination showed that it

might be usefully employed upon moor-

land and peaty soils as a cheap and

effective substitute for lime. Since this

report was made, many hundreds of

tons have been sold for this purpose,
and although there was only 32 per
cent, of lime in the slag supplied, the

results have been very satisfactory, par-

ticularly on land growing potatoes.

Had it been Bessemer slag, containing
40 to 50 per cent, of lime, there cannot

be a doubt that the results would have

been still more satisf;ictory ;
and Wood

feels sure that it must in some locali-

ties find a large outlet for this purpose.
The successful attempts made in

recent years, to remove tlie phosphorus
from iron in the course of manufacture

by the basic process, have attracted the

attention of chemists to the possibility

of recovering the valuable manure, phos-

phoric acid, from the slag. A patent
has been recently obtained by Thomas

and Twynam for the manufacture of

phosphoric acid and phosphates from

slag, especially adapted to their recovery

from slags produced in the basic

Bessemer and Siemens processes. The

slag is first finely ground, and the par-
ticles of iron are picked out by means of

magnets ;
it is then treated with

sufficient hydrochloric acid, either in

aqueous solution or in vapour, to dis-

solve out the phosphoric acid, and part
of the iron oxides. The powdered slag

may first be roasted in a cnlciner, to

oxidize the ferrous oxide. If sufficient

ferric acid be not present in the solu-

tion to combine with all the phosphoric

acid, it will be necessary either to add

some ferric oxide or puddlers' slag

(which should preferably have been first

roasted), or to oxidize any ferrous oxide

present, either by chlorine gas or by the

addition of manganese binoxide (in which

latter case there must be sufficient free

acid in the solution to cause the decom-

position of the manganese binoxide and

set free chlorine), or the ferrous oxide

may be oxidized by other well-known

means. The solution is then run off

from any insoluble residue, and sufiicieut

lime or (preferably) chalk is added to

cause precipitation of ferric phosj)hate

(magnesian limestone may be used iu

place of ordinary limestone for this ]pur-

pose, the magnesia dissolved being after-

wards precipitated by lime). The

precipitation of the ferric phosphate

may be effected in the cold, keeping the

solution well agitated ;
but a gentle heat

causes the precipitate to settle down
better. When the precipitation is com-

plete, the ferric phosphate is separated
from the solution by filtration, and
washed to free it from calcic chloride.

The precipitate is then dried, so as to

drive off all its water
;

and digested
witli a considerable, excess of sulphuric

acid, so as to decompose it into phos-

phoric acid and iron sulphate, which
latter is insoluble in the excess of sul-

phuric acid employed. Ordinary chamber
acid is able to eflect this decomposition,
but a stronger acid, such as is obtained

when using a Glover tower, is better

adapted for the purpose. The ferric

phosphate should be kept well agitated
in the liquid, which may be gently
heated to facilitate the decomposition.
When the ferric phosphate is cousidered
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to be completely decomposed, the ia-

soluble ferric sulphate is separated from
the solution containiug the phosphoric
acid aud excess of sulphuric acid by
means of a filter-press. The filtrate

will be found to contain nearly all the

j)hosphoric acid in a free state, together
with the excess of sulphuric acid, from
which it may be separated by the aid of

heat
;
the sulphuric acid being driven

olfand condensed, leaving the phosphoric
acid practically pure, or the solution

containing the mixed acids may be used

in place of ordinary sulphuric acid for

making super-phosphate of lime. The
iron sulphate precipitate after being
washed with sulphuric acid may be

decomposed by heat iwto ferric oxide and

fuming sulphuric acid, or it may be

mixed with salt and heated to form sndic

sul])hate. In some cases, when there is

no lime in the slag employed (as when

treating puddlers' cinder), the phos-

phoric acid is thrown down as a mixed
ferrous aud ferric phosphate by means of

lime without previous oxidation, and is

then dried and treated in the same way
as ferric phosphate.

For Casting-beds.
—In the Siegen dis-

trict, Belgium, granulated slag is used

for casting-beds, and gives clean pigs,

preferred by the puddlers even to those

cast in iron moulds.

The Cleveland Slag Works.—In works
where so many special manufactures
have been developed, the arrangement
of the building

—the design, position,
and working of the machinery at present
used—must necessarilj' have been ar-

rived at only by hard-earned experience.
Tlie building is constructed of slag-
cement concrete throughout ;

the main

building has 4 floors, the size of which
is 46 ft. by 33 ft., whilst the slag-sand

stores, gautrv, engine-house, lime-house,

&c., occupy 97
ft.Jjy

47 ft. The slag-
sand is brought from the blast furnaces

in large wooden railway trucks, holding
between 7 and 8 tons each, and is run

up an incline by the locomotive into a

gantry. The bottom doors of the trucks

are opened, and the slag-sand is dropped
or emjitied into hopjiers below. These

hoppers are capable of holding aliout

600 tons of slag-sand, or storage enough
for 1 week for 3 machines, and should
be kept constantly filled. From these

hoppers it is drawn into large wheel-

barrows, and is taken up by a double-

acting hoist to the top of the building.
This hoist is driven from the main

shafting in the mill, and is worked by
2 belts, one crossed, the other open,
for the purpose of reversing the cages.
The cages can be made to stop them-
selves at any floor, aud have a self-

acting brake to prevent any movement
of the cages after tlie straps are thrown

olf, the action being most simple and
etlectual.

The sand-barrows are taken from the

hoist at the top of the building, through
a passage, and tipped into the hopper
which supi)lies the brick-presses. Se-

lenitic lime is fed into a small hopper,

by hand, from a chamber or floor above.

At the bottom of these sand and lime

hoppers are the measuring apparatus,
which accurately measure both the lime
aud the sand in the ]iroportions neces-

sary. From the measuring drums the

material falls upon sifting and mixing
apparatus, from which it falls through
the floor into the brick-jn-ess. This

press has been designed especially for

the purpose, and has many now points.
It is of immense strength. The pres-
sure is obtained by 2 cast-steel cams,
which are fixed upon a forged steel

shaft 7J in. in diameter
;

this shaft,

resting on bearings between 2 strong
frames, is put in motion by verv power-
ful <liiuble-geared spur-wheels, the first

motion shaft having a -heavy fly-wheel

iipon it to steady and equalize the pull

upon the strap. The j)ressure cams act

against rollers fixed upon 2 steel cylin-
ders or rams. These rams transmit
the pressure to the moulds imder the

table. The table is circular, and con-

tains 6 pairs of moulds, so that 4 bricks

are pressed at one time, the table re-

maining stationary during the opera-
tion. At the same time the bricks are

being pi-essed, 2 other pairs of moulds
are being filled up with material, whilst
the other 2 pairs are delivering up the

4 bricks already pressed at the previous
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revolution of the cam shaft. The bricks

are pushed out of the mould by smaller

pistons, which are acted upon by sepa-
rate cams. The moulds are lined with

changeable steel plates ^b in. thick, and
the sand and lime are fed into 2 pug-
mills. These pug-mills are fitted with
G knives each, so as the more thoroughly
to mix and chop the spongy slag with
the lime. The table is shifted round

by a kind of ratchet motion. Imme-

diately above the pressure-cylinders are

2 pressure-stops, which are lield down

by the heavy-weighted levers. These

levers, therefore, receive the whole

pressure put upon the bricks
;
and in

case there should be too much sand

getting into the moulds, they simply
lift up and relieve the strain. The

weights can be weighted at option, and
thus form an exact gauge of the pres-
sure upon the bricks. The moulds are

generally filled so as just to lift tlie

levers in ordinary work. The filling is

easily regulated by the set of the knives
on the pug-shafts, which press the ma-
terial into the mould, and one side of

the pug-mill cylinder is made to open,
so that the knives are accessible at any
moment.

The pug-mills are filled by means of

measuring and mixing apparatus placed
on the floor immediately above the brick-

press. The mixing and measuring appa-
ratus is very simple and efficient, and
works without trouble. The slag-sand
is tipped into a hopper by large bar-

rows, which are lifted up by a hoist.

At the bottom of this hopper there is a

revolving cylinder, with ribs cast upon
it, which, revolving under the hopper,
carries a certain thickness of sand, pre-

viously regulated to th: requirements
of the press. The slag then fells upon
a sieve, which separates any large

pieces in a solid state, and at the same
time allows the sand to fall through
the sieve like a shower. The lime is

fed into a separate hopper, and is regu-
lated by a feed-roller cf smaller size

;
it

passes down a shoot, v/hich forms part
of the slag-sand sieve, where it meets
the shower of sand, falling together
Avith it—thus gettiag thoroughly mixed.

On the right side of the slag gantry and

hoppers is the mill for preparing the

selenitic lime. The lime, after being

ground under edge-runners, is passed

through a sifting apparatus, the wire of

which has 24 meshes to the inch
;

it

then falls into a hopper, is taken by
barrows through a passage to the hoist,

and lifted to the lime chamber before

mentioned. In a line with this mill,
and parallel with the slag gantry, are

the stores for the lime, gypsum, and
iron oxide

;
whilst behind the lime-house

are the engine and boiler.

The hardeuing-sheds arc 3 in number,
and should be each about 100 ft. by
40 ft. The floor must be perfectly
smooth and level, as an uneven floor

spoils the bricks. The sheds should

have plenty of A'entilation, and require
to be cool in summer. Great care is

necessary in stacking these bricks
;
as

they come off the barrows, they are

placed on edge quite close together, and
stacked 6 in height, and when once here

in position, there is little or no loss

afterwards.

SODIUM.—The salts of sodium are

abundantly and universally distributed,
the most common and familiar being the

chloride—common salt
;
the nitrate, car-

bonate, and sulphate also form consider-

able geological deposits, and the silicate

occurs in many minerals. The metal,
like potassium, can be prepared by
electrolysis, but less easily. A second

method is by decomposing caustic soda

with metallic iron at a white heat
;
and

a third, which is that adoj^ted on an
industrial scale, consists in iguiting a

mixture of soda carbonate and charcoal,
the o])eration giving rise to no risk of

explosions as is the case with potassium.
In practice, 66 lb. common soda-ash is

well ground up with 28J lb. slack or

small coal and 6J lb. chalk, and the

mixture is put into an iron cylinder
3 ft. 9 in. long, and 5 in. in diameter,
coated with fire-clay ;

this is intro-

duced into a reverberatory furnace, and
heated to whiteness

;
its ends are closed

by iron plates, one being traversed by
a 1-in. iron gas-pipe, through which
the gases and sodium vapour escape,
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the latter being condensed by passage

through a cooling receiver exactly as in

the case of potassium (p. 405, Fig. 159),
and falling into a dry iron pot placed

beneath, while the escaping carbon mon-
oxide burns with a yellow flame and
forms no explosive compound. The

operation is made nearly continuous by
arranging the cylinders in sets in the

furnace, and discharging and recharging
them in turn. The actual product is

only about
-\

of the theoretical yield,

owing to losses incurred by part being
volatilized and burned, part adhering
to the receiver, and part l)eing im-

perfectly reduced. The metal thus ob-

tained is pure enough for general use,
and only needs to be remelted and cast

into rods 1 ft. long and 1 in. thick
;

these will keep in dry air in closed

vessels for a long time, becoming covered

with a thin coating of oxide which pre-
serves them from further attack

;
but

small pieces should be stored under

petroleum.
" W. P. Thompson has proposed a

novel method of preparing all the alkali

metals which, if successful,would greatly
reduce their cost. The reducing agent
used is liquid iron, either alone or in

conjunction with hydrogen or carbon,
the operation being performed in an

apparatus resembling a Bessemer con-

verter. In the preparation of sodium,
iron mixed with an equal quantity of

carbon is treated with caustic soda in

the converter, and the sodium said to

be formed under these circumstances is

simply distilled ofl'." {Analyst.) This

does not appear to ofler much advantage
over Gay-Lussac and Thcnard's process,

already mentioned (the second method

.spoken of).

Metallic sodium has a silver-white

colour and lustre
;

it is hard at —4° F.

(-20° C), very ductile at 32° F. (0° C),
of a waxy consistence at ordinary tem-

peratures, semi-fluid at 122° F. (50° C),
and melts into a mercury-like liquid at

204° F. (95^°,C.); it oxidizes in moist

air, volatilizes at a red heat, and has a

sp. gr. of 0-9735 at 56° F. (131° C.) ;
in

conductivity of heat and electricity it

ranks after gold, and in electro-positive-

ness after silver, copper, and gold ;
it

forms with potassium an alloy which
remains liquid below 32° F. (0°C.), if

more than 16 parts potassium are com-
bined with 10 of sodium. It is commer-

cially employed as a reducing agent in the

preparation of other metals (aluminium,
boron, magnesium) ;

and its amalgam
with mercury (see p. 12) is largely used

iu place of mercury alone for catching
fine and dirty gold in the apparatus

employed for treating auriferous ores

(see Lock's '

Gold').
STRONTIUM.—This member of

the alkaline-earth group of metals occurs

in small proportions in sea water, and in

many brine springs and mineral waters,
as well as in most of the calcium

minerals
;
but its chief sources are ce-

k'stine (its sulphate) and strontianite

(its carbonate). Metallic strontium can

be prepared by electrolysis of the hy-
droxide or of the chloride, or by forming
a sodio-mercurial amalgam with the

chloride. For electrolysis, Bunsen and
Matthiessen fill a small porcelain cru-

cible, having a porous cell in the

middle, with anhydrous strontium chlo-

ride mixed with a little sal-ammoniac, tlie

level of the salt in the cell being much

higher than that outside
;
the negative

pole is placed in the porous cell, and
consists of a very fine iron wire wound
arouud a stouter one, and covered with a

piece of clay tobacco-pipe stem so that

only
'

-jL
in. appears below, while the

positive pole is an iron cylinder put
into the crucible around the porous cell;

during the operation, the heat is con-

trolled so that a crust forms in the cell,

and [the metal accumulates under this

crust without encountering the oxygen
of the atmosphere. In the second pro-
cess alluded to, the metal is prepared by
repeatedly heating a saturated solution

of strontium chloride with an amalgam
of 2i oz. sodium and 10 oz. mercury to

a teniperature of 194° F. (90° C.) ;
the

strontium amalgam produced is quickly
washed with water, dried between bibu-

lous paper, and heated in a current of

hydrogen in an iron crucible, when the

mercury volatilizes, and a regulus of

strontium is left. The metal has a sp,
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gr. of 2 '5, and a yellow colour; it is

hardei' than calcium and lead, may be

hammered into thin plates, oxidizes

quickly in the air, burns when heated,
melts at a moderate red heat, and is

more electro-negative than the alkali

metals and calcium.

TANTALUM.—This curious

metal occurs in small quantities in

some ores of tin and tungsten, but more

abundantly in the uncommon minerals
tantalite (containing 49J to 76J per
cent, of the oxide), columbite (22f to

285), yttrotantalite (10), and ferguson-
ite (65). An impure form of the metal

(it seems never to have been isolated in

a perfectly pure condition) may be

prepared from any of these minerals in

the following manner. The mineral is

finely powdered, and fused with 3 times
its weight of acid potassium sulphate ;

the fused mass is completely boiled out
with water

;
the residue is digested

with ammonium sulphide (to remove
the tin and tungsten, while the iron is

thereby converted into sulphide), washed,
and boiled with concentrated hydro-
chloric acid ; tantalum hydroxide is

left, and is washed with boiling water,
and ignited ;

the silica generally present
in the resulting oxide is got rid of by
dissolving in hydrofluoric acid and

evaporating with sulphuric, and any
trace of niobio acid is removed by
adding 1 part potassium fluoride to

every 4 parts of the oxide present in

the boiling hydrofluoric acid solution,
and boiling down till 1 grm. of thf
oxide is contained in 7 cc. of the solu-

tion
;
the needle-like crystals of potas-

sium tantalofluoride, which separate
out on cooling, are washed till the

wash-water gives no orange-red precipi-
tate on standing for 2 hours, but a

sulphur-yellow one with tincture of

galls, further quantities of this salt

being obtained by evaporating the

mother-liquor and wash-waters ; this

salt, mixed with an equal weight of

concentrated sulphuric acid, is gradually
heated to 752° V. (400° C.) ;

when the
residue is boiled out with water, there
remains a granular compound of tanta-

lum oxide and sulphuric acid, which is

decomposed on ignition, the sulphuric
acid being completely removed by add-

ing ammonia carbonate. The metal
obtained as a black powder, by igniting

potassium fluotantalate with potassium,
is soluble onlj- in hydrofluoric acid

;
it

ignites and burns when heated in the

air, in chlorine gas, or in sulphur
vapour.
TERBIUM.—This metal is found

abundantly in samarscite, a mineral con-

taining compounds of niobic acid with

terbium, erbium, iron, and yttrium ;

but it has not yet been comjiletely
isolated from its associate erbium.

THALLIUM.—This metal is spa-

ringly distributed in many kinds of iron-

and copper-pyrites, and in some lithia-

micas,but occurs to the extent of IT^per
cent, (with about 33J per cent, of sele-

nium) in a new Swedish mineral named
crookesite. It is most conveniently
prepared from the flue-dust deposited
in the kiln passages of sulphuric acid

works which burn pyrites affording the
metal

;
this is boiled several times in

water containing sulphuric acid, the

solution is concentrated, and, by adding
zinc, the thallium is precipitated in

shining plates and needles. A second

process, which is said to give a purer
metal, is as follows : the flue-dust is

boiled with water, and hydrochloric
acid is added to the concentrated clear

solution
;

the precipitate is washed,
gradually dissolved in half its weight
of hot sulphuric acid, and heated till

nearly all the sulphuric and all the

hydrochloric acid is driven
oft", when

the residue is dissolved in water, the
solution is dosed with hydrogen sulphide
(to throw down antimony, arsenic, bis-

muth, mercury, and silver), and to the
filtrate is added ammonia, with a view
of precipitating any alumina or iron

;

the concentrated filtrate gives pure
thallium sulphate in crystals, whence
the metal can be procured by electro-

lysis or by decomposing with zinc. A
third process is described by Buusen for

recovering the metal from crude zinc

sulphate containing ^ per cent, of thal-

lium chloride, which consists in leaving
metallic zinc in contact with the
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solution, when thallium, cadmium, and

copper are precipitated in the metallic

condition; the deposit is carefully
washed with water, and digested with
dilute sulphuric acid, when the thallium

and cadmium are dissolved
; addition of

potassium iodide to this solution causes

a separation of the thallium iodide,

which, on treatment with potassium

cyanide, affords the pure metal. This

has a sp. gr. of 11 "8, a leaden lustre, a

bluish colour, and a crystalline struc-

ture
;

it is malleable, so soft as to mark

paper, melts at 554° F. (290° C), and
is rapidly dissolved by dilute acids.

THORIUM.—This metal exists as

an oxide in some rare minerals, c. g. to

the extent of TSf per cent, in orangeite,
59 per cent, in thorite, and 18 per cent.

in monazite, as well as smaller propor-
tions in orthite and gadolinite. It is

prepared in the metallic form by heating
the chloride with a reducing agent,
such as sodium or potassium. The
chloride is first obtained by heating the

oxide mixed with carbon in a current of

chlorine. The metal forms a grey pow-
der, soluble readily in nitric and diffi-

cultly in hydrochloric acid, insoluble in

aqueous alkalies, taking fire when heated

in the air, and having a sp. gr. of about

7-7.

TIN. C»;rs.—Only 2 ores of tin

have any commercial importance ;
these

are the peroxide, known as cassiterite

or tinstone, and the sulphide, called tin

pyrites. The former is by far the more

important, and is the chief source from
which the metal is derived. It occurs

in irregular veins, pockets, and bunches

in undisturbed primary rocks, and in

minute grains (stream tin) in alluvial

deposits resulting from the denudation

of rocks containing such veins. The

mining of the ore is conducted in the

same manner as that generally pursued
with the ores of other metals already

described, e.g. copper.

Cleanmg and Sorthig the ore.—As soon

as the ore reaches the surface, it under-

goes a rough cleansing process to free it

from adhering earthy impurities. This

is effected by passing it over a grating
under a stream of water. Next it is

hand broken to a size convenient foi'

feeding into the stamps, and sorted into

heaps according to its chnr.K ter, the
main point being to separate the frag-
ments of copper-, iron-, and arsenical

pyrites found associated with tinstone,
as well as the wolfram. The 3 kinds
of pyrites ai j sold to sulphuric acid

manufacturers fur t' •? sake of their

sulphur, the " cinders
'

from tlie cop])t
'

pyrites being subsequently treated for

the recovery of the copper. The ore

mixed with wolfram is specially dealt

with for the exti'action of the tungsten
(see p. 455).

Stamping the ore.—The cleaned tin-

stone is next crushed to powder in a

stamp battery, generally of the most

antiquated form, driven by a neighbour-
ing stream. The battery consists essen-

tially of a series of heavy pestles, which
are raised in succession by a cogged
shaft, and fall upon the ore as it is fed

in between the pestles and the mortar
or sole-plate beneath. As fast as the

ore is reduced to powder, it is carried

away in suspension by a stream of water

flowingthrough gratings perforated with
about 160 holes to the sq. in., and

leading to a series of settling pits, where
the superior weight of the tinstone

causes it for the most part to separate
from the other matters, which latter

are carried farther away by the water.
The separation thus effected is rendered
more complete by washing the deposits

(" tin witts ") on smooth tables termed
"
racks," where they are brushed about

in a gentle stream of water. Various
other contrivances are in use, and will

be found fully described in Andre's
'

Mining Machinery.'
Calcning the ore.—The object of this

operation is"the diminution of the sul-

phur imported by those
^ portions of

copper- and arsenical pyrites which it is

impossible to comi>letely separate from
the tinstone before or after stamping.
The calcining may be performed in a

3'everberatory furnace or in furnaces of

special construction. The dimensions
and form of the reverberatory furnace

are siibject to variation, but the general

principle is the same iu all. The fur-
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nace is bnilt of stono, with an inside

Jining of firebrick, and is furnished with
a working bottom of the same material.

At the rear end is a narrow fireplace,

communicating for its entire length
Avith tlie chamber of the furnace, which

may be 9 ft. long, 5 ft. wide in the

middle, 4 ft. at the rear, 14 in. high,
and 20 in. wide at the working door.

The flame from the grate is deflected on
to the floor, and escapes through a flue

over the working door. The ore is

placed in a hopper-like cavity in the
crown of the furnace, whence it is dis-

charged as required into the furnace
below. Under the floor is an arched

pit for the reception of the calcined ore
;

while the working door is provided with
a serrated plate to assist in the employ-
ment of a long bar for repeatedly stir-

ring up the charge, which may amount
to 10 or 12 cwt. Such a charge re-

quires about a day of 12 hours for its

calcination, and consumes 2 cwt. of

coal. The roasting converts the ar-

senic present into oxide (white arsenic),
which is largely deposited in long con-

densing flues built for the purpose.
Any copper sulphide in the ore is more
or less completely oxidized to sulphate,
and this change is further perfected by

ing arsenic condensing chambers :

«, grate ; b, calcining hearth
; c, fire-

bridge ; c/, chimney for fire
; e, flues for

vapours issuing from the hearth
; f, flue

leading to the condensing chambers g.

Fig. 174.

ff

Another form of furuaca often used

is that known as Brunton's calciner,

illustrated in Fig. 175. It consists of a

circular cast-iron table, supported on a

central stout iron shaft, suitably stepped
in bearings, to allow of its being slowly
revolved by the gearing of a toothed

wheel fastened on the under side of the

revolving bed a, which is placed under
the dome of a reverberatory furnace,
the fireplace b being ou one side, and

Fig. 1^

leaving the roasted mass for some days
in a damp state exposed to the air.

Fig. 174 shows the arrangement of a re-

verberatory furnace and its accompany-

the flue c, leading to the chimney, on
the other. The ore is fed through a

hopper d, situated in the crown of the

arch, and is distributed, and regularly
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turned over and thrust from the centre

to the circumference. The revolution

of the bed of the furnace is effected by
the attachment of the machinery to a

small water-wheel. The ore having
been constantly turned over, and ever}'

particle exposed to the oxidizing influ-

ence of the heated air passing through
the furnace, when it has reached the

discharging point e, it is there thrust

out of the furnace into the " wrinkle
"

/, in a steady small stream, propor-
tionate to a similar stream supplied

through the hopper. The rate of

supply and discharge is regulated by
the rapidity of motion imparted to the re-

volving bed, which is determined by the

amount of time required by the various

ores subjected to calcination. It is evi-

dent that much less labour is necessary
for the working of this, than of the

ordinary reverberatory furnace
;
and a

less consumption of fuel is also suffi-

cient for the production of the same
effect.

The flue from the calciners is com-

monly conducted a considerable distance

up the side of a hill, to a short

chimney-stack, or, better still, a large

square tower filled with brushwood or

furze. For the first 100 or 150 ft,

from the furnace, the flue is built much
larger than farther off, with divisional

walls to increase the length of circula-

tion of the volatile products from the

furnace
; doorways are built in the sides

of these chambers, and these are closed

up with temporary brickwork, or with

large stones. At convenient intervals of

1 to 3 months, the flues are opened, and

the crude arsenic is removed, packed in

casks, and sold to the arsenic manufac-
turer for refining. The sulphurous acid

evolved with tlie arsenic passes on, and
is discharged from the chimney into the

surrounding atmosphere, not unfre-

quently, during damp weather, causing
much damage to adjacent vegetation.
This might be entirely avoided by the

filling of the tower with coke, kept
nioist with a small stream of water,
which would absorb and condense the

sulphurous acid.

The process of calciuatiou is, with but

few exceptions, employed exclusively on

dressed ores
;
but great advantage in

many instances would accrue from

selecting those ores which contain suffi-

cient iron-, copper-, or arsenical pyrites,
to burn of themselves without fuel.

The calcination in this case would be

conducted in a furnace resembling a

small lime-kiln, the ore being supplied
at top, and, when burnt out, drawn at

the bottom into the ash-pit below the

fire-bars, in which water is kept, so

that, by the hot burnt ore dropping
into it, and being suddenly chilled, it

falls to pieces. Ore thus burned is much
more easily reduced to powder. From
the side of the top of the furnace, the

volatile product may be led off to the

main flue, with which the reverberatory
communicates. The partially calcined

ore having been dressed in the usual

manner for "
witts," the final calcina-

tion may be effected in the reverberatory

furnace, as already described.

Washing roasted ores.—From the
" wrinkle

"
of the calcining furnace, the

burnt ore is removed to the burning-
house floors, where it is subjected to a

series of washing processes, much more

carefully conducted than those in the

preparation of " witts." The witts

having been burned in separate parcels,

according to their size, as "jigged,"
"fluran," smalls or "

smalcs,"
"
slime,"

and rough or "
rows," they are operated

on accordingly ;
the jigged being simply

jigged over again in a copper sieve
;
the

fluran passed through the buddle and
tie ; and the smaller sizes through a

very much more complicated process,con-

sisting first in washing carefully in the

buddle, whence it is sized out accord-

ing to the part of the buddle in which
it settles

;
then of tossing or "

tozing,"
and packing in a kieve, again washing on

a hair-sieve in another kieve, or " dil-

leughiug," so as to throw ofT the light
waste into the water, leaving the
"
crop

"
tin on the sieve, whence it is

thrown into hand-barrows, and con-

veyed to "
hutches," where it is stored.

If the witts have been "
corrupted

"

wi£h a "bad brood or mixture," such

as iron-pyrites, copper-pyrites^ arsenic,
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molybdenum, woltYam, &c., the various

operations lead to the production of a

great number of temporarily refuse

matters, which are treated over again

according to the best process indicated

by examination of samples of the re-

spective heaps. The effect of the wash-

ing is first to remove the copper

sulphate in solution, whence the

metallic copper is recovered by pro-

longed contact with metallic iron ;

and secondly to separate the iron oxide

in suspension, leaving a mass of " black
"

tin, containing about 60 per cent, of the

metal. This is next smelted.

Smelting.
—In this country, smelting

is effected in a reverberatory furnace,
as shown in Fig. 176, where a is the fire-

door for cleaning the fire-bars
; h, the

chimney, for the ])urpose of preventing
the oxidizing eft'ect of the stream of air,

which would obtain access to the

charge, if, as is usually the case w^ith

reverberatory furnaces, the working-
door were in the side

; /, iron pans, with
fire beneath them, into which the

charge is run, when melted, through
the tap-hole g ; h, air passage under
the hearth. The chimney is usually
40 to 50 ft. in height. The ores, as

rendered to the smelter, vary in quality
from 12 to 15 in 20 for white tin, or

GO to 75 per cent.
;
but the assays are

always spoken of in the proportions of

20. For the ordinary size furnace, the

charge consists of 20 to 25 cwt. of

black tin, mixed with 12 to 18 per
cent, of powdered culiu or anthracite,

Fjg. 1V6.

draught-hole, sometimes opened during
the skimming of the charge ; c, a bed
of fire-brick, supported on an arch, or

on iron bars
; d, the door for charging ;

and e, the door for, working the charge,
which is placed at the back under the

3
''

and a small quantity of siaKed lime or

fiuor-spar, varied according to the pro-

portion of silica contained in the ore.

The materials are damped, well mixed,
and thrown into the furnace through
the door d, which is immediately closed,

2g
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.and the fire is maintained as gently as

possible for 6 to 8 hours, or until the

whole mass is fused. The charge is

then well mixed up, to ensure the com-

plete fusion of any ore remaining un-

reduced. The doors are again closed

for a short time, to recover the heat of

the furnace, and to complete the fusion

of the charge. They are again opened,
and the charge is worked off, through
the door g, first raking off the top

scoria, which is previously chilled by
throwing a little damp small coal over

the charge. The cautious heating in

the early part of the smelting is neces-

sary to prevent the tin oxide from com-

bining with the silica and lime to form
a slag which wovild cause a great loss of

tin. When the heat has reached its

maximum and the fusion is complete.

clay stopper in g, when the metal and slag
flow into the cast-iron pans /. After

remaining here for some time, to allow
the slag to come to the surface, the slag
is skimmed off, and the metal is ladled

into cast-iron moulds with a capacity of

about 3 cwt. The bulk of the slag
remains behind in the furnace and is

removed through the door <?
;
it is after-

wards stamped and washed for the

recovery of the tin mingled with it.

Smelting stream tin.—At Altenberg,

Germany, it is customary to smelt

stream tin in a blast furnace, though
tliis plan entails a greater consumption
of fuel and an increased loss of tin.

The aiTangement of the works is shown
in Fig. 177. The large furnace a for the

fusion of the raw ore is about 14 ft.

high, and constructed in the body 6 of

F:g. Vi

the mass is well stirred up, and some
additional culm is introduced. The
doors are closed and the fire is urged for

about a further 45 minutes, when
another stirring is followed by \ hour's

rest, which permits the heat to increase

to the degree necessary for tapping.
This is done by knocking out the fii'e-

coarse-grained porphyritic syenite. The
crucible of the furnace c is built of very
refractory fire-brick, of oval form, and

having the lower portion lined with a

very stiff brasque of charcoal and fire-

clay tightly rammed down. From the

bottom of the furnace a channel con-

ducts the fused charge into the iron
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basin d, whence the slag is let off at the

side down the inclined plane e into the

water tank /, the metal beneath being
run out by the channel g into the tank

h measuring about 18 in. square and

2 ft. deep. The large furnace stands

tinder a dome indicated by the dotted

line i, 20 ft. long, 12 ft. wide, and 16 ft.

high above the top of the furnace, and
so constructed as to catch and prevent
the waste of the finely powdered ore

driven off by the blast. This last is

produced by the bellows
It,

driven by a

cogwheel on a shaft turned by water

power. The furnace is charged through
a door on the left about 3 ft. above the

hearth. The smaller furnace
I,

about

5 ft. high, and constructed in the same
manner as the other, is used only for

fusing the slag from the larger furnace.

Both furnaces are slowly dried before

use. The large one is first charged with

fuel and slag ;
a moderate blast is com-

menced with, to reduce the most
fusible part of the slag before the rest

fuses ; then the heat is increased till

the furnace is fit for working the ore,

which is then introduced. After about
4 hours the metal begins to show. The

slag is skimmed off the surface of the

basin in the bottom of the furnace as

fast as it forms, until (in 20 to 24: hours)
the basin is full of metal, when it is

I'un out into the front basin. Fresh

charges of raw ore are added as re-

quired.
The shape of the blast furnace varies

somewhat, as may be seen from the ac-

companying illustrations. In Fig. 178,
the furnace a is cylindrical, 10 ft. high,
and with a series of compartments above

for catching the fine matters forced up
by the blast entei'ing at h

;
the sides and

sole c are of granite, as is also the fore-

hearth d, which is coated inside with

clay and charcoal, for the reception of

the metal and slag escaping from the

shaft. The stream tin and wood char-

coal are repeatedly replenished from the

top so as to keep the shaft a full
;
the

combustion of the charcoal abstracts the

oxygen from the tin oxide, allowing the

metallic tin to flow away at the bottom.
A flux of some kind is generally charged

in with the ore and fuel
;
this may be

quartz (silica) if the ore contains much

Fig. 178.

;j;^ij>j;.J/4iv-y>A-.^^^^^

iron oxide, or lime or "
finery cinder

"

if there is already sufficient silica in the
ore. The flux helps to form a slag,which escapes with the liquid metal
into the fore-hearth d, whence the slag
is transferred to a tank of water, leaving
the metal to gradually fill the fore-

hearth, when it is run through a tap-
hole into the pan e ready for refining.The furnace employed at Altenberg is
shown in Fig. 179 : a is the blast pipe
(twyer) ; h, the furnace

; c, the inclined

plane for the slag ; d, the fore-hearth.

Fig. 179.

.i^ik/iiy

Although the metal produced from
the blast furnace is usually better than
that obtained from the reverberatory
furnace, yet the expense of fuel and the

loss of ore are so much greater than

with the latter, that the use of the

2 G 2
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blast fui'nace is nearly abandoned. With
the reverberatory furnace, for 1 ton of

tin produced, the consumption of fuel

amounts to If tons, with a loss of 5 per
cent, of metal. With the blast furnace,
the fuel consumed amounts to about 3

tons of coals, with a loss of metal equal
to 15 per cent.

Eefining.
—The crude metal obtained

by the smelting, whether in the rever-

beratory or in the blast furnace, has to

undergo a refining process. The two
chief impurities are iron and lead, the

former of which may vary between

1\ and I65 per cent., while the latter

ranges from \ to 10 per cent. The

refining may be divided into '1 stages,

liquation and tossing.
For the liquation, the reverberatory

furnace used in the reducing operation

may be employed. It is charged with

pigs of the crude metal piled up in such

a way as to allow the heat to pass freely

through ; the fire is urged moderately,
and the tin is thus " sweated "

out, and
flows into one of the pans / (Fig. 176)

already heated for its reception. The
mass of ore in the furnace gradually
crumbles down

;
as room occurs, more

blocks of crude metal are charged in,

until 5 or 6 tons of fine metal have

collected in the pan. The residual mass
is either removed from the furnace in its

crumbled state, or is fused and run into

the other pan / for subsequent treatment.

The liquated metal having been ac-

cumulated in sufficient quantity in the

iron pan, the process of refining is com-
menced by forcing under the surface of

the metal, a bundle of billets of green
wood. The steam and gases evolved

from the wood cause a violent ebulli-

tion, and the production of a frothy
scum containing tin oxide, which is

skimmed off, and set aside for further

treatment, with the slag produced in

the first operations. Instead of boiling
with green wood, the same effect is

sometimes produced by
"
tossing," or

raising the metal in ladles, and pouring,
from some height through the air, back

again into the pan. When sufficiently
boiled or tossed, and skimmed, which

process occupies about 3 hours, the

metal is allowed to stand undisturbed
for another hour, during which time it

settles into 3 parts or zones, of which
the top is the purest, the middle the

next in quality, and the lowest the

most impure. The heat of the metal is

maintained while in the pan by a fire

underneath. When it has stood quiet

sufficiently long, the metal is carefully

skimmed, and then ladled out into iron

moulds, which contain about 3 cwt.

The 3 sorts are kept separate, their

quality being ascertained by taking a

small ladleful, stirring and skimming
until sufficiently cold, and then pouring
it into a stone ingot-mould, watching
the appearance of the metal as it cools.

If sufficiently pure to class as "
grain

"

tin, it will remain bright and clear, full,

and well rounded on the sides, until

quite cold ;
if only sufficiently good to

class as "common" tin, it will remain

bright, but not so full and well rounded
on the sides, until, at the instant of

becoming solid, from the middle of the

ingot a frosted crystalline appearance
shoots out to the sides. In the third

quality, the colour becomes slightly

yellowish, and the appeai'ance of the

frosted crystalline markings takes place

sooner, completely covering the whole
of the surface. Examining the ingots
when quite cold, by bending them, the

remarkable crackling sound character-

istic of tin is much greater in propoi'-
tion as it is purer. The third quality
is so impure as to be unfit for com-
mercial purposes, and has to be again
refined. The metal is sent to market in

the form of ingots of 3 cwt., 1 cwt., or

^ cwt.
;

or in strips cast in white

marble moulds about 2 ft. long, 1 in.

wide, and h in. thick
;
or it is rendered

in the form known as "grain" tin,

which is made by heating an ingot to

the highest possible temperature short

of melting, and letting it fall, or striking
it heavily, when it flies into a mass of

crystalline, fibrous fragments. It is

said that too low a temperature in

melting tin, before casting, prejudicially
affects its malleability.

Argentine.
—This product

—used for

printing on cloths and paper
—is a tin
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moss or sponge, and is obtained by the

precipitation of a solution of tin by zinc.

The solution, strongly acidulated at

first, must be diluted until it contains

3 pints of water to 1 dr. of the tin salt.

The sponge having been collected

without compression in a sieve, washed
with water, and dried by heat, may be

brayed with water in a mortar, passed

through a hair sieve, and mixed with
starch paste for printing. The solution

of zinc chloride may be used for solder-

ing, &c., and the grey tin powder for

tinning all metals but lead. {Chron.

Industr.)
Utilization of Scrap Tin.—The vast

heaps of scrap tin found about tinware

works, and the quantities of refuse tin

cans that form such an item in city

waste, have often been made the subject
of experiment to separate the tin coat-

ing from the sheet iron. l\Ielting the

scrap gives only a spongy iron, and the

extraction of the tin by the action of
acids or chlorine gas is too expensive, so

that hundreds of tons of this material
are wasted every year. Reid's experi-

ments, however, seem to promise a

cheap method of recovering both the
tin and iron in a pure and useful shape.
The tin scraps are placed in a furnace
where the temperature and the supply
of air can be carefully adjusted. This

gives a roasting in free air that causes
the film of tin on the iron to oxidize. The

alloy of tin and iron under the film of

tin is next oxidized, and then the scrap
is taken from the furnace, and the coat-

ing of oxides on the iron is shaken off

))y simple machinery. This leaves the
iron in a comparatively pure state,
while the powdered oxides may be
smelted with other tin ores, or, prefer-

ably, they may be submitted to the
action of hot sulphuric acid, which dis-

solves the iron oxide, leaving the tin

untouched. The tin may then be sepa-
rated from the solution of iron sulphate,
and melted, while the solution may be

evaporated to dryness and then placed
in j-etorts to recover the sulphuric acid,
the residue in the retorts being valuable
in making paints. The waste heat from
the retorts is used to assist in roasting

the scrap, and in evaporating the solu-

tion of iron sulphate. Waste fruit-tins

are first roasted to remove the solder

that may cling to them, and are then
treated by the same process.

Properties and Uses. — Refined tin

possesses colour and lustre resembling
those of silver, but it is slowly tarnished

by exposure to the air. Its hardness

exceeds that of lead, and its malleability
is such that it may be laminated into

foil or leaves of exceeding thinness, but
it cannot be drawn into wire. Under
friction it exhales a peculiar odour, and
communicates an unpleasant flavour to

the tongue. Strips of pure tin are

flexible but not elastic, and thick bars

emit a creaking sound when bent. The
metal melts at about 455° F. (235° C),
boils at a white heat, and bears high
temperatures in close vessels without
volatilization or loss. Heated to red-

ness in contact with air or oxygen, it

rapidly passes into the grey protoxide,
and later into the peroxide, a yellowish-
white powder called "

putty powder,"
much used for polishing. Its sp. gr. is

7-291. Pure tin is little affected by
dilute acids and reagents, but is con-
verted into a white powder by nitric acid

of medium strength ;
its resistance to

corrosion renders it valuable for plating
the surfaces of other more easily destruc-
tible metals. It is much more largely
used as an accessory to other metals than
alone: its importance in plating has

already been mentioned, and amongst
the alloys in common use it forms a

principal ingredient in bronze, gun-
metal, bell - metal, Britannia metal,
pewter, and solders (see Alloys).
TITANIUM.—This metal occurs

chiefly in the 3 minerals anatase, brook-

ite, and rutile, which consist of its

pure dioxide, and contain 61 per cent,

of the metal
;

it is also a frequent con-

stituent of magnetic iron and basaltic

rocks. Its preparation is rendered
difficult by its affinity for the nitrogen
in the atmosphere. According to one

method, potassium titanofluoride is first

produced by fusing titanium dioxide with
double the weight of potassuini car-

bonate in a platinum crucible, ;ind dis-
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solving the pulverized mass in sufficient

dilute hydrofluoric acid in a platinum
dish, when the desired salt crystallizes

out, and may be dried between bibulous

paper and recrystallized from boiling
water. A dry mixture of this potassium
titanofluoride with potassium is heated
in a covered crucible, when the metal is

reduced as a dark-grey amorphous pow-
der, the potassium fluoride being re-

moved by water
;
but the metal almost

always contains some nitride. A purer
product is obtained as follows: into a

porcelain tube filled with hydrogen are

brought 2 boats, one containing potas-
sium titanofluoride and the other

sodium
;
the metal is reduced when the

tube is heated so that the sodium vapour
comes into contact with the potassium
salt, and the cooled mass is washed with
warm M'ater. The metal is attacked by
dilute nitric, sulphuric, and acetic acids,
and rapidly dissolves in warm hydro-
chloric acid

;
it burns brightly when

heated in the air, ignites energetically
when heated in oxygen, burns very
violently when heated with red lead,
and combines with chlorine at high
temperatures.

Lewthwaite's process for making
titanic steel castings, rods, bars, and for

producing various kinds of brass, bronze,
and bell alloys, may be thus described :

To produce a fine steel casting capable
of being planed, turned, filed and highly

polished, having a silvery finish, take

any common pig or cast iron as it has

been run from the furnace or cupola,
and whilst at or about its hottest state,

after skimming off dirt, sprinkle and
well stir into the molten mass about 8

per cent, of titanic steel sand, which
has the effect of cleaning or refining the

iron to such an extent that a large

quantity of scum, slag, or dirt has to be

cleared away from the metal before

pouring it into the moulds, the product
being a strong, fine, and valuable steel

casting that may be first tooled and then
hardened or tempered as required. For
a more silvery steel, introduce into the

cast metal at its hottest, say 3 to

8 per cent, of tin before mixing in the

sand
;
or treat the metal with copper

in a like manner. In any case, the

metal thus produced is much better

adapted than any hitherto made for fine

strong castings, ship engines, or capstan

bearings, and it does not rust like the

ordinary metals. To produce rods, bars,
or sheets, mix in the titanic sand, by
hand or otherwise, as the molten metal

runs from the reducing furnaee, or after-

wai-ds in quantity to produce the desired

effect, say 6 to 15 per cent, of the sand.

The metal or pig so produced may be

treated in the ordinary way of puddling,

&c., to produce a very superior class of

steel for marine and other uses. Other
metals and alloys are similarly treated

for crucible castings, &c., producing
finer, stronger, choicer, and better

articles. Much superior castings, &c.,

can be produced by this process, and

without any appreciable increase of cost.

It keeps its polish much better than any
other steel, and exceeds in strength by at

least 18 to 20 per cent.

TUNGSTEN. — This somewhat
uncommon metal occurs in considerable

proportions in several minerals, the

most important being wolfram (which
contains 76§ per cent, of tungsten tri-

oxide), scheelite (80^ per ceat.), and

scheelitine or stolzite (51 per cent.).

There are several methods by which

tungsten may be prepared in a metallic

form as an incoherent powder, viz :
—

(1)

Calcining an intimate mixture of tung-
sten trioxide and carbon in a closed

crucible. (2) Reducing tungsten tri-

oxide in a current of hydrogen. (3)

Reducing tungsten chloride in sodium

vapour. (4) Mixing finely-powdered
wolfram with 3 per cent, potassium
carbonate and 20 to 30 per cent, common

salt, heating the mixture to redness for

2 hour, boiling the cooled and pulverized
mass with hydrochloric acid, and reduc-

ing the resultant pure trioxide in a

stream of hydrogen. (5) Adding 1

part commercial sodium tungstate to 2

parts common hydrochloric acid (sp. gr.

1'18 to 1"19), passing steam in till the

liquid boils, then adding nitric acid (sp.

gr. 1 "35) in quantity equal to 4 or 5 per
cent, of the sodium salt, and continuing
the boiling till the separated tungstic
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oxide assumes a dark-yellow colour
;

this is thoroughly washed, dried, mixed
with 10 per cent, finely powdered
charcoal and 2 or 3 per cent, rosin dust,
heated to whiteness for several hours in

a well-closed crucible, pulverized, and
freed from charcoal by levigation ;

the

product yields 80 to 90 per cent, metal-

lic tungsten.

Commercially, tungsten is mainly
obtained in the form of sodium tung-
state, as a bye-product in the metal-

lurgy of tin, by what is known as

Oxland's process ;
this is as follows.

The sp. gr. of wolfram is so nearly the

same as that of black tin that these

cannot be separated by any washing
operation ;

therefore the object aimed
at is to convert the wolfram (iron and

manganese tungstates ) into sodium

tungstate, this latter salt being soluble

in water, and leaving the iron and

manganese as oxides in a very finely
divided state. The converting process
is carried ou in a reverberatory furnace

provided with a cast-iron bed
;

the

charge is introduced through a hopper
in the crown of the arch, and is spread
over the bed so as to be exposed to the

flame traversing the furnace
;
the pro-

ducts of combustion pass over the fire-

bridge and down into a flue (formed by
a diagonal brickwork partition), which
leads them to the front of the furnace,
under the iron bed, returning along
the other side to the chimney, thus

enveloping the whole bed with heated

vapours. About 5 ton forms a charge
(more or less, according as the mineral

is in a granular or a pulpy condition),
which consists of an admixture of soda

ash with dry ore in such proportions
that the soda added is rather more than
is required to combine with all the

tungstic acid present ;
the mass is

stirred and raked about to ensure all

portions being brought to a bright-red

heat, and is known to be working well

when it frizzles, assumes a moist ap-

pearance, and adheres slightly to the

tools. A roasting of 2J to 3 hours'

duration should suffice if properly
effected, and the product is then better

than when a longer period or a stronger

heat is necessitated; as soon as ready
the charge is withdrawn in successive

quantities through a hole in the hearth,
and falls into a vault, whence it is

transferred as required to the lixiviat-

ing pans, and then treated, while still

hot, with water
;

a clear solution of

sodium tungstate filters off through the

mass of tin ore, and runs into reservoirs,

being subsequently either allowed to

crystallize, or evaporated to dryness in

iron pans, and affoi'ding a crude product

containing about 70 per cent, of the

dry tungstate. For economy sake in

some cases, the soda ash used may be

replaced by
" salt cake

"
(crude sodium

sulphate) ;
but it entails a need of more

skilful management.
Metallic tungsten is rapidly attacked

by aqua-regia, slowly by nitric acid,

and powerfully by boiling potash solu-

tion
;

it is unacted upon by water and by
moist or dry oxygen at ordinary tem-

peratures, but burns when heated to

redness in air or oxygen, and oxidizes

when subjected red hot to the action of

steam
;

it combines with chlorine when
heated in it to 482^ to 572° F. (250° to

300® C), and less readily with bromine

and iodine. Allnys, See pp. 32-33.

URA N I XJ M.—This uncommon
metal occurs as carbonate, phosphate,
and tantalatc in some rare minerals, but

its only commercial source is pitch-

blende, which contains 40 to 90 per
cent, of uranoso-uranic oxide. Several

pi'ocosses are in vogue for extracting
uranium from pitch-blende, as follows.

(1) The powdered ore is digested with

sulphuric acid supplemented by occa-

sional small additions of nitric acid
;

when the precipitate is converted into

a white powder (and partially dis-

solved), the sulphuric acid in excess is

driven off, and the residue is digested
in water, affording a deposit of bismuth
arsenate and sulphate, lead sulphate,
and silica

;
on passing a current of

sulphuretted hydrogen through the

warmed filtered solution, the remaining
bismuth and lead, with antimony,
arsenic, and copper, are precipitated, and
the filtrate is then oxidized by nitric

acidj and treated with ammonia iu
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excess ; hydroxides of viranium and iron

go down in the precipitate, which is

washed with ammonia and digested at

the boiling point in concentrated ammo-
nium carbonate containing an excess of

ammonia, when the yellow ammonio-

uranium carbonate crystallizes out on

cooling. The small quantity of this

metal remaining in the mother-liquor
is recovered by precipitating the associ-

ated cobalt, nickel, and zinc by adding
ammonium sulphide in drops at a time

as long as any reaction takes place, and

then boiling the filtered solution, when
ammonium uranate is deposited. (2)

Finely comminuted ore is dissolved in

nitric acid, the solution is evaporated
to dryness, and the residue is filtered

off and washed with water
;
the filtrate

is concentrated to crystallization, the

crystals are dried, the mother-liquor is

evaporated, and the whole is re-crystal-

lized
;
the resulting crystals are washed

with a little cold water (saving the

wash-waters for dissolving a new lot of

crude nitrate), dried, and shaken up
with ether ;

the dissolved uranium

nitrate crystallizes in needles on the

ether evaporating. (3) The practical

treatment of the ore at Joachimsthal

is said to comprise the following opera-
tions : roasting with sodium nitrate

and carbonate, lixiviation of the roasted

mass, treatment of the residues with

sulphuric acid, precipitation of the

foreign metals by sodium carbonate,

purification of the liquid, and precipita-

tion of the uranium
;

this precipitation
is effected differently, according as it is

desired to obtain the product as a light-

yellow or an orange-coloured mass.

For the former, the liquid is treated

with caustic soda until a portion of it

on acidulation no longer gives the red

reaction with potassium ferrocyanide.
To obtain the orange-coloured variety,

the sodium carbonate solution is very

gradually neutralized with sulphuric

acid, avoiding excess.

Metallic uranium may be prepared by

covering with potassium chloride in a

crucible a mixture of 1^ parts uranous

chloride, 3 of dry potassium chloride,

and 1 of sodium fragments ;
the crucible

is packed round with charcoal powder
in a larger one, and the whole is gradu-

ally heated to redness in an air furnace ;

when the reaction is complete, the heat

is increased till it effects fusion of the

metal without volatilization of the flux,

and the uranium forms a button within

a mass of dense black slag. The metal

is unaffected by the air, but combines

with chlorine and with sulphur ;
it has

a nickel-like colour, and a sp. gr. of

18* 33, and is both hard and malleable.

VANADIUM.— This rare metal

is a constituent of several uncommon

minerals, but its only important sources

are twofold,
—the motti-amite deposits

of the Keuper copper beds in Cheshire,

and the basic slags produced at the

Creusot iron works. A vanadium

mineral has been found in the Leadville

ores of America ;
it is coloured orange-

red, reddish -yellow, and lemon-yellow.

Analysis gave the following results,

which make it probable that the mineral

is dechenite :
—

SiO, .. ..
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aud evaporated to crystallization in a

platinum receptacle.
The process adopted for treating the

Creusot slag is as follows. The average
composition of the slag is :

—
Silica 16 -50

Alumina 3-80
Lime 46 '30

Magnesia 4*00
Protoxide of iron .. 7*07
Oxide of manganese . . 5 • 30

Sulphuric acid .. .. 0"63

Phosphoric acid .. 13*74
Vanadic acid .. .. 1"92

99-26

Consequently, metallic vanadium is pre-
sent to the extent of 1'08 per cent.

For the Creusot works alone, the quan-
tity of vanadium thus concentrated may
be estimated at 130,000 lb. yearly. This

is, therefore, an abundant source, from
which the authors have succeeded in

extracting both the meta-vanadiate of

ammonia and certain new vanadic pro-
ducts, more specially applicable to the

production of aniline blacks. Their prin-

cipal procedures are the following :
—

(1) Simple Solution of the Crude

Slags.
—The slags, coarsely broken, are

left in excess in contact with hydro-
chloric acid at the common temperature,
until the acid is almost entirely satu-

rated, and the solution marks 64° Tw.
It may then be let down to 12° Tw. with

water, the silica allowed to settle, and
the strength taken. The liquid thus

prepared contains vanadium in the hypo-
vanadic state, and, notwithstanding the

presence of foreign salts, it may be used

as it is in printing. The industrial ex-

periment has been made by one of the

authors, who, in the course of more
than a year's working, has found no in-

convenience from its use.

(2) Preparations with a Base of Hypo-
vanadic Phosphate.

—The hydrochloric
solution of the crude slags, suitably
neutralized and mixed with soda acetate,

deposits a copious bluish-grey precipi-

tate, which contains the greatest part of

the vanadium in the state of hypo-
vanadic phosphate mixed with other

sparingly soluble phosphates. By se-

peatiug the same treatment a second
time there is obtained a new precipitate,

containing 20 per cent, of metallic vana-

dium, if the original slag contained at

least 1 5 per cent. The common slags,
which do not reach this standard, may
be enriched by a very simple process.
To the muriatic solution is added an
excess of slag, iu powder, which neu-
tralizes the free acid, and precipitates
the metals whose phosphates are least

soluble, especially vanadium. The first

precipitate, which is light and of a

greyish white, is taken up iu hydro-
chloric acid, and treated with soda

acetate, as above. These preparations,

very soluble in acids, have been tried

with success in several large print-works.
Jleta-Vanadiate of Ammonia.—The

phosphate precipitates, obtained by the

slag itself, or, better, by an acetate, in-

stead of being enriched and sent out,
are dried and roasted at a dull red heat.

The powder, at first of a light grey,
takes an ochre yellow. It is treated

with ammoniacal water, which gives an

orange-yellow solution of ortho-vana-

diate. It is boiled till colourless, filtered,
aud the ammonia meta-vanadiate is pre-

cipitated in the ordinary manner.—
(Witz & Osmond, Coiiipt. Rend.)

Metallic vanadium is prepared by re-

ducing the dichloride in perfectly pure
hydrogen,

—an extremely difficult opera-
tion, owing to the necessity for exclud-

ing every trace of air aud moisture.
The metal forms a greyish powder,
having a sp. gv. of 5*5 at 59° F.

(15° C.) ;
it burns in a flame or when

heated in oxygen, and oxidizes slowly
in the air

;
it is insoluble in hydro-

chloric acid, but slowly dissolves in hot

strong sulphuric and in hydrofluoric,
and violently oxidizes in nitric acid of

all strengths.
YTTRIUM.—This member of the

cerium group of metals occurs to the

extent of about 34 to 35 per cent.

(calculated as oxide) in the rare minerals

gadolinite and wohlerite. It has not
been satisfactorily isolated.

ZLNC Ores.—Zinc is not one of

the most common or widely distributed
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metals, and never occurs native. Three
of its ores are utilized, viz. :

—Red zinc

ore, an oxide coloured red by associated

iron and manganese oxides, and contain-

ing 80 per cent, zinc
;
blende or black

jack, a sulphide yielding 67 per cent, of

the metal
;
and calamine or zinc-spar,

a carbonate affording 52 per cent. Of

these, blende is by far the most common,
forming veins in the sandstones and
limestones of lead-yielding districts, and

generally accompanied by galena and

pyrites ;
calamine is second in import-

ance, and favours the same geological
formations as blende

;
Avhile red zinc

ore is comparatively rare. Of even less

individual importance, though frequently
associated with calamine, is electric

calamine or zinc silicate, giving 64 to

66 per cent, of the oxide. A few

analyses of typical examples will be

interesting :
—

Blende.
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the subsequent smelting ;
but with

blende and silicious calamine, it is in-

dispensable, in the former instance to

drive oiF the sulphur, and in the latter

to get rid of the silica. The ore is

previously carefully picked over to free

it as far as possible from galena, the lead

oxide derived from which in the smelting
process would have a corrosive effect

upon the crucibles. Next it is crushed
and dressed, as other ores, and then
submitted to calcination.

The calcination of blende is usually
performed in a reverberatory furnace,

having either a single hearth, or two
hearths one above the other, or a series

of three divisions at varying heights in

one long hearth. Whatever plan is

adopted, the flame from a coal fire is

made to play upon the surface of the

ore till all the sulphur is expelled, a

result which is facilitated by frequently

raking the mineral over, so as to expose
fresh surfaces. There are numerous

plans for arranging the furnaces, with
a view of economising fuel and labour,
each adapted to its own peculiar cir-

cumstances.

The calcination of calamine is more

Fig. 180.

often conducted in a sort of lime-kiln

with a small blast, as shown in Fig. 180.

The mixture of powdered ore and fuel

(coal or coke) is charged into the furnace

at the top a, and as the discharging of

the calcined mineral takes place at the

bottom b, the mass gradually descends

into increasingly hot parts of the furnace,
till it encounters at c the full force of

the blast issuing from the twyers d.

The carbonic acid and any sulphur
present escape in vapour from the top
a. The blast is not always availed of.

The loss in calcination is about J the

weight of the ore charged.
The calcined ore contains the zinc in

the form of oxide. It is next reduced
to very fine powder, passed through a

sieve, and mixed with half its weight
of coke or anthracite coal-dust, ready
for smelting. If it is associated with
much iron oxide and lime, it is mixed
with an argillaceous ore, in order that

the clay in the latter may be acted upon,
rather than the material of the crucibles.

There are 3 smelting methods in vogue,
known as the Belgian, English, and

Silesian, though the English system has
been pretty generally superseded by tlie

others.

Smelting: («) Belgian metliod.—The
furnace employed at Vieulle Montague
is constructed in sets of 4, and of the
form indicated by Fig. 181. The principal

parts are a fireplace a, tiers of fireclay
tubes h, flues c, for heating the tubes
and conveying the products of combus-
tion to the chimneys d, each provided
with a sepai'ate damper at the outlet.

The mixture of calcined ore and fuel is

filled into the tubes 6, which measure 3
to 4 ft. long and 6 to 8 in. in internal

diameter. To their mouth-ends are
fitted short sections of conical cast-iron

pipe e, penetrating the brickwork, and

terminating outwardly in tapering
Wi'ought-iron tubes /, about 2 ft. long
and only 1 in. in diameter at the orifice

;

the opposite ends of the tubes 6 are
closed. The number of tubes arranged
in a single furnace varies from 40 to
80. The breastwork of the furnace is

strengthened with cast-iron plates and

wrought-iron tie-bars. When starting
anew, the furnace is gradually heated
for 4 days till -it attains a white heat

;
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jSuiall charges are then introduced into

the tubes, and the iron pipes /are luted

into place with fire-clay. After the

charge has been completed and the pipes
are fixed, the fire is urged, and soon

copious white fumes appear, denoting
that the metal has begun to volatilize.

That portion of the distillate which
condenses and collects in the cast-iron

pipes e is the purest ;
the deposit ac-

FlG. 181.

quantities of carbonic oxide are evolved

from the mouths of the wrought-iron

pipes, and burn with a blue flame. As
the volume diminishes the colour

changes to greenish-white, and then

cumulated in the wrought-iron pipes f
contains much lead in intimate combina-
tion with the zinc. This latter product
is scraped out as often as necessary, and
worked over acraiu in the next charge.
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The condensed luetal in the cast-iron

tubes e is raked out in its liquid state

about every 2 hours into a lai-ge ladle,

30 per cent, of the metal it contained ;

the furnaces endure about 2 months'

uninterrupted wo''k. and are then

Fig. 182.

until the charge is finished, when the

tubes h are cleaned out and immediately
re-charged. A charge generally occupies
about 12 hours in smelting, and gives

thrown out for repairs. A further

proportion of zinc remains in the
residue beyond the power of any known

process to extract it at a profitable
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price ;
hence ores containing less than

40 per cent, of zinc do not pay to work

by this process. The fused zinc obtained

is poured into ingot-moulds of generally
70 to 85 lb. each.

Smelting : (6) English method.—The
construction of the furnace used in the

English method of zinc-smelting is

illustrated in Fig. 182. The furnace

consists essentially of a fireplace a,

traversing it from front to back, in

which burns a coal-fire, where products
of combustion envelope the 6 crucibles b,

and then pass by holes c in the dome d
into the chimney-cone c. The passage/
is the ashpit ;

a similar passage g on

each side is for the accommodation of

the pipes descending from the crucibles.

The large openings h in the chimney-
cone c are provided for the introduction

of the crucibles b before the completion
of the dome d, and are left to afford

access to the crucibles in working. The
crucibles are made of superior fireclay,
about 4 ft. deep and 2 ft. 6 in. across,
and provided at bottom with iron

condense-pipes i, 7 in. in diameter and
10 ft. long, the first 2 ft. of which
forms a separate piece fixed into the

crucible, while the lower 8 ft. can be

detached at will. When a new pot has

to replace a broken one (they last about
4 months), it is made red hot and

conveyed into its place on the hearth

through one of the holes c
;

its attached

2 ft. of pipe is thrust through the floor

of the hearth, and stopped by a plug of

wood or coke. The charge is intro-

duced, and the crucible is left uncovered

for a short time, then the lids are care-

fully luted on. In about 2 hours, a

bluish flame commences to appear at

the exit of the iron pipe, the vapour
penetrating the plug, which, if of wood,
is by this time converted into charcoal.

The bluish flame is extinguished on

attaching the extra length of pipe,
which serves as a condenser for the

escaping zinc vapours, and conducts the

liquid metal into the receptacle k con-

taining water. The pipe i is apt to

become choked with condensed metal,
when it may be cleared by taking it off

and shaking, or by inserting a red-hot

iron rod. Before re-charging a crucible,
the residue is cleared out by removing
the iron pipe and the plug. The metal
collected in the receiver k amounts to

about 35 per cent.
; being contaminated

with some oxide formed by contact

with the air in its heated state, it is

re-melted for the dross to separate

(ready for re-smelting), and cast into

ingots, under the name of "
spelter,"

but it must not be confounded with the

soldering alloy known by the same
term.

Smelting: (c) Silcsian method.—The
Silesian calamines, yielding less than
20 per cent, of zinc, are smelted in

muffle-furnaces, as illustrated in Fig.
183. These furnaces consist of a series

of arched ovens a, the sides b being
braced and tied by iron plates and bars,
to support the thrust of the central

arch c. The fireplace d and fur-

nace-bed e are built of firebricks and

lumps. The coal fed on to the grate /
receives the air necessary for its com-
bustion through the ashpit g ;

the
heated vapours surround the 20 muffles a,
and pass off by flues h into the chimney.
The muffles a are about 3§ ft. long,

1^ ft. high, and 3 in. thick
; they are

made of a mixture of fireclay and

finely
-
pulverized fragments of old

muffles, and are baked to a strong red
heat in the auxiliary fiirnace i while
the furnace proper is being brought up
to the reqiiisite temperature, which

requires 8 or 10 days. The previously-
calcined calamine, reduced to fragments
no larger than a pea, is mixed with an

equal volume of fuel (cinders or coke-

dust), and charged into the muffles a

through the orifices k, fitted with fire-

clay stoppers ;
these orifices k are made

in the elbows of stoneware pipes I,

which are attached to the muffles, and
are farther prolonged downwards by
cast-iron cones and sheet-iron tubes, in

which the condensation of the zinc

vapour takes place, the metal passing

through the outlet m and accumulating
in the receptacle n. The residue left in

the muffle is raked out through the

door once in 14 hours, having been

exhausted of its zinc to within 2 per
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cent. The crude metal collected iu n is

re-melted iu the clay-lined iron pot p,
heated by a separate fire, and is

cast into ingots r. The arch e is

built of a mixture of fireclay

and sand, to a thickness of 9 in.,

beaten down hard upon a tem-

porary support of wood or brick-

work, smoothed over with ashes

or sand
;
the support is removed

when the arch has hardened suffi-

ciently to stand alone. Well-made

and carefully dried arches last 2

or 3 years ;
the life of a muffle

does not often exceed 4 weeks.

In Silesia, gas-furnaces have been

tried for zinc-smelting, but it is

not very clear whether the advan-

tages gained justify the outlay.

Properties and Uses.—Zinc has a

bluish-white colour, and a sp. gr.

of 6'8 to 7'2. It is hard enough
to bear polishing ;

brittle but

malleable in the cold, showing
the greatest ductility and malle-

ability between 212° and 220° F.

(100°-104J° C), and becoming
so brittle above these tempera-
tures as to be actually pulveru-
lent. It fuses at allow^ red heat,
and volatilizes at a white heat in

closed vessels
;

in the open air,

it ignites at a bright red heat

and burns vividly. In a dry
atmosphere at ordinary tempera-
tures it is not affected, but

rapidly tarnishes and oxidizes in a

moist atmosphere. Nearly all acids

dissolve it readily, and it is quickly
oxidized by caustic potash and soda in

water. The commercial metal is never

pure, always containing more or less arse-

nic, cadmium, carbon, copper, iron, and

lead; these impurities are eliminated by
redistillation. The metal is well adapted
for art castings, being much cheaper
than bronze, easily coloured externally
to resemble that alloy, and taking

very clean and sharp impressions from
the mould. It is very largely used

in the form of thin sheets, which
are rolled out between cast-iron cylin-
ders at a temperature not surpassing
the limits mentioned above ; for this

purpose, zinc obtained from calamine is

preferable, as being less liable to con-

FlG. 183.

tain lead. Besides the alloys in which
zinc forms an essential ingredient

(pp. 13-17, 20-1, 29-30, 34-5,42), there

is an immense consumption for coating
iron plates to produce what is known
as "

galvanized
"

iron. Zinc is used

by engineers chiefly as roof covermgj
the sheets being made 7 ft. or 8 ft. long
and 3 ft. wide. The sheets are stiffened

and jointed by lapping over wooden

rollsjViind are sometimes laid on board-

ing. The thickness of the sheets is

designated by a special gauge, which
does not coincide with the B.W.G., and

it is best to specify the thickness by the

weight per sq. ft. Light sheets of

No. 13 gauge, weighing about 16 oz
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per ft., are sometimes used, but for good
work Nos. 14 and 15, weighing 19 oz. to

22 oz. per ft., are generally preferred.
The durability of zinc depends mainly
on the purity of the spelter from which

it is rolled, and the cost is about 3^.

per ton above the price current for

spelter. The wooden rolls used with

the sheets cost about 105. per square of

roofing surface, and packing for ship-
ment costs about 30s. per ton.

Production.—The total production of

zinc in Europe attained 203,330 tons

in 1880, of which Germany produced

99,405 tons, or nearly half, about two-

thirds of which v/ere extracted from

Upper Silesia. After Germany comes

Belgium with 65,010 tons, then England
with 22,000 tons, France 13,715, and

Austro-Hungary 3200.

Decorating.
—A beautiful and perma-

nent dark or light green coating, re-

sembling enamel, can be applied to all

kinds of zinc articles, especially those

made of sheet zinc, in the following
manner :

—5 oz. soda hyposulphite are

dissolved in 50 oz. boiling water, and

the solution is poured at once, in a fine

stream, into 2| oz. strong sulphuric
acid. The milk of sulphur that sepa-
rates will soon ball together in lumps
and settle. The hot liquid containing
soda sulphate and sulphuric acid is

decanted, and the cleansed zinc is put
into it. In a short time it will acqiiire
a very brilliant light-green coating of

sulphide, and only needs to be washed
and dried. By exposing it repeatedly
and for a longer time to this hot bath,
the coating grows thicker and the colour

darker and more brilliant. The tem-

perature must not fall below 145° F.

(63°C.); when it does, the solution should

be heated up to 190° F. (88° C), to

obtain a fine and brilliant deposit. By
dipping these articles in dilute hydro-
chloric acid, 1 of acid to 3 of water,

sulphuretted hydrogen is evolved, and
this enamel-like coating loses its lustre

and gets lighter in colour. Aqueous
solutions of aniline colours have little

effect upon this dull surface, and none
on the grey brilliant coating. The effect

of marbling can be obtained by moisten-

ing the grey zinc and applying hydro-
chloric acid in spots with a sponge, then

rinsing it off, and while still wet flowing
over it an acidified solution of copper

sulphate, which produces the appearance
of black marble. As the zinc has gene-

rally a dull surface, it must receive a
coat of copal varnish. IflJ oz. chrome
alum and IJ oz. more soda hyposulphite
be added to the solution, the article will

have a brownish^ colour.—C. Puscher,

Ding. Pol. Jl.

ZIRCONIUM.—This rare metal is

found in a few uncommon minerals,

chiefiy in zircon and hyacinth. It can

be prepared as an iron-grey powder by
heating together potassium zirconofluo-

ride (obtained by igniting zircon with

acid potassium fluoride, or pouring potas-
sium fluoride into an excess of zirconium

fluoride) and potassium ;
or by passing

zirconium chloride vapour over ignited
sodium

;
and in the crystalline state by

heating potassium zirconofluoride with

1^ times its weight of aluminium in a

graphite crucible at a temperature suf-

ficient to fuse iron, and removing excess

of aluminium by treating with hydro-
chloric acid. The metal is oxidized

readily by aqua-regia, and is very
soluble in hydrofluoric acid, but resists

other acids.
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APPENDIX.

ALUMINIUM, continued from

p. 45.—So much interest is just now
being excited in tiie direction of cheap-
ening the production of this metal, that
no excuse is needed for introducing
here in the form of an appendix some
information on the subject which has

appeared in print only since the early

portion of this volume was already in

type.
In a communication made to the

London section of the Society of Chemi-
cal Industry in March 1883, Weldou
declared that the only manufacturer
of aluminium in the world at present
is Pechiney, of Salindres, France, and
that the process there employed is the

same as was worked out by Deville

more than a quarter of a century ago.
This process consists of 3 successive

operations : (1) The preparation of

alumina from bauxite, by furnacing the

bauxite in admixture with sodium car-

bonate, dissolving out the resulting
sodium aluminate, and then treating the

solution so obtained by CO^ ; (2) the

preparation of double aluminium-sodium

chloride, by mixing with carbon the
alumina obtained in the first operation,

drying the resulting mixture of alumina
and carbon, and then heating it in a

current of chlorine
;

and (3) the re-

duction by free sodium of the AljClg of

the double chloride so obtained. These
have been already described on pp. 43-4.
Weldon directs attention to the relative

proportional cost of each operation,
which he states as follows:—If the total

cost of a unit of aluminium at Salindres
be called 100, the cost of the first

operation, including that of the bauxite

upon which it is performed, is 9*67;
that of the second operation is 33 '4

;
and

that of the third operation, including
- M

the cost of the sodium used in it, and
also that of the cryolite employed as a

flux, is 56*93. The first operation is

thus comparatively inexpensive ;
the

second costs 2| times as much as the

first
;
and the third costs li times as

much as the first and second put to-

gether.
It follows that, to produce aluminium

at a price appreciably lower than the

present cost of aluminium at Salindres,
either one must produce it by a process

quite different from Deville's, or one

must cheapen the second, or the third,
or both operations of Deville's process ;

since to reduce the cost of its first

operation even to nothing at all, the

second and third operations of it remain-

ing as costly as at present, would

cheapen aluminium only by 9*6 per
cent.

Weldon then proceeds to show that

Webster's invention relates simply to

the obtainment of anhydrous alumina
from potash alum. If his method of

obtaining alumina were 50 per cent,

clieaper than the Salindres method, it

would thus be capable of reducing the

cost of aluminium only by less than 5

per cent. But his method is twice or

three times as costly as the Salindres

method. Towards the cheapening of

aluminium, therefore, Webster has done

nothing at all, in Weldon's opinion.

Next, Weldon alludes to the fact that

a considerable number of persons, quite

independently of each other, are en-

deavouring to reduce alumina by carbon.

It is often rash to say that a proposed

thing can never be done ; but that

alumina can ever be reduced by carbon

is surely impossible. When 2x27 '3

parts of aluminium combine with 3x16
parts of oxygen, there is liberated as

2 H
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heat a quantity of energy capable of

raising 391,600 parts of water from
0° C, to 1° C. To abstract, by purely
chemical action, the oxygen of the result-

ing ahimiua, leaving its aluminium free,

one must cause to react upon the

alumina a body by whose combination

with oxygen more than 391,600 calories

are liberated
;
and carbon is certainly

toot such a body. For the reaction

2Al203+3C= 2AH-3C02
to be possible, the heat of combination
of C+ O2 must be at least

2x391600
=261066

while for

Al203+ 3C=2Al+3CO
to be possible, the heat of combination
of C + must be at least

391600—-—=130533.
o

But the heat of formation of COj is only
97,000, and that of CO is only 28,800.
The often proposed reaction—

Al2Cl6+ 6H = 2Al+6HCl
is similarly hopeless, since the heat of

combination of AI2CI5 is 321,800 ;
while

6 times that of gaseous HCl is only
6x22,000= 132,000.

To arguments of this kind it is often

objected that carbon reduces sodium
from Na^O, notwithstanding that the

heat of formation of NajO is very much
greater than the heat of formation of

CO. But carbon does not really
" re-

duce "
Na20. When a mixture of car-

bon and NajO, or, what comes even-

tually to the same thing, a mixture of

carbon and sodium carbonate, is in-

tensely heated, the NajO volatilizes, and
some of its vapour becomes dissociated

into free oxygen and vapour of free

sodium ; and it is not until dissociation

has thus taken place that any of the

carbon combines with any of the oxygen
of the Na20. The carbon acts only by
combining, after dissociation has taken

place, with some of the oxygen of

that part of the NajO which has been

dissociated by heat, and so preventing
re-association on cooling. Unlike NajO,

however, AI2O3 does not undergo disso-

ciation at any temperature attainable

industrially.

If, then, we cannot hope to reduce

AI2O3 by carbon, or AljClg by hydrogen,
in what direction can we look for the

cheapening of aluminium ? It seems to

Weldon that there are 4 conceivable

resources :

1. The cheapening of Al2Cl6,2NaCl. ;

2. The substitution for Al2Cl5,2NaCl
of some other anhydrous compound of

Al, not containing oxygen ;

3. The substitution for sodium of

some cheaper reducing agent ;
and

4. The cheapening of sodium itself.

Pechiney has already eftected im-

portant economies in the production of

AljClg,2NaCl, and will probably effect

others. The production of a cheaper
haloid salt of aluminium than Na2Al2Clg,
would at first blush seem difficult,

but is not, Weldon thinks, impossible ;

and a cheaper agent than sodium,

capable of reducing certain salts of alu-

minium, he believes he could now indi-

cate, if he were free to do so.

As for cheaper sodium, sodium no

doubt will be cheapened. To manufac-
ture a ton of sodium at present costs,

roughly, between 300/. and 350/. The

quantity of sodium carbonate containing
a ton of sodium at present costs in the

market about 16/. The manufacturer
of sodium, however, obtains only about

a third of the sodium contained in his

raw material. He effects only a partial
dissociation of his NajO, and to that

partial dissociation there succeeds par-
tial re-association. Still, 3 times 16/.

for raw material leaves 250/. to 300/.

for the cost of extracting 1 ton of

sodium from about 7 tons of NajCOj.
The largest item in this excessive cost

of extraction is for the vessels in which
the Na2C03 is heated in admixture with

powdered coal. It has not hitherto been

found possible to heat the mixture of

Na2C03 and powdered coal to the neces-

sary temperature except in cylindrical

wrought-iron vessels of very small

diameter, and these small wrought-iron

cylinders are so rapidly destroyed that

their cost stands for fully J of the pre-



Aluminium. 467

sent total cost of sodium, and for nearly
J of the present total cost of aluminium.

There is surely room here for improve-
ment, and the cost of sodium for this

item will doubtless be diminished. Still,

one can hardly hope that solium will

evei' become cheap enough to permit of

aluminium reduced by sodium being
largely applied to the many practical
uses of which aluminium is capable. A
cheaper reducing agent than sodium,
and a cheaper artificial (.e of alu-

minium than AljClg, 2XaCl : these, Wel-
don thinks, are essential to aluminium

becoming commonly and extensively em-

ployed.
J. Morris, of Uddington, near Glas-

gow, claims to obtain aluminium by
treating an intimate mixture of alumina
and charcoal with carbon dioxide. For
this purpose a solution of aluminium
chloride is mixed with powdered wood-
charcoal and lamp-black, then evapo-
rated until it forms a viscous mass,
which is shaped into balls. During the

evaporation, hydrochloric acid is given
off. The residue consists of alumina

intimately mixed with charcoal. Tlie

balls are dried, then treated with steam
in appropriate vessels for the purpose of

driving off all the chlorine, care being
taken to keep the temperature so high
that the steam is not condensed. Now the

temperature is raised, so that in the dark
the tubes are seen to be at low-red heat,
and dry carbon dioxide is passed through.
This is said to be reduced by the char-

coal to carbon monoxide, which now,
as affirmed by Morris, reduces the

alumina to aluminium. Although the

(quantity of the escaping carbon monoxide
is in general a good indication of the

progress of the reduction, it is never-

theless advisable not to continue the

heating of the tubes or vessels until the

evolution of this gas has ceased or even

nearly ceased, as in consequence of slight
differences in the consistence of the

balls, some of them give up all their

carbon sooner than the others. The
treatment of the balls with carbon
dioxide for the purpose of the reduction
lasts about 30 hours, when the sub-
stances are mixed in the proportions of

5 parts carbon to 4 alumina. The metal

appears as a porous, spongy mass. It is

freed from the residual alumina and

particles of charcoal by fusion and
mechanical treatment, and then poured
into moulds.

Niewerth, of Hanover, suggests a

novel process for reducing aluminium.

First, ferro-silicon is mixed with alu-

minium fluoride in proper proportions,
and the mixture is submitted to red or

melting heat, when the charge is decom-

posed into volatile silicon fluoride, iron,
and aluminium, the 2 latter forming
an alloy. To obtain copper-aluminium
alloy from this iron alloy, the latter is

melted with metallic copper ;
the copper

by reason of its greater affinity, unites

with the aluminium, while the iron

retains but an insignificant amount of

aluminium. On the mass cooling, the

copper-bronze and iron separate out in

such a manner that botli bodies can be

readily isolated. In place of the pure
aluminium fluoride, cryolite, whicii

occurs in nature, may be advantageously

employed, or aluminium chloride may
be used. In the latter case, silicon

chloride and iron-aluminium alloy are

formed. Or, jJure silicon and aluminium

fluoride, or cryolite, or aluminium
chloride may be used, when pure alu-

minium is obtained.

In the second process, the compound
of aluminium with chlorine or fluorine

decomposed by any means into a volatile

state is brought, strongly heated, into

contact with a mixture of 62 parts soda

carbonate, 28 of coal, and 10 of chalk,
also in a highly heated condition. From
this mixture, sodium is disengaged, and
this reduces the gaseous aluminium
fluoride or chloride in such a manner
that the nascent sodium generates free

aluminium from the fluoride or chloride

as the case may be. In place of the

above mixture, others which produce
sodium may be employed, or those from
which potassium is formed. In another

process, Kiewerth's newly invented fur-

nace may be employed, but the process

may also be carried on in a crucible or

other furnace. The furnace in question
consists of 3 shaft furnaces made of

2 H 2
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fire-resisting material, 2 of which shut

by means of some contrivance, e.g., a

convex cast-iron cover. These furnaces

communicate with the other furnace by-

channels, which can be closed by slides.

Blast pipes are fitted to 2 of the fur-

naces, and all 3 are fitted with dis-

charge apertures. Short tubes con-

nected with a steam I'eservoir admit

steam to the 2 furnaces, which are filled

with some suitable fuel, e.g., coke, antl

by the admission of the blast are blown

very hot. The covers are meanwhile
.lifted up. The middle furnace is then

charged with 3 charges in proper order.

The first charge consists of a mixture of

soda carbonate (NaOjCOj) 4- Carbon

(C) + Sulphur (S) + Alumina (AUO,).
The second charge is alumina sulphate,
the third charge a flux, preferably a

mixture of soda and potash chlorides.

This furnace must be strongly heated

at the beginning of the operation ;
it is

best to fill with coke first, and as soon

as that is warm to put the charge on

the coke so that it comes to the bottom
with the burning coke. A mixing of

the- charges with coal is usually not

necessary.
The process then continues as fol-

lows :
—The cover of one furnace is shut

down, the slide drawn up, and the blast

is cut oft'. A suitable quantity of steam is

now admitted, which spreads itself over

the glowing coke and penetrates down-
wards through it, breaking up into its

constituent parts oxygen and hydrogen.
The oxygen forms with the carbon of

the coke carbonic oxide gas, while the

hydrogen remains uncombined. The

gases thus formed during their passage

through the extremely hot coke them-
selves acquire a very high temperature,
and at length pass by a channel into the

third furnace where the charge lies.

The highly heated gases, carbonic oxide

and hydrogen, act upon the charge, so

that the first charge breaks up into a

combination of sodium sulphide and

aluminium sulphide, from which, by
means of the second charge (alumina

sulphate), free metallic aluminium is

formed. Passing into the melting zone,

the aluminium will melt, and, if it be

drawn off, the flux added thereto will

assist the fusion of the aluminium to-

gether ;
it is not, however, absolutely

necessary. When the gases generated
in the first furnace are too cool, the

second furnace is closed by the cover,

its coke having been kept hot by the

blast, and the processes are repeated.
Instead of the bimetallic sulphide, pure

aluminium sulphide may be employed,
or a mixture from which it is generated,

or, again, pure soda sulphide, potash

sulphide, copper sulphide, or other

metallic sulphides or analogous com-

pounds producing the same etl'ect alone.

In the latter case, aluminium is obtained

in combination with the metal of the

sulphide. Instead of the one charge
alumina + soda carbonate 4- sulphur

4- coal, a mixture of alumina, sulphur,
and coal only may be introduced; or

further, the alumina sulphate may be

replaced by alumina. The one charge

may also be formed out of sodium sul-

phide, potassium sulphide, and other

metallic sulphides, and the others may
be jiroduced from alumina or alumina

sulphate.
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Agates, Imitation, 229.

Agordo plan of extracting copper, 63-4.

Aich meial, 42.

Akester's motor, 164.

Alarms, electric, 68-75.

Algiers metal, 24.

Alloys, 1-42.

aich metal, 42.

aluminium bronze, 11.

amalgams, 11-2.

ancient, 35-6.

anti-friction, 34-5, 40-2.

bath-metul, 14.

bell-metal, 12-3.

brass, 13-7.
• bronze, 17-24.

button-metal, 14.

casting, 9-11.

figures in relief, 10.

characters, 1-2.

components, 1-2.

core for difficult castings, 10.
• crucibles, 8.

delta metal, 17.

fluxes, 3-4.

for medals and coins, 40.

small articles, 40.

furnaces, 5-8.

fusible, 20.

fusibility of metals, 4-5.

(iedge's metal, 42.

general principles of making, 1-2.

German silver, 2(i-l.
•

ginshibuichi, 36.

gun-metal, 21.

how to pour, 10.

inoxidizable, 39.

iron, 21-4.

Japanese, 36-8.

jewellers', 24-5.

karahane, 36-7.

karakane, 37.
• maiUechort, 35.

manganese, 25-9.

melting the ingredients, 2-3.

miscellaneous, 34—12.

mixing the ingredients, 4-5.

Muntz's metal, 14, 29-30.

order of melting ingredients, 5.

pewter, 30.

phosphor, 30-1.

pinchbeck, 34.

platin, 16.

platin-iridium, 247.
•—- platinum, 31.

properties, 1-2.

right moment for pouring, 9-10.— shakdo, 36.

shin-chu, 37.

eimilor, 14, 35.

soft, 39-40.

solders, 31-2.

Alloys specular, 32

tombac, 34-5.

type-metal, 33-4.

white, 40.

white metals, 40-2.

Altenburg furnace, 450-1.
Alternate current dynamos, 135-7.

Aluminium, 42-5, 465-S.

bronze, 11.

solder, 31-2.

manufacture, 43-4.
Morris's process, 467.
Niewerth's process, 467-8.

Pechiney's process, 465.

properties, 42-3, 44-5.
sodium chloride, 43^.
Webster's, 465.

AVeldon on, 465-7.

Amalgam for coating plastic castings, 40.

retorting silver, 418-20.

sodium, 12, 418.

Amalgamated lead plates f.>r secondary
batteries, ls6.

Amalgamating silver ores, 409-20.
zinc plates, 76.

Amalgams, ll-2.

American cloth, 202.

Amethyst, imitation, 230.

Am-meter, 143.

Ammonia metavanadiate, 457.
Ancient bronzes. 36, 38-9.
Andre's carbon battery, 84.

Annealing iron, 279-80.

castings, 251-4.
Annunciator system of electric b.lls, 915.
Anodes of batteries, 75.

Anti-friction alloys, 34-5, 40-2.
Vntimonial silver, treating, 423-5.
Antimonized carbon battery, 77.

Antimony, 45-6.
•

alloy with iron, 23,

from gold tailings, 46.

sulphide, 45-6.

Argentan, 21.

Argentin, 24.

Argentine, 452-3.

-Vrguzoid, 35.

Armature coils for dsTiamo.', 121-3, 12'J-:iI.

cores lor dynamos, 121, 129-31.

Arrastra, 409.

Arsenic alloy with iron, 23.

, effect of on iron, 21.
Art bronzes, 18-20.
Artificial carbons, 105- 6, 108.

stone from slag, 438-9.

Ashberry metal, 24.

Augustin's silver process, 425.
Avanturine glass, 226.

Axle arms, tempering, 282-3.

Ayrton and Perry's am-meter, 143.

.erg-meter, 147-8.

motor, 164.
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Ayrton aud Perry's ohm-meter, 144.

power-meter, 144
• volt-meter, 144.

Babbit's Metal, 41.

Backboard for electric bell, 96
Bactrian coins, 30.

Barium, 46-7.

Barrel amalgamation, 413-6.

Basis of payment for electric supply, 1 18.

Bateas, 412.

Bath-metal, 14.

Batteries, antimonizeJ carbon, 11.

arrangement of, 75, 104-5.

bichromate, 77-81.

Bunsen's, 81-3.

Callan's, 84.
• carbon, 84.

cells for, 76-7.

components of, 75, 104-5.

copper oxide, 85-7.

coupling, 75, 188-3.

Cruikshank's, 87.
.

Daniell's, 87.
• diaphragms for, 77.

elements of, 75.

exciting fluids, 76.
.

fittings, 83, 104-5.

for electric bells, 92, 104.

galvanic, 75-92.—— granule carbon, 87-S.

Grove's, 88-9.

hints on using, 83, 104-5.

home-made, 78, 82, S7.

insulite, 89.

lead, 1S6-8.

Leclanche, 89-90.

lime chromate, 90.
. maintaining, 104-5.

making, 75-7.
• Maynooth, 84.

negative elements, 76.
. platinizing plates, 80.

poles of, 75.
. •

Jirecautions in using, 104-5.

preparing carbon for, 104-5.

preventing fluids from creeping
104-5.

protecting fittings, 104-5.

residues, 92.
. secondary, 181-9.

separating the elements, 7C.

silver chloride, 90-1.

Smee's, 91.—^ thermo-electric, 91-2.

zinc plates for, 76.

Bauxite, aluminium from, 43-4,
Bean shot copper, 65.

Belleek lustre, 222.

Bell-metal, 12-3.

Bell's photophone, 178-81.

Bells, annunciator system, 94-5.

arrangement, 93.

backboard and cover, 96.
. battery for, 92, 104-5.

bell and telephone, 95-6.
. bobbins, 96-7, 104-5.

circuit-closers, 92-3.
—— circuit wire for, 92, 104.

coils, 96-7,1 Ol-S.

up,

Bells, connecting bells and telephones, 93-9,
100-2.—— continuous ringing, 100.—— double system, 95.

electric, 92-105.

electro-magnet, 96.

examples, 97-104.

filling bobbins with wire, 97, 104.

gongs for, 93, 104.

hints on, 93, 104-5.

making, 96-7, 104-5.

press button, 92-3.

putting together, 97, 104.

ringing 2 bells by 1 wire, 99-100.
• single-stroke bell, 99.

systems, 93-6.

trembling bell, 97-S, 100.

1 bell and 1 press button, 93-4.
1 bell and 2 press buttons, 94.

2 bells and 1 press button, 94.

Bending copper tubes, 67.

Berthier's manganese bronze, 27.

Beryllium, 47.

Bichromate batteries, 77-81.

home-made, 77-8.

supersaturated fluid for, 78-9

Urquhart's form, 79-81.

working, 79.

Bismuth, 47-8.

bronze, 42.

Black flux, 3-4.

glass, 226, 228.

glaze, 222.

Blast furnaces, 450, 451, 459.

slag, see Slag.
Blende, analyses, 458.

Bloomery process for malleable iron, 249-50.
Blue bronze, 33.

gold, 24.

Bobbins, filling with wire, 97, 104.

for bells, 96-7, 1U4.

Bohemian frit for false gems, 229.
Bottle glass from slag, 431.

Bottles, stoppering, 240.

Boys's quantity meter, 146.

work meter, 146-7.

Brass, 13-7.

button, 16.

deadening, 15.

dipping, 13, 15.

for sheets, 15-6.

soldering, 16.
• turning, 16.

wire, 16-7.

frosting, 15.

furnace, 6.

gilding, 16.

lacquers, 303-5.

making, 16.—— malleable, 16.

mottling, 15.

ornamenting, 15.

properties, 13.

stamping, 13.

table of ingredients and qualities, 14
work solder, 32.

Brattice cloth, 203.

Breaking glass, 226.

Brianchons lustre, 222.

Bricks from slag, 437-8»
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Bristol glaze, 221.

Bi-itannia metal, 24.

Bronze, 17-24.
• ancient, 38-9.
-—- blue, 33.

Chinese, 36.

colouring, 19-20.

compositions, 17-8.

Egyptian, &c., 36.

implements, 38-9.

Japanese, 36-8.

lacquers, 305.

mailing figures, 18-20.

pliosphor, 31.

tungsten, 32-3.

; white, 28.

Browning iron, 248-9.

Brunswick black, 305.

Brunton's calciner, 447.

Brush dynamo, 133-4.

Brushes for dynamos, 123, 131-3.

Buddling copper ore, 52-3.

Bullet metal, 35.

Bunson's battery, 81-3.

home-made, 82-3.

Burning in ceramic enamels, 218-9.

enamel and stain on glass, 232.

of iron, 278.

Burglar alarm, 68-9.

Bustamenti furnace, 383-4.

Button metal, 14.

Buttons, alloys for, 34.

Cadmium, 48.

Caisium, 48.

Calamine, analyses, 453.

Calcium, 48-9.

Callan's battery, 84.

Canned goods, soldering, 32.

Carbon (antimonized) battery, 77.

artificial, 105-6, 108.

battery, 84.

burning away, 107-8.

changes in hardening iron, 256-9.

composition for, 105-6.

effect of on iron, 21-2.

flexible, 108.

for batteries, preparing, 104-5.

for electric light, 105-8.

granule battery, 87-8.
. impregnated, 106-7.

influence of foreign matters in, 106-7.

influence on iron, 262-3.

metal-coated, 107.

physical conditions, 107.

removing from iron, 249-54.

Carbonated ores, extracting copper from, 64-3.

Cardew'a low resistance galvanometer, 143.

Cased glass, 227.

Case-hardening wrought iron, 280-2.

Casting alloys, 9-11.

beds from slag, 442.

figures in relief, 10.

Castings, core for difiicult, 10.

from slag, 430.

Cast-iron pipes, enamelling, 211.

Cathodes of batteries, 75.

Causes of hardening iron, 259-&2.

Cells for batteries, 76-7.

(
Cement from slag, 433-7.

Cementation of iron, 253.

Ceramic photographs, enamelling, 215-21.

Cerium, 49.

Chemistry of Washoe process, 417-8.

China, glazing, 223-4.

Chinese bronzes, 36.

copper, 65.

lacquer, 306-28.
Chloride of silver battery, 90-1.

Cbloridizing silver ores, 416-8.
Chromate of lime battery, 90.

Chromium, 49.

iron, 21, 23.

Chrysocale, 24.

Circuit-closer for bells, 92-3.
wire for bells, 92, 104.

Circular melting furnace, 7-8.

Cisterns, electric tell-tales for, 69-72.

Classifying iron and steel, 264-6.
Claudet's silver process, 425-6.

Cleaning copper ore, 51.

Clock-dials, enamelling, 204-11.
electric tell-tale, 75.

Cloissonne glaze, 221.

Cloth, American, 202.

brattice, 203.

enamelled, 201-4.

leather, 201-4.

Coating glass on metals, 226.

Cobalt, 49-50.

speiss, bismuth from, 47-8.

Coffins, alloy for, 34.

Coils, induction, 108-10.

intensity, 110-5.
for bells, 96-7, 104.

resistance, 115-7.
Coin gold, refining, 244-5.
Collectors for dynamos, 123.

Colour tests in tempering iron, 267-8, front.
Coloured enamels on iron, 212.

glass, 226-30.

photographs on glass, 238.

Common jewelry metal, 24.

Commutators for dynamos, 123, 131-3.

intensity coils, 114-5.

Compositions for carbons, 105-6.
Condenser for intensity coil, 113-4.

potassium, 405.

Condensing lead fume, 343-9.

(jonnecting bells and telephones, 98-9, 100-3.
Connections of batteries, protecting, 104-5.

intensity coils, 115.

Contact breakers for induction coil, 109-10.^— intensity coil, 113.

Continuous ringing electric bell, 100.

Copper, 50-68.

Agordo plan of extracting, 63-4.

alloy with iron, 21, 23-4.
• amalgam, 11.

black, 64.

buddling ore, 52-3.—— cleaning ore, 51.

commercial forms, 65-6.

crushing ore, 51.

dry method of extracting, 53-63.
effect of on iron, 21.

effects of various metals on, 66-7.

enamelling, 204.

extracting from carbonated ores, 64-5.

for electrical purposes, 67.
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Copper furnaces, 55, 57, 64.

hardening, 66-7.

impurities, 67.

jigging ore, 51-2.

lacquers, 305.

mattes, treating by liquation, 423.

sulphuric acid, 427.

oxide battery, 85-7.

producing red colour in, 65.

properties, 50-1.

rendered brittle by tellurium, 66.

resistance, 140.

scorification, 62-3.

separating from silver by liquation, 423.

sulphuric add, 427.

solder, 32.

toughening, 66-7.—- tubes, 67.

bending, 67.

welding, 67-8.
• wet method of extracting, 63.

wire, 67.

Core for difficult castings, 10.

Costerfleld process for recovering antimony
fronl gold tailings, 46.

Coulomb meters, 144-6.

Coupling batteries, 75. 188-9.

Cover for electric bells, 96.

Cracking of iron, 276-8.
Crackle glaze, 221.

Cracks in enamelled dial-plates, remedying,
Craquele indien, 236. [209-lu.
Creusot slag, vanadium from, 457.

Crown glaze, 221.

Crucibles for melting alloys, 8.

Cruikshank's battery, 87.

Crushing copper ore, 51.

Culinary vessels, enamelling, 211-2.

Cumenge's silver process, 426.

Cup-and-ball microphone, 153-5.

Cupellation of silver, 420-3.

Cupola furnace, 6-7.

Curling zinc plates, 76.

Current measurers, 142-4.

Cutters, tempering, 283-5.

Cutting glass, 230-1.

zinc plates, 76.

Damascening Iron, 248.

Danger to person in electric lighting, 139-40.
Daniell's battery, 87.

home-made, 87.

Deadening brass, 15.

Decarburizing iron, 249-54.

Decorating glass, 235-8.

iron, 247-9.

zinc, 464.

Degrees of temper in iron, 274-6.
Delatot's white metal, 29.

Delta-metal, 17.

De Meritens' motor, 165.

Deprez's galvanometer, 143.

motor, 163, 164.

series and separate djTiamo, 126.

shunt and separate dynamo, 126.

work meter, 147.

Desilverizing lead, 354-8.

Dial-plates, cleaning, 209.

enamelling, 204-1 1 .

•: firing, 206-7.

Dial-plates, hard plates, 208.

overfiring, 210.

polishing, 207-8.

remedying cracks, 209-10.

removing enamel, 210.

rings for firing, 206.

transparent enamelling, 210-1.

Diaphragms for batteries, 77.

phonographs, 174, 176, 178.

Dick's delta-metal, 17.

Didymium, 68.

Dies and taps, tempering, 288-9.

Dipping brass, 13, 15.

iron, 278-9.

metal, 24.

Distilling mercury from amalgam, 418-20.
Double chloride ofaluminium and sodium, 43-4.

system of electric bells, 95.

Drilling glass, 231.

Dry method of extracting copper, 53-6:!.

Dutch brass, 14.

Dynamo-electric machines, 117-38.

Dynamos, alternate current, 135-7.
armature coils, 121-3, 129-31.

cores, 121, 129-31.

Brush, 133-4.

brushes, 123, 131-3.

classification, 118.

collectors, 123, 131-3.

combination methods, 126.

commutators, 123, 131-3.

construction,- 118, 127-:38.

field-magnets, 119-20, 127-8.

coils, 121.

fire risks from, 139.

magneto, 125.

methods of exciting field magnetism, 125.

of second class, 134-5.
of third class, 137-8.

organs as constructed in practice, 127-38,

pole pieces, 120-1.

principles, 117-8.
relation of size to efficiency, 123-5.

speed to power, 118-23.

separately excited, 125.

series, 125.

and long shunt, 127.

magneto, 126.

separate, 126.— shunt, 127.

shunt, 125-6.

and magneto, 126.

separate, 126.—— Thomson's mouse-mill, 137.

Eaethenware Glazing, 222-3.

Edge-tool bronze, 17.

Edison's electrolytic current-meter, 144-5.

Egyptian bronzes, 36.

p]lectric lighting, fire risks in, 138-40.
Electric railways, 167-70.

transmission of powor, 165-6
Electrical copper, 67.

joint, 139, 140.

Electrics, 68-201.

alarms, 68-75.

batteries, 75-92.

bells, 92-105.

carbons, 105-8.
——

coils, induction, 108-10.
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Electrics, coils, intensity, 110-5.

resistance, 115-7.

dynamo-electric machines, 117-38.

fire risks, 138-40.

machinery motors, 171-2.

measuring, 140-8.

microphones, 148-57.

motors, 157-72.

phonographs, 172-8.

photophones, 178-81.

storage, 181-e.

telephones, 189-201.

PZlcctro-dynamic machines, 117-.38.

Electro-dynamometer, 142.

Electrolytic quantity meter, 144-5.

Electro-magnet for bells, 96.

Electro-magnetic units of electric mea^iiroment,
140-1.

Electro-motors, 157-72.

Electrotype backing metal, 33.

Electrum, 25.

Elements of batteries, 75.

Beparating, 76.

Eliquation of silver, 423.

tin, 452.

Ilmerald, imitation, 230.

Enamels and glazes, 201-25.
cast-iron pipes, 211.

—— ceramic photographs, 215-21.

cloth, 201^.
coloured, on iron, 212.

copper, 204.

dial-plates, 204-11.

earthenware, 222-3.

glass, 231-3.
inside iron saucepans, 211.

iron, 211-4.

castings, 211.

culinary vessels, 21 1-2

wall-plates, 212.

lead, 214.

leather, 203.

metals, 204-14.

mottled on iron, 212-4.

pasteboard, 203.

photographs, 214-21.

porcelain, 223-4.

pottery, 221-4.

tobacco pipes, 223.

wood, 224-5.

Energy, electrical storage of, 181-9.

measurers, 144.

mechanical and chemical methods of stor-

ing, 181.

meters, 146-8.
rate of expending electric, 141-2.

Engines, electric, 171.

English jewelry metal, 24.

method of treating copper ore, 54-63.

Engraving glass, 233.

Erbium, 225.

Erg-meter, 147-8.

Eryanthus tinctorius in bronzing, 38.

Etching on glass, 233-4.

Examples of electric bells, 97 -104.

Exciting fleld-magnetism, 125.

fluids for batteries, 76.

Feathered Shot Copper, 65.

Felspar glaze, 222.

Feuille morte, 24.

Field-magnet coils for dynamos, 121.

magnetism, exciting, 125.

magnets for dynamos, 119-20, 127-8.

Figures in relief, casting, 10

making bronze, 18-20.

Files, tempering, 285.

Filling bobbins with wire, 97, 104.

Fine gold, 24.

Finery furnace for iron, 249-50.

Fire risks in electric lighting, 138^0.

danger to per^on, 139-40.

dynamo, 139.

fusible plug, 140.

lamps, 139.

wires, 139, 140.

testing mineral oils, 365-8.

Firing enamelled dial-plates, 206.

Fitzgerald & Molloy's battery, 90.

Flexible carbon rods, 108.

Flow glaze, 221.

Fluxes for making .alloys, 3-4.

welding iron, 297-S.

Foreign matters iu carbon rods, 106-7.

Foucault '8 contact-breaker, 110.

Friction, 363-4.

Frosting brass, 15.

glass, 2.34.

Fuel for heating iron, 273.

Fundamental slectric units, 140,

Furnaces, aluminium, 43.

antimony, 45.

bismuth, 47.

brass, 6.

circular melting, 7-8.

copper, 55, 57, 64.

cupelling, 421, 422.

cupola, 6-7.

finery for iron, 249-50.
for alloys, 6-8.

for making earthenware glaze, 222.

lead, blast, 340-1.
lead ore hearth, 335-7.
lead reverberatory, 337-40.
lead slag, 342-3.
lead soltening, 353.'

liquating, 423.

mercury, 384, 385, 386, 38T.

nickel, 394, 395, 396.

ordinary melting, 7.

potassium reducing, 405.

Kaschette, 341-2.

refinery, for iron, 250.

reverberatory, 8, 55, 57, 222, 421, 422, 447.

Washoe, 415.

silver, 420-4.

smelting, 64, 423-4.

Stetefeldt, 416.

sublimation, 424.

temporary, for iron, 251.

tin, 447, 449, 450, 451.

zinc, 459, 460, 461, 463.

Fusibility of metals, 4-5.

Fusible alloys, 20.

Fusing metals, 2-3.

Gallium, 225-6.
Galvanic batteries, 75-92, 104-5.

Galvanized iron, 463.

Galvanometers, 142-4, 189.
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Gedge's nietal, 42.

Gems, imitation, 229-30.
German brass, 14.

malleable iron, 251.

method of treating copper ore, 53-4.

silver, 20-1.

Gilding, bronze for, IV.

glass, 234-5.

metal, 25.

Ginshibuichi alloy, 36.

Glass, 226-40.

breaking, 226.

coating on metals, 226.

coloured, 226-30.

photographs on, 238.

cutting, 230-1.

drilling, 231.

enamelling, 231-3.

engraving, 233.

etching on, 233-4.

from slag, 431.

frosting, 234.

gilding, 234-5.
• imitation gems, 229-30.

ornamenting, 235-8.
-—

pearls, 223.

perforating, 231.

pigments for, 226-9.

preparing pigments for, 228-f).

protecting, 239-40.

roughening, 239.

shadows, 232.

spun, 239-40.

stains, 228,

stoppering bottles, 240.

writing on, 240.

Glazes, 201-25.

see Enamels.

Glucinuni, 47.

Gold, 240-5.

alloy with iron, 21, 2?
• amalgam, 11-2.

blue, 24.

effect of on iron, 21.

fine, 24.

lacquers, 305-6.

mock, 25.

properties, 245.

red, 25.

refining, 241-5.

ring, 25.

solder, 32.

tailings, antimony from, 46.

white, 25.

Gower's telephone, 193-5.

Granule carbon battery, 87-8.

Gravers, tempering, 285.

Griscom motor, 164.

Grove's battery, 88-9.

Gubbio lustre, 222.

Gununing of oils, 361-5.

Gun-metal, 21.

Hahner Mercurv Furnace, 385.

Hammers, tempering, 285
Hard solders, 32.

Hardening copper, 66-7.

iron, causes, 259-62.

defined, 268-71.
^—

effects, 256-9.

Hearths for cupelling silver, 420-2.

liquating , 423.

Heat tests in tempering iron, 271-2.

Heating iron for welding, 296-7.

steel, 272-3.

Hensler's manganese bronze, 28.

Heraus process for platinum, 403.

Homberg's alloy, 40.

Home-made batteries, 78, 82, 87.

magnets for telephones, 197

phonograph, 173-8.

Hopkinson's current-meter, 145-6.

Hot water amalgamation of silver, 412 3.

House electric alarm, 68-9.

Hughes's microphone, 157.

Hunt and Douglas silver process, 426-7.

Hypovanadic phosphate, 457.

Idrian Mercury Furnaces, 385, 386.
Imitation gems, 229-30.
Inca pin, 36.

Indian coins, 36

figures, 36.

Indium, 245.

Induction coils, 108-10.
contact breakers, 109-10.

interrupters, 109-10.
• primary coil, 108.—— secondary coil, 108-9.

Inoxidizable alloys, 39.

Insulating, slag for, 440-1.
Insulite battery, 89.

Intensity coils, 110-5.

contact breaker, 113.

commutator, 114-5.

condenser, 113-4.

connections, 115.

iron bundle, 112-3.

pedestal, 114.

primary coil. 111.
——

-reel, 110-1.

secondary coil, 111-2.

Interruptors for induction coil, 109-10.

intensity coil, 113.

Introducing phosphorus into molten metal, 30.

Iridescent glass, 235-6.

Iridium, 246-7.

Iridio-platinum, 31, 247.
Iron alloys, 21-4.

amalgam, 12.

and steel, 247-303.

annealing, 279-80.

browning, 248-9.
bundle for intensity coil, 112-3.

burning, 278.

case-hardening wrought iron, 280-2.

castings, enamelling, 211.

causes of hardening, 259-62.

cementation, 253.

classifying, 264-6.

colour tests in tempering, 267-8,//on^
coloured enamels on, 212.

cracking and splitting, 276-8.

damascening, 248.

decarburizing 249-54.

decorating, 247-9.

degrees of temper, 274-8.

effects of hardening, 256-9.
various metals on, 21-4.

enamelling, 211-4.
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Iron fluxes for welding, 298-9.
fuel for heating, 273.

galvanized, 463.

German malleable, 251.

hardening defined, 268-71.
heat tests, 271-2.

heating for welding, 296-7.

steel, 272-3.

influence of carbon on, 262-3.
of temperature, 263-1.

lacquers, 306.
• malleable, 249-54.
• castings, 251-4.
• melting, 254-6.
modifications of dipping, 278-9.

• mottled enamels on, 212-4.
nature of welding, 299-300.

•

pipes, enamelling, 211.

puddling. 250-1.— quenching, 273—4.

selection ia welding, 298-9,

tempering, 256-95.
• defined, 268-71.

fluids, 263-4.

recipes, 280-95.

testing steels, 266-7.

tinned, solder for, 32.

wall-plates, enamelling, 212.

welding, 295-303.

whitening grey pig, 250.

Japan Copper, 65.

for enamelled cloth, 202.

Japanese alloys, 36-8.

lacquers, 306-28.
• apparatus used, 325-8.^— colouring matters, 318.

for plaiQ work, 311-3.

gold lacquer, 318-23.

implements for plain ware, 3U-8.
ki-urushi, 311.

materials for plain ware, 314-8.

nashiji, 324.

on metal, 323-4.

prices, 324-5.

ro-urushi, 312.

seshime, 311.

tapping the trees, 307-11.
tools for tapping, 308-9.
with gold, 313-4.

•— woods lacquered on, 311.

Japanning and japans, 328-32.——
tea-trays, 329-30.

tin, 330-1.

wood, 331-2.

Jemmapes brass, 35.

Jewellers' alloys, 24-5.

solder, 32.

Jewelry gold, 25.

Jigging copper ore, 51-2.

Joachimsthal process for bismuth, 43.

Joint, electrical, 139, 140.

Kara-hane Allot, 36-7.

Karakane alloy, 37.

Kayser's pigments for glass, 223-9.

Kennedy's telephone, 190.

Keuper sandstone, vanadium from, 457.

Kiln for burning in stain and enamel on glass,

232.

Kraft's alloy, 40.

Krolinke's sUver process, 415.

Kiinzers alloy, 41-2.

Lacqdeks and Lacqueeing, 303-35,

brass, 303-5.

bronze, 305.

Brunswick black, 305.

copper, 305.

gold, 305-6.

iron and steel, 306.

Japanese and Chinese, 306-28.

japanning and japans, 328-32.
• metallic surfaces, 332-3.
• optical work, 333-5.

Lalande and Chaperon's battery, 84-7.

Lameros, 409.

Lamps, fire risks from, 139.

Lane-Fox's quantity meter, 146.

Lanthanum, 335.

Lathe mandril, tempering, 285.

Lead, 335-63.

batteries, 186-8.
blast furnaces, 340-1.
Breton process, 338.

Carinthian process, 338.

condensing vapours, 343-9.
Cornish process, 340.

cupelling, 420-3.

desilverizing, 354-8.
effect of on iron, 21.

• enamelling, 214.

English process, 338-40.
Flintshire process, 340.

glaze, 222.

Maxwell-Lyte's process, 350-3.
ore hearth, 335-7.

Pattinson's process, 354-5.

peroxide as an electro-negative, 184.

pipe, 360-1.

precipitation, 341-2.

Raschette, furnace, 341-2.

reverberatory furnaces, 337-40.

Roswag process, 349-50.
Scotch furnace, 335-7.

• sheet, 358-60.

shot, 361-3.

slag smelting, 342-3.

softening, 353-4.
steam process, 355-7.
wet methods, 349-53.
zinc process, 357-8.

Leaden pipes, coating with sulphide, 214.

Leakage in electric circuits, 138.
Leather cloth, 201-4.

enamelled, 203.
Lechesne's alloy, 41.

Leclanche battery, 89-90.

Lemarquand's inoxidizable alloy, 39.

Ley pewter, 30. >

Light, carbons for, 105-8.

Lighting, basis of paying for, 148.
Lime chromate battery, 90.

Limoges glaze, 221.

Liquating hearth, 423.

silver, 423.

tin, 452.

Lithium, 363.

Lubricants, 363-79.
action of oils on metals, 369-74.
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Lubricants, characteristics demanded, 364.

fire testing mineral oils, 365-8.

formulae for, 376-9.

friction, 363-^.—- gumming, 364-5.

principles of compounding, 368-9.

spontaneous combustion, 375,

viscosity, 364-5.
watch oils, 376.

Machinery Motors, Electric, 171-2.

Mackenzie's battery, 91.

Magistral, 410.

Magnesium, 379-80.

Magneto-dynamos, 125.

Magnets for telephones, cheap, 197.

Maillechort, 21, 35.

Majolica glaze, 221.

Making electric bells, 96-7, 104-5.

Malleable iron, 249-54.

Malleableized iron castings, 251-4.

Mandrels, tempering, 285.

Manganese, 380-3.

alloys, 25-9.

for hardening copper, 68.

German sih'cr, 28.

Mannheim gold, 25.

Manure from slag, 441-2.

Marble, imitation red, 229.

Marlie's inoxidizable alloys, 39.

Mat appearance on brass, 15.

Mathematical instruments, alloys for, 31.

Maxwell-Lyte's process, lead, 330-3.

Maynooth battery, 84.

Measuring electric currents, 140-8.
b.isis of payment, 148.

non-registering instruments, 1^2-4.

rate of expending energy. 141-2.

registering instnmients, 144-s.

units, 140-1.

work done, 142.

Mechanical current-meters, 145-6.

units of electric meaNurement, 14 0.

Medal bronze, 17.

Medals, alloys for, 40.

Melting furnace, circular, 7-S.—
ordinary, 7.

iron, 254-6.

metals, 2-3.

points of metals, 5.
—— silver, 420.

Mercury, 383-9.
Bustamenti furnace, 3S3-4.

condensers, 387-8.
distillation witli lime, 387.

extraction, 383-8.
Hahiier furnace, 385.

Hungarian process for copper ores, 3?7
Idriau furnace, 385.

for poor ores, 386.

losses in smelting, 38a.

New Almaden furnace, 384.
'

recovering from amalgam, 418-20.

refining, 388-9.
Rhine process, 387.

Siele process, 386-7.
Metallic oxides for colouring glass, 226-8.

resinates for colouring glass, 228-9.
. surfaces, lacquering, 332-3.

Metals, action on oils, 369-74.

Metals, composition of enamels for, 204.
. crucibles for melting, 8.

enamelling, 204-14.
fluxes for, 3-4.

furnaces for melting, 5-8.

fusibility of, 4-5.

fusing, 2-3.

glass coating on, 226-

melting, 2-3.

pouring molten, 9-10.
Mexican process for silver, 409-12.

Mica, 389-92.
MicciuUo's decorative process on glass, 237-8.

Microphones, 148-57.

action, 148-50.

adjustable, 151.

construction, 150-7.

cup-and-ball, 153-5.

Hughes's, 157.

making plates for, 157.

simple, 150-1.

speaking, 151-3, 156-7.
Mill bills, tempering, 285-6.
Mineral oils, fire testing, 365-8.

wool from slag, 439-40.

Mining picks, tempering, 286-7.

Minofor, 25.

Miscellaneous alloys, 34-42.

Mixing metals for alloys, 4-5.

Mock gold, 25.

Moku-me in Japanese bronze, 38

Molybdenum, 392.

Morris's aluminium, 467.

Mortar bronze, 17.

from slag, 437.

.Motors, electric, 157-72.

application, 165-72.

construction, 157-65.
• machinery, 171-2.

railways, 167-70.

regulating, 16.3-4.

Mottled enamels on iron, 212-1.

;\lottUi]g brass, 15.

iMouldiug bronze figures, lS-20.

Japanese bronzes, 37-8.

Mouthpiece of plionograi)h, 17G.
Muntz's metal, 14, 29-30.

Music plate metal, 33.

Muslin glass, 236.

Name Plates, Enamelled Iron, 212.

Negative elements of batteries, 76.

Nevada smelting furnace, 423-5.

Nickel, 393-400.
Cliristofle's process, 398.

extraction, 393-8.
Garnier's process, 397-8.

iron, 22.

ores, 393.

preparing metallic, 396-7.

properties, 398-400.

treating arsenides, 394-5.
matte and speiss, 395-6.

sulphides, 393-4.

very poor ores woi'ked for other

metals, 395.

uses, 398-400.
Niello work in .Japanese bronzes, 38.

Niewerth's aluminium, 467-8. v

Niobium, 40i).
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Nitric acid for refining gold, 241-5.

Nou-registering instruments for electric

measuring, 142—t.

Nottingham black glaze, 222.

Noxious vapours, destroying, 203-4, 243—4.

Nuisance preventing, 203-4, 243-4.

Obach's Tangent Galvanojietei;, 142-o.

i_)hm-meter, 144.

Oils, action on metals, 369-M.
fire testing, 365-S.

gumming, 364-5.

viscosity, 364-5.

Optical work, lacquering, 333-5.

Ore, buddling copper, 52-3.

cleaning copper, 51.

crushing copper, 51.

jigging copper, 51-2.

Ornamenting brass, 15.

glass, 235-8.

Osmium, 400-1.

Overfiring dial-plates, 210.

Packfong, 21.

Palissy glaze, 221,

Palladium, 401-2.

Pan treatment of silver ores, 417.

Parker's jewelry alloy, 25.

Parkes process of desilverizing lead, 3o7-S.

Parson's manganese bronze, 25-7.

Parting of gold, 241-5.

Pasteboard, enamelled, 203.

Patio process for silver, 409-12.

Pattiuson's desilverizing process, 354-5.

Paving blocks from slag, 430-1.

Payment for electric supply, ba-is, 14s.

Pearls, glass, 223.

Pechiney's aluminium, 465-6.

Pedestal for intensity coil, 114.

I'ercy and Patera's silver process, 427.

Perforating glass, 231.

Perry's series and magneto dynamo, 126.

shunt and magneto dynanvi, 126.

Personal danger in electric lighting, 130—10.

Pewter, 30, 35.

Pewterers' solder, 32.

Phonographs, 172-S.

components, 172-3.
. constructing 173-8.

cylinder, 173.

diaphragms, 174, 176, 178.

leaden record, 177-8.

mouthpiece, 176.—
point, 17 i 5

sixpenny, 177-8.

supports, 174.

tinfoil for, 173, 176.

Phosphates from slag, 441-2.

Phosphor alloys, 30-1.

bronze, 31.

Phosphorus, effect of on iron, 22.

introducing into molten metal, 30.

Photographs, enamelling, 214-21.

, causes of failure, 220-1.

ceramic, enamels, 215-21.

coloured, on glass, 238.

enamelled prints, 214-5.

encaustic paste, 214.

etching on glass, 233-4.

Photophones, 178-81.—- selenium cell, 179,

Photophones, transmitter, 130.

Pickles for brass, 13, 15.

Picks, tempering, 286-7.

Pigments for glass, 226-9.

Piltz furnace, 340-1.

Pin wire, 35.

Pinchbeck, 34.

Pipe, leaden, 360-1.

Pipe, tin-lined leaden, 361.

Plaster of Paris diaphragms for batteries, 77.

Plate pewter, 30.

Plates for microphones, 157.

platinizing, 80.

Platin, 16.

Platin-iridium alloy, 247.

Platinizing plates, 80.

Platinum, 402-4.

alloys, 31.

fusion, 402.

Heraus process, 403.

mallesible by wet way, 402.

properties, 404.—
purifying, 403-4.

uses, 404.

waste mother-liquors, utilizing, 401.

Pole-pieces of dynamos. 120-1.

Polishing enamelled dial-plates, 207.

steel, alloy for, 35.

Porcelain, glazing, 223-4.

Positive elements of batteries, 76.

Potash bichromate batleiies, 77-81.

prussiate tempering, 283.

Potassium, 404-6.

Potential galvanometer, 144.

Pottery, glazing, 221-4.

lustres, 221-2.

Pouring molten metal, 9-10.

Power, electric transmission, 165-6.

measurers, 144.

Practical units of electric measurement, Ul.

Precautions against fire in electric lighting,
133-40.

in usipg batteries, 104-5.

Press buttoft for electric bells, 92-3.

Pressure measurers, 144.

Preventing nuisance, 203-4, 243-4.

Primary coil for induction coils, 103.

intensity coil, HI.

Protecting b.ittery fittings, 104-5.

glass, 238-9.

Prussiate of potash tempering, 283.

Puddling iron, 250-1.

Putting together electric bell, 97, 104.

Qdantitt Meters, 144-6.

Quartation of gold, 241-5.

Queen's metal, 25.

Quenching iron, 273-4.

Railway Grease, 378-9.

Railways, electric, 167-70.

Rate of e.xpending electric energy, 141-2.

Reckenzaun's motor, 165.

Red gold, 25.

Reel for intensity coil, 110-1.

Refinery furnace, 250.

Registering instruments for electric measuring,
144-8.

Regulus martialis, 23.

Residues from batteries, 92.

Resinates, metallic, for colouring glass, 228-9.
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Resistance coils, 115-7.

measurers, 144.

of wires, 140.

Ketorting silver amalgam, 418-20.

Reverberatory furnaces, 8, 55, 57, 222, 415, 421,

422, 447, 449.

Rhodium, 406.

Rhus vernicifera lacquer, 306-28.

Ring gold, 25.

Rings for firing dial-plates, 206.

Rivets, alloys for, 34.

Road metal from slag, 429-30.

Rompel's antifriction alloy, 35.

Rose's alloy, 40.

Rossler's process for gold refining, 244.

Ross's carbon battery, 84.

Roswag process, lead, 349-50.

Roughening glass, 239.

Rozan process for desilverizing lead, 355-7.

Rubidium, 406-7.

Ruby glass, 226.

imitation, 230.

Ruhmkorffs commutator, 114-5.

Ruthenium, 407.

Salt Glaze, 222.

Sapphire, imitation, 230.

Saucepans, enamelling, 211.

Sauvage's jewelry alloy, 25.

Saws, tempering, 287.

Scrap tin, utilizing, 453.

Scoiification of copper, 62-3.

Sealing iron in stone, solder for, 32.

tops of carved goods, solder for, 32.

Secondary batteries, 181-9.

acid solutions fur, 188.

alkaline solutions for, 188.

amalgamated lead plates, 186.

application, 185.

changes in, 187-8.

charging, 186-8.

connections, 187.

containing vessels, 187.

coupling up, 188-9.
• electromotive force, 188.

energy returned from, 189.

forming cells, 183—t.

galvanometers for, 189.
• hastening formation of cell, ls6.

kind of lead for, 186-7.

lead, 182.

metallic solution for, 188.
• •

poles of, 182.

principles of, 181-2.

reducible plates, 183.

value of lead peroxide as electro-

negative, 184.
• coil of induction coil, 108-9.'

of intensity coil, 111-2.

Selenium, 407-3.

cell, 179.

Separately excited dynamos, 125.

Separating the elements of batteries, 76.

Series dynamos, K5.
and long shunt

, 127.

magneto , 126,

separate , 126.

shunt 127.

Shakdo alloy, 36.

Shakudo in Japanese bronze, 38.

Sheet brass, 15-6.

lead, 358-60.
Shin-chu alloy, 37.

Short circuiting in electric currents, 138,

Shot, 361-3.
Shunt dynamos, 125-6.

and magneto , 126.

separate , 126.

Sideraphthite, 39.

Siemens' electro-dynamometer, 142.

torsion galvanometer, 144.

watt-meter, 144.

Silicon, effect of on iron, 22.

Silver, 408-28.

.amalgam, 12.

amalgamation methods, 409-20.

antimonial, 423-5.

Augustin's process, 425.
• barrel process, 413-5.

chemistry of patio process, 410-2.

AVashoe process, 417-8.
chloride battery, 90-1.

chloridizing, 416-8.
Claudet's process, 425-6.

Cumenge's process, 426.

cupellation, 420-3.

English process,'420-2.
German method, 422-3.

effect of on iron, 21, 23.

cliquation, 423.

extraction, 409-28.
hot water process, 412-3.
Hunt and Pouglas process, 426-7.

imitation, 34.

Krulinke's process, 415.

melting, 420.

Mexican process, 409-12.

Nevada smelting process, 423-5
occurrence, 408-9.

ores, 408-9.

pan treatment, 417.

patio process, 409-12.

Percy and Patera's process, 42?.

properties, 428.

purification, 428.—
retorting amalgam, 418.

smelting antimonial ores, 423^-.— sodium-amalgam, 418.

solder, 32.

Stetefeldt furnace, 416-7.
stove process, 412.

•

sulphuric acid procesC; i'^l.

treating galenas, 423-5.

uses, 428.

Washoe process, 415-8.
wet methods, 425-8.

Ziervogel's process, 427-8.

Similor, 14, 35.

Single-stroke bell, 99.'

Skrivanow's battery, 90-1.

Slag, 428-43.

analyses. 431, 433, 434, 435, 43?.
artificial stone, 438-9.
bottle glass, 431.

bricks, 437-8.

casting-beds, 442.

castings, 430.

cement, 433-7.

character, 429.

for insulating, 440-1.
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Slag, manure, 441-2.

mortar, 437.

paving-blocks, 430-1.

phosphates from, 441-2.

production, 428-9.
• • road metal, 429^0.

sand, 432-3.

shingle, 431-2.
• wool, 439-40.

works, 442-3.

Small articles, alloy for, 40.

Smear glaze, 221.

Smee's battery, 01.

Sodium, 443-4.
aluminium chloride, 43-4.

amalgam, 12, 418.

tungstate,°455.
Soft alloys, 39-40.

solders, 32.

Softening lead, 353-4.

Solders, 31-2.

Speaking microphones, 151-3, 156-7.

Specular alloys, 32.

Spelter solder, 32.

Spiegeleisen, 380-3.

Splashed glass, 227.

Splitting iron, 276-8.

Sprague's current-meters, 145.

Spring plate, welding, 303.

Springs, tempering, 287.

Sprinkled glass, 227.

Spun glass, 239-10.
Stains for glass, transparent, 228.

Stamping brass, 13.

Statuary bronze, 17.

Statuettes, making bronze, 18-20.

Steam process for desilverizing lead, 356-7.

Steel, see Iron.

alloy for polishing, 35.—-
lacquers, 306.

solder for, 32.

Stereotype metal, 33-4, 35.

Sterro-metal, 42.

Stetefeldt furnace, 416-7.

Stoue, artificial, from slag, 438-9.

Stoppering glass bottles, 240.

Storage, electrical, 181-9.

applicationof secondary batteries, 185

changes in secondary battery, 187-8.
• charging batteries, 186.
• connections, 187.

containing vessels, 187.

coupling up batteries, 188-9.

economical use of battery, 184.
• electromotive force of battery, 183.

energy returned from secondary
battery, 189.

failure of negative plate, 182.

forming cells, 183.

hastening formation of cells, 136.

kind of lead for plates, 187.

lead batteries, 186-8.

peroxide the best electro-nega-
tive, 184.

poles defined, 182.

principles, 181-2.
reducible plates, 182-3.

Stone process for amalgamating silver, 412.

Stream tin, smelting, 450-2.

String telephone, 190.

Strontium, 444-5.

Sulphur, effect of on iron, 2-2.

Sulphuric acid for refining gold, 241-5.

process for extracting silver from

copper mattes, 427.

works, selenium from, 408.

Supersaturated fluid for bichromate batteries,

78-9.

Symons' carbon battery, 84.

Systems of electric bells, 93-6.

Table-coveks, enamelled, 202.

Tabona, 409.

Tangent galvanometer, 142-3.

Tantalum, 445.

Taps and dies, tempering, 288-9.

Tea-trays, japanning, 329-30.

Telephones, 189-201.
and bells, connecting, 98-9, 100-2.

augmenting sound, 196-7.

calls, 195-6.

cheap magnets, 197.
•

circuits, 197-9.

communication, 201.

forms, 190-201.

Gower's, 193-5.

Kennedy's, 190.

principles, 189-90.

string, 190.

switch, 199-201.

Thompson's, 190-3.
transmitter and switch, 199-201.

Tell-tale clock, 75.

Tell-tales for cisterns, 69-72.

Tellurium rendering copper brittle, 66.

Temperature, influence on tempering iron,
263-4.

Tempering axle arms, 282-3.

by potash prussiate, 283.

cutters, 283-5.

files, 285.

fluids, 263-4.

gravers, 285.

hammers, 285.

iron, 256-95.

defined, 268-71,
lathe mandrils, 285.

• miUbUls, 285-6.

mining picks, 286-7.
• saws, 287.

springs, 287.

taps and dies, 288-9.
tools generally, 289-95.

Temporary furnaces for iron, 251.

Terbium, 445.

Testing steels, 266-7.

Thallium, 445-6.
Thermo-electric piles, 91-2.

Thompson's motor, 165.

telephone, 190-3.

Thomson's current galvanometer, 14a--l.

mouse-mill dynamo, 137.

potential galvanometer, 144.

Thorium, 446.

Thurston's bronze of maximum strength, 17- 8.

Tides, utilizing, 172.

Time-signals, 72-5.

Tin, 446-53.

alloy with iron, 21, 24.

amalgam, 12.
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Tin, argentine, 452-3.

ejfect of on iron, 21.

foil for phonographs, 173, 176.

-—- japanninp, 330-1.

lined leaden pipe, 361.

liquation, 452.

ores, 446.

calcining, 446-8.

cleaning and sorting, 446.

smelting. 449-52.— stamping, 446.
-^— washing roasted, 448.

properties, 453.

refining, 452.

scrap, utilization, 453.

stream, smelting, 450-2.
.—— tossing, 452.

uses, 453.

utilization of scrap, 453.

Tinned-iron, solder for, 32.

Titauium, 453-4.

steel, 454.

Tobacco-pipes, glazing, 223.

Tombac, 34-5.

Tools for tapping lacquer trees, 308-9.

generally, tempering, 289-95.

Topaz, imitation, 230.

Torsion galvanometer, 144.

Toughening copper, 66-7.

Transmission of power, electric, 165-6.

Transparent enamelling of dial-plates, 210-1.

glass stains, 228.

Trembling electric bell, 97-8, 100.

Trifle pewter, 30.

Trouve's motor, 164.

supersaturated fluid fur bicliroUMte

batteries, 78-9.

Tubania, 25.

Tubes, copper, 67.

Tungsten, 454-5.

bronzes, 32-3.—- sodium tungstate, 4S5.

steel, 21, 22.

Turquoise, imitation, 229.

Type-metal, 33-4.

Units of Electrical Measurement, 140-1.

Uranium, 455-6.

Uranoso-uranic acid, 455-6.

Urquharl's bichromate battery, 79-81.

Buusen battery, 83.

Vanadium, 456-7.

from Creusot slags, 457.

hypovanadic phosphate, 457.

metavanadiate of ammonia, 457.

properties, 457.

Varley's current-meter, 146.

Vaucher's alloy, 41.

Venice black glass, 228.

Vert d'eau, 25.

Vibrating contact-breaker, 109-10, 113.

meter, 146.

Viscosity of oils, 364-5.

Vogel's alloy, 35.

Volt-meter, 144.

Waggon-grease, 378-9.

Wall-plates, enamelled-iron, 212.

Washoe silver process, 415-8.

Watch-dials, enamelling, 204-11.

oils, 376.

Water gilding, 11.

pipes, enamelling, 211.

power, utilizing, 172.

Watt-meter, 144.

Webster's aluminium, 44, 465.

bismuth bronze, 42.

Welding copper, 67-8.

Iron, 295-303.

cast, 303.
— conditions, 295-6.

flu.\es, 297-8.

heating, 296-7.

nature, 299-300.

recipes, 300-3.

selection, 298-9.

spring-plate, 303.

steel, 300-3.

Weldon on aluminium, 465-7.

Wet method of extracting copper, 63.

lead, 349-53.

silver, 425-8.

AVheatstone bridge, 116.

Whistles, alloys for, 34.

White alloy, 40.

bronze, 28.

gold, 25.

metals, 40-2.

Whitening grey pig iron, 250.

Wiesendanger's bichromate battery, 77-8.

Bunsen battery, 83.

Wires, fire risks from, 139, 140.

for electric bell circuits, 92, 104.

impure, increased resistance of, 140.

joining, 139, 140.

AV'ood, enamelling, 224-5.

japanning, 331-2.

lacquered on, 311.

Wood's alloy, 20.

Wool, mineral, from slag, 439-40.

Worcester lustre, 222.

"Work-meters, 146-8.

Writing on glass, 240.

Yellow Dipping Metal, 25.

Yttrium, 457.

Zaffre, 50.

Ziervogel's silver process, 427-8.

Zinc, 457-64.

amalgam, 12.

calcining, 458-9.

decorating, 464.

extraction, 458-63,— ores, 457-8.

plates, 76.

amalgamating, 76.

attachiBg, 76.

cleaning, 76.

curling into cylinders, 76.

cutting, 76.

process of desilverizing lead, 357-8.

production, 464.

properties, 463-4.

separating cadmium from, 48.

smelting, 459-63.

uses, 463-4.

Zirconium, 464.

Zogan work on Japanese bronzes, 38.
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SPONS' HOUSEHOLD MANUAL:
A Treasury of Domestic Eeceipts aud Guide for Home Management.

PRINCIPAL CONTENTS.
Hints for selecting' a g-OOd House, poimins out the essential requirements for

a good house as to the Site, Soil, Trees. Aspect. Construction, and General Arrangement ;

with instructions for Reducing Echoes, Waterproofing Damp Walls, Curing Damp Cellars.

Sanitation-—What should constitute a good Sanitary Arrangement : Examples (with

illustrations) of Well- and Ill-drained Houses ; How to Test Drains ; Ventilating Pipes, etc.

Water Supply—Care of Cisterns ; Sources of Supply ; Pipes ; Pumps ; Purification

and Filtration of Water.

"Ventilation and Warming' —INTethods of Ventilating without causing cold

draughts, by various means ; Principles of Warming ;
Health Questions : Combustion : Open

Grates ; Open Stoves ;
Fuel Eronomi-ers ; Varieties of Grates ; Close-Fire Stoves ; Hot-air

Furnaces ; Gas Heating ; Oil Stoves : Steam Heating; Chemical Heaters; Management of

Flues ; and Cure of Smoky Chimneys.

Lighting-.—The best methods of Lighting; Candles, Oil Lamps, Gas, Incandescent

Gas, Electric Light ; How to test Gas Pipes ; Management of Gas.

Furniture and Decoration.—Hints on the Selection of Furniture; on the most

approved methods of Modern ])ecoration
; on the best methods of arranging Bells and Calls;

How to Construct an Electric Bell.

Thie^^es and Fire.—Precautions against Thieves and Fire ; Methods of Detection ;

Domestic Fire f^scapes ; Fireproofing Clothes, etc.

The Larder.—Keeping Food fresh for a limited time ; Storing Food without change,
such as Fruits, Vegetables, Eggs, Honey, etc.

Curing- Foods for lengthened Preservation, as Smoking, Salting, Canning,

Potti.ig, Pickling, Bottling Fruits, etc. ; Jams, Jellies, Marmalade, etc.

The Dairy.—The Building and Fitting of Dairies in the most approved modern style ;

Butter-makiiig ; Cheesemaking and Curing.

The Cellar.—Building and Fitting; Cleaning Casks and Bottles ; Corks and Corking ;

Ai'rated Drinks; Syriipj for Drinks; Beers; Bitters; Cordials and Liqueurs; Wines;
Miscellaneous Drinks.

The Pantry-—Bread-m.-iking ; Ovens and Pyrometers ; Yeast ; German Yeast ;

Biscuits; Cakes; Fancy Breads; I'uns.

The Kitchen-—On Fitting Kitchens ; a description of the best Cooking Ranges, close

and open ; the Management and Care of Hot Plates, Baking Ovens, Dampers, Flues, and

Chimneys; Cooking by Gas; Cooking by Oil; the Arts of Roasting, Grilling, Boiling,

Stewing, Braising, Frying.

Receipts for Dishes —Soups, Fish, Meat, Game, Poultry, Vegetables, Salads,

Puddings, Pastry, Confectionery, Ices, etc., etc. ; Foreign Dishgs.

The Housewife's Room.—Testing Air, Water, and Foods ; Cleaning and Renovat-

ing ; Destroying Vermin.

Housekeeping-, Marketing.
The Dining-Room.—Dietetics ; Laying and Waiting at Table : Carving ; Dinners,

Breakfasts, Luncheons, Teas, Suppers, etc.

The Dra-wing-Room-—Etiquette; Dancing; Amateur Theatricals ; Tricks and
Illusions ; Games (indoor)-

The Bedroom and Dressing-Room ; Sleep; the Toilet ; Dress; Buying Clothes;
Outfits ; Fancy Dress.

The Nursery.—The Room ; Clothing; Washing; Exercise; Sleep; Feeding ; Teeth-

ing ; Illness ; Home Training.

The Sick-Room.—The Room ; the Vursc ; the P.ed ; Sick Room Accessories ; Feeding
Patients ; Invalid Dishes and Drinks ; Admini>tering Physic ; Domestic Remedies ; Accidents

and Emergencies ; Bandaging; lUirns; Carrying Injured Persons; Wounds ; Drowning ; Fits;

Frost-bites; Poisons and Antidotes; Sunstroke; Common Complaints; Disinfection, etc.
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The Bath.-B.OOni.—Bathing in General ; Management of Hot-Water System.

The liavindry-—Small Domestic Washing Machines, and methods of getting up linen ;

Fitting up and Working a Steam Laundry.

The School-Eoom.—The Room and its Fittings ; Teaching, etc.

The Playground.—Air and Exercise; Training ; Outdoor Games and Sports.

The Workroom.—Darning, Patching, and Mending Garments.

The Liihrary.—Care of Books.

The Garden.—Calendar of Operations for Lawn, Flower Garden, and Kitchen

Garden.

The Farmyard-—Management of the Horse, Cow, Pig, Poultry, Bees, etc., etc.

Small Motors-—A description of the various small Engines useful for domestic

purposes, from i man to i horse power, worked by various methods, such as Electric

Engines, Gas Engines, Petroleum Engines, Sceam Engines, Condensing Engines, Water
Power, Wind Power, and the various methods of working and managing them.

Hoiisehold Law.—The Law relating to Landlords and Tenants, Lodgers, Servants,
Parochial Authorities, Juries, Insurance, Nuisance, etc.

On Designing Belt Gearing. By E. J. Cowling
Welch, Mem. Inst. Mech. Engineers, Author of 'Designing Valve

Gearing.' Fcap. 8vo, sewed, 6d.

A Handbook of Formulce, Tables, and Memoj^anda,
for Architectural Surveyors and others engaged in Building. By J. T.

Hurst, C.E, Fourteenth edition, royal 32mo, roan, ^s.

"It is no disparagement to the many excellent publications we refer to, to say that in our

opinion this little pocket-book of Hurst's is the very best of them all, without any exception.
It would be useless to attempt a recapitulation of the contents, for it appears to contain almost

eiierythin_s: that anyone connected with building could require, and, best of all, made up in a

compact form for carrying in the pocket, measuring only 5 in. by 3 in., and about \ in. thick,

in a limp cover. We congratulate the author on the success of his laborious and practically

compiled little book, which has received unqualified and deserved praise from every profes-

sional person to whom we have shown it."— The Dublin Builder.

Tabidated Weights of Angle, Tee, Bulb, Round,
Square, and Flat Iron and Steel, and other information for the use of

Naval Aixhitects and Shipbuilders. By C. H. Jordan, M.I.N.A. Fourth

edition, 32mo, cloth, 2s. 6d.

A Complete Set of Contract Documentsfor a Country
Lodge, comprising Drawings, Specifications, Dimensions (for quantities),

Abstracts, Bill of Quantities, Form of Tender and Contract, with Notes

by J. Leaning, printed in facsimile of the original documents, on single

sheets fcap., in paper case, io,f.

A P7^actical Treatise on Heat, as applied to the

Useful Arts; for the Use of Engineers, Architects, &c. By Thomas
Box. With i^ plates. Third edition, crown 8vo, cloth, 12s. 6d.

A Descriptive Treatise on Mathematical Drawing
Instruments : their construction, uses, qualities, selection, preservation,
and suggestions for improvements, with hints upon Drawing and Colour-

ing. By W. F. Stanley, M.R.I. Fifth edition, zuith numerous illustrations,

crown 8vo, cloth, 5^-.
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Quantity Siii'veying. By J. Leaning. With 42 illus-

trations. Second edition, revised, crown 8vo, cloth, gj-.

Contents :

A complete Explanation of the London
[

Schedule of Prices.

Practice. Form of Schedule of Prices.

General Instructions. Analysis of Schedule of Prices.

Order of Taking Off. I Adjustment of Accounts.
IModesof Measurement of the various Trades. Form of a Bill of Variations.

Use and Waste. Remarks on Specifications.
Ventilation and Warming. ' Prices and Valuation of Work, with

Credits, with various Examples ofTreatment. I Examples and Remarks upon each Trade.
Abbreviations. The Law as it affects Quantity Surveyors,
Squaring the Dimensions.

Abstracting, with Examples in illustration of

each Trade.

Billing.

Examples of Preambles to each Trade.
Form for a Bill of Quantities.

Do. Bill of Credits.

with Law Reports.
Taking Off after the Old Method.
Northern Practice.

The General Statement of the Methods
recommended by the Manchester Society
of Architects for taking Quantities.

Examples of Collections.

Do. Bill for Alternative Estimate. Examples of
"
Taking Off" in each Trade.

Restorations and Repairs, and Form of Bill. I Remarks on the Past and Present Methods
Variations before Acceptance of Tender. of Estimating.
Errors in a Builder's Estimate.

Spoils Architects and Bnilders Pocket-Book ofPrices
and Me»toranda. Edited by W. Young, Architect. Crown 8vo, cloth.

Published annually. Fifteenth edition. No'm ready.

Long-Span Railway Bridges, comprising Investiga-
tions of the Comparative Theoretical and Practical Advantages of the

various adopted or proposed Type Systems of Construction, with numerous
Formulce and Tables giving the weight of Iron or Steel required in

Bridges from 300 feet to the limiting Spans ;
to which are added similar

Investigations and Tables relating to Short-span Railway Bridges. Second
and revised edition. By B. B.\ker, Assoc. Inst. C.E. Plates, crown 8vo,

cloth, 5^.

Elementary Theory and Calcnlation of Iron Bridges
and Roofs. By August Ritter, Ph.D., Professor at the Polytechnic
School at Aix-la-Cliapelle. Translated from the third German edition,

by H. R. Sankey, Capt. R.E. With 500 illustrations, 8vo, cloth, 15^.

The Elementary Principles of Carpentry. By
Thomas Tredgold. Revised from the original edition, and partly
re-written, by John Thomas Hurst. Contained in 517 pages of letter-

press, and illustrated with 48 plates and 150 wood engravings. Sixth

edition, reprinted from the third, crown 8vo, cloth, 12^. 6(/.

Section I. On the Equality and Distribution of Forces— Section II. Resistance of
Timber— Section III. Construction of Floors— Section IV. Construction of Roofs— Sec-
tion V. Construction of Domes and Cupolas— Section VI. Construction of Partitions—
Section VII. Scaffolds, Staging, and Gantries—Section VIII. Construction of Centres for

Bridees—Section IX. Coffer-dams, Shoring, and Strutting
—Section X. Wooden Bridges

and Viaducts—Section XI. Joints, Straps, and other Fastenings—Section XII. Timber.
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The Builders Clerk : a Guide to the Management
of a Builder's Business. By Thomas Bales. Fcap. 8vo, cloth, is. 6J.

Our Factories, Workshops, and Warehouses: their

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaite, Assoc.

Mem. Inst. C.E. With 183 wood engf-aviiigs, crown 8vo, cloth, gj.

Gold : Its Occurrence and Extraction, embracing the

Geographical and Geological Distribution and the Mineralogical Charac-

ters of Gold-bearing rocks ; the peculiar features and modes of working
Shallow Placers, Rivers, and Deep Leads ; Hydraulicing ;

the Reduction

and Separation of Auriferous Quartz ; the treatment of complex Auriferous

ores containing other metals ;
a Bibliography of the subject and a Glossary

of Technical and Foreign Terms. By Alfred G. Lock, F.R.G.S. Witk

numerous illustrations and maps, 1250 pp., super-royal 8vo, cloth,

2/. \2s, 6d.

Iron Roofs : Examples of Design, Description. lilus

traiedwith 64 IVorking Drawings of Executed Roofs. By Arthur T.

Walmisley, Assoc. Mem. Inst. C.E. Second edition, revised, imp. 4to,

half-morocco, 3/. 3^.

A History of Electric Telegraphy, to the Year 1837.
Chiefly compiled from Original Sources, and hitherto Unpublished Docu-

ments, by J. J. Fahie, Mem. Soc. of Tel. Engineers, and of the Inter-

national Society of Electricians, Paris. Crown 8vo, cloth, gs.

Spons' Information for Colonial Engineers. Edited

by J. T. Hurst. Demy 8vo, sewed.

No. I, Ceylon. By Abraham Deane, C.E. 2s. 6d.

Contents :

Introductory Remarks— Natural Productious— Architecture and Engineering— Topo-

graphy, Trade, and Natural History—Principal Stations—Weights and Measures, etc., etc.

No. 2. Southern Africa, including the Cape Colony, Natal, and the

Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.L With

Map. 3^-. 6d.

Contents:

General Description of South Africa—Physical Geography with reference to Engineering

Operations—Notes on Labour and Material in Cape Colony—Geological Notes on Rock
Formation in South Africa—Engineering Instruments for Use in South Africa—Principal

Public Works in Cape Colony: Railways, Mountain Roads and Passes, Harbour Works,

Bridges, Gas Works, Irrigation and Water Supply, Lighthouses, Drainage and Sanitary

Engineering, Public Buildings, Mines—Table of Woods in South Africa—Animals used for

Draught Purposes—Statistical Notes—Table of Distances—Rates of Carriage, etc.

No. 3. India. By F. C. Danvers, Assoc. Inst. C.E. With Map. 4^. 6d

Contents:

Physical Geography of India—Building Materials—Roads—Railways—Bridges—Irriga-

tion— River Works- Harbours— Lighthouse Buildings— Native Labour— The Principal
Trees of India—Money—Weights and Measures—Glossary of Indian Terms, etc.
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A Practical Treatise on Coal Mining. By George
G. Andre, F.G.S., Assoc. Inst. C.E., Member of the Society of Engineers.
IVilh 82 lithographic plates. 2 vols., royal 4to, cloth, 3/. \2s.

A Practical Treatise on Casting and Fonnding,
including descriptions of the modern machinery employed in the art. By
N. E. Spretson, Engineer. Third edition, with 82 plates drawn to

scale, 412 pp., demy 8vo, cloth, iSj.

The Depreciation of Factories and their Valnation.
By EwiNG Matheson, M. Inst. C.E. 8vo, cloth, 6j-.

A Handbook ofElectrical Testing. By H. R. Kempe,
M.S.T.E. Fourth edition, revised and enlarged, crown 8vo, cloth, 16^.

Gas Works : their Arrangement, Construction, Plant,
and Machinery. By F. Colyer, M. Inst. C.E. IFith

t,\ foldingplates,

8vo, cloth, 24jr.

The Clerk of Works: a Vade-Mecum for all engaged
in the Superintendence of Building Operations. By G. G. HosKiNS,
F.R.I.B.A. Third edition, fcap. 8vo, cloth, \s. bd.

American Foundry Practice: Treating of Loam,
Dry Sand, and Green Sand Moulding, and containing a Practical Treatise

upon the Management of Cupolas, and the Melting of Iron. By T. D.

West, Practical Iron Moulder and Foundry Foreman. Second edition,

with nttmerous illustrations, crown 8vo, cloth, ioj'. 6d.

The Maintenance of Alacadamised Roads. By T.
Codrington, M.I.C.E, F.G.S., General Superintendent of County Roads
for South Wales. Svo, cloth, 6j.

Hydraulic Steam and Hand Power Lifting and
Pressing Machinery. By Frederick Colyer, M. Inst. C.E., M. Inst. M.E.
With "Ji plates, Svo, cloth, i8j.

Pnmps and Primping Machinery. By F. Colyer,
M.I.C.E., M.I.M.E. With z-i, folding plates, 8vo, cloth, 12s. 6d.

Pumps and Primping Machinery. By F. Colyer.
Second Part. JVitk 11 large plates, Svo, cloth, \2s. 6d.

A Treatise on the Origin, Progress, Prevention, and
Ctcre of Dry Rot in Titnher; with Remarks on the Means of Preserving
Wood from Destruction by Sea-Worms, Beetles, Ants, etc. By Thomas
Allen Britton, late Surveyor to the Metropolitan Board of Works,
etc., etc. With 10 plates, crown Svo, cloth, 7^. bd.



PUBLISHED BY E. & F. N. SPON.

The Municipal and Sanitaiy Engineer s Handbook.
By H. Percy Boulnois, Mem. Inst. C.E., Borough Engineer, Ports-

mouth. With numerous illustrations, demy 8vo, cloth, \2s. 6d,

Contents :

The Appointment and Duties of the Town Surveyor—Traffic—Macadamised Roadways-
Steam Rolling—Road Metal and Breaking—Pitched Pavements—Asphalte—Wood Pavements
—Footpaths—Kerbs and Gutters—Street Naming and Numbering— Street Lighting—Sewer-

age—Ventilation of Sewers—Disposal of Sewage—House Drainage—Disinfection—Gas and

Water Companies, etc.. Breaking up Streets—Improvement of Private Streets—Borrowing
Powers—Artizans' and Labourers' Dwellings—Public Conveniences—Scavenging, including

Street Cleansing—Watering and the Removing of Snow— Planting Street Trees—Deposit ot

Plans—Dangerous Buildings—Hoardings—Obstructions—Improving Street Lines—Cellar

Openings— Public Pleasure Grounds—Cemeteries—Mortuaries—Cattle and Ordinary Markets
—Public Slaughter-houses, etc.—Giving numerous Forms of Notices, Specifications, and

General Information upon these an* other subjects of great importance to Municipal Engi-

neers and others engaged in Sanitary Work.

Metrical Tables. By G. L. Molesworth, M.I.C.E.
32mo, cloth, is. 6d.

Contents.
General—Linear Measures—Square Measures—Cubic Measures—Measures of Capacity-

Weights—Combinations—Thermometers.

Elements of Construction for Electro-Magnets. By
Count Th. Du Moncel, Mem. de I'lnstitut de France. Translated from

the French by C. J. Wharton. Crown 8vo, cloth, ^r. 6^/.

Practical Electrical Units Popularly Explained, with
numerous illustrations and Remarks. By James Swinburne, late of

J. W. Swan and Co., Paris, late of Brush-Swan Electric Light Company,
U.S.A. i8mo, cloth, is. ()d.

A Treatise 07i the Use of Beltingfor the Transmis-
sion of Power. By J. H. Cooper. Second edition, illustrated, 8vo,

cloth, 15J.

A Pocket-Book of Useful Formulce and Memoranda
for Civil attd Mechanical Engineers. By Guilford L. Molesworth,
Mem, Inst. C.E., Consulting Engineer to the Government of India for

State Railways. With numerous illustrations, I^A PP-
'

Twenty-first

edition, revised and enlarged, 32mo, roan, bs.

Synopsis of Contents:
Surveying, Levelling, etc.—Strength and Weight of Materials—Earthwork, Brickwork,

Masonry, Arches, etc.—Struts, Columns, Beams, and Trusses—B'looring, Roofing, and Roof
Trusses—Girders, Bridges, etc.—Railways and Roads—Hydraulic Formulae—Canals. Sewers,

Waterworks, Docks— Irrigation and Breakwaters—Gas, Ventilation, and Warming—Heat,
Light, Colour, and Sound—Gravity : Centres, Forces, and Powers—Millwork, Teeth of

Wheels, Shafting, etc.—Workshop Recipes—Sundry Machinery—Animal Power—Ste.ani and

the Steam Engine—Water-power, Water-wheels, Turbines, etc.—Wind and Windmills—
Steam Navigation, Ship Building, Tonnage, etc.—Gunnery, Projectiles, etc.—Weights,

Measures, and Money—Trigonometry, Conic Sections, and Curves—Telegraphy— Mensura-
tion—Tables of Areas and Circumference, and Arcs of Circles—Logarithms, Square and

Cube Roots, Powers—Reciprocals, etc.—Useful Numbers—Differential and Integral Calcu-

lus—Algebraic Signs—Telegraphic Construction and Formulae.
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Hints on ArchitectiLralDj^anghtsmanship. By G. W.
TUXFORD Hallatt, Fcap. 8vo, cloth, is. 6d.

Spons Tables and Afemoranda for Engineers;
selected and arranged by J. T. Hurst, C.E., Author of 'Architectural

Surveyors' Handbook,'
' Hurst's Tredgold's Carpentry,' etc. Kinth

edition, 64mo, roan, gilt edges, \s. ; or in cloth case, \s. dd.
This work is printed in a pearl type, and is so small, measuring only 2^ in. by i| in. by

i in. thick, that it may be easily carried in the waistcoat pocket.
"

It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume

measuring but 2^ in. by if in., yet these dimensions faithfully represent the size of the handy
little book before us. The volume—which contains ii8 printed pages, besides a few blank

pages for memoranda—is, in fact, a true pocket-book, adapted for being carried in the waist-

coat pocket, and containing a far greater amount and variety of information than most people
would imagine could be compressed into so small a space The little volume has been

compiled with considerable care and judgment, and we can cordially recommend it to our
readers as a useful little pocket companion."—Engineering.

A Practical Ti^eatise on NatiLral and Artificial
Concrete, its Varieties and Constructive Adaptations. By Henry Reid,
Author of the

' Science and Art of the Manufacture of Portland Cement.'
New Edition, with 59 woodcuts and

'•y plates, 8vo, cloth, 15^.

Notes on Concrete and Works in Concrete; especially
written to assist those engaged upon Public Works. By John Newm.vn,
Assoc. Mem. Inst. C.E., crown 8vo, cloth, 4^-. 6^/.

Electricity as a Motive Power. By Count Th. Du
MoNCEL, Membre de I'lnstitut de France, and Frank Geraldy, Inge-
nieur des Pontset Chaussees. Trnnslated and Edited, with Additions, by
C. J. Wharton, Assoc. Soc. Tel. Eng. and Elec. With, 113 engravings
and diagrams, crown 8vo, cloth, Is. 6d.

Treatise on Valve-Gears, with special consideration
of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner,
Professor of Applied Mechanics at the Confederated Polytechnikum of

Zurich. Translated from the Fourth German Edition, by Professor J. F.

Klein, Lehigh University, Bethlehem, Pa. Illnstratcd, 8vo, cloth, \2s. 6d.

The French- Polisher s Manual. By a French-
Polisher; containing Timber Staining, Washing, Matching, Improving,
Painting, Imitations, Directions for Staining, Sizing, Embodying,
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re-

polishing. Third edition, royal 32mo, sewed, 6d.

Hops, their Cultivation, Commerce, and Uses in
various Countries. By P. L. SiMMONDS. Crown 8vo, cloth, 4r. dd.

The Principles of Graphic Statics. By George
Sydenham Clarke, Capt. Royal Engineers. With 112 illustratiofts.

4to, cloth, 12s. 6d.
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Dynamo-Electric Machinery : A Manual for Students
of Electro-technics. By Silvanus P. Thompson, B.A., D.Sc, Professor

of Experimental Physics in University College, Bristol, etc., etc. Second

edition, illustrated, 8vo, cloth, \2s. (3d,

Practical Geometry^ Perspective, and Engineering
Draiving; a Course of Descriptive Geometry adapted to the Require-
ments of the Engineering Draughtsman, including the determination of

cast shadows and Isometric Projection, each chapter being followed by
numerous examples ;

to which are added rules for Shading, Shade-lining,
etc., together with practical instructions as to the Lining, Colouring,
Printing, and general treatment of Engineering Drawings, with a chapter
on drawing Instruments. By George S. Clarke, Capt. R.E. Second
edition, zoith 2\ plates. 2 vols., cloth, loj. bd.

The Elements of Graphic Statics. By Professor
Karl Von Ott, translated from the German by G. S. Clarke, Capt.
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering
College. With 93 illustrations, crown 8vo, cloth, 5j.

A Practical Treatise on the Mamtfacture and Distri-
bution of Coal Gas. By William Richards. Demy 4to, with nu7nerous
wood engravings and 29 plates, cloth, iZs.

Synopsis of Contents :

Introduction— History of Gas Lighting— Chemistry of Gas Manufacture, by Lewis
Thompson, Esq., M.R.C.S.—Coal, with Analyses, by J. Paterson, Lewis Thompson, and
G. R. Hislop, Esqrs.—Retorts, Iron and Clay—Retort Setting

—Hydraulic Main—Con-
densers— Exhausters— Washers and Scrubbers— Purifiers— Purification— History of Gas
Holder— Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular
Wrought-iron— Specifications

— Gas Holders— Station Meter— Governor— Distribution—
Mains—Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq.—
Services—Consum.ers' Meters—Regulators—Burners—Fittings

—Photometer—Carburization
of Gas—Air Gas and Water Gas—Composition of Coal Gas, by Lewis Thompson, Esq.—
Analyses of Gas—Influence of Atmospheric Pressure and Temperature on Gas—Residual
Products—Appendix—Description of Retort Settings, Buildings, etc., etc.

The New Formula for Mean Velocity of Discharge
of Rivers and Canals. By W. R. KuTTER. Translated from articles in

the
*

Cultur-Ingenieur,' by Lowis D'A. Jackson, Assoc. Inst. C.E.

8vo, cloth, 1 2.5-. dd.

The Practical Millwright and Engineers Ready
Reckoner; or Tables for finding the diameter and power of cog-wheels,
diameter, weight, and power of shafts, diameter and strength of bolts, etc.

By Thomas Dixon. Fourth edition, i2mo, cloth, 3^-.

Tin: Descrlblnof the Chief Methods of Minino-.
Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and
Wolfram. By Arthur G. Charleton, Mem. American Inst, of

Mining Engineers. IVith plates, 8vo, cloth, 1 2s. 6a'.
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Perspective^ Explained and Illtistrated. By G. S.
Clarke, Capt. R.E. With illustrations, 8vo, cloth, 3^'.

dd.

Practical Hydraulics ; a Series of Rules and Tables
for the use of Engineers, etc., etc. By Thomas Box. Fifth edition,
numerous plates, post 8vo, cloth, 5^.

The Essential Elements of Practical Mechanics ;

based on the Principle of Work, designed for Engineering Students. By
Oliver Byrne, formerly Professor of Mathematics, College for Civil

Engineers. Third edition, lidth 148 zuood engravings, post 8vo, cloth,

Is. 6d.

Contents :

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit
of Time—Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces

one of the most beautiful Laws of Motion—Chap. J. The principles expounded in the first and
second chapters are applied to the Motion of Bodies—Chap. 4. The Transmission of Work by
simple Machines—Chap. 5. Useful Propositions and Rules.

Breweries and Mailings : their Arrangement, Con-
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second

edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E.,
M.I.M.E. ]Vith 20 plates, 8vo, cloth, i8j.

A Practical Treatise on the Construction of Hori-
zontal and Vertical Waicrwheels, specially designed for the use of opera-
tive mechanics. By William CuLLEN, Millwright and Engineer. With

II plates. Second edition, revised and enlarged, small 4to, cloth, lis, 6d.

A Practical Treatise on Mill-gearing, Wheels, Shafts,
Riggers, etc. ; for the use of Engineers. By TiIOMAS Box. Third

edition, 7mth 11 plates. Crown 8vo, cloth, "js. 6d.

Alining Machinery: a Descriptive Treatise on the
Machinery, Tools, and other Appliances used in Mining. By G. G.

Andre, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers.

Royal 4to, uniform with the Author's Treatise on Coal Mining, con-

taining 182 plates, accurately drawn to scale, with descriptive text, in

2 vols., cloth, 3/. \2s.

Contents :

Machinery for Prospecting, Excavating, Hauling, and Hoisting
—Ventilation—Pumping—

Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron

Coal, Sulphur, China Clay, Brick Earth, etc.

Tables for Setting out Curves for Railways, Canals,
Roads, etc., varying from a radius of five chains to three miles. By A.

Kennedy and R. \V. Hackwood. Illustrated, 32mo, cloth, 2s. 6d.
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The Science and Art of the Mamtfacture of Portland

Cement, with observations on some of its constructive
^PP^/'^^ltions .^^^

66 Ulustrations. By Henry Reid, C.E., Author of A Piactical

Treatise on Concrete,' etc., etc. 8vo, cloth, ibj.

The Drauo-htsmans Handbook of Plan and Map
Drawing; including instructions for the preparation of Engineering

Architectural, and Mechanical Drawings. Wttk numerous
f^straimts

in the text, and 33 plates (15 printed in colours). By G. Cx. ANDRE,

F.G.S., Assoc. Inst. C.E. 4to, cloth, gj.

Contents :

The Drawing Office and its Furnishings-Geometrical
J^^^'^^^p Vne^S«les-p1oS

iS-SfnTe^^^^^^^^^^
Drawing-Copying and Reducing Trigonometrical Formula:, etc., etc.

Th'' Boiler-makers andiron Ship-builders Companion,
comprising a series of original and carefully calculated tables, of the

utmost utility to persons interested in the iron trades. By James Foden,

author of ' Mechanical Tables,' etc. Second edition revised, -with tllustra-

iions, crown 8vo, cloth, 5^.

Rock Blasting: a Practical Treatise on the means

employed in Blasting Rocks for Industrial Purposes. By G. G. Andre,

F.G.S., Assoc. Inst. C.E. With 56 illustrations and \z plates, 8vo, cloth,

lOi-. 6(/.

Paintino- and Painters Mamial: a Book of Facts

for Paitters and those who Use or Deal in Paint Materials. By C. L.

CONDIT and J. Scheller. Illustrated, Svo, cloth, \os. bd.

A Treatise on Ropemaking as practised in p^iblic and

private Rope-yards, with a Description of the Manufacture, Rules, Tables

of Weights, etc., adapted to the Trade, Shipping, Mining, Railways
•

Builders, etc. By R. Chapman, formerly foreman to Messrs Huddart

and Co.! Limehouse, and late Master Ropemaker to H.M. Dockyard,

Deptford. Second edition, i2mo, cloth, y.

Laxtous Btnlders and Contractors Tables ; for the

use of Engineers, Architects, Surveyors, Builders, Land Agents, and

others. Bricklayer, containing 22 tables, with nearly 30,000 calculations.

4to, cloth, 5^.

Laxtons Builders and Contractors Tables. Ex-

cavator, Earth, Land, Water, and Gas, containing S3 tables, with nearly

24,000 calculations. 4to, cloth, Sj.^' B 4
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Sanitary Engineering: a Guide to the Construction
of Works of Sewerage and House Drainage, with Tables for facilitating
tlie calculations of the Engineer. By Baldwin Latham, C.E., M. Inst.

C.E., F.G.S., F.M.S., Past-President of the Society of Itngineers. Second

edition, with numerous plates and li'oodciits, Svo, cloth, l/. \os,

Screiv Cutting Tablesfor Engineers and Machinists,
giving the values of the different trains of Wheels required to produce
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S.,
etc. Cloth, oblong, 2s.

Screw Cutting Tables, for the use of Mechanical
Engineers, showing the proper arrangement of Wheels for cutting the

Threads of Screws of any required pitch, with a Table for making the

Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer.
Second edition, oblong, cloth, \s., or sewed, bd.

A Treatise on a Practical MctJiod of Designing Slide-
Valve Gears by Simple Geometrical Constructio/i, based upon the principles
enunciated in Euclid's Elements, and comprising the various forms of
Plain Slide-Valve and Expansion Gearing ; together with Stephenson's,
Gooch's, and Allan's Link-Motions, as applied either to reversing or to

variable expansion combinations. By Edward J. Cowling Welch,
Memb. Inst. Mechanical Engineers. Crown Svo, cloth, 6s.

Cleaning and Scouring : a Manual for Dyers, Laun-
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d.

A Glossary of Terms used in Coal Mining. By
William Stukeley Gresley, Assoc. Mem. Inst. C.E., F.G.S., Member
of the North of England Institute of Mining Engineers. Illustrated with
ftmnerous woodcuts and diagra?ns, crown Svo, cloth, 5^.

A Pocket-Book for Boiler Makers and Steam Users,
comprising a variety of useful information for Employer and Workman,
Government Inspectors, Board of Trade Surveyors, Engineers in charge
of Works and Slips, Foremen of Manufactories, and the general Steam-

using Public. By Maurice John Sexton. Second edition, royal

32mo, roan, gilt edges, 5j.

Electrolysis: a Practical Treatise on Nickeling,
Coppering, Gilding, Silvering, the Refining of Metals, and the treatment
of Ores by means of Electricity. By HiPPOLYTE Fontaine, translated

from the French by J. A. Berly, C.E., Assoc. S.T.E. With engravings.
Svo, cloth, Qj.
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Barlow s Tables of Squares, Cubes, Square Roots,
Cube Roots, Reciprocals of all Integer Numbers tip to 10,000. Post 8vo,

cloth, (>s.

A Practical Treatise on the Steam Engine, con-

taining Plans and Arrangements of Details for Fixed Steam Engines,
with Essays on the Principles involved in Design and Construction. By
Arthur Rigg, Engineer, Member of the Society of Engineers and of

the Royal Institution of Great Britain. Demy 4to, copiously illustrated

with ivoodcuts and ^6 plates, in one Volume, half-bound morocco, 2/. 2s.;

or cheaper edition, cloth, 25^.

This work is not, in any sense, an elementary treatise, or history of the steam engine, but

is intended to describe examples of Fixed Steam Engines without entering into the wide

domain of locomotive or marine practice. To this end illustrations will be given of the most
recent arrangements of fJorizontal, Vertical, Beam, Pumping, Winding, Portable, Semi-

portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in

Great Britain and America. The laws relating to the action and precautions to be observed

in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting-

rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium

Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found

articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator,

Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw

illustrations from every possible source, and give only those rules that present practice deems
correct.

A Practical Treatise on the Science of Land and
Engineering Surveying, Levelling, Estimatittg Quantities, etc., with a

general description of the several Instruments required for Surveying,

Levelling, Plotting, etc. By H. S. Merrett. Fourth edition, revised

by G. W. UsiLL, Assoc. Mem. Inst. C.E. 41 plates, with illustrations

and tables, royal 8vo, cloth, 12s. 6d.

Principal Contents :

Part 1. Introduction and the Principles of Geometry. Part 2. Land Surveying ; com-

prising General Observations—The Chain—Offsets Surveying by the Cham only—Surveying

Hilly Ground—To Survey an Estate or Parish by the Chain only—Surveymg_ with the

Theodolite—Mining and Town Surveying—Railroad Surveying—Mapping—Division and

Laying out of Land—Observations on Enclosures—Plane Trigonometry. Part 3. Levelling—

Simple and Compound Levelling—The Level Book—Parliamentary Plan and Section-

Levelling with a Theodolite—Gradients—Wooden Curves—To Layout a Railway Curve-

Setting out Widths. Part 4. Calculating Quantities generally for Estimates—Cuttings and

Embankments—Tunnels—Brickwork—Ironwork—Timber Measuring. Part 5. Description

and Use of Instruments in Surveying and Plotting—The Improved Dumpy Level—Troughton s

Level— The Prismatic Compass— Proportional Compass— Box Sextant—Vernier--Panta-

graph—Merrett's Improved Quadrant—Improved Computation Scale—The Diagonal Scale-

Straight Edge and Sector. Part 6. Logarithms of Numbers— Logarithmic Sines and

Co-Sines, Tangents and Co-Tangents—Natural Sines and Co-Sines—Tables for Earthwork,

for Setting out Curves, and for various Calculatioris, etc., etc., etc.

Health and Comfort in House Building, or Ventila-

tion tuitk Warm Air by Self-Actitig Suction Power, with Review of the

mode of Calculating the Draught in Hot-Air Flues, and with some actual

Experiments, By J. Drysdale, M.D., and J. W. Hayward, M.D.

Second edition, with Supplement, with plates, demy 8vo, cloth, ']s. 6d.
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The Assayers Manual: an Abridged Treatise on
the Docimastic Examination of Ores and Furnace and other Artificial

Products. By Bruno Kerl. Translated by W. T. Brannt. With 65

ilhcstrations, 8vo, cloth, 12s, 6d,

Electricity: its Theory, Sources, and Applications.
By J. T, Sprague, M.S.T.E. Second edition, revised and enlarged, with

numerous illustrations, crown 8vo, cloth, 15^.

The Practice ofHand Turning in Wood, Ivory, Shell,

etc., with Instructions for Turning such Work in Metal as may be required

in the Practice of Turning in Wood, Ivory, etc. ;
also an Appendix on

Ornamental Turning. (A book for beginners.) By Francis Campin.

Third edition, with wood engravings, crown 8vo, cloth, 6^.

Contents :

On Lathes—Turning Tools—Turning Wood—Drilling—Screw Cutting—Miscellaneous

Apparatus and Processes—Turning Particular Forms—Staining—Polishing
—Spinning Metals

—Materials—Ornamental Turning, etc.

Treatise on Watchivork, Past and Present. By the
Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations, crown

8vo, cloth, 6^. 6d.

Contents :

Definitions of Words and Terms used in Watchwork—Tools—Time—Historical Sum-

mary—On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes,

Trains, etc.—Of Dial Wheels, or Motion Work—Length of Time of Going without Winding

„p—The Verge—The Horizontal—The Duplex—The Lever—The Chronometer—Repeating
Watches— Keyless Watches—The Pendulum, or Spiral Spring—Compensation—Jewelling of

Pivot Holes—Clerkenwell—Fallacies of the Trade—Incapacity of Workmen—How to Choose

and Use a Watch, etc.

Algebra Self-Ta^ight. By W. P. Higgs, M.A.,
'd.Sc, LL.D., Assoc, Inst. C.E., Author of ' A Handbook of the Differ-

ential Calculus,' etc. Second edition, crown 8vo, cloth, 2s. 6d.

Contents :

Symbols and the Signs of Operation—The Equation and the Unknown Quantity-
Positive and Negative Quantities— Multiplication

— Involution—Exponents—Negative Expo-
nents—Roots, and the Use of Exponents as Logarithms—Logarithms—Tables of Logarithms
and Proportionate Parts— Transformation of System of Logarithms— Common Uses of

Common Logarithms—Compound Multiplication and the Binomial Theorem—Division,

Fractions, and Ratio—Continued Proportion—The Series and the Summation of the Series—
Limit of Series—Square and Cube Roots—Equations—List of Formula, etc.

Sp07is Dictionary of Engineering, Civil, Mechanical,
Military, and Naval; with technical terms in French, German, Italian,

and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vo,

in 8 divisions, 5/. %s. Complete in 3 vols., cloth, 5/. 5^. Bound in a

superior manner, half-morocco, top edge gilt, 3 vols., 6/. \2s.
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Notes in Mechanical Engineering. Compiled prin-

cipally for the use of the Students attending the Classes on this subject at

the City of London College. By Henry Adams, Mem. Inst. M.L.,

Mem. Inst. C.E., Mem. Soc. of Engineers. Crown 8vo, cloth, 2s. bd.

Canoe and Boat Bmlding: a complete Manual for

Amateurs, containing plain and comprehensive directions for the con-

struction of Canoes, Rowing and Sailing Boats, and Hunting Cratt.

By W. P. Stephens. With numcroics ilhistrations and 24 plates of

Working Drawings. Crown 8vo, cloth, "Js. 6d.

Proceedings ofthe National Conference ofElectricians,

Philadelphia, October 8th to 13th, 1884. iSmo, cloth, 3^.

Dynamo -
Electricity, its Generation, Application,

Transmission, Storage, and Measurement. By G. B. Prescott. With

545 illustrations. 8vo, cloth, \l. is.

Domestic Electricity for Amateurs. Translated from

the French of E. Hospitalier, Editor of
"
L'Electricien," by C. J.

Wharton, Assoc. Soc. Tel. Eng. Numerous illustrations. Demy 8vo,

cloth, Qj-.

Contents :

I Production of the Electric Current-2. Electric Bells-3. Automatic AIarms-4. P°n}estic

Telephones-s. Electric Clocks-6. Electric Lighters-7. ^Domestic Electric
Lif^''"^-

8 Domestic Application of the Electric Light-g- Electric Motors-io. Electrical Locomo-

Ln-ii Elearotyping, Plating, and Gilding-12. Electric Recreations-13. Vanous appli-

cations—Workshop of the Electrician.

Wrinkles in Electric Lighting. ByVincent Stephen.

With illustrations. i8mo, cloth, 2s. 6d.

Contents :

I The Electric Current and its production by Chemical means-2. Production of Electric

Currents by Mechanical means-3. Dynamo-Electric Machmes-4. Electric Lamps-

5. Lead-6. Ship Lighting.

The Practical Flax Spinner ; being a Description of

the Growth, Manipulation, and Spinning of Flax and Tow. By Leslie

C. Marshall, of Belfast. With illustrations. 8vo, cloth, 15^-.

Foundations and Foundation Walls for all classes of
Buildings, Pile Driving, Building Stones and Bricks, Pier and Wall

construction, Mortars, Limes, Cements, Concretes, Stuccos, &c. 64 illus-

trations. By G. T. Powell and F. Bauman. 8vo, cloth, \os. bd.
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Manualfor Gas Engineering Stndents. By D. Lee.
l8mo, cloth \s,

Hydranlic Machinery, Past and Present. A Lecture
delivered to the London and Suburban Railway Officials' Association,

By H. Adams, Mem, Inst. C.E, Folding plate, 8vo, sewed, \s.

Twenty Years zuith the Indicator. By Thomas Pray,
Jun., C.E., M.E., Member of the American Society of Civil Engineers,
2 vols., royal 8vo, cloth, \2s. 6d.

Anmial Statistical Report of the Secretary to the
Members ofthe Iron and Steel Association on the Home and Foreign Iron
and Steel Industries in 1884, Issued March 1885. 8vo, sewed, 5^,

Bad Drains.^ and How to Test thcni
; with Notes on

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin
and Transmission of Zymotic Disease, By R. Harris Reeves. Crown
8vo, cloth, 3^, 6d.

Standard Practical Phnnbing ; being a complete
Encyclopaedia for Practical Plumbers and Guide for Architects, Builders,
Gas Fitters, Hot-water Fitters, Ironmongers, Lead Burners, Sanitary

Engineers, Zinc Workers, &c. Illustrated by over 2000 engravings. By
P, J. Davies, Vol. I, royal 8vo, cloth, ']s. 6d.

Pneumatic Transmission of Messages and Parcels
between Farts and London, via Calais and Dover. By J, B, Berlier,
C.E. Small folio, sewed, 6d.

List of Tests [Reagents), arranged in alphabetical
order, according to the names of the originators. Designed especially
for the convenient reference of Chemists, Pharmacists, and Scientists,

By Hans M. Wilder. Crown 8vo, cloth, 4^-. 6d.

Ten Years Experience in Works of Intermittent
Dowmvard Filtration. By J. Bailey Denton, Mem. Inst, C.E.
Second edition, with additions. Royal 8vo, sewed, 4J-,

A Treatise on the Manufacture of Soap and Candles,
Lubricants and Glycerin. By W, Lant Carpenter, B.A., B.Sc. (late

of Messrs. C, Thomas and Brothers, Bristol), With illustrations. Crown
Svp, cloth, \os. 6d,
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The Stability 0/Ships explained simply, and calcjilated

by a neio Graphic method. By J. C. Stence, M.I.N.A. 410, sewed,
3J-. (yd.

Steam Making., or Boiler Practice. By Charles A.
Smith, C.E. 8vo, cloth, ioj-. ()d.

Contents :

I- The Nature of Heat and the Properties of Steam—2. Combustion.—3. Externally Fired

Stationary Boilers—4. Internally Fired Stationary Boilers—5. Internally Fired Portable
Locomotive and Marine Boilers—6. Design, Construction, and Strength of Boilers— 7. Pro-
portions of Heating Surface, Economic Evaporation, Explosions— 8. Miscellaneous Boilers,
Choice of Boiler Fittings and Appurtenances.

The Fireman's Guide ; a Handbook on the Care of
Boilers. By Teknolog, foreningen T. I. Stockholm. Translated from
the third edition, and revised by Karl P. Dahlstrom, M.E. Second
edition. Fcap. 8vo, cloth, 2s.

A Treatise on Modern Steam Engines and Boilers,
including Land Locomotive, and Marine Engines and Boilers, for the
use of Students. By Frederick Colyer, M. List. C.E., Mem. List. M.E.
With

2>(^ plates. 4to, cloth, 25^-.

Contents :

1. Introduction—2. Original Engines—3. Boilers—4. High-Pressure Beam Engines—5.
Cornish Beam Engines—6. Horizontal Engines— 7. Oscillating Engines— 8. Vertical High-
Pressure Engines—9. Special Engines—10. Portable Engines— ii. Locomotive Engines—
12. Marine Engines.

Steam Engine ]\Ianagement ; a Treatise on the
Working and Management of Steam Boilers. By F. Colyer, M. Inst.

C.E., Mem. Inst. M.E. i8mo, cloth, zs.

Land Surveying on the Meridian and Perpcndicnlar
System. By William Penman, C.E. Svo, cloth, 8^. dd.

The Topographer, his Instrnments and Methods,
designed for the use of Students, Amateur Photographers, Surveyors,
Engineers, and all persons interested in the location and construction of
works based upon Topography. Ilhcstrated with niimcrotts plates, maps,
and engravings. By Lewis M. Haupt, A.M. Svo, cloth, iSj.

A Text-Book of Tanning, embracing the Preparation
of all kinds of Leather. By Harry R. Proctor, F.C.S., of Low Lights
Tanneries. With illustrations. Crown Svo, cloth, 10s. 6d.
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A SUPPLEMENT
TO

SPONS' DICTIONARY OF ENGINEERING.

Edited by ERNEST SPON, Memb. Soc. Engineers.

Abacus, Counters, Speed

Indicators, and Slide

Rule.

Agricultural Implements

and Machinery.

Air Compressors.

Animal Charcoal Ma-

chinery.

Antimony,

Axles and Axle-boxes.

Barn Machinery.

Belts and Belting.

Blasting. Boilers.

Brakes.

Brick Machinery.

Bridges.

Cages for Mines.

Calculus, Differential and

Integral.

Canals.

Carpentry.

Cast Iron.

Cement, Concrete,

Limes, and Mortar.

Chimney Shafts.

Coal Cleansing and

Washing.

Coal Mining.

Coal Cutting Machines.

Coke Ovens. Copper.

Docks. Drainage.

Dredging Machinery.

Dynamo - Electric and

Magneto-Electric Ma-

chines.

Dynamometers.

Electrical Engineering,

Telegraphy, Electric

Lighting and its prac-

ticaldetails,Telephones

Engines, Varieties of.

Explosives. Fans.

Founding, Moulding and

the practical work of

the Foundry,

Gas, Manufacture of.

Hammers, Steam and

other Power.

Heat. Horse Power.

Hydraulics.

Hydro-geology.

Indicators. Iron.

Lifts, Hoists, and Eleva-

tors.

Lighthouses, Buoys, and

Beacons.

Machine Tools.

Materials of Construc-

tion.

Meters.

Ores, Machinery and

Processes employed to

Dress.

Piers.

Pile Driving.

Pneumatic Transmis-

sion.

Pumps.

Pyrometers.

Road Locomotives.

Rock Drills.

Rolling Stock.

Sanitary Engineering.

Shafting.

Steel.

Steam Navvy.

Stone Machmery.

Tramways.

Well Sinking.

London: E. & F. N. SPON, 125, Strand.
New York : 35, Murray Street.



NOW COMPLETE.
IViiA nearly 1500 ilhistrations, in super-royal 8vo, in 5 Divisions, clotb.

Divisions 1 to 4, i^s. 6d. each ; Division 5, 1'js. 6d. ; or 2 vols., cloth, ^3 los.

SPONS' ENCYCLOPEDIA
OF THE

of the subjects treated of, are the

pp.

77 figs.

INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL

PRODUCTS.
Edited by C. G. WARNFORD LOCK, F.L.S.

Among the more important
following :

—
Acids, 207 pp. 220 figs.

Alcohol, 23 pp. 16 figs.

Alcoholic Liquors, 13 pp.

Alkalies, 89 pp. 78 figs.

Alloys. Alum.

Asphalt. Assaying.

Beverages, 89 pp. 29 figs.

Blacks.

Bleaching Powder, 15 pp.

Bleaching, 51 pp. 48 figs.

Candles, 18 pp. 9 figs.

Carbon Bisulphide.

Celluloid, 9 pp.
Cements. Clay.
Coal-tar Pi^oducts, 44 pp.

14 figs.

Cocoa, 8 pp.

13 fitrs.Cofl'ee, 32 pp.
Cork, 8 pp. 17 figs
Cotton Manufactures, 62

pp. 57 figs.

Drugs, 38 pp.

Dyeing and Calico

Printing, 28 pp. 9 figs.

Dyestuffs, 16 pp.

Electro-Metallurgy, 13

pp.

Explosives, 22 pp. 33 figs.

Feathers.

Fibrous Substances, 92
pp. 79 figs.

Floor-cloth, 16 pp. 21

figs.

Food Preservation, 8 pp.
Fruit, 8 pp.

Fur, 5 pp.
Gas, Coal, S

Gems.
Glass, 45 pp.

Graphite, 7 pp.
Hair, 7 pp.
Hair Manufactures.

Hats, 26 pp. 26 figs.

Honey. Hops.
Horn.

Ice, 10 pp. 14 figs.

Indiarubber Manufac-
tures, 23 pp. 17 figs.

Ink, 17 pp.

Ivory.

Jute Manufactures, 1 1

pp., II figs.

Knitted Fabrics —
Hosiery, 15 pp. 13 figs.

Lace, 13 pp. 9 figs.

Leather, 28 pp. 31 figs.

Linen Manufactures, 16

pp. 6 figs.

Manures, 21 pp. 30 figs.

Matches, 17 pp. 38 figs.

Mordants, 13 pp.
Narcotics, 47 pp.
Nuts, 10 pp.
Oils and Fatty Sub-

stances, 125 pp.
Paint.

Paper, 26 pp. 23 figs.

Paraffin, 8 pp. 6 figs.

Pearl and Coral, 8 pp.
Perfumes, 10 pp.

Photography, 13 pp. 20

figs.

Pigments, 9 pp. 6 figs.

Pottery, 46 pp. 57 figs.

Printing and Engraving,
20 pp. 8 figs.

Rags.
Resinous and Gummy

Substances, 75 pp. iG

figs.

Rope, 16 pp. 17 figs.

Salt, 31 pp. 23 figs.

Silk, 8 pp.
Silk Manufactures, 9 pp,

II figs.

Skins, 5 pp.
Small Wares, 4 pp.

Soap and Glycerine, 39-

pp. 45 figs.

Spices, 16 pp.

Sponge, 5 pp.
Starch, 9 pp. lO figs.

Sugar, 155 pp. 134
figs-

Sulphur.
Tannin, iS pp.
Tea, 12 pp.
Timber, 13 pp.
Varnish, 15 pp.

Vinegar, 5 pp.
Wax, 5 pp.
Wool, 2 pp.
Woollen Manufactures;,

58 pp. 39 figs.

London: E. & F. N. SPON, 125, Strand.
New York : 35, Murray Street.



Crown 8vo, cloth, with illustrations, 5^-.

WORKSHOP RFXEIPTS,
FIRST SERIES.

By ERNEST SPON.

Synopsis of Contents.

Bookbinding.
Bronzes and Bronzing. ;

Candles.
Cement.

Cleaning. I

Colourwashing. i

Concretes.

Dipping Acids. I

Drawing Office Details.

Drying Oils.

Dynamite.
Electro - Metallurgy

—
(Cleaning, Dipping,
Scratch-brushing, Bat-

teries, Baths, and

Deposits of every

description).
Enamels.

Engraving on Wood,
Copper, Gold, Silver,

Steel, and Stone.

Etching and Aqua Tint.

Firework Making —
(Rockets, Stars, Rains,

Gerbes, Jets, Tour-

billons, Candles, Fires,

LanceSjLights,Wheels,

Fire-balloons, and
minor Fireuorks).

Fluxes.

Foundry Mixtures.
j

i

Besides Receipts relating to the lesser Technological matters and processes,

such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste,

Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and

Architectural Mouldings, Compos, Cameos, and others too numerous to

mention.

Freezing.



Crown 8vo, cloth, 485 pages, with illustrations, S^-

WORKSHOP RECEIPTS,
SECOND SERIES.

By ROBERT HALDANE.

Synopsis of Contents.

Acidimetvy and Alkali- Disinfectants

metry.
Albumen.
Alcohol .

Alkaloids.

Baking-powders.
Bitters.

Bleaching.
Boiler Incrustations.

Cements and Lutes.

Cleansing.

Confectionery.

Copying.

Dyeing, Staining, and

Colouring.
Essences.

Extracts.

Fireproofing.
Gelatine, Glue, and Size.

Glycerine.
Gut.

Hydrogen peroxide.
Ink.

Iodine.

Iodoform.

Isinglass.

Ivory substitutes*

Leather.

Luminous bodies.

Magnesia.
Matches.

Paper.
Parchment.
I^crchloric acid.

Potassium oxalate.

Preservinc:.

Pigments, Paint, and Painting : embracing the preparation of

Pigments, including alumina lakes, blacks (animal, bone, Frankfort, ivory,

lamp, sight, soot), blues (antimony, Antwerp, cobalt, coeruleum, Egyptian,.

manganate, Paris, Peligot, Prussian, smalt, ultramarine), browns (bistre^

hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick,

chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian,

sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake^

carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco-

thar, Indian red, madder lake, red chalk, red lead, vermilion), wliites (alum,,

baryta, Chinese, lead sulphate, white lead—by American, Dutch, French,.

German, Kremnitz, and Pattinson processes, precautions in making, and

composition of commercial samples
—

whiting, Wilkinson's white, zinc white),

yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint'

(vehicles, testing oils, driers, grinding, storing, applying, priming, drying,

filling, coats, brushes, surface, water-colours, removing smell, discoloration ;.

miscellaneous paints
—cement paint for carton-pierre, copper paint, gold paint,,

iron paint, lime paints, silicated paints, steatite paint, transparent paints,,

tungsten paints, window paint, zinc paints) ; Painting (general instructions,

proportions of ingredients, measuring paint work ; carriage painting
—

priming:

paint, best putty, finishing colour, cause of cracking, mixing the paints, oils,

driers, and colours, varnishing, importance of washing vehicles, re-varnishing,

how to dry paint ; woodwork painting).

London : E. & F. N". SPON, 125, Strand.
New York: 35, Murray Street.
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Crown Svo, cloth, 480 pages, with 1S3 illustrations, ^s.

WORKSHO.P RECEIPTS,
THIRD SERIES,

Bv C. G.'"^WARNFORD LOCK

Unifor:roa. Vv(?i*lli the First and. Second Series.



WORKSHOP RECEIPTS,
FOURTH SERIES,

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS.

Bv C. G. WARNFORD LOCK.

250 Illustrations, with Complete Index, and a General Index to the

Foiir Series, 6s.

Waterproofing— rubber goods, cuprammonium processes, miscellaneous

preparations.

Packing and Storing articles of delicate odour or colour, of a deliquescent

character, liable to ignition, apt to suffer from insects or damp, or easily

brol<en.

Embalming and Preserving anatomical specimens.
Leather Polishes.

Cooling Air and Water, producing low temperatures, making ice, cooling

syrups and solutions, and separating salts from liquors by refrigeration.

Pumps and Siphons, embracing every useful contrivance for raising and

supplying water on a moderate scale, and moving corrosive, tenacious,

and otlier liquids.

Desiccating—air- and water-ovens, and other appliances for drying natural

and artificial products.

Distilling—water, tinctures, extracts, pharmaceutical preparations, essences,

perfumes, and alcoholic liquids.

Emulsifying as required by pharmacists and photographers.

Evaporating—saline and other solutions, and liquids demanding special

precautions.

Filtering—water, and solutions of various kinds.

Percolating and Macerating.

Electrotyping.

Stereotyping by both plaster and paper processes.

Bookbinding in all its details.

Straw Plaiting and the fabrication of baskets, matting, etc.

Musical Instruments—the preservation, tuning, and repair of pianos,

harmoniums, musical boxes, etc.

Clock and Watch Mending—adapted for intelligent amateurs.

Photography—recent development in rapid processes, handy apparatus,
numerous recipes for sensitizing and developing solutions, and applica-
tions to modern illustrative purposes.

London : E. & F. K". SPON, 125, Strand.

New York : 35, Murray Street.
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In demy 8vo, cloth, 600 pages, and 1420 Illustrations, 6s.

SPONS'

MECHANICS' OWN BOOK
A MANUAL FOR HANDICRAFTSMEN AND AMATEURS,

Contents.

Mechanical Drawing—Casting and Founding in Iron, Brass, Bronze,,

and other Alloys
—

Forging and Finishing Iron—Sheetmetal Working
—

Soldering, Brazing, and Burning— Carpentry and Joinery, embracing^

descriptions of some 400 Woods, over 200 Illustrations of Tools and

their uses, Explanations (with Diagrams) of 116 joints and hinges, and

Details of Construction of Workshop appliances, rough furniture,.

Garden and Yard Erections, and House Building
—Cabinet-Making

and Veneering— Carving and Fretcutting
—

Upholstery
—

Painting,

Graining, and Marbling— Staining Furniture, Woods, Floors, and

Fittings
—

Gilding, dead and bright, on various grounds—Polishing

Marble, Metals, and Wood—Varnishing—Mechanical movements,,

illustrating contrivances for transmitting motion—Turning in Wood
and Metals—Masonry, embracing Stonework, Brickwork, Terracotta,

and Concrete—Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c.—
Glazing with and without putty, and lead glazing

—
Plastering and

Whitewashing— Paper-hanging
—

Gas-fitting
—

Bell-hanging, ordinary

and electric Systems— Lighting
— Warming— Ventilating

— Roads,

Pavements, and Bridges
— Hedges, Ditches, and Drains— Water

Supply and Sanitation—Hints on House Construction suited to new

countries.

London: E. & F. N. SPON, 125, Strand.

New York : 35, Murray Street.
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