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preface.

B ef o r e  the author began the present work, it was 
thought that a simple re-edititig of Mr. Overman’s 
treatise upon Iron would be sufficient. Upoli a thorough 
examination, however, it was found impossible to* make 
that work meet the wants of those who would jnstly 
expect a recognition of the many important inventions 
and discoveries since its last edition was published, and 
who would not wish to read of anything as a theory 
which had now become a fact, or of procedures which 
had passed away before the advance of metallurgic 
science, The author has, therefore, written a work 
almost entirely different in method and in matter. 
There was, nevertheless, so much material in Mr. Over
man’s book which was useful, having reference both to 
•his personal practical experience and to his advice, that 
it has been introduced, and acknowledged either by the 
use of his name or by inclosing the quoted matter in 
brackets.

This work treats largely upon American practice, 
plans, and modifications through the wffiole range of iron 
manufacture, beginning with a review of all the com
mercial ores used in America, and treating of American 
furnace-plans, methods of reduction, inventions, opin
ions, difficulties, and economies, from the mining of

    
 



IV PREFACE,

ore and the preparation of fuel, to the formation of steel 
in all its varieties,

The author is under great obligation to a large num
ber of gentle.men in various parts of this country, and 
to some abroad, who have aided hint during the prepa
ration of the work. Among these gentlemen particular 
acknowledgments are due to David Thomas, Esq., Cata- 
sauqua; 0 , F. Mattes, of Scranton, Pa.; Benjamin 
Crowther and James Park, of Park Brother & Co., 
Pittsburg; W. F. Foote, Port Henry, Lake Cham, 
plain; A. P. Sterling, Jefferson County, N. Y., all of 
large experience in the manufacture of iron in the 
United States. Also to Fred. Jno. Kowan, of Atlas 
Works, Glasgow, and to Prof. Henry, of the Smith
sonian Institution, for important Foreign Beports; to 
Prof. G, W, Maynard,, of the Polytechnic Institute, 
Troy, N. Y .; and, finally, to the Publisher, Henry Carey 
Baird, Esq., who has promptly kept the author supplied 
with all the important foreign Works and periodicals 
upon file subject in hand, and whose courteous interest 
has been of.much importance to him in the prosecution* 
of his work.

Although the author has applied for information to 
many and diverse sources, his object has been to bring 
into prominence only that which may become practical 
and available in this country; and hence some pro
cesses and results characteristic of peculiar’ conditions 
and of peculiar ores and fuels, and which could be con
sidered of great importance only under peculiar foreign 
surroundings, have been but briefly noticecf. The an-

    
 



PREFACE.

thracite, as well as the bituminous, practice has been 
particularly treated upon in all its bearings, both as 
regards cast and malleable iron; also in respect to the 
fuel itself. In Chap. III., upon the Special Properties 
of Iron, the author has been greatly indebted to 
Percy’s work on the same subject. I t  will be seen 
that the general and successful furnace practice in 
our country does not agree with many of the theories, 
formulas and suggestions of European works. Our ores 
greatly diifer, our fu,els and our limestones vary, and 
the consequence is, that the exactness of rule and prac
tice which is applicable to the spathic and other pecu
liar ores of the Continent, or to the ores of Great 
Britain, does not hold good with US. The saime may 
be said in view of the large anthracite interests so 
peculiar to this nation; the . practice jnost successful 
with us will not always be either improved or explained 
by conditions existing upon the Continent or in Great 
Britain. Hence we may expect: to find that some 
successful practice, illustrated in this volume, does not 
agree with European formulas as seen in Dr. Percy’s 
work, in Petitgand and Ronna’s excellent notes, or 
as suggested by various other foreign publications. 
After repeated examinations of British and Continental 
Works, and after much study of foreign practice, we 
ai-e confident that, notwithstanding the acknowledged 
scientific skill and mechanical excellence of foreign 
metallurgists, much of great practical importance is to 
be learned from examination and study of the material 
and the works which we have at home.

    
 



VI p r e f a c e .

Although the author’s distance from the printing 
officê  and the urgent duties of hia profession, have 
been the oQCa§ion of some errors, it is believed that 
none alter, materially, the meaning intended to be con
veyed.

The author has endeavored so to prepare this work 
that any one with a good English education, can begin, 
continue, and complete the reading with a full under
standing of the subject. The strictly scientific reader, 
or Student, will therefore not be surprised to find 
many terms explained and many processes, especially 
in the thebretical part, simplified and made intro
ductory to the more exact and perfect processes toward" 
the close of the work, and even in the Appendix.

A very complete index, for W'hich the work is in
debted to the publisher, has been added. By its aid it 
is believed that evexy item of importance in the botdc 
can readily be found.

Lafaybttk C0M.EOE, Eas*oe, Pa. 
Aug. M, 186».
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TH E

METALLUEGY OF lEON.

PART  I.
t h e o r e t ic  m e t a l l u r g y  o f  i r o n .

C H A P T E R  I.

■ GENERAL PRINCIPLES OP THE CHEMISTRY OF IRON,

T h e r e  is no science so largely tributary to success in 
Iron Metallurgy as chemistry. I t is true that, of the 
large number of intelligent and successful iron-masters, 
Yery few have had either the advantages or the time to 
become chemists. But many have, in their earlier 
efforts, attempted impossible or useless, experiments, 
and, before their final success, suffered great losses of 
material, time, and money; others have entirely failed 
to comprehend where “ their great strength lay,” and 
their future success; and in each case these evils have 
followed upon a lack of the knowledge of plain chemi
cal truths and principles, combined with deficiency in 
mechanical and practical ability.

As it will be impossible to proceed in the present 
work without alluding to certain chemical principles 
with which the iron-master should become acquainted, 
we propose, at the outset, to introduce some import* 
ant chemical elements and facts, wfth W'hich the iron 
metallurgist, ^though no chemist, may ^easily Become 
thoroughly conversant.

2

    
 



18 THE METALLURGY OF IROK.

I. O x y g e n ,—The air we breathe contains a large 
' amount of (1) oxygen,* which plays an important part 

in the affair's of iron manufacture. It contains a large 
proportion of (2) n i t rogen,wi th  which, as metallur
gists, we have but little to do, even supposing that steel 
contains a  small amount—into which supposition we 
may hereafter inquire. I t  contains a very small portion 
of (3) carbonic* acid gas,J a compound of carbon and 
oxygen, the former of which two elements', also, plays 
an influential part, determining by its amount  ̂ as car
bon in iron, whether that iron be cast iron or steel, and, 
by its absence from iron, that the metal in question is 
neither cast iron hor steel, but malleable iron.

Another fact; the atmosphere always contains more 
or less vapor of water.§ This water is composed of a 
lar^e proportion of oxygen, and also a proportion, eq’ual 
to twicO the volume of this last-mentioned element, of 
another element and gas, (4) hydrogen. The latter ele
ment is soon to become better known to the metallurgi
cal world, but it is the oxygen of the vapor of water to 
which our attention is now called particularly. Here

* By volume, 21 parts in 100 ; by weight, 23 parts in 100.
f  The complements of the’ numbers for oxygen indicate the 

amount.
* J Pour volumes to 10,000 of air.

§ Aqueous vapor is contained in the air in quantities varying in 
different localities and at different times, and depending mainly upon 
the temperature of the air. Air, at a given temperature, cannot con
tain more than a certain quantity of moisture in solution, and when 
it has taken up this maximum quantity, it is said tU be saturated with 
aqueous vapor..

One cubic metre of air, saturated with moisture at 25° 0., contains 
22.5 grammes of water, and if the temperature of this air be reduced 
to 0° C., it will then be capable of retaining only 5.4 grammes of 
water vapor; hence 17.1 grammes of water will be deposited as rain. 
The air in England is often saturated with moisture, whilst the dryest 
air observed on the coast of the Red Sea during a simoom contained 
only one-lifteenth of the saturating quantity. Instruments for ascer
taining the degree of moisture or humidity of the air are termed 
hygrometers.

In general, the air contains from 50 to 70 per cent, of the quantity 
necessary to saturate it. If the quantity be not wifhin these limits, 
the air is either unpleasantly dry or moist.

    
 



PRINCIPLES OP THE CHEMISTRY OF IRON. 19

are four elements  ̂ important jn the following order; 
OXYGEN, which is the supporter of all combustion, whe
ther as flame or burning coal, and, like that which it 
supports, a splendid servant, but a labor-exacting mas
ter, ever waiting and watching, in its elementary loneli
ness, to unite with that for which it has affinity, either 
to help or perplex. Its union with iron forms that 
which we call the “ rust” of iron, in which we see this 
affinity accomplished, for it has recalled the metal back 
to its primal state, namely, that of an ore, from which 
ore, or rust, it was made to become a metal only by the 
stronger affinity of the same element oxygen for carbon, 
whereby the act of rusting the carbon was followed by 
heat enough to expel oxygen from the iron rust in the 

and leave the metal pure. That rust of carbon is 
the Carbonic acid gas of the chemist. However rapidly 
in the one case, or slowly in the other, this affinity of 
oxygen may be exhibited, it is an affinity always in 
entire subjection to a stronger law of proportion, which 
it never violates, whether in the long-continued pro
cesses of nature, or the more intense and rapid fires ahd 
reduction of the furnace. That stronger law is seen in 
th is: oxygen unites with iron in the proportion of only 
one atom of oxygen to one of iron; or, where a stronger 
cause exists, and larger affinity is exhibited, it is (never 
otherwise than as) one and the half of one atom of 
oxygen to one atom of iron (Ferric Acid excepted, p. 24). 
Now, for the sake of brevity, the one-to-one proportion 
is called the one-oxide, or protoxide, and the other the 
one-and-a-half oxide; or, using the convenient Latin 
term, sesquioxide.*

Thus we have only two rusts, or oxides of iron, the 
protoxide and the sesquioxide. The latter is the highest 
affinity oxygen even exhibits for iron, whatever higher 
affinities it may exhibit for other substances or elements. 
Thjs oxide, therefore, may also be called the “ high- 
oxide,” or, again resorting to the convenient Latin syl
lable “ per,” the peroxide of iron; so that the sesqui- 

*
* Sesqui is the Latin for one and a half.

    
 



20 THE^ METALLURGY OF IRON.

oxide of iron, in' this particular case of iron, is the 
peroxide, as there is no greater affinity of oxygen for 
iron known.

In the case of c a r b o n , however, we know of an affinity 
of one atom of oxygen to one of carbon; and again two 
atoms of oxygen to . one of carbon. The former is 
always known as the oxide of carbon, or carbonic oxide, 
and the latter, inasmuch as the gas partakes of such" acid' 
properties that it will readily redden litmuf paper (the’ 
chemist’s test for acids) is called c a r b o n ic  a c id , or c a r
b o n ic  ACID GAS. Carbon is consumable, and oxygen, as 
we have said, supports combustion; all the conditions, 
therefore, of flame or fire, exist in carbonic oxide, and it 
is not remarkable that it is inflammable, and that the 
combustion Should be attended by great heat. But an 
anomaly does present itself in the case of the other 
oxide of .carbon, wherein the oxygen exists as the per
oxide, or two-oxide state. "We can and need only state 
this anomaly, namely, that where two parts of oxygen 
with one of carbon exist, combustion no longer exhibits 
itself, nor will the gas of this composition allow any 
combustion to take place wherever its presence exists 
to any great degree. When, ho\^ever, from any stronger 
attraction or affinity, one atom' of oxygen is drawn off 
from the two which go to form carbonic acid gas, and 
the resultant gas becomes possessed of only half as much 
oxygen as it previously possessed, the gas immediately 

• becomes inflammable, and burns with great heat. Sin
gular as it may seem, the addition of two atoms of the 
flame-supporting element, oxygen, to one of the com
bustible element- carbon, produces a gas which ceases to 
burn, nor can any combustion take place where its pre
sence is abundant.

The element h y d r o g e n  commands but little attention 
at present, though destined to be of greater importance 
because of its strong affinity for sulphur, so frequently 
associated with ores, and exerting such deleterious effects 
upon the metal derived from such ores. Eut it is neces
sary to the iron-master to know, that, as water is com-

    
 



PRINCIPLES OP THE CHEMISTRY OF IRON. 21

posed entirely of hydrogen and oxygen, the abstraction 
of oxygen always lets off the other element hydrogen, 
and in a state of great purity. Whatever property, 
therefore, hydrogen may possess, may be exhibited upon 
the decomposition of water. Any substance possessing 
a stronger affinity for oxygen than is possessed by 
hydrogen, will draw off the oxygen, and leave the 
hydrogen free. ’ E.ust is a peroxide of iron. No rust 
takes place* which does not, in the process of its own 
formation, occasion a liberation of hydrogen. Water 
escaping from any leaking pipe or casting, and passing 
into a strongly heated furnace, becomes resolved not 
only into vapor or steam, but frequently into its ele
ments hydrogen and oxygen, under conditions of admix
ture, the hydrogen with the oxygen, the cottibustible 
with the powerful supporter of combustion, so that 
while hydrogen, colnmingled in certain proportions with 
the common atmosphere and inflamed, would explode, 
hydrogen commingled with oxygen, under the same cir
cumstances, Would explode with far greater force. We 
have known of entire fronts of furnaces blown out by 
the leaking of the tuyeres of a furnace, or by igno
rance and carelessness as to the effects of the sudden 
admission of Water where decomposition suddenly took 
place. , * .

. O f  N it r o g e n , we shall say in this place only that the 
effects are negative. I t acts as a controlling agency in** 
the atmosphere, where it has been so proportioned by a 
wiser pharmacy than human chemistry can invent, that 
the fire-supporting element, oxygen, is completely under 

* the control of the metallurgist.' The probable presence 
of this element in steel will be noticed under the tre'at- 
ment of steel.

Ides and Acids.

Besides the affinity which carbon exhibits for oxygen, 
there is an Affinity existing between carbon and iron. 
Carbon is an element with which we shall become more

    
 



22 THE METALLURGY OF IRON.

specially acquainted hereafter. But it is necessary to 
know that it exists in thi'ee peculiar conditions:
( 1 )  colorless crystallized carhon, a s  i n  t h e  d ia m o n d ;
( 2 )  black crystallized carbon, as in graphite Or plumbago, 
which crystallizes in six-sided plates; and (3) cai’bou 
with no definite shape (amorphous), as in charcoal, and 
all other coals, lamp-black, soot, etc. With the latter 
two conditions of carbon we have much to do.

There is a singular affinity between carbon and iron. 
Plumbago (called also black lead from its appearance, • 
although it contains no lead), usually contains a small 
per cent, of iron, from one to ten per cent.—otherwise 
it is nearly pure carbon, and yet it is, as in the case of 
the diamond, difficult to consume. I t  is not a chemical 
combination of carbon and iron, but it is iron mechani*. 
cally combined in an exceedingly Ininute and divided 
state, with a large amount of carbon in that condition 
known as the graphite condition.*

This condition of carbon has been called by some the 
metallic condition—it has the metallic appearance or lus
tre, and has a singular attractive affinity for iron, for while, 
so far as we are enabled to discover, it is not necessary 
that graphite should be accompahied by any iron what
ever, it is seldom found entirely pure from iron present 
in the a,bove mentioned mechanically divided state. It 
is in this form we shall meet with it in iron slags—in 
cast iron and in the bottom of furnaces after having been 
blown out, and in which state we shall speak of it as 
graphitic carbon.

Carbon when chemically combined with iron, forms a 
compound known as a C a r b i d e . The special affinities 
of carbon for iron will be' treated of more at large here* 
after. , ' ‘

S u l p h u r  c o m b in e d  w i t h  ir o n  fo r m s  i n  v a r io u s  p r o 
p o r t io n s  t h e  v a r io u s  c o m p o u n d s  c a l l e d  s u lp h id e s ,  o r , as  
f o r m e r ly  c a l le d ,  s u lp h u r e t s .  ^ h e s e  w i l l  b e  tr e a te d  o f  
p a r t ic u la r ly ,  a s  t h e  c o m b in a t io n  o f  s u lp h u r  w i t h  ir o n  i s  
o f  p r a c t i c a l  a n d  s p e c i a l  im p o r t a n c e  to  t h e  i r o n - m a s t e r , .

* Graphite is a word derived from the Greek “ grapho,” I write.

    
 



PRINCIPLES OP THE CHEMISTRY OF IRON. 23

and is “ the strongest chemical body next to oxygen, and 
has, like it, a powerful affinity for all other elements.” 

P h o s p h o r u s  in its combination with) iron follows the 
same law of nomenclature, and produces the p h o s p h id e s  
or phosphurets. These are of great importance to us in 
the study of iron, and will be treated hereafter definitely. , 

Sulphur and phosphorus are peculiarly hostile to the 
iron metallurgist, and deserve particular study under 
their favorite conditions in ores or ‘irons wherein they 
never appear as pure sulphur and pure phosphorus, but 
under certain disguises or combinations. Sulphur has 
an affinity for oxygen when heated, and follows the law 
of proportion, but the tendency of oxygen‘in this case is 
to produce acids. Sulphurous acid results if only one 
part of sulphur combines with two parts of oxygen, 
and sulphuric acid if one part of sulphur 'combines with 
three of oxygen, The same general law holds good of 
phosphorus. Pure, it never occurs in ores or irons, 
but in combination with oxygen (as one to five) it be
comes phosphoric acid. ■ As an acid it is ready to com
bine with lime, soda,'or other bases, and introduced into 
the ore or limestone, used as a flux, it combines with 
the iron to the great vixation of the iron manufacturer, 
rendering his -iron brittle when cold, and hence called 
“ cold-shoft iron.” In the animal structure it is found 
largely in all the bones and in other parts of the body, 
hence", w'e may find it in all limestones and ores where 
animal or fossil remains exist. Even in ores not fos- 
siliferous or bog ores, but in magnetic ores which are in 
the immediate region of limestones containing phosphates 
or phosphoric acid in combination, there seems to be 
such an affinity of iron for this element in its combina
tions, that the iron ore becomes- contaminated with phos
phorus. This occurs among the very fine magnetic ores 
of Lake Champlain. .Where beds of phosphate of lime 
have been opened, or where the rock contained phos
phate of lime, the adjoining orp beds frequently contain 
more or, less phosphate of lime, producing ores tending to 
cold-shortne^ in the iron made therefrom. '

All acids with which the metallurgist will have to do,

    
 



24 THE m e t a l l u r g y  OP IRON.

excepting one,* owe their acid character to oxygen, which 
derives its name froni the power which it possesses to 
produce acid.f The first influence of oxygen is to pro
duce the oxide, or rust, but when the proportion be
comes greater than one to one, the* tendency is imme- 

, diately toward producing the acid. Thus, even with 
iron: one atom of iron to one atom of oxygen produces 
one kind of oxide, or rust of iron ; the combination of 
two atoms of iron to three of oxygen is still an oxide 
(the sesquioxide), being nearly the same proportions of 
iron and oxygen ; but one part of iron and three of oxy
gen produce an acid, f e r r i c  a c id , which as an acid will' 
unite with bases such as soda and potash, and thus pro
duce an entirely new compound, ferrate of soda, or fer- 

' rate of potash, &c., which are salts or compounds of an 
intense purplish-red color, and not well known.J Al
though ferric acid has not yet been separated from its 
bases and obtained in an isolated state, other oxygen acids 
have been. Thus one of sulphur with two atoms of oxy
gen forms sulphurous acid; and sulphur one" atom, with 
oxygen three atoms, forms sulphuric acid, each of which 
may be obtained in isolated states. Thus, a large num
ber of bases when united with oxygen become acids, and 
in the form of acids will unite with other bases and form 
compound salts.

This'isa point of injportance to the metallurgist, for the 
decomposition of salts containing* sulphur or phospho
rus—whether that sulphur or phosphorus be in the acid 
form or in the compound salt form—is always attended 
with the liberation of the metallurgist’s enemy sulphur 
or phosphorus, upon the principles already stated.

Another element in which we are particularly inter
ested, and which is subjected to the same laws just 
alluded to, exists in quartz and flint, and is called silicon. 
There is no element excepting oxygen, more widely dis
seminated than silicon. The oxide of silicon is -silica or 
quartz. W hat carbon is to charcoal, silica is to quartz

* Muriatic acid, or Hydrochloric acid.
f  Oxus, acid; and genntio, I produce.
jRecherches sur les acides metalliques, parM. Ed. Ereray, Ann. de 

Chim. et de Phys, 1844, in Percy, Iron and Steel, p. 24.

    
 



PRINCIPLES OP THE CHEMISTRY OP IRON. 25

or flint. Charcoal is impure carbon, so most quartz and 
flint are impure silica with this exception in the com
parison, that charcoal is a simple uncompounded sub
stance, and silica is the substance silicon combined with 
oxygen making siliea. But the oxide of silicon, yrhich 
is the same as silica, is an acid in having three parts of 
oxygen united with one part of the elementary substance 
silicon which, although never seen in nature and only 
prep^ed in. the chemist’s laboratory, is as an oxide the 
most widely disseminated.

All the flint, sea sand, sandstone, quartz, crystals, &c., 
and rocks of this nature are nothing less than silicon 
combined with oxygen, forming an acid capable, as all. 
acids are, of uniting with bases. Silex (or silica, or 
silicic acid, which is the same material) unites with pot
ash and soda to form glass, which is, accordingly, a sili
cate of potash, or of soda, as the case may be. When 
the simple element silicon unites vTith iron, the result is 
known as a silicide just as the same union between sul
phur and iron is a sulphide, carhop, and iron a carbide. 
When, however, the silicic acid or quartz-form of silicon 
unites with iron, the acid-ending ate is used, silicate of 
iron; the influences upon iron being difierent, as we 
shall hereafter take the opportunity of noticing. It is 
the affinity which silicic acid has for such’ bases as lime, 
potash, and soda, that enables the furnace master to 
destroy the affinity between the metal and the earthy 
silex in some iron ores by causing the silex in the ore to 
unite under heat with lime or potash and leave the metal 
free and pure. Silicon, though possessing some traits of 
a metal, is, nevertheless, not yet demonstrated to be a 
metal but rather a metalloid. What may in the future be 
proved in respect to silicon, sulphur, and carbon, we dare 
not attempt to foretell. Potash, soda, and lime were 
thought to be simple substances till 1807, when Sir Hum-! 
phry Davy surprised the scientific world by proving that 
they were but oxides or rusts of metals potassium,-sodi
um, and calcium. Silicic acid, in the form of pulverized 
flints or quartz, often combines with iron to form the 
silicate of iron tending toward cold-shortness in iron.

    
 



26 THE METALLURGY OF IRON.

Another element is important and is much disguised; 
in nature. Clay has for its base a metal, a l u m in u j i . 
Pure clay is in part the oxide or rust of that metal alu
minum, called alumina. Alumina was so called by Mor- 
veau, m 1760, because it was obtained from a solution of 
alum in precipitation by ammonia. The metal is now 
being brought into use extensively for purposes in which 
it is desirable to use a metal which is light (specific 
gravity 2.6) and not easily oxidized. When oxygen 
combines with aluminum in the proportion of alu
minum two and oxygen three, we have the only 
oxide known. This is alumina and the basis of all the 

.clays, whether red, yellow (colors due to iron and other 
impurities), or perfectly white as in porcelain clay, called 
kaolin, which is the purest form of clay. But no clay 
is simply alumina, although it. owes its plastic nature to 
this base. The rest of the clay is silicic acid or oxide of 
silicon, with perhaps a little oxide of potassium, or pot
ash, soda, or lime, with some water combined; hence, 
clay is chiefly a silicate of alumina. In treating of clay 
it is necessary to recognize these ingredients. Of course, 
some clays are colored by iron to reddish hues, and some 
green by chrome, and black by organic or other matter 
intermixed, but alumina is at the base of each, and silicic 
acid is the ruling acid.

All clayey ores must be treated as containing silex and 
alumina. Originally the clayey earth was called argil, 
hence the term a r g il l a c e o u s , applied to all pres, sand
stones, and substances containing much clay.

The chemical character of another substance—Lime 
—is important. The difference between lime and 
limestone. is a practical one, and, after what has been 
said, will easily be understood. Lime has for its base a 
metal, calcium, a light straw colored metal which burns 
with an intensely bright light; in dry air it retains its 
brightness for a few days only and then becomes oxidized, 
and that oxide-is the common unslacked lime. It has, \ 
therefore, a strong affinity for oxygen, and, as an oxide, 
a strong affinity for carbonic acid gas, producing a cai‘- 
bonate of lime. This is important to the iron metal-
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lurgist to keep in mind when operating with lipie in the 
furnace as a, flux. All marbles,* limestones, chalks, 
shells, &c., are lime combined with carbonic acid gas, 
which latter is driven off in the lime-kiln, and pure or 
unslacked lime remains until, exposed to the air or rain, 
it absorbs water, and becomes combined with water, in 
which case it is hydrated lime. It may absorb a little 
carbonic acid from the air and be in a small degree car- 
bonatig of lime.

A g a i n ,  i t  i s  im p o r ta n t  to  b e c o m e  a c q u a in t e d  w i t h  t h e  
r n e ta l  m a n g a n e s e . T h e  s a m e  la w  o f  c o m b in a t io n  w i t h  
o x y g e n ,  p r e v a i l s  in  t h i s  m e t a l .  I t  c o m b in e s  w i t h  o x y g e n  
i n  f iv e  d i f f e r e n t  p r o p o r t io n s ; t h e  o n e - o x id e  o r  PROTOX
IDE, t h e  SESQUioxiDE ( a s  w it h  i r o n )  t h e  p e r o x id e , w h ic h  
i s  o n e  o f  t h e  m e t a l  to  t w o  o f  o x y g e n .  T h is  p r o p o r t io n  
i s  n o t  q u i t e  s u f f ic ie n t  to  m a k e  a n  a'cid , b u t  o n e  m o r e  
a to m  o f  o x y g e n  g iv e s  u s  m a n g a n e s e  a c id . T h e r e  is , 
o n ly  o n e  o t h e r  p r o p o r t io n  s t i l l  h ig h e r ,  t h a t  o f  t w o  o f  t h e  
m e t a l  t o  s e v e n  o f  o x y g e n ,  w h ic h  g iv e s  a  p e rm a n g a n ic  
a c id .  T h e r e  a r e , th e r e f o r e ,  f i v e  c o m b in a t io n s ,  t h r e e  o x 
id e s  a n d  t w o  a c id s . O f  t h e s e ,  o n ly  o n e  i s  o f  m u c h  im 
p o r t a n c e ,  a p d  i s  fo u n d  in  n a t u r e  a b u n d a n t ly ,  t h a t  i s  t h e  
p e r o x i d e  o f  b la c k  o x id e ,  o r  t h e  p y r o h s i te  o f  t h e  m in e 
r a lo g i s t .  I t  i s  u s e d  a b u n d a n t ly  in  t h e  fo r m a t io n  o f  
c h lo r in e ,  w h e n  tr e a t e d  w i t h  m u r ia t ic  a c id  ( h y d r o c h lo r ic  
a c id )  f o r  b le a c h in g  p u r p o s e s  a n d  fo r  o b t a in in g  o x y g e n  
g a s ,  a s  b y  h e a t in g  i t ,  i t  p a r ts  w i t h  a  p o r t io n  o f  o x y g e n  
a n d  i s  r e d u c e d  to  t h e  lo w e r  o x id e .  9

The use of a certain amount of this oxide has a bene
ficial effect upon iron and steel. Some of the ores of 
iron contain it, aŝ  we shall ‘see hereafter, and, in this 
case, it occurs in the iron made therefrom either as an 
oxide or as an alloy of the metal manganese with iroii. 
This will be considered hereafter.

The peroxide occurs in sandstones, in walls, and on 
the surface of the ground as broad black stains, and may 
be mistaken for vegetation, as it shoots off from narrow 
veins into the form of vegetation. I t has been especially 
noticed in thb finer conglomerate of the coal measures. 
When ■ these sandstones (which are admirably adapted
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for building) are cai'elessly selected they frequently con
tain the peroxide, and when placed in a budding exposed 
to weather, this .black oxide defaces the stones.

I n ‘addition to the above oxides, there are in some 
books two other oxides mentioned, both of which oc
cur in*nature, but .neither of which may be considered 
distinct oxides, but merely the union of two already men
tioned oxides, just as in magnetic iron ore, we have the 
union of the protoxide and the sesquioxide. So b r o w n  
OXIDE of manganese may be considered, and probably is 
nothing more than just such a double union of one of 
metal to one of oxygen plus two to three, and hence 
Called 3 of metal to 4 of oxygen. I t has been found in 
fine crystals in European localities, and has been observed 
at Lebanon, Pa. Mineralogically it is called hausmannite.

The other oxide, found only in nature, and only 
another double combination of already mentioned oxides, 
is similar in appearance to black oxide, or peroxide, and 
is called varvacite. I t  is a combination of two equiva
lents of the peroxide and one of the sesquioxide united 
with one of water.*

Another element which we shall have, occasion to 
allude to is c h r o m iu m . This metal obeys the same laws 
of affinity. .Two parts of the metal unite with three of 
oxygen, to form the sesquioxide which is the most abund
ant oxide in nature when it combines with iron in the ore 
called chrome iron ore near Baltimore, Md.; Texas, Lan
caster County, Pa., and in many other localities. This 
oxide and metal are important, and will be spoken of 
particularly hereafter. One of the metal and three of 
oxygen give chromic acid, which, united with bases, is 
important in iron metallurgy for case liardening, and the 
alloy is of great importance as has been lately discovered 
in making steel.

In addition to what has been said above respecting 
compounds, another term^ indicating' an important 
practical chemical fact, should be clearly understood. 
Water combines with some oxides and other com-

* See more fully in Dana, 1868, and in “ Turner's Chemistry.”
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pounds not only as moisture but in a chemical com
bination. Ice may be wet, but when exhibiting no mois
ture,’have nevertheless the characteristic of being com- 
ppsed of solidified water. It may, if dipped into a bucket 
of water, have water in two states, mechanically attached 
to it and chemically existing in the lump. So oxides 
may be ores moist, or ores with water so chemically com
bined that no ordinary drying will drive off the water, 
although a very high amount of heat will elimipate the 

•chemically combined water. The heat necessary to eli
minate- chemically combined water is an important ele
ment in the economical reduction of ores. The Water 
chemically in ores, gives occasion for such ores to be 
called hydrated ores,- or as some call them, hydrous; and 
ores of the opposite description are unhydrated, or, as 
some call them anhydrous ore. Pure red hematite is 
anhydrated, While brown hematites are hydrated ores* 
We ■ should always prefer to call Substances hydrous, 
which have attracted moisture n o t Qhemically conibined, 
and those hydrated which have. But as the terms 
hydrous and anhydrous have become largely introduced, 
We shall adopt them.

For abbreviation we shall use the usual signs of Fe, 
for Iron (pure); O, for Oxygen ; S, for Sulphur; C, for 
Carbon; P, for Phosphorus; H* for Hydrogen; Na, for 
Sodium ;* and K, for Potassium. The oxides of these 
last two* metals, or NaO, KO, are soda and potash, or (as 
the letter “ a” terminal indicates an alkali) potassa. So, 
also, as we have said that certain higher oxides become 
acids, we indicate the acids by representing their exact 
composition, or P'o r m u l a , to the eye by letters thus : 
SO®*=SulphuricAcid; SO“=»SulphurousAcid; FeS=*Sul- 
phur and Iron, making one of the Sulphides; CO=Car- 
bonic Oxide; CO^=»Carbonic Acid Gas; N=Nitrogen; 
and NO*= Nitric Acid; HO== Water, as these are the ele
ments of water; PO®=» Phosphoric Acid ; Si—Silicon, and 
SiO^= Silicic Acid, or the only oxide of Silicon' we know;

* Natrium being the Latin for Sodium, and Xalium the ancient name 
for Potash.
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Mn=Manganese; MnO®== Peroxide or Black Oxide; 
MnO®s* Manganic Acid. Thus Fe*0*+H0, is hydrated 
sesquioxide of iron, and if the exact amount of water is 
to be expressed in the normal or pure specimen, we 
will use the formula 2Fe*0®+3H0, i. e., 2 equivalents 
of peroxide of iron to 3 equivalents of water, or in actual 
weight in 100 parts, 85.6 peroxide and 14.4 parts water.

The above brief notice of some of the elements 
involved very intimately in the study of iron, and refer
ence to the chemical principles upon which they com
bine with iron, will be sufficient, at the present, to intro
duce the student to additional facts of which we shall 
tyeat hereafter, and to suggest upon what course a further 
study of these facts and elements would be advisable.

C H A P T E R  I I .

THE ORES OP IRON.

A MASTEr’̂s knowledge of the manufacture of iron 
demands a thorough acquaintance with the ores of iron. 
This requires, primarily, a knowledge of the chemical 
characteristics of each of all the commercial ores, by 
which we mean all those ores used in the manufacture of
iron.

We propose to enumerate all the commercial ores of 
iron, and at the same time treat of those elements which 
influence favorably or unfavorably the production of iron 
in the furnace.

Commercial Ores o f Iron.
' Of the useful metals, iron is the most extensively dis

seminated. It may be found in the soils, rocks, waters 
of springs and the ocean, in vegetables and. animals. 
The quantity of iron distributed throughbut the world 
is incalculable. Notwithstanding some seeming contra-
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(fictions to the statement, it is doubtful whether iron has 
ever been found native, except in meteorolites, or as 
resulting from meteoric deposits, and then it is always 
associated more or less.with other metals. Nevertheless, 
some small quantities have been supposed to be found 
native and pure. For manufacturing purposes, however, 
the metal is derived only from those ores which contain 
over sixteen per cent, iron.. All ores yielding under 
that amount are considered more in the nature of fluxes 
than of ores, at least under the present prevalence of 
richer ores.

Ores contain the metal, as we have previously said, 
in the oxidized state, as' m a g n e t i c  o x i d e , red hematite 
or A n h y d r o u s  S e s q u io x i d e , brown hematite or h y d r o u s  
SESQUio x iD E , and s p a r r y  o r e  or spathic ore, or C a r b o n a t e  
of the P r o t o x id e  with particular associations and in 
various degrees of purity. These ores appear widely dis
tributed, one or more in nearly every geological forma
tion, in veins, masses, and beds. The beds of iron ore are 
chiefly found in sedimentary rocks, while the veins and 
masses are deposited in the older rocks and the oldest 
of the accepted geologic system. Some deposits are 
immense, even forming mountains, as in Gellivera 
Mountain, Sweden, and in the Iron Mountain of Missouri, 
in the island of Elba, and in the lately discovered iron 
regions of Lake Superior.

The most valuable ore in this country is

Magnetic Oxide of Iron, Magnetic Ore, or Magnetite.
Composition^ when pure, FeO, F̂ O®. Specific gravity 

5.2. I t contains 72.41 per cent. iron. It occqrs crystal
lized in cubes, and in octohedrons, or in altered forms 
derived from the same system.

“  M a g n e t i c  O r e ,”  i s  a n  a r b it r a r y  n a m e  fo r  t h e  o r e ,  
s u g g e s t e d  b e c a u s e  i t  a lw a y s  in f lu e n c e s  t h e  m a g n e t i c  
n e e d le ,  a n d  m a y  s o m e t im e s  b e  fo u n d  p o s s e s s e d  o f  p o 
l a r i t y  s u f f i c i e n t ly  d e v e lo p e d  to  c a u s e  t h e  o r e  i t s e l f  t o  
a t t r a c t  f r a g l » e n t s  o f  i t s  o w n  m a s s ,  o r  p ie c e s  o f  ir o n ,  a s  
n a i l s ,  t a c k s ,  & c .,  i f  b r o u g h t  s u f f ic i e n t ly  n e a r  t o  i t .
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I t  is always dark-colored, and when purest, black, fre
quently appearing in aggregated fine particles, from the 
size of fine sand-grains through all intermediate sizes to 
that of large peas and even hazelnuts. The faces or 
sides of these grains are often splendent, and the grains 
are sometimes, erroneously, called crystals. They do, in • 
some cases, appear very much like crystals which have 
been distorted by pressure, but they have no regular 
form, being only uniform in their irregularity.

The most perfect ores of the large granular structure, 
occur along the mountain lines skirting Lake Champlain 
on the west, and *are generally known as “ Champlain 
Ores,” where they are,found in greater quantities than 
in any other section, new mines having been opened 
within only a few months. I t is this ore which is used 
extensively for “ lining” (as it is technically called) the 
sides and cracks in puddling-furnaces, the granillar 
structure causing it to crumble under the hammer into 
sizes readily placed, along the hearth or floor, or upon 
the sides, where it soon becomes soft or pasty as it melts 
and combines with the slag of the furnace, and thus stops 
up cracks and crevices which otherwise would cause 
waste of iron.

Ores of similar structure occur in Morris County, New 
Jersey, in several mines, but by no means in so large 
quantities, and, beside, the impurities .do not allow of 
their being used so freely for puddling purposes.

This ore also occurs in the same regions in masses un
broken by grain or fissure, also with silica interspersed 
among the grains or pervading the mass in veins, thus 
reducing not only the per cent., but rendering it neces
sary that the limestone flux should be increased, and that 
the “ charges” or proportion of limestone, ore and coal 
should materially differ from those charges used with 
pure ore. . " >

In all these variations, however, the powder, or, as it . 
is called, the “ streak” i  ̂ black, or nearly black, and 
sometimes, though rarely, gray.
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1. Magnetic Mines and Ores,

New York.—Sterling Mines, Warwick township, 
Orange County. There are many veins in and about 
this region.

Clifton Mines, twenty-four miles from Fijllersville, St. 
Lawrence County.

“ Jayville Bed,” about fifteen miles east of Antwerp, 
Jefferson County.

A few miles east and west of Greenwood Station, 
Orange Counby, New York, on the New York and Erie 
Bailroad.

The chief deposit of what is generally considered the 
purest magnetic ore, is in the region immediately upon 
the west shore of Lake Champlain. After a visit to 
that region last sunjmer (1868), and a careful examina
tion of the ores which are now being opened in new 
localities, we are convinced that there are in some of the 
beds no less than three kinds of ore, differing in appear
ance and in the effects which they produce upon the 
quality of the iron manufactured. Each of these three 
kinds may be taken from the same shaft, or so-called 
“ bed.” From the old Cheever mine, the ore is gene
rally considered the best. It is brought to the furnace 
.at Port Henry (W. T. Foote, Superintendent) in masses 
composed of large pea-sized grains, having lustrous 
cleavage faces, or crystalline facets, easily disintegrated, 
and used, as we have said, extensively at the various 
puddling furnaces throughout the country for stopping 
cracks and holes, which it readily does by becoming, with 
the slag, pasty. This is apparently a clear magnetite. 
But from the sa'me mine, and thrown into the same heap, 
we have selected masses of different grain, and largely 
interspersed with almost transparent, slightly colored, 
smaller grains, of silex, so uniformly disseminated, and 
in such quantities, that it seemed almost impossible un
der the treatment of the former kind to produce with 
this any other than a mottled or “ high” iron, having a 
strong tendenpy to cold shortness, from no other cause 
than silica not properly fluxed, although we failed to dis- 

3
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cover any traces of pKosphoric acid in any shape. When 
a large quantity of this latter kind of Champlain ore is 
used in the puddling furnace, it is plainly desirable to 
\ise lime to render the slag less “ cold” or sluggish, and 
in the furnace it would require a larger proportion of 
limestone of^ pure quality,

A few miles from this mine, and some miles from the 
shore, are the Moriah beds. These ores are again varied, 
some portion almost, if not quite, equal to the Cheever, 
though not so granular, and more massive and compact. 
Some contain decided traces of phospboria acid; others 
again containing silicate of magnesia and lime under the 
•form of sahlite and other pyroxenic gangue, being lean 
to the amdunt of at least twenty*^er cent, of this gangue, 
and in some cases having full fifty per cent, of a very 
black and heavy hornblendic impurity. On our way to 
the mines we passed some fifty tons, examining each 
wagon, and finding these differences of quality in every 
second or third wagon. These w^re all from the Moriah 
beds, and were being shipped south from Cedar Point to 
various places hundreds of miles distant. W e were thus 
enabled to account for the fact, that, at various puddling 
furnaces jn New York, Pennsylvania, and New Jersey, 
we found this variation of material in the same heap, 
and sometimes in heaps'of two or three tons each.

In the same region, and nearer the lake, there has 
been opened a bed of phosphate of lime. This bed has 
been worked, but we understand not so successfully as 
was hoped. The irons in general proximity to these 
phosphate rocks are said to be all, more or less, contami
nated with phosphoric acid.

From the geneml trend of the ores the finer ones seem 
to extend northward from Crown Point, in which latter 
region, several beds of poorer ore have been opened, and 
it is highly probable that large “ beds” or veins of mag
netic ore of an excellent quality will be opened in the 
ranges and along th§ hills farther north toward Westport 
township.

We have seen similar ores from Morris County, N. J., 
on the line of the Morris and Essex Railroad, but the 
quantities of such ore,' from this region, are always
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small. I t  is only by comparing them side by side that 
inched specimens can be distinguished. The great impu
rity of these Morris County ores is found in the sul
phide of iron they contain when quantities are used. 
Another undesirable impurity is the large amount of 
silex in different forms, and sometimes in associated 
hornblende which the miners are not careful to distin
guish, and which no doubt causes immense loss to some 
furnaces by expense of freight on worthless gangue, of 
loading and unloading, and the loss by the high irons 
produced, together with the wear of furnaces.

New e/crsey.—Important mines are worked six to 
thirteen miles west o£ Boonton, Morris County ; at 

♦Irondale, about eight miles east of Stanhope, Sussex 
County; Ironhill, one and a half miles west of Ring- 
wood, Passaic County; near Wawayanda Lake, north
east of jSussex County.

Franklin^ Sussex County.—Here is the noted Frank- 
linite ore containing zinc and manganese, and making 
“ Spiegeleisen iron,” which pontains manganese, and, 
some have said, as high as 20 per cent. zinc. (See under 
“ peculiar ores.”) ^

Passaic County, in the northwest, is where the mag
netic iron line begins in this State, and it continues 
southwesterly along the west- line of Morris County, 
where it widens eastward, and continues with great pro
bability on the limits common to Hunterdon and Warren 
Counties,. It crosses the Delaware into Pennsylvania, 
and the ore is worked in the hills south of Riegelsville 
on the north of Bucks Co. We have found it south of 
the Lehigh, at the top of the Williams-township hills. 
In some parts the magnetic attraction is strong enough 
to deflect the needle. Beyond this it is broken, but 
appears to continue again toward Lebanon County, 
where it may be considered as reappearing in the Corn
wall mines, but as, compai-atively, extremely impure and 
irreguhir magnetite.

Oxford Fuiqiace mines, Warren County, have been 
worked 'for many years. The or© is a grayish-black 
magnetic with some sulphide, ‘but if mixed properly, 
not enough to be necessarily red-short. Morris County,
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on the line of the Morris and Essex Railroad, New 
Jersey, is rich in ores of this class. In  some beds the 
ores are strongly polaric as well as simply magnetic—in 
some places they ,ave granular and resemble the best old 
Cheever ores' of Lake Champlain, except that they are. 
inclined to be sulphurous. Some are siliceous and feld- 
spathic, and exhibit decided phosphoric elements, others, 
again, contain much gangue of a dark green or black 
character, which is always objectionable, being difficult 
to flux and flow, and hence, aiding to cause obstructions 
in the furnace, or what is known as “ scaffolding.”

The chief mines of this region are the Hibernia, three 
miles from Rockaway; Mt. Hogp, Tebp, Mt. Pleasant, 
and Orchard, on the Mt. Hope Railroad; Ogden mine, , 
the Hurd, Weldon, and Lord, in the vicinity of Brook
lyn Pond, accessible by the Ogden Mine Railroad. At 
Suckasunny the Dickerson mine, and between Sucka- 
sunny and Dover the Byram mine. All these may be 
reached through the Morris and* Essex Railroad, and 
represent the New Jersey magnetic ores.

Also, in Stone Valley, northern part of Huntingdon 
Co., Pa. (See Appendix B.) In Lincoln Co., N. C., said 
to be a nid’keliferous magnetite. In Gaston Co., North 
Carolina, at the High Shoals Rocks, and. Allison and 
Morgan “ Banks.” The magnetic ores which we have 
examined from these mines are granular, and though 
siliceous to a considera,ble degree, are open and readily 
worked, making a good iron with proper care. The 
Morgan Bank ores which we have examined, evidently 
show a transition condition from magnetite to red hema
tite, some specimens containing both magnetite and red 
oxide. In South Carolina, it occurs in “ ore beds” along 
the north side of King’s Mountain, and near People’s 
Creek, possesses much oxide manganese, and may be 
a pure “ steel oTe,” i. e., making a good iron for steel.

In Georgia, near Alatoona, there is a granular mag
netite of-cleaner and purer character than the last men
tioned and very Valuable. In Cass County, near Cassville.

Also, a few miles fj-om southwest base o? Pilot Knob 
and Little Iron Mountain, and as there appear to be 
vast quantities, there will be equally large quantities
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mined at no distant day. The most splendid magnetic 
ores not mined, or some of the purest we have seen, are 
found amid the ’spurs and outposts of the Rocky Moun
tains. From Colorado, near Buckskin, some specimens 
we have flattened considerably under the hammer upon 
an anvil without breaking them; but they are massive 
and without any granular appearance.

The region west of Marquette, Michigan, near the 
north line of Appleton, and on the north side of the Me
nomonee River, possesses the largest masses of workable 
and worked ore perhaps in the country; some of it is 
almost absolutely pure. The ores are chiefly magnetic, 
although there is specular ore also. Analysis by M. 
Rivot, Professor in Pa’̂ is School of Mines {Annales des 
Mines^ S. 5, I. X. p. 411) present the following compo
sition :—

Metallic
iron.

oxygen
combined.

Gangue
rock.

Alumina 
or clay. Lime. Water,

3 3 .5 14.5 . 43 .0 1.5 2.5 - 4 .6
3 8 .5 16.2 43 .0 1.5 1.0 0 .0
4 0 .0 17.3 38 .5 2.5 0 .8 0 .0
4 9 .0 21.0 . 26 .0 2.5 1.0 0 .0
5 0 .0 21.0 2 1 .5 6 5 0.5 0 .0
5 1 .5 22.0 23 .0 2.5 0.5 • 0 .0
5 8 .0 24.5 11.0 3.5 2.5 0 .0
5 8 .0 24.0 15.0 2 .0 0.8 0 .0
5 9 ,0 25.0 1 1 0 1.5 2 .0 1.1
6 4 .0 2 7 .0 6.5 2.0 0 .2  . 0 .0
6 6 .0 28.0 1.5 2.5 1.T 0 .0
6 7 .0 28.3 2.0 2 .5 0.0 0 .0
6 7 .0 26.0 4 .5 1.5 1.0 0 .0

Extensive bodies of this ore exist also in Wiscc
south of Rac des Anglais. Beds from twenty-five to sixty 
feet thick are reported. {Owen's Rep. of Xowa, \S52, 

-pages 144 to 147.) Analysis of one specimen by Dr. 
Owen, gave perox. 51.5, protox. 27.1 = 78.6.=56.3 per
cent. iron ; SiO® 20.8 ; MgO, 00.6 ; alkali, 0.02 ; fluo
ric acid, trace. Also in Oregon (/. R. Brown's Rep., 1866).

We have found in the Emery quarries at Captain 
Elliot’s Chester factories, Connecticut, that magnetite 
was largely associated with emery, and the streak or 
powder was gray, due, perhaps, to the argillaceous
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nature of the specimens. The mineral was once mistaken 
for iron ore, until found absolutely refractory in the 
highest heat of the furnace! •

T i t a n i c  I r o n  S a n d  has been dug and quantities 
brought to this country from Labrador. W hat we have 

. seen of this sand was magnetic, and possessed a high per
centage of iron, but was only introduced for the purpose 
of attracting attention to its merits as an ore, whatever 
those merits be. (See I r o n  and T i t a n i u m  hereafter.)

C h r o m e  I r o n  S a n d  in octahedral crystals may be gen
erally though not always distinguished by its not being 
magnetic. This ore is the one from whi(fh the best 
iron for steels has been obtained.

Geology.—It is widely diffused, occurring in the so- 
called igneous and metamorphic rocks, e. g.. Gneiss, 
Granite, or allied rocks, in masses or layers. Isolated 
crystals occur in clay slate, chlorite slate, greenstone, 
and basalt. Wherever we find it so largely dissemi
nated as to be worthy of mining in this country, it has 
been found in the rocks of the above nature.

In Europe the finest natural magnets are found in, 
Siberia, in the Hartz, and in the island of Elba. Some 
natural magnets have been found in the region of Lake 
Champlain. We have found some specimens very 
strongly polaric from the mines in Morris County, New 
Jersey. .

F r a n k l i n i t e .—Formula still doubtful Sp. grav. 5.1.
I t  was regarded as essentially a magnetic oxide, with 

the protoxide partially replaced by oxide of zinc. Some 
analyses seem to contradict this, but, till further light 
on the subject, it may be thus classed. Rammelsberg’s 
analysis is—

D ic k e rs o n  in  C. I.
'' J a c k s o n ’s  K dp. o n  

N . J .  Z in c  M in es .
Sesquioxide of iron . . . .  64.51 =  Iron , . 45.16 66.07
MnO‘, or binoxide of manganese 13.51 Manganese 9.38 12.24
Oxide of zinc . . . . . .  25.30 Zinc . . 20.30 21.39

Oxygen . 2£T.16 Silex 0.29

103.32 100.00,. 99.99

I t is treated as an ore of zinc, and when the iron is
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smelted it appears as a characteristic spiegeleisen.* The 
ore has been recommended as a remedy against both 
cold and red-shortness. It is supposed that sulphur 
and phosphorus were extracted by the zinc and manga
nese, or by the zinc alone, and thus were removed the 
■chief causes of red and cold-shortness.

Geology.—In granular and rhombic limestone, of the 
metamorphic silarian, in Sussex County, N. J. I t  is 
said to occur massive at Altenberg, near Aix la Chapelle.

2. Hematite, Red Ore, Red Oxide, Anhydrous 
Sesquioxide of Iron, Specular. Iron Ore.

When pure its composition is Fe^O*,'and it contains 
70 per cent, iron, oxygen 30, sp. grav. (crystallized) 5.3 
to 4.2 earthy kinds. It occurs crystallized as in specular 
iron ore, with black shining facets, and sometinies 
beautifully colored; or as micaceous iron ore, with thin, 
bright, and apparently black scales or fibres, according 
to the character and size of its crystalline grains or par
ticles ; and also in massive and • reniform or botryoidal 
states, and even earthy. Sometimes fibrous and radiat
ing, hard and siliceous to the touch, while some are soft 
and even greasy to the touch. The hardness of some 
varieties is due to silica in̂  the state of quartz; and 
when this is the fact, without the presence of alumina, 
lime, or magnesia,, the pig iron resulting will be rich in 
silicon.

It may always be distinguished in that it produces 
a characteristic red streak when drawn across unglazed 
porcelain, and a red powder when delic.ately pulverized 
and placed on white paper, or when scratched with a 
file. I^The red color of the common brick is due to this 
oxide of iron. All the red clays belong to this class, 
and, when they contain more than 20 per cent, of metal, 
may be considered an ore of iron.]

Those varieties of specular iron ore which hâ ê lost 
their metallic appearance, are called red ir6n ore; they 
are either fibrous or solid, compact or ochry; sometimes 

•
* “Looking-glass iron,” from its large, bright, crystalline fracture.
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they form a firmly connected mass of a red impalpable 
powder. The scaly red iron and the red iron foam 
belong to this class; in masses they are but slightly 
coherent.
■ This variety of ore yields very unequal amounts of 

iron; it ranges from the red clay of hardly 12 per cent, 
of iron, to the rich micaceous ore, which is pure oxide 
of iron. Therefore, the evidence of sense is no safe 
critei'ion, for a very poof clay appears sometimes as red 
as the richest ore—though by drying the specimens, a 
difference in color may be perceived; still, it would be 
premature to infer from this, what amount, of iron a 
given specimen contains. The only way to ascertain the 
quantity of iron is by chemical analysis, and the humid 
is the only test we can certainly depend upon. But this 
variety of ore yields always good and strong iron, and is, 
perhaps, on that account, the most valuable; for the iron 
manufactured'from it is the most tenacious of all kinds. 
I t  improves, even in small quantities, all inferior ores, 
and may be used as an excellent flux in the blast fur
nace, The damask iron of Persia and the woots of India 
are manufactured from specular iron ore.

Geology.—The massive and earthy varieties occur in 
the carboniferous limestones of Lancashire and Cumber
land, England; in the same stone at Mumbles, near 
Swansea; in the Devonian limestone of Berryhead, near 
Brixhafn, it is found associated with sulphate of baryta; 
also at the base of the carboniferous limestone south of 
Liege and Huy, cropping out along many miles of 
country. [Specular iron ore is found throughout Asia, 
Corsica, Germany, France, Sweden, and in almost every 
country.] In the United States, in the metamorphic or 
transition rocks from ancient to secondary rock. The 
Pilot Knob is made up of quartzose rock of the azoic, 
period. In Warren County, New Jersey, where it oc
curs opposite Easton, it is associated with pyroxene and 
hornblende (see list in Appendix A). The fossiliferous 
red hematite of Oneida County is in the upper silurian; 
and the sandstone of that formation. TKe Lake Supe
rior hematite lies between chlorite slate, hornblende, and 
highly crystalline feldspar rocks. In Wisconsin, on the

    
 



THE ORES OF IKOIT. 41

east branch of Black "River, near the falls, the red ore 
passes up through mica slat6s and chloritic slates. {Lesley.)

Iii Bohemia and the Hartz it ofcurs in reniform* 
masses o  ̂a fibrous concentric structure. As a mineral, 
perhaps indicative of beds or veins, where mines have 
not been opened, it occurs compact and micaceous, 
abundantly in St. Lawrence and Jefferson Counties, more 
fully described hereafter, under the head of worked ores 
or mines. Beautiful'colors, or irised crystallizations, 
are found at Bowler, a port township of St. Lawrence 
County. Splendid micaceous specimens occur in the 
Marquette ores, Lake Superior.
' These black or dark crystals, when cut thin, are trans
lucent, showing a color of deep-blue red.

Compact red hematite is rather difficult to work, 
although when worked it produces pure meta^ and is 

. not so liable to impurities as the next mentioned ore, 
brown hematite. Bqt there are more open varieties, 
which are of easy management. . Although the Oneida 
County, New York, red hematite is put under the head 
of fossil ores, it is actually a red hematite, with impuri
ties which, when properly managed, do not materially 
interfere with the purity of the metal produced, und the 
ore is fluxed with ease' compared with the compact va
riety of pure, or nearly pure, red hematite. Though there 
is less iron in the next mentioned hematite, for the same 
weight of ore, even when both are pure, because of com
bined water in the ore, yet, when heated or roasted se
verely, that combined water leaving the ore renders, it 
more porous and more accessible to the reducing heat of 
the furnace. It becomes by such heat a red hematite. 
This is the cause of the change of color in many instances 
where a yellow or brownish or even gray ore has been 
roasted thoroughly. Of course, economically speaking, 
more heat has been expended upon the brown or hydrous 
hematite, as all the water (ten to fourteen pounds to the 
hundred of ore) has to be expelled, and with its expul
sion carries off so muck heat unexpended upon the direct 
reduction of \he  metal.

* Kidney form.
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Some of the principal mines of R e d  O x id e  occur as 
follows:—■

111 New York State there is mined a lenticular ore, or 
“ fish-egg” ore, beinf a deposit of small shells and red 
oxide of iron, having its northern outcrop at about nine 
miles west of U t Ic a , Oneida County. I t  is said to un
derlie the Catskill and Alleghany Mountains, and come 
up' at Danville and Bloomsburg, in Montour and Co
lumbia Counties, Pennsylvania. I t  is also mined at 
Cumberland Gap and in Blair County, and lately near 
Rome,Georgia. This is not a usual red hematite, but fos- 
siliferous, and hepce is described under that class of ores.

P il o t  K n o b , Iron County, Missouri; also, on the 
Maramec River; at Birmingham, on the Mississippi, 120 ' 
miles below St. Louis, and in other parts of the State. 
Some df the veins run nearly vertical.

Immense beds exist at J a c k s o n  M o u n t a i n , Marquette 
County, Michigan. Some of the specimens from the 
heaps of ore are black, shining, and apparently laid down 
in thin layers; but are red, when seen by transmitted 
light, and are then called micaceous red hematite. Some 
varieties are of the mineralogical species gbthite, with 

' a crystalline radiated structure, containing, when pure, 
about seven per cent, water; but this last ore is rare, 
the micaceous frequent. Analysis gives oxygen 29.46; 
iron 68.07; insoluble 2.89; no manganese, phosphorus, 
or sulphur.

Near and around A n t w e r p , Jefferson County, New 
York. This is a remarkable and beautiful ore, largely 
mined, and as interesting to the mineralogist as to the 
metallurgist, There are found beautiful hairy radiations 
of sulphide of nickel (millerite) in cavities of this ore. 
Some specimens presented to us by A. P. Sterling, Esq., 
contain the sulphide of nickel in roseate form. This 
ore is easily worked and very valuable. There are many 
openings in this region. ,

F o r t y  m i le s  n o r t h w e s t  o f  M i l w a u k e e  t h e r e  i s  a n  
o o l i t i c  a n d  s i l i c e o u s  v a r ie t y  c a l l e d ,  g e o l o g i c a l l y ,  -an u p p e r  
S ilu r ia n  r e d  h e m a ,t it e .  • ^

East of E a s t o n , Pennsylvania, across' the Delaware at 
a place called Marble Hill, there is a vein of massive
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ore cropping out, which has heen mined, and some ore 
is stacked up, hut the mine has been abandoned. I t  is 
a siliceous, massive, compact ore, containing about 48 

. per cent. iron. The vein has been ti^ced into Pennsyl
vania, northwesterly, a half mile.

There are immense quantities of this ore in Wiscon
sin, and they were partly worked some years ago on the 
east bank of Black River, near the falls, four miles from 
flat-boat navigation. Analysis, by Dr. C. I, Jackson, 
perox. iron, 67.50 (=47.25 matal); silica, 26.75; oxide 
mang., 3.65; water, 1.50,

3. jBrown Hematite, Brown Iron Ore, Hydrated 
Sesquioxide of Iron.

2Fe^O ,̂ '3HO.—When pure it contains 59.89 peF cent, 
metallic iron, and 14.44 per cent, water, but the water 
varies much in different localities and in different condi
tions of the hematite. Under the term Brown Hematite 
Ore are incltuded all the ores, the essential ingredient 
of which is hydrated sesquioxide of iron. The finely 
fibrous, rich dark-brown hematite is nearly pure, except
ing about from ,5 to 5 percent, silica; whereas the ma
jority of the ores, of this species are ochreons, earthy, 
and yellow-brown, or, when from low grounds, they are ’ 
in the shape of brittle and loosely aggregated masses, 
called bog iron ore. Dana includes all these varieties 
under the specific name of L im o n it e ; whereas Percy, and 
ore men generally, call them B r o w n  H e m a t it e . The 
streak powder of all these ores is brown* or brownish-, 
yellow. Those of the Belgian districts are, by Percy, 
supposed to yield not much more than 30 per cent. iron. 
Its forms are various—globular, reniform, stalactitic, and 
rpammillary. It presents great variety of surface, being 
smooth, granulated, reniform, drusy, columnar; and it is 
often an impalpable powder. I t  is a species which, on 
account of differences in regard to mechanical composi
tion, has received a great diversity of names-; still, all 
the varieties ar® of the same chemical composition, unless 
adulterated by foreign matter. The whole class is the 
result of the decomposition of other iron compounds,
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namely, iron pyrites, carbonates, red oxides, sulphates, 
&c. The fibrous limonite, or brown hematite, comprises 
sometimes beautiful forms of the hydrate, which are 
kriown under the name of pipe ore, brown ore, and she’ll ' 
ore; it is then reniform, and often consisting/)f alternate 
layers of different colors, or coats of different hardness. 
To this species belong also a great variety of impalpable 
and scaly combinations.

Geology.—Occurs in the secondary or more recent de
posits. The earthy-br'ov\%i occurs abundantly as a super
ficial deposit in the oolite of Northamptonshire and in 
Lincolnshire, England.

In the United States, the largest deposits are in the 
lower Silurian. Some ores of this kind ’are mined from 
the outcrops of the coal measures,*in western and middle 
Pennsylvania, and in Ohio.

The following are some of the brown hematite ore 
localities of our country, where they are, or have- been, 
worked:— •

New York.—Near Copake, Columbia County, and near 
the east side. The ore of Dutchess County seems to 
be a mass of ore very varied in shape and size, makes 
excellent iron, especially that near Dover Plains and, 

’indeed anywhere on the Salisbury Range within twenty 
miles. Salisbury iron is noted as an excellent iron.

Massachusetts.—Richmond and West Stockbridge 
mines, eight miles southwest of Pittsfield; principally 
in Berkshire County.

Connecticut.—Near Kent, Litchfield County; several 
" banks,” “ mines,” “ beds.” •

New Jersey.— Edsall’s mine, near Hamburg. Near 
Stewartsville, on the Morris and Essex Railroad, a re
markably siliceous ore, splendidly brilliant, with micro
scopic crystals. Lately opened.

Pennsylvania.—Ironton mines, near Fogelsville, nine 
miles northwest of Allentown. These are very old, and 
perhaps the most remarkable in the country for depth, 
variety of color, and methods of open minihg. Some time 
ago some exceedingly beautiful specimens of arborescent 
native copper were found there. The ore, which is
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nodular, is remarkably pure in parts, especially at Bal- 
liot’s mine, and the adjoining one under the direction 
of Gen. Robert McAllister. The latter is the most in
teresting bed for miles around, and, we think, for purity 
of ore, is not excelled anywhere, especially when the ore 
is thoroughly washed. We have picked up specimens 
of the silicate and carbonate, but no sulphide, of copper. 
Kind, geologically—lower silurian brown hematite, as 
all is in this region. About nine or ten miles northeast 
of Pricetown, some ten. miles northeast of Reading. 
Kot far off, about ten miles northwest, is a true mag
netic vein. (See under M a g n e t ic  O r e . )  South, of 
Raston, about a mile and a half in Williams Township. 
Beds are here* extending some five miles, nearly con
tinuous on the north side of Lehigh Hills, running east 
and west. Mined out by shafts; some open beds. 
Kodular, but not so hard as ’at Iron ton, and more of 
the bomb ore; some holloW “ bombs” half filled with 
water. In these beds the mineral ore Gothite, a fibrous, 
reddish-brown, radiated hematite is found ; also a beau
tifully iridescent black-surfaced bombshell ore, very 
beautiful specimens of which have been taken out for
merly. Above and below Albertus Station, for twelve 
miles east and west of that station on the line of the 
East Pennsylvania Railroad, running southwest from 
Allentown; also near the North Pe’nnsylvania Railroad, 
several miles south of Bethlehem, near Coopersburg; 
and also at several points on either of these roads 

.beyond. All of these beds, for many miles, seem to be 
. but the broken continuation of the same general line 
of lower Silurian. Brown hematite ores run. from the 
Delaware, opposite Easton, southwesterly Over one hun
dred miles, even into Maryland, beyond and south of 
York, Pennsylvania. Some of the beds southeast of 
York, judging from specimens we have examined, con
tain a large per cent, of manganese. One specimen, said 
by the gentleman who gathered it to be a sample taken 
from some seventeen tons mined out for brown hematite, 
contained moA than 50 per cent, peroxide of manganese, 
and it could not be melted in any ordinary furnace.

It is mined with fossil ore, or in the same vicinity, in
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Huntingdon County ; mined also, free from fossil ore, in 
tHe north patt pf this county (Huntingdon), in and 
about Stone Valley, and west of Mifflin County, and 
east of Blair County. In Maryland, at Point of Rocks, 
forty-fiVe miles west of Baltimore, and further south
west also, so we have been told, beds are found, and 
beginning to be mined in Baltimore, Carroll, and Har
ford Counties.

Virginia.—Ten miles west of Fredericksburg, in Lou
don, Spottsjdvania, Nelson, Frederick, between the Blue 
Ridge and Alleghany in Warren County ; Page (south
east part), Rockingham and in Augusta County north
west of Staunton, and in other directions from Staunton, 
and more would be mined with a little 'more skill and 
enterprise in. this region; so also in Rockbridge. Ex
cellent ore in Appomattox County.

In North Carolina.—-In Gaston County several beds 
are good at the High Shoals; one also at Mine Hill. 
Richards Bank: in some specimens from this “ bank” 
we found some small particles of gold; there is a quartz 
gold vein in the vicinity; also in Spartanburg district. 
W e do not know of ajiy mines worked at present in 
South Carolina, but there are beds probably in- the 
western part of the State, especially around Pendleton, 
where we haye, for miles, picked up surface, specimens. 
In  Georgia,.in the region of Cassville, Cass County. In 
Alabama", sixty miles north of Montgomery, and east of 
and along the Coosa River; and there are immense 
amounts of excellent ore lying on the surface not mined 
up to the spring of 1868, but lately purchased for that 
purpose. In Tennessee; in Carter, Washington, and 
Monroe counties.

There are soft, and what is called “ hematized out
crop, coal measure, carbonate ores, in layers two feet 
thick,” said to be fourteen miles southeast of Butler, 
Butler County, Pennsylvania, and in several other places 
in the country around, and in neighboring counties. So 
also in Lawrence County, Ohio; Sciotq County, and in 
Greenup County, Kentucky. A true ore, Within one or 
.two miles northwest of Hycusburg, Crittenden County, 
Kentucky, a few miles northwest of Eddysville, Caldwell
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County, and also from five to eight miles south, said to 
be very pure and fit for steel. In Tennessee, a large 
quantity is found in Stevrart County, and so in Mont
gomery County ;■ a lesser quantity in Dickerson County; 
some mined in Hickman, Perry, and Decatur. Some of 
these ores contain a high per cent, of manganese, and 
make an excellent spiegeleisen, judging, from personal 
examination of both ore and iron. In Missouri, forty- 
five miles west-southwest of St. Louis; also in Illinois, 
northwest of Elizabethtown, Harden County. In  Wis
consin, some miles west of Barraboo Village,

4. Spathic Ore and Spathic Carbonate, Sparry Iron 'Ore, 
Sphoerosiderite, Chalybite, Crystallized Carbonate o  ̂
Protoxide of Iron.

"FeOjCO^ Anhydrous, and, when pure, contains 
4.8.275 per cent, iron, generally associated with car
bonate of protoxide of manganese and carbonate of mag
nesia, and also lime. The color is light yellow, or light 
brown; streak white; when neaidy white, or cream 
colored, it is nearly pure—as iq Roxbury, Connecticut. 
I t is then considered a fine ore for all steel-irons. The 
principal ancient locality in Europe is the Erzberg, near 
Eisenerz, in Styria; it is also found in Prussia, at the 
Stahlberg near Miisen; and here the iron and copper 
pyrites, which occur, are picked out by the hand. In 
England it is found in the Brendon Hills, and Exmon, 
Somersetshire. In this country, as we have*said, at 
Roxbury, Connecticut, and in Plymouth, Vermont. 
There is a variety called “ clay iron stone,” which is a 
siliceous or argillaceous carbonate of lime, and which 
we shall describe further on.

Geology.—Found in Gneiss, as in Styria and Carin- 
thia, mica slate, clay slate. Occurs frequently with 
other metallic ores. The sphoerosiderite form occasion
ally occurs in trap-rock. In Roxbury, Connecticut, i f  
is associated with quartz traversing gneiss, and is there 
called “ steel »ore,” and mined principally for this pur
pose. At Sterling, Massachusetts, it occurs also pure., 
We have seen considerable quantities mixed with the
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red ores of Sterling rtlines, Jefferson Coonty, N. '  , but 
not enough to be mined separately. W ith thesr xcep- 
tions, this ore is not used to any considerable extent 
in this country, when compared with the ores '•eady 
mentiohed.

5. Fossil Ores.

The “ fish egg” Clinton ore, west of Utica, Oneida 
County, New York,'is so called from its general appear, 
ance, but it is an argillaceous red fossil ore, and is used 
in great quantity and sometimes called “ lenticulai^’ 
because of the flattened shape of its grain, though the 
particles, to'a great degree, resemble a fossilized fish roe. 
I t  is the “ Oolitic fossil ore.” The ores twenty-five miles 
west of Kingston, Ulster County, New York, are sup
posed to originate from the same general bed, stretching 
along from Oneida County, and running under the Cats- 
kill and Alleghany Mountains, and coming up again in 
Montour and Columbia Counties.

In Montour and Columbia Counties, P e n n s y l v a n ia , 
where these ores are worked extensively, there are found 
a great many fossils of a ring shape, which are the sepa
rated stem-sections of encrinites, somewhat altered in 
shape, and of diameters varying from one-quarter inch 
to three-quarters of an inch. The upper' ores, near 
Bloomsburg, are more calcareous, the lower are siliceous. 
The ores vary from a brownish-red to a brownish- 

. chocola^ color. Also, worked at Lewistpwn, Mifflin 
County, Pa., at thp base of Jack’s Mountain. In Bedford, 
in Huntingdon County, Pa. Near Pry Valley, a small 
village in Union County, Pa. In Centre County, where 
it is said to make both red and cold-short iron. Near 
foot of Tussey’s Mountain, Huntingdon County, where 
is both fossil and rock ore. East part of Blair County. 
In BedfprdjQounty, near Tussey’s Mountain,

in Shenandoah County, about ten miles 
south easVoI’ Wo'odstock.

In Tennessee, in Carter County, at Cumberland Gap, 
^in Cla >rne and Union Counties, and up the Tennes
see P iver.
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A'l in Greenup County, Kentucky.
TK ’appear in other places where they have- been 

either  ̂ Wked, or opened with the intention of working. 
They*" e modified conditions of red, and sometimes, 
brov^n hematite with silica and more or less carbonate 
of li \e, sometimes enough,‘from the fossil shells, not only 
to render limestone unnecessary as a flux, but, in some 
cases, to require some siliceous ore as a flux to work them, 
as, for instance, in Madison County, at the head of Oneida 
Lake, New York.

Geology.—In the Upper Silurian.
The following analyses of some of the varieties will 

aid in determining the nature of this class of ores.

L o c a lity  a n d  
v a r ie ty . •a 40^ oO

O ccasiona l
in g re d ie n ts . ill

is
BescHptionnf 

th e  o res.

S m ith ’s  G ap , 
K it t a t ih n y  M t., 

P au jp h in  Co.

D a n v il le ,  M on
to u r  Co. 

{ L ev an t i r o n  
sa n d s to n e .)

D a n v i l le ,  M on
to u r  Co.

(C a lc a re o u s  fo s
s il o re .)  

B lo o in s b u rg , 
C o lu m b ia  Co. 

(C o m p a c t c a lc a r ,  
fo s s i l  o re .) 

B lo o m sb u rg , 
C o lu m b ia  Co. 
(S o ft, p o ro u s ,  

fo s s i l  o re .)

M ifflin , 
J u n i a t a  Co. 
(F o s s i l  o r e .)

M a t i ld a  F u r n a c e  
n e a f  J a c k ’s 

N a r r o w s ,  
H u n t in g d o n  C o

M a ti ld a  F u r n a c e  
lo w e r  p a r t  o f  

th e  s a m e .

70.63

30.34

85.10

6.60

.57

13.30 11.70

5.00

74 76 tra c e

44.07 tra c e

2.80

7.10

24.24

13.04

l.SO

2.10

3.82

2 62

C arh . o f lim e 
2.46

C arb . o f lim e  
62.43

C arb . o f m ag
n esia , 2  79 

C arb . o f lim e  
33.17

C arb . o f lim e  
tra c e

.40

L im e  1.35 u n 
d e te rm in e d  
m a t te r  2.11

L im e  0.4

9.44

21.24

42.91

59.67

49.00

52.33

so.si
•ii

D a r k  m o t t le d  
b ro w n , coarse-

frM u ed , im - 
e d d e d  in  b r ’n  

h e m a ti te .
B r ic k  re d , som e-, 

w h a t  fossil 
g r a in  a n d  as-- 
p e c t  o f  re d  
s a n d s to n e  c a ll
e d  ‘■‘h a r d o r e .” ' 

D a r k  p u rp lish , 
b ro w n , s la ty ,, 
m icace o u s  fos-- $il.

S lm lih r  to  la s t.

D a rk  r e d d i s h -  
h ij^ w n , soft, 
g iv e s  a  re d  
p o w d e r  fu ll  o f 
p i ts  a n d  casts  
o f  fossils .

C h e s tn u tb ro w n  
c o a rs e , s la ty ,  
g r a h u la r ,  m i
caceo u s  an d  
fossil.

H e d d ish  b ro w n , 
p o w d e r  red , 
p o ro u s  (u p p e r 
p a r t  o f  fossil 
o re ).

B rc w n , fra c tu re  
r e c ta n g u la r ;  
b ro w n  o x .  o f 
i ro n , cem en t
in g  co a rse  grs. 
o f  s a n d  (low er 
p a r t  o f  fos.sil 
.ore\.
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6. Argillaceous Iron Ores ; Clay or Clay-hand Iron Stones, 
■ Black-hand, Earthy Carbonates.

Impure earthy carbonate of protoxide of iron.
Owe their name to their clay-like appearance. Color 

from light-brown to black. Often filled with cracks 
filled with matter differing from the ore itself.

Dr. Percy says that, in Great Britain, when they are 
deep brown or black, and contain about ten per cent, of 
coaly matter, they are termed b l a c k - b a n d  ore or iron 
stones. This kind of ore is composed, essentially, of car
bonate of FeO, in intimate admixture with various mat
ters of which the following are the most frequent:—

Carbonate of the protoxide of manganese.
Carbonate of lime.
Carbonate of magnesia.
Silicate of alumina, in the state of clay.
Potash.
Phosphoric acid.
Sulphur in the state of bisulphide of iron.
Organic matter.
Little water of combination.
Geology.—Abroad they occur interstratified with the 

shales of the coal measures in nodules or in continuous 
beds. Also, in the coal fields of Yorkshire, North England, 
and in Scotland, and in South and North Wales. Argilla
ceous ores occur in the lias of Yorkshire, also in the Weal- 
den, and were formerly raised and smelted in Sussex. And 
they are not absent from the tertiaries. They are dredged 
up off the coast«of the Isle of Wight.

In South Wales the shales adhere to the ore, but after 
-exposure fall off.

In the United States, these clay iron stone, or car
bonate ores, are found in the Lower Devonian, more 
■extensively in the sub-carboniferous, and in the actual 
•coal measures. The latter division includes the black- 
band of Pottsville, hereafter described, which is in the 
southern anthracite coal field of Schuylkill County. So 
also of the black-baiid found in Elk County, Pa.-, over- 
lying* the Wilbur coals, and in McKean County, where it 
as interstratified between the coal'benches or layers So,
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also, in Muhle^burg and other counties in Kentucky. 
There is in this country but little of this black-band, and it 
is doubtful, according to Dr. Percy’s definition of the black- 
band o.f Scotland, that it is, economically, the same ore.

On examining some of the Scotch black-band at the 
exhibition of 1851, a Prussian mining official gained suf
ficient information to recognize the same .ore in ‘West
phalia, which had previously been considered as only a 
useless shale, but the further discovery, according to 
Percy, has been made that some of the ore in this locality 
contained as much as forty per cent, of phosphate of 
Hhie. _ . ,

Various pyrites, zinc blende, and millerite, galena 
and sulphate of baryta, haVe been found* in cavities and 
in septarian divisions, in the argillaceous ores of British 
localities. (See Appendix C.)

Blach'hand.
This ore is said to exist in Tennessee, ten miles above 

Lewisport, in Hancock County, Virginia, and Muhlen- 
burg County, Kentucky; but we have not succeeded in 
obtaining any specimens from worked mines. Also in 
Mahoning County, two miles northwest of Youngstown. 
It exists in uncertain quantities in Elk County, and 
McKean County, and in other places in Northwestern 
Pennsylvania. There is an inferior quality, but yielding 
25' per cent, of iron, in the Frostburg, Maryland, Basin. 
Near Pottsville, Pennsylvania, it has been mined, and 
ill unusually large masses or layers; *but it seems to 
have been, as the miners say, '■'■pinched owt,” and it 
is not worked at present. Hopes are entertained of 
again opening upon a new vein or bed in the same 

.vicinity. W e have obtained some very large and satis
factory masses. One presented us by Mr. Lanagan, 
proprietor of the St. Clair Furnace, has a large number 
of very beautiful impressions of fern leaves in the ore 
itself. The ore worked well,and produced, when mixed, 
a very satisfac1;ory iron. The largest mass we have seen 
was, perhaps, 22 inches in thickness, and apparently 
nearly homogeneous; but we understand that the ore
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was thicker ^30 inches^ in other places. The following 
are the analysis and opinions of Messrs. Booth and Gar
rett, the analysts:-—

• P hiladbi.ph ia , D ec. 2'7,,1866.
M r. E . W . McGinnes, PoUsville, Pa.

Dear Sir : We have «arefi>l>jt analyzed the Sample of Iron Ore 
you sent tis throngb Mr. Hart, and find it to contain, in 100 parts, 
as follows

Protoxide of Iroa
D o. . Manganese . . 5.17

Alumina . . traces.
Lime . 1 1.65
Magnesia . . 1.84
Carbon e . 2.98
Silex . 1.95
Sulphuy . . 0.19
Phosphorus . 0.13

64.:i5

50.44— Metallic Iron 39.23.

The remainder is carbonic acid with a little water.-
This ore, when thoroughly roasted, will yield over 50 per cent. of. 

metallic iron.
The snlplMir and phosphorus are both in small quantity,-and in 

such proportion that the red-short and cold-short tendencies of the 
metal would probably neutralize each other.

The diffusion of 3 per cent, of Carbon through the ore, will both 
dimiuish the cost of roasting, and render it more effective, while the 
percentage of manganese is snEBcient to greatly facilitate the opera
tion of dating. This ore may therefore be pronounced to be a 
black-band of very superior quality.

Yours respeotfuify, BOOTH & GARRETT.
Some distance, perhaps tw'o miles, from the McGinnes 

vein, other appearances of 'black-band Ore of the same 
general qtaality have been taken out, but in thin plates 
which, however, indieate that quantities very large, if 
not.laT^er, than those already found, may, at no distant 
time, be met with in either the same vicinity of the 
McGinnes mine, ot in places not far oflF.

[A good quality of black-hand always furnishes good 
pig met'dl, and is, after being well roasted, an excellent 
material in the blast furnace; it is more inclined to 
make gray foundry iron thau any other ore; besides 
that, it works exceedingly well in the furnace.]

The value of an extensive bed of true black-band of a 
thickness equal, to that discovered at Pottsville, may be 
appreciated when it is remembered that in the seven
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principal, black-band measures of West Scotland, the 
thickest, that of the celebrated Airdrie black-band, is 
only 16 inches, and the Bellside and Calderbank, or 
Kennelburn black-band, either of which being only six 
inches thick, can be worked to advantage and profit. The 
following analyses of Scotch bands show the elements of 
similarity between the American and the Scotch.*

1. 2. 3.

ReO Protoxide of iron . 46.53 .50.73 4^.37 37.07
Fe*0® Sesquioxide of iron 0.45 4.10
MnO Protoxide of manganese 2.54 1.86 1.50 0.23

Alumina . . . . 0.97 0.26 6.05
Lime . . . . . 2.41 2.52 3.00 6.61
M agnesia . . . . . 1.39 1.26 ■ 0.25 7.40
Carbonic acid 30.77 33.89 30.50 36.14
Phosphoric acid . 0.69 0.73 trace ' 0.23

• Bisulphide of iron 0.38 0.38 1.56 trace
W ater . . . . . 1.47 0.58 ......
Organic matter . 10.46 ■6.41 6.25 9.80
Insoluble residue. 2.27 0.72 2.80 2.70

99.88* 99.21 . 99.96 100.18 .
P er cent, of metallic iron . 36.39 , 39.84 36,49 28.83

No. 1. Bed Shag Ironstone, Shelton, North Staffordshire.—Dick.
N o. 2. Red Mine, Apedale, North Stafifordshire.-^Dick.
No. 3. Black-band, Abercame, Monmouthshire.—Rogers.
No. 4. Goal brasSj South Wales.—I^rice and Nicholson.

The value of these ores is enhanced because of the 
ease by which those containing much carbonaceous mat
ter may be calcined without much or any additional 
fuel. But they are subject to great variations in thick
ness and composition over a very small area. The Air
drie black-band, eleven miles east by north from Glasgow, 
is work^le only within an area of ten sqnare miles, 
when its composition is changed, being replaced by a 
thin coal. The slaty black-band is represented in Lin
lithgowshire, farther east by north, in like manner by 
the Boghead cannel coal. The yield is on an average of 
2000 tons calcined ore to 1000 tons pig iron per acre of 
one foot thickness. In North Staffordshire black-band 
occurs in bed-̂  from four to nine feet in thickness, and

* Banerman.
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is largely exported, in the calcined form, for use in the 
South Staffordshire furnaces. In South Wales it is 
found in numerous small irregular beds, more especially 
in the western part of the coal field. In Europe it is 
found—not pure, however—in the Rhenish aqd West
phalian coal fields.*

Earthy Carbonate Ores, and Calcareous Carbonate Ores, 
Impure Earthy Limestone Ores.

These ores are variously composed, as above suggested 
under a r g i l l a c e o u s  i r o n  o r e s . They vary in color, 
and many are peculiar to the central and western coal 
measures of Pennsylvania and southern and eastern 
parts of Ohio, and to Kentucky. Some are a light 
grayish-blue, compact and granular, and so much like 
bluish limestone as easily to be mistaken for it—as, for 
instance, at Johnston, Cambria County; others all 
shades of gray, brown, and bluish-black, and even green, 
according to the condition or prevalence of either of 
the substances mentioned (p. 50). The greenish shades 
are due to prevalence of the protoxide of iron, and of 
some other elements. They are essentially composed of 
iron, carbonic acid, lime, alumina, silica, and organic 
matter.

Having already noticed the American b l a c k -b a n d  (so -  
called), we give some localities of the successfully worked 
mines of carbonate ores, or earthy calcareous carbonates, 
as follows:-—

Earthy Carbonates, or Calcareous Carbonates.
In Vinton County, Ohio, fourteen miles west of At

kins; around Hampton railroad station, Clinton town
ship, same county. Great amount in Jackson County, 
Gallia County, Lawrence County, Greenup County, Ken
tucky. In Green County, Western Indiana.
. Johnstown, Cambria County, furnishes a large amount 

of calcareous ores, with carbonate of lime^enough to flux 
the ore without the addition of any limestone. The ore

* Baaerman.
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is roasted in great heaps in open air, and then appears 
like a red ore; before, however, it is a bluish-gi’ay. ore 
and much resembles limestone in appearance. A hard 
blue carbonate lying on limestone beds in the coal mea
sures fifteen miles northeast of Kittanning, Armstrong 
County, Pennsylvania, and in Mercer County. “ Red 
limestone ore or buhrstone ore” on south line of Clarion 
County. A soft ore of this nature four miles north of 
Harrisville, Butler' County, Pennsylvania. Five miles 
south of Clarion, Clarion County, and four miles west. 
Also, in ‘Venango County and other places in Mercer 
County. There is red fossiliferous limestone-ore lying 
between the coal measures in Butler County, northwest 
part, on Shipping Rock Creek at the Falls.

There are ores which are mixed carbonate of iron and 
lime, and can scarcely be said to be true carbonate of lime 
•and iron, but more of carbonat,e of iron and some lime with 
carbonaceous matter and organic matter, together with- 
alumina and sileX, and may be called carbonates of iron 
modified by the other substances mentioned. They may 
be called carbonate ores or carbonitic ores, though not true 
carbonates of iron. They occur, as worked, in Butler 
County, south of Clarion County, Lawrence County, at 
Newcastle. A soft brown and hard blue mixed carbo
nate ore at sixty-two 'miles from Pittsburg, in Clarion 
County, cropping out among the coal measures when 
it becomes altered or hematized. In Frostburg coal 
basin, Alleghany County, Maryland, “ Rock and Kid
ney” carbonate ores, about two miles northwest of 
Youngstown, and also in Mahoning County, Ohio; in 
Nelson, Bullitt, and Greenup counties, Kentucky. A 
gray carbonate, Estil County, Kentucky. In many 
places where it is not fully worked or worked at all, it is 
abundant. Similar ores are mined at Brandonville,north
east part of Preston County, and in Monongalia County, 
Virginia. In eastern part of Taylor County, Virginia, on 
Baltimore and Ohio Railroad, southwestern Pennsylvania, 
in Fayette County, six miles south of Uniontown, and at 
Dunbar Gapsfsarne county, and two miles east of Union. 
In northern part of Somerset County and in Westmore
land County, vein running north and south, dipping east-
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ward and westward near Chestnut Ridge, several miles 
south of Ligonier, Westmoreland County, Pennsylvania. 
(Appendix D.).

7. Bog Ores.
New York.—Kear southeast of Helena, St, Lawrence 

County.
New Jersey.—Tertiary deposits of Atlantic sea board, 

especially bordering Little Egg Harbor River in southern 
part of the State. Near Milton-, Sussex County, in Dela
ware., and a few miles northwest of Georgetown, in the 
same county.

Pennsylvania.—Indiana County, southeast corner of 
the county, around Armagh, there are shell and bog 
ores. Clarion County, four and a half miles south of 
Roimersburg, near southern line of the county. The 
finest examples of the ore are in Fayette County, east 
of Ligonier, Venango, and Butler. In  Virginia, Shenan-' 
doah Co., and Warren Co., near Strasburg. In Ohio, 
there are several places in the southern counties. In 
St. Joseph Co., Indiana. In Kalamazoo Co., Michigan, 
northeast part of Branch Co., neqr and north of Quincy.

The following analyses indicate the nature of these 
ores:—
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The Jersey and Delaware Bog ores contain more or
ganic matter and phosphates, but have the same physical 
appearance and less metallic iron.

8. Peculiar Ores.
■Just south of Napanock, IJlster County, New York, 

is a peculiar ore, dark gray, massive, homogeneous, con-
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taining little geodes of sulphide of iron, and sometimes 
markings apparently, but not truly, fossil; also with 
lenticular pieces of clay slate.

In Pottsville, Pennsylvania, there is a so-called black- 
band of a grayish color, containing not more than twenty 
or twenty-two per cent, of iron, with silex, and alumina, 
and organic matter, and which, though it seems to be 
nearly exhausted, may occur' in larger quantities, as it 
obeys no known order of ore-position. I t has been and 
was, until very lately, worked with some advantage.

Manganese iron ore from near Knoxville, Tennessee, 
has been mined and worked into a very fine spiegeleisen 
metal, which from all appearances is superior for steel 
manufacture to that of spiegeleisen which contains zinc, 
and from what we have heard, quite equal to the Ger
man, which is imported to Troy for the Bessemer works, 
where we have been informed that the German spiege
leisen, notwithstanding it is dearer, can be used more 
economically than the Franklinite spiegeleisen. From 
an analysis of this Tennessee ore, we have no doubt but 
that the iron would answer well in the process above 
alluded to.

There is also a very fine manganese iron ore from 
Lake Superior, used in a furnace in Alleghany City 
under the management of Benjamin Crowther, Esq., with 
excellent results. It is taken out in several places not far 
off from Ontonagon. Contains about fifty per cent, iron.

At Pilot Knob, Missouri, there are mined large quan
tities of a very hard, fine-grained ore, which will strike 
fire from a steel with facility almost equal to that of a 
flint, therefore very siliceous and containing’also alu
mina, the peculiarity of which consists in its powder, 
which is a bluish-gray somewhat like a light slate color. 
I t  contains fifty-five per cent, iron, and is not magnetic. 
The iron from it is said to be red-short.

There is a peculiar fossil ore in the rolling country ten 
miles north of Blossburg, Tioga County, Pennsylvania.

A fossil limestone ore, “ from beds in the coal mea
sures,” severaf miles east and ten mrle  ̂ northwest from 
Kittanning Mountain, Armstrong County, Pennsylvania.

There is a “ bone ore” in Preston County, Yirginia,
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rather unusual. There is a clayey and siliceous carbona
ceous.ore, of a singular kind, mined at Zaliski, Vinton 
County, Ohio, and in .Greenup County, Kentucky, and 
in some other places around. There is also the unusual 
occurrence of a light cream-colored carbonate of lime 
and iron ore in solid homogeneous masses amid the dark 
brown nodular hematites of the mines at Ironton, Lehigh 
County, Pennsylvania, referred to under Brown Hema
tites sp. gr 3.653, while that of the best nodular ore in 
the same hill is 3.173. A crucible reduction gave 46 
per cent, iron of excellent quality.

Review and Practical RemarJcs.

[Upon the quality and price of iron ores, the success 
of an iron manufactory mainly depends; and these ores 
should be considered in every relation before a dollar is 
invested in any improvements, of whatever nature. In 
the United States, the manufacture of iron presents 
greater comparative advantages than in Europe and 
other parts of the w6rld, so far as the natural deposits, 
ore and mineral coal, are concerned; nevertheless, great 
caution is required before a working plan is set in mo
tion. It is true, native material is more abundant, and 
of better quality, in the United States, than anywhere 
else; but labor is more valuable; and, therefore, in no 
part of the world are so much attention, industry, and 
intellect required to carry on iron establishments. The 
cost of iron is, to a greater degree than in any other 
manufacture, represented by wages, paid by a single 
manufacthrer; therefore, great responsibility rests upon 
those who engage indjvidually in such an. enterprise. * '

The quality and quantity of the ore greatly affect the 
prosperity of the local, as well as that of the general iron 
business. Its quality may be improved by scientific 
knowledge; its quantity by industry: but where th is' 
knowledge is wanting, the rule is, neveT- to venture upon 
the working of bad or strange ores. Where this rule is, 
disregarded, failure- in the first instance attended by' 
faiUu’e in ail the subsequent manipulations of the manu.» 
facturlv*  ̂ This frequently occasioiis losses to the producer
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which he is tmable to bear, and brings ruin upon indi- 
viduals who deserve a better fate. Ores, whose qualities 
are not yet known, should be treated with the utmost 
caution, and we should use every means to investigate 
their nature before we enter into extensive operations. 
In fact, until we feel perfectly safe, these operations 
should either be suspended, or abandoned altogether, for 
the first is generally the smallest loss. Ores of acknow
ledged good quantity are sometimes so far removed as not 
to afford an easy market, or so much manipulated that the 
profits derived from working them are small; or they are 
attended by other disadvantages. In all cases, it is safer 
to start business with good ores than to run the risk of 

* an experiment. If the profits are small, the consolation 
of sustaining no loss is at least a great benefit. We shall 
make a short review of th6 different kinds of ore which 
the United States afford to the manufacturer.

«. Magnetic Oxide of Iron.—Black magnetic ore is 
found, in the State of New York, on Lake Champlain 
and Hudson River; in Vermont, at Bridgewater and 
Marlborough; in New Hampshire, Franconia; in New 
Jersey and Pennsylvania,in large quantities; in Missouri 
and Wisconsin; and abundantly found in Oregon, some
what in California, and New Mexico. This ore is gene
rally rich; and one ton and three-quarters to three tons of 
ore produce, on an average, one ton of metal. I t  very sel- 
dona affords cheap pig metal, on account of the expense of 
roasting it, and of working it in the blast furnace. If 
we.waijt the best quality of pig metal frpm this ore, it 
must be carefully roasted, and under all conditions- 
worked by cold blast with charcoal. By proper treat
ment, it affords the very best and safest kind of bar iroq; 
but by carelessness, or by an injudicious saving of fuel, 
very short, brittle iron. By careful roasting, and the 
cold blast, Sweden and Russia furnish excellent iron; 
but all experiments of raw mine and hot blast have, thus 
far, failed to produce from this ore the best quality of iron 
.favorable to the market. Where we want good bar or 
wrought iron* "and are not too particular in relation to 
expense, this ore may furnish a solid foundationYor a 
prosperous business.
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h. The next in quality is the Sparry Carbonate of Iron. 
Spathic ore is the most expensive material from which 
iron is manufactured, on account of the various and ex
pensive manipulations which the production of a good 
marketable article renders necessary; gray pig metal it 
will scarcely yield by any means, and the application 
of hot blast is so injurious to its quality, that all experi
ments have yet failed to make that modern improvement 
available. But by careful treatment of the ores, cold 
blast in the furnace, and proper manipulation in the 
forges, this ore yields a bar iron unsurpassed in strength, 
and furnishes steel with extraordinary facility.

c. Specular Iron Ore.—This ore is, in many respects,, 
the most Valuable of any ; for its application is very 
simple, and the iron it yields is the strongest' and most 
tenacious kind known in the world. Where it can be 
bought at reasonable prices, it may be considered the 
most advantageous for the individual manufacturer. .

d. Hydrated Oxide o f Iron—-This class, together with
the mineral coal deposits, constitutes to the present gen
eration, and will constitute, in a far greater degree, to 
future generations, a solid foundation of wealth, comfort, 
and happiness. Its sources are inexhaustible, but its 
quality is of such a nature, that it constantly requires the 
mental and physical, exertions of the manufacturer of 
iron. *

It afford$ an easy and cheap material, and the better 
varieties yield excellent iron in the .blast furnace and in 
puddling furnace and forge; but we have to be careful 
in the selection of the ore beds. The eastern ore is gene
rally of prime quality ; so is that of some parts of Ohio ; 
that of Tennessee and Alabama is of as good a quality 
of this kind as one could desire ; but the outcrops of the 
coal formation, the pipe ores, and bog ores, are to be care
fully selected in reference to quality. This kind of ore 
in the older rocks is generally good, but where it is 
derived from more recent deposits, it contains some of 
the original matter from which it is decomposed. The 
pipe ore is decomposed sulphuret, and frequently we find 
a core of pyrites in the centfe;' then the ore furnishes 
hot-short iron; but, carefully roasted, the sulphur of the
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pyrites can be largely volatilized. The hydrates of the 
coal formation are mainly derived from spa,thic iron, and 
frequently contain carbonic and sulphuric acids, which 
impair the quality of the metal, but can be removed by 
a careful roasting of the ores. Bog ores, which mostly 
contain ^oSphoric acid, are'for the manufacture of pig 
metal, incurable, for the phosphorus cannot be separated 
by roasting; but' this separation can be etfected in the 
forge, and hence, deserves consideration.] The pig iron 
produced is generally applied, in Canada, to the manu
facture of railroad car wheels, of which some were shown 
in the international exhibition 1862, which had run 

> 150,000 miles without exhibiting much wear.
[The body of this ore may be divided into two geologi

cal classes; one class belongs to the transition or second
ary rocks, and the other to the tertiary and more recent 
deposits. The first is generally of better quality than tire 
second; but no more definite rule can be given in relation 
to them. I t is generally found in large beds or irregu
lar veins, for which reason the working or raising of the 
ore is cheap. Where this is not the case, it is best not to 
commence operations. • /

Above all things, it is necessary that those who intend 
. to start on a new locality,’ should take counsel from expe

rienced men as to the quality and richness of the ore ; 
and should the ore happen to average a given quantity 
of iron, and should the price of an amount of ore sufli- 
cient to yield a ton of iron, be but six dollars, the busi
ness niay be safely attempted, and may, with industry and 
care, be successful. However profitable local advantages 
and good times may make the iron business, to those who 
find themselves surprised by a sinking market and limited 
means the losses are great. , Against this danger, good 
quality of the product is the safest guard ; and if to this 
advantage, that of cheap ore can be united, most diffi
culties can be successfully met. *

e. The Compact Earthy Carbonates—Argillaceous Ore 
of the Coal Formation.—This ore is very abundant in 
the large western coal fields, and will be a source of iron 
so long only as they can be*wrought at reasonable prices ; 
the mining of this kind of ore cannot be considered a safe
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business, for the raising is generally very expensive, and 
the roasting and smelting difficult. But where it can 
be raised at low prices as in some localities oh the Alle
ghany River; and where the quality of iron is of no 
consideration, it may serve as a source of cheap iron, and* 
therefore be considered valuable. But we must warn those 
who are not acquainted with the working of this kind 
of ore, that they will generally experience unexpected 
and considerable difficulty.

The remaining kinds pf ore are of so small amount as 
not to require any further attention than that which has 
already been paid to them under previous mention. 
AYhere favorable localities offer themselves, an enter-, 
prise based upon such ores may be, hazarded, but with 
due consideration of price and m arket; for iron manu
factured from such fancy ores is generally of an inferior 
kind.

Mining o f Iron Ore.

The mining or digging of ore does not differ much 
from othet mining operations; and therefore a general 
description of mining may suffice in this particular case. 
However, we shall endeavor to present a clear view of 
the subject.

Mining. is an a r t ; “ it is a highly cultivated mechan
ism,” says Andrew Ure. An adequate idea of the high 
cultivation to which this branch of skill and industry 
has been brought cannot, be exhibited at one view, be
cause there is no one point of view from which this art 
can be completely sketched. The subterraneous struc
tures present some of thp most interesting monuments 
of the genius of human enterprise. Cultivated, for many 
centuries, under the guidance of science and industry, 
they are not,, and cannot be, however great and inge
nious, the objects of panoramic representation. The 
philosophical mind alone can contemplate and survey 
them, either in whole or in detail. And therefore those 
marvellous regions, in which roads, ofte^i many miles 
long, are cut and highly perfected, are unknown to the 
mass of the people, and disregarded by men of the outer
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world. When chance, curiosity, or interest induces such 
to descend into these dark recesses, they merely discover 
a few insulated objects which make a vague, indefinite 
impression on their minds; but the symmetrical dispb-' 

‘sition of the minerals, and the laws which govern geo
logical phenomena, which serve as guides to the skilful 
miners, they may not recognize. From exact plans of 
the underground workings alone can a knowledge of the 
nature, extent, and distribution of the useful minerals 
be acquired.

Among the great variety of minerals, apparently in
finite, which compose the crust of the earth, science has 
demonstrated the prevalence of a few general systems 
of rocks, to which appropriate names have been given. 
The more recent deposit, or loose gravel and earth, is 
called alluvium; the most ancient deposit of this kind,  ̂
dilutium ; below this are the secondary rocks; the next, 
transition or metamorphic rocks; and the oldest, or lowest 
rocks, al’e called igneous, or primitive rocks. Every mine
ral deposit forms more or less of a plane, with distinct 
direction or strike, and inclination or pitch; the former is the 
cardinal direction towards which it runs, as north, south, 
southwest, &c.; the latter is- the angle which it forms 
with the horizon. The direction of the mineral deposit 
is that of a horizontal line, drawn in its plane. Hence, 
the lines of direction and inclination are at right angles to 
each other.

Masses are mineral deposits not extensively spread in 
the form of planes—-mere regular accumulations, round
ed, or spheroidal. Masses generally occur in the primi
tive rocks.

Nests, Concretions, or Nodules, are smaller or larger 
masses of mineral found in stratified rocks, often kidney
shaped, tuberous, round, or spheroidal.

Large Veins are called lodes; they are seldom parallel 
on their opposite surfaces, and sometimes terminate like 

. a wedge; their course often varies from that of the strata 
in which they lie. Lodes'sometimes pursue for a dis
tance the spade between two contiguous strata, and then 
divide into several branches. Lodes of iron ore are 
found in almost every geological formation.
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Veins a-re small lodes, which often traverse the strata 
of the transition rocks, but generally run parallel in the 
coal measures and more recent formations...

Iron ore is met with in all the different geological 
eras; hut, as we have already intimated, under different 
forms or conditions, in different geological formations. 
Among the primitive rocks, we find magnetic ore and 
specular iron, chiefly congregated in masses or beds, 
sometimes of enormous size ; as, for instance, the mag
netic ore on Lake Champlain. In transition rocks, we 
find red hematite and sparry iron ore, generally in veins 
or lodes; seldom in masses; and in the secondary the 
true brown hematite. In the coal measures, we find 
brown iron ore and yellow iron ore in all varieties, glo
bular and kidney-shaped oxide, and gray or dark com
pact carbonate, generally *in veins of greater or less ex-' 
tent. Alluvial and diluvial iron ores are the clay’ores, 
granular ores, bog or meadow, ore., &c. The ofes which 
belong to the primitive period always have a metalliq 

• aspect, bright lustre, and furnish the richest and purest 
iron. The ores of the transition and secondary rocks 
furnish less iron, but it is generally of the most profita
ble kind. The more recent the age of ores, the poorer 
they are, until, becoming more and more earthy, they 
form alluvial soil.

An acquaintance with the general results, collected 
and classified by geology, must be our guide in the in
vestigations of mining. This enables the observer to 
judge whether any particular district contains iron ore, 
or where this ore can be found. For want of such 
knowledge, many persons have gone blindly into re
searches which were, in their nature, absurd and ruinous. 
Geology teaches us that in primitive rocks no stratified 
or sedimentary veins can be found; neither bog ores, 
nor fossil, nor calcareous ores. Transition rocks cpntain 
veins of spathic iron and specular iron, but the veins run 
either between two’ different strata, or traverse the strata, 
at indefinite angles. The coal measures generally contain 
iron ore, but no magnetic ore, spathic iroif, specular iron, 
or brown hematite, except a little at outci-op, as in some 
middle counties of Pennsylvania; but this is not a true

    
 



THE ORES OF IRON. 65

or usual brown hematite, but a variety. We must be 
satisfied with the poorer hydrates resulting from the de
composition of the compact carbonates, or the decompo
sition of limestone and the carbonates themselves. Allu
vium and 'diluvium furnish only bog ores, which fre
quently assume the form of veins and masses where the 
ferruginous waters descend upon limestone beds, and 
deposit their iron upon the limestone, in channels or 
“ domes.”

The instruments or tools for mining ate the following; 
The pick. Fig. 1, made, according to circumstances, of

Fig. 1. Fig. 2.

Miller’s mallet.

various forms; but one point is generally edged, and the 
other pointed. In hard materiaX as sparry ore, or com
pact magnetic ore, the edged point is of no Use. The 
coal pick is more slendet, and the point more elongated. 
The mallet. Fig, 2, is Used for driving Wedges, and 
striking the hand-drill. The tvedge, ¥ 1̂ , 3, is driven

Fig. 3 .

Wedge.

Pig. 4 .

Sledge.

into crevices or small openings,, made with the pick, to 
detach pieces from the rock or mine. The sledge. 
Fig. 4, is a mallet of from five to six pounds weight, and 
is used to break larger pieces of rock or mine. Fig. 5 
represents a miner’s .shovel, which is pointed, so as to 
penetrate the» coarse and hard fragments of minerals and 
rocks. All these tools should be well steeled an^ tem
pered, and kept in good repair. 

o
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Fig. 5.

Miner’s shovel.

Besides these, the miner requires the following blasting 
tools: A hand-drUl, Fig. 6, which is a bar of iron or

Fig. 6.

Hand-drill.

Pig. 7.

Tamping-har.

steel, edged at one end, and headed at the other—both 
well hardened and tempered; the scraper, a small iron 
rod, with a square hook on one end, to take the horemeal 
for rock dust out of the hole; and copper which 
is a simple wire, one-fourth of an inch thick, somewhat 
tapered at one end. Many miners are in the habit of 
using iron needles, but these are very dangerous; and 
should not be employed; even limestone rock is no se
curity against accidents from self-discharges. The/ 
tamping-bar. Fig. 7, is a bar of round iron, with a groove 
to fit the needle.

A few remarks in relation to blasting may be as ap
propriately made here as in any other place. If there 
is any class of human beings regardless of their lives, 
the miners are that class. This remark applies particu
larly to blasting. Foremen, and conductors of mining 
operations, should be very careful and determined in 
their general orders, for the workmen will disregard the 
rules and regulatioiis adopted for mutual safety, and 
bring themselves, and frequently their fellow-work men, 
in danger of life and limb. Of all the blasting tools, the 
iron needle is the most dangerous, and occasions more 
loss of life than anything else in the subterranean cavi- 
tie's. Iron needles are very apt to fire the (powder, not- 
withstquding the greatest care, and should not be used 
in any quarry or mine. The copper needle is perfectly
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safe. An iron tamping-bar has occasionally caused pre- 
matiu'e discharges, but may be safely used in limestone 
and ii'on ore. To avoid the dangers arising from an iron 

’ tamping-bar, the face is frequently made of hard copper. 
In stone quarries, where deep and vertical holes can be 
drilled, the needle and tamping-bar may be dispensed 
with, and the hole filled with dry, coarse sand. This 
mode of blasting consumes rather moi'e powder, but is 
without danger. In mines where no deep, and very 
seldom vertical, holes are available, the needle and ram
rod cannot be dispensed with; this increases the neces
sity that- these instruments should be of the most perfect 
kind.

The mining operation may be divided into two 
branches, to wit, exploring and mining. The first re
quires scientific knowledge; the latter, experience. 
After a general survey of the geological position is 
taken, and the situation of an iron ore or coal vein ascer
tained approximately, the outcrop should be minutely 
examined by digging, the loose ground removed, and the 
digging continued until the solid strata of rock are laid 
open. In case we do not find the expected vein, the 
trench may be continued either up hill or down until 
the mineral or coal vein is found. In this mode of ex
ploring, it is always best to select the Steepest places, 
because there the least covering is to be expected, and

Fig. 8.

Thurf, iu exploring, commence at C, and work up to strike tlie vein A B.
, i

to commence the workings always down hill from.the 
supposed vein; for the mineral will naturally work down
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the hill, and fragments will serve as guides. Where 
the fragments, or coal fine dust, called blossoms of the 
vein, cease, we may safely rely upon being near the vein. 
This way of exploring is very expeditious and effectual, 
but only applicable in. stratified rocks, where the situa
tion of the vein is indicated by the topography. Where 
the exploring by trenches or ditches cannot be effected, 
because there is too much loose ground, or alluvium, 
covering the strata, we proceed to sink a shaft in the 
most favorable place.- Where the vein is so far down 
that but a few feet of the roof rock may be penetrated, 
this rock will secure the bottom of the shaft in case a 
thorough investigation of the mineral vein is contem-

Fig. 9.

Sinking a shaft.

plated. Fig. 9 is a section of such a shaft; a, the mine
ral vein; b, the overlying rock; c, alluvium or gravel. 
Such a shaft is commonly four feet wide, or, to save ex
pense, as narrow as possible; and if the ground or gravel 
is not very loose, no timbering should be done until the 
vein is found, and the progress of the work determined 
upon.

The cost of sinking such shafts varies, according to 
circumstances, from one dollar to three dollars per foot, 
should the depth not be greater than from thirty to 
seventy feet. Beyond the depth of seventy feet, and 
beyond the loose ground, which requires timbering, the
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cost augments considerably. If  hillsides are covered 
with alluvium of the thickness of only six or twelve feet, 
and the location of the mineral vein not exactly known 
previous to actual search, pits or shafts may be sunk in 
succession up the hillside, so long as fragments of the 
vein in question appear in the bottom of the shaft; and 
if Ihe blossoms disappear, the last pit in which they 
were found is continued down, until the vein is struck 
upon. If  mineral masses, or veins, are so far below the 
surface that it is doubtful whether they- can be reached 
by sinking a shaft, boring may be resorted to. ‘Should it 
be ascertained that a mineral bed is so situated that a 
perpendicular hole may be reasonably expected to reach 
it, a small hole from two to two and a half inches in diarrie- 
ter may be driven down upon the rnaiterial searched' for. 
The boring of such a hole of three hundred feet in depth seh 
dom exceeds one dollar per foot; from this depth to that 
of five hundred feet, about two,dollars. The manipula
tions required are simply those employed in boring Arte
sian wells ; and we shall give a short description of this 
interesting mode of penetrating the crust of the earth.

A brief desci’iption pf the method of boring salt wells 
on the Ohio River, and its branches, or oil wells, will 
answer every purpose; but those who intend to engage 
in the experiment should employ men who, besides being 
Well acquainted .with the business, are able to conduct 
it safely and advantageously. When a place, where the 
rock is to be penetrated, is selected, a hole like the shaft 
of a well is dug down to the solid rock, or better, a soil 
pipe is driven down. Over this soil pipe a derrick from 
twenty-five to thirty feet high, formed of scantlings from 
six to seven inches square is erected. On the top of this 
derrick a pulley is fastened, over which a hemp rope may 
be laid ; the one side of the periphery of this pulley is 
vertical to the centre of the bore hole, and a plumb-lead 
let down from it, ought to hit the centre of the soil pipe. 
The boring or penetrating of the rock is done by means 
of a steel drill attached to a wrought iron rod, firmly 
secured to the *end of the rope, weighing from two to five 
hundred pounds weight: the vertical motion of the drill
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is given by a small steam engine, and the spiral motion for 
the turning aUd lengthening of the rope, as the work pro
ceeds, is given by the hand. This arrangement is a very 
good one, for it penetrates rapidly, and by it the expense ' 
of a two and a half inch hole very seldom exceeds one 
dollar or one dollar and fifty cents per foot to a depth of 
three hundred feet in moderately, permeable soil. The 
old German method of sinking small holes by means of 
square iron rods, which is at present mostly employed in, 
Europe, is very expensive, slow, and uncertain.

When the location,thickness, and quality of the mine
ral in question are, by means of the boring, duly deter
mined, the following working plan may be adopted; 
Either to sink a shaft in the direction of the bore hole ; 
or, where the mineral is sufficiently high, and above high- 
water mark of the neighboring river, to drive a level, or 
horizontal gallery from a convenient place on the base of 
the hill, and reach in that way the ore or coal bed; The 
manner of doing this is generally determined by a con
sideration of expenses, in which that of raising the 
material and pumping are the most important elements.

Mining, specifically considered, may be classified into 
open mining, or quarrying, and mining proper. Quar
rying, i. e., workings in the open ai^, present few difficul
ties, and occasions little expense. This method is, a t ' 
present, generally practised in the United States for dig
ging iron ore, and will not, for some time to come, be 
superseded by any othermethod ; for there are immense 
deposits of ore which can be reached in this way, and 
present of course greater advantages than underground 
workings. Workings in the open air are generally pre
ferred where the deposits are close to the surface, in 
fact, no other method can be resorted to in this case, if 
the substance to be raised is covered with incoherent 
matter. The following rules must be observed: Con
duct the workings in regular terraces, so as to facilitate 
the cutting down of the earth, and the removal of the 
mine and rubbish with the least possible expense. 
Guard against the crumbling down-of the sides, by giv- 
ing-them proper slope, or by props and timber. Ditches,
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or water drains, must be dug, so as to keep the workings 
dry, and prevent disturbance in wet seasons. Open 
workings are resorted to in quarrying,limestone, digging 
fire-clay, bog ores, the out-crop of the argillaceous ores 
of the coal formation, and various other ores ; as well as 
in digging turf and brown coal, and formerly, some of the 
anthracite of Pennsylvania. The main object to be con- • 
sidered in open working, or in strippings, is, to remove 
heavy masses of earth with the least possible expense. 
This can be done, if such arrangements have been made 
that the rubbish need not be carried too far, or too high, 
and no shovelful of earth thrown twice. As a general 
rule, it may be said, that under common circumstances, 
one foot oP stripping can be done for every inch of ir6n 
ore, and prove profitable.

Subterranean workings and mining proper, include two 
distinct operations*, to wit, preparatory or dead work
ings, and those of extraction. The preparatory workings 
consist of those excavations which .do. not pay their 
expenses in the material raised; and if the value of the 
ore or Coal yielded from theni is little or nothing, the 
miners call such workings “ dead work.” They also con
sist in constructing drifts or levels, or pits and galleries, 
for the purpose of conducting the miner to the point 
most proper for attacking the deposit of ore, or for trac
ing the extent of the mineral; as well as in arranging 
plans for the circulation of air, the discharge of waters, 
and the transport of the extracted minerals. The pre
paratory works in mining are often very considerable, 
and demand, in many instances, great attention. Where 
ore or coal veins are small, and the operations require 
extension over a large field, these works frequently 
absorb more means than contemplated, and are not sel
dom the ruin of otherwise well-calculated enterprises, 
^he  exploring of small or irregular funning ore veins, 
which are Common in the coal measures, occasions great 
expense. Iron works based upon such deposits, should 
be commenced on a small scale, and a certain amount of 
capital should^be invested in exploring expenses, before 
improvements of a more permanent character are made.
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The ore deposits of the coal formation, in the Western 
States, are often very deceptive. In  a comparatively 
small compass, they exhibit different kinds of ore.; these 
either belong to insignificant bodies of ore imbedded in 
shale, or are the out-crops of the blue carbonates, or 
precipitates upon limestone beds, which are never of 
great extent. In  all such cases, the enterprising owner 
pf iron works based upon such deposits is in a diiRcult 
situation, for the price of his ore generally exceeds his 
modest calculations; the dead works absorb more means 
than he expected; and the frequent change of the ore 
occasions disturbances in the smelting operations, inju- 
riotts to the quality and price of the manufacture. In 
such cases, where small or unexplored ore deposits are to 
be used, it is the most advisable plan to follow the out
crops ; to go with great caution to. underground work; 
to make it.a rule not to speculate upon the improvement 
of the ore vein; and to drift only on those places where 
the quality and quantity of the ore are perfectly known, 
and where the operating miner works for fair, prices, 
without extra pay for dead work. Such small mineral 
deposits have, besides, the disadvantage of expensive 
dead work, and generally occasion greater expense for 
superintendence, as well as greater expense for making 
and repairing roads.

When a mineral vein is explored, and we have deter
mined to-proceed to drifting, the fii’st point we are 
required to settle is the lowest situation of the vein. If 
the hauling of the mineral cannot be effected from such 
a point, it is necessary to drain the waters, and afford 
the workmen dry rooms. Such points are found either 
by exploring the out-crop on opposite slopes of a hill, or 
by opening at that side of a hill whence the strongest 
springs issue.. Where iron ore is deposited on lime
stone, draining may be safely effected, if we open a drift 
in the strongest spring which can be found within our 
possessions. When the plan and place are fixed, the 
miners dig an opening six feet in height, and four feet 
wide, taking care that its floor shall be bedow the bottom 
part of the mineral, and formed of solid ground or hard
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rock. The open ditch, thus commenced, is not con
tinued very far before the miners begin to timber their 
drift. This must be done at the very starting-point. 
Its object is, to prevent the slipping in of the earth, and 
to prevent, in winter, the filling of the open drift with 
snow. Both of these accidents give much trouble to 
miners. The timbering is done by the miners them
selves; and a good miner performs this work properly; 
that is, he sets his posts in a straight line, and fastens 
his caps in such a way that a crushing of the timber 
neither from above nor from the sides is possible. The

Fig. 10.

Tim bering of a  d rift.

general way of timbering a drift is represented in Figs. 
10 and 11; a, a, a, a, a represent posts, generally six or 
six and a half feet long, somewhat slanted in the view, 
so as better to resist the side pressure. The caps fe, b, 
b, b are split timbers of ten or twelve inches in diame
ter, five feet long, and on each end is a shoulder “ notch” 
in which the posts fit. The posts must rest on solid 
rock when peesible, to prevent their sinking, d repre
sents a water drain covered with planks; and e, e the
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rails of a tram-road, made of sawn timbers, planks, or 
iron rails, or of flat bar iron spiked upon timber. /, /, 
y, / ,  &c., are split timbers from two to three inches thick, 
which cover the caps and posts, to prevent the dropping

Fig. 11.

Timbering of a drift.

in of the gravel and stones. The frames, consisting of 
two posts and one cap, are generally one yard distant 
from each other. In coal drifts the width is often eight 
and even ten feet to allow the passage of loaded cars. 
That part of the structure which is outside of the hill, is 
to be covered with earth to keep the drift warm in win
ter, cold in' summer, and prevent the decay of the tim
ber.

Coal and iron ore are minerals which cannot bear 
expensive preparatory works. 'We shall confine our 
remarks to the most simple forms of mining operations, 
for a thorough description of extensive mines is not neces
sary. Drifts and shafts, constructed in the cheapest pos
sible way, are the general avenues of excavation, and to
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these we shall confine our attention. If an ore or coal 
deposit cannot be reached by drifting—^bither because 
the deposit is under the genei'al water level, or because 
the extent of our̂  property does not permit us to reach 
the lowest point of the deposit—we are forced to work 
by shafts or slopes, and hoist minerals and rubbish, as 
well as the waters, by machinery. Shafts are simply 
vertical excavations sunk to the mineral vein (Fig. 9); 
slopes are inclined shafts. A work-shaft is larger than 
an exploring shaft, often exceeding ten feet square. 
Their*dimensions depend entirely on the amount of mat
ter to be raised. Coal shafts are generally large, so as 
to permit the ascending and descending wagon to pass; 
while ore shafts are sufficiently large if they permit the 
passage of a box which will contain from five to seven 
hundred pounds of ore. The drift is the horizontal pas
sage to and in the mine,'whether it be from the hill
side or from the bottom of the slope or shaft. The tim
bering" of shafts, as well as that of drifts, varies in form, 
according to the nature and locality of the ground which 
they penetrate, and the purposes which they are meant 
to serve. The shafts to be secured by timber are either 
square or rectangular; this form, besides being more 
convenient for the miner, renders the application of tim
ber more easy. The wood work consists generally of 
frames, the spars of which are from six to ten inches 
square, and placed from two to three feet apart'; seldom, 
except in very soft ground, placed more closely. The 
frames are always placed so as to stand at right angles 
to the axis of the shaft. , The mining operations, which 
extend from the lowest point where the shaft reaches 
and sinks through the mineral, are not in the least dif- 
fei'ent from those pursued in drifts, and will be included 

■ in the general explanations. Waters, if not exti*acted by 
a sep'arate drain, must be hoisted either in large buckets, 
if the amount is small, or, if large, with pumps.

It is of considei’able importance what kind of timber 
is used in, mipes. In ore mines, locust, white .oak, and 
red oak are preferable; but in coal mines, pitchy pine is 
•the most durable. Unless otherwise stated in the con-
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tract, it is generally understood that miners put the tim
ber in themselves. But the timber is to be delivered at 
the mine, or at the mouth of the pit, ready split, and cut 
into proper lengths.-

The cost of drifting varies according to the matter to 
be penetrated. In  slaty rock, primitive slate, secondary 
slate, shale, &c., a drift six feet in height, and four and 
a half feet at the base, costs seven or eight dollars a yard 
running measure ; tools and gunpowder found. If ore 
or coal is met with, nothing extra is paid for it. It 
belongs to the owner, and should be put aside. •Drifts 
in primitive and transition rocks will cost from five to 
fifteen dollars a yard, if tolerably wide. These rocks do 
not require timber, and to that extent save mining ex
penses. Limestones are not easily penetrated ; they cost 
from five to ten dollars a yard ; require, oftentimes, strong 
timbers, and are not very safe. Drifts may be put into 
coal veins at from two to three dollars, according to roof 
and floor;, strong roof and hard floor make the cheapest 
and best drifts. The »inking of shafts is expensive. 
Hard primitive and transition rock averages from fifteen 
to thirty cents a cubic foot; and, in the coal formations, 
from ten to twelve cents, besides timbering and timber. 
In coal formation and limestone, shafts are frequently 
very expensive, on account of the water which, accumu
lating m the bottoln, disturbs the works going on. 
When such troubles happen, and the pumps employed 
are not strong enough to hold the water, strong frames, 
and .waterproof planking, should be placed so as to keep 
the fissures closed. Pumping machines, however, are so 
improved, that comparatively little trouble is experienced 
when everything is properly managed.

Besides the expense of drifting, and that of dead levels 
through the mineral, air shafts in deep workings occasion 
great expense both of money and of time. They are 
indispensable where b^d air troubles the diggers, and 
are needed in coal pits to prevent explosions, which are 
often ruinous both to the men and to the ^works. Davy’s 
safety-lamp is but an imperfect prevention, and should 
not be depended upon. Good air shafts can be erected
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everywhere; and "that economy is misapplied which seeks 
to dispense with them. Fresh air, besides the advantage 
it affords of greater security to the lives of the workmen, 
preserves the timbering of the mines better than anything 
tlse.

If an ore vein is both regular and of great extent, a 
gallery or level may be driven into it far enough to per
mit the construction of a number of chambers or rooms, 
for the miners. Where the vein is thin, say from ten 
to fifteen inches, let uS assume that one miner is able to 
dig on an average one ton of ore in twelve hours; If 
fifty tons are needed in twenty-four hours, and if the 
mining is carried on in the daytime alone, twenty-five 
rooms are required; but if carried on both day and night, 
half that number is sufficient. One room is seldom 
smaller than five or six yards  ̂ and, if the roof is solid ' 
and strong, sometimes, from twenty to thirty yards wide. 
Two miners generally occupy one room. If this calcu
lation is correct, and rooms of fifteen yards, with five yard

* 20 2Spillars, adopted, it will require a drift of — = 250 yards
long to deliver a safe "and regular supply of fifty tons of 
ore a day. Here we may economize in de^d work, but 
if done, it is on account of regularity and order. Big. 12 
is a plap of such a mine excavated in nearly a horizontal 
stratification. The main drift a, a may be in the lowest 
axis or.centre of. the vein, and the waters from all the 
rooms h, b, b, &c., can be conducted, by means of the 
branches c, c, to the main d rift; but wiiere this is not 
the case, the branches should be slanted towards the 
mouth, with due regard to the free discharge of the 
waters. The latter arrangement generally has the dis
advantage of limiting rooms to one side of the branches, 
and not unfrequently of limiting branches to one side of 
the main drift. This circumstance, of course, increases 
the ‘expense of dead work. If  rooms, in this way of 
working, are exhausted, and no extension of the branches 
contemplated, jthe pillars may be taken out by commenc
ing at the furthest end (which can be done with perfect 
safety, if the roof is strong), and the rubftsh piled so as
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Fig. 12.

Ground-plan of the interior of a mine.

to support the sinking roof. In case any extension of 
branches or main drift is projected, it is bfrttei’ to leave 
the pillars standing until a final abandonment of the mine 
is in view. A good roof will, in this way, permit the 
taking out of every ton of ore.

If  a thin vein of ore is overlaid by shale, which, brit
tle in its nature, cannot long resist the pressure from 
above, a different plan of mining is to be pursued. The 
miner opens a drift in the common way; he is not very 
careful in timbering it, giving it but sufiicient strength 
to serve his purposes; he drives his level with the great
est possible advantage and speed, as far as he sees fit— 
twenty yards or one hundred yards; and, when he thinks 
this level is pushed far enough in, he’ opens rooms on 
both sides of his drift, and piles rubbish and stones 
against the timber of the drift, to secure the roof in case 
the timber gives way. He continues to take out the ore
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on both sides of the drift, as far as he with safety can 
venture, and then recedfes towards its mouth. , When 
this is reached, there is no further use of the mine, for, 
if not behind him, the roof will be down shortly after he 
leaves. Fig. 13 represents the plan of such a drift; a, a 
is the original drift; 6, h, excavations or rooms; c, c, c.

Fig. 13.

D rifting of ore.

c, timbers, against which he piles the rubbish taken from 
h, h, leaving only an opening where he is working, to 
carry out his ore. This plan of working is a cheap one, 
and answers, well where an extensive out-crop of ore is at 
our disposal; or where the out-crop is the only valuable 
ore, which is the case with most of the argillaceous ores 
of the coal formation ; or where iron ores are deposited 
on limestone, and do not extend into the interior.

These two are fhe most common plans of working iron 
ores, and answer every purpose where the vftns can be 
made accessible by an out-crop of low situation; but
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where the out-crop is high, that is, where the interior is 
lower than the out-crop, a morh expensive plan must be 
adopted, either by shafts, when these are the cheaper 
method, or by a dead level, to be driven towards the 
lowest point of the deposit.

Upon the working of coal mines we shall treat in the 
next chapter, as this subject is connected with that of 
fuel, and differs in many respects from the mining of ore; 
still, in both cases, the utmost .economy is needed, as 
each presents a great field for spending money, and as 
operations, once commenced, cannot be abandoned with
out losses. But where these operations are of a doubtful 
nature, the continuance of our business only involves an 
increase of the loss. Above all things, a careful geolo
gical survey, and local explorations, should precede every 
mining enterprise.

Wages for digging iron ore vary, of course, consider
ably, according to location and facilities; a one foot vein 
of magnetic ore, specular ore, and sparry irop, may be 
wrought at two dollars a ton, if the undermining is not 
too hard, that is, if  the rock below the ore is soft enough 
to be easily cut by a sharp pickaxe; sometimes even at 
one dollar, if the bed is heavy, and if the ores belong to 
the crystallized kind. Hydrates, such a s ' shell ores, 
brown irofi stone, and yellow hydrate, can be dug at one 
dollar a ton, and, in strippings and thick veins, at a still 
less cost. The compact carbonates of the coal measures 
are the most expensive, very seldom less than two dol
lars a ton j they average three, and frequently even four 
dollars a ton, tools and gunpowder to Be charged to the 
miners. To this item are to be added, the expense of 
hauling, repair of roads, ore leave, timber, dead work, 
and interest on the capital, which, in many cases, will 
add twenty-five, and, in some cases, fifty cents to the 
original cost. Ore leave requires attentive considera
tion, where the ores are poor and other expenses high. 
In some instances, it is beyond the power of an owner 
of iron works to buy all the ore landsf required for the 
prosecution of his business, and he is compelled either 
to pay an ore rent, or buy the ores; both cases require
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caution, however simple the harness appears. to be. 
Still, there may be case.s where ore grants and buying 
of ore are preferable to the purchase of ore lands; as, 
for instance, where it is impossible to ascertain the ex
tent of ore, or where the price' appears to be high, or 
where there is lack of judgment on the part of the buyer, 
or want of means, or doubtful times and market.

C H A P T E R  I I I .

SPEC IA L  PROPERTIES OP IRON AND ITS COMPOUNDS.

C e r t a in  v a r ie t ie s  o f  c a r e fu l ly  w r o u g h t  ir o n  a p p r o a c h  
p e r f e c t  p u r i t y ,  b u t  t h e y  a r e  a l l  m o r e  o r  le s s  im p u r e .

In form of powder pure iron may be obtained from 
sesquioxide of iron in hydrogen even under a low degree 
of heat. Then it is a dull gray, but becomes metallic 
in lustre under pressure and friction produced by the 
burnisher.

Peligot’s plan of obtaining iron is by heating (in hy
drogen) protochloride of iron, and the metal thus ob
tained is in filament form, compact, malleable, and almost 
as white as silver.

Berzelius’ plan (from wrought iron of commerce) is by 
mixing iron filings with One-fifth of their weight of ses
quioxide of iron, and heating under pounded glass (free 
from metallic impurities) in a covered and luted Hessian 
crucible, during an hour in a smith’s fire, with coke as 
the fuel. Thus made, it approximates silver in whiteness, 
is extremely tenacious, softer than ordinary bar iron, 
in fracture scaly, conchoidal and occasionally crystalline.

Percy tried this with somewhat different results. He 
cut very fine wire in small pieces and treated it, as above, 
under plate glass. A well melted button .was found at 
the bottom of the crucible. I t  was nicked across the 
middle and thfen broken, fracture largely crystalline and 
grayish-white, metal soft and malleable, a portion was 
hammered and then rolled out cold into a thin strip, the 

6
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edges were jagged. I^pecific gravity before rolling 7.8707, 
and afterward 71865. Peicy thinks it was not pure, as 
it dissolved easily in hydrochloidc acid, or dilute sulphu
ric acid, with the evolution of fetid hydrogen.

Proling found that melted bar iron was 7.8439, 
whereas the shme iron, in thin sheets, was reduced to 7.6, 
and to 7.75 in square wire a little less than .08 of an 
inch diameter. Berzelius supposed the anomaly resulted 
from repulsion between the thin iron and the water, but 
the iron was freed from all foreign matter by cleansing 
in potash. Hence he refers it to the mechanical treat
ment of -the iron after fusion. Specific gravity«of copper 
is affected in the same manner.

Percy says, the only pure iron he has met with was 
produced by electrolysis.* Mr. Henry Bradbury fur
nished him with -laminae deposited upon copper plate, 
to protect it in printing.

The solution employed contained protochloride of iron 
and chloride of ammonium. The metal was thrown 
down as a thin, bright, and firmly adherent layer. So 
perfect is the laying down that the iron deposited by 
acierage, as this process is called, produces an impression 
as sharp as that of the copper. I f  not deposited more 
thickly than a film it is highly polished. A solution of iron 
containing cyanide of potassium is used in the process;

Such iron is scarcely acted upon by H  Cl, or SÔ , at 
the ordinary temperature, but on application of gentle 
heat, a scentless hydrogen is produced, which is not the 
case with any wrought iron.

Barruel says that he has kept electro-de{)osited iron 
in a cupboard many years, and it presented not the 
faintest trace of rust, though exposed to acid vapors.

Percy says, such iron rapidly rusts when exposed to 
the combined action of air and moisture. The specific 
gravity of this iron is 8.1393^ according to careful exami
nation by Percy. Rapid cooling had no effect to harden 
it, while, Percy says, there is no commercial iron even in 
the thinnest sheet that is not hardened, or rendered more 
rigid, by this treatment.

‘ Decomposition and precipitation by the galvanic battery.
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The iron is deposited from a solution of the salt of 
the protoxide, such as protochloride or -sulphate, and the 
preseilce of the chloride of ammonium is supposed to be 
necessary to the smooth polished steel-like appearance. 
With a strong current and small pole much hydrogen 
escapes, and the precipitated metal, when of a certain 
thickness, is soft, spongy, and porous. If this is washed 
and dried over caustic potash, it smells strongly of am
monia ; by heating, the odor strengthens and then dis-. 
appears; by boiling the. powdered precipitate in water, 
hydrogen is evolved copiously. Because of this action 
the presence of nitrogen has been suspected.

Meidenger found 1.5 per cent of ammonia. Kramer 
says, he found in a similar precipitate 1.49 per cent, 
nitrogen. Percy thinks these statenjents may be correct 
but need confirmation.

• Crystalline System.—Iron crystallizes in the cubical 
system.

Wohler, on breaking cast-iron plates, readily obtained 
cubes, but the iron had been long exposed to white 
heat in the brickwork of an iron smelting furnace, and 
octahedra were found lining the cavities of a large cast- 
iron roll which was unsound.

Augustin found cubes in the fractured surface of gun 
barrels which had been long in use.

Percy found on the surface and in the interior of a 
bar of iron which had been exposed for a considerable 
time in a pot of a glass-making furnace, large skeleton 
octahedra. In another case, the surface was not crystal
line, but covered with a black scale, and where it was 
not so covered it was bright and approximating silver in 
appearance.

Prof. Miller, of Cambridge, found the Bessemer iron 
to consist of an aggregation of cubes.

I t  may be objected that this crystallization exists in 
impure iron, but a small quantity of impurity has not 
been found to alter the system of crystallization.

Magnetism.—Iron, when pure, readily loses any mag
netic power it may have acquired.

Matteucci found that a drop of iron while melted by 
the hydro-oxygen blowpipe was taken up by the magnet.
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T e n a c i t y . ■ of absolutely pure iron not deter
mined. Commercial iron varies with the amount of 
impurity, temperature, &c., from 71,000 to 114,000 lbs. 
(Morin). (Appendix.)

The tensile strength, generally, has reference to one 
square inch of transverse sectional area. Dufour says 
that it is improved by the passage of an electrical cur
rent through it.

Specific Heat.—Dr. Thomson (Records of Science Ap. 
1836) 0.110. Dr. Percy, quoting Regnault, 0.113795, 
which determination was made with an iron wire so pure 
as to leave no sensible residue when dissolved in hydro
chloric acid.

Dilatation hy Heat.—The dimensions which a bar 
takes at 212° Fah., whose length at 32° is 1:—

C a s t  iron  . . . .  1 .0 0 1 1 1 1 1 1  o r  one 9 0 0 th  part.
S te e l  n o t te m p e re d  . 1 .0 0 1 0 7 8 7 5  “  “  8 2 4 th  “
W ro u g h t  iron- . . 1 .0 0 1 2 3 6 0 4  “  8 0 9 th  “

According to experiments by Lavoisier and Laplace, 
steel tempered dilated more than when untempered as 
927 to .926.*

Cast iron, of foundry kind, generally contracts from the 
molten condition to cold, or about 60° Fah., one ninety- 
fifth to ninety-eighth, and this allowance in practical 
matters must be made in all patterns for moulding, being 
about 1 per cent, linear measurement.

Action o f Heat; Welding.—The melting point of iron 
is not y'et determined with certftinty, but has been esti
mated at 1550° C. by Pouillet or 2822 Fah., which is 
questionable. We can easily fuse it in our assay fur
naces where platinum remains infusible. It has a 
remarkable property of remaining pasty through a con
siderable range of temperalure below its melting point. 
At a red heat it may be welded, and at a white heat by 
pressure it unites iiitimately. This is welding, or union 
of separate pieces of the same metal below the point of 
fusion. Generally, other metals seem to pass quickly

* In Dr. Percy’s metallurgy the coefiScients vary so ranch from La
voisier and Laplace, that we have supposed there must be an error in 
the type.
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from the solid to the melted, or liquid state. Some 
become brittle and easily pulverizahle before arriving 
at the melting point, and when there is a range, from 
the solid to the liquid point, in which metals are soft 
and pasty, that range is so limited that it is difficult 
to determine the time with any degree of certainty. 
This pasty condition facilitates welding. The essen
tial requisite to, be reached, before welding, is a clean, 
unoxidized surface upon the parts of the metal to be 
welded. In iron, a black oxide is formed, but this is 
easily dissolved into a fusible silicate by the use of sand 
thrown upon the surface. A resort of this kind is fre
quently had by the blacksmith, and the fusible silicate 
is squeezed out in the act of compressing the parts ; but 
it would be extremely difficult to find a suitable flux for 
other metals.

There is a degree of weldability in platinum which 
causes that metal to be classified with iron as a weldable 
metal, and yet platinum passes very rapidly from the 
solid to the liquid state.

Copper, in a fine state of division, as when precipi
tated, coheres, under great pressure, into a solid mass. 
Copper medals have thus been struck.

Gold and silver in the state of fine powder may thus 
cohere.

The oxide of silver, from decomposed chloride of sil
ver, has been hammered under heat less than fusion, and 
re-hammered into bars and actually Damaskeened with 
gold powder. This is regarded a true welding, and it 
may properly be thus regarded in a degree, and so even 
when lead, freshly cut, adheres, its adherence is analo
gous to the welding of iron.

♦

Crystalline and Fibrous Iron.
After fusion, iron is highly crystalline. Even a button 

of one or two oz. may show large cleavage planes inter
nally, and if slowly acted upon by dilute H Cl or SÔ , 
the crystalhne structure may be seen upon the outside.

This is not due to foreign matter symmetrically dis
tributed, as some have supposed. Rose has shown that 
dissimilar faces of quartz crystal may be corroded very
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unequally by the same hydrofluoric acid; similar faces 
being acted upon tvith the same degree of intensity. 
The various circumstances under which iron undergoes 
crystallization have excited much attention, and the sub
ject is not yet clearly settled. Percy has thrown much 
light upon some of the difficulties, but has not, as we shall 
see, entirely cleared the obscurity to the satisfaction of all.

Bar iron acquires a largely crystalline structure when 
exposed for a long time to a heat considerably below that 
of fusion.

Zinc exhibits the same characteristic, which is due to 
the fact that the atoms have sufficient room, by s\ich 
heating, to arrange themselves into crystalline form.

Hence we can see why iron wffiich has been heated 
into large masses and thus forged, may become crystal
line from the long-continued internal heat.

Hammering these large masses does not destroy the 
crystalline structure, the internal part being white hot 
while the external is red. Hammering the outer, at too 
low a temperature, causes tenderness. As the presence 
of phosphorus favors the formation of large crystals, and 
this element occurs in most varieties of British and 
American conimercial iron, this ingredient may largely 
modify the results of some experiments performed with 
irons otherwise of the same grade.

When iron is hammered cold in various directions, the 
strength js diminished and tenderness ensues, and upon 
the above facts of crystalline structure the cause may 
be based. The larger the crystals the more easily broken 
is the mass; Contrariwise, the smaller the crystals are, 
the less likelihood of breakage.

“ When a piece- of iron has.been melted, and which 
is largely crystalline, is cautiously hammered at a suita
ble temperature into a shape adapted for rolling, and 
then rolled into a bar not too thick, it will present 
either a crystalline or fibrous fracture according to the 
manner of breaking it, and, especially, the duration of the 
act.” (Percy.) I f  nicked on one side and gently drawn 
over, the fibrous appearance will be nearly silky, if nicked 
all round and suddenly broken, the fracture will be crys
talline with only here and there a fibrous appearance. In
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the operation of rolling, the crystals are drawn dut into 
lengthened wires or bundles of wire in one direction, 
and the instantaneous fracture of the smallest wire will 
be crystalline, though exceedingly small in the crystal. 
The fibrous condition of bars may be shown by acids; this 
may be more plainly exhibited because of the silicate of 
iron, from which no such bars can, certainly, be said to be 
free, and which, being unequally distributed, causes un
equally sized etchings. Time, in the process of fracture, 
will almost always determine the nature of the fracture.

At Shoeburyness, experiments were performed to 
determine the quality of iron for armor plates. What 
was known as good fibrous iron was shattered like glass 
under the impact of shot moving at a rate of 1200 to 1600 
feet per second. This is Percy’s view of the subject.

On the other side of the question, data have been offered 
to show positive change in the structure of iron, due to 
continued vibrations upon iron, resulting from blows long 
continued, or from long-continued jarrings, sugh as occur 
in artillery practice, railroad travel, &c. It is a question 
of great practical importance to the arts, but opinions are 
divided. Doubt has been had as to the previous nature 
of the njaterial. Iron, which has been supposed to have 
acquired a crystallization by jarring, &c., may have had the 
crystalline form before, and the after jarring, &c. caused 
onlj disaggregation. When cold, as we have seen, iron, 
after fusion, or after arriving at the pastg condition, has 
assumed the crystalline form which rolling and drawing 
may only elongate but may not wholly destroy.

A case, in all essential points similar to that cited 
above, wherein Harland and Wolf removed broken 
plates from the Istrian (1867), is thus accounted for, we 
believe, by Mr. Colburn. I t  is. a well-known property 
of all metals of which the particles crystallize after 
fusion, but in which the crystalline arrangement has 
been rolled out, or hammered out, into what we call 
grain or fibre, to return to full crystalline state upon 
the application of heat more or less approaching that 
of fusion. liar iron, if overheated in the forge, be
comes what is technically known as “ burnt,” not that 
he metal has been oxidized (except superficially, as
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all iron: is in the forge) but its fibre is gone, and it 
breaks short with a coarse crystalline fracture. Steel 
becomes “ burnt”’at a lower heat than iron, and, as is 
well known, *it therefore requires more care in its 
working. In other words, the presence of a greater 
proportion of combined carbon in steel than in wrought 
iron, facilitates the formation of crystals at a lower tem
perature, notwithstanding that the absolute cohesion of 
the particles in the mass is much greater in steel than 
in iron. In cases where the power and speed of steel 
plate mills'are insufficient to roll out a plate at one heat, 
it has been put back into the fire in just the state in which 
it is most liable to irregular and excessive heating, and 
when, in case of overheating, but little working remains 
to be put into the plate to again develop the fibre, if 
indeed that be possible, after the metal is once “burnt.”

. W ith insufficient mill power, the case, of course, becomes 
.all the worse with a heavy plate, and the steel plates 
which Messrs. Harland and Woolf removed from the Is- 
trian were heavy plates, 10 ft. by 3 ft. by f in. Unless 
these plates originally contained too much carbon when 
in the ingot, and this is a matter which may always be 
ascertained, we haye no doubt that they were injured in 
the reheating furnace at the rolling mill.

But in ail cases there is a ready test for the finished 
steel plate. I t  should be sheared all around, and any 
part of the sheared strip should bend over double in the 
cold state, the inner sides of the bend coming flat home 
to each other without cracking. All steel plates can be 
made to stand this test, and it should always be enforced. 
Where the metal withstands it, there is no doubt of suf
ficient fibre, and the plate may be fully depended upon 
for the severest use to which iron is ever applied. The 
omission of this essential test on the part of the makers 
of the steel plates, which lately formed the subject of a 
trial in the Crown Court at Belfast, has caused whatever 
distrust, in any case temporary because undeserved, may 
have arisen as to the strength and ductility of steel 
plates.*

* “ Engineering.” April 19, 1867.
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Ch em ica l  P r o pe r t ie s  and S p e c ia l  E ffects  of C o m b in a 
tions AS A l l o y s .

(Atomic weight 28 (Svanberg.) '

Iron and Oxygen,
“In perfectly dry oxygen, iron in a compact state un

dergoes no change at the ordinary temperature of the 
atmosphere,” but in minute division, as when sesquioxide 
of iron is reduced by hydrogen at very low temperature, 
it takes fire when gently heated in the atmosphere, and 
becomes sesquioxide. Iron thus divided is said to be 
pyrophoric when cold, i. e., it ignites spontaneously.

Experiment: pure sesquioxide of iron is prepared by 
adding ammonia, in excess, to solution of sesquichloride 
of iron, and perfectly washing the precipitate. Eeduc.- 
tion may be effected in a glass tube by hydrogen which 
has passed through SO® and then over chloride of calcium, 
and fragments of caustic potash. The' oxide is, previously, 
finely powdered and gentle heat applied by means of a 
spirit lamp. The iron shaken out ignites, but only so long 
(so Percy) as the tube was warm to the hand. There 
will be a variation of temperature at which the ignition 
takes place, due to methods of preparation and tempera
ture at which the hydrogen passed over the iron.

Reduction (according to Magnus)of iron, in hydrogen,, 
begins at the boiling point of mercury, and is completed 
between that and the melting point of zinc; within 
these limits the iron is pyrophoric, but is not if reduced 
at a limit beyond.

When the reduced iron is allowed to cbol in carbonic 
acid gas which has displaced the hydrogen, the iron is 
not pyi'ophoi'ic. When sesquioxide is precipitated with 
about three per cent, of alumina, or silica, it may be 
reduced by hydrogen in red-hot condition, and yet be 
pyrophoric, because the alumina and silica keep the iron 
yet in a finely divided condition.

Iron even in >a compact state, heated to. redness in 
oxygen, burns vividly, forming an oxide, said by Mer- 
chand to be Fe‘‘0.
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Iron, if  at a white heat, wiH'burn in atmospheric air.
If  atmospheric air be blown upon a piece of white-hot 

iron, or if ^ne end of a bar be heated white hot and the 
whole be slung around the head, a series of splendid 
sparks of burning iron will ensue.' This fact is illus
trated in the Bessemer process, as will be seen hereafter, 
for when the carbon is burned out, the air consumes the 
iron itself.

Protoxide o f Iron.
Fe O,—-28 + 8=36 equivalents.
Said not to exist pure in separate state. But, according 

to Debray, it is formed when steam and hydrogen, in cer
tain proportions, are passed over sesquioxide of iron. Thus 
prepared, it is black, non-magnetic, easily burning in 
atiHospheric air. Prepared by heating dry oxalate of 
iron, excluded from atmospheric air, it is commingled 
with small portions of metallic iron, and ignites spon
taneously in the air, becoming sesquioxide of iron. It 
is a powerful base.

It is precipitated from solutions by potash or soda, in 
the state of a flocculent white hydrate, which in contact 
with the air absorbs oxygen and becomes green, owing 
to formation of some magnetic oxide. There is a com
bination between this oxide and the alkalies KO NaO 
NH*, giving rise to ferrites of these bases. It has a 
•powerful affinity for oxygen, and has the power of 
decomposing water. Thus, when a protosalt of iron is 
precipitated by potash in excess and the whole boiled, 
hydrogen is pretty copiously .evolved and magnetic oxide 
is formed.

Sesquioxide o f Iron; Anhydrous.
Fe^O^=56x 24=80 equivalents.
Found in nature, and crystallizes in the Rhombohedral 

system, crystals steel gray, powder red or reddish-brown.
The minerals specular iron and micaceous iron ore are 

of this oxide. In  thin scales, transmits red light.
Specific gravity ranges from 5.191 to 5.230, that of 

the artificially prepared oxyd 5.17. The artificial is non
magnetic, the native may be very slightly. When strongly
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heated in contact with metallic iron, becomes magnetic 
oxide. It is infusible except at very high temperature, 
and then forms magnetic oxide. Easily reduced to the 
metallic state when heated to redness in contact with 
Carbon, CO,H,NH\ or Cyanogen. When reduction by 
any of them takes place at a low temperature, the iron 
is pulverulent, but when the temperature is high, a co
herent mass of metal is formed, easily forged. Not 
necessary that there should be intimate connection be
tween the lumps of sesquioxide and the Carbon, &c. to 
effect complete reduction.

Lumps, size of a man’s fist, exposed several hours, im
bedded in charcoal powder (coarse), at a bright red heat, 
are reduced to metallic iron. Magnetic oxide is first 
formed, and then metallic iron appears and permeates 
the mass. •

I t is largely manufactured in the state of powder, va
rying in color, according to method of preparation, and 
used as a pigment, and in the ceramic arts—produces 
tints of red, brown and violet.

Calcination of the following salts of sesquioxide yield 
fine red, dark red, and blackish-brown, viz., basic' sul
phate, sulphate and nitrate of the sesquioxide. It is 
much used in polishing plate glass. Made for this pur
pose by calcining sulphate of protoxide of iron (green 
vitriol) at a red heat, and subjecting the residue, called 
colcothar, to trituration and levigation.

Kouge is finely levigated sesquioxide of iron.
A fine micaceous variety of sesquioxide is obtained 

by carefully heating dried sulphate of protoxide mixed 
with two or three times its weight of common salt; wash 
well. Thus prepared it is not easily acted upon, even 
by hot H  Cl.

It is insoluble in water, or in solutions of the fixed 
alkalies and ammonia. Dissolves in SÔ  NO® HCl; 
but not easily after crystallization or ignition.

The best solvent is HCl; best done by heating the oxide 
to redness in poi'ijelain crucible, closed, and with hole 
in the'cover for reduction by hydrogen or carburetted 
hydrogen (coal gas). Keduction takes place in a few
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minutes; the metallic powder is then soon dissolved, 
and the protochloride may be converted into sesquichlo- 
ride in usual way by boiling with a little chlorate potash, 
or by NO®. Much time is thus saved.

Appearance under Blowpipe.—In small quantities iu 
borax bead on platinum in O. F .:—

Yellow—when hot.
Colorless—cold. W ith greater quantity.—
Red—hot.
Yellow—cold. W ith more:—
Deep red—hot. '
Deep yellow—cold.
In R. F. bottle-green, and when heated in R. F. on 

charcoal, with addition of tin, first bottle-green, and after 
much blowing green vitriol-green. In microcosmic salt 
a small quantity of'this oxide becomes in 0. F. yellowish 

‘ red while h o t , but on c o o lin g , first yellow, then greenish, 
and, last, colorless; with large additioh, dark red while 
hot—brown red on cooling—then dirty green—and, when 
cold, brownish-red. The color disappears, on cooling 
much sooner than in the borax bead.- With small quan
tities in_R. F. no change; but with large quantities 
h o t ; on COOLING first then greenish^ and last reddish.
Treated with tin on-charcoal, bead on cooling becomes 
green, and at last colorless.—Plattner. (Appendix A.)

Hydrated Sesquioxide o f Iron.

Sesquioxide of ii'on combines with water, forming 
definite hydrates, losing all water at red heat. It is 
precipitated as bulky reddish-brown, by ammonia, and 
by potash and soda; the latter combine, and are difficult 
or impossible of entire removal; hence ammonia is 
generally used.

When first thrown down formula said to be Fê Ô’, 
3110. In this state it is readily soluble in acids, and 
amorphous under microscope. Kept sonhe time under 
water becomes crystalline under the n îcroscope; difficult 
of solubility, and becomes 2Fe^ Ô , 3H 0—that is, loses 
half its proportionate water. When boiled in water three
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or four minutes, it becomes sesquioxide of iron + HO. 
Senarmont {Ann. de Chim. et du P%s., 1851, 32, p. 146) 
says that after eight days’ exposure to the action of 
water at 160° C. to 186° C., in closed tubes, it became 
anhydrous. Schilf examined some which had remained 
more than fifteen years under water^ and it had the 
same formula. It is much altered when kept under 
boiling water seven or eight hours, becoming brick red, 
and diffiqult of solubility.

Graham obtained from a solution of highly basic ses- 
quichloride of iron, by dyalysis, a heavly pure aqueous 
solution of sesquioxide of iron. Water containing one 
per cent, of hydrated sesquioxide js of a dark venous 
blood color. I t  may. be concentrated by boiling till it 
pectizes (coagulates). In the cold this condition is 
effected by traces of SÔ , alkalies, alkaline carbonates, 
sulphates, and neutral salts in general, but pot by H C l,' 
NO®, acetic acids, nor by alcohol or sugar. The coagu- 
lum is dark red—more transparent than blood clot. 
Once formed, either by, a precipitant, or by time, with
out any addition having been made to the sesquioxide 
(solution of), it is no longer soluble in water, only in 
dilute acids; that is, it is ordinary’sesquioxide; so that 
there is a soluble as well as an insoluble form. .There is 
also a soluble meta-sesquioxide of iron, prepared by the 
prolonged action of heat upon a pure solution of the ace
tate. The characteristic properties are the orange red 
color and opalescence of its solution. (Pei’cy.)

Se.squiomde of Iron and Lime.
The oxide combines in the dry and wet way, foi’ming 

4CaO and sesquioxide of iron. It is precipitated by addi
tion, ip excess, of potash to aqueous solution of chloride of 
calcium and sesquichloride of iron in ratio of four equiva
lents to one. I t  is a light, amorphous, snow-white pow
der; becomes brown on exposure to air, because of 
liberation of some sesquioxide of irop; may be kept any 
time if air is excluded. When first produced, is slightly 
brown—due to uncombined sesquioxide of iron, which,
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gradually, (after hours) combines, and the mass becomes 
snow-white, though containing nearly half its weight of 
sesquioxide of iron. I t  is unstable, is decomposed by 
being boiled with a soluble carbonate, or may be decom
posed by CO .̂

Magnetic Oxide o f Iron.

Fe 0 +  sesquioxide of iron. Crystallizes in the cubi
cal System, Occurs crystallized, in nature and in furnace 
products, as octahedral, and Percy says, once, in rhom
bic dodecahedron. Powder and streak, black. Specific 
gravity 4.98—5.20. Fusible at high temperature. May 
be formed by boiling iron filings in excess with water 
and hydrated sesquioxide of iron, such as may be pre
pared by precipitating sesquichloride of iron by ammo
nia and washing but not drying : water is decomposed 
with evolution of fetid hydrogen, *and this continues 
until sufiicient protoxide is formed; so that with the 
sesquioxide present the proper proportion to form mag
netic oxide has appeared. The product is black pulve
rulent hydrate of magnetic oxide, from which the metallic 
iron may be removed by levigation. When solid proto
chloride of iron is heated with an excess of carbonate of 
soda in a crucible, magnetic oxide is formed, and by 
washing with water is left in state of black crystalline 
powder, which may be dried forthwith.

When this oxidq is put into a close vessel with only 
enough acid—say hydrochloric—to dissolve the prot
oxide, that, only, is dissolved, and the sesquioxide of iron 
is left undissolved.

Iron Scale, or Hammerslag.
When sheet, or bat iron, is heated red hot and bent, 

or put into water, the scales which are disengaged are of 
this nature. I t is black, magnetic, and melts at high 
temperature. The scale is not hotnogeneous, but con
sists generally of more than one layer, and the farther 
inward, or away from the atmosphere, the less sesqui-
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oxide of iron and more protoxide it contains. In expo
sure to long continued red heat as many as three layers 
are found, each containing sesquioxide and protoxide, 
but less of the protoxide and more sesquioxide on the 
outer, the sesquioxide increasing outwardly—decreasing' 
inwardly.

,Ferric Acid.
Ee O®. I t  is not known in an isolated state, but ex

hibits its presence in combination with potash, soda, and 
baryta. It exhibits itself when the following experiment 
is performed; a Hessian crucible, containing 5 grammes 
of iron filings (pure), is heated to redness, when 10 
grammes of the powder of fused nitre are thrown in ; 
lively action takes place; the crucible is covered • and 
cooled; if pulverized, immediately, it may be kept in 
stopped bottles, but soon deliquesces. I t  is a violet co
lored mass, and is best dissolved in ice-cold water.

Ferrate of soda is produced by galvanic current upon 
a plate of iron immersed in solution of soda.

Ferrate of baryta by addition of nitrate of baryta, or 
chloride of barium, to ferrate of potash.

Iron and Water.
At ordinary temperature water has no action upon 

iron, even in finely divided state, provided air be ex
cluded ; but the pulverulent metal decomposes water at 
much below 100° C. Decomposition begins at 55° C., 
and increases with increase of temperature. The iron, 
remaining, is magnetic oxide.

Percy had an experiment tried upon a polished strip of 
iron confined in a glass tube with water under hydrogen 
for one year, and found it unaltered. The effect of air 
and water conjointly, is rust, w^hich is the hyd. sesqui
oxide of iron. The presence of minute foreign matter 
in the air, as sulphuretted hydrogen, chlorine, hydro
chloric and acetic acids, induces rusting in moist air. 
But the preseii’ce of CÔ  and HN'* are attended by no 
results.
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I t is said that rust contains ammonia, which may be 
formed during the rusting, by absorption from the air.

When iron is submerged under water, which itself is 
exposed to the atmosphere, it is gradually converted to 
the black hydrated magnetic oxide, because of the tra
versing of the air through the water to the iron, as is 
supposed *by Wohler.

Aqueous solutions of potash, soda, and ammonia haÂe 
been found, when not top dilute, to preserve iron from 
rust.

Payen says one part of saturated solution of potash to 
tw(5 thousand parts, by measure, of water, is sufficient, 
and the same of soda,- to any number under fifty-four of 
water. The bicarbonate of the alkali loses the power. 
Hall says water containing not more than one-fifth 
volume of lime, preserves iron from rusting.

Zinc in contact with iron protects it from rust, and 
tih promotes rust!

Common rosin melted with a little Gallipoli oil, and 
spirits of turpentine, is a better'protective covering than 
fats and oils. (Percy.)

At a red heat, or higher temperature, iron decom
poses water. Hydrogen is evolved, and fine octahedral 
crystals have been formed when the iron was under very 
high temperature, and the steam current not too strong, 
but carefully regulated.

Iron and Sulphur.
• Iron has a strong affinity for sulphur. Combination 

takes place at a red heat. Experiment: A bar, heated 
white hot, combines rapidly with sulphur, evolving light 
and melts into drops of sulphide. There are several 
definite sulphides of iron.
• Lowest sulphide is said to be P'ê S. A blackish-gray 

powder with metallic gray streak 6.67 per cent. S. The 
gas evolved contains seven volumes hydrogen to one of 
sulphuretted hydrogen. Disulphide iron Fe^S. Resem
bles the last, and is strongly attracted b/the magnet; it 
evolves hydrogen and sulphuretted hydrogen in equal 
volumes.
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Protosulphide of Iron.

Formed by heating together sulphur and iron. May 
be foryned on a large scale by heating scrap wrought iron 
red hot in a crucible, and dropping sulphur into it, at 
intervals, keeping the crucible covered. Apt to contain 
an excess of iron, hence care should be taken to conduct 
the process at a temperature below the melting point of 
the sulphide; otherwise the metallic iron will evolve 
hydrogen and HS with dilute acid.

Protosulphide of iron is precipitated as a black, amor
phous, flocculent substance, by addition of sulphide of am
monium to neutral aqueous solutions of protosalts of iron. 
I t  is not redissolved, but a greenish solution remains 
which, after a time, precipitates a substance like that 
above mentioned, and the green disappears. Thus, in 
preparation of ultramarine, a mixture of Kaolin, carbonate 
of soda, and sulphur is heated and washed on a filter; a 
deep-green bright solution passes through, which soon 
after acquires a brownish-yellow color, characteristic of a 
solution of an alkaline sulphide containing more sulphur 
than a monosulphide. It is supposed by H. Eose to 
contain an amount of sulphur greater than does the pro
tosulphide. This may some day explain the presence 
of minutely divided gold in some iron pyrites, which is 
supposed to have been deposited from solution; the sul
phide of gold acting as a sulphur acid forming sulphur 
salts with alkaline sulphides.

I t is not known, Percy thinks, that precipitated proto
sulphide is a hydrate. The sanie variety of sulphide is 
formed when the so-called artificial volcanoes of Lemery 
are made by burying a mixture, in large quantity, of iron 
filings, sulphur, and water, at a slight depth below the 
surface of the ground. Moistened with “water the mass 
absorbs oxygen rapidly, and sometimes, when the mass 
is large, may develop so much heat as to inflame.

When heated and exposed to hydrogen at a high 
temperature, it .is not decomposed.

Protosulphide of iron exposed to action of vapor o f 
water at a very high temperature.—Heated to redness in
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a current of steam it is decomposed, hydrogen and sul
phuretted hydrogen in large quantities are disengaged, 
and a black substance remains which is attracted by 
magnet. Regnault found that, in passing hydrogen over 
it in a glass tube for three hours, only one-half sulphur 
was removed.

The hydrogen is formed by decomposition of the water 
in the formation of the protoxide of iron iii the early 
stage of this process.

Protosulphide of iron heated with carbon.—Heated 
very strongly with charcoal it parts with a portion of 
sulphur, which escapes, probably, as bisulphide.

In some experiments by Percy it seemed that all 
silica gravitated to the bottom, and the button formed 
only after strongly heating (in a crucible, brasqued) to 
whiteness for about two and a half hours, 250 grains 
being the amount of protosulphide used.

Protosulphide of iron heated with sesquioxide of iron. 
—There is no separation of metallic iron even when 
heated to high temperature in any proportions.

Protosulphide of iron heated with sulphate of protoxide., 
or o f the sesquioxide o f iron.—It is decomposed, sulphu
rous acid being copiously evolved, and if the mixture be 
in proper proportion neither sulphur nor sulphuric acid 
will be found in the residue.

Berthier says that the result is reached by gradually 
heating to whiteness 2.4 grammes protosulphide with 
13.2 gramme? of anhydrous bisulphate of sesquioxide, 
that is in ratio of 1 : 3 equivalents.

Protosulphide of iron heated 'with lead.—No definite 
results.

Protosulphide of iron heated with carbonate of potash 
or soda.'—At red heat, with once or twice its vveight of 
carbonate of potash or soda, forms a very liquid product, 
solidifies on cooling to a homogeneous crystalline black 
and very magnetic mass. Dissolved in water, some alka
line sulphide with little excess of sulphur, but no sul
phate, dissolves.

When the mass is melted with charcoal, metallic iron 
is separated, which at sufficiently high temperature fuses

    
 



SPECIAL PROPERTIES OF IRON. 99

into a lump and is easily detached from the slag. The 
mixture heated in a brasqued crucible yielded a button 
of white crystalline iron, which flattens sensibly under 
the hammer; more than four-fifths of the iron of the 
protosulphide is contained in the button. The slag was 
black, lamellar, slight bronzy tint.

Protosulphide of iron heated in admixture with char
coal and baryta, or lime.—Is in great measure reduced 
by it, and as the double sulphide formed is difficult of 
fusion the iron is finely disseminated.

Protosulphide of iron heated with other sulphides.—' 
This has been done, and union seems to be perfect 
between it and the sulphides of barium, calcium, as well 
as of various other metallic sulphides, but nothing has 
been otherwise definitely arrived at.

Protosulphide of iron heated with silica and carbon.— 
It is nearly completely decomposed at a high tempera
ture by the joint action of these elements.

Protosulphide of iron heated with alkaline silicates or 
borates.—This is important in the smelting of iron. 
Berthier states, that if they contain h certain proportion 
of. acid they have no effect upon the protosulphide, but 
the contrary is true if they contain excess of base and 
carbon is present. In this case part of the base unites 
with the sulphide of iron, and in amount proportionate 
to the elevation of temperature. This is true of basic 
silicate of lime, whether free or in combination with 
basic silicate of alumina. The desulphurizing action of 
basic silicate of lime is seen in the slags which some
times emit sulphur when the silica is being only heated 
preparatory to weighing it, One common variety of 

■ such lime has the formula according to Percy, of
APO*,SiO=’+2(3CaO,SiO*).

Hydrochloric acid decomposes it, and there is always 
the disengagement of sulphuretted hydrogen.

Protosulphide of iron heated with silicates, or borates of* 
manganese -̂—Action similar to that of the preceding. 
Not much knoAvn as yet.

Mr. Parry, of the Ebbw (Eb'-boo) Vale Works, finds
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considerable sulphur in slags which contained much man
ganese. Thus in the slag from spathic ore, the manga
nese estimated as protoxide amounted to 8 per cent., and 
t̂he sulphur not less that 2 per cent.; whereas, with the 
same fud, but with ores containing less manganese, the 
slag contained less sulphur, and the cast iron a propoi*- 
tionally larger amount of sulphur.

Ses^uisulphide o f Iron.
Thrown down as a black precipitate when a solution of 

splphate of sesquioxide of iron is added drop by drop to 
a solution of a hydrosulphate, but not on pouring the 
latter into the former. I t  is formed in a slow way by 
passing a current of sulphuretted hydrogen over the ses
quioxide heated to not more than 100® C. till water 
ceases to escape.

Bisulphide of iron, or iron pyrites FeS^ (iron 46.7, sul
phur 53.3 parts in 100).

Abounds in nature. Is dimorphous, crystallizing in 
the cubical and the prismatic systems (*. e., as rectangu
lar and right rhombic prisms, and rhombic, octahedrons). 
Used much in the manufacture of sulphuric acid. Cubi
cal iron pyrites has a fine brass color, and. has been 
mistaken for gold. The prismatic variety is termed 
white iron pyrites from its grayish, or light greenish-yel
low color. I t  is* not so widely diffused as the yellow— 
it is the usual form found in coal and has a tendency to 
decompose and effloresce in the air, being changed into 
sulphate of protoxide, and after longer exposure and 
absorption of more oxygen into sulphate of peroxide. 
This latter, when in contact with organic matter ex
cluded from the air, changes back again into pyrites, 
hence, probably, the origin of much of Chat substance in 
nature.

Both kinds of pyrites.occur botryoidal and reniform, 
and also amorphous. I t  has been known, repeatedly, to 
he deposited in crystalline structure, around, decaying 
matter, and a mouse agcidentally fallen into a solution 
of sulphate of protoxide of iron and having lain there a 
considerable time, had crystals of bisulphide deposited
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upon it. "When subjected to red l^eat in close vessels, 
sulphur sublimes, and the residue is magnetic pyrites. 
Some sulphides, by exposure to low heat and moisture 
for a sufficiently long time may have been changed into’ 
hydrated hematite, as alluded to on page 60.

Magnetic pyrites. — GFeSFeS  ̂ (sulphur 39.5; iron 
60.5; Rose). Is feebly attracted by the magnet, and 
sometimes polaric, hence its name. It is rhombohedral; 
readily fusible; ftiet with in nature sometimes nickelife- 
rous, and frequently combined with copper. I t is this 
which is formed by heating iron till it burns and touching 
it with a sulphur roll. It is largely associated with native 
gold west of the Mississippi. I t occurs massive in fis
sures in the crystalline rocks, and is found sometimes 
with and in the vicinity of good magnetic iron ores, at a 
mile or more north of Fort Henry, Lake Champlain, 
and in Lewis and Orange Counties, New York. .

Sulphate of the protoxide of iron, copperas, green 
vitriol.

Sulphate of, the protoxide crystallize^ with various 
proportions of water. The common salt crystallizes in 
the oblique prismatic system, and has the formula 
FeO,SO® + 7110, (36.40 + 63). At a gentle heat it 
melts in its own water of crystallization—above 280° C., 
loses 6 equivalents o f. water; '  at a higher tempera
ture becomes anhydrous, forming, in absence of air, a 
gritty powder (white), which dissolves slowly in water. 
Heated more strongly it is decomposed with evolution of 
sulphurous acid and production of sulphate of sesqui- 
oxide; at a higher temperature, all the sulphuric acid 
is expelled, and nothing but sesquioxide remains. The 
sulphuric acid of Nordhausen is distilled from-this salt 
after 40 per cent: of water has been driven off.

When an aqueous solution of this, or other salt of pro
toxide of iron, is put into a close vessel with zinc or cad
mium,, metallic iron is slowly reduced.

All aqueous solution of sulphate of protoxide of iron, 
absorbs nitric oxide (NÔ ) forming a dark greenish-, 
brown liquid in which the gas • and the sulphuric acid 
are in the ratio of 1: 4 equivalents. Green vitriol is

4 0 0 1 6
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pi'oduced by dissolving metallic iron in dilute sulphuric 
acid, filtering the boiling solution, evaporating and crys
tallizing. I t  is desirable that the solution should be 

' acid. I t is formed by the spontaneous oxidation of a sul
phide of iron in moist air, or by roasting a sulphide at a 
low temperature with free access of aii\ I t  is found as 
an efflorescence in several places in the United States, at 
Copperas Mountain, a few miles east of Bainbridge, 
Ohio, and elsfewhere. I t  occurs in the waters of old coal* 
mines, and care should be taken not to use the water 
from such mines for boilers, as it corrodes the iron with 
rapidity. Its presence is recognized by its inky taste, 
or, better, by dropping a few drops of strong solution of 
common yellow prussiate of potash into a glass filled with 
the suspected water. Its blue color, deepening in shade 
as it stands, will determine the presence of the iron, and 
a little of the solution of chloride of barium will, by its 
white precipitate, prove the SO®. The salt is largely 
used in dyeing and in the manufacture of colcothar.

The impurities of the commercial salt may be manga
nese, zinc, cop*per, alumina, magnesia, lime, and more or 
less of sulphate of sesquioxide of iron; from the latter 
it may be purified by passing sulphuretted hydrogen 
through the solution, heating to expel the gas, and then 
separating the sulphur formed in the reduction of the  ̂
sesquioxide: or, by simply boiling with metallic iron.

On the addition of suflicient alcohol it is thrown down 
as a greenish crystalline powder, which may be readily 
dried after washing with alcohol,, and preserved without 
change in a stopped bottle; it contains seven equivalents 
of water, as usual, and 20.143 per cent, of iron. Percy 
has kept this for standardizing solutions for volumetric 
iron assay, for years without change. (See Index.) If 
there should be present any arsenious acid, both it and 
metallic copper may be removed by intl’oducing metallic 
iron and by boiling. The grass, or yellowish-green ap
pearance of the commercial salt is due to sulphate of 
sesquioxide.

There are not fewer than four hydrates besides this: 
one with one equivalent of water, a second with three
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equivalents, a third with four equivalents, and yet an
other with six equivalents. (Grahana, Ph. Tr. Ed. xii. 297.)

Neutral Tersulphate, or Sulphate of Sesquioxide of 
Iron. Ee^O^ 3SO®.

It was observed at the sulphuric acid works at Oker, 
in the Hai'tz, in pouring out the concentrated sulphuric 
acid from the platinum still, as shining particles which 
subsided. They are minute, pale peach-colored crystals, 
in truncated rhombic qctahedra; nearly • insoluble in 
wmter, and not much more soluble in hydrochloric acid, 
but instantly decomposed in ammonia, with separation 
of hydrated sesquioxide of iron.

It occurs near Copiapo, in Coquimbo, forming a bed 
in feldspathic rock, and near Calama, in Bolivia. I t  is 
massive or crystallized in rhombohedral system, and has, 
the formula as above + 9 HO.

May be made by boiling two equivalents of sulphate 
of protoxide of iron with one of sulphuric acid, and add
ing nitric acid in small quantities until gas ceases to 
evolve. I t dissolves in water, yielding a red solution, 
>vhich, on evaporation, yields a pale yellow deliquescent 
residue. I t is a powerful styptic.

, Sulphides of Iron Roasted in the Air.

Eeactions are substantially the same with all the sul
phides. Some remarks should be added respecting two 
sulphides:—

' The Protosulphide.—^̂ Heated to dull redness sulphur
ous acid is disengaged. The amount of heat determines 
greatly the nature of the product. At a low tempera
ture much sulphate of the protoxide of iron results, 
which acts, on increasing the heat, as does that salt. 
Magnetic oxide is produced in all processes of roasting, 
in practice. •

Bisulphide.—In roasting this, there is direct combus
tion of the sulphur; otherwise, it is as with other sul
phides, except that under certain temperatures at the 
early stage there results much magnetic sulphide.
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Iron and Nitrogen.

Nitrogen is supposed to play an important part in the 
manufacture of steel, and some suppose that it is an 
essential element.

The heating of nitrogenous matters, as leather parings, 
horn, ferrocyanide of potassium, &c., with iron has long 
been known as a method of case-hardening. Recently 
the subject has attracted the attention of chemists, and 
many careful and vai’ied examinations of iron, steel, and. 
cast iron for nitrogen have been made, and the general 
results may be summed up thus:—

1st. Nitrogen does combine with iron.
2d. That its presence has been detected in malleable 

iron, steel and cast iron.
3d. That when in sensible proportion in iron it modi

fies the iron in a remarkable manner. .
Iron wire, according to Buff, from experiments in Lie

big’s laboratoiy, heated to redness in a current of am- 
moniacal gas, becomes bidttle, crystalline and white, and 
increases 6 per cent, in weight, while the specific gravity 
was reduced from 7.416 to 7.1.45. . On burning it with 
sodadime, ammonia (NH*)was formed. In  a specimen 
of cast iron, smelted from bog or,e, he found 0.26 per 
cent, nitrogen. It is easy to trace the source of nitro
gen discernible in cast iron, when we remember the large 
amount set free in the blast furnace, from the atmos
phere when the oxygen of the air is consumed in'the 
process of making iron.

Iron and Phosphorus.
They do not combine at ordinary temperature, but in 

contact with red-hot iron, phosphorus will combine with 
incandescence.

A phosphide of this formula Fe'^P. Dropping phos
phorus upon red-hot iron filings, or wire, in a crucible, 
will, with air excluded, produce a phosphide containing 
about b per cent, phosphorus. A button formed of this 
phosphide, and left to cool jn the crucible, shows long
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interlacing crystals, externally and internally beautiful, 
brilliant, iridescent prismatic crystals where cavernous'. 
External color, blue.

There are no less than six other phosphides.
Phosphorus, even in very small .quantities, has a de

cided effect upon the malleability and strength of iron 
at ordinary temperature, causing cold-shortness, that is, 
tendency to break “ short off” when cold. And while 
this fact is true at ordinary temperature, there may be 

. n.0 effect produced upon the same iron at a high temper
ature when hammered, or rolled. This is an established 
fact.

Karsten thought that iron was not materially affected 
when the phosphorus was not more than 0.5 per cent., 
and up to'O.Sit only hardened without diminishing the 

. tenacity, which seems to be corroborated by the fact 
stated, p. 61, as to the endurance of car-wheels cast of 
iron containing phosphorus. But, when containing 0.6 
it will not. stand the breaking test, yet stands the test 
of bending at right angles, over the anvil; and with 0.66 
it does not show plainly the cold-shortness, properly so 
called. As soon as it reaches 0.75 per cent, the decrease 
of tenacity is notable, and the iron no longer stands the 
tests above referred to. With 0.8 per cent, it is decid
edly cold-short, and with 1 per cent, it can no longer be 
bent at right angles. With more than 1 per cent, it is 
extraordinarily cold-short, and can be applied to few pur 
poses.

Experiment: Iron wire heated with a phosphide suffi
cient to produce I per cent, makes a button of singular- 
crystalline structure.

Phosphide of iron was once, before the year 1784, 
considered a new metal and called “ Siderura,” and was 
first noticed in cast iron smelted from the bog iron ores. 
By dissolving such cast iron in dilute sulphuric acid, a 
white precipitate was deposited, and by heating it per se 
in a crucible made out of a solid piece of charcoal, a 
beautiful .button was made, in the interior prismatic 
crystals Were formed, and the metal, was not attractable 
by the magnet. It was phosphide of iron.
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Fluoride of calcium (fluorspar), on iron containing 
phosphorus. Ehfect, none, or very slight, in a brasqued 
crucible.

Action of carhon on iron containing phosphorus. Has 
a tendency, very decided, to deprive the iron of phos
phorus.

Tribasic phosphate of protoxide of iron: 3FeO,POl 
Berzelius says it may be formed by pouring a solution of 
phosphate of soda, drop by drop, into a solution of a salt 
of protoxide of iron. At first it is cheesy white—be
comes semi-transparent and gelatinous, When collected 
on a filter it begins instantly to turn green, or blue, by 
absorbing oxygen.

The blu« mineral called vivianite is a pseudomorph of 
this salt. Occurs crystallized as well as earthy. The 
following is the. composition of two specimens of the 
New Jersey vivianite from Mullica Hill: PO^28’.40, Fê O* 
12.06, Fe033.91, HO not .determined, sp. gr. 2.58; 
Rammelsburg, PO’26.06, Fe046.31, H027.14 = 99.51; 
Thompson. I t is often associated with bog ore, as at 
Allentown, Monmouth County, New Jersey; Virginia, 
Stafford County, and 8 or 10 miles from Falmouth. 
When such specimens are found it may readily be un
derstood why the neighboring beds of ore may be sus
pected of containing phosphorus.

Action of iron, at high temperature, upon phosphate 
o f lime, in the presence of carbon; Phosphate of lime 
imparts its phosphorus to the iron -whether the phospho
rus be in the lime, used as a flux, or in the ore which 
.produces the iron. I t  appears also in the slag, but from 
some experiments at Aberdare Iron Works, it seems that, 
if the heated contact had continued long enough, all the 
phosphoric acid would havq combined with the iron.

^Manganese and Phosphorus.

Manganese has but little influence Upon phosphorus 
to separate it from iron.
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Iron and Arsenic.

There are several arsenides of iron. That of the 
formula FeAs, or properly arsenide of iron, occurs native. 
Heated to redness in close vessel, metallic arsenic is 
sublimed. Boasted in the air arsenious acid is copiously 
evolved and basic arseniate of sesquioxide of iron is left.

The arsenide of formula Fe‘‘As is formed by mixture 
of iron wire in Small pieces, and an excess of arsenic, 
fused under a glass flux in covered clay crucibles.

Pieces of hoop iron, heated nearly to whiteness in a 
clay crucible, and excess of arsenic dropped in, causes 
immediate combination with bright incandescence, and 
the iron melts completely.

Arseniate of sesquioxide of iron. This is the nature 
of the crystallized mineral scorodite, having formula of 
Fe^O^AsO®,+4HO. Heated to incipient redness it sud
denly becomes incandescent.

The same with + 12HO: has beeti found near Frei
burg and known as eisensinter, and the mineral cube ore 
is a basic arseniate with +15HO, according to Bam- 
melsburg. The mineral has a fine green color.

Arsenic may be completely extracted from, iron by 
deflagrating the powdered metal with nitre (saltpetre) 
and carbonate of soda in a gold crucible. On washing 
the residue pure alkaline arsenic is removed and pure 
sesquioxide of iron remain's. So arsenic, or arsenic acid 
may be entirely removed from any salt of iron by fusion 
with fixed alkaline carbonate in a platinum crucible. 
Arsenic may bet perfectly precipitated as ammonia-mag
nesian arseniate. Dissolve the salt in hydrochloric acid, 
peroxydize,* treat with tartaric acid, then with excess of 
ammonia and a solution of a ^alt of magnesia previously 
mixed with sufiicient amraoniacal salt to prevent the 
precipitation of magnesia by ammonia^ The whole of 
the arsqnic is precipitated after a while in beautiful 
crystals of magnesian salt. Collect on a filter; wash 
with water strongly impregnated with ammonia; dry at

* By adding NO’ or boiling once with little chlorate of potash.
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C. 100°; weigh. I t  has, thus .dried, a formula 2MgO, 
NH^O,AsO®+HO, and contains 60.53 per ..cent, arsenic 
acid and*21.05 per cent, magnesia. If  the salt is heated 
rapidly to redness it loses water and ammonia, and the 
latter reduces the arsenic acid and causes loss.

A ready way of determining the presence of arsenic 
in arsenical iron is by heating some six or eight grains 
of the powdered ore by throwing it upon a burning 
coal. The fumes smell strongly of garlic, the certain 
sign of arsenic in the ore. One slight snuff of these 
fumes is not hazardous, though it is not advisable to 
repeat the experiment more than once or twice, unless 
cautiously as to quantity inhaled.

Arsenical iron, called mispickel, is frequently mistaken 
by miners and others for silver.. I t  has a silver-white 
color inclining to steel-gray, especially vyhen first broken; 
sp. gr. 6 to 6.26, streak or powder dark grayish-black, 
and it is brittle. These characteristics may serve to dis
tinguish it from native silver, as the latter is sectile 
easily by the penknife and never brittle, has a sp. gr. of 
lO to 11, and when heated on charcoal with the blow
pipe gives out no fumes. Some years ago a so-called 
silver mine was discovered near the Great Meadows, 
fifteen miles northeast of Belvidere, N. J., in the high 
hills northwest of Danville, and many bought stock. 
After the abandonment of the -mine ‘we examined the 
drift run into the hill and, from the debris, discovered 
that considerable quantities of mispickel had been taken 
out. A large amount of money was invested and lost 
in that mine. We mention this because similar mistakes 
are frequently made at the present, and the above tests 
are sufficient to detect the error.

There are no ores of iron containing arsenic which are 
used as commercial ores. Arsenic, however, in propor
tions from 9 to 21 per cent, is said to cause iron to be 
Very brittle, white, and of a brilliant radiated structure, 
and unfit for conversion into malleable iron by the pud
dling process, as it occasions red-shortness although 
sufficiently tenacious to bear hammering when cold. 
In smaller proportions it is said to be beneficial in iron
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intended for chill casting, i. e., surface hardening by 
casting in cold metal moulds.* The above proportions 
were found in some cast-iron shot aind shell of Turkish 
origin, those brought from Sinope containing 16.2 per 
cent., and of those found in the arsenal at Algiers in 1830, 
the shot contained 2T per cent, and the shell 9 per cent., 
the former being very hard but brittle.

Mispickel contains arsenic 46.00, sulphur 19.6, iron 
34.4 =  100 parts.

Case Hardening Iron, or Steel by Arsenic.
•

In Sweden rasped leather, horn, or other nitrogenous 
animal matter is mixed with a solution of arsenious acid 
dissolved in hydrochloric acid to the consistency of com
mon paste. The metal (files, &d.) is painted over, to 
the thickness of in., with this mixture and heated 
in a muffle, or iron cylinder to bright redness. A white 
surface of arsenide of iron of great hardness is thus pro
duced. Ekman, of (jothenberg, Sweden, assured Percy 
that it protected the iron from rust, on an experiment 
of fifteen years. Percy tried the experiment, heating 
the iron in charcoal and alkaline arsenide of iron to red-
ness- -though the iron was hardened it rusted.-

Silicon.
It is very important to study the action of silicon 

upon iron. Our knowledge.is yet imperfect.
It is a constant constituent of cast iron, and its oxide, 

silica, forms an important part in the formation of slags, 
accompanying the metal both in its reduction from the 
ore and in its subsequent conversion into wrought iron.

Reduction o f Silica by Carbon, in the Presence of Oxide 
of Iron and other BaseSi

It appears to be established that free silica unaccom
panied with earthy matter with which it might combine

* Bauernian.

    
 



110 THE METALLURGT OF IRON.

to form slags, such as carbonate of lime and clay, tends 
to produce iron rich in silicon, especially under high 
temperature and presence of much carbon.

Experiment 1 (in Percy’s laboratory). Take red hema* 
tite containing 69 per cent, iron, expose in intimate 
mixture with fine sand and charcoal in covered crucible 
to high temperature. Product, a fritted mass with dis
seminated globules; separate by magnet as' clear from 
slag as possible and remelt with a little .magnesia and 
alumina. Well melted buttons obtained, easily detached 
from slag.

Metal hard and brilliant, fracture light gray, highly 
crystalline, faces at all angles.

Experiment 2. A compact red hematite was taken 
containing much finely ditfused quartz. Hydrochloric 
acid was used in dissolving this ore, leaving 13.49 per 
cent, insoluble matter, of which 12.76 per cent, was 
silica; it yielded (with charcoal enough simply to 
reduce) an iron containing 0.87 per cent, of silica.

The same ore, heated in admixture with considerable 
charcoal in excess, yielded metal with 13.78 per cent, 
silicon. In both experiments the crucibles were heated 
to very high temperature.

In another experiment this ore was heated with char
coal and sand in excess, and the button contained 8.84 
per cent, silicon.

In each experiment 1000 grains of ore was used.
Charcoal 250; lime 100; fluor spar 250; produce 

1.41 per cent, silicon.
Charcoal 250; fluor spar 150; produce 2.15 percent, 

silicon.
Charcoal 250; lime 400; clay 190; sand 110.
Calculated composition of slag:

Lime 51; alumina 10; silicon 39.
Silicon 0.64 per cent.

Charcoal 250; lime 300; clay 190; sand 190.
Calculated composition of slag.

Lime 52,4; alumina 13,3; silicon 34.3.
Metal contained 0.58 per cent, silicon.
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This slag approximates ordinary “blast furnace cin
ders,” that is from iron smelting furnaces of England.

Charcoal 350; lime 125; clay 190; sand 260.
Metal, white iron 0.85 silicon.

Reduction not complete.
Charcoal 250; lime 125; clay 190; sand 260.

Calculated slag:
Lime 19; alumina ll,5 ; silica .69.5,

0.38 silicon.
Charcoal 250; lime 125; clay 190; sand 400,
Additional charcoal was placed on the top of the mix

ture; slag, green. Metal contains 1,15 per cent, silicon.
Pig iron containing 3 per cent, silicon has invariably 

a smooth face, whereas cold blast-iron containing 1 to 2 
per cent, silicon has a “ honey-combed face.” (Parry.)

Protoxide of Iron and Silica.—Protoxide of iron and 
silica readily combine at high temperature, hence earthen 
crucibles cannot be used in the laboratory; wrought 
iron must take their place.

^Experiment.
Grains.

H em atite 2 4 0 0
S ilica  9 0 0
A n th rac ite  1 8 0

Ratio of mixture to. 
yield 100 of silicate.

78.1
29 .8
6,0

Product very liquid, easily poured out, weight 3070 
grains, showing excess of 70 grains due to the iron 
derived from the crucible (of wrought iron).

Silicate of Protoxide of Iron reduced hy Carbon.—Clay 
crucibles, brasqued with mixture of charcoal powder 
and treacle, are employed; “ tap cinder” from a pud
dling furnace is operated upon; this cinder by wet 
assay yielded 55.19 per cent, iron, slightly exceeding 
3FeO,SiO®; 10 grains of the powder of this slag were 
taken, intimately mixed with two of charcoal, exposed 
in a luted crucible previously brasqued, it was subjected 
one hour to strong heat. Product; well melted buttons 
of white iron; usually this tap cinder contains phos
phorus, and the iron should be rich in phosphorus.

Tribasic silicate of protoxide of iron heated with "ac
cess of air. When the powder is roasted it passes more
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or less into the sesquioxide, and when, in lumps as large 
as the fist, it is thus heated, as when the tap cinders for 
puddling furnace are heated in kilns (similar to brick 
kilns) for days,dt becomes the refractory substance called 
“ bull dog.” A patent was once taken out for this method 
of rendering the cinder refractory. The refractory na
ture is due to the formation of sesquioxide.

Iron and Carbon.

This is the most important compound. Under the name 
of iron are included metals differing more in physical 
properties than do some metals which are chemically dis
tinct. This difference in iron is chiefly due to carbon.

When carbon is absent, or present only in minute 
quantities we have wrought iron, which is soft, malleable, 
very tenacious, but difficult to melt in any ordinary iron 
furnaces, and not susceptible of tempering.

When carbon is present in certain higher proportions, 
the limits of which cannot be exactly set, we have steel, 

• and which is malleable as is wrought iron, but, unlike 
that, it is fusible and capable of tempering to such hard
ness as to cut wrought iron. With more carbon we have 
cast iron which is hard, brittle, readily fusible, but is not 
weldable, or forgeable. The difference is generally and 
essentially due to differences of carbon, although other 
elements enter in to improve and otherwise modify the 
iron.
• The essential condition of the confbination of iron 
and carbon is, that, carbon, or certain gaseous compounds 
of. carbon, come in contact with the iron at or above a 
red heat.

When an oxide of iron is reduced with an excess of 
carbon, at, or above the melting point of cast iron, com
bination takes place rapidly and cast iron results, and, 
all other things being alike, the higher the temperature 
the more readily does this take place. ' /

Combination takes place more slowly when iron, in the 
compact state, as in a bar, is exposed imbedded in car
bon to a heat equal to, or above that of red heat. Thus
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steel is made extensively in England and America, and 
the process is called cementation. The heat is said to 
be about that of melting copper (about 2000° Fah.) A 
gaseous hydrocarbon can be, and has been, used in place 
of charcoal. The cause of this change of iron into steel 
has exercised philosophic attention extensively, but it is 
not yet fully understood.

Percy tried a large number of experiments, from which 
we gather;—

1. That carbonic oxide, passed over heated iron, pro
duces steel and increases the weight.

2. Solid carbon, in the presence of carbonic oxide, 
produces steel.

3. Solid carbon, in the presence of hydrogen, produces 
steel of an inferior condition; it could only be hardened 
by being plunged, red hot, into mercury. Hydrogen, per 
se, seemed to have no effect in hardening the iron.

4. When iron wire is kept red hot, only one hour, in 
coal gas, it hardens like steel.

5. Vapor of paraffine may be substituted for coal gaS. 
This was done Ivith an iron wire in a porcelain tube 
heated to whiteness during one hour, and steel was 
formed,

A.matter of much interest results from some experh 
ments of Percy, as follows:—

Two slips of iron wire were placed in a porcelain tube, 
one imbedded in charcoal made from sugar—the other 
not imbedded. A current of hydrogen was slowly passed 
over the two pieces, from B to A.

Fig. 14.

nil
B was imbedded, A not, B was steeled, and so was 

A. This was so when the charcoal had been so intensely 
heated that it would no longer, by itself, carburize a piece 
of wire, and yet, when the same apparently decarburized 
charcoal was put at B and hydrogen passed over it at a 
red heat, A was carburized. The question arises, was it 

8
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from the hydrogen mechanically taking up carbon, or 
was it from hydrogen eliminating, by some chemical af
finity, the, so to speak, latent carbon of .the charcoal, and 
thus charged with carbon, passing over to the piece A, and 
carburizing i t l  When the position of the pieces A B 
were reversed so that hydrogen had to pass A uncovered, 
before it struck B which was covered, then A was not 
altered to steel. How the carburization takes place by 
simple contact of carbon, is a mystery, although the red- 
hot condition of the iron may give mobility to the atoms 
which may change position, or, by induction of a nature 
not understood, yet conceivable, may impart from layer 
to layer, from without inward, that carburizing condition 
which all those acquainted with the theory of the atomic 
change undergone by water in the galvanic cell, may 
easily understand. At any rate, the whole bar is com
pletely carburized into steel'by, what we shall hereafter 
explain as, cementation.

Carbon may be extracted, as well as introduced, by 
cementation. Thus, cast iron, heated red hot for days, in 
contact with powdered red hematite, becomes deprived 
of a part of its carbon, and is thus reduced to an iron 
of the comparatively soft or malleable condition of ■ 
“ malleable iron.” In England^ as in this country, vari
ous small articles, made from cast iron smelted frorh red 
hematite with charcoal, are thus treated, and the condi
tion of the iron before, and after heating, may be under
stood better by the following analyses by Dr. W. A. 
Miller, of Cambridge:—

Before. After.
S p e c ific  g r a v ity 7 .6 8 4 7 .718

In 100 parts.

=  2 .8 0 0
j  0 .4 3 4  ) 
( 0 .4 l 6  j = 0 .8 8 0

S ilico n  . 0 .9 5 1 0 .409
A lu m in u m tra c e • •* trace
S u lp h u r • 0 .0 1 5 0 .000
P h o sp h o ru s  . » • tra c e trace
S a n d • 0 ,5 0 2

H e n c e  fo u r - f i f t h s o f  t h e  c o m b i n e d c a r b o n  s e e m e d  to
Iiave been removed, and all the sulphur; which last fact
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is remarkable. The silicon removal also seems unac
countable, though it was asserted as accurate.

Carbon may be removed by keeping iron in thin plates 
at a'red heat exposed to a cuiTent of atmosphere. A 
process of this kind has been adopted in England.

Amount o f Carbon in Jrow.—Karsten says that the 
maxiiUum of carbon with' which iron will combine is 
6.93 percent.; definite carbides he has not succeeded 
in forming.

Pure iron, he says, is so soft that it offers little resist
ance to friction.

With 0.2 or .25 per cent, carbon it becomes steel, and 
will harden by sudden cooling after heating. The freer 
iron is from foreign ingredients, as silicon, sulphur, and 
phosphorus, the more carbon is required to induce hard
ening by this process (of tempering).

In the best Swedish bar iron, as well as in the Ger
man iron made from spathic ore and from brown ore, 
0.35 per cent, carbon makes the iron steely. The point 
of passage from iron into steel is an impalpable one. 
When foreign matters are present .5 of carbon is suffi
cient to make steel which wjll give sparks with flint. 
But, when the iron is perfectly free from foreign mat
ters, 0.65 per cent, is necessary to effect the same 
degree of hardness. Iron with 1 per cent, to 1.5 per 
cent, is steel, with the maximum tenacity combined 
with the maximum hardness.

When higher quantities of carbon are added, hardness 
increases to the sacrifice of tenacity and weldability. 
With 1.75 the last property, weldability, almost entirely 
disappears. With 1.8 it may be worked; but with utmost 
difficulty. When 1.9 is reached, the iron ceases to be mal
leable while hot, and 2 per cent, is thedimit between steel 
and cast iron; it cannot then be drawn oUt nor worked.

Of cast iron there are two kinds—gray and white.
They differ as follows;—
Gray iron has a higher melting point than white, and 

passes almost instantly from the solid to the liquid point, 
when it becomes very liquid.

White iron becomes soft and pasty before it becomes’
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liquid, and at a lower temperature. Karsten says- that 
gray iron, by rapid solidification after fusion, becomes 
white; and white, by very slow solidification after fusion, ' 
becomes gray, without any change of the proportion of 
carbon in either. I t  was sought to account for this, in 
the different modes of existence of carbon in these two 
irons. In white it was supposed wholly combined; in 
gray it was partly combined and partly in the state of 
graphite. Iron containing 2 per cent, of carbon (making 
it equal to steel), when cooled down, after fusion, with 
the slowest possible solidification, retained its carbon; 
but when 2.3 per cent, were present in combination, 
graphite was formed, and the metal appeared like cast 
iron. Beyond this limit, up to 5.93 per cent., the iron 
of white iron is the hardest and the whitest.

Percy thinks that iron cannot contain so much carbon, 
but various analyses seem to sustain Karsten in his 
above-quoted remarks.

Experiments hy Sefstrom.—^Wire was put into a carbon 
crucible, covered with carbonate of lime, and heated in 
a blast furnace one and a quarter hour; a well-melted 
button of cast iron was obtained; fracture gray and pol
ished; increased weight 4.34 per cent.

Experiment 2.*—Wire was heated upon lime, and 
covered with charcoal; it melted and increased 3 per 
cent.; the fracture had an unusual aspect, presenting a 
thin, velvety, dark border, very crystalline, with facets 
extending almost across the button, hard as slightly 
hardened Steel. This experiment varied in point of 
crystallization. No difference in the results when car
bonate of lime was used, or caustic lime.

In Percy’s laboratory the following experiment was 
tried:—

Anhydrous sesquioxide artificially prepared, free from 
sulphur, but not entirely free from silicon, was employed; 
500 grains intimately mixed with 100 grains Ceylon 
graphite, containing or 2 per cent, earthy impurity. 
The mixture was put into a plumbago crucible, and the 
space above well filled with pressed-down plumbago. 
Exposed to comparatively low temperature eight hours,
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rapidly cooled; a button was obtained, well melted, 
weighing 347.5 grains. On the top were brilliant scales 
of graphite, which seemed to have been separated from 
the iron; fracture dark gray, with spots of graphitic 
lustre.

Contained 19.35 per cent, iron,
4.63 “ graphite.

To determine the combined carbon̂  dissolve the metal 
in hydrochloric acid; evolution of fetid hydrogen may 
take place, boil the residue in solution of caustic potash. 
If carbon is combined, the solution will become brown, 
and on neutralizing it with hydrochloric, or other acids, 
flocks of carbonaceous matter will precipitate; if no com
bined carbon exists, the above results will not occur, and 
the potash solution will remain clear. Graphitic carbon 
remains undissolved if present, and may be filtered off.

Modes of Eonstence of Carbon in Iron.—It is supposed 
• to exist in a combined, and in an uncombined condition 

disseminated as graphite.
Graphitic carbon is supposed to separate, on solidifi

cation, after fusion.
When graphitic iron is melted, the graphite does not 

rise, as might be expected, reasoning from its lightness, 
but is redissolved, or disseminated through the mass.

When iron contains much graphitic iron its fracture 
is dark gray, granular, or scaly-crystalline, and it is then 
called gray iron.

When it contains much combined carbon, its fracture 
is white, more or less granular, or crystalline, and some
times largely so; it is then white iron.

Gray passes by imperceptible gradations into white 
iron; but there is an intermediate state which may occur 
when the iron is mottled, and is then.called mottled iron, 
and by the French fonte truitee, or trout iron. From 
the extreme of gray, to that of white, not less than eight 
grades are recognized in England, and Perdy says that 
workmen will distinguish them, all by the eye. Mottled 
iron begins at No. 5. In the United States, on the Lehigh, 
Pa., in Ironton, Ohio, and in New York, the grades are
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generally foundry No. 1, No. 2, gray forge, mottled, and 
white iron; but these are again somewhat altered in other 
places, and even subdivided in the same places, into No.
1 X, No. 1, No. 2, No. 3, then a mottled; the classes, or 
kinds, are not always determined by the whiteness, or 
openness of the iron, but by their character otherwise, as 
gray forge neutral, gray forge red-short, &c., so that as 
many grades exist in the iron market in our country as in 
England, There may be combined carbon in gray iron, 
and yet the white iron not distinguishable by the eye. 
Conversely, white iron may contain some graphitic iron 
which may not be seen. Some gray iron may have some 
combined carbon; but, nevertheless, white iron may be 
entirely free from graphitic carbon. The mode of exist
ence of carbon in iron is, to a great degree, determined 
by the conditions of solidification of the iron after fusion, 
and the amount of heat to w^hich it has been subjected.

Rapid solidification favors the retention of carbon in 
the combined state, and by this means it is possible to 
change gray into white. Thus by pouring liquid gray 
into a mould, so that the outside of the iron is chilled 
suddefily, it becomes white and as hard as whitb iron 
always is, while the internal part remains gray; this is 
the principle of chill-casting. Not all gray can be thus 
converted into white, as Percy says, having had some 
iron tapped at a furnace upon metallic plates, and some , 
into a hole in sand. The plate, though cooled suddenly, 
remained gray, though only I in. diameter; but this may 
have been because the nrelted iron was possessed of more 
than its usual carbon, and would not therefore disprove 
the rule that such chilling will always change a certain 
amount ofuncombined, or graphitic carbon, into combined 
carbon, when the iron is not too highly carbonized, and 
the iron not too highly heated to allow a certain amount 
of chilling to cause all the surface-carbon to combine.
I t  only becomes a matter of judgment and skill. Iron 
reduced by charcoal and cold blast always chills more 
deeply than other irons: Hence, always preferred for 
chilled car wheels in the United States.

The mode of existence of carbon in iron is also deter-
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mined by the conditions under which the solid metal is 
heated at a temperature ranch below the point of fusion. 
Thus a steel bar, cold, yields no graphite by solution in 
acids; while the same har, annealed, yields, while thus 
in a softened state, a sensible amount of graphite.

Caron found that rolled steels yielded a larger amount 
of carbonaceous matter than Aawnwerei steels. This he 
mentions in connection with the statement that it is' 
known that rolling renders less service than hammering 
in the improved manufacture of steels.

Caton also found that the effects of heat were, sensi
bly, the reverse of the effects of hammering and harden
ing. Thus, steels annealed during various times, from 
hours to days, showed that the longer they were an
nealed, the more carbonaceous matter they exhibited. 
However long the annealing process was continued, a 
little carbon was retained .combined.

The Chemical Combinations of Carbon.—Spiegeleisen, 
or specular cast iron, is largely crystalline, as the name 
intimates. Numerous analyses show cai’bonate 5 per 
cent. and*wholly, or greatly combined. This corresponds 
to Fe^C. Hence this is regarded as a definite compound, 
but as manganese is always present, it is considered doubt
ful whether it is fairly a definite compound. A typical 
example of this variety of iron is presented by Schaf-  ̂
hautl;—

I r o n  . . . . . . .  88 .961
C arb o n  . . . . . 5 .440
M an gan ese  . . ' .  4 .003
S ilic o n . 0 .119
N itro g e n . 1 .200
C o p p e r . 0 .166
T in  . . . . . 0 .116

•*
100 .065

I t varies, however, in the amount of both the carbon 
and the manganese. .I^ercy states, on an analysis by Mr. 
T. H. Henry, that the spiegeleisen, made from franklin- 
ite, contained as high as 11.50 per cent, manganese, and 
not less than 6.90 carbon. The solid compound consid-
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ered as Fe^C seems, therefore, to be considered by Percy 
as (FeMnyC. He found no change upon melting spie- 
geleisen under plate glass to a heat sufficient to melt 
wrought iron; although Gurlt states that white iron, by 
being heated much higher than its fusion point, may be 
converted ta  gray, causing a separation of carbon into 
graphite; and this he says of specular cast iron. Percy 
jsays he tried the latter without any such results. Kars- 
ten supposes that temperature has much to do, indeed, 
everything to do, with the mode of existence of carbon; 
thus if the white iron has been melted at a point of fusion 
much higher than necessary to fuse the metal, and then 
made to cool with the utmost slowness, it changes in 
accordance with the original temperature, to gray, mot
tled or white, and this may account for the failure of 
Percy in chilling, as heretofore stated, p. 118.

If the temperature at which it was, as white iron, kept 
heated a considerable time before allowing to solidify, 
was high enough,'and the solidification carefully slow, 
it will be gray iron, if not high enough, only soft gray 
iron, etc., according to original heat. Percy doubts this 
in some degree. This is a practical subject of inquiry 
to the' iron-master, for a high temperature seems to be 
necessary for graphitic iron, and slo\r solidification seems 
necessary for the separation of graphitic carbon in lam
inae.

When gray cast iron is heated far above its melting 
point and poured into a mould made of a bad conductor 
of heat, the fractured surface 'presents no great differ
ence in appearance. But yet the internal part contains 
more graphitic carbon than the external, and it is so in 
chill-castings. These general truths are well established.

Action of Sulphur upon Iron containing Oarbon.—Kars- 
ten says sulphur expels carbon from iron at a high tem
perature. Wheniron containing the maximum of carbon, 
that is spiegeleisen, is melted with sulphur in a covered 
clay crucible, carbon separates and collects on the under 
surface of the resulting sulphide of iron, and is consid
ered as a dull variety of graphite. When iron is molten 
and cast upon sulphur not sufficient to make a srtlphide
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of all the iron, under the sulphide- of iron will be the 
residual iron richer than before in carbon. The carbon 
is in the combined state, according to Percy, and he 
starts the question whether sulphur may not cause' car
bon to assume and remain in the combined state. Man
ganese (metallic) by simple fusion with cast iron deprives 
the latter, in great measure, of its sulphur.

By simple fusion in a crucible, with access of air, man
ganese abstracted from iron’ more than 0.7 of the sul
phur which it contained.

In favor of this theory Caron asserts, that certain iron 
otes, impregnated with copper pyrites, yield pig iron free 
from sulphur, because they are highly manganesiferous. 
They are, however, calcined before smelting. With th is,. 
note what Mr. Parry says that he had remarked that 
spathic ores caused slags containing manganese and sul
phur, whereas other ores caused the iron to contain much 
sulphur and the slags little.

O n the A c tio n  o f  Phosphorus on Iran containing C a rto n  
an d  S ulphur.

Janoyer asserts, from experiments, that phosphorus 
expels a portion of the sulphur from irOU containing 
carbon.

He thinks that the introduction of ores into the blast 
furnace, containiilg a sensible amount of phosphorus, 
may tend to counteract red-shortness due to sulphur. 
He records the results of his experience, that by the 
addition of Oolitic ore containing not more than 0.2 per 
cent, of phosphoric acid in the proportion of 0.106 of 
phosphorus to 240.0 of pig iron made, he obtained pig 
iron, which made bar iron practically free from red-short- 
ness, whereas, without this addition, the pig iron, though 
produced from a fine quality of red hematite, free both 
from sulphur and phosphorus, always yielded red-short 
bar iron. The experiments seem to have been conducted 
correctly in every way, except that, in the one case, 
phosphoric ore was used in quantities not enough to 
produde cold-shortness, and, in the other case, no phos-
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phol'ic ore was used. He made other experiments which 
proved that phosphorus does not expel sulphur from 
iron in the presence of sulphur alone.

Caron ascertained that manganese had no power to 
eliminate phosphorus from iron, as it has to eliminate 
sulphur.

S p ieg e le isen  h ea ted  w ith  S ilic a .

From experiments in Percy’s laboratory, it seems that’ 
1500 grains in powder of spiegeleisen (containing 5.39 
per cent, of manganese and 0.37 per cent, silicon) mixed 
with 300 grains of fine white sand, kept one hour at 
white heat in covered crucible-contained in. another, 
yielded a well melted product of 1460 grains. It was 
peculiar in appearance and nature, and was fibro-colum- 
nar; Was dull until burnished. On melting a piece of 
this metal, under charcoal, in a covered clay crucible, it 
was no longer columnar. After long digestion in hydro
chloric acid, a light, bulky, black residue was left, con
sisting of carbonaceous and silicious matter. This resi
due was boiled with solution of caustic potash, and a 
colorless solution produced, thus showing that no car
bonaceous matter had been dissolved, and there was an 
absolute black light residue which was washed and dried 
at 100° C. ’ .

I f  there had been much combiiied carbon, the solution 
in potash would have had a brown color.

Hence, we may say that spiegeleisen, at a'high temper
ature, is acted upon by silica, so that the manganese is 
for the most part converted into the protoxide, which 
combines with silica to form slag, and mdst of the car
bon is separated in the form of graphite which is re
placed by silicon.

A b stra c tio n  o f  S ilico n  f r o m  C a s t  I r o n  b y  fu s io n  with  
S esq u io x id e  o f  I ro n  q lone, a n d  w ith  th e a d d itio n  o f  M a n g a 
nese.—It seems that it has the power of abstracting the 
silicon, silicate of protoxide of manganese being formed.

C arbonate o f  th e ‘P r o to x id e  o f  I ro n ,  FeO,CO^.—Oc
curs’ abundantly in nature, in geological formations of
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nearly every age. It is an important ore because of its 
general purity; crystallizes like calcspar, and is rhombohe- 
dral, and then it forms the mineral, sparry ore, or spathic 
ore which always contains more or less carbonate of pro
toxide of manganese, and sometimes carbonate of lime 
and carbonate of magnesia; color yelloWish-white, except' 
when exposed to weather, and then it is brown, due to 
formation' of hydrated sesquioxide of iron and an equiv
alent portion of CÔ  is evolved. The native salt, crys- 
talized or not, is anhydrous, it is slightly soluble in water 
—more so by aid of CO  ̂ When heated to redness, CO 
and CÔ  are given off, and magnetic oxide remains. Hy
drate of potash abstracts CÔ  and CO escapes.

A ctio n  o f  Sulphuric A d d ,  or H ydrochloric A c id  on C ast- 
Irons.— W h ite  Cast Iron.—Fetid hydrogen is evolved 
(probably due to the presence pf a hydrocarbon), and a 
light, insoluble residue remains. On passing the hydro
gen so formed through sulphuric acid, an oil remains 
which has excited considerable attention. I t smells 
something similarly to petroleum.

G ra y  C ast Iron.—The insoluble residue for the most 
part consists of graphite; sometimes scaly, or crystal
lized silicon is present, according to some experiments. 
A cube of gray cast iron immersed in dilute hydrochloric 
acid till the acid was saturated, seemed spongy. White 
iron, thus treated, required three times as long to satu
rate the acid. It was spongy and like plumbago, and a 
piece put dry upon blotting-paper, became hot and 
caused the paper to smoke after a minute. Cubes of 
gray cast iron, subjected for two years to the action of 
dilute hydrochloric, or acetic acid, weighed but 22 per 
cent, of the original metal, and when exposed to the 
air quickly becarhe hot, owing, Calvert said̂  to the ra
pidity of the oxidation of the iron.

A c tio n  o f  Sea-water on Iron .—Pig iron exposed to the 
action of sea-water for a long time, say years, seems to 
undergo the same change which occurs When similar 
irons are exposed to dilute hydrochloric acid. A spongy 
mass is obtained and the metal grows hot on exposure 
to air. This has occurred when cannon and cannon balls
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long submerged, have been removed from the sea-water 
and scraped. Guns from the vessels of the Spanish Ar
mada (1588), according to Wilkinson, Avere raised in 
1740, off Mull, in Scotland, and they became so hot that 
they could not be handled. The cast-iron balls from a 
cannon made from malleable iron bars driven together 
by rings, became nearly red hot, while the bars remained 
of the same temperature, the cannon having been sunk 
in a naval engagement with the French off Portsmouth, 
in 1545, and raised 1836.

Alloys o f Iron.

With Copper.—Mushet says that pure malleable iron 
may be united (by melting) with copper in any propor
tion, until it equals, or exceeds, the weight of copper. 
W ith 50 per cent, iron, the alloy possesses great strength 
—its hardness increases with the iron. But there is 
doubt as to the perfect homogeneousness of the union, 
and, therefore, Karsten says that iron can only take up, 
in actual metallic solution, a small proportion of copper, 
as copper can combine with orily a small percentage of 
iron, He says that copper will act very little upon the 
magnetic quality of iron with which it is alloyed, and 
small proportions of iron may be detected by the mag
net. This may be suggested to the magnetic electrician.

Karsten thought, after experiment on the large scale, 
that one-half per cent, copper to the charge, when con
verting cast iron into malleable on the charcoal hearth, 
did not render the cast iron hot-short. W ith one per 
cent, to the charge, iron of the lump would not weld 
properly, though the tenacity remained good. He states 
that thus alloyed it takes six times as long to dissolve 
in sulphuric acid, or Hitro-hydrochloric acid, as pure bar 
iron does.

According to Prof. Eggertz, of Fahlun, malleable iron 
containing only 0.05 per cent, of copper, shoAvs only 
traces of red-shortness. A patent has been taken in 
England for adding jrom |  lb. to 2 lbs. of copper to the 
ton, in the puddling process for rendering iron of a
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“greater'^degree of hardness whilst retaining its duc
tility.” Patented 1861.

I sL  Experiment. A d d  2 0 0  g ra in s  iron
1 0 0 0  co pp er

Product, a well melted button, eight grains less than 
the metals used; copper-colored slightly; very tenacious 
and tough; lacked homogeneity; could not be drawn.

2d . Experiment. A d d  300  g ra in s  iron
1000  “  copper

Practure paler than copper; crystalline; granular; 
homogeneous.

3 d  Experiment. A d d  700  g ra in s  iron
700 “  copp er

L o ss  80  g ra in s.

Button pinkish copper-red; brittle; fine grained; 50 
per cent. iron. Mushet concluded that copper combined 
with iron in proportion as the latter was free from carbon.

Stengel arrived at the following;—
1st. All sorts of steel and iron, free from copper, 

when scaled by heating to redness and quenching in 
water, give a silver-white surface on the edges, whereas 
with 0.27 per cent, to 0.4 per cent, of copper, the sur
face thus scaled is black and rough.

2d. The presence of O4I I 6 per centsulphur and 0.192 
per cent, silicon, without copper, renders iron and Steel 
red-short and useless,

3d. The presence of 0,015 per cent, sulphur and 0.44 
copper causes incipient red-shortness.

4th. A considerably less proportion of sulphur than of 
copper in iron, is sufficient to insure red-shortness as 0.1 
per cent, of sulphur will cause more injury to the 
strength of iron than .75 or i of one per cent, of copper 
and even a higher per cent.

According to Eggertz, steel niade from iron contain
ing only 0.5 of copper is useless. These facts are sug
gestive to the iron-master iix the choice of his ores, 
especially in the region of ores similar to those copper 
and sulphur ores of Cornwall, Penn. This cupriferous 
iron, cast in moulds, comes out somewhat covered with a
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sheet of copper, which causes the castings to^ssume a 
fine bronze color after exposure to the air,
. With Zinc.—Molten zinc speedily takes np a little 

iron, yet no true alloy forms except by long contact. 
This occurs in the process of zincing iron in which a large 
quantity is kept melted in iron vessels, or when zinc va
por is passed through wrought iron tubes. Zincing, or, 
as itis termed, galvanizing,is practised to prevent rusting. 
The articles are thoroughly freed from scale by “ pick- 
ling’* i. e., by washing with dilute hydrochloric acid, and 
then immersed in a bath of molten zinc covered with sal 
ammoniac, whereby they acquire a firmly adhering coat
ing of this metal. A small amount of tin in the bath 
will give to the articles, thus galvanized, a singularly 
broken and lustrous appearance seen upon water coolers 
and other articles prepared in this manner.

The alloy of iron, in this process, causes a loss of zinc, 
which, the use of lead molten in- the bath, will not 
wholly prevent for practical purposes, as the lead alloys 
with the zinc and does not at any rate cover all the iron 
in the bath. Large fire-clay lined baths are the only 
serviceable tanks for this purpose.

With Copper and Zinc.—Several alloys have been 
formed and patented, such as the German aich metal,' 
and the Vienna sterro metal, .from the Greek wo.rd, the 
meaning of which is “ firm. ”

With Tin.—This alloy we have illustrated in all tin 
ware, which is sheet iron the surface, only, of which is 
alloyed with tin. Karsten has shown that iron contain
ing 0.19 per cent, tin is utterly worthless, being largely 
cold-short, and under a strong heat falls to pieces under 
the hammer, with a fine steely fracture and cannot be 
welded, From experiments in England, it was found 
that fused iron alloyed with ^^'of tin flowed like water, 
was white, received a berautiful polish, made a metal fine 
in tone when cast into bell form, and was dense as the 
finest cast steel; it was very brittle and hard, and resisted 
rusting. Tin with 2 per cent, of iron becomes mag
netic. While iron and lead will not unite by fusion, tin 
and lead may be made to unite with iron, and this coating
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produces^the so called terne plate, an inferior looking 
“ sheet tin” of commerce.

An English process (Mallet’s) of zincing iron for pro
tecting ships from rust or fouling, will illustrate the 
readiness with which zinc combines with iron. The ribs, 
or plates, for iron ships are immersed in a cleansing bath 
of equal parts of sulphuric,- or inuriatic, acid and water, 
used wa^m; the works are then hammered and scrubbed 
with emory, or sand, to detach the scales and to tho
roughly clean them; they are then immersed in a pre
paring bath of equal parts of saturated solutions of mu
riate of zinc and sal-ammoniac, from which the works 
are transferred to a fluid metallic bath, consisting of 202 
parts of mercury and 1292 parts of zinc, both by weight, 
(being in the proportion of one atom of mercury to forty 
atoms of zinc) to every ton weight of which* alloy, is 
added about one pound of either potassium, or sodium 
(the metallic bases of potash and soda), the latter being 
preferred. As soon as the cleaned iron works have 
attained the melting heat of the' triple alloy, they g,re 
removed, having become thoroughly coated with zinc.

The affinity of this alloy for iron is, however, so intense, 
and the peculiar circumstances of surface, as induced 
upon the iron presented to it by the preparing bath, are 
such that care is requisite, lest by too long an immer
sion, the plates become partially, or wholly dissolved. 
Indeed, where the articles to be covered are small, or 
their parts minute, such as wire, nails, or small chains, 
it is necessary, before immersing them, to permit the tri
ple alloy to,dissolve or combine with some wroug^ht 
iron, in order that its affinity for iron niay be partially, 
satisfied, and thus diminished. At the proper fusing 
temperature of this alloy, which is about 680̂ ’ Fahr., it 
will dissolve a plate of wrought iron, ati eighth of an 
inch thick, in a few seconds. (Byrne.)

With Titanium.—It is only comparatively lately that' 
•we have become acquainted with this metal. Prepared 
by reducing the fluo-titanate of potash by potassium, it 
is an amorphous, grayish-black powder, reiembling iron 
reduced by hydrogen at low temperature. Burns with
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lively scintillations in the air, and like a flash of light
ning in oxygen gas, titanic acid being the result.

I t is frequently present in magnetic iron ores smelted 
in England and America. Found in the hearths of blast 
furnaces, in small crimson colored cubes, as cyano-nitride 
of titanium, though formerly considered titanium, and 
so spoken of in sorne books TiCy + 3TFN. (Wohler.)

Powdered rutile, titanic acid, T iO \ is used in-attempt
ing alloys of iron. Mushet has high faith in the im
provement of steel by using titaniferous sand, called 
Iserine, and also titaniferous ores and irons. Others 
have failed in obtaining any special advantages from the 
alloy.

M e th o d  o f  d e term in in g  T ita n ic  A c i d  in Iron .—The 
alloy dissolves slowly in boiling hydrochloric acid, with 
exceptioh of a little black residue, which disappears com
pletely by ignition in contact with air. Precipitate the 
solution of the iron in nitro-hydrochloric acid, by am
monia ; redissolve the. precipitate in cold sulphuric acid, 
subsequently boil the solution thus obtained during a 
long time, when not the slightest precipitate appears if 
titanium is not found in sensible quantity. (Appendix 
A.)

W ith  L e a d .—Not satisfactory; there seems to be no 
alloy, but it is not fully settled.

W ith  A n tim o n y .—Causes, according to Karsten, cold 
and hot shortness, and is more injurious than tin.

W ith  iVVĉ eZ.-—Liebig has examined some alloys of 
nickel with iron and steel  ̂ they had the appearance and 
properties of genuine Damascus steel, and acquired a 
magnificent damask.

W ith  S ilver .—According to Karsten, it produces 
effects similar to those produced by sulphur, even with 
.034 per cent, silver, the iron is unsound, laminar, and 
very red short. I t  is difficult of combination, or alloy.

Patents in 1861 and in 1863 were taken out in 
England for alloying iron with silver at the rate of from 
one to ten oz. to the ton, supposing it to be an improve
ment, but it is doubtful, as the treatment, in this particu
lar case, in the puddling process might have been due. to
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the time and care in puddling; the care rather than the 
silver may have deceived the patentee.

Silver with steel, in proportion of ohe to 160, makes a 
steel with silver in fibres easily detected by solution in 
dilute sulphuric acid. Eight pounds -of “ very good 
Indian steel ” to ^^;jth of its weight pure silver,- pro
duces a steel harder than best cast steel, or than Indian 
wootz, and imparts a very favorable appearance.

W ith  G o ld .—Gold forms an easy alloy, and is rendered 
hard but not brittle when 22 parts of gold are alloyed 
with two of either iron, steel, or cast iron.

W ith  P latinum .—Platinum alloys readily with iron, 
as sometimes is found out by the analytic chemist who 
uses his platinum crucible carelessly in this respect. A 
hole may readily be made through a strip of red hot pla
tinum, by dropping melted iron upon it, although the 
melting point of platinum is greatly higher than that of 
iron. (Appendix F.)

Some iron-masters have shown their lack of knowledge 
of this fact by recommending platinum hearths, even in 
blast furnaces, and one gentleman of our acquaintance, 
deeply interested in the Bessemer process, was about pre
paring, at exceedingly great expense, for the lining of a 
steel converter with platinum, before he was persuaded of 
the fact above stated.

E x p erim en t.—The proportion of 50 parts of steel to 
50 of platinum makes the finest imaginable color for a 
mirror. Other proportions give various results.

W ith  R hodium .—The metals unite in all proportions. 
It produces a steel characterized with hardness and tena
city. Steel fused with its own weight of rhpdium “ gave 
a button, when polished, exhibiting exquisite beauty. ” 
Faraday and Stodart say this alloy of steel and rhodium 
is “ the most valuable of all.”

W ith  P allad iu m .—4 pounds of steel to 
ladium, said, by Faraday and Stodart, to impart remark
able smoothness of edge’ to cutting instruments.

W ith  A lu m in u m .—Deville says that aluminum and 
iron combine in all proportions. Iron tools used in stir
ring molten aluminum become coated.
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Faraday and Stodart think that they have alloyed 
steel with pure aluminum by using alumina, thus: 
Pure steel, in small pieces, and, in some instances, good 
iron, was heated with charcoal powder, intensely, for a 
long time. When broken, the facets of small buttons 
( 500 grains ) were ^ in. in size. This, broken and rub
bed to powder in a mortar,-was mixed with pure alumi
na, and all intensely heated in a close crucible for some 
tim e; an alloy was obtained, of white color, close, gran
ular texture, very bidttle ; 700 of good steel to 40 of the 
alumina alloy fused together, gave a button, malleable, 
and, when forged into a bar, and the surface polished and 
acted upon by sulphuric acid, it gave that beautiful da
mask belonging peculiarly to the Eastern steel called 
“ Wootz.” I t  had all the appreciable qualities of best 
Bombay Wootz, though the latter is said, by some, to 
have no alumina appreciable by careful analyses. 
Karsten’s plan of determining aluminum in steel, iron 
and cast iron, was as follows:—

Dissolve in nitro-hydrochloric acid, evaporate to dry
ness, moisten the residue with hydrochloric acid, and 
afterward dissolve in water, filter, precipitate with am
monia, redissolve the precipitate in the smallest possible 
amount of hydrochloric acid, then boil with excess of 
potash, dilute with much Water, filter, acidify the filtrate 
with hydrochloric acid, and finally add excess of carbon
ate ammonia, Experiments lately tried at the “ Ameri
can Steel Works,” Brooklyn, N. Y., show that iron, made 
as free from carbon as possible, and melted in clay cru
cibles with cryolite, forms a steel of great Hardness and 
beauty of grain, but the effect of the cryolite upon the 
crucibles, due to liberated fluorine of which cryolite 
contains about 54 per cent, to 13 aluminum, caused the 
further use of cryolite to be abandoned.

With Chromium.—Iron and chromium may be alloyed 
in every proportion; the alloys are hard, brittle, crystal
line, less fusible than iron; 17 per cent, chromium makes 
iron almost as white as silver, fibrous, brittle; 60 per 
cent, of chromium makes it whiter than platinum and 
so fragile as to be reduced to powder in an agate mor-
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tar, and so hard as to scratch glass as deeply as a dia
mond. Very hardly attacked by acid, even with nitro- 
hydrochloric acid.

These alloys may be easily obtained by heating, 
strongly, in brasqued crucibles, the mixed oxides of chro
mium and iron, and, when chromium predominates, should 
be intermixed with more charcoal, to prevent reduction. 
They may also be obtained from the chrome iron ores; 
but then a flux must be used to retain the silica and 
alumina which may be present in these ores, and a good 
flux is a-mixture of

100  p ar ts  of g la ss  (free  from  lead ),
4 0  g la ss  of borax ,
100  ore. (B e rth ie r .)

Fremy says an alloy may be formed by heating in a 
blast furnace oxide of chromium and metallic iron; it 
frequently crystallizes in long crystals  ̂like needles, is 
like cast iron in appearance, and scratches the hardest 
bodies, even steel. Like chromium, it resists even con
centrated acids.

The following experiments are from Percy:—
Use red hematite and sesquioxide of chromium, the 

latter formed by heating together chloride ammonium 
and bichromate of potash, washing out with hot water 
and igniting. Intimately mix your quantities and heat 
in charcoal lined French crucible, filling up the cavity 
with charcoal powder. Lute over and expose to while 
heat two hours.

Proportions taken by Smith in Percy’s Laboratory:—

H em atite
1

. 190
2

150
3

150
4

50;
S e sq u io x id e  C hrom ium  . . 10 50 150 1 5 0
C arbon  (ch arco a l pow der*) . *6 0 * 5 0 t 7 5 t 5 0

(an th rac ite f). 

M etal w e ig h t o b ta in ed  .. . 152 145 229* 147

Percentage 1 2 8 ■ 4
Iron  (c a rb o n  p re se n t*)  *9 5 .7 6  72 .93  45 .37  23 .42
C hrom ium  . . . 4 .24  *2 7 .0 7  *5 4 .6 3  *7 6 .5 8

Each of these will scratch glass.
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Experiment 1.—Well melted button splits under the 
hammer.'

Experiment 2.—Well melted button, tin-white frac
ture, can be powdered. ,

Experiment 3.—Somewhat spongy button, easily crush
ed.

Experiment 4.—Less coherent than 3, centre, portion 
filled with needle like crystals, fine reflecting surfacesi

1 per cent, to 2 per cent, chromium added to steel in 
the molten metal communicates hardness,, and property 
of taking a beautiful damask, without reducing*mallea
bility.

Experiment.—‘1600 grains steel, and 16 grains pure 
chromium fused and kept so some time; button good, 
forgeable, no tendency to crack. Steel with 1.2 per 
cent, chromium gives a beautiful damask surface when 
etched with SO®.

In the process of converting cast iron into malleable, 
oh the charcoal hearth, chromium is separated according 
to Karsten.

The alloy of chromium and malleable iron is now suc
cessfully made for the purposes of producing a steel of a 
remarkable property. Experiments with this steel in 
our presence prove that it will weld upon itself with
out any flux. I t  is not burned, or injured by overheat
ing, but may, after a heat which will destroy cast steel 
(made by cementation), simply be brought to a cherry 
r»d and be tempered to a hardness sufficiently great to 
allow of cutting into any cast iron of low grades, as No. 
2 or 3. W hat is remarkable is, that after overheating 
(to a white heat) and cooling without tempering, if it 
be broken the grain is large and coarse, but if the same 
piece of metal be heated to a low chei'ry red and then- 
be plunged into water, the grain is found to be exceed
ingly fine, uniform, and similarto that of the best cast steel.

The mSthod adopted is to melt tfie best malleable iron 
in large clay crucibles, avoiding all carbon. After the 
iron is melted, the broken chromate of iron ore is thrown 
into the crucible, so as to make about 3J to 4 per cent, 
of the whole mass. The ore used is the chromate from
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near Baltimore, Md. The presenjt price of. the ore ($55 
per ton delivered in Baltimore) is the only drawback 
to the cheapness of the steel. Preparations are being 
made to enlarge the operations and roll the steel into 
bars. The works are in Kent Avenue, Brooklyn, N. Y.

With Tungsten.—By reducing tungstate of ammonia 
(crystallized) in. a current of hydrogen, at a red heat, the 
metal is obtained in the form of crystals, with bright 
metallic lustre and tin-white color.

Tungsten, or Wolfram steel, was announced as an im
portant,invention, and said to be especially valuable for 
cutting and boring instruments, fine in grain, uniform, 
hard, tough, and of superlative quality. But there are 
said to be some doubts as to the perfection of the steel, 
and that some razors, files, &c., sold as Tungsten steel, 
are not such.

On the whole, the tenacity and tensile strength of the 
alloy, under certain proportions, is remarkable.

With Potassium.—Iron filings in a tube exposed at a 
high temperature to the vapor of potassium, forms an 
alloy; it is flexible and, sometimes, soft, so as to be cut 
with scissors, and even scratched by nail; decomposes 
water.

A mixture of iron filings exposed to a very high tem
perature with bitartrate of potash, forms an alloy.

386 gra in s iron,
1504 b itartrate  o f  p o tash ,

Y ie ld e d  a  la rg e  button o f  74.60 p er  cent, iron,
25.40 “  “  K ,  t.e. F e '‘ K .

-  * •

The alloy resembled malleable iron, could be forged 
and welded, yet at ordinary temperatui’e it could scarcely 
be indented by a heavy sledge hammer, or cut by a file. 
It oxydized under water and in moist atmosphere. 
With carbonate of potash “ no results were obtained.”

With Calcium.—It has been stated that whgn linings 
of limestone had been used, the iron was apt to be red- 
short. Calcium is said to.be found in some cast iroqs, 
but little is known of this alloy.
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With Magnesium.—Nothing very definite is known; 
it is said in some analyses to have been traced.

With Vanadium.—The presence of an appreciable 
quantity, 0.38 per cent, of vanadium in the iron made 
at the Acklam furnaces, at Middlesborough, belonging 
to Messrs. Stevenson, Jacques & Co., is likely to become 
the subject of much interest among chemists. The iron 
possesses a high degree of strength, and though found, in 
minute quantities, in iron made from the magnetic ore of 
Taberg, Sweden, it is supposed to render it a first-rate 
iron for wire drawing. I t  has been found in pig iron 
from the Oolitic brown hematite of Wiltshire, England, 
and in Cleveland ores and those of Southwest Germany.

We learn that Mr. Mushet is of the opinion that Van- 
adiutn, in a minute mixture with iron, is a most valua
ble alloy, giving a fine, tough, fibrous texture to bar iron.*

C H A P  T E E  I V.

THEORY OP FLUXES.

General Principles and Introductory Practice.

The principle upon which the use of all earthy fluxes 
is based, is, that, practically, no earth is fusible alone; 
argillaceous and silicious earths together are infusible, 
so with argillaceous and magnesian—so With silicious 
magnesian, but, when calcareous earth, lime, or limestone, 
is added to any mixture of the other two all will com
bine and run into glass which will become thin, with the 
same heat, according to the skill in proportion and treat
ment.

M. D’Arcet, a Frenph chemist, made this experiment: 
he put into three crucibles, respectively, a ball of clay, 
a quartzose, or silicious sandstone ball, and a limestone 
or chalk ball, and exposed them to heat so great

E n g in e e r in g , A p r i l  8 d  a n d  1 2 th , 1 8 6 7 .
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that the chalk ball fused slightly, where it had touched 
the sides of the crucible. They were unmelted. He 
then mixed them, and, in the, same fire, they ran into a 
thin and transparent glass.

Kirwan found that argillaceous and magnesian, ar
gillaceous and silicious, and silicious and magnesian 
earths would not melt in any proportion, but that sili
cious ahd calcareous earths, argillaceous and calcareous, 
by very strong heat, would vitrify, but not perfectly. 
When the earths are calcareous, argillaceous and mag
nesian, it requires a double proportion of the calcareous 
to make a glass. No glass can be made if the clay earth, 
or magnesian predominate. It has been found that the 
calcareous earth, argillaceous and silicious earths, or 
calcareous, magnesian, and silicious can be brought into 
perfect fusion, if the calcareous somewhat predominate. 
With a strong heat, argillaceous, silicious and magnesian 
earths may form a glass without lime, and this is the only 
combination he tried that would thus produce glass with
out lime.*

The metallic oxides (iron, of course, included) aided 
the fusion. Note, that, common clay sometimes contains 
one-half, or more, of its. weight of sand intimately 
mixed. I f  clay predominate in the iron ore the flux 
indicated is limestone, and if the iron be, on the con
trary, mixed with limestone, the proper flux is not lime-, 
stone, but clay.

Herein consists much of the practical knowledge in 
mixing ores so that they may flux one another, which 
are with difficulty fluxed alone.

Hence the necessity of a knowledge of the composi
tion of ores to prevent the loss of fuel, of time, and of 
iron, by the iron becoming entangled in the scoria, or 
in a thick unyielding slag.

It is plain, therefore, that we should begin by a 
knowledge of the earthy parts contained in the ore; or, 
in other words, we see the necessity of an analysis of 
the ore about to be reduced.

* Moshet.
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The object of such an analysis is (having previously 
found your ore to be worth working) to discover what 
proportion of the materials, already mentioned, your ore 
will require, so that, with the greatest economy, you may 
obtain the most perfect fusion of these earths contained 
in the ore, that the metallic iron, being released, may 
be reduced.

The following very general, dnd, merely approximate 
methods of determining the composition, may serve as 
introductory to exact methods. They are not accurate, 
but their inaccuracies will be shown. They exhibit 
former methods, for they were recommended to, and are 
now adopted by, some superintendents, without the cor
rection. The first process is to test for limestone, and 
the following method has been recommended: Take 400 
grains of the ore, in fine powder, selecting for that pur
pose, at least, one half dozen fair average specimens, put 
this- into a glass flask, and pour upon it 4 oz. muriatic 
acid previously diluted by twdce its volume of water. 
Kearly boil it for one half hour. I f  there be no effer
vescence there is probably no . limestone, and you may 
proceed no further. If  there be, continue- to add hydro
chloric acid and water till eifervescence ceases. Let 
stand 3 or 4 hours, then add 4 pint of water, stir well, 
and filter through any strong, clean, unsized paper, placed 
in a glass funnel. .Wash what remains upon the filter- 
paper with one-half pint more water slowly poured upon 
the sidl^of the funnel. This process, thus far, will dis
solve all the calcareous earth, and also some oi-e and 
other matter, but this latter is of little moment. Now 
add to the filtered liquor 2 drachms, by measure, of sul
phuric acid, which will throw down sulphate of lime, or 
gypsum (CaO SO’). Let it rest, and add a little more 
SO’ till no more precipitation takes place. Pour off the 
supernatant liquor, add h pint hot water, and filter, 
washing your precipitant till the water passing through 
is not sensibly acid to litmus paper. Let it drain 24 
hours. Remove all sediment. Or better, let it dry on an 
ordinary stove, at 120° Fah., till powdery, when 100 
grains will represent 227 grains, of limestone. Another,
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and more accurate method, is to expose a weighed lump 
of the ore, one-half hour, to a bright red heat in a cru
cible. Now, in 100 parts of limestone, or of pure car
bonate of lime,CO^ combines with CaO in the proportion 
of 44 to 56, and hence in the last method, 100 grains of 
loss of weight will represent the -amount of CÔ  driven 
off, which is equivalent to and must have belonged to 
the 227 grains of carbonate of lime, or limestone, exist
ing in the ore before heating. The reasons for the pro
portion first stated are as follows; Every 68 grains of 
sulphate of lime contain as much caustic lime (that is 
lime uncombined with CO )̂ as would form fifty grains 
of pure limestone, or carbonate of lime. The proportion 
then is as 68; 50:: 150:110, or 68: 50;; the weight of 
sulphate of lime obtained is to weight of limestone in 
the ore. But in these practices we make the following 
corrections. In the first case, the SO* does not precipi
tate all the lime to the amount which the above propor
tions would represent, the proof is discoverable thus, 
evaporate the filtered liquor, running off from the sul
phate of lime caught as above directed, to one quarter 
the amount. If the method is followed out as directed, 
there will be, before evaporation, about one quart and a 
half,' or 42 fluidounces. This amount evaporated to one 
quarter will leave about one-half pint. Now add good 
strong alcohol in bulk, or volume, nearly equal to the 
amount of liquor remaining after evaporation, and,imme- 
diately, there will appear a rather large precipitate of 
sulphate of lime, because, while the latter was soluble 
in water, it was not in alcohol. Hence the process needs 
this correction and then the proportion would be exactly 
150:110. But, if thus performed, there is no need of 
taking more than 100 grains, and if the scales will weigh 
accurately so small a quantity as the tenth of a grain, 
or less, then 20 grains, or less, are quite sufficient. Hence 
the convenience of delicate scales, and the saving in 
material and such tests as alcohol, &c.

Again; in the second method we have another prac
tical difficulty, for most ores contain more or less 
water, as showiMpn pages 28,29,43. This method, there-
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fore, requires that account be taken of the weight lost 
by driving off the water chemically combined, as well as 
that which was merely moisture. Hence in that pro
portion, 100: 227, about from 10 to 20 per cent, must be 
deducted from the weight lost, for water driven off. 
Practically this makes’ a difference of importance when 
buying ores by the thousand tons or more, and iron
masters who speak of making so much iron from so 
much ore, without stating the kind of ore, should recog
nize, in their calculations, the amount of water in the 
ore, which is chemically combined in some ores to the 
amount of 400 lbs. to the ton of ore, while, in others, it is 
not more than 50 lbs. to the same amount.

For determining the carbonate of lime, another way 
is recommended, namely, the displacement of water by 
the carbonic acid formed by adding HCl (acid) to the 
powdered ore. Thus, a one pint bottle holds as much 
air as would represent the CO  ̂gas of 31.13 grains of 
pure carbonate of lime thus treated with hydrochloric 
acid, and any part of that pint would represent a pro
portionate part of 31.13 grains of pure limestone. 
Hence a bottle or flask may be filled with hot water, in
verted in a vessel of water, taking care to leave no air 
in the bottle. A bent tube conveying the CO  ̂gas from 
the mouth of the bottle, containing your ore powder to be 
analyzed, to this inverted and filled bottle, will complete 
the apparatus. Having measured the water in the bottle 
and the vessel of water through which the tube was con- 
vej'̂ ed, all that remains after the gas ceases to come over, 
is to keep the mouth of the inverted bottle under water 
till corked, remove it, set it upright, remove the cork and 
measure the amount of water necessary to replace that 
which was displaced by the gas, then you have the pro
portion, as one pint is to the amount displaced, so is the 
31.13 grs. to the amount of limestone in the ore. When 
scales of the proper size are to be had, the bottle may 
be weighed previously to the introduction of the water; 
the water introduced, weighed, and after the displace
ment by the water, it may be carefully wiped, the cork 
removed, and then weighed to find the #oss, which pro-
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p ortion ed  w i l l  g iv e  th e  e x a c t  a m o u n t  o f  g a s. I f  o n e  
p in t w e ig h s  o n e  p ou n d  (2 9  cu b . i n . = l  p in t )  th e n  o n e  
p ou n d  : th e  w e ig h t  l o s t ;; 3 1 .1 3 ;  th e  l im e s to n e  in  th e  o r e .

This method’might, by some ingenuity, be'made very 
accurate and convenient, were it not for the fact that 
the water, if used, must be hot, else it will absorb some 
of the gas and render the loss less than it appears to be. 
These methods will serve as an introduction to the 
methods of analyses and the precautions necessary. The 
only correct method of determining amount of lime
stone, when no other carbonates exist, is by weighing 
the powdered ore, or mineral, in a small flask, or bottle, 
and,also a sufficient amount of HCl acid diluted, then 
pouring the latter into the bottle, and when all efferves
cence has ceased, by means of a tube blow out carefully 
all CO  ̂remaining, and the loss of weight of the mate
rials combined will give the CÔ  in weight and the fol
lowing proportion, 22 : 50 :: amount lost: limestone in 
the ore.

Argillaceous ores may be detected, in some degree, by 
their earthy smell and by adherence to the tongue, which 
facts are not known to exist, to any considerable degree 
in silicious and calcareous ores. If  the ore is argillaceous 
(aluminous), more lime must be added as a flux. The 
method of determining the ingredients of alumina we 
will defer stating for the present. I f  your ore be a cal
careous ore, it would be absurd to use a limestone flux; 
your flux might be half its weight of clay.

If it be a silicious ore, it will require both limestone 
and clay.

The quality of your iron, as well as quantity, depends 
upon these distinctions, as we shall see hereafter more 
fully.

Mr. David Mushet, of the Clyde Iron Works, Eng- * 
land, was enabled to produce, iii his assay furnace, iron 
of all the varieties of strength and fusibility which are 
made on the large scale, and that by the simple applica
tion of lime, or chalk, in various proportions as a calca
reous earth, and common bottle glass, in the place of silex, 
to constitute fusibility. In no case was the assay con-
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sidered perfect unless the vitreous mass, or slag, presented 
the transparent appearance of flint glass, or a slightly 
darkened shade of azure. This last is the surest ^roof 
of the non-existence of iron in the state of fused oxide 
in the slag. Besides, this pellucidity enables you to 
detect the smallest globule of metal vehich may have 
been suspended during fusion. In all the.se cases of good 
slag the quality of iron is that of a gray, or it may be 
called richly carbonated, and the button possessing a 
“ smooth, silvery, greasy feel upon the surface.” On the 
other hand, opacity of scoria, or slag, always showed a 
degree of iron oxide remaining, disseminated, or com
bined, throughout the slag. Green indicates the initial 
quantity of unreduced protoxide, and that color changes 
to brownish-brown and black when as high as 12 per 
cent, may be found amid the slag.

Another difficulty may be encountered in the dispers
ing of the iron of the ore in a large number of various 
sized globules of the richest crude ii’on in and on a semi- 
vitrified opaque mass of scoria of a grayish-blue, mot
tled, or whitish color, being due to deficient flux.

This difiiculty shall be studied and met with here
after.

If  ores are smelted without the addition of any other 
substance, the product, if iron, will be proportioned to the 
quantity of lime contained in the respective ores. The 
following assays will illustrate.—

1. In a crucible with well fitting cover, 875 grains pul
verized silicious ore, in its natural or “ raw” state, were' 
introduced, and heat, as usual, applied from a blast. In 
12 minutes the ore was in perfect fusion, much agitated,’ 
and emitting large bubbles of ignited gas of fiery color. 
In 40 minutes the crucible was withdrawn. In this 

■ state, a small rod of iron introduced through the scoria 
showed a button which ignited on contact with the air, 
and continued to ignite brilliantly till the scoria closed 
over it. When cold a well formed button was found of 
extremely oxygenated,or decarburized crudeiron; weight 
219 grains, produce equal to 25.1 per cent, from the 
raw iron ore. The scoria showing black color, firm and
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weighty, of 402 grains, so that the loss was 254 grains, 
equal to 29 per cent. The metallic button was white as 
silveY, presenting imperfect radii.

2. Same amount treated, of an argillaceous ore con
taining a moderate proportion of lime, fusion more dif
ficult, though the phenomena alike to those in experi
ment 1. The crucible was withdrawn in 40 minutes as" 
before, deflagration similar, weight 249 grains, pro
duce equal to 28.5, vitreous mass weighed 354 grains, 
loss 272, or 31 per cent. Fracture still white, no par- 
ticulaT crystallization, glass deep brown, shining color 
and tinted.

3 . S a m e  ex p er im en t w ith  ca lca r eo u s ore, fu sion  r e 
q u ire d  v io le n t  h ea t o f  1 7  m in u te s , and  a  g a seo u s Sub
s ta n ce  p la in ly  d isen g a g ed , o th e r w ise  th e  Sam e aS b efo re . 
R e su lt  a  ca rb y -o x y g en a ted  cr u d e  iron  2 6 1  gra in s, p ro 
d u c e  e q u a l to  30  p e t cen t, from  th e  raw  ore. V itr e o u s  
m ass o p a q u e , brow n , s tr ea k ed  w ith  w h ite , 2 9 4  g r a in s ,  
lo ss  3 2 0  g ra in s, 3 6 .5  p er  c e n t .,  b u tto n  sm o o th , cry sta l-  
l iz e d  su r fa c e , com b in ed , w h en  in  fu s io n , le ss  read ily  w ith  
o x y g e n  in  th e  a tm o sp h er ic  a ir  th a n  d id  th e  tw o  p r ec ed 
in g ;  fr a c tu r e  l ig h t  gray  w ith  a d is t in c t  gra in . V itr eo U s  
m a ss in  r a d ii sh o o tin g  from  a c irc u m fer en ce  o f  a m in u te  
c ir c le  to  th a t  o f  o n e  larger.

Thus it is plain that buttons or ‘̂ ^eguli ” of crude iron 
may be obtained from the different classes of iron or6, 
of a considerable per cent, produce, without any addk 
tion whatever, and the tendencies which they have.to 
part with their iron being in #proportion to the amount 
of lime they contain. The epitome of the foregoing 
experiments is as follows:—

Silicious iron ore, properly assayed, yielded- 34.5 per 
cent, by fusion, per se, only 25 per cent.—9.5 being 
mixed with scoria.

Argillaceous iron ore, properly assayed, gave 35.6 by 
fusion, jper se, 28.5—7.1 in scoria. •

Calcareous iron ore, p rop erly  a ssa y ed , 3 3 .7  by fu s io n ,  
per se, 3 0 — in  scoria  3.7.

The thing to be desired is such a mixture in the. ore.
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or with it, that no iron will remain behind, either as 
metallic iron, or as oxide of iron in the slag.

Table o f proportions o f  fluxes.— P ractica l experiments. (Mushet.)

1 s t  v a r ie ty , A r g i l l a c e o u s  O r e :  le t  i t  b e  con sidered  to con
t a in :— s i le x  3, c la y  9 , l im e  6 = 1 8 .

a d d 4
8
Oi

OZS. o f  th is  o r e o r
Grains.

1920
u b o t t le  g l a s s f i 1920
u c h a lk  o r  l im e u 1440

OZ. c h a rc o a l <( ■ 240

T o t a l 5520
2 d  v a r ie ty  o f  s a m e  iro n  c o n t a in s :— s i l e x  7, c lay  10, lime 

3  =  20 .

a d d(( 4
4
Of

o z s . o f o r e o r
(( g l a s s 4(
(( c h a lk 44

OZ. c h a rc o a l 44

T o t a l

1920
1920
1920

360

6120

1 s t  v a r ie ty , C a lc a r e o u s  O r e : c o n ta in s  s i l e x  4, c lay  6, lime 
1 4 = 2 4 .

T o  a s s a y  4  t r o y  o z s , o f  o re
a d d  5  “  “  g l a s s

“  I J  “  “  c h a lk
“  O f “  o^ . c h a rc o a l

o r  -

((
1920
2400

720
360

T o t a l 5400
2 d  v a r ie ty  o f  sa m e  o re  c o n ta in s : s i l e x  6 , c la y  4, lim e 1 0 = 2 0 .

T o  a s s a y  4  t r o y  o z s . o f  o re
a d d  4  “  “  * g l a s s

2  ’ “  "  c h a lk
O J “  o z . c h a rc o a l

a
a

o r

((

1920
1920

960
240

T o ta l l O j  •  5 0 4 0
1 st  v a r ie ty  S i l i c io u s  O r e s : s a y  c o n ta in  s i l e x  12 , c lay  8, lime 

5  =  25 .
T o  a s s a y  4  t r o y  o z s . o f  o r e  o r  1920

a d d  4  “  “  c h a lk  “  1 9 2 0
“  3  “  “  g l a s s
“  O f “  o z . c h a rc o a l <( 1440

3 6 0

T o ta l  11 1 5 6 4 0
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2 d  v a r ie ty  S ilic io u s  O re : sa y  c o n ta in s s i le x  10, c la y  5, l im e  
7 = 2 2 .

T o  a s s a y  4  troy ozs. o f  ore 
a d d  3 |  “  “  ch alk

“  3 “  “  g la ss
ch arcoal0 |  “

o rU
U

Grains.
19 2 0
16 8 0
1 4 4 0

3 6 0

T o ta l  1 1 |  5 4 0 0
E q n siliz ed  ores, sa y  co n ta in :— sile x  7, c lay  7 , lim e 7 = 2 1 .  

T o  a s s a y  4  troy  ozs. o f  ore o r 1 9 2 0
g la ss  “  1680
ch alk  “  1 2 0 0

“  “  “  ch arcoal “  24 0

a d d  3 J  “
2 1 II 

2 O'

101 50 4 0

These proportions, Mushet thinks, make, as types, 
the average fluxes for general iron ores, of these' three 
classes, the improvement upon which is to be suggested 
by the color and transparency of the slag and the degree 
of carburization of the button.

By a slight variation of the proportions, the metal, 
from the same ore may be made to. pass through all 
grades of iron, from good to the most inferior.

In order to show how much the iron produced, from 
any ore, may be altered, or modified in properties, take 
an ounce of the. oxide of pure malleable iron; introduce 
this oxide, alone, into a covered crucible and expose it 
to a violent heat for 40 minutes (or longer, if a larger i 
quantity) and a button of highly decarburized iron will 
be obtained;—expose it longer and a small mass of 
malleable iron will result. The produce, in either case, 
will be short of the quantity of iron in the original mass. 
When “ oxygenated” iron is obtained, the ore from which 
it was obtained is saiid to contain irow.” That this 
is not always due to the iron may be proved by taking 
another equal part of the same oxide and mixing it with a 
little chalk, and with some glass to constitute fusibility, . 
and expose it to a degree of heat equal to that used in 
the former case—the iron will be reduced to fine gray or
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carburized ix'oii. Here is a different iron from the same 
ore. Again, use the same oxide and add triple the 
glass (or double, by weight), expose as before—the iron 
will be reduced, but, it is no longer gray iron, but brittle 
and white. This shows the importance of correct fluxes, 
both in regard to nature and quantity of the metal pro
duced from the same ore.

Fluxes fox the Blast Furnace— Practice with -Fluxes— 
Laboratory Assays.

Any substance which promotes the melting of another 
is called a flux. The term is specially applied to those 
materials which promote the melting of earths and the 
separation of the metals from their oxides. Of this 
class it is our intention at present to speak.

Fluxes are most important matters to the metallur
gist; they test the practical science of the iron master; 
indeed, they are the chief science of his whole business. 
W e have spoken of the theory of fluxes, and shall now 
turn attention to the materials used as fluxes in the blast 
furnace.

Fluxes, in practical use in the blast furnace, are lime 
under various forms, clay, silex, and the foreign matter 
in the fuel. These are used separately, or ores, largely 
containing these fluxes, are used, as fluxes, for economy.

im e .—-Limestones are genei-ally applied in the blast 
furnace instead of lime. The distinction has been made 
in the previous pages. The stone is preferable, for rea
sons we intend to explain in another chapter. Pure 
limestone cbnsists of lime (Ca O), the oxide of calcium, 
and carbonic acid (CO^.) I t  is sometimes mixed 
with oxide of iron, alumina, silex, magnesia, phosphoric 
acid, in combination, and’ sometime^ sulphuric acid, also 
in combination. The purer kinds are known under the 
following names:—

Calcareous Sjpar.—Occurs in crystals, or in white 
crystalline masses- dissolves with effervescence in mu- 
riatie and some other acids, without residue, if pure; 
loses by calcining, if pure, nearly 4 f per cent, of carbonic
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acid gas (exactly 43.88), and becomes caustic, or quick- ' 
lime.

Stalagmites, stalactites, chalk, and calcareous tufa are 
limestones, or concretions more or less impure. The 
variegated brownish-yellow ornamental stone, called Cali
fornia marble, belongs to the stalagmites, colored by a 
little iron and other elements.

Marble may, generally, where the crystalline structure 
is distinct, be considered a pure limestone, and forms an 
excellent flux for silicious ores.

Limestones of the coal formations may differ much in 
various beds; but in the same bed limes of different 
purity may occur often mixed with iron, magnesia, &c.; 
and fossiliferous limestones frequently contain pb(^- 
pborus in some combination:

\Oyster Shells form a very good flux, and may be used 
where they can be procured in sufficient quantity, and 
at reasonable prices.

The composition of the limestone to be used in a 
smelting operation ought to be knoWn to the manager, 
as well as that of the iron ore. The composition of iron 
ore can be very frequently guessed at; at least so far as the 
ores are calcareous, silicious, or aluminous; but with 
limestone this cannot be-done, for limestone composed of 
fifty per cent, of lime and fifty per cent, of foreign mat
ter can, sometimes, hardly be distinguished from a far 
purer carbonate. It is a matter of very great import
ance that the manager of furnaces should know the ex-', 
act composition of his limestone, even though he knows 
the composition of the ores. If  calcareous ores are to 
be smelted, it would be improper to add marble for flux
ing; in these ores a silicious limestone, or silicious slate 
should be used, If clay, or aluminous ores are the tnain 
material from which iron is manufactured, a magnesian 
limestone is preferable; but an aluminous limestone 
should be used where silicious ores form the body of the 
material.

To know, at least qualitatively, the composition of 
the limestone in use is of the utmost necessity, as we 
shall hereafter shoŵ  And to enable the practical super- 

10
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intendent to analyze his limestone, we shall present a 
brief method of investigating the qualitative composition 
of limestone.

The first operation is to weigh a piece of limestone, 
or to take an ounce of limestone, burn it in an iron pot 
or crucible, and weigh again.] Repeat the work until 
it ceases to decrease in weight. The difficulty found in 
the same experiment with the ore does not exist in this 
case, for the moisture, or combined water, amounts prac
tically to nothing. [If the limestone loses, in calcining, 
forty-three or forty-four per cent., that is, if there is little 
more than half an ounce left as burnt or quicklime, we 
may consider the specimen pure limestone, for carbonate 
of lime is composed of fifty-six per cent, lime and forty- 
fdlir carbonic acid. If  the specimen loses, in burning, 
only twenty or thirty per cent., we may expect a large 
quantity of foreign matter, which is to be found by 
chemical analysis in the wet way.

Where we suspect foreign matter in the limestone, 
the burnt specimen should be moistened with rain water, 
and stirred until properly slacked or dissolved. If the 
limestone is bad, or if it is burnt too hard, it may happen 
that the lime wilt not Slack; but if the carbonic acid is 
all expelled (which we find by_ adding sulphuric or any 
other acid to the lime solution), this is of but little con
sequence. I f  the added acid produces etfervescence, the 
lime is imperfectly burnt, and we are then obliged to 
•burn another specimen, and proceed in the same way 
until an acid will act upon it without producing carbonic 
acid gas. I f  the lime is well burnt, no effervescence 
occurs, and we may add to the watery hydrate of lime 
sulphuric acid, drop by drop, until it is saturated; that 
is, until litmus paper .is reddened in the solution. No 
harm is done by warming the. whole, and even boiling 
it until no more acid is absorbed, and the solution re
tains its acid character. This solution is filtered, and 
the clear liquid precipitated by solution of caustic pot
ash, or, what is better, by caustic soda; which, if the 
solution is dilute, throws down all the magnesia and any 
iron that may be therein, and keeps the alumina in so-
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lution if there is any dissolved; but this seldom happens. 
if the first solution was not boiled too long. Alumina, 
dissolved along with the magnesia, may be precipitated 
by ammonia, or carbonate .of potash. • In this way, if there 
is any magnesia, we find it; and silex and alumina are 
generally left in the filter paper.
. To separate alumina and silex from the limestone, we 
pound the limestone into fine powder, pour over this 
powder strong sulphuric acid, and boil.' The alumina, 
magnesia, iron, and manganese are dissolved by adding, 
gradually, enough water to keep the mass liquid. After 
we think all is dissolved that can be dissolved, we pour 
on more water, and add a surplus of acid; this prevents 
the lime from being dissolved. Filter. The solution is 
then treated with ammonia to slight excess, when iroil*is 
precipitated along with the alumina; or with solution of 
caustic potash, when the iron, but not the aluinina, falls; 
the latter may be precipitated ft'om the filtrate by am
monia. We may thus approximately find the amount 
of alumina. Silex mixed with the lime will generally 
remain in the filter from the first filtration.

If, after the above experiments, we suspect that the 
main body of foreign matter is silex, it is best to pour 
over the pounded limestone nitric acid, which dissolves 
everything but silex; and we may filter and wash -the 
residue, which will be the exact amount of silex in the 
limestone. These are the simple means by which the 
composition of limestones, so far as is required for prac
tical purposes, may be approximately ascertained. A 
large amount of iron in the limestone is not actually 
hurtful, but, if W'e want to make gray iron, may be in
jurious; for such limestone is generally inclined to pro
duce white iron, and often black cinders, in a hot furnace.] 

As this subject is one of great importance we add a 
still more accurate and condensed method for those wish
ing to make more accurate analyses of the stone for other 
material as well as for lime and magnesia.
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Analysis of Limestone. 
Principal Constituents, Composition, and

Carbonic acid gas, (CO )̂
Lime, (CaO) . . . ' .

CaO C O '(= 2 2  +  28)
Magnesia, (MgO)

M gO CO ^=22 +  20 .
Silica, (SiO^) (in new equivalent 30) 
Alumina, (APO®
Protoxide o f iron, (FeO). .
.Peroxide o f iron , (Fe'O^) . , .
Water, (HO) . .
Phosphoric acid, PO®

Equivalents. 
. 22.0 
. • 28.0 
. 50.0 
. 20.0 
. 42.0 
. 38.0 
. 51.5 
. 36.0 
. 80.0 
. 9.0.
. 71.0

The follow.ing is the method of determining the pro
portion of these irnportant constituents.

1. Weigh a specimen carefully; calcine in a Hessian, 
or clay crucible, and weigh again as directed before; 
this weight gives CO  ̂+ H O ; but if well dried at 212 
Hahr. (red heat drives off CO^) HO need not be taken 
into calculation.

2. Weigh another specimen, say of 30 to 80 grains, 
|)ulverized to impalpable powder, or pass through a sieve 
of 60 to 80 holes to the linear inch; mix with three 
times its weight of lump caustic potash, or caustic soda, 
and heat to redness in a silver crucible till thoroughly 
melted, dissolve the whole in slightly diluted hydro
chloric acid; heating the acid makes it dissolve jnore 
rapidly, that is, heating the hydrochloric acid to 200*̂  
Fahr., its boiling point, or to about that heat. Evapo
rate the solution till it becomes thick and pasty or even 
dry, stirring it continually toward the end of the pro
cess. This shows that the silica has coagulated, mix 
the paste with eight or ten times its volume of boiling 
water; this dissolves all except the silica ; filter; wash 
well the precipitate, preserving all the water which comes 
through the filter; dry, calcine, weigh; the silica is now 
obtained.

3. To the filtrate add pure aqua ammonias (not the car
bonate) in slight excess, and if not previously very acid, 
about ^̂0 part solution of chloride of ammonium before
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adding the ammonia. This precipitates alumina, oxide 
of iron, but, because of the chloride, no magnesia; 
filter, wash, dry. Then evaporate the filtrate until 
much reduced in bulk. Add milk of lime by degrees 
so long as any precipitate falls. This pi’ecipitate is the 
remainder of the magnesia if any fell before from neglect 
of use of chloride of ammonium. Wash this precipitate, 
dry it, heat, weigh; add this weight to that of 1 and 2 
and subtract the sum from the whole weight of original 
specimen and the remainder equals the weight of lime, 
for 1,2, 3,- are, just here, supposed to contain all but the 
lime.

4. Now, by reference to the equivalents previously 
given, from the total carbonic acid found by process 1 
(proportioned to the weight of specimen used in No. 2), 
subtract the weight of lime (found by process 3), multi
plied by 22, and divided by 2.58, and you obtain the 
CQ2 which existed in combination with the magnesia, 
and this remainder multiplied by 20J and divided by 22 
will give the quantity of magnesia in combination with 
C02.

5. Subtract the result of 4 from that of 3, the result 
will be the quantity of alumina and oxide of ii’on and of 
magnesia combined with silica if any, but so far as lime
stones are known, the magnesia exists always as Carbo
nate; none may be considered as brought down by 
alumina if the precautions were taken,

To separate the alumina from the iron, boil both in solu
tion caustic KO; this dissolves the alumina and leaves 
the iron; wash with hot water carefully and patiently till 
neutral, and no signs of potash in filtrate, the iron re-' 
mains pure Fe^O®, dry, heat to low red heat, weigh. 
Evaporate filtrate till reduced to small volume, and pre
cipitate alumina by ammonia. Wash, dry, heat, weigh. 

The most important part is the amount of carbonate to 
silicates. This may be found. (nearly) by this formula 
C02x2.3 if the limestone is not magnesian,-CO^ x  2.12 
if there is one equivalent of MgOCO^ for each equivalent 
of CaO,COl
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This CO2 is that found by process 1. The truth will 
■ most always lie'between those limits. The remainder of 
the stone may be considered siHcat'es.

Instead of the milk of lime, the more accurate method 
is to treat the filtrate after ammonia, as in 3, has been 
added and as described above, first, with pure solution 
of carbonate of potash, dr of soda, and thus precipitate 
both the lime and magnesia; dry this precipitate and’ 
then wash with boiling water, add then cautiously (a few 
drops at a time) pure SO^ until slightly in excess, evapo
rate all to dryness, and the dry residuum ignite in a plar 
tinuro crucible to expel any free SO®, or excess of SO®. 
This dry mass is now weighed, for it contains the lime 
as sulphate of lime, insoluble in a saturated solution of 
lime, and the magnesia, or sulphate of magnesia, quite 
soluble in the same menstruum. The dried mass is there
fore digested thoroughly in the saturated solution of sul
phate of lime, filtered, the undissolved sulphate of lime in 
the filter is washed with the solution of sulphate of lime till 
all the soluble sulphate of magnesia has passed through; 
dry, ignite, and weigh. Subtract this weight from the 
weight found of the whole mass before the magnesia 
sulphate was dissolved out, and the remainder is to be ac
credited to the sulphate of magnesia. Then the weight 
of the sulphate of lime obtained, after heating, is to the 
pui*e oxide of calcium, or lime (CaO) as 60 is to 28, i. e., 
every 60 grains, or grammes of ignited sulphate of lime 
contains 28 grains, or grammes, of pure lime. And 
every 68 grains of sulphate of magnesia (ignited) con
tains 20 grains magnesia (MgO). Thus we have the lime 
find the magnesia correctly. It becomes often a matter 
of very great importance to the metallurgist to learn the 
amount of phosphoric acid in a limestone. Proceed thus: 
Pulverise, weigh, ignite to red heat, weigh (difference is 
as above, CO?), dissolve in muriatic acid, either by heat
ing, or otherwise, until dissolved, residue may be silica 
in shape of sand, or it may be sulphate of baryta, unim
portant at present; filter, if there is such a precipitate, 
and wash it; carefully neutralize with ammonia; if there
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is any precipitate redissolve with addition of least possi
ble amount of muriatic acid, adding a little solution of 
acetate of soda* add solution of oxalate of ammonia, the 
precipitate is oxalate of lime, delicately complete the 
precipitate, let it settle and boil, else it will pass through 
the filter paper. Filter, wash. Carefully saturate with 
ammonia; this precipitates the magnesia with its cor- 
•responding equivalent of PO*; the whole weight is to 
PO“ as 91 is to 20, i. 91 grains have 20PO®. Some 
PO’ remains in the filtrate may be precipitated by solu
tion of sulphate of magnesia, mixed with chloride am
monium and ammonia, and let stand in a warm place an 
hour or more, the precipitate washed with water contain
ing I part to 3 of ammonia, dried arid ignited, weighed. 
I l l  grains of this precipitate (2MgOvPO®) contains 71 
grains PO®.

[C?qy, where it can be had of proper quality, is a most 
important material in the furnace. It is to be applied 
where silicious ores, which furnish weak metal, are chiefly 
smelted. Lime fluxes vvell in ^uch cases, and" yields 
gray metal very readily; but the metal, however soft it 
may be, .is generally weak. An addition of clay, or alu
minous shales, or, what is far better, clay ores, or iron
stone, will improve the strength of the metal, as well as 
the working in the furnace. Pure clay, in whatever 
form, is .bad; it clinkers before the tuyere, and troubles 
the furnace men. If a ferruginous clay (red clay) can 
be had, it is by all means to be preferred; and in case 
red clay contains but a small percentage of iron, or can
not be procured at all, blue clay, which generally con
tains more or less phosphate of iron, may be applied. In 
the latter case, however, we should be cautious as to the 
amount, for too much may injure the quality of the 
metal. Clay, under all conditions, is the best material 
to improve the strength of the metal, and deserves atten
tion on that account.

(StYca:.—Calcareous and argillaceous ores generally 
work very badly in the furnace, whether “used singly or 
together; and are apt to furnish white iron. The best
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and only way to obviate such evils is to add either sili- 
cious slate, orfshale. Sand, or pure silex is, like pure 
clay, not to be reconamended. If  ferrugbious shale is to 
be used for fluxing, the shale or slate must be roasted 
or burnt like ore, until all volatile matter is expelled, 
and the iron, which is generally in the form of protoxide, 
is oxidized into peroxide. I f  ferruginous silex is added 
to the ore charges in this way, the result is generally, 
favorable.

Another flux, which influences the progress of the 
smelting operations, besides the artificial fluxes, and the 
foreign matter in the ores, is the matter contained in the 
fuel, the ashes; these form accidental fluxes, but are of 
importance in the operation. The ashes of wood, and 
charcoal of wood, generally contain a preponderating 
amount of alkali. This alkali may be considered bene
ficial as an electro-positive agent of fluxing, and facili- 
tates the reviving of metal, as well as the fluidity of the 
slag, where the mixture of ores and artificial fluxes is 
composed of a predominating amount of silex and clay. 
The ashes of mineral coal and anthracite contain princi
pally silex and clay, and maybe considered electro-nega
tive. They will be fluxes where the ores contain a pre
ponderance of lime, magnesia, or of the alkalies. How 
far such matters have any influence upon the success of 
smelting operations, will be shown in another place.]

Varieties o f Limestone and Lime.— 1. Pure, Rich, or 
Fat Lime, produced from stones containing little or no 
silicate, slacks, by absorbing water, in the atmosphere 
gradually hardens, but not at all under water. Such lime 
is made, by continued bright red heat, from stones con
sisting wholly of CaO CO ,̂ which loses 44 per cent, of 
its weight by burning, and leaves 56 per cent. lime.

Weight of the coal consumed in burning is from \  to 
^ of that of lime burned.

2. Hydraulic Limes, from stones containing from 10 to 
30 per cent, silicate; they slack but less rapidly than 
those of No. 1, and harden slowly under water. They 
contain silicates of alumina and sometimes carbonates of
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magnesia, generally compact, gray, blue, brownish-yel
low, according to organic matter, or oxides contained in 
them.

The following tests may be applied: Of the stone, 
calcine two or three cubic inches in a crucible, pulverize; 
make into stiff paste with water; form into a ball; im
merse in a glass of water.. If it is hydraulic lime, it will 
harden under water so as, at least, to resist the pressure of 
the fi.nger,.and in a time varying from 24 hours to a fort
night, and, if the quality, is good,in a month will be like 
medium limestone in hardness. .If it is cement, it will 
harden in a few minutes, The best kinds of hydraulic 
limes slack so imperfectly that they must be pulverized 
in a mill (generally formed of rolling stones in a circular 
trough). They should be kept perfectly dry until used, 
or be reheated before used. It is a mixture of quick
lime with silicates of alumina and iron, and sometimes 
with magnesia.

The hardening under water is due to the formation of 
artificial stone from the chemical combination of double 
compounds, and, perhaps, by the chemical absorption of 
the water into a solid state similar to that of crystalli
zation.

The difference between hydraulic lime and. cement, 
appears to consist in the varying amount of lime; in the 
former it exceeds that amount sufficiently to neutralize 
the silica and alumina, and in the latter equals it.

3. Natural cement is produced from stones containing 
from 40 to 60 per cent, of silicates, does not slack, and 
hardens rapidly under water. It is produced from stones 
containing enough silicates to exactly combine with the 

"bases of the carbonates (after the carbonic acid has been * 
expelled) to produce a hard compound with the silica 
and alumina as a whole.

From experiments^ the best proportions before burn
ing should be found as follows;—
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2  e q u iv a le n ts  o f  C a O  CO^ . . . . 5 0 .0  x  2 =  100.00
1 ' “  ** c la y ,  o f  w h ich  th e  p r o b a b le

c o m p o sitio n  i§ 1 e q u iv a le n t  o f  a lu m in a  . 51 .5  
6  e q u iv a le n ts  o f  s i l ic a  . * . . • 2 2 8 .0 '

----------  279.50

S o  th a t  th e  c o m p o s it io n  in  1 0 0  p a r t s  i s  o f—  
CaOCO' '. . "  .
C l a y ................................................. ............  .

879.50

26.35
73.65

100.00

The rapidity with which it hardens under water is in 
accordance with its proximity to these proportions.

When ‘the stone of the above composition is burned 
and prepared, it is a mixture of quicklime and silicate of 
alumina; as soon as it is mixed into a paste with water 
a double silicate of alumina and lime is formed of the 
following apparent formula;—^

2  e q u iv a le n ts  o f  l iiiie  (C aO ) 
1 “  “  a lu m .n a
6  “  “  s i l ic a

2 8 .0  X 2 =  56.00
. 51.50

3 8 .0  X 6 228.00

335.50

and this double silicate forms the artificial stone.
Artificial Cement is formed by taking ground chalk., or 

slacked pure lime, and blue clay in the above propor
tions, thoroughly mixing with water in a mill, “ batting” 
into two or three inch balls, drying, calcining, and grind
ing them to powder; it is equal, if not superior, to any 
natural cement.

' 4. Puzzolanas are mixtures analogous to cements, but
wherein the silicates are in excess, and carbonates defi
cient; so that pure lime must be mixed .with them to 

• make hydraulic lime, or cement, according to propor
tions.

The best is “ mine dust,” which is sometimes obtained 
from some iron-tainted bituminous coals, or any silicate 
of protoxide of iron. If  mixed with lime, so as to give 
the mortar a bluish-gray color, it becomes very hard.,
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Artificial puzzolanas may be made by grinding bticks, 
or by burning good brick clay and grinding'it, or'by any 
process yielding a good dry powder of silicate of alumina, 
or compound silicate of alumina'and iron.

The above facts may subserve the purposes of furnace 
•operations in many respects, inasmuch as it suggests a 
rapid, practical, and efficient method,, of valuing the 
limestones used as a flux, determining their value for 
the furnace alone, and also for the building and other 
purposes so frequently in course of execution about iix)n 
works.

Introductory to Dry Assay of Iron Ores. *

When our only object is to separate, exactly, the 
aniount of iron contained in a given specimen of ore, 
without regard to foreign matter, we apply the “ dry 
method” in the assay of the ore.,- The philosophy of this 
operation is to deoxidize the oxide of iron, and produce 
at the same time a temperature sufficiently high to melt 
the reduced, or revived metal, as well as to melt the 
earthy material associated with the ores, together with 
any flux, if used. The former may be obtained in a 
dense button at the bottom of the crucible, and the latter 
in a liquid slag, or glass, above or attached to it. The 
foreign matter contained in the ore is silex, lime, clay, 
&c., as shown already in previous ’ pages. As we have 
seen, these are, in themselves, very refractory; hence 
some' flux is necessary to bring about their fusion. 
Fluxes generally, employed in operating in a very accu
rate method are borax, quartz, or fine flint-glass, cg.ustic • 
lime,'or, what are the best of all, carbonates of tne al
kalies. In these assays, as well as in large operations, 
we are guided by the chemical or .elective affinities of 
the materials used or mixed with the ores, which afiini- ’ 
ties are spoken of in the first chapter. We must mix 
alkalies with clay, or with silicious ores, and acids with 
calcareous ores. Nevertheless, borax (biborate of soda 
and water) in almost all cases will reduce the foreign 
matter into a slag, being both acid and akaline in effect.
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In dry assay the button contains carbon; frequently 
silicon, pbosphorup, sulphur, manganese, &c., according • 
to the nature of,the ore; and these may range from 3 
to 5 per cent, or more, and therefore the iron may weigh 
more and yield a higher per cent, than in the wet assay; 
yet it approaches nearer to the. smelting qualities and 
quantity on the large scale. -

1. Assays with Charcoal.—W e use either lined or un
lined'crucibles. In  the charcoal-lined (called ftrasg'Med) 
crucible the oxide of iron in the ore is reduced by the 
lining of charcoal, or by the CO which, at high tempera
ture, is evolved. If  the flux is properly adjusted, the 
iron will contain the maximum of carbon, and the slag 
be practically free from iron. ^

In the unlined crucible a sufficient amount of carbon 
is sometimes recommended to be mixed with the ore; 
but this is not advisable, as the carbon, wheU mixed 
with the fine ore, may prevent the seggregation and the 
sinking of the metal. The slags generally contain some 
iron, although the button approximates, in per cent., 
that of the wet assay. Before we proceed, it may be 
better to look to the nature and efficiency of our assay 
furnaces. Tlrese may derive their blast from the draft 
of the chimney alone, or from a blower, or bellows.

The efldciency of the air furnace must depend upon 
the draft. A good furnace must be capable of heating 
to a white heat. The furnace should be lined with 
fire brick, whatever the outer lining may be. The 
furnace must-be provided with a clay-lined top, else the 
heat of cast iron will be sufficient to • prove a great an
noyance. The smoother and cleaner the shaft and the 
highet and straighter the ascent, to a certain limit, the 
finer the draft will be.

We have adopted the plan of a furnace in which, 
with the aid of a moderate blast from an ordinary bel
lows, we can reduce any ordinary ore assay of from 
10 to 200 grains in from ten to twenty minutes after 
the crucible is heated. A A represents an ordinary 
fire-clay cylinder, used in some coal stoves, and obtained 
at any large stove dealers; diameter of the one in our
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laboratoBy, 12 inches—height about 14 inches; C C a 
sheet iron cylindrical case—an air pipe at D, with a 
bottom but no top, excepting a broad ring at E E below 
the edge of the cylinder, forming a gutter into which

Fig. 15.

damp clay may be put to tighten the fit of the fire-clay 
cylinder A A as it slips down into the hole and rests 
upon the soapstone, or fire-clay bottom F E E ,  which 
itself I’ests upon the bricks B B. The whole affair need 
not costfG, and the clay cylinder be banded with hoop- 
iron, or, better, sheet iron. It forms a Sefstrdms blast 
furfiace of a very simple and serviceable kind. The air 
enters at D, is confined in the cylinder until it enters 
the holes, which are generally already in the clay cylin
der before purchased, and are sufficient for the purpose, 
both as to size and. number—else for this size, we find 
that six holes, |  inch diam. are sufficient, and they 
may be made with a file, accordingly. The furnace 
should be placed upon a brick hearth or supports. 
Coke, charcoal, or anthracite, in pieces—size of an egg— 
burn well after kindling. The furnace should be heated 
very slowly at the first heat, and cautiously afterwards. 
A conical top of heavy sheet iron (ytg inch thickness), 
with a pipe at least five inches diam., to lead off the 
smoke, is advisable, and, as this gets very hot, it is 
rimmed or flanged inward on the lower edge with an
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inch'ritn all around, to hold.up'a clay lining' on the fn- 
side; .but thick sheet iron"serves by itself, with excep
tion that it throws o u t' much heat. The \»se of a small 
size blacksmith bellows'with. noKzde connected by even 
a leathern hose, or tin pipe, allows the furnace to be 
placed at ^ distance under a hood leading to a 'chimne)\ 
or under the’chimney itself, and J;he operator may be at 
a coipfortable distance. • \  ■ . *

The crucible, is. usuajly placed upon ’a small brick 
“ hat,!  ̂Or,' whpn the coal is- firm, no stand is needed, but 
,the prueible may be put - into, the coal firmly in place, 
and after Ta .little heating without blast,, the blast may 
gradually be ;put on. This, wm think, is the most prac
ticable form of furnace, of the assay-blast-form- that can 
be put, cheaply .and'service'ably^ together. Annmprove- 
ment ttiay.be niade by, putting one or two blast holes in 
the soapstone base so that the coal may bq more -uni
formly ignited. Instead of a'cylinder of.ofle piece, one 
of several pieces, banded, is less liable to crack, and for. 
that rea,soh, only, is  preferable. '' , ' . ,
, For' ah air furnace care should, be taken that the 
smoke stack is,smooth inside, straight, and as nearly as 
possible perpendicular, ^nd of sufficient height (frCm 30 
to 45 ft. for a finu, draft). They should bfe round to in
sure tho beSf form, as corners occasion obstruction to die 
current-and' are unequally, heated. When neither pf 
the above furnaces can be had,, a common hkcksmith’s 
forge-may’be resorted to with tolerable success. What
ever the kind,pf furnace, the crucibles mustbfe prepared 
as follows ,

Th&'high temperature at which iron ores are to be asf 
sayed requires that the material be pf the most refractory 
nature. In some cases the common Hessian crucible 
may answer. In  others' plumbago, or blacklead, must' 
be used, and in some cases the finer clay of the French 
crucible. « * * ♦

The properly sized crucible having been taken, line, 
the interior with charcoal powdered and mixed with 
water, or water and- molasses, or molasses alone, previ
ously well mixed with the coal and the latter thoroughly
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Fig. IS.

triturated into the mass in a mortar. It may be rammed 
in so damp that it will adhere, and with a wooden pes
tle which may form the mottld of the cavity. It is best 
to line in successive layers smoothly, put in one upon 
the other, as by this means a more adherent mass and a 
complete mould are obtained than when the whole mass 
is put in at once. The lining should not be less than ^ 
inch thick, and the form is the best when made something 
similar to the follomng; A A A  charcoal lining, B 
cavity, generally preferred, the small 
lower contracted department being that 
in which the ore is deposited. If the 
furnace has iron bars at the bottom— 
or an iron platê —it is always advisable 
to put the crucible' upon half of a 
fire-clay brick, rubbing the top with a 
little plumbago to prevent adhesion of 
the crucible", and disposing it so that 
the crucible may be very nearly with
in the hottest part of the furnace.
Should the heat be so great as to 
soften the crucible, care must be taken 
to let the temperature of the furnace decrease, so that 
the crucible may regain its hardness, to some degree, 
belbre.it is removed.

Percy recommends for crucibles, a mixture of about 2 
parts unburnt to. 1 of burnt fire clay, of good quality—5 
lbs., fi,voirdupois, of unburnt clay to 2 lbs. of burnt clay,- 
called “ grog,” will make about 6 | dozen crucibles and 
2 dozen covers. The waste scraps do for covers.

Four parts, by weight, of charcoal powder to one of 
molasses, “ treacle,” is a good mixture for lining—13 
ozs., avoirdupois, charcoal powder and 3i ozs. treacle 
will line about four dozen crucibles. It should be beaten 
till it is fine and adheres, without lumps, to the fingers.

After lining, the crucibles should be dried, and then 
placed in a muffle, or some other hot place, and heated 
till vapor, smoke, and ’flame cease to appear around the 
mouth covered with the crucible cover. They are then
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taken out and coole4. The lining should be without 
cracks, solid, smooth, of close texture. The covers for 
brasqued crucibles may be formed out of ordinary lumps 
of charcoal fitted by means of a saw, knife, or rasp.

The fuel may be charcoal, coke; or anthracite;—of 
this, choice must be left to the assayer; charcoal burns 
out more rapidly, but is purer and freer from sulphur, 
which, in some instances, may, through oversight, be 
admixed. Coke and anthracite may be mixed, broken 
into pieces not less than an inch in size if used in the 
Sefstrbm furnace of the kind described.

Caution.—A reduction of the sample may be made 
with much less care than that indicated already; but if 
the assayer intends to be accurate, particular attention 
must be paid to the exceeding fineness of his charcoal, 
the compactness of the lining and smoothness of the 
surface, else his assays when delicate, will be sure to 
vary much and carase great annoyance.

Another method of reduction of ores may be adopted, 
on any large scale it is expensive,''but can be 

tried as a corroborative test. Mix the powdered and 
calcined ore with cyanide of potassium, and then pro
ceed as above. This mixture never fails to furnish, by 
a low’ temperature, a button of gray metal.

though

Assays with Fluxes.— Fluxes fo r  Assaying.
Silica.—W hite quartz; rock crystal plunged while red 

hot into water and afterwards powdered is preferred as 
purest.

White sand, truly silicious, or powdered flints may bd 
used.

The assayer must examine his sand with a microscope, 
for all sand is not silex,.and unless that be the case, the 
proportions given will npt apply. Some river sands con
tain much alumina, and even lime, and little, compara
tively, pure silica. This flux' is . used when the ore is 
deficient in silica.

Glass.—Plate, crowm, and window glass heated red
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hot and quenclied in water, as above directed, is used. 
It contains BO to 70 per cent, silica, the remainder is 
lime, potash, &c., and being fusible, it serves a good 
purpose in place of silica and silicate of alumina. I t is 
used in nice assays only.

Green bottle glass contains oxide of iron, and flint 
glass protoxide of lead, and on that account only they 
are objectionable.

China Clay.—Is hydrated silicate of alumina, and forms 
a pure and useful flux; practically free from oxide of 
iron,’if dehydrated it should be powdered and heated to 
redness, or else it will be in lumps. Of course in these 
latter two, the proportion of alumina, potash, &c., must 
be remembered if we would be very accurate in analysis 
of the slags, as neither is silex, or alumina alone.

Shale.—It is'silicate of alumina and is sometimbs used, 
as we have said, on a large scale, as a flux in blast fur
naces ; it makes a good flux in adrmxture with lime; 
contains iron, sometimes from 2 to cr per cent., which 

■is objectionable in assays unless you know the exact 
amount of iron, and, even then, because of the effect 
upon the color of the slag.

Fire Clay.—Hydrated silicate of alumina; is a good 
flux when mixed with lime; may be used in place of 
sliale; contains iron from one to seven per cent., hence 
objectionable, unless white, and when it burns white and 
not red, or brown, the latter being the sign of iron.

Good Blast Furnace Cinder.-rSiWcsite of alumina and 
lime; choose the white, gray, and nearly colorless; glassy 
varieties' especially should be sought for. When pow
dered, it is good for ores free from gangue,* or which 
do not contain much silica.

Borax Glass.—By itself it is too fusible for iron assays, 
as it combines with the oxide of iron at a low tempera*- 
ture, and before reduction occurs. When used, the 
proportion of lime should be increased to render it less 
fusible, Borax heated until the water of crystallization

* Any associated rock or substance clinging to the ore and not 
pai'takins o f the ore-nature.

' l l
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is driven off, is the glass spoken of. Pulverized common 
borax swells up so much as to disturb the assay.

Lime.—Common powdered, unslaked lime should be 
used; but limestone, chalk, or any varieties of carbonate 
of lime may be substituted, if the CO“ in combination, 
is accounted for.

Carbonate of lime contains 56 per cent, lime and 44 
per cent, carbonic acid; 100 parts lime aire equivalent 
to 178| parts carbonate of lime. k

Care should be exercised to see that the carbonate of 
lime is free from sulphate, silica, magnesia, &c., if correct 
information, as to results, is expected.

Fluor Spar, or Fluoride o f Calcium.—White varieties 
should be selected; the pi'esence of quartz not objection
able; should be free from metalliferous minerals; forms 
useful compounds with silica and silicates.

One hundred parts of fluor equivalent to seventy-two 
parts lime; it may replace lime, very favorably, in case 
the assay has much silica.

Cryolite.—Fluoride of alumina and soda is preferable 
to the last, and acts much as that flux does. The com
position has already been given under Iron and Alumi
num. Pure white specimens should be used, but the 
action of either of these fluxes is injurious upon some 
crucibles, because of causes already mentioned in the 
place just alluded to.

The Main Object of Fluxes.—As we have seen, in all 
operations involving their use, it is the formation of 
easily smelting slags composed of those materials in the 
ore which are not oxides of ii’on. Now, practice has de
termined that, generally, the most easily fusible ores are 
those in which the carbonates of earths (lime and mag
nesia) as one class, and the clayey and silicious matters 
as another class, are in the general ratio of two to three. 
The point to determine, then, is the deviation from this ratio 
in any particular case under consideration. The defi
ciency in the clayey, or argillaceous elements can be 
made up by china clay and the defects of carbonates of 
earths by chalk, oyster shells, and caustic lime.

A kind of general approximation to the character of
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the ore is sometimes obtained by submitting a portion to 
the action of muriatic acid in a test tube. The amount 
of eifervescence may in some measure determine the 
relative amount of carbonate, but as we may suppose, 
from what has been already said, this should he received 
witii some qualifications, which the judgment of the as- 
sayer, after one or two trials, will decide, especially 
by comparison of the effervescence of good marble with 
that of other specimens.

The Quantity of Ore to he Used, in either lined or 
utilined crucibles, depends upon the means you possess 
of raising the temperature; upon the si^e of furnace you 
use, and the character and delicacy of your balance.- 
With a Sefstrom of the Usual size and a good assaying 
balance, weighing of a grain, 20 grains may be used, 
and 200 grains is generally the highest amount to be 
assayed with advantage at any one time. In brasqued 
crucible the whole amount, whatever it be, is put in the 
crucible-chamber, the crucible filled, with charcoal and 
covered, luted well and then exposed to heat. At first, 
gentle and gradually elevated temperature should be 
used, until all the gases have escaped and the crucible 
heated through thoroughly, and then the highest heat 
may be brought to bear upon the crucible. In a good 
air furnace, from one-half hour to one hour is sufficient; 
but, in a furnace of poor draft, three to four hours may be 
required. The crucible is then removed and cooled, the 
button taken out, cleaned, and weighed. The button 
will be found lying under a mass of vitreous slag, or the 
slag attached to the button, at the bottom of the cruci
ble. The quality of the button is first tested by being 
struck on an anvil under a hammer. If it flattens under 
the hammer, the iron promises well; if it breaks, it ap
proaches a cast iron which, under the present circum
stances of reduction, especially under charcoal, offers 
little promise of good metal when smelted on the large 
scale.-'

These last remarks are .somewhat to be qualified in 
what shall be hereafter said.

The assay in this method is always more satisfactory
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if the ore is calcined, or heated to a low red heat before 
committed to the crucible. The weight lost by calcining 
must be entered into the calculation, if the ore was in 
its saleable state at time of beginning the assay.

Choosing Samples.

Several pounds weight should be taken of the ore to 
be assayed and broken down on an iron or quartz slab 
or surface, and, from this quantity, average specimens, 
to the amount of one-fourth of the whole should be 
selected and broken into coarse powder, and so treated 
as to form a fair average by spreading out uniformly and 
dividing into four parts, taking diagonally opposite 
quarters-—this is, properly, sampling, Percy recommends 
a wedge wood mortar and not iron, in which to reduce 
the ore to fine powder. I t  is not necessary in crucible 
assays of this kind. A good, square, steel-capped 
anvil, surrounded with paper, will serve as good a pur
pose as may be desired. A fine steel mortar is better 
if it can be had. Pass the powder through a sieve of 
from 40 to eVen 80 holes to the linear inch, according 
to character of the ore and assay, the heat of your 
furnace, and the quantity taken.

The ore need not be powdered any finer than would 
permit it to pass a miller’s bolting cloth of fineness 
equal to 40 to the inch if i t  is to be reduced in a 
brasqued crucible, and if the ore is a hematite of usual 
character. Ores of more difficult fusibility must pass 
through 60, and some red hematites and magnetic 
through still finer holes. The ore may be dried at 
about 110° C. 2S0° Pah. As we have said, ores con
tain sometimes hygroscopic and combined water, and 
therefore must be dried accordingly, moist ores at boil
ing water heat,or somewhat less, in the open air, and 
then sampled and weighed; hydrated ores, or those 
with combined Water, only need be dried in the crucible 
after weighing. When ready for the crucible they 
should be intimately mixed wkh the flux, if to be 
assayed with fluxes. I f  to be assayed wnth charcoal, it
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is advisable not to mix them, as we have said in a pre
vious place.

Proportion of Fluxes.

The flux varies according to the nature and amount 
of gangue mechanically attached to the ore, and that 
material in the ore not oxide of iron, together with the 
quantity taken and the size of crucible. That flux 
which will just take up all the gangue and impurities 
and nothing more, and at the easiest point of fusion, 
all things considered, is the proper proportion.

Blast furnace cinder of the following type is con
sidered desii'ahle: APO*, SiÔ  + 2(3CaO, SiO®).

The approximate composition per cent, is
S ilic a , 38  
A lu m in a , 15 
L im e , 47

or about
2 1 p ar ts . 
1 “
3 “

Glass

L im e

86.5  p er  cen t.

15.5 “

and this may be considered the theoretic type of good 
slag.
• The following mixtures of various fluxes, when fused,

produce a slag which is considered as approximating 
the above proportions. (Percy). *
Q u artz  1 . .....................................I  ' i  Qo

C h in a c l a j  2 _  j  y §2 o.f<2 <■

L im e  . . 2 J " .................................... 2 .6 0 ,
( S i l i c a .  . . . 1 .7 5 '
I  M ateria ls=A P O ® *0 .76  

2 .5

S h a le  o r  f i r e c l a y  3 [ oio

L im e  . ; . . 2 J  2 .5

If the composition of the ore is known, it is easy to 
ascertain the amount of fluxes necessary to form a slag 
with’ the bases present in the ore.. When necessary, an 
extra amount may be used to cover the button.

* i .  e . ,  30 p e r  cen t, of alkalies, lim e, e tc ., ou accoun t of its  fu sib ility , are  
tak en  as e q u iv a le n t to so m ucb alum ina.

p e r  cen t.
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Example: the ore is chiefly carbonate of protoxide of 
iron.

10 g rs .  A d d  Add to Flaxes
o f  th e  p r o p o r t io n  increase taken,

o re  c o n ta in  w a n te d .  b u lk . Total.
Silica...................................... 0.86 Sand 1 gr. +   ̂gr. =  1| gp.
Alumina . . . . 0.79 0 gr. 4" clay 1 gr. =  1 gr.
Lime, magnesia, and other bases 1.30 L im e ljg r .-j-  'igi''

In practice, analysis is not resorted to to find what 
amount of bases are present. Experience brings all the 
aid generally necessary to adjust proportions.

In case 6f doubt the following may be a preliminary 
tria l:—

Parts by weight. Parts by weight. Parts by weight.
Glass . . . .  4 2J 1
L im e  . . . . 4

• The three trials may be made at the same time in 
three crucibles. Mixtures of clay and lime may be sub
stituted for the above.

The following assay classification of ores and metal
lurgical products and the proportions of fluxes which 
have answered in practice, may be found useful, ten 
grains being the quantity taken.

1. Ore free from gangue, or nearly so, e.g., magnetite, 
red a^d brown hematite, specular iron ore, micaceous 
iron ore:.—

G la ss
L im e

2 J  to  2 
2 J  to  3

S a n d  . . 1 to 0
C h in a  c la y  2 
L i m e  . . 2 |

or, separately of
B la s t  fu rn a c e  c i n d e r .................................................... 5
F lu o r  s p a r  . . . . .    5

2. Ores containing silica, varieties of brown iron ore, 
refinery, tap, and flue cinders:—

G la s s  . . . .  1 C h in a  c la y  . . 2
L im e  . . . .  4  L i m e . . . .  4

3. Ores containing carbonate of lime, magnesia, 
protoxide of manganese, etc. Calcareous hematite, 
spathic iron ore.

G la ss
L im e

4  to  3 
I J  to  2

S a n d . . 
C h in a  c la y  , 
L i m e . . ,

1
2
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4, Ores containing silica and alumina, clay iron ore.
Glass
Lime

2 |  toO 
2ito3

C h in a  c la y  0 to  2 
L im e  . .  2  to  3

With ten grains, the balance should turn to grain. 
If the assay be for 100 grains, a balance turning from 

to of grain will answer. The mixed flux might be 
added till equal to i the weight of the ore used. {Percy.)

'fhe principle of procedure is as follows when the 
composition of the ore is known: Supply the parts of 
the type-slag given above by adding those ingredients 
lacking in the ore» in the proportion to make the type- 
proportions. For instance, the type is Silex 38, Al. 15, 
Lime 47. If the ore contains those elements in the same 
order, but in quantities., as 30, 10, 40, it is plain that 8, 
5, 7 parts are to be added to make 38, 15, 47. , I f  no 
Al. had existed, or lime, in the ore, then the proportions 
would have been 8, 15, 47. But, if the ore contained 
more of any one ingredient than in that of the type, 
there is an apparent difficulty, easily overcorne, however, 
thus: Ore =  Silex50, Al. 15, L. 47. Now, Si. 50 is 12 
parts too much for the remaining proportions. Treat the 
12 parts, then, to its proportion of Al. and Lime by the 
natural proportion, first for Al., thus, as 38: 15 of the 
type so is 50 to 19 of the ore; then it will be plain that 
50 parts of Si. demand 19 of Al. Next find the L. As 
88; 47 ;; 50:61, then the flux to be applied will be Si. 
50, Al. 19, Lime 61, but there are Al. 15 and L. 47 
already in the ore, therefore subtract them from your 
newly-found proportion, and it will give, to be added 
from outside of the material already in the ore, as fol
lows; Al. 4, L. 14, because these quantities of Al. and 
of Lime bear the same proportion to 12 of silex over and 
above in the ore, that Al. 15, Lime 47, did to 38 of 
silex. If  all ingredients vary from the type proportion, 
then a computation must be made for each. This is an 
important type, and it may be approximately used in 
the furnace as well as in the crucible and the modifica
tions, where care and judgment have been exercised, 
will trouble but very little. I t will be seen that the
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amount of iron-in the ore causes but little alteration in 
the proportions, as it is the gangue and earths jve wish 
to remove to obtain the metal.

Practical Directions for Assaying; Wet and Dry Methods.

is intimately 
paper, or in

In Air Furnace.—The powdered ore 
mixed with the fluxes. Mix on glazed 
agate mortar, and carefully introduce it into the cavity 
if a brasqned crucible is used; close up with a charcoal 
plug. Lute the top with clay,- and adjust the brick 
upon the bars; build the fire about the clay brick; then, 
having fairly started it, the furnace is filled with fuel, 
closed, and the process carried on to ‘a white heat. 
After sufficient time has elapsed, to be determined by 
experiment, the furnace is cooled down, the crucible 
removed, opened, and broken, if not brasqued, and the 
button removed, cleaned, and weighed.

The foregoing assays comprise what is called the “dry 
assay,” or crucible assay of ore. Allowance must always 
be made in weighing, for the amount of carbon combined 
with the .metal button, and also for any sulphur, silica, 
&c., which it may derive from the ore and the charcoal, 
or flux used. But the metal approximates, in nature 
and quantity to that which the blast furnace would 
produce on the large scale. The impurities, inclusive 
of carbon, may amount to as much as six per cent. In 
attempts to get the amount of cast iron, per ton, that 
any ore would yield, tbi,s assay.is better than the chemi
cal, or wet method, and the button resulting is in a pro
per state for a fine analysis in the wet way.

Hessian crucibles, ordinarily sold at the shops, will 
generally answer for iron assays, by brasquing, and even 
when fluxes are used without charcoal, but care must be 
taken to h.eat them up to the reduction point of the ore,’ 
gradually, and to allow them to cool somewhat before 
taking them out. I t is always advisable to rub the 
outside with plumbago (black lead) to prevent‘the cin
ders, brick, &c., from adhering, and even with fluxes the 
same rubbing inside may be as good, except where all
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carbon must be avoided, and then the French crucibles 
are better, being of a finer, purer clay. Plumbago cru
cibles stand more heat, but will impart carbon to the 
assay.

As it is sometimes desirable to obtain the absolute per 
cent, of pure iron an ore contains, we shall now describe 
the readiest methods known in analysis.

T h e  W et A ssa y—1. By Volumetric Assay.

By Bichromate of Potash.—Three hundred and five 
grains, dried and pulverized, crystallized bichromate to 
four pints (35,000 grains) distilled water are equivalent 
to one .thousand grains of a solution, which will answer 
to ten grains of iron on the following method:—

Its action depends upon the.fact, that an acid solution 
of a protosalt of iron is reduced to the persalt by a so
lution containing chromic acid, with the formation of a 
sesquisalt of chromium.

A solution of ferricyanide of potassium is used, drop
ped upon a white plate, to determine the time when the 
protosalt is converted into persalt, as it will cease to 

' cause a blue color when the change occurs. The ore is 
dissolved in HCl, or SO®, and converted into a protosalt 
by dropping in pure zinc and boiling, care being taken 
to have no particles of zinc come over from the boiled 
solution of ore and zinc after the latter has accqmplished 
its oifice and should be separated for volumetric assay. 
If  sulphite of soda is used, it may be taken crystallized 
or in. solution kept for the purpose, but exposure to air 
ruins it. Care should be taken that no sulphurous acid 
remains after using the. sulphite of soda; this can be 
avoided by boiling till no sulphurous fumes come off; 
a little zinc dropped in will give off HS if SÔ  re
mains. When the conversion of protosalt to persalt has 
taken place, or is about to take place, the assay solution 
assumes a greenish cast; if it assumes a reddish-yellow, 
enough hydrochloric acid was not used; add it, therefore, 
and proceed. Shake the bottle containing the stand
ardized solution before using.
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The test solution of ferricyanide should be made of tw6 
to five grains salt to one-half pint of distilled water.

The solution may be standardized by three solutions 
of fine iron wire in hydrochloric acid, or sulphuric acid, 
and it may be dissolved clear and without the stra\V- 
colored appearance, by expelling the air from the hydro
chloric acid by boiling and then dropping in the coil of 
wire and boiling till it is dissolved and then removing the 
lamp. Having found out what amount of your solution 
is required to peroxidize a certain amount of wire-proto- 
salt a simple proportion will determine any other amount. 
The assay solution need not be cool, nor does any foreign 
matter in the solution deteriorate the operation.

Permanganate o f Potash is used also, but the protosalt 
solution must be cool for this reagent to act properly.

Proem .—Ten to twenty grains of ore finely powdered 
are heated with strong hydrochloric acid for about twenty 
to thirty minutes, in a flask with, a small funnel in the 
neck; when decomposition is complete, dilute with water, 
add a few pieces granulated zinc, and keep up ebullition 
till every trace of yellow color is removed and the solu
tion becomes colorless, or a slight green tint remains; 
free it from fine particles of zinc; the flask is emptied 
into a dish, and care taken in rinsing that no particles 
of zinc come over. Then it is treated with permanga
nate as with the bichromate.

The permanganate of potash may be made thus: 
8 parts of peroxide of manganese (Swedish), 10 parts of 
hydrate of potash (fused), and 7 parts of chlorate of 
potash, hy weight, are to be mixed and heated to red-- 
ness for one hour. The fused mass is treated with water 
and nitric acid, cautiously added, till the solution 
changes to a dark purple violet color, when it is filtered 
through a funnel containing asbestos, or coarsely pow
dered glass, or it may be decanted after settling. The 
residue may be used again.

200 grains of permanganate of potash crystals are to 
be dissolved in 4 pints of distilled water. The solution 
of iron 'prepared as before, is diluted to 2 pints with 
distilled water, in a white dish, or .glass over , white
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paper, and the standardized solution slowly poured on 
and stirred till the faintest pink appears.

Sesquisulphate of iron has less coloring power than 
the sesquichloride, when the latter is in use, by ad
ding sulphuric acid to the water before dilution of the 

' sesquichloride the coloring is more distinctly seen.
The solution must be cool before being treated with 

the permanganate; but, as we have said, it is immaterial 
with bichromate.

Iron ores containing organic matter should be cal
cined, or the acid solution filtered off before adding the 
solution of permanganate. This, also, is not necessary 
when the -bichromate is used.

The burette should be filled to the top division and 
through a glass stopcock in the tube, not an India rub
ber tube, be allowed to drop into the solution till the 
above effects result. With a little practice and care 
accurate results may always be expected.

T h e  W et A s s a y — 2. By Chemical Analysis.

[If an assay of ore is to be made where not only the 
amount of iron, but the quantity and quality of the 
foreign matter are required, the operation becomes 
more compKcated, and it is necessary to proceed still 
further. If we know nothing of the composition of the 
ore, and wish to determine the presence of every import
ant substance besides iron, we proceed according to the 
following method: The iron ore, say one hundred grains, 
is powdered, and passed through a silken'sieve, of fineness 
such as we have already indicated; it is then digested 
with water, and hot nitro-muriatic acid poured over it;, 
this acid will dissolve everything but silex; and in many 
cases will even dissolve some silex, particularly in magnetic 
and calcareous ores. However, an excess of the acid 
generally prevents its solution along with the alkaline 
oxides. If  the solution is completed by boiling, lime, 
magnesia, alumina, iron, manganese, &c., will probably 
he dissolved, and silex remain undissolved; this may be 
filtered, washed, dried, and weighed. Oxalate of am-
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monia, added to a -few drops of the solution, diluted with 
water, will indicate the presence of lime by precipitating 
oxalate of lime in a white powder. In the same way, 
magnesia W a y  be detected^by basic phosphate of soda, 
which precipitates phosphate of ammonia and magnesia, 
even in a very weak solution, by stirring it with a glass 
rod. In the concentrated acid solution, alumina may 
be detected by adding some sulphate of potash in poŵ  
der, which dissolves or increases in bulk; in the latter 
case, it forms alum in crystals, which may be separated 
and dissolved in water. Caustic ammonia will precipi
tate alumina from this solution. Manganese cannot be 
detected utitil the iron is separated; this separation can 
be accomplished in the following manner: Dilute a few 
drops of the original solution with water, and precipitate 
the iron by means of a solution of galls; then filter; take 
the clear liquid, and precipitate by caustic potash, or 
soda: if manganese is present, a white precipitate falls, 
which alters its color by degrees into yellow, brown, 
and, finally, when exposed to the influence of the air, 
bldck. The presence of sulphur, or phosphorus cannot 
be ascertained in this way; but carbonic acid will rise 
in bubbles when the acid is poured over the ore; and if 
we intend to determine the amount of carbonic acid, the 
calcining of the ore powder is required before it is dis
solved. The loss of weight in this operation, with due 
allowance for the alteration from protoxide to peroxide, 
will' give the amount of water and carbonic acid. The 
foregoing manipulation will give the qualitative analysis 
of the ore; but if the quantity of matter in the ore com
position is required, the following method must be 
pursued:

Take a mixture of caustic potash and caustic sod̂ , 
each one hundred grains, and melt both together in a 
platinum, or better, a silver crucible; then throw in, by 
degrees, continually stirring, the one hundred grains of 
powdered ore. The alkali will dissolve silex, alumina, 
the sulphurets, and phosphurets, and leave oxide of iron, 
manganese, lime, and magnesia undissolved. The aque
ous solution may be filtered, and the residue dissolved
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in strong sulpimric acid, which dissolves the oxide of 
iron, magnesia, and manganese. Lime is left as a white 
powder, which is sjilphate of lime, gypsum. From the 
acid Solution, magnesia may be precipitated by basic 
phosphate of ammonia; the sediment, washed and cal
cined, leaves phosphate of magnesia. The remainder of 
the acid solution contains iron and manganese, which 
are to be separated by gallic, or succinic acid, which pre
cipitates the iron. This sediment may be ignited, leav
ing peroxide of iron. The manganese is to be precipi
tated by caustic potash, or soda; filtered, and dried. In 
this way we get the amount of iron in oxide of 
iron; the manganese; magnesia in phosphate of mag
nesia ; and the lime in sulphate of lime. The alkaline 
solutions of silex and alumina are to be saturated 
with sulphuric acid, which precipitates the silex in a 
white powder; this is to be washed and dried. The 
remaining alumina is yet held in solution, and may be 
precipitated, after neutralizing first with solutiob of 
caustic potash, by carbonate of ammonia. If sulphur is 
in the ore, it.may be detected by the smell of sul
phuretted hydrogen, when pouring the acid on the alka
line solution, or may be previously tested by acetate of 
lead. Phosphorus may be detected by letting fall a few 
drops of the alkaline solution into some lime-water, 
when phosphate of lime is precipitated, provided there 
is no carbonic acid present; this can be ascertained by 
testing the white precipitate by hydrochloric acid, which 
dissolves the carbonate of lime, but not the phosphate, 
if there is no excess of acid.

A quantitative chemical analysis may be seldom in
sisted upon by the iron manufacturer, and is not gene- 
ally considered to be actually needed. This may be, in 
some measure, true; but a qualitative analysis is almost 
necessary in every case. A good manager should be 
able to determine at least the quality of the matter of 
which his ore is composed. An analysis of this kind is 
very easily effected; and we shall describe a simple me
thod by which the component parts of any kind of iron 
ores may be discovered.
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Ivon ores are of various colors, and occur in the most 
various forms. The following is. the most simple test 
by which a given specimen of mineral may be deter
mined: Put it into a slow burning fire—say a common 
grate fire—and there leave it for twenty'^-four hours. If, 
at the expiration of that period, it shall have turned red 
or brown, it may be considered iron ore. We may also 
conclude that it is iron ore when, in turning black, some 
fragments of it are attracted by the magnet. If the sub
stance shall have turned white, it  will be either wholly 
or in greater part lim e; which, however, may be very 
useful under circumstances where calcareous ore is 
needed. This is an easy practical method of arriving 
at an estimate of a mineral species; but, with the excep
tion of the iron it contains, leaves us quite in the dark 
as to its component parts. I f  any specimen is proved 
to contain iron in sufficient quantity to justify the Manu
facturer in smelting it, it is of great consequence to know 
the foreign matter associated with it. To determine this 
point we proceed as follows:—

Sulphur exists in most iron ores, particularly the hy
drates, either in the form of sulphates, or sulphurets. 
To find sulphur, a portion of ore is pounded and passed 
through a fine silk sieve of 50 to the inch, and then 
washed with a large quantity of rain water, which must 
be previously proved to be free from sulphuric acid, by 
the fact that no precipitation occurs on adding a drop 
of a solution of chloride of barium. The wash-water of 
the powder, which may be boiled with the ore, is set to 
rest, that the iron may subside; and part of it is then 
tested with chloride of barium. I f  a white precipitate 
falls, we may conclude that the ore contains sulphuric 
acid. In some ores, particularly the yellow hydrates, 
sulphuric acid is not so readily detected. In such cases 
we must dry the washed powder, and expose it to a , 
gentle heat until it reddens, and again pour it into the 
water. If, after this, it shows no signs of a precipitate 
with chloride of barium, we may conclude that no sul
phuric acid is present. Chlorine is found in the same 
way, with the only difference that we use solution of
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nitrate of silver as a precipitant. If a white precipitate 
falls directly, we may expect that the ore contains a 
large amount of chlorine. But a small quantity of chlo
rine will manifest itself only after one or two days’ ex
posure of the solution to light, when it will gradually 
darken from violet to black. We may expect to find 
sulphuric acid and chlorine in the hydrates of the coal 
formation. Sulphur, in the form of sulphurets, may be 
detected by boiling the powder of iron ore in a solution 
of potash, which dissolves the sulphurets; and by test
ing that solution, when clear, with acetate of lead. If 
there is any sulphur in the ore, a black precipitate of 
sulphuret of lead will form directly,

The powder of ore, thus freed from sulphuric acid, 
chlorine, and sulphur, may now be dissolved in hydro
chloric acid; this acid will dissolve everything but sul
phate of baryta, sulphate of lime, silex, and carbon. 
Carbonic acid will escape with effervescence, and is easily 
detected, if present in any considerable quantity. If the 
insoluble residue is white, w'e may expect in it sulphate 
of baryta, silex, and a little alumina. The residue may 
be melted; fused with four times its weight of a mix
ture of carbonate of potash and soda, in a silver or pol
ished iron crucible; soaked in water, boiled, and filtered; 
and then saturated with hydrochloric acid. If a precipi
tate falls, it is silex; ^hile the remaining portion of the 
dissolved residue must be sulphate of baryta. Eeagents 
may now be employed to test the first hydrochloric solu
tion. The application of oxalate of ammonia to a fevV 
drops of this solution, largely diluted with water, will 
show the presence of lime; and caustic, or carbonate of 
ammonia, that of alumina. Sulphuric acid will precipi
tate barytes and lead. A bright iron wire, or blade of a 
knife, held in the solution for a short time, will show 
the presence of copper, by giving a coating of copper to 
the polished iron. Magnesia it is somewhat difficult to 
detect; but if it is not in too small amount, it may be 
detected by boiling the solution, from which baryta and 
lime have, by the above tests, been previously removed, 
with carbonate of soda; but more effectually, if we pre-
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cipitate all the substances in a part of the solution by 
carbonate of ammonia, and remove the baryta by sul- 
phuric acid, and the lime by oxalate df ammonia, neu- 
tralize by ammonia, and then precipitate by phosphate 
of soda, which throws down a basic phosphate of am
monia and magnesia. Acetate of lead is a very valuable 
reagent; it forms with any of the chromic solutions a 
yellow precipitate; with phosphoric acid a white, and 
\yith sulphur a black precipitate; but with a hydro
chloric solution it would form a white sediment of chlo
ride of lead soluble in excess of potash.; while the sul- 
phuret, chromate, and phosphuret are insoluble in that 
menstruum. I f  there is any zinc in the ore, it may be 
found, after the iron is precipitated, by sulphuretted 
hydrogen, provided the solution is previously neutral
ized; this precipitates a white sulphuret of zinc. For 
the purpose of detecting zinc, it is necessary to remove 
iron and everything else, by saturating the acid solution 
by ammonia, and by then testing with sulphuretted hy
drogen. The most common compounds in iron ore are 
yet left to be found; these are manganese and phos
phorus. Manganese is with • difficulty separated from 
iron; and to effect this separation we reconamend the 
solution of the iron ore in hydrochloric instead of nitro- 

• hydrochloric acid, because in the latter‘case the salts of 
manganese are very apt to oiidize more highly than 
protoxide, and are then inseparalole from iron. If the 
solution of the ore is acidulous, the manganese will be 
in the form of protochloride of manganese, and may be 
separated from the iron by boiling the solution to dry
ness, and by expelling all the superfluous acid. On re
dissolving ■ it in water, only the salts of alkaline and 
alkaline earths will be dissolved along with the manga
nese, and very little of the iron; this iron may be pre
cipitated by succinic, or benzoic acid, provided the solu
tion is neutral. After this we may detect iron by means 
of feiTocyanide of potassium, which, if the iron is all re
moved, ought not to change the color of the solution, 
but form a white precipitate with manganese. In a 
solution free from iron, the manganese will be precipi-
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tated by ammonia or carbonate of ammonia, which throws 
down a double salt of manganese and ammonia, For the 
same reason as that given above we recommend the sol
vent hydrochloric acid,dn an iron ore analysis, as the 
means of detecting phosphorus. The hydrochloric, solu
tion of iron, &c,, may be neutralized by ammonia, which 
separates the earths and a part of the iron, but leaves 
the phosphates in solution. The solution may be tested 
by chloride of barium, which produces in a neutral or alka
line solution a white precipitate of phosphate of barytes; 
this is redissolved by adding hydrochloric, or nitric acid.

Those acquainted with the use of the blowpipe are 
able to detect sulphur, phosphorus, arsenic, zinc, and 
other substances, more easily with that instrument than 
by any other means. (Appendix A.)

Poor ores, especially clay ores, are sometimes difficult 
of assay in the dry way, even though we simply want to 
know the amount of iron contained in them. The clay 
ores require an uncommon amount of alkaline flux, and 
lime is not sufficiently strong to*flux the alumina; we 
are therefore compelled to make use of potash, or soda. 
Both are very apt to perforate the crucible. A mixture 
of potash and borax answers better; but if too small a 
portion is used, all the iron is not revived; and if too 
much, the crucible is destroyed before iron begins to 
melt. In such cases, the best^plan is th?t prescribed by 
Fresenius, that is, to mix the powdered and calcined ore 
with cyanide of potassium, and to smelt the ore, and re
vive the iron, in a porcelain or platinum crucible, over a 
spirit-lamp, in which case an excess of the flux is of bftt 
little danger. This mode of analyzing is particularly 
useful where arsenic is combined with the ore, for it will 
reduce the oxides of that metal in the most easy way. 
The arsenic may be separated before melting the iron; 
or, if more arsenic is present than that required to form 
an arseniate of iron, it may be evaporated by heating to 
ignition in a German, or hard glass tube. Otherwise, 
the latter compound will remain in the crucible.

For special methods, and more complete analysis, see 
Appendix F .,

12
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CHAPTER V.

FUEL.

Remarhs.—I t  does not belong to our department to 
consider tbe many substances used to produce artificial 
heat. Of these chemistry treats. We shall speak of 
those vegetables and minerals alone which afford proper 
fuel for the manufacture of iron.

Wood.

Wood, in its raw state, does not constitute an avail
able fuel, because it contains a large- amount of water. 
This water contains more or less soluble minerals, and is 
called sap. By drying wood, a great part, but not all, 
of this water is evaporated. If  wood is dried in a closed 
vessel, and then exposed to the atmosphere, it quickly 
absorbs moisture; but the moisture thus absorbed is 
much less than the wood originally contained.

a. The amount of water varies in different kinds of 
wood, and also yaries according to the season. Wood 
cut in the month of April contains from 10 to 20 per 
cent, more water than that cut in the month of January.

The following table shows the percentage of water in 
different'kinds of wood, dried, as far as possible, in the 
air:—
B e e c h  . . . ' 1 8 .6
P o p la r  . . , 2 6 .0
S u g a r , an d  co m m on  M a p le  2 7 .p  
A s h  . . . * 2 8 . 0

• B irc h  . . . 3 0 .0
O ak , re d  . . . 8 4 .7
O ak , w h ite  . . 3 5 .5

P in e , w h ite  
C h e s tn u t  . 
P in e , r e d  . 
P in e , w h ite  • 
L in d e n  
P o p la r ,  I ta l . 
P o p la r ,  b la c k

87.0 
38.2
39.0 
45.5
47.1
48.2 
5L8

AVood, cut during the months of December and Janu
ary, is not only more solid, but it will dry faster, than at
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any other period of the year, because the sap by that, 
time has incorporated a great part of its soluble matter 
with the woody fibre; what remains is merely water.

&. Hard_ and Soft Wood are terms which, for our pur
pose, have no useful application. The ditference in 
chemical composition of the woody fibre, in most kinds 
of wood, is but slight, as the following analytical table 
shows;—

Ciwboti. Hydrogen. Oxygen.
S u g a r  m ap le . . 52.65 5 .25  4 ^ 1 0
O a k  . . . .  49.43 6.07 4 4 .50
P o p la r , b lack  . . 49.70 6.31 43 .99
P in e  .. . . . 50.11 6.31 43 .58

c. Of far greater importance to the manufacturer of 
iron is the specific gravity of the different kinds of wood. 
This is the proper criterion of their value, because wood 
is generally bought by measurement; and its specific 

• gravity is directly in proportion to its amount of carbon, 
hydrogen, and oxygen; and the carbon and hydrogen 
constitute fuel. The following table shows the specific 
gravity of wood. Water =1.000;—

O ak, w hite .
Green.

. 1 .0754
Air-dried.
0.7075

Kiln-dried.
0.663

O ak, red . 1 .0494 0.6777 0.663
P o p la r . 0.9869 0.4873 0 .4464
B eech . '0 .9822 ' 0 .5907 0 .5788
S u g a r  m aple . 0.9036 . 0.5440 0 .6137
B irch  . . 0.9012 0.6274 0 5 6 9 9
PinCj red  . . 0.9121 0.5502 0 .4205
P ine, w h ite . . 0.8699 0.4716 , 0 .3838
E b o n y ' 1.2260 *
G u aiac  (lignum vitffi) “ 1.3420 a

The value of wood by measure corresponds directly 
with its specific gravity after being dried in the kiln. 
Oak is, therefore, worth nearly as much again as white 
pine, for making charcoal. This subject deserves the 
close attention of the iron and steel master, for it is his 
business to select wood, and to regulate its price accord
ing to its quality,

d. Ashes.—The remains of wood after combustionj
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^denominated ashes, are of far greater importance than 
we would at first be inclined to believe. In the pro
gress of this work, we shall find that the production of 
iron from the ore depends, in some measure, upon the 
quality and quantity of alkali present; and we shall 
further find that even the mechanical form of the alkali 
is of consequence in the reduction of the ore. It is, there
fore, of no small importance to pay due attention to the 
composition of wood, in consideration of the amount and 
quality of ashes it contains. I t  is of more consequenee 
to know the amount of fixed alkali in the ashes than the 
quantity of mineral acids, because the former always 
predominates in wood, while the latter is so insignificant 
that it may be neglected.] I t  has been supposed that it 
is due to the large amount of these alkalies in charcoal 
ashes, compared with the ash of stone coal, and its pecu
liar purity and combination, that the iron made from 
charcoal is superior to that from stone coal. [The alkali
contained in wood is mostly potash, for soda is in so
small a. quantity, that it interferes very slightly in our 
calculations. W e give the araonnt of potash contained 
in 1000 parts of wood of different kinds, cut during 
winter and dried:—

C o rn  s t a l k s  . . . 17.50
S u n f lo w e r  s t a lk s  . . 20.00
T h is t le s , in  fu ll g row th  35.37 
S t r a w  o f  w h eat, before 1 

e a r in g  )
W o r m w o o d  . . 79.00

Besides potash, a large amount of lime commonly ex
ists in wood ashes. Lime is very favorable to the re
duction of iron ores, and deserves attention. It is 
generally understood that the potash or soda which 
exists in the ashes of plants is always in an inverse 
proportion to the amount of lime they contain. We 
give, in the following analyses, a compai'ative view of 
the amount of lime in 100 parts of different vegetable 
ashes:-—

P in e  o r fir  . . 0 .45
P o p la r  . . 0 .75
B e e c h  . . . . . 1 .4 5
O ak . 1 .53
A V illo w . . ,  2 .S 5
M a p le  . ' . . 3 .9 0
D ry  b eech  b a r k . 6 .0 0
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C arbon ic  acid
Beech.' Oak. Pine. Bark of Oak.
38.18 3 1 .3 0 18.09 38 .67

S u lp h u ric  acid 1.19 0 .90 3.75 0 .37
H y d ro ch lo r ic  acid 0.85 0 .62 0.00 0 .04
S ilic io u s  acid  (silex) 3.38 1.67 7.59 1.08
P h o sp h o r ic  acid 4.77 6 .27 0.90
P o ta sh 10.45 9 .43 16.80 4 .33
L im e 35.66 39 .95 34.67 4 7 .78
M a g n esia 5.86 7 .15 4.35 0 .75
O x id e  o f  iron 1.25 0.09 11.15
O x id e  o f  m anganese 3.77 2 .60 2.75 6 .98

The amount of ashes differs in different plants, as the 
following table indicates, and varies strikingly in trees 
and shrubs, and in trunks and leaves. There are, in 
100 parts of air-dried

Pine wood Î  young, 0 .12

B e ech  wood I 2'q2 
. \  y ou n g, 0 .37

W h eat straw , 5 .20

O ak  wood | 2’H( young, 0 .15

B irc h  wood I[y o u n g , 0.25
B la c k b e rry , 2.60

The amount, as well as the composition of ashes, de
pends, in a great measure, upon the composition of the 
soil in which the plant grows. But if the. chemieal com
position of the soil is not able to furnish the vital com
ponent parts of a certain genus of plants, this genus will 
decay, and its place will be occupied by a class more 
appropriate to this composition. For this reason we 
often see oak growing where pine has been cut, and 
weeds spring up where none have been sown.

The ashes of a pine tree in one place, hav6 contained
P o t a s h ......................................................8 .66
L im e  . . . . . .  46 .31
M agn esia  . . . . . .  6.77

While ashes of the same kind of pine, growing in an
other spot, have furnished the following result:—

P o t a s h .......................................................7.36
L im e  . . . . .  . 51.19
M agn esia  . . . . . .  none.

e. Practical Pemarks.—̂ The foregoing investigations 
and tables are only designed to present to the iron or
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steel 'manufacturer a comparative view of the relative 
values of wood. W e have seen that there is a great 
difference in the specific gravity of wood; and that the 
price per cord should vary in accordance with this differ
ence. Besides the attention which the specific gravity 
of wood demands, the consideration whether wood is old 
or young is very important. Young wood, saplings, if 
properly treated, generally produce a strong hard coal; 
old wood, when sound, is not inferior; hut dead or de
cayed wood is useless for the making of charcoal, and it 
is imperfect fuel for any purpose. Therefore a higher 
price may be paid for young than for the same kind of 
old wood, when other circumstances are equal.

Every attention should be paid to the proper season 
for cutting wood. The worst time is from February 
until September. I t  should be cut and corded in Octo
ber, November, December, and January; the best time 
is in the latter two months. Wood cut during winter, 
besides being ripe, will dry fast, and furnish a strong 
sound coal. Wood that is fresh and green is very apt 
to crack in charring, and produces-a small porous coal, 
unfit for use in the blast furnace. Besides, economy 
recommends the use of the winter months, for then 
workmen are more abundant, and wood is twenty-five 
per cent, more valuable.

.An acre, of 160 square rods, contains, on an average, 
thirty cords of wood; sometimes more, sometimes less. 
I t requires excellent timber to produce forty cords; and 
only very close timber will exceed that., The best tim
ber is always the cheapest, although it commands a 
higher price. There should be more than 600 cords in 
one coaling; else the business would be profitable nei
ther to the colliers nor to the master.

Peat.

This mineral fuel, as yet, is of but little consequence 
to us, because where there is not abundance of woqd 
there is stone coal; nevertheless, we will give it a cur-
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sory notice t)n account of its chemical composition, which, 
to iron workers, is not without interest, because the 
question has been of late years considerably agitated as 
to the use of peat in iron operations. I t has been found 
that peat is a most excellent fuel for the blacksmith’s 
forge, as in case-hardening, tempering, arid hardening 
steel, forging horse-shoes, and particularly in welding 
gun-barrels. For this purpose it is pressed and charred.

Peat is generally found in bogs, in horizontal layers 
from ten to thirty feet in thickness; sometimes in ,the 
form of a blackish-brown mud; sometimes it is a dark 
peaty mass, and often a combination of roots and stalks 
of plants; frequently the peat layers interchange with 
layers of sand or clay. Sea water is better adapted to 
the formation of peat than rain or spring watpr.

Peat is simply dug with spades, and then dried. If 
too moist to be dug, the half-fluid mass is’ piled upon a 
dry spot and there left until the water drains, and until 
the mass appears dry enough to be formed into square 
lumps in the form of bricks or rolls. In many instances, 
however, the freshly dug peat is triturated under revolv
ing edge wheels, faced with iron plates perforated all 
over their surface; through the apertures in these plates 
the peat is pressed till it becomes a kind of pap; this 
pap is put into a hydraulic press, and squeezed until it 
loses the greater part of its moisture. It is then dried 
and charred in suitable ovens. The charcoal made in 
this way deserves the notice of the artisan.

a. Ashes.—The amount of ashes in peat varies greatly; 
and, economically considered, ashes are of considerable 
importance. Some specimens contain only one per cent., 
while others contain thirty per cent., which, in direct 
proportion, diminishes the value of peat. But it is not 
so much the quantity as the quality of these ashes which 
interests hs. Their value as a fuel to the blacksmith is 
indicated by their chemical composition. I t is a re
markable fact that, in peat ashes, we never find any 
carbonated minerals; while they contain phosphates, 
sulphates, and chlorides.
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An analysis of peat ashes gave, in 100 parts,
L im e . 15.25
A lu m in a . 20.5
O x id e  o f  iro n . . 5.6
S i l e x . 41.0
P h o s p h a te  o f  l im e . 15.0
C h lo r id e  o f  so d iu m . 15.5
S u lp h a t e  o f  l im e  . . 21.0

In other kind^ of peat, thirty-four per cent, of phos
phate of lime, and six per cent, of chlorides, were found. 
The phosphates and chlorides have an excellent influ
ence upon the hardening and welding of iron and steel; 
and if we use peat for these purposes, we should analyti
cally investigate the composition of the ashes which it 
produces. •

Though the elements of peat ashes are beneficial to 
the working of bar iron and steel, it does not follow that 
they are equally beneficial in reducing iron ore; for in 
the blast furnace phosphates of any kind are injurious, 
and produce a cold-short iron. Therefore we should be 
very cautious when we recommend peat for the blast 
furnace. W e should recommend only such kinds of peat 
as contain neither too many phosphates, nor too great an 
amount of ashes; otherwise, we run the risk of producing 
bad work in the furnace. Dug peat, that is applicable 
for the smelting of iron, should never contain more than 
five per cent, of ashes.

h. Chemical Analysis of Peat.—The component parts 
of peat differ from those of wood. This difference is 
owing to the fact of its being decomposed woody fibre. 
We present an analysis of several specimens:—;

One hundred parts of good peat contained, besides 
ashes.

Carbon. Hydrogen. Oxygen.
K o . I .  5 7 .0 3  5 .6 3  31 .76
No. I I .  5 8 .0 9  6 .9 3  . 3 1 .87
No. I I I .  5 7 .7 9  6 .1 1  80 .77

AVe find here less oxygen, but more combustible mat
ter, than in wood.

c. P-actical Remarks.—Peat is a very imperfect fuel,
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because it generally contains too much foreign matter; 
and it is too expensive where wages are high. A great 
deal of it is used in different parts of Europe, where 
cheap labor and scarcity of wood and stone coal render 
it more available. But in this country there are few 
places where wood and stone coal cannot be had at rea
sonable prices, and, as yet, there is not much prospect 
of peat coming into use for the manufacture of iron. 
Still, it is unquestionably useful in working steel and 
bar iron. In such cases, however, it should be subjected 
to a chemical analysis. Peat should neyer be used in 
its raw form, but only when charred. "Where its com
position is shown to be favorable by chemical analysis, 
we need not be harassed in relation to its price, for its 
utility is so obvious that a liberal expenditure may be 
safely hazarded. The expense of peat, in comparison 
with that of wood or wood-charcoal, may be estimated 
by weight. The specific gravity of a cord of dry wood 
is from two to three thousand pounds; and, if we con
sider that air-dried wood contains from thirty to forty 
per cent, of water, the real amount of' combustible mat
ter in a cord is reduced from thirteen hundred to two 
thousand pounds. Air-dried peat always contains more 
or less water, and this is to be deducted before we can 
know its real value. The amount of water varies ex
ceedingly, ranging from ten to forty per cent. It can 
be easily expelled by weighing the peat when fresh, 
then exposing it to a boiling heat (212°), and again- 
weighing it. The difference is water. According to 
this, a ton of air-dried peat ought to be worth as much 
as a cord of wood, provided the quantity of ashes in the 
peat is not too great—say ten per cent. This quantity 
can be found by weighing a,piece of peat, and burning 
it slowly on a plate of sheet iron, until all the carbon is 
expelled. This operation requires a red heat. The re
mainder is ashes. If peat is dug for the purpose of 
charring, it is advisable to employ a good strong peat 
press. Peat, thus pressed, chars excellently, and yields 
a charcoal as hard again as the best sugar maple, or 
hickory coal. '
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C o a l .—Lignite, or Brown, Bituminous, Anthracite.

Coal may be conveniently divided into three distinct 
classes: The upper, or more recent geological deposit, is 
called lignite, or brown coal, distinguished by its color, 
which is mostly brown, and its texture, which is that of 
wood slightly charred. The second deposit of mineral 
coal,, generally called bituminous, or stone coal, is geo
logically below the lignite. This coal is black, more or 
less of a vitreous lustre, containing bitumen varying from 
ten to sixty pey cent., and called, accordingly, dry or fat. 
The third class in Our arrangement is anthracite coal, 
characterized by its great hardness, and the small amount 
of hydrogen it evolves. All mineral coal varies much in 
chemical composition, and ranges between peat and car
bon that is almost pure.

Brown Coal.—The external appearance and texture of 
brown coal vary as much as its chemical composition. 
Its color varies from a light brown to a deep black. 
Some specimens are very friable; others very hard. Its 
structure clearly shows it to be the remains of a vege
table world; for the identical woody fibre, the form of 
trunks and limbs of trees, even the minutest leaves and 
fruit, are exhibited with striking distinctness., Coal 
beds resemble an irregular pile of trees, limbs, and leaves. 
The powder of this coal id always brown. . Sometimes 
brown coal is called lignite, fossil wood, or bituminous 
wood—terms which are not sufficiently distinctive.

Brown coal generally contains a large amount of water. 
Some specimens contain forty-three per cent., and scarcely 
any contain less than twenty per cent. Exposed to a dry 
atmosphere, brown coal is very apt to fall into slack, and 
lose a great deal of its moisture; but it never becomes 
entirely dry. I t  is thus evident that this coal constitutes 
a very imperfect fuel—inferior even to peat.

The amount of ashes is less in brown coal than in peat, 
and varies from 1.50 to 27.2 per cent., as in Irish coal.' 
A remarkable difference sometimes exists in the quan
tity of ashes yielded by the same piece of coal. Brown 
coal is very seldom of any use in the manufacture of iron,
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partly on account of its friability and its moisture, but 
more particularly on account of the composition of its 
ashes. Its ashes generally abound in sulphates, or sul
phites, which impart sulphur to the iron, .and make it 
red-short. We should, therefore, be very careful in the 
use of this coal in iron, manufactories. We give an 
analysis of two different kinds of brown coal-ashes. In  
100 parts of ashes there were found:-—

S u lp h a te  o f lim e 
S u lp h ite  o f potash 
S u lp h ite  o f lim e 
S u lp h ate  o f iron 
S a n d

3.6
1.9

25.4
50 .0
19.1

Another specimen contained, in 100 parts of ashes,
Su lp h ate  o f  lim e ' .  75.50
M agn esia  . . . 2 .58
A lu m in a  . . . . . 11.57
O xide o f iron . . . . . 5.78
C arbonate o f potash . 2 .64
S a n d ............................................ . 2.03

The.amount of sulphur, as exhibited by these ana
lyses, is so great that it is dangerous to use such coal iri 
the manufacture of iron. If the quality of its ashes will 
permit its use in the manufacture of alum, it may be 
considered a very cheap and useful article.] I t is highly 
probable that much of this coal will be found west of 
the Mississippi, in the new States and in the Territories. 
Hence these remarks are of importance to those who 
may have their attention turned to its use in those 
regions.
‘ [The composition of the combustible part of brown 
coal forms the connecting link between peat and bitu
minous coal. The analysis of 100 parts of this coal 
gives us the following result:—

Friable brown, I.
“ “ i i .

B la c k  lign ite, I.
“  “  I I .

- Carbon. Hydrogen. Oxygen.
. 50 .78 4.62 21.38
. 70.49 5.59 18 .93
. b l .7 0 5.25 80.37
. 63.29 4 .8 9 , 2 6 .2 4
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The residue exhibits the amount of ashes. Nitrogen 
is frequently found in this species of coal, but it seldom 
amounts to 1.50 per cent, . . .*

Bituminous. Coal— Pit Coal.—This species of coal-poss 
sesses peculiar interest, because of the immense quantity 
of it which exists throughout the globe, and especfally 
in our own country. The Pittsburg coal field, consist
ing entirely of this coal, is superior in magnitude t0‘ 
any in the known world. Besides the coal field of Pitfs- 
burg, there are immense coal fields in Maryland, Virginia, 
Alabama, Illinois, and other western regions, which not 
only rival the largest in Europe, but which will afibrd*. 
in all time to come, an inexhaustible ^tore pf fuel. This 
species of combustible deserves* the special attention of 
the iron manufacturer. Its quality is generally good, 
its application simple,, and its price, beyond comparison, 
the most reasonable of any other kind.

Bituminous coal is characterized by its dark black 
color, and highly vitreous lustre. Its powdel is black. 
In soipe of this species, fibres of wood resembling moft 
charcoal may-be distinctly seen. Some speCipiens con- , 
tain mqre or less sulphur* in the form of the yellow suU 
phuret of iron, visible by the naked eye. , This is a me
chanical admixture. If  the quantity of this^sulphuret 
is very large, the coal is unfit for the manufacture of 
iron. This coal is mostly stratified parallel with the 
direction of the vein, and breaks into square,. almpst 
cubical pieces. ’ ,

Good.pit coal contains very little water in.admixture. 
Its close texture and its resinous character prevent the 
penetration of <air or water. But if th,e coal is very 
friable, which is frequently the case with the ej t̂ernal 
portion of the .veins, water may exist ip the crevices; 
but in amount so small as scarcely to injure the quality 
pf the,coal. . , .
’ Thfe ashes of bituminous coal are generally composed ofi 
silex Ind^qlumina^ seldom of lime, magnesia, or, any 
•other basd’; and for this I'Cason .possess muck interest. . 
Th8 ^mdlmt ,of ashes in th is ' coal varies from one to 
tw*nty-£ve |)dr cent.; coal which contains more than five
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per cent, of ashes shonld scarcely be used in the blast 
furnace. If  any is used which contains a greater per
centage than that, the furnace will not work well, and 
a great loss of iron, or the production of bad iron, is the 
consequence. Even in puddling furnaces a large amount 
of a?hes is injurious.

Eor the sake of comparison, we give* two analyses of 
ashes from this species of coal;—
»'■

Ashes from a species of French coal
yielded of

 ̂Sulphate of lime 80.0
3.8

14.2
1.7

White ashes of American coal
yielded of •

S i le x ..........................
L im e .......................... . 2 .5
Alumina . . . . . 8 .2
Sulphate of lime . . . 3 .6

L im e
Silex . . .
O x id e  o f  iron

We here obseirve the great preponderance of the elec- 
tromegative over the electro-positive elements. How 
far this circumstance interferes with .the manufacture of 
iron will be investigated under the heads of the theory 
of -the blast fqrnace, and the philosophy of manufactur- 

. ing wrought iron. . ^
Chemical Composition.—The chemical composition of

the combustible parts of bituminous coal ranges between 
that of brown coal and anthracite. An analysis of 100* 
parts of this goal exhibited the following result:4-*^* -•

Glance, coal.f
Carbon 9 0 .10  
H ydrogen  1.3* "
O xygen  6 .5  i

to 1.5 per cent.

S p lin t coal.^*

C arb on  70.9^, 
H y d ro gen  4.8 
O x y g en  24.8

Cannel coal.
C arbon 72.22 
H ydrogen  8 .93  
O xygen  21.05

1This coal generally contains from 
of nitrogen; which, however, for our purpose, is of no 
consequence, i* *  ̂ . *

■ The f.bove table shows that the quantity of hydrogen 
and oxygen is less than that in “woody "fibre, peat, and 
brown coal, a circunistanqe worthy of notice.

Practical Remarks.—Much, that is highly interesting^ 
•miglrt be said concerning this article, but we are jforfced' 
to condense our observations as olosel/ a%ipossible,

* A coarse kind of cannel coal, 
t  An anthracite of slightly bituaiioous nature..
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The thickness of coal seams, as .distributed in the 
stratified coal measures, varies from an inch to fifty 
feet. Veins less than two feet thick are hardly worth 
working. High wages would absorb nearly all the 
profit derived from working them; besides, such veins 
seldom afford as good a quality of coal as is needed for 
the ^manufacture of iron. These veins are generally 
slaty and sulphurous, and, except in cases of necessity, 
should be rejected. Veins more than two feet thick are 
generally of better quality, as well as more workable. 
In fact, coal three feet thick can be raised at very nearly 
the same cost as veins of greater thickness. In an 
economical point -of view, therefore, a thick vein pre
sents but little advantage.

Geologists have classified this coal from its external 
appearance, without any relation to its chemical compo* 
sition. The English coal-diggers distinguish four kinds, 
to wit: 1, cubical coal; 2, slate or'splint coal; 3, cannel 
coal; and 4, glance coal. Whether this classification is 
a correct one, we will not venture to say; for our pur
pose, at least, it has no specific use. The only exact 
basis of classification is that of chemical composition. 
But for the sake of usage we will adopt the'\ classifica
tion commonly presented. i

1. Cubical Coal—Pittsburg seam—is black,  ̂shining, 
compact, and tolerably hard. It comes from tthe mines 
in almost cubical masses. The general directiipn of the 
vein is that of the cleavage. This coal calces with 
facility, and on that account is valuable to thte black
smith, for it forms very readily a wall and a vaul|; around 
his fire.

2. Slate, or Splint Coal, seam next above tJi^ Pitts
burg, is of a dull black color, very compact, hardVr than 
cubical coal, and mined with greater diflicultV. It 
splits very readily, like slate, but resists cross fraAture; 
it separates in large, square-edged. masses, and lliurns 
Without caking. It is somewhat heavier than culncal 
coal, and frequently yields a considerable bulk of w'hite 
ashes.
an excellent fuel for the blast furhace.

Where it does not contain tocfmuch ashes, $1̂ is
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3. Cannel Coal generally lies in seams below the 
Pittsburg vein. Its color is between velvet and grayish* 
black; it has a resinous lustre. I t  is as hard as splint 
coal, kindles like pitch, and burns with a white bright 
flame. This coal works very clean in the mine, and 
scarcely soils the fingers when rubbed. It is found in 
Ohio, Missouri, West Virginia, and in other parts.

4. Glance Coal very closely resembles anthracite, and 
is of an iron black color. Occasionally, it exhibits an 
iridescence somewhat resembling that of tempered steel. 
I t has a beautiful metallic lustre, does not soil, and its 
fragments are' sharply edged. It forms coke with 
difficulty.

The classification just presented is unquestionably a 
very imperfect one, because it furnishes us with no 
marks by which the different classes are distinctly indi
cated. This is evident from the fact that the same vein 
not unfrequently contains all the varieties irfcluded in 

. the§e classes. A correct classification would include all 
bituminous coal, so called from its resinous aggregation, 

• and the amount of hydrogen it contains. This class 
may very easily be distinguished by its property of form
ing coke; for wood, peat, brown coal, and 'anthracite do 
not yield this article.

Mining of Coal.—Where coal fields are situated above 
the water level, and with the advantage of ascent, the 
working of coal is comparatively easy. The pit water 
flows off by itself, and there is but little trouble in ven
tilation. In siich cases, all that is required is, to open 
a drift, to timber it well at the mouth, and to make such 
arrangements in train or plank roads as will afford a 
quick and easy hauling. A very cheap and useful ar
rangement is that, formerly, of some Pittsburg coal- 
diggers. A two-wheel cart, of about twelve bushels 
capacity, is pushed on a plank track by a man, assisted 
by a strong dog, which runs before the cart. We have 
never found much advantage in a large, high, and wide 
drift or level. We have paid quite as high a price for 
hajjling by horsef or mules on an iron tram-road, as that 
paid for the use of the abbve-mentioned cart. Where
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a coal mine is very extensive, or where the wagons have 
to be pulled up an ascent, a wide track, and horses and 
mules, may be advantageous; but, considering the cost 
of a spacious drift, rails, wagons, &c., very little is gained 
in expensive improvements. A plank track is easily re
moved ; it may be turned in any direction, even to the 
very face of the work-rooms, and will last a long time, 
if constructed of good white oak. W e have paid twenty 
cents for hauling one hundred bushels from the room to 
the mouth of the pit, and tolerable wages were hardly 
made at that; while an equal amount readily pays rea
sonable wages, if the above-mentioned hand-cart or dog
cart is employed. If  locality, or other circumstance, 
does not permit an opening or drift according to the in
clination of the coal, it is necessary to drive a dead level 
in the coal to drain the mine of water; and in case this 
cannot be done, a dead level below the coal must be 
drifted until the coal is reached. This is illustrated by*
tile followins diagram: &, c, d, e,/ ,  represent coal

Fig. 17.

Draining level.

veins, and a dead or water draining level, which, of 
course, can be used as a winning level. The shaft h 
may be used as a ventilator of the pit, or both ventilator
and winning shaft.
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Coal veins, situated above the water level of the coun
try .may be worked at but little expense, that is, require 
no immediate capital; but if they are situated below the 
■\fater level, moi'e attention and greater means are re
quired. If  the coal is so low that a mine cannot be 
drained by a level, machihiery, either water-wheels or 
steam-engines, as welk as p ^ p s  to raise the water suffi
ciently high to periilut its nc>yv into the nearest river, 
must be resorted to. Nin such \ases vertical shafts are 
in common use. Such !a shaft is cpnstructed of timber, 
walled with stones or bmck, or ofNiron cylinders. Its 
dimensions depend entirray on the amount of coal re
quired to be hoisted. If Vhe section of such a pit, or 
shaft, is round, it should ne '^r be less tha^ten feet in 
diameter; it may be enlargfê d to t w e n t y S u c h  
a shaft must be divided into different compartments, one 
of which should be always reservi:\d for pumps and'water- 
pipes. The following diagrams Vepresent its yaHpus 
forms: a, a are designed for the pamps. If this shaf^

Fig. 18.

Sections of shafts.

is made of a square instead of a round form, it should 
not be less than eight, by ten, or ten’by twelve feet for a 
double pit. Where the coal. is not too far below the 
surface, say fifty or one hundred feet, inclined planes 
may, in some instances, be preferable to vertical pits. 
In such a case the section may be smaller, and the same 
railroad cai's that are’ used above ground may be used 
below ground. But whatever plan is adopted, the shaft 
should be sunk to the lowest point of the coal vein.

1 3
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The working of coal by means of a shaft is, in fact, not 
' 'more expensive than that of more highly located veins.
I t  is attended with some disadvantages to the workmen;

■ these are generally balanced by ĵ, good roof. But the 
expense of shaft ventilation, /engine, and pumps falls 
heavily on the proprietor; thfe-cmce met, the work may 
be prosecuted, cheaply and with letcdlity. A good circu- 

' lation of fresh air is effected only^at great expense, and , 
with considerable difficulty; th^  circumstance needs 
great attention in extensive co^l mines. There is no 
reason at the present time wh^ iron masters should go 
to a great depth /for coal. Coal above the water level 
is so abundant that any further consideration of de^ 
coal pits would be superfluous.

The mojire of working a coal Vein depends pi^ several 
circumsirmces: partly on the roof, upon the kindpf cotH| 
whetkbr for our own/jise or for the market, and ujJoa 
tlm^hickness of the vein. The following are the 
^ s  practised;— J  •

' 1. Working witk pillars and rooms, where thepillarsl
left bear precisely/thaf proportion to the coal excavated 
which is required to support the incumbent strata or , 
roof. These pillars are generally lost.

2. Working with post and. stall. Here the pillars left 
are of a larger size than usual, and stronger than is.̂ rc' 
‘quisite fof supporting the- superior strata. • These are 
so constructed that they may be rernoved whenever the 
regular work is done. This method of working is best 
adapted for coal veins more than thr^e or four feet, 
thick. ”

3. *'Working with post and stall, or with compara
tively small rooms. By this -method, an‘ unusually 
large proportion of coal is left, with a view of working 

.bacl^ward towards the starting point, whenever the coal 
field is worked to the whole extent; then by faking 
away every pillar completely, if possible, the roof is per
mitted to''fall in, following the miners as they retreat.

4. Taking out all the coal, and leaving no pillars at 
all. By. this plan, the roof falls in as the diggers retire.

The first two methods are practised for the thicker
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coal seams. "Where the veins are'thicker than three 
feet, the two latter methods are dangerous and ex
pensive. "Where the coal, roof, and pavement are of 
equal hardness, the first and second methods will answer ; 
but where the pavement is soft, the pillars should be un
commonly strong to prevent the sinking of the coal. 
They should be equally strong where the coal is' soft, 
for otherwise they would be crushed, and the coal lost. 
'The same principle may be extended to a roof that is 
soft and brittle.

Bearing all these circumstances in mind, it may be 
stated, generally, that, where the coal, voof, and pave- 
xpent are strong, all the above methods may answer; 
but where they are soft, strong pillars and rooms of 
piodterate size are required; in this way, when the 
miners, retreat to the starting-point, the greater part of 
the coal may be got out.-"
» The proportion of coal taken" out to that left in the 
pillars, when it is our intention to remoVe all the coal 

*̂ at th5 first woi'king, varies from four-fifths to two-thirds.
, A loss even of that amount throughout the whole area 
. of the coal field, ought to be prevented. If no accidents’ 

happen, this can be done by adopting the third plan,
* "When a .coal field is opened, and a systematical 
thethod 'of working is resolved upo'n, we should divide 
the coal field into square spaces, where pilihrs, rooms, 
and roads are properly laid' out. *In accordance with 
this plan must the air pits be situated, and a system of 
ventilation arranged which .will secure both the safety 
of the working men, and the progress of the oper3.tion. 
Where the coal is soft and friable, particularly where it 
is slaty and sulphurous, perfect ventilation is indispensa
ble. Hard, clean coal is n6t so dang'erons, and fequires, 
•therefore, less care. Coal pits ought to be opened in 
summer, and continued during winter; an air shaft 
should be driven during the winter, that a progressive 
work for the warm season may fee secured.

If the coal stands edgbwise, or nearly perpendicular, 
the thickest stratum of rock is the best place fo‘r driving- 
a shaft. The pit should be strongly tinjbered or Walled,
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to prevent its being crushed. Whenever the shaft has 
its proper depth, galleries must be driven across all the 
coal strata, as shown in Fig. 21. These galleries can be

Fig. 21.

Opening of galleries.

multiplied for the greater convenience of the winning. 
All the coal is taken out at the working shaft c.

For lifting coal in a shaft, chains or ropes are used; 
the former are dangerous, and often unexpectedly break. 
Hemp ropes are more safe, but they are expensive. 
We doubt whether wire ropes will, in all cases, answer 
the purpose;' for, besides the friction of coal, sand, and 
mud, the pit water is very destructive. For these rea
sons, hemp or mahilla ropes are, in some mines, proba
bly the cheapest as‘well as the best.

If coal veins are not horizontal or vertical, the best 
plan is to follow with the shaft the dipping of the coal, 
and hoist on an inclined plane or “ slope.” All the 
other arrangements, as pumps, &c., should be con
structed in accordance with this principle.

The price of digging coal varies much. In Frost- 
burg, 'Maryland, a ton of coal, is dug in the thick or
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twelve feet vein at twenty-five cents; in thinner veins, 
in the same region, at from fifty to seventy-five cents; 
sometimes as high even as a dollar is paid for a ton of 
twenty-three bushels. In the Pittsburg vein, the price 
varied, formerly, from^one cent and a half to two cents 
per bushel, and a vein of the same thickness, twelve 
feet, could be dug in the counties of Armstrong and 
Westmoreland, Indiana, at one cent a bushel. Great 
difference in* the ^rice is occasioned by the difference in 
*the quality of coal—whether it is designed for our own, 
or for market use. If the coal is to be ,screened, and 
the slack removed, workmen demand, and of course de
serve, higher wages, than when mixed coal and slack 
are received. Wages also depend, in a great measure, 
on the quality, softness or hardness of coal, upon the 
thickness of the vein, and upon the roof and pavement. 
Workmen may make good wages at one cunt a bushel 

.in one place, and poor wages-at five cents a bushel in 
another place. As a general rule, a six feet .vein, with 
a strong, hard roof and pavement, and a strong coal, 
with soft undermining, is, of all others, the most favora
ble. The hauling of coal frpm the work rooms to the 
mouth of the pits is a matter of great importance, for 
imperfect roads, wagons, water, &c., bear heavily upon 
the transportation of coal. In one case ten cents a ton 
may be apiple remuneration; while, in another case, re-, 
spectable w-ages cannot be made at thirty cents a tonf 
Sometimes one set of hands contract both for hauling 
and digging. This is a good arrangement; but, where 
the coal mines are extensive, it is not practicable.

The most prevailing method of valuing coal, as well 
in trade as in digging, is by measurement. Any intel
ligent man must be convinced that this is a very iniper- 
fect method of valuation. The value of coal can be de
duced from its specific gravity alone; and therefore 
depends upon its absolute weight. A proper deduction 
must of course be made for the ashes i t’ contains. The 
specific gravity of coal varies, somietimes in the same 
vein, from 1.2 to 1.9—a difference of thirty pen cent. 
That is to say, a given quantity of coal may furnish just
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thirty per cent, more combustible matter than another 
equal quantity in the same vein. Sooner or later, 
measurement by weight will be generally introduced in the 
coal trade. This will benefit the producer no less than 
the consumer. W hether a ton is assumed to be 2000 
pounds, or 2240 pounds; whether this or that standard 
of measurement by weight be adopted, it is certain that 
uniformity of estimation would soon settle the real value 
of coal. In our case, this method would be even of more 
consequence than to the public and the trade genei'ally.t 
In England,' coal is sold by the chaldron; in Germany 
and France, by weight; in the United States, by almost 
every A'ariety of weight and measure.

Anthracite.

The following incidents in the history of the earliest. 
attempts to introduce anthracite into the blast furnace, 
we received from David Thomas, Esq., of Catasauqua, 
Pa., and they will be interesting in this place. Mr. 
Thomas had tried charges of anthracite one-half, one- 
twelfth, etc., to one of Cplje, with no good result, at 
Yniscedwyn, Wales (Ynis, Island, pronounced Innisked- 
win). In 1817 there was in that region but one fur
nace.. I t  was in the spring of 1826 that-the experiment 
with anthracite was tried. The /urnace was built in an 
anthracite region, but other coal was brought by water 
from fourteen miles distance. In  September, 1836, he 
received a pamphlet from Neilson. Mr. Thomas was in 
the habit of supping with Mr, Crane, the proprietor of 
the works. One <night while talking “ Coal and iron,” 
he took up' the bellows and bleyr upon the anthracite in 
the grate, near to which they were both sitting. “ Now,” 
said Mr. Thomas, “ if we had Neilson’s hot blast," what 
would prevent the use of anthracite, which is> found all 
about u sf’ The next morning Mr. Crane asked Mr. 
Thomas if he had thought of the suggestion of the pre
vious night. Mr. T.’s reply was that he had “ scarcely 
slept for the thinking.” Mr. Crane asserted that he 
also had been sleepless under the excitement of the same
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thoughts. It was then suggested that Mr. Thomas 
should go up to Glasgow immediately and see Neilson. 
Mr. Thomas went, and at the Clyde works, obtained the 
castings, had them shipped, and after some little delay, 
the hot blast was in operation and succeeded at the first 
to perfection. The bosh of this furnace was eleven feet, 
height thirty-five feet, pressure about four pounds.

This was the first successful application of anthracite 
to smelting iron tn the world. Mr. Crane was not a 
pi'acti’cal iron manufacturer, but brought up in the hard
ware iron business. Mr. David Thomas, now living in 
a hale old age at Catasauqua, Pa., was the man to whom 
all the credit is to be given.

The coal of Swansea is bituminous low down, and 
semi-bituminous near the surface'; that at St. David’s is 
anthracite, and the anthracite of Wales is so much like 
our Pennsylvania anthracite that no one could easily 
perceive any difference. The three upper veins of Swan
sea are semi-bituminous.

When the successful application of anthracite to the 
metallurgy o# iron in Wales was apparent, the owners 
of some anthracite mines largely advertised the Welsh 
success in the London mining journals. The success 
thus announced attracted the attention of gentlemen 
interested, in this country, and Elisha Hazzard went to 
Wales and invited Mr. Thomas to this country. He 
agreed to go, and signed the agreement December 31st,
1838, at T2 o’clock midnight. Burd Patterson built the 
furnace (the Pioneer) at Pottsville, Pa., where the at
tempt was first made, and the furnace was finished Oct.
1839, for WTlliatn Lyman, of Boston, but he gave up 
business a few’months afterwards, and the attempt to 
use anthracite was abandoned at that time. Mr. Thomas 
first came to CataSauqua and put up Furnace No. 1 
(Crane iron works), at which furnace that first success
ful effort at making anthracite iron was attempted, which 
has been continued'ever since. For some time it was 
considered hopeless by Outsiders, and one’ iron master 
promised Mr. Thomas to “eat all the iron he could make 
by use of anthracite.” Some months after Mr. T.’s sue-
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cess, he was breakfasting in Easton, Pa., at (formerly) 
White’s hotel, when, the gentleman being present who 
made the oifer, Mr. Thomas informed him that he now 
had some hundreds of tons ready for his dinner!

To-day, perhaps, the most magnificent blast engines 
for metallurgical works in the United States are to be 

 ̂found at these very Crane iron works, upon the Lehigh, 
four miles above Allentown, Pa. The following are the 
dimensions of No. 7 engine:—

D ia m e te r  o f  s te a m  c y lin d e r  . . . . .  66 inches
D ia m e te r  o f  b lo w in g  c y lin d e r  . . i 108 “
L e n g th  o f  s t r o k e .....................................................  10 feet
D ia m e te r  o f  f l y - w h e e l ........................................  80  “

. W e ig h t  o f  w a lk in g  b e a m ...........................  6 8 ,000  pounds
^D elivery  o f  c u b ic  fee t p e r  m in u te , a t  15  

S t ro k e s  p e r  m in u te  . . . . . .  .15 ,000 .

This splendid engine is one of the result's of the en
terprise of the year just past, 1868, inaugurated by those 
truly “ iron” men and masters at both the Crane and the 
Thomas works on the Lehigh, for the engines at the 
Thomas work's are equally splendid, varying, we under
stand, by only the imaginary difference of thirty-five 
pounds in the beam. This is the’ progress' of tvrenty- 
nine years.

Anthracite is too compact to absorb much water, 
or to contain it in admixture. The amount of ashes is 
often very considerable, varying from one to thirty per 
cent. Their chemical composition is princip'ally silex, 
with but little alumina, and sometimes oxide of iron.

Chemical Composition.—The com position* of anthra
cite resembles very closely that of charcoal and coke. 
Hydrogen and pxygen,*gradually diminishing, amount, 
in the most perfect specimens, to scarcely anything. 
We* present an analysis of anthracite:-—

. > Pennsylvania. South Wales- Massachusetts (Worcester).
C arb o n  9 4 .8 9  C a rb o n  9 4 .0 5  C arb o n  28  35
H y d r o g e n  2 .5 5  H y d r o g e n  3  3 8  H y d r o g e n  0.92
O x y g e n  * 2 .5 6  O x y g e n  2 .5 7  O x y g e n  2 .15

A s h e s  68.65

Practical Remarks.—Anthracite which contains more
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than five per cent, of ashes is a great trouble in the blast 
furnace, and but little better in the puddling and reheat
ing furnaces. But good anthracite is undoubtedly the 
most perfect of all fuels for the manufacture of iron. Its 
application is simple", its hardness prevents it from fall
ing into slack; and the small amount of hydrogen it 
contains makes it advantageous for the blast furnace 
operation. By proper application, anthracite will super
sede, in econon)y,'hituminous coal. The mining opera
tions of anthracite are more simple than those of bitu
minous coal. Less danger is to’ J>e apprehended from 
the effect of bad air or coal-damp; therefore less ex
penditure for ventilation. I t is so hard that the last 
remaibs of coal can be removed from the mine, and 
hence less expenditure for the coal.

General Remarks on Fuel.—Wood is yet S o 'abundant 
in some parts of the United States, that charcoal fur
naces and forges may be carried cn for a great length of 

* time,- without apparently diminishing its quantity;, stilb 
so rapidly are civilization and wealth progressing, so 
rapidly is the consumption of iron augmenting, that pur 
attention cannot be otherwise than forcibly turned to. 
mineral fuel as a substitute for wood in the manufacture 
of iron. Peat, or turf, is not sufficiently distributed, nor so 
fully introduced.into the market as to deserve much atten
tion. There are peat bogs in the States of New York, 
Michigan, Rhode Island, New Hampshire, Maine,^Mas
sachusetts, and in other States; but its application in 
our country is limited and it will not be used to any 
great extetit for iron manufactures for years t.o come. 
In France, Germany, Bohemia, and Russia, peat is used 
for the manufacture of iron; but here  ̂independent of 
any other cause, the cost of peaf would prevent its appli
cation for this purpose. ► In countries where no mineral 
coal exists, its application ’may be advantageous. The, 
reasons we have given against the use of peat, apply 
equally well against the use of brow-n. coal.. Some kinds 
of lignite constitute a good fuel in the puddling fur
nace, as well as in reheating and sheet ovens; but their* 
application to the blast furnace must be very limited.
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Lignites found in the United States are very properly 
used only .for the manufacture of alum and'copperas.

Of all the coal deposits, those of anthracite and bitu- 
.minous character deservd our closest attention. Their 
utility in the manufacture of iron, and their ex'traor- 
dinary>magnitude throughout the United States, give to 
the iron business of this country prospects the most flat- 
tering'of those of any nation, or of any time. England 
•was once supposed to include the great coal deposits of 
the world; but these shrink into insignificance when 
compared with the gigantic deposits of the United 
States. The amount of coal distributed throughout the 
world is as follows:^

U n ite d  S t a te s  o f  A m e r ic a  
A n th r a c ite  o f  P e n n s y lv a n ia  .
B r it i s h  A m e r ic a  
G r e a t  B r ita in  a n d  I r e la n d  
S p a in  , . . ^
France .........................................
B e lg iu n l  .  . .

130,000 square miles 
470 “

18,000 “ “
12,000 “  “

4.000 “ “
2.000 “

■ 518 “ “

How great the prospect, how extensive and durable 
the’ basis of comfort, prosperity, and happiness, to the 
citizens of the United States, this i.mmense wealth of 
mineral fuel discloses! The distribution of coal through
out the different States of the Unio.n is as follows:—

. A la b a m a ................................................ ............ 8 ,4 0 0  sq u a re  miles
G e o rg ia  .
T e n n e sse e  
K e n tu c k y  
V ir g in ia  .
M a ry la n d  
O hio
In d ia n a  .
I l l in o is  .
P e n n sy lv a n ia  
M ich ig an  .
M isso u ri . .

By this table, we find that England, Ireland, Scot
land, and Wales united, contain about as much coal as 
the State of Ohio. We have omitted, in the above esti-

150 u u
4 ,8 0 0 u u

13,500 u u
21,195- y u

550 u u

11,900 u ik

7,700 . a u

4 4 ,0 0 0  (?) a u

2 0 ,000 u u

5 ,000 « i(
6 ,000 u
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mate, the smaller coal tracts in different States, as not 
wortk mentioning.

United States Coal Measurement 
O rd in ary  estim ate ot b its-  ’ .

m in o u s co al; . . , . 28  b u s b e l s = l  ton at 2240  lb s . '
A t  so m e places, . . . .  30 “  “  “
W e  a lso  find it stated a t . 26 “  “  “
A t  E ich m on d , V irginia, coal pits, abu sh e l 5 p e c k s = 9 0  lb s.
T h e  sa m e  coal on board a vessel “  = 4  “  = 7 2 . “

In the south, bituminous coal is^old by the barrel, 
weighing 1021=13 barrels=Tton.

In Kew York, as well as Boston, and elsewhere in 
■ the East, a ton of coal= 2000 lbs.* ,

On the State Canal and Tidewater Canal, Pa., toll *is 
levied at 1000 lbs. ' ,

In Pennsylvania, Ohio, atid several other States, a* 
bushel = 80 lbs. of coal. ' ’ .

Nova Scotia coal is sold by the chaldron=3360 lbs., 
or 42 bushels.

In Boston, the retail chaldron is but 2500 or 2700 lbs.
Prices of coal at the pits:—

In  P ran c e  . . . .
“ Germany .
“  E n g la n d  _ .
“  P en n sy lvan ia  (anthracite) 
“  P it t sb u rg  (bitum inous)

$1 50 to $3  5 0  p e r  ton
1 75 “ 2 5 0  “  •“
1 50■  “  2 5 0  “
2  00 “  2  25  “

50 “  1 00

u

Only a few years ago, the sources of heat for all metal
lurgical purposes were confined to the best qualities of 
charcoal, and to anthracite and bituminous coals. Ante
cedently, they were still further limited to bituminous 
coal ^nd to charcoal, the bituminous being'used either 
as “ raw” or coked, the anthracite being characterized 
as coal that will not “coke,” a term which expressed 
that condition in which the bituminous or hydro-carboni
ferous substances were absent, having been driven off by 
heat. Late inventions, however, especially that of thp 
Siemen’s furnace, enable'us', in the rolling mill, not only 
to use inferior kinds of bituminous coal, but also peats of 
various qualities as well as lignites, and perhaps, may
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enable us, hereafter, to* use the lower grade of peat, 
known in other countries as turf. In many places iron 
companies are turning their attention to the working or 
“ winning'’ of their own bituminous and anthracite coals. 
Fuel, therefore, of little importance to one company, may 
be of great importance to others. I t  is for this reason 
that we treat not only of those fuels which are used at 
present, but also of those which will, with all probability, 
in a few years, be used, where now they are not used. 
In  Styria both lignite and peat are used with a great 
degree of success in puddling iron, and ,there is no rea
son why the same may not he done in this country. 
The comparative effects in the furnace are noticed, here- 

* after, under “ Practical Remarks upon Puddling.” Peat 
is no\^ being prepared, by processes adopted in Massa
chusetts, and in New Yoirk, near Lake George, and 
elsewhere, so that it is dry and burns well, but as was 

'intimated, great care must be used to avoid this fuel 
when rendered either unecdhomical, or injurious to iron, 
the former by water, the latter by chemical ingredients.

But the points of great practical difficulty are found 
in the varying amounts of weights and of quality in 
mineral fuel, and particularly in anthracite. These pecu- 

Tiarities have probably'caused niore Ipss in iron manu
facture thati mauy are aware of. A review of the' fol
lowing‘tables will show the variations of weight, and 
hence density of coals from different regions.*

Anthracite and Anthracitous Coal.
E U R O P E . S pecific W eigh t per cefiic

g ra v i ty . y a rd  in pounds.

Soatb W a le s S w a n s e a  . . . . . 1.263 2,131
Cyfarthfa . . . 1.337 2,2,56
Yni.scedwrn ., . . 1.3.')4 .2,284

Average . ' . .  1.445 2,278
Ireland, m e a n ........................................ .  f.445 2,376
France:—A  llier . . . . . . 1.380 2.207

T a n t a l ........................................ . 1.390 2,283
B r n s s a c ........................................ . 1.4.30 2,413

Belgium:—Mons . . . . . .  1307 2,105
W e s t p h a l i a ........................................* ’ .  • .  1.305 2,278
Prussian S a x o n y ........................................ .  1,‘466 2,474
Saxony ,  .................................................. .  1.300 2,193

^  Average of Europe • 2,281

* ModiGed from  T ay lor’s C oal S ta tis t ic s , by Dr. tire.
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Weight per cubic 
yard in pounds.

2,240
2,327
2,484
2,382
2,440
2,649
2.700
2.615 
2,646 
2,884 
2,313
2.700
2.700
2.615 
2,869 
2,715 
2,882

' 3,054
2,601 

♦

AMERICA. Specific
gravity.

Pennsylvania;—Lyken’s Valley . , . 1 .3 2 7

Lebanon Co. Gray Vein . . 1.379
Schnylkill Co. Lorberry Creek 1.472 
PoUsville Sharp Mountain . 1.412

“ Peach “ , 1.446
“ Salem Vein . . . 1.574

Tamaqna‘Worth Vein . . 1.600
Mauch Chunk . . .  . 1.550
Nesqaehoning , . 1 .5 5 8

"Wilkesbarre, best , . . 1.472
"West Mahoney . . 1.371
Beaver Meadow . , . 1.600
Girardville . . • i • 1-600
Hazleton . • . . . 1.550
Broad Mountain . . ,1 .7 0 0
Lackawanna . . ' . 1.609

Massachusetts-.^Mansfield • .  . . . 1.710
Bhode Island:—̂ Portsmouth . . . , I.BIO

Average in the United States

‘From an examination of the above tables, it is plain 
that the linthracites of Europ*e and of the United States 
vary in weight per‘cubic yard in proportion of 2281- 
lbs. to 2601, and by calculating the average specific 
gravity, it will be found that that of European anthra
cite is 1.366 against 1. 541, which is very nearly cor
roborated by the proportions in which the \Veights per 
cubic yard are taken as element’s, as the following pro
portion will show, viz.:—2.281 : 1.366 ::  2601: 1,557, 
wlierein the specific gravity, 1.557, varies very little 
from 1.541 for the practical purpose to whiqh we yefer.

Thus far it, is plain that the anthracites of Europe 
differ from those of the United States, and, indeed, so 
much so, that the latter are 12.8 per cent, heavier than 
the former. But our practical object leads us to pass 
from this part of the subject to another, although we say, 
in passing, that that fact alone.is sufficient to.show that 
the furnace treatment in the two parts of the world may 
differ materially for the same reasons adduced hereafter.

Whilst this difference exists in regions so fiir apart, 
we find, from the same tables, that even in the United 
States the‘difference of densities is'equally great, for 
in this case the specific gravity and density are, prac
tically, the Same. It is well known among those ac
quainted with the anthracite basins, not of Pennsylvania,
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Massachusetts, arid Rhode Island, the latter two scarcely 
worth mentioning, but of Pennsylvania alone, that even 
on a line of only ten miles the eastern coals are denser 
than those of the w-estern slopes of the same continua
tion. Now, by an examination of the anthracites of any 
one section by itself, it will be seen, that the [density 
varies considerably. Notice the progressive variation in 
the same district of the' southern, or Schuylkill field, 
Lyken’s- Vklley, Pottsville, and XaRiaquR being the 
representations of the western, middle, and eastern 
pai'ts of the same line and basin east and west. The 
variations are as 1.327,'1.412, 1.600, that is, the coal' 
at Pottsville is 6.4 per cent, denser than that at Lyken’s 

^Valley, vvhile that at ^amaqua is over 13 per-cent, 
dense^  ̂than that at Pottsville, and no less than twenty 
per cent, denser than that at the west end. But still 
more important is the fact 'that in the same immediate 
region these coals vary as seen by* this table. Notice 
the Variation in the Pottsville coals alone.

Now the practical bearing of this variation upon 
metallurgical matters is this, thqt an increase of density 
of all fuel, as* in this case of coal, requires very material 
valuations in the mode of furnace management, a differ
ence in the pressure of blast, an increase or decrease in 
the temperature of the liot blast, and a corresponding 
variation in the nature and proportions of the charges of 
ore and flux, or a variation in the quality or quantity of 

‘ the iron made will certainly follow.
But further, we would direct attention to the follow

ing table:—
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View of the Comfosilion of some of the Anthracite Coals of 
Pennsylvania.

Locality of coal. Sp. Gr. V ol..
m atter.

Carbon. Ashes.

1. Summit Co.’s lands, Ijead of Beaver Creok 1.660 6.42 97.30 1.28
2. do. do. 2d bed . 1.594 4.31 91.69 4.00
3. do. do. 3d bed , 1.613 7.51 87.48 5.01
4. do. do. 4th bed . 1.630 9.60 85.34 5.06
5. Stevenson’s Blnff, west of Beaver Me*- 1.613 9.23 86.06 3.71

' 6.
d o w  . . . . . . .

Buck M o u n ta in .................................... 1.559 5.M- 91.02 . 3.08
7. Sugar Loaf Company, 1st specimen 1.591 6.98 88.19 4.83
8 . “  “  2d bed 1.574 5.36 85.91 8.73
9. “  “  “  same bed but fur

ther down the slope' . . . . 1.550 6.87. 90.71 2.42
10. Lyken’s Valley, 1st sample .

“  ‘ 2d “  . . .
1.391 7.60 87.95 4.45

11. 1.404 5.95 89.30 4.7b*
12. “  “  3d “  . . . 1.416 10.00 85.7(i 4.30
13. “  “  4th “  . . . 1.374 4.60 88.70 6.70
14. “  “  5th “  . . . 1..376 8.35 87.75 3.90
15. “  “  6th' “  . . 1.395 8 . M 88.66 3.05 ,
16. “ “ 7th “ . . . 1.3$2 8'.65 87.20 4.15
17. “ “ 8th “ . . . 1.398 ii.a5 84.00 4.15
18. “ “ . 9th “ . . . 1.378 7.30 87.b0 5.70
19. Mauch Chunk, Summit Mines 1.590 7.90 87.10 5.00
20. Room Run Mines . . . . 1.604 6.15 87.20 6.65
21. P o t t s v i l l e .................................... 1.569 6.71 86.54 6.75

In regard to this table, which is the result of Prof. 
AValter R. Johnson’s analyses, that gentleman says, that 
the first nine give a fair average of the coal at the east
ern extremity of the middle coal field, and show that the 
volatile matter is 6.91, the fixed carbon 88.744, and the 
ashes 4.346 per cent. The second nine give the charac
ter of the northwestern termination of the southern 
anthracite field. The mean per cent, of volatile matter 
is here 8.066, of carbon 87.36, and of ashes 4.574. The 
latter ingredients being similar to those in the coal used 
by Mr. Crane in his iron works in South Wales. Now, 
white we notice the increase of volatile matter and the 
decrease of specific, gravity as we go westward, we would 
turn attention to the fact that While, in the same mine, 
the density is increased, the amount of carbon is fre
quently not increased, as in the case of the first and 
third of the mines in the list. And we .Would turn at-
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tention particularly to the further illustration of this 
fact in the instance of the 18th locality and 9th sample 
of Lyken’s Valley coal compared with the Maucli Chunk 
summit mines coal, wherein the latter is more than 15 
per cent, heavier, and yet has only the ten^h of. one per 
cent, more carbon to show foT all this increased specific 
gravity.

These two facts, therefore, are apparent, that in the 
same region, there is often (1) a great , variation in the 
density of coal, and (2)i that there is frequently within 
the same limits a very great variation in the heating 
value of the coal. In  the latter case, for instance, the 
iron-master has received a coal from the same region 
which contains, for the same weight, ten-per cent, less 
heating power, and which, having ten per cent, less car
bon, will of course give out less CO gas, decreasing the 
heating power of the hot blast, and, as, in a large .num
ber of our furnaces, the coal is the constant quantity, 
bringing about soon an entire change in the character of 
the iron produced, while to the eye of the iron-master 
there is no exhibition of any change in coal, ore, or 
limestone. W e have no doubt that vast sums have been 
lost and much trouble has been occasioned by the simple, 
fact that the coal has become altered in density, amount 
ofcarbon, or of ashes, although from thq same region. 
•We think, thbrefore, that in addition to the care be
stowed upon limestones and ores, some more care than 
has previously been bestowed shall have yet to be paid 
to the nature, and heating value, of the coal used in the 
furnace when those unaccountable perplexities happen 
at some furnace and which are only altered after long 
seasons of vexation and loss have transpired.

The above facts have pr*esented ‘ themselves to us 
especially as applied to the Schuylkill coals, for through 
the kindness and skill of Stephen Harris, Esq., of Potts- 
ville. Pa., whose knowledge of that and adjoining rain
ing regions has been extensive, and as «an Engineer, 
very accurate, we have obtained a collection from eighty- 
four collieries and branches, covering a very large variety 
of places, all of the specimens being of merchantable
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' coal, and the remarks we have made are sustained by tho
rough and careful examination of this region alone.

In addition to what we have said, it is of importance 
to call attention to a condition of coal which may easily 
be recognized by the eye. It Jis that in which small 
pearly white flakes are seen in fine fissures in the coal. 
An analysis, made at our request, by E. S. Moffat, 
proves them to be silicate of alumina in its most infusi
ble condition, somewhat altered’in various coals (APO® 
32.31, Ee'O® 2.45, SiO® 54.46,CaO 7.58, S 3.47 =-100.27). 
The presence of this impurity, because of its singular 
mechanical disposition, causing such minute divisions, 
or walls, in the substance of the coal, reduces its heating 
power in some cases nearly, if not quite, ten per cent. 
Some ten tons of this coal, last summer (1868), were 
tried at the rolling mill of Stewart & Co., Easton, Pa., 
because of the persistent recommendation of a coal agent, 
notwithstanding attention was called to the peculiarity. 
We were informed that, before a ton was used, the fur
nace was in such a condition that the coal had to be 
thrown out and new coal introduced. We mention this 
establishment because of the nature, of the iron used and 
made there, since great care must be exercised in the 
heating, and any variation in quality of coal is imme
diately detected.

From the above facts it is plain, that, in regard to an
thracite, judgment must be exercised as to the quality 
of the coal used, or else serious disturbances may occur 
when every other condition is in good working order.

Charring of Wood.
The most ancient way of making charcoal is, simply, to 

dig a hole in some dry place; to fill it with wood, and 
to burn a part of the wood until sufficient heat is pro
duced to char it thoroughly; the wood is then covered 
with sod, or sand, or coal dust, to keep the air out; the 
charcoal will remain in the pit. The proper time of 
throwing on the covering is a matter of practical im
portance. This mode of charring is very imperfect, and, 
at present, is practised only among some uncultivated 

14
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nations; it makes bad, light fuel, and furnishes it only 
in small quantity.

Charring in Heaps, Kilns.—To build a kiln or heap, 
a dry, sandy, and, when possible, level spot, in the 
woods, is selected, protected from wind and gales, and 
as close to the cord wood as possible; the earth is to be 
leveled, dug, and tilled, to remove stones and stumps, 
and sufficiently large to permit the building of a heap of 
thirty feet in diameter. A circular space o^from forty 
to fifty feet in diameter will thus be required. Great 
care should be taken that no spring, or water of any 
kind, is in the neighborhood of the level, and that sud
den rain shall not overflow it. When the ground is 
leveled, and pounded as solidly as possible, the hauling 
of cord-wood should be commenced; this wood must be 
piled vertically around the circumference of the hearth 
or level, as represented in Fig. 22. The opening a, suf
ficiently large for a sled to enter, is left on the most con
venient part of the ground, accessible by horses or oxen.

Fig. 22.,

Hauling the wood to the hearth.

After all the wood is put around the hearth, the hea
viest billets always to be placed inside, the collier puts 
either one stick, or, what is better, three stout sticks of 
about ten feet in length, right in the centre of the hearth, 
fixes them firmly in the ground, and then fastens or 
binds them with withes, so as to form a chimney or 
draft-hole in the centre of the hearth, as seen in Fig. 23.

The collier then begins to set the kiln, or pit, ,as it is 
sometimes called, by ranging the heaviest billets around 
the centre, at first vertically, and then gradually in a 
slanting position by turning the butt, or thickest end of 
the wood, downw’ards. The wood should be put as closely
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together as possible, that it may be brought into the nar
rowest space. After it is all set, the pile (which may

Fig. 23.

Setting the wood for charring.

amount at the first burning to twenty or twenty-two 
cords, and may be afterwards increased to forty, even 
fifty cords, according to the skill of the collier) is cov
ered with small limbs, cut short, and with chips, &c., 
to fill the crevices; in fact, the pile must be made as 
smooth and tight as possible. The whole kiln must then 
be covered with leaves, about two inches thick. Some 
colliers are in the habit of firing the kiln as soon as the 
leaves are thrown on; but this practice is a dangerous 
one, for, should a gale happen to blow, or should it be
come windy before the workmen are able to cover the 
leaves with dust, a quantity of wood and coal is lost. 
The best way to proceed, is to cover the leaves 'vvith a 
thin layer of dust before fire is put to the kiln. The 
first layer of dust should be pure earth, and somewhat 
short, sandy, and by no means tough or clayish, for, in 
the latter case, it will shrink, bake, and crack. Besides, 
it is almost impossible to keep it tight. Where no 
other dust than this can be found, it is necessary to take 
sod, which, of course, is somewhat expensive. The first 
dust is always imperfect, but gets better with the pro
gress of the work; for, after the first burning and draw
ing of coal, it is properly made by mixing the green dust 
with charcoal dust. This mixture forms a light, open
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cover, admitting, frequently, a thickness of eight inches, 
and is, of course, the most secure and pi’ofitable. Where 
coke dust can be had at a reasonable price, it is the most 
available of all dusts* After the whole kiln, with.the 
exception of a few feet on the top, is covered by a slight 
coating, the fire may be put in either by means of chips, 
brands, or good charcoal. I t  should be kindled at the 
bottom of the centre, at a. Fig. 23, and must be watched 
until it has fairly started; the kiln may then be left 
alone for at least twelve hours, provided the weather is 
not so stormy as to blow the cover off. Within twelve 
or eighteen hours, the kiln will be sufficiently heated to 
permit the application of more dust, and the closing of 
the top. Pine and dry wood will permit more time; 
but young wood, saplings, hickory, and maple, require 
closing very soon, or the kiln will get too hot, and a 
great deal of coal will thus be wasted. Three days, or, 
still better, four days after the fire is started, the cover 
gradually sinks, and. this is the time that the hands 
should watch closely; for, should the heat not have been 
regularly distributed inside the kiln, the setting or sink
ing will be irregular, and the cover be very apt to leave 
openings, where the atmosphere, penetrating, would do 
great damage, in case such breaks are not directly closed. 
I f  the work has been well conducted, the cover sinks 
gradually and regularly, and the dust can be gradually 
increased, as the smoke ceases. After the smoke alto
gether ceases, the whole kiln may be closely covered, 
and left for cooling. Four or five days are sufficient to 
cool the kiln. As it is cooling, the drawing of coal com
mences. This is performed by raking the dust off from 
the coal at the foot of the kiln. W e should be cautious 
not to open too much at once, for fresh coal, even when 
black and cold, is very apt to rekindle, and thus occa
sion a loss of coal and time. I f  the charcoal is suf
ficiently cold, and does not kindle, the drawing may be 
continued all around the kiln, but not to a greater ex
tent than is needed to fill a wagon load; the kiln is 
then to be carefully covered, and left until the next 
wagon is ready to take a load. Sometimes it will hap-
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pen that tlie top sinks, or that the fire is not properly 
kindled. In this case, the workmen must get on the 
very top of the kiln. That this may be done conveni
ently, a rough stairs or ladder is made of a round stick 
six or eight inches thick, as shown in Fig. 24. In case 
the cover is too heavy, or in case the fire draws to one

Fig. 24.

side—a circumstance which, in stormy weather, fre
quently happens—the hot places should receive more 
covering; and in the cold parts, holes should be opened 
by removing the dust. If the kiln is too cold at the 
base, holes should be made all around, that the fire may 
be drawn towards the bottom.

The foregoing description of charring applies to the 
standing kiln. It is a mode of working very much in 
use, and, by care and attention, furnishes good results. 
There is, however, one objection to it; that is, if the 
wood is very cylindrical, or if one end is as thick as the 
other, many spaces will be left which cannot be filled. 
These are injurious to the final result; for the circum
ference of the kiln will require to be sloped to make the 
dust stick; and to make that slope, the wood must be 
drawn outward at the base. To avoid such spaces be-
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tween the billets, another method is frequently adopted: 
that is, setting the wood around the centre post verti
cally, and the last four feet at the circumference hori
zontally, as represented in Fig. 25; but the advantages

Fig. 25.

Section of a charcoal work—piling the wood.

afforded by this method are not great; and it, is of but 
little consequence which method is pursued. Care and 
attention on the part of the workmen are the guarantee 
of success. The time required to finish a burning dif
fers, and depends on the seasons, weather, wood, dust, 
capacity of the workmen, and other circumstances. Win
ter is always a bad season for charring.

Stormy, rough winds are equally unfavorable; green 
wood furnishes a poor yield, and bad coal; green or 
heavy dust is disadvantageous; light dust is equally so. 
Colliers' who do not understand their business, or who 
are not industrious and attentive, never make good coal, 
nor produce a good yield. If  the work is unreasonably 
hurried, unavoidable losses are the consequence.

Charring in Mounds.—One of the most ancient modes 
of charring wood is by mounds. This method is prac
tised to a great extent in the pine forests of Austria; 
and for pine, or well-seasoned hard wood, deserves our 
notice. A mound is built in the following manner: Fig. 
26. A row of posts, a, is firmly fastened into the ground. 
The ground should be previously levelled or sloped. A
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second row 6, parallel witli the first, and well secured, 
must then be similarly placed; the distance between the

Fig. 26.

Wood-cLarring mound.

two rows is, by four feet long cord wood, eight feet eight 
inches. The length of such a row will depend, upon the 
dimensions of the mound, say from forty to fifty feet, 
and the posts ought to be no more than four feet distant 
from each other; the post c will be six feet, and d only 
three feet above ground. Three head posts, e, are then 
put in, and the whole inside of the frame is lined with 
boards, lath, slabs, or even with split cord-wood. This 
lining is to be fastened to the posts by wooden pins. 
After the frame is finished, the lining fastened, and the 
floor pounded solidly down, the setting is commenced by 
throwing the wood crosswise on the floor; and, begin
ning at e, the wood is gradually piled to within three 
inches of the top of the lining. By packing the wood 
closely, a mound fifty feet in length, six feet in height at 
the head, and three at the foot, and eight feet eight 
inches wide, ought to take from twelve to fourteen cords 
of wood.. The wood, if not too heavy, that is, if not 
more than twelve or fifteen inches in diameter, may be 
round; and if straight, eight feet in length. In that 
case, it packs more closely than split wood. By laying 
the wood crosswise throughout the length of the mound, 
the advantage of fast work is secured  ̂for the coal can 
then be drawn gradually as the fire retires. After the 
wood is all in, and the top leveled with limbs or chips,
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a dust, sod, or sand cover is throvpn over the whole; the 
sides, where a space all around is to' be left, are equally 
filled between the lining and the wood with dust, which , 
must be firmly pounded in, to prevent the lining from 
catching fire. When the whole mound is covered, fire 
is kindled at the lower end f .  In thef mean time, some 
dust is removed at the top, near c. After the lapse of a 
few hours, the fire will be sufficiently advanced to per
mit the egress of srpoke at e ; and the dust at /  may be 
thrown on again. To secure a supply of fresh air, one 
of the draft-holes g, g, on each side, may be opened. 
By this method, the charring proceeds rapidly, and re
quires watching. When the fire has advanced about 
ten feet, wffiich will require a period of twenty-four 
hours, coal may be drawn at f ,  and continually drawn 
until close to the fire. This latter advantage is mainly 
due to the sloping of the wood-pile; and it is still greater 
if the pile is put on a gently sloping hill-side.

This process of making charcoal is a very ancient one. 
I t  was employed by the Romans to manufacture char
coal for their forges; and at the present day, in the very 
country where the ancient Romans carried on their iron 
establishments, this mode of charring is preferred to all 
others. The process now carried on in southern Austria 
differs not in the least from that in use at the time of 
Pliny. I t  is one of those inventions which a compre
hensive genius finished, and left to posterity nothing but 
the task of explaining; it is so simple, practical, and 
complete, that no improvement is possible. How it hap
pens that we, at the present day, in more cultivated 
countries, reflect so little upon this most single and per
fect mode of charring wood, is more than we are able, to ' 
explain. We have both observed and practised it, and 
have found it to answer all the claims of the iron master. 
I t delivers a strong coal, and yields well. It combines 
the advantages of the pit, the kiln, and the char-oven.

Charring in Ovens.—The inducements to invent ovens 
for charring wood, coal, lignite, and peat, were, partly a 
desire of gaining the gaseous educts of the charring pro
cess, and partly a desire of security against wind and
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storms. The first object is only imperfectly realized; 
because, if the fuel for distillation is derived from the 
material to be charred, the combinations of hydrogen 
and carbon are mostly destroyed, while nothing but tar 
and heavy carbonized compounds are the results of the 
distillation. Even this is to be gained only by impair
ing the quality of the charcoal. The latter object is 
available; a well-built oven affords perfect security 
against wind and storm; and where the transport of 
wood to a general charring-place is not too high, great 
advantages may be derived from it. With good brick
layers, all that is required to build a good oven is close 
joints and good sound brick. The form of these ovens 
has been varied to suit almost every notion; still, it is 
generally agreed that ovens of less capacity than fifty, 
and of greater capacity than sixty cords, are less advan
tageous than those constructed within these limits. A 
further distinction is made between ovens for making 
black, and those for making brown, charcoal. The first 
are heated with their own, the latter by additional, fuel. 
We shall notice simply the latest improved oven of each 
kind. Eig. 27 represents a char-oven for wood formerly

Wood-cliamng oven.

in use near Baltimore. A is a side elevation, showing 
the binders a, «,«, made of cast iron; these stays or 
binders may be made of eight inch timber, hewn on two 
sides; but iron has a much better appearance. The 
cross binders 5, h, b, b, are made of one inch square
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wrought iron bar, either with head and screw, or with 
head and key; either will answer the purpose. • The 
distance between two binders should not be more than' 
four feet, and, if possible, less than tha t; c, c, c, are draft- 
holes, just the size of a common brick cross section, for 
the regulation of the fire; these must be closed, or 
opened, as the charring of the wood progresses. B, Fig.

28, is a cross section of the 
oven; in the brick arch df a 
square opening e, eighteen 
inches wide, is left; this open
ing may be shut, when neces
sary, with an iron plate. At 
each end of the oven there is 
a door /", large enough to ad
mit a man with a wheelbarrow. 
These openings serve the pur
pose of charging the oven, and

Section of wood-charring oven.

drawing the coal. A far better arrangement than these
small doors at each end of the oven is to shut one end 
entirely with brick, and leave the other entirely open; 
or at least to leave an opening sufficiently large to per
mit the entrance of a horse and cart, and then to shut 
this opening Avith large double doors, secured inside by 
a heavy coating of loam. The bottom of the oven is 
covered with sand, or, Avhat is still better, coal dust Avell 
pounded down. The perfect air-tightness of the brick
work is of the highest importance; the bricklayers re
quire to be watched, as well as instructed. Common 
brickAvork Avill not do. All the joints, in addition to 
being completely filled with mortar, should be regularly 
broken. The wall should be one brick and a half thick. 
Common mortar of lime and sand should not be used, 
for the acetic acid of the wood dissolves the lime and 
leaves the sand alone in the joints. Common loam, 
mixed with coal tar or sea salt, makes an excellent 
mortar.

The inside of the oven should be well smoothed, and 
all the joints filled. Coatings of coal tar are the best 
covering for the outside; these, besides securing the
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durability of bricks and mortar, close small crevices, and 
strengthen the walls. Such ovens are usually built 
twelve feet in width, twelve feet in height, and fifty feet 
in length; seldom larger. An oven of this size ought 
to contain fifty-five cords of wood. .

The wood is laid flat, and piled row by row until the 
oven is filled. In the centre, from the hole e, a channel 
or chimney is left, about twelve or fifteen inches in 
diameter, for the purpose of enabling us to.kindle the 
wood properly at the bottom. Some kindle at the draft- 
holes c, c, or at the doors at both ends; bt|fc the former 
is the preferable plan. After the oven is filled, the doors 
closed and well secured, the air-holes shut with a brick
bat, and every access of air into the oven prevented, a 
fire of charcoal brands or of dry wood may be thrown 
down through e; this will kindle the wood at the bot
tom of the pile. After the fire is fairly started, the 
chimney may be .filled with dry cord wood; and in the 
mean time, on each of the four corners an air hole is 
opened. Within six or eight hours the fire in the in
terior will be sufficiently spread to permit the opening 
of a few air-holes at both ends of the kiln. When the 
heat draws near, these ends may be shut, and some air
holes opened along the sides. By alternately shutting 
and opening air-holes, according to necessity, the oven 
will be sufficiently heated within forty-eight hours. This 
may be determined by the escape of brown smoke from e. 
After the steam at e ceases, and a dark yellow or 
brown smoke escapes, the heat in the interior is suffi
ciently developed to char that wood which is not touched 
by fire. The top hole e may be tightly closed either 
with an iron plate, or with a board, covered with moist 
loam. The smoke will now escape from the air-holes 
around the oven; these must be gradually closed one 
after another, and then secured by shutting the joints 
with moist loam. Three days must elapse before the 
charcoal is sufficiently cool to be drawn; if an oven does 
not cool in that time, either air-holes mu'st be open, or 
the brickwork cannot be tight. To remedy this evil, 
the outside of the oven should be covered with a thin
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wash of loam water mixed with sea salt, that all invisi
ble cracks and joints may be closed. After this wash is 
dry, it may be covered with a good coating of coal tar. 
I f  the oven is in proper order, the cover on e may be 
taken off, and a few air-holes opened. Should no smoke 
or heat escape, within two hours, from e, the doors may 
be opened, and the coal drawn, and carried off.

Ovens of this description afford great advantages 
where a good supply of wood can be obtained. They 
furnish a strong and coarse coal for the blast furnace, 
but do not answer so well for forge coal. Forge coal is 
best made in pits or kilns.

Where wood is scarce, and economy of fuel, there
fore, an object, brown charcoal, or brown wood is fre
quently used in the blast furnace. The wood, in this 
case, is only strongly dried or roasted. For this purpose, 
an oven about twenty-five feet long, half the size of the 
first is required. Its form is similar to that of Fig. 27, 
with this difference, that it contains no air-holes; while 
four flues in the bottom, made of brickwork, run its 
whole length. These flues are eighteen inches wide, 
arched at the top. In the top of the flues, at intervals 
of two or three feet, draft-holes are left, through which 
a large quantity of heated air can pass.

Fig. 29.
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Ground-plan of a wood-drying oven.

Fig. 29 exhibits a ground-plan of the flues; the chan
nels a,u, project about a foot at each end, to permit the 
closing of the doors with safety. The oven is charged 
with wood, as in Fig. 27; but it is without a chimney 
in the centre. After the doors are closed, and everything
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else Well secured, fire is kindled at a, a, a, a, and kept 
going with sawdust, green chips, or with any slow burn
ing fuel. Peat or brown coal will answer quite as well 
as anything else. The fire must be so regulated as to 
let a large amount of air pass over it, get heated, and 
pass through the wood. By this method, wood will dry 
very fast; in thirty-six hours, twenty-five cords will be 
in a condition fit to be drawn, in case the manipulations 
have been properly conducted. But great care is to be 
taken that the temperature of the fire is kept so low 
that the cord-wood cannot catch. Should guch an acci
dent happen, the top is to be closed directly, and the 
fire-places shut up.

How far the wood should be charred, depends on cir
cumstances. A charring sufficient to permit the breaking 
of the billets by hand, will be indicated by a dark brown 
color of the wood; such wood works well when mixed 
with charcoal or coke; it keeps the blast furnace open, 
and bears a stronger blast than charcoal alone. In 
France, Germany, and Russia, brown charcoal is fre
quently used.

General Remarks.—The charring of wood is, to the 
manufacturer of iron, a subject of the greatest import
ance. His business requires a strong, compact, heavy 
charcoal. Charcoal obtained by the action of a rapid 
fire in close vessels, or in the open air, is light, spongy, 
and friable, and unfit for his purpose. Wood charred in 
an iron retort furnished, according to a French experi
menter, within three hours, eighty-eight parts' of char
coal ; within four hours, ninety parts; and within five 
hours 113 parts. Beyond this time, instead of an in
crease, there was a decrease of charcoal. It is proper to 
remark, that a well-conducted kiln furnished, on the 
same principle, 106 parts of charcoal; this result clearly 
shows the utility of kiln charring. But there is a limit 
in both cases. Too quick and too slow work are equally 
injurious. We should always be governed by the follow
ing facts in our operations: If the charring is pushed too 
fast, or if, from the kindling of the wood, it is too lively, 
the coal will be'small, light, and the yield will be mea-*
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gre. If, on the contrary, charring proceeds slowly, the 
coal will be light and friable ; though the yield, if the 
Cover has been kept tight, will be good.

The yield varies considerably, according to the quality 
of wood? and the kind of timber. Mr. Mushet gives, as 
the result of charring on the small scale, with due con- 
sideration of the form of the pieces of wood, the follow- 

,ing comparison, in which one hundred parts in weight 
of dry wood were taken for each trial:—

M a h o g a n y  . . 25 .4
C h e s tn u t . . . 23.2
O a k  . . 22.6
W a ln u t . ■ . 20.6
B e e c h . 19.9
S y c a m o r e  . . 19.7
P in e  . . 19.2
A s h  . . .  . 17.9
B i r c h . 17.4

So uniform a result depends, however, very much on the 
uniform structure and dryness of the wood; conditions 
not always at our command either in the woods or in the 
yard. Season, and the age, as well as the dryness, of 
the wood, influence greatly both the yield and quality 
of coal. Experience has taught us this fact; and it is 
beautifully illustrated in the following table by M. Ber- 
thier, a French chemist. The wood used in his experi
ments, where not otherwise mentioned, was thirty-two 
years old, and was charred in common kilns, under the 
same conditions. The table shows the percentage of coal 
yielded in one hundred parts:—

Coal. Brands.
G re e n  r e d  b eech , c h a r r e d  s h o r t ly  a f t e r  

b e in g  c u t  . . . . . .  19.7 0.6
G re e n  re d  b eech , c h a r re d  s h o r t ly  a fte r

b e in g  c u t , p e e le d  . . . .  2 3 .0  0.3
B r y  re d  b e e c h  a n d  o a k , o f  tw o  y e a r s ’

s t a n d in g  . . . . . . 2 4 .0  0.3
D r y  re d  o a k ,  a n d  o a k  o f  tw o  y e a r s ’ * 

s ta n d in g , p e e le d  . . . .  25 .7  0.3
G re e n  w h ite  o a k , c h a r r e d  th re e  m o n th s  

a fte r  b e in g  cu t  . . . . . 8 2 .4  0 .8 ,

    
 



FUEL. 223

G reen  ■ white oak , charred th ree m onths 
a fte r  b e in g  cut, peeled 

R e d  b eech  and oak, cut in  Ja n u a r y , and 
c l\a rre d  in  A u gu st . . > .

G reen  re d  beech, charred im m ediately  
a fter  b e in g  cpt . . .

G reen  re d  oak , charrcid im m ediately after 
b e in g  c u t ........................................... , .

Coal.

21.2

23.4

12.9

,13.5

Brands.

0.3

0.5

0.3

0.4
W e  t h u s  se e  th a t  on e h u n d r e d  p o u n d s  o f  w o o d  in  k i l n s  

p r o d u c e  o n  a n  a v e ra g e , tw e n ty  p o u n d s  o f  c h a r c o a l .  I n  
r e t o r t s  a n d  o v e n s , th e  a m o u n t  se ld o m  e x c e e d s  t w e n ty -  
tw o  p o u n d s .  T h e  a d v a n ta g e , th e r e fo r e , o f  e m p lo y in g  
o v e n s , a p a r t  fro m  o th e r  c o n s id e ra t io n s , i s  n o t  g r e a t ; b u t  
th i s  i s  th e  g ro u n d  o f  p re fe re n c e . O v e n s  a r e  a d v a n t a g e o u s  
w h e re  w o o d  c a n  b e  t r a n s p o r te d  o n  w a t e r ; t h i s  t r a n s 
p o r ta t io n  c h a rc o a l c a n n o t b e a r  w ith o u t  in j u ry . C h a r c o a l  
a b so r b s  w a te r  a n d  g a s e s  in  l a r g e  q u a n t i t ie s ; a n d  w h a t  
i t  g a in s  in  sp e c if ic  g r a v ity  i t  lo s e s  in  c o m b u s t ib i l ity  ; s t i l l ,  
i t  i s  g e n e r a lly  p re fe ra b le  fo r  m a k in g  iro n . • O n  w h a t  h y 
p o th e s is  th i s  a n o m a ly  i s  to  b e  e x p la in e d ,  w e  a re  u n a b le  
to  sa y . W e  s im p ly  m e n t io n  i t  a s  a n  e s ta b li s h e d  fa c t .  
C h a r c o a l  w ill  a b so rb  a  l a r g e  a m o u n t  o f  w a te r  w ith in  th e  
f ir s t  tw e n ty ;fo u r  h o u r s ; b u t ,  a f t e r  th a t  t im e , v e ry  l i t t le .  
D iff 'e re n t  k in d s  o f  c h a rc o a l  a b s o r b  w a t e r  in  d i f f e r e n t  
q u a n t i t ie s ,  to  w i t :—  .

C harcoal from lignum  vitae gained 9.6 per cent.
fir 
b ox  
beech 
oak
m ahogany

13.0
14.0 
16.3 
16.5
18.0

That water cannot be the cause of improvement, is evi
dent. To assist those who desire to investigate this sub
ject, we subjoin a table on the absorption df gases by char
coal within the first twenty-four hours after charring 
One hundred parts of charcoal absorbed
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A m m o n ia c a l  g a s  . 90 per cent
M u r ia t ic  g a s . 85 ((

S u lp h u r o u s  ac id  . , 55 a
S u lp h u r e t te d  h y d ro g e n 55 u

N it r o u s  o x id e •. 4 0  . u

C a r b o n ic  a c id  g a s  . . 35 u

B ic a r b u r e t t e d  h y d ro g e n . 3 5 u

C a r b o n ic  o x id e 9 .42 u

O x y g e n 9.25 ((

N it r o g e n 7.50 u

C a r b u r e t te d  h y d ro g e n  . 5 .00 a
H y d r o g e n  . 1.75 n

Many iron manufacturers desire to realize the products 
of distillation ; but the deficiency in the quality of the 
charcoal more than counterbalances the whole gain of 
the distillation. The iron master will employ his time 
far more profitably by cultivating the charring for the 
production of charcoal alone.

The time best adapted for charring in the woods, is 
from May till October inclusive. During the summer, 
the air is bland* the roads good, and the furnace yard 
dry; considerations of great importance. A bushel of 
five pecks, or 2675 cubic inches, of fresh charcoal, made 
of beech, oak, maple, and hickory, ought to weigh from 
fifteen to sixteen pounds ; a bushel of pine coal, from 
ten to eleven pounds; and the prices paid for charcoal 
should vary accordingly.

Charring o f T urf or Peat.

The charring of peat is far more easily effected than 
the charring of wood, partly on account of its square 
form, partly on account of its chemical composition. In 
pits; the charring of peat is not difficult, if we pursue the 
same method as that pursued in the charring of wood; 
but we are forced to leave channels, or draft-holes, in the 
kiln, because the square pieces pack so closely, that, 
without this precaution, sufficient draft would not be left 
to conduct the fire. Turf or peat is generally found in 
considerable masses in one spot; therefore the erection 
of char-ovens is no object of mere speculation, but affords
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all the advantages of a permanent establishment. Char- 
ovens are comparatively small, and of course not expen
sive. We therefore shall omit a.description of charring 
in pits, and shall proceed to describe a char-oven, which 
has been us5d for many years, and consequently suffi
ciently tested. Fig. 30 represents a vertical cylinder,

Char-oven for peat.

built of bricks, with a round cupola on the top; it is nine 
feet high, andfivefeet and a half in diameter, which gives 
250 cubic feet capacity. The inner cylinder 5, built of 
fire brick, is surrounded by a mantel a of common brick, 
and the space left between both is filled with sand. Some
times a brick d runs all the way through, to bind both 
walls; on the top is a round opening c ; e is an iron 
plate to close the draft-hole c ;• /  is a board, or a piece of 
sheet iron to hold the ând, which is used to shut the air 
out, by filling the space g. The fuel is filled in at c, and 

15
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packed closely, with the exception of a few channels at 
the bottom, which correspond with the little draft-holes 
h, h, h. A vertical chimney is left in the centre, at which 
gases may escape. The fire is’ put iii through c, down 
to the bottom ; and when it has spread so far as to shoW 
itself at the holes h,h, h, these holes are shut by a stopper 
of clay. When the smoking at the top ceases, all th§ 
openings, as well as the top, are to be shut; and the oven 
left for cooling. Four or five days will, in most cases, 
be sufficient to burn an oven of peat charcoal. The holes 
h, h, A, can be'formed of old gun barrels or iron pipes; 
bricks or earthenware pipes are very apt to break.

. Turf of peat charcoal is an excellent fuel, but expen
sive ; it burns freely, and produces a fine heat. In 
Styria, sheet iron and reheating furnaces are heated by 
it:  and in Bohemia, Bavaria, France, and Russia, it is 
extensively used in the blast furnaces, and produces in 
most cases, very liquidj lively iron. Good turf or peat 
coal is superior to charcoal in the blacksmith’s fire.]

Peat- has, of late, been found to exist in so great quan
tities, especially in New England, and of such a quantity 
and quality yet undeveloped fully in other States, that 
some method will yet be adopted for rendering it cheap’ 
and available for the furnace. The amount in mass alone 
is estimated at 120„000,000 cords. Evert the muck, which 
is at present considered only fit for a fertilizer, may by 
proper cleansing be used for burning. But the furnaces 
wherein much of the peat, now treated as useless, might 
be used with good effect, are thfe reverberatory furnaces, 
wherein the carbonaceous material of the peat, well se
lected, is so much freer from sulphur than are harder coals, 
and so nearly allied to charcoal, that good eftectsmay be 
reached in deoxidizing ores which cannot by the dse of 
harder coals or cokes.

The roqnd form adopted in preparing the pressed peats 
of Ticonderoga, N.Y., seem greatly adapted to all furnace 
operations.

Analysis affords—carbon, 58.09; hydrogen, 5.93 ; ĉ y- 
gen, 31.37 ; ashes, 4.61= 100. T%e traoes of phosphorus 
present, due to animal decomposition, are not necessarily
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in such, quantity as to injure'the iron, especially when 
the new method by Siemen’s regenerative furnaces is 
used. S%p Siemen's furnace.

Charriv-g of Brown Coal.
[Brown coal is so itnperfect a fuel in most, cases, that 

it scarcely ever admits of being charred; but the best 
lignite of Europe is charred, though only with limited 
success] The discoveries of this eoal in the Western 
Territories may yet be made available for metallurgical 
purposes, when the same ovens spoken of m the lasfsec- 
tion, will be found to answer all purposes of charring 
brown coal or lignites.

. Charring of Bituminous Coal, Coke. ‘
[The manufacture of coke for blast furnace purposes is 

generally carried on in. the open air, either in round 
heaps or rows; .the latter mode is generally preferred. 
Coke burned in ovens will answer for that which*is used 
in the furnace of locomotives, or for the purpose of gene
rating steam ; it is even useful in a foundry,cupola oven ; 
but in the blast furnace, or even in the refining fire, it 
ought not to be applied, because*of sulphur as we shall 
presently explain. .

Coking in heaps is almost the same as charring wood 
in heaps; the main difference is. that the heaps are 
smaller. For the purpose of coking in heaps, a level 
spot in the yard is s'elected, or a level staked out and 
prepared ; a temporary chimney of common, or even of 
fire brick is erected, with alternate holes, some of which 
are»especially necessary at the base. Around this chim
ney coarse coal is piled; the bottom, or level, is covered 
with coarse coal, in which draft-channels must be left; 
coal may then be thrown on as it comes ; but the coarse 
cqal must be put in the centre of the-heap. The height 
is of but little consequence, and may vary from three to 
six feet, according to, convenience. But the chimney is 
to be built sufficiently high to reach over tide top of the 
coal pile. Fig. 31 represents such a kiln, or heap ; a is
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the brick chimney. After the heap is ready, fire may. 
be kindled around the base at different places, particu- 
larly near the horizontal channels ; and the )|̂ iole pile 
may then be slightly covered with coke dust. The fire

Fig. 31.

Coking in heaps.

will spread rapidly, and in a few hours, will reach almost 
to the centre. A few air holes may now be made in the 
cover with an iron bar, through which the heat and smoke 
may. have vent. These air-holes should be frequently re
newed, because very bituminous coal is apt, by swelling, 
to close them. ■ If the fire has been kindled in the morn
ing, the heap will be in a good heat towards evening. It 
may then be covered heavily with dust, and the fire all, 
around th6 heap choked. But the chimney is to be left 
open. The next day, or, at furthest, after the third day, 
the coke is ready for use. The • object of leaving the 
chimney open is to retain a slow, but strong heat, as long 
as possible, in the heap, without wasting fuel. By this 
means, as much as possible of the sulphur contained in 
the coal will be expelled. If  the ground where the heap 
is piled is somewhat moist, the hot steam arising from 
the ground wall carry off a large portion of the sulphur 
in the form of sulphurous acid, in case the heat is not too 
great, and there is but little access of atmospheric air.
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If the heat is too great, and if there is too great an ac
cess of the air, this conversion of the sulphur does not 
take place, and the sulphur remains in the coal. The’ 
same circurtistance happens if the chimney is closed, and 
no circulation of air or steam thereby possible. Coking 
in heaps furnisHes generally a strong coarse coke, but 
not so fVee of hydrogen and sulphur as that furnished by 
the following arrangement. The mass of coal is gene
rally too large to permit the necessary circulation and 
contact of watery vapors. This is doubtless the dause 
of the inferiority of the coke.

Coking in vows, ox long heaps, is a preferable mode of 
• making, coke; these ro^s are sometimes one hundred 
feet long, seven or eight feet wide, and three feet high. 
To coke in rows, a yard is to be levelled sufficiently large 
to hold as much coal as is required to keep the furnaces 
in operation. Along, or all around, this yard, it is ad
visable to have a ditch dug, which will hold a regular 
supply of water throughout the year; this water ought 
not to fail during the driest seasons. A row is started 
at that end of the yard .most convenient for the trans
portation of the raw coal, and directed in a straight line 
towards a point on the opposite side of the yard. Should 
there be a deep covering of coke dust all over the yard, 
a kind of ditch, as broad as the coal pile is designed to 
be, may be prepared by scraping the dust from the mid
dle, and drawing it towards the spaces between the rows. 
This ditch will indicate the directidn in which the coal 

.is to be laid, and will bring it close to the moist ground. 
The scraped coke dust is afterwards used for covering 
the heap. The coal arranged as in the above case. 
Due attention should be paid to placing air-channels, or 
draft-holes, at the bottom, and to throwing the coarse 
coal in the centre. At a distance of seven or eight feet 
from each other, tapered posts, seven or eight inches in 
diameter, are fastened in the ground, around which the 
coarsest coal is arranged. These posts or poles are re
moved before the heap is fised, p d  are designed to form 
chimneys, for the free vent of gaseous matter, and the 
increase of draft. When the pile extends tweqty feet, 
or more, and it is covered with small coal, slag, or coke
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dust, fire may be put to the heap at different places near 
the air-holes ; and the row may then be continued. In 
this way, it will happen that coke is drawn at one end 
of a row, and coal is set at the other. After fire is kin
dled, and the heat extended to the centre, the pile may 
be covered more closely, with due attAtion to leaving 
sonje-air-holes near the top ; and in .case these holes are 
shut by the expansion of the coal, thej should be re
opened by means of iron bars run down to tha»centre of 
the pile, or at least to the fire. When the yellow flames 
of carburetted hydrogen cease to be visible, the heap and 
air-holes iriay be closely covered by coke ^ust, and the 
coke left to cool. This method of making coke for the 
blast furnace has, thus far, been preferred to any other 
method. For this preference, the following reasons may 
be assigned: the small body of coal on-fire at one time; 
the large surface of ground it covers, thus presenting 
unequalled facilities for the circulation of watery vapors 
through the hot. coke; and the chance which it affords 
of retaining the heat till the advantages of steam are 
produced. For these reasons, a water ditch around'a 
coke yard is required to keep the ground moist: besides, 
water is frequently needed to choke the fire where it 
continues too long in the heap, and thus to drive the 
steam through the hot coke. For the same reason, a 
yard does not make good coke if it is covered too thickly 
with coke dust.

Thus far, the making 6f coke is accompanied with no 
difficulties; still, some rules require atffention, if we ex-, 
pect both the quantity and’quality of our work to prove 
satisfactory. In  some cases, the fire should be suffered 
to play through the whole heap before it is covered with 
dust. This applies particularly to slack, small coal, and 
to very bituminous coal, as well as to the whole of the 
western coal fields; for, if the coal is apt greatly to swell,- 
it will very likely choke the fire. In.setting the heaps, 
too much attention cannot be paid to placing the coal 
inside in as open a manner .as possible. The more the 
coal is incli-ned to swell, or, the naore bitumen the coal 
contains, the more carefully should this direction be fol
lowed. The coarse coal and lumps are to be set edge-
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wise; that is, the direction of the cleavage is to be ver
tical, or, what is the same thing, directly contrary to its 
natural position in the vein. If the coal is dry, if it is 
not very bituminous, fire may be .kindled in the chim
neys after the poles *are removed; but where it is bitu
minous, such an*arrangement would disturb the draft. 
Where small or very bituminous coal is to be coked, it 
may be advisable., in some cases, tp erect, in the centre 
of the rovi, chimneys of brick, distant from each other 
five or six feet, and to leave only draft-holes at the base, 
because such coal is very apt to burn outside or at the 
surface, while the* bottom part, and interior are left un
burnt.

Coking in Ovens.—Cases may occur where coking in 
ovens may be permitted, even for blast furnace coke ; as, 
for instance, where a very brittle coal, but free of sul
phur, is to be charred. But these cases are rare,.at least 
in the coal fields at present worked; for all our coal, 
when compared to that employed in the blast furnaces in 
Europe, may be considered more or less sulphurous. 
However that may be, coke ovens are practicable; at 
least, they are at present in* use in the Pittsburg coal 
fields. A large part of the coke used in cupola ovens 
and refining fires in the Western States is made in ovens. 
Coke ovens of yarious forms have been erected, some
times with regard to.quality, but most generally to qnan-- 
tity; and for thp latter purpose they have been brought 
to great perfection. In our case, quantity is of second
ary consideratioi^; the obtaining of coke, free of bitumen 
and sulphur, is the object at which We aim. All the vari
ous coke ovens are constructed mainly upon one principle; 
that is, they are built in the form' of a common bake oven, 
and generally of capacity sufficient to receive a charge 
of two or three tons of coal at once. Some are round; 
others egg-shaped; and at the Clyde Iron Works, in 
Scotland, the hearth is square. * Ure's Dictionary of Arts 
and Manufactures contains a description of an excellent 
arrangement for coking coal, erected for the ‘use of the 
locomotive engines of the London and Birmingham Rail
way Company; but we doubt the utility of such ovens

    
 



232 THE. METALLURGY OP IRON.

in iron establishments, for we cannot believe that the 
large quantity of coke yielded is of quality sufficiently 
good for the manufacture of iron. In Germany and 
France, coke, ovens have be'en built of admirable con- 
struction, as far as the saving of fuel is concerned; but 
iron masters who require a good article, bum coke in the 
open air. Of the difterent forms of coke ovens, we 
should prefer the most simple; such a form is at present 
in general use in the neighborhood of Pittsi)uig; the 
form and dimensions of such an apparatus are exhibited 
in the following figures. Fig. 32 represents a double 
coke oven, in front view, b’uilt of stonebr common brick,

Fig. 32.

Front elevation of a Pittsburg coke oven.

against the slope of a hill, so that the*ioal may be un
loaded on the top of the oven; it is accessible by rail
road, or common carts or wagons. Fig. 33 is the ground- 
plan of the twin oven; it shows the laying out of the 
hearth, which is ten feet long, and ten feet wide, with 
corners rounded, so as to prevent the coke sticking in 
them.. Fig'. 34 shows a cross section of one oven in the 
direction of A , jB, Fig. 33. The same letters are used to 
designate the same objects in the different figures, a, a 
represent doors, two feet in width, designed to be shut 
with brick and clay when the oven is to .be filled with 
coal. Some openings are left in the temporary brickwork

    
 



FUEL. 233

of tlie door, to regulate the fire ; but these are to be shut 
when the fire has penetrated through the mass of coal. '

V i

Ground-plan of a PiUalDurg double coke oven.

6, b are iron hooks, walled in, into which an iron bar 
from an inch to an inch and a half square is .placed ; this 
bar serves to strengthen the temporary brick filling in 
the door, and to prevent the throwing out by the swell-

Fig. 34.

Section of a Pittsburg coke oven.

ing of the coal: c, Fig. 34:, is 'a round hole, left in the 
top, through which the disengaged gases may escape; 
this hole, from twenty to twenty-four inches in diameter, 
is left open until all the bitumen ofi the coal is driven 
off, after which it is to be shut by a cast-iron plate, and 
luted with clay. The interior of the furnace is to be built 
with fire brick and fire clay mortar; the rpugh wall either 
with stones or common brick. Such an oven has a capa
city of from seventy-five to^ighty bushels; it will fur-
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nish from Pittsburg slack coal nearly one hundred bushels 
of coke. After it is finished by the masons, and ready 
for use, some wood is thrown on the hearth toward? the 
door, which is to be repeated each time the oven gets 
cold; the door is then walled up, and the coal thrown in. 
through the hole at the top, and spread uniformly over 
the hearth. Eighty bushels of coal will cover the bot
tom about twelve inches high, which will rise to fifteen 
inches after being burnt. The top arch, therefore, should 
be sufficiently high from the bottom to permit the swell
ing of the coal, and the breaking up of the solid mass 
of c6ke. The height of the arch from the bottom is 
generally from f^wenty to twenty-four inches;' in the 
centre, thirty inches. When the coal is properly spread, 
fire may be applied at the door and top; after the first 
and second heats,, it meeds no kindling,, for the bottom 
and sides of the oven are sufficiently warm to kindle the 
coal. After- ten or twelve hours, the’ bituminous gases' 
are mostly expelled ; the top can then be closed, that the 
oven may cool; eight or ten hours will_ be sufficient for 
this purpose. Though the coke may be redhot, there is 
no danger of its further burning. The door iS' now 
opened, and the hot coke removed in iron wheelbarrows. 
This is frequently quite a hard taskq and a set of long 
and strong crowbars,’ besides some long iron scrapers, are 
needed in every establishment of this kind, to, facilitate 
operations, arid to prevent any delay of the regular work. 
The coke of fhe first heat is generally raw at the bottom, 
and spongy at the top * but the second and following 
hbats improve as the oven gets better. We may say, 
generally, the hotter the oven, the better the coke. 
Good coke ought to exhibit a uniform crystalline texture 
throughout the whole mass, and.wheii cold, should sound 
like fragments of stoneware/ ' ,

One of the most’coramon arrangements of coke ovens, 
in the Old World, is exhibited by the following dia
grams : Figs. 35 and 36. The oven here represented is 
that of the Northumberland and Lemington Iron Works 
upon Tyne. Four ovens are shown to be-in. a line; 
this arrangemejnt is preferr^  because it keeps the heat
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together and saves masonry. The hearth of the oven is 
a rectangle, ten hy twelve feet; jind from the bottom to 
the arch the height is three feet. The rough walls are 
of common brick, two feet thick, and the lining of fire

Fig. 35.

Engliah coke ovens.

bridk. At the centre, on the top, is a round hole, two 
and a half feet in diameter, through which gases escape. 
The doors are three feet square. On the top is a castr 
iron frame, with two bars or cleats; between these a 
door slides. This doOr is of wrought iron, filled with 
brickwork, which sliding ppon the above frame, may 
cover tbe gas hole, or be withdrawn at pleasure. The 
same arrangement is used to shut the doors, with this

Fig. 36.

Ground-plan of English coke ovens, '

difference, that the door is vertical, and balanced by a 
. lever. In the brick filling of the door, are a number of 

draft-holes, through which air can have access to th^ 
burning coal.

' This aiTangeraent, in its principle,' differs not in the 
least from the Pittsburg arrangement. But the execu- 

_ tion of the latter is more per^ct than that of the former,
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though at the same time more expensive, and less suited 
to our country. This oven is charged with from two to 
three tons of coal. The manipulations are the same as 
those at the Pittsburg ovens. In countries, Germg,ny 
and- France, for instance, where coal tar is of value, and 
its gathering^ yields profit, coke ovens have a different 
form. As coal tar may be highly valuable in some parts 
of the United States, we shall describe one of these ovens. 
Fig. 37 represents a cross section of a coke oven which,

German coke oven,’for gathering coal tar.
•

for many years, has been in operation in Silesia, eastern 
jGermany, and may be considered of an improved form. 
This oven is about.nine feet high ; it is of a cylindrical 
form, and‘is four feet in diameter ; the interior is built 
of fire brick, and the exterior of common brick or stones 
bound with iron hoops. Tl^e coal is put in partly through  ̂
the door a, and partly through the iop hole h. Care is
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taken to lay coafse coal at the bottom. The bottom 
part of th0 oven forms a kind of grate, for the holes c, c, c, 
are left open, in which iron pipes are walled in ; there 
are seven of such holes in the bottom. The holes in the 
side wall d, d, d, are draft-holes, secured by iron pipes. 
The top is covered with .an iron plate iti which the lid e 
fits.' The tar and gases are conveyed by the iron p ip e / 
into a reservoir, .or tar barrels. The pipe is conducted 
through cojd water, that the tar, during summer, may 
condense*; but in winter, the atmospheric air is suffi
ciently cool to cbndense all the tar which escapes from 
the oven. Coarse coal is put in the bottom part; upon 
this is thrown slack coal. If the oven is about two- 
thirds filled, fire is kindled, and the door a shut with 
brick and olay mortar. The fire may be safely left to 
burn, and the top plate e may be put on and luted with 
clay. After eight or ten hours, the upper row df holes 
d will appear brightly red, arid may be shut. After 
that time has again elapsed, the second row from above 
may be shut. Twelve hours more may elapse, when the 
lower holes, becoming bright, may be closed. By this 
time, tar almost ceases to be produced.. Then, after shut
ting carefully all the holes the oien may be left to eool. 
This cooling will take place in the course of the next 
twelve hofirs. •

The charge in suck an oven amounts to two tons of 
coal. Two charges may be made during one week, if 
the coke is drawn in time. The coke thus produced is 
very hard and compact, and may be considered superior 
to any other; but the manipulations in this oven are 
both expensive and troublesome. One bushel of coal 
furnishes three-fourths of a bushel of coke; and one hun
dred pounds of coal produce fifty-three pounds of coke, 
and five gallons Of tar. The bituminous coal of upper 
Silesia is referred* to. One hundred pounds of this coal 
furnish from forty-five to forty-seven pounds of coke,, 
when burnt in the opea a ir ; while one bushel of coal 
furnishes nearly one bushel and. a quarter of coke.
. In the neighborhood of St. Etihnne, in France, a kind 

of double coke oven is in-use,.which is worthy of no'tice. 
'Its form is,*iu the main, the same as that of any other
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coke oven, but differs in being of larger dimensions, and 
in having two doors for drawing, instead, like other ovens, 
of but one.

Fig. 38 represents a double oven - a, a are two oppo
site doors. The bottom is formed of hard rammed fire 
clay ; its top and sides are of fire brick ; the rough wall 
either of common bricks or stones. The chimney b is

■ • Fig. 88.

• French coke oven.

eighteen inches in diameter, and the whole arch is 
covered with sand, to keep in the heat. Its arrange
ments, in other respects, are the same as those of other 
coke ovens; It contains a charge of from three to four 
tons of coal. The hearth ought to be sufficiently large 
to take this amount of coal, piled ten inches high. The 
centre "of the arch may be four feet from the bgttom.

Coking in Iron Retorts.—By the distillation of coal 
in iron retorts, no coke can be made serviceable for the 
manufacture of iron. - Coke thus made is always light, 
spongy, and n e w  free from bitumen or sulphur; quali- 

, ties which render it unfit for an iron manufactory. We 
shall, therefore, dispense with the consideration of this 
method.

General Remarks on Coking.
The making of good coke is, to the* manufacturer of 

iron, a very difficult task. Good coke ought to be of 
a silvery-white granular appearance, and compact; it. 
ought to "sound like good crockery ware, and should be 
free of bitumen, hydrogen, and sulphur. Good color 
and compactness may be secured in various ways; but
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the other qualities are not so easily secured. Hard, 
compact coke will be obtained from large piles, either in 
ovens or in the free'air, if the fire is brisk and the cover
ings heavy ; but coke made in that way always contains 
more sulphur and hydrogen than it should contain. A 
large body of coal, under a slow fire, furnishes light 
spongy coke, but ihore free of sulphur and bitumen than 
under a quick fire. A medium heat serves better than 
either extreme. Where the body of coal is kindled, the 
heat ought to be kept as low as possible; thedonger the 
heat is applied, the better will be the result,' By this 
means most of the sulphur, as well as the hydrogen, will 
be expelled. When we have ascertained that no more 
sulphur escapes, the heat may be. rq,ised by giving free 
vent to the gases through the air-holes. If a current of 
steam can possibly be passed through the glowing coal, 
dui'ing the first stages of coking, it should be done. In, 
the yard, where we coke in piles, ‘this may be easily 
effected, by keeping the’ ground moist, and laying the 
coal as closely as possible upon it, B,nt in ovens this is 
more difficult, because in them it is not so convenient tb 
ehaitge and regulate the fire.

If the bottom of the ovens i% made of clay laid upon 
sand, and if we are able to regulate the moisture.of this 
sand, a gilBat deal may be-effected. In this manner the 

'French oven. Fig. 38, is constructed. This is .the only 
practicable method by which watery vapors can be made 
to pass through the hot coal—a matter requiring atten
tion in the first stages of the operation. If the hydrogen 
i^expelled by a too lively heat at the commencement of 
the operation, the sulphur is very apt to remain, and 
cannot be driven off; for carbon and sulphur, combined 
by strong heat, cannot be Separated, except by their, 
mutual destruction. We cannot pay. too much attention 
to this subject, for upon it depends the success ot the 
blast furnace operation. Sulphurous coal, by improper 
treatment, will produce sulphurous coke, and consequently 
sulphurous metal, which, in all subsequent manipulations. 
Will be injurious, troublesome, and expensive. By sprink
ling a little water over red-hot coke, drawn freshly from 
the ovpn or pile, we may ascertain whether it contains
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sulphur. I f  the odor of sulphuretted hydrogen, or rotten 
eggs, is emitted, the presence of sulphur is indicated. 
I f  the hot and melted iron in the pig bed throws off sul
phur, the coking of the coal requires -our closest exami- 
nation. lu  some establishments, -w’orkmen have been 
advised to spriiikle water over the red-hot coke, which 
may be done from the nose of a watering pot, partly with 
the object of expelling the remaining sulphur, and partly 
with the object of extinguishing the fire.] Gare should 
be taken not to throw too much water upon the pile, and 
it should be done, if done at all, in the finest spray. 

Perhaps that method is as good as any method of 
out*door coking, which is adopted at Johnstown, Cara- 
briaCounty, Pa.,and which is as follows: The“ pits”are 
made upon level ground, and are about 36 yards long, 
and 4 yards wide, with a floor running the entire length. 
Allowance is made for one chimney flue to every ten feet 
of horizontal flue, that is, measuring from centre to cen
time of flues. The coke-hands ’ begin by putting large 
pieces of coal down upon the floor in two* parallel linesf 
leaving intervals for the side chimney flues; this is done. 
for the whole length of the intended pit, 36 yardsi About
3 feet from the ends of this line are the centres of the 
first and last cross flues, which are generally about ten 
tp twelve inches square, after these the cross flues are 
about 6 feet apart throughout the entire length inter
vening between the two end flues. The cross flues are 
the ones into which the fire is placed when the heap is 
complete. The long flue is then covered, except where 
the main and centre chimney flue rises— t̂he right angl?, 
or cross flues also are covered, and then all open spaces 
are filled in on the angles completely out to the width,
4 yards, and then builded up vertically tq the height 
of 2i to Bi feet, and covered with smaller coals, dust, or 
ashes, and the fire applied «to the openings of alternate 
•cross flues.. I t  generally requires five to six days, ac
cording to weather, for the coking of this mass. After 
the fires are lighted, a man is constantly on the watch to* 
regulate by stopping up the cross flues, or by opening 
them according to rapidity of firing. Irregularity is due 
to weather, i.e., to rain, direction and quantity of. wind.
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If the coal was ‘packed uniformly and covered properly 
with slack coal or ashes, the coal burns regularly, and 
when coked it is smothered and water thrown upon it 
from a hose, until cool enough for carrying off.

[The yield of coke varies according to differences in 
coal. In.England, seventy-five per cer\,t. by weight, and 
120 by measure, is considered a good average yield. On 
the Continent, coal varies greatly. That which is very 
bituminous yields fifty-five per cent, weight in ovens; 
and from coal less bituminous, the yield varies from sixty 
to seventy-five per cent. Professor Johnson, of Philadel
phia, in his Report to the Navy Department of the United 
States on American Coalsi has given us some highly use
ful notes on the amibunt of coke produced from different 
kinds of American coal. W e extract the following d a ta r-

Per cent, 
coke.

■ e
BemarkSt

*
Ĉumberland, Md..

Blossburg, Tioga Co., Pa. . 
Ralston, Lycoming Co., Pa.

78 & 72 

83

The first by slow, the latter by 
fa,st coking.

86 . Little sulphur in this coal.
Karthaus, Clearfield Co., Pa. 
Summit Portage R: R., Cam-

88
Very sulpiiurous, containing 10

bridge Co., Pa.
Deep Run Mines, near. Rich-

79 per cent, of ashes.-

mond, Va. 80 Upwards Of 11 per cent, ashes. 
Scarcely any suiphuF; very littleHenrico Co., Va. 75

Creek Coal Co., Chesterfield
ttolivS*

Co., Va.............................
QJover Hill Mines,.Appomat-

68 ,

tox River, Va. .' *68 Adapted to ntannfactnre of iron.
Midlothian Coal Co., Va. . 66 “
Above Petersburg (20 miles) ..  .•. Resembles Clover Hill, and same 

Quality.
Nova S.cotia ’. . . . 62 ’Very sulphurous; Pictou coal 

better quality.
Cannelton, Indiana .' ‘ . 64 Not much ashes or sulphur.
Pittsburg, Pa. . • . ' 68 . Hardly any sulphur and little

•  f ashes.
Wheeling, Va. . 57 Earthy matter 3.91 more sulphur 

than Pittsburg, but good for 
iron.

From Missouri 57 Scarcelv any earthy matter, and 
little’̂ sulphur.

id
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All the above experiments of coking were made in a 
closed vessel. The yield in coke ovens, or in the open 
air, is not so large. The coal of the Western States is 
generally of good quality.

Coals of inferior quality, or those whose composition 
prevents their application in the blast furnace, we have 
forborne to notice. A great variety of coal from our 
large western coal fields was not sent to Prof. Johnson. 
All the above experiments of coking were made in a 
closed vessel. The yield in coke ovens, or in the open 
air, is not so' large. The coal of the western States is 
generally good quality, particularly the veins lying 
above the extensive Pittsburg vein. In some mines the 
lower veins do not yield so good an'article for the blast 
furnace^ but this is not always the case.

Highly bituminous coal loses, on an average, from fifty 
to fifty-five per cent.; coal that is drier, from thirty, to 
forty per cent., by being coked in stacks or heaps. Coked , 
iq ovens, the same coal will rdspectively lose from forty 
to forty-five and from twenty to thirty per cent.; that is, 
twelve per cent, more coke will be yielded in ovens than 
in heaps, or in the open air. Retorts, or closed vessels, 
furnish a still larger result than ovens. ■

Heat liber at by Fuel.

The term heat is used to denote a state or condition of 
a body which produces a specific sensation which all im
mediately recognize. The effects of heat, and its gene
ration and liberation, are all with which we are at pre
sent concerned; hence, the definition of heat, specially 
applicable to our subject^ is that “.force, agent, or prin
ciple in nature, upon which depends the state of bodies 
as solid, fluid, or aeriform, and which' is recognized by its 
effects in the phenomena' of expansion, fusion, and eva
poration.” Heat is generated, or, properly speaking, 
liberated, by almost every chemical process; at least, by 
all those processes by which simple elements combine to 
form compounds. For instance, heat is liberated when 
oxygen, sulphur, and chlorine combine^with the metals.
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or with carbon and hydrogen; or when each ‘combines 
with the other. A knowledge of the amount (quantity), 
as well as the degree or temperature (quality), of heat, 
liberated during the process of* combustion, and in va
rious chemical actions; and atf acquaintance, especially, 
with the heat liberated by destruction of fuel, are, to the 
Enlightened iron manufacturer, absolutely necessary.

The quantity of heat liberated from fuel varies in dif
ferent compounds; but it may be laid down as a rule, 
that the amount of heat is in a constant ratio to the 
amount of oxygen consumed by any given process, pro
vided the oxidation is carried to the. proper degtee. A 
practical elucidation of this subject we shall presently 
furnish. We shall give first a series* of theorertical expe
riments by which the amount, of heat liber’ated, and 
therefore, the difference, or relative value, of fuel ,may 
be estimated. In these experiments, the relative value 
of wood and other fuel is estimated by weight

ArtalysiB of Relative Value of Fuel.

- Per cent.
L inden, air-dried . . '  34

“ dried artificially . 88  
“ “ “ strongly 40

B eech , air-dried . . 33
“ dried artificially . 36  

Oak, a ir-d ried . . . 2 9
“ dried artificially . 30  

Sugar m aple . .  . • . 3 6

■ Per cent.
Ash, air-dried . . 80

“ dried artificially ’ • 33 ’
« “ “ strongly 35

Pine, air-dried . , . 3 0
“ dried artificially . 83

Poplar, air dried . . 84
“ dried artiflicially . 87

Another Analysis.

Oak, air-dried  
“ dried artificially 

A sh , air-dried  
“ dried artificially 

Sugar maple, air-dried 
“ “ dried artificially 40

Beech, ftir-dried . . 3 1
“ dried artificially . 89

• Percent.
31 
39 
83  
39
32

Birch*, air-dried 
* “ dried artificially  
Poplar, air-dried 

“ dried artificially  
Linden, air-dried 
. “ dried artificially  
Pine, air-dried 
' “ dried artificially

P«r Cent.
. 31.

39 
29
40  
32
41  
31 
40
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Value o f Charcoal.
* * * 

Poplar, maple, ash, average 6.8 per cent.; charcoal 
from other species differs but slightly.

Value o f  Peat.

F ren ch  specim en  
G erm an “ .
Ir ish  ■ “ .

Value o f  P ea t Charcoal, 
F ren ch  specim en

Value o f B row n  Coal.
F ren ch  specim en  . . .
G erm an “ ..............................................
G recian  “ . . . . ,

Per cent.
18 to 34 
26  “ 42 
28 “ 62

40  to 58

86 to 57 
41 “ 58  
36  “ 52

* D ow lais, W a le s  
G erm any . . . 70
N ew castle; E n g lan d  . 70  
France; G rande CroiJi; . 67  
S p ain , A stu r ia n  . • 69
France, S t. E tien n e  . 57  
C herry coal, D erb ysh ire , 

E n glan d  .. . . 6 1 "

Value o f  Ston^ Coal.
Per cent.

. 72
Per cent.

C annel Coal,’Glasgow, 
S cotlan d  . •

C an n el Coal, Lancashire, 
E n g la n d  ,

G erm any, S ilesia  
A u str ia , L ow er Danube 
D u rh am , E nglan d  .

56

53 ■ 
48 
43 
71

Value o f  Coke.

C oke from  France .
“ “ the Gas W o r k s , P a r is

“ G erm any

Value o f  Anthracite,^

P en n sy lv a n ia
France
S avoy

i f

Per cent.
65
50
64

Per cent.
71

•69 .
60

The preceding tables are of European origin, and as 
they have been, mostly drawn Up by Berthier, they may
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be relied upbu as correct, We shall still further eluci
date this subject by presenting S9me of the observations 
of Professor Johnson;—

American Coal, and the Eoapdrative,Power of 
American Fuel'.
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' Anthracite,
Beaver Meadow, Pa.. 
Forest Improvement, Pa. ,

1.6 2.38 88.9̂ 7.11 10.4 66.8
1.4 3.07 90.7 4.41 10.8 69.'4

Lehigh, Pa................................... 1.5 5.28 89.1 5.56 9.6 ' 61.7
Lackawanna, Pa. . . 1.4 3.91 8 7 . 7 j 9.25 10.7 6S..8

Cohe.
Midlothian, Va.

' Cumberland, Md. ■ . , . #
16.55 l a s 66.2
13.24 10.3 66.2

“ Mining Company, Md. 12.40 11.2 72.0
Bituminous Goal.

Maryland Mining Company,'Md. 1.4 12.31 73.6 12.40 11.2 72.0
Cumberland, Md, 1.3 15.52 74.29 9.30 11.0 70.7
Blossburg, Pa. . . . . 1.3 14.78 73.41 10.77 10.9 70.0
Karthaus, Pa. . . . . 1.2 19.53 73.77 7.0 9.8 63.0
Cambria Co., Pa. 1.4 20.52 69..37 9.15 10.2 65.5

•Clover Hill, Va. . . . 
Tippecanoe, Va.

1.2 32.21 66.83 10.43 8.5 54.6
1.3 84.54 64.62 9.37 8.5 54.6

Pietou, Nova Scotia . 1.3 27.83 65.98 13.39 9.7 62.3
Liverpool .................................... 1.2 39.69 54.90 4.62 8.2 52.7
Scotch . . . . . 1.5 39.19 48.81 9.34 7.7 49.6
Pittsburg, -Pa............................... 1.2 36.76 54.97 7.07 8.9 57.2
Dry pine wood . . . . 0.3 4.7 30.2

The data in this table have been deduced from_ direct 
experiments made on the steam-boiler, and therefore are 
only measurably applicable to our case. In the irom 
manufacturing apparatus, heat is generated, and escapes 
at a far higher temperature than that of a steam-boiler.

The above-mentioned law, that the heat, liberated by 
combustion, is in direct proportion to the oxygen con
sumed, is one of the most useful inculcations of chemistry. 
By this law, we are enabled, if we know the composi
tion of the fuel, to Calculate the amount of heat it libe-
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rates. The composition of various kinds o£ fuel has been 
given .at the proper plaee. I t  is only necessary to pre
sent here the formula which will enable any one to cal- 
culate the quantity of heat evolved, by any process of 
combustion. This Idw has been applied by Berthier to 
ascertain the quantity of heat liberated by any fuel when 
combining with oxygen.'

The process of accomplishing this is as follows: The 
combustible, properly dried, is pounded into an impalpa
ble powder. A given ampunt of this powder, say fifty 
grains, is intimately mixed with forty times its weight' 
of litharge, and then placed in a good Hessian crucible. 
The whole is to be covered with a layer of litharge, to 
preyent the atmospheric air front penetrating into the 
mixture. The crucible is carefully placed in an air fur
nace or common stove. No particles of coal from the 
fire should be suffered to fall into it. In fifteen or 
twenty .minutes, the crucible will be red-hot, and may 
be removed from the fire, or, what is still better, left 
until the litharge o n . the top is in complete fusion. 
After cooling the crucible, we find at the bottom a button 
of metallic lead. This must be weighed, for it is the 
true standard of the oxygen consumed by the fuel. One 
part by weight of carbon represents 2.66 parts of oxygen,, 
which, taken from litharge, represents 34.56 parts of 
lead.]

To explain this more in particular: The equivalent or 
combining number of 0  is 6. To. convert this C into 
CO* 0®=I6 rnust be added CO*, therefore, is 22. For 
every equivalent of CO* as a whole, two atoms, or parts 
of O, must be abstracted from the litharge which is lead 
(103.7 parts, combining number) and oxygen (8 parts, 
combining number), eras protoxide of lead it is 103.7+ 
8=*i n . 7 which is-‘therefore the combining number of 
litharge (protoxide of lead). I t  is plain, therefore, that 
if one equivalent of lead (103.7) unites with one equiva
lent of O (or 8), two equivalents of O require two of 
lead (207.4). When the carbon is heated with the 
litharge, it unites with the O of the litharge in the pro
portion only of .one C to two O, or as CO*; the G is 6,
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that of the 0^(8x 2=) 16. Honce, every one part of 
CÔ  is equivalent to 207.4’ lead left in the crucible fof 
reasons just stated above. But every cfne part of CO^

, contains of its weight of CO  ̂6 parts pure C, hence, every 
207.4 pure lead is equivalent to 6 parts of pure C. Know
ing, therefore, that what pure lead is found in the eruci- 
ble owes its origin to abstraction of oxygen from the 
litharge (103.7 4-8) by the C of the Conformed, it is easy 
to calculate the carbon by the lead, even now, without 
simplifying,and by the proportion: As 207.4 lead is to 
6 carbon, so is lead found in crucible to carbon in the coal 
or alloy. But one part C is ^ 207.4=34,56. Suppose 
therefore, one ounce of lead is left in the crucible, then 
the calculation would be: 103.7 P b : 111.7 (protoxide 
Pb) :: 1 oz.: 1.077 (protoxide reduced by the assay). 
Therefore, 1.077 oz. of protoxide was reduced to make 
that 1 oz. of lead. •

Now in 1.077 of protoxide of lead there was..077 of 
oxygen, that oxygen went to forrn CO ,̂ but in forming 
CO* it did so by taking up only qnough of C as would, 
with .077 of O, forni CO* according to the laws of affinity, 
or in this proportion; As 160 : 22CO*:: ,0770 : .105 
CO*; It consequently formed .105 of CO*. Now .105 
CO* shows of pore C in the proportion of 22 : 6, thus we 
have 22CO* ; 6C : : ,105CO*: .286C. Therefore, the one 
ounce of pure lead indicates that .286 of one. ounce of 
carbon existed in the assayed fuel; if there had been 
originally one-half an ounce of assay, or .500 decimally, 
there was ,500—.286=.214 carbon, or a little more than 
42 per cent, carbon.

Having found the amount indicated by 1 oz. nf pure 
lead, it wou]d be easy therefrom to determine any amount 
by thO following proportion:—

1 oz. (480 gi%.) : .286 : :  the , weight of button : its 
carbon, or, as 34.56 parts of lead are equivalent to one 
part of carbon, as

' Lead.
• 34.56

C.
1

Lead found-.
480 grs.

C.
13.88

[This amount of oxygen, carbon, or lead, will heat
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78.15 parts of \^:ater from -32° to 212°; so that every
unit of lead represents 78.15 =  2.261 units of water,

34.56
heated from 32° to 212°, One part ofcarbon combines with 
2.66 oxygen to form carbonic acid ; and one part of hydro
gen combines with eight parts of oxygen. If, from the sum 
total of oxygen, we now subtract the. amount of oxygen 
which the fuel Contained, we shall find the amount 
needed for combustion ; this latter is the measure of the 
power of heat of the fuel. For example, oak wood is 
composed of, 0.4943 carbon, 0.0607 hydrogen, which 
takes 0.4943 x 2.66 + 0.0607 x 8=1.318+0.485=1.803 
oxygen: subtract the oxygen of the wood=0.445 then 
1.803—0.445=1.358 oxygen is left. This is equal to 
17.58 lead or 89.8 water, which by one part of oak wood 
can be heated from 32° to 212°. In this way the value 
of fuel, or the quantity of heat it liberates, may be very 
simply ascertained. But the iron manufacturer must 
pay particular attention also to the quality of heat, of 
which we,shall speak hereafter. In accordance with this 
inethod, the following experiment has been made. The 
water is assumed to be heated from 32° to 212° Fahr.

• . ■ * '

1 pound o f bituminous coal will heat 6Q pounds of water.
1 u ■ pure carbon 78 U
1 a charcoal 75 ((
1‘ u • dry wood 36 it

■1 (( air-dried wood ■ 27 U

1 a peat 25 to 30 u

1 a . alcohol 6 7 i u

1 • u oil, wax 90 to 95 •u

1 a ether 80 . n

1 u hydrogen 236 a

These substances naturally combinq with various 
amounts of oxygen. Assuming oxygen to be one, and 
the water to be heated from 32° to 212°, then
1. pound of oxygen combining with hydrogen, will heat 29.J lbs. 
1 (1 . f( ' <1 carbon, “ 29^ ‘.̂■
1 “ “ “ . alcohol, “ 28 “
1 “ “ « ether, “  28 “]
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Practical Remarks on the Analysis of Coals.—The four 
classes of fuels to which.ou'r attention has been directed, 
are, 1. Charcoal; 2. Coke; 3. Bituminous Coal, or Raw 
Coal; 4. Anthracite. There can be no doubt that a 
complete analysis of the coals used in the furnace, 
whether that furnace be the blast, or the puddling or re
heating furnace, would be always important.. But such 
an analysis requires much judgment and some skill, pre- 

’ viously fexercised i,n relation to the choice of specimens 
of the coal to be analyzed, A strictly chemical analysis 
of the carbon in coal naay be very deceptive  ̂and indeed 
very inaccurate,.in a case where the metallurgist re
quires only the heating value of his coal, for ip the 
chemical process by litharge, already described, or the 
oxide of copper process described in the appendix G, 
although extremely accurate, is subject to this error; it 
gives the amount of carbon, inclusive of that carbon 
which is so combined ip the slate, or graphite, associated 
with all .mineral coals, or it may gi.ve that carbon which 
is in such a condition 'practically, it is of no'advan
tage to the furnace for heat. The only true practical 
value, therefore, of an analysis of coal is that wherein it 
gives us the heating value of that coal.

Practically speaking, this value may be arrived at 
with but a small amount of trouble. - 1st, By. heating 
a weighed amount, not less than 20 lbs., properly 
selected, in either a riveted sheet-iron box prepared for 
that purpose, with tubes of sheet iron leading there
from, or in a large earthen retort. The volatile matter 
composed of hydro-carbons—bitumen, f tar, &c.—-will 
escape with ammoniacal gas and some sulphur.. By 
using ordinary care, and surrounding the receiver with 
cold water or ice, these gases may be condensed, or 
may be passed info water, and the gaseous carburetted 
hydrogen, if any, allowed to escape. On the suitface of 
the water will be the condensed'oil, and the advantage 
gained by using water will be found in that the water 
will contain the sulphur, provided about one-fiftieth part, 
or about one fluid of, of ordinary nitric acid, has been 
previously added tq two quarts of water, the amount
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necessary to be used for distilling over from 20 lbs. The 
amount of sulphur, thus brought over, may be determined 
by collecting the'precipitate resulting from the addition 
of a solution of chloride of barium to the separated 
water, i. e., the water drawn off from the bottom of the 
glass receiver which holds the water and floating oil, 
or tar. This may be done by running a glass tube, bent 
syphon-shaped, down into the jar, through the oil, &c., 
to the bottom, and turning the jar over upon bne side ’ 
so as to cause the' edge of the.bottom of the jar to be 
lowest, and then drawing the water up into the syphon. 
A wire, with a little piece of muslin wrapped aroUnd 
its end and securely tied, dipped into Avater and then 
inserted far up the tube (which need not be more than 
J in. diameter), with its other end extending beyond the 
lower end of the syphon, will enable the operator, by 
drawing the wire out, after the end of the syphon has 
been inserted in the receiver, to draw the water up the 
shorter arm of the syphon and cause the flow to be suffi
cient without the hazard attending the application of 
the mouth to the tube. The water should be filtered if 

, it has been mixed with oils or dirt, and then evaporated 
to a small amount before the solution of chloride of 
barium is poured in. Filter the precipitate after allow
ing it to settle; wash it, dry, and w§igh after heating 
it at a low red heat. Every 116.64 of the precipitate 
contains 16 of sulphur, or 13.7,per cent, of the weight 
of the precipitate is sulphur. Now while a larger pro
portion of sulphur remains in the coke by thus coking 
in close vessels than will renjain in the coke if coked in 
ovens, in the large way, and while more Sulphur re
mains . in coke, even by the latter method than by 
coking in the open air, in heaps, and while "it is true* 
that not all the sulphur is obtained in the water or coke 
either Jjy this method, but some remains in the oils and 
escapes in the gas, nevertheless, relatively, the practical 
amount of sulphur may always be determined, to a very 
useful degreCj by this -simple process, and by going no 
further. .For if a metallui’gist discovers that a coal 
which he has been using, is comparatively free from sul-
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phur,.and that by the process we have recommended ft 
contains only 2 lbs; of splphiir to 1000 bituminous, which 
has been considered a fair average for the highly bitumi
nous coal of South Wales (Eogers), then, by experi
ments, about one-half would be represented in the water 
of distillation in- close vessels, and that being granted, 
it is plain that an increase, or decrease, upon that propor
tion would readily give the value of the fuel, in respect 
to sulphu'r, by the comparative amount of sulphur found 
in the water alone, and it is only the comparative value of 
coal which is needed, most usually.

What, therefore, are the j>ractical lessons derived 
from analysis of coall

In some places it requires 2400 lbs. charcoal to make* 
one ton iron, of which 126 lbs., or 5.25 per cent,, were 
composed of the following ingredients:— ►

Silex . . . . . .  64 lbs.,
A lum ina  
L im e (Garb.) . 
Mag. (Garb.) . 
Potash (Garb.)

26
10
6

20

126 lbs. •

Now these proportions will show thfe poor slag which 
would result was it  not for the nearly 16 per cent, of 
carb. of potash and 8 per cent. carb. of lime, which 
readily make a flux with the remaining ingredients, but 
all depends upon the potash, so far as the fact of fluxing 
is concerned. Now we will look at the following analy
ses of other' coals. In the same region, the ores being 
about the sanie, the assertion is, that about 4480 lbs. of’ 
coke are required to make a ton of best foundry iron. 
Of this there are 448 lbs., or ten per cent., ashes, qf fol-
low ing c o m p o s it io n :— •

S ile x . . . 2 9 2  lbs.
A lu m in a . 65 “
Mag- (Garb.) . . ■ . . 32 “
Per. Ox. Ir o n . . . . 3 6  «
L im e (Garb.) . . 23 “

448  lbs.
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Here are found only 5 per cent, lime to 65 pex cent.* 
silex, and no potash whateve'r. T̂ he latter fact is charac
teristic. We see, therefore, why the ashes of bitumi
nous coal and coke will not flux in themselves. The 
above samples are rather poorer than usual, but they 

’ answer this purpose sufficiently well. ’The following is 
the analysis of an American bituminous coal, from Quin’s 
Run, .Clinton County, Pa., supposed to be “a superior 
article ;” per cent, ashes, 6.80:—

Silex; . , . . . . ye.oo
Alumina . . • . . . . 21.00
Peroxide Iron . . .  . . . 2.60
Loss ......................................................40

100.00
' ( W .  R .  JOHNSON.jl

Here then. is no lime and much silex and alumina. 
In the anthracite the same .lack of fluxing proportion 
exists, and the alumina seems to be in excess, as is seen 
in the following table :—

* ♦ SuciAR L o a f  Go.» H a z l e  Cr e e k , P a .
Buck Salem Vein,

N o. 1. , N o . 2 . N o . S.
M ouR taia. PoUaville.

> S p . g r . 1.591. ^ p . g r .  1 .574. S p . gr.1 .55. Sp. g r . 1.559. Sp.gr.1.369.

P($r eent. ashes . • 4,83- 8.73 2.242 3.079 6.75
Color . . . ■. light buff reddish white white reddish buff brick red
Silex (per cent.). 03.603 45.105 43.68 45.60 ■50.00 ,
Alumina . . . 36.687 37.000 39.34 42.7S 38.90
Peroxide of iron . 5.590 • 13.000 8.22 9.43 ■ 8.00
Lime . . . . 2.857 1.380 5.76 1.41 2.10
Mxgnesia . . . 
Oxide manganese

1.076 • 
0.186

2.430 3.00 -.33 .90

We see, therefore, that one characteristic of charcoal 
fuel is the large amount of potash in the ashes, and 
although we may probably use the specimen of charcoal 
above referred to, it gave, nevertheless,^ an unusjially 
large amount of ashes. *Hard wood-coal gives more than 
soft, the latter, as in pine wood, giving only 0;307 total 
waste in ashes (W. R. Johnson’), and an average is a 
good representative per cent, for usual hardtWOod char
coal.
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But the next and more important characteristic of 
charcoal* is its freedonj from sulphur. While charcoal 
seldom contains a trace, no other coals are entirely free. 
Thus the Quin’s Kuri coal, represented above, had 
0.1019 per cent, of sulphur, though considered a “ supe
rior coaU’ The ashes were neaidy white, and this fact 
is important to remember, for tfie color of the ashes will 
frequently give a very, good intimation of the amount of 
sulphur, as the sulphur, combining with the iron, will 
be in proportion to the iron which is found peroxidized ' 
by the heat after the escape of the sulphur. ’ That per 
cent. (0.1019) would give a little more than 2 lbs. of sul
phur to the 'ton. As the iton combines with sulphur in 
coal in the proportion of 46.7 to 53.3 in 100 parts, it is 
plain that there was 1.75 lb. of iron, or 3.75 lbs. of iron 
pyj’ites. So that the color of the coal" ashes will aid 
much in determining a judgment as-to the amount of‘ 
sulphur in the coal, one-tenth of one per cent, being the 
representation of a quantity of iron giving a nearly 
white ash. • In the table above we have the last men
tioned fact illustrated, that the discoloration of. the ashes 
will give an approximate test of the iron, as may be 
seen by noting the amount of ashes and then .the 
amount of peroxide of iron proportioned to that amount, 
and it also gives; indirectly, a test, or good grounds for 
suspicion, as to the quantity of sulphur. While this is 
emphatically true as to the bituminous coal, it is also 
true, though in a modified degree, as applied to th.e 
anthracite. We have corroborated this by experiments 
upon a large number of coals, and, though there seems 
to be present considerable sulphur, even in peffectly 
white-ash coals, due to sulphuric acid and sulphur in 
other conbinations than with iron, yet the rule has not 

I many exceptions that, where the ash is red it indicates 
the presence of sulphuret of iron, as above stated, and , 
in proportion to the depth of color 5f the ashes.

We see, therefore, just where the practical value of 
coal analysis is expected tq show itself. 1st. In deter
mining the heating value of the coal. 2d. In deciding
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the nature of the ashes. 3d. In revealing the compara
tive amount of sulphur.

“jRaw Coal” or uncoked Bituminous Coal.—The benefit 
arising from the use of this coal in this'state is now rea
dily. determined. As we have seen, bituminous coal and 
anthrafcite are only different conditions of the same'fuel, 
modified by heat and long periods of natural distillation. 
In  Wales, all the various conditions of transition, from 
highly bituminous coal to hard anthracite, are to be met 
with in comparatively a small district. . In the United 
States the hardest anthracite occurs at the anthracite 
beds, near Fall River, Mass. The spec. grav. being 
about 1.84. In  Pennsylvania the anthracites, as we have 
seen, gradually decrease in spec. grav. as we go west, 
and show great change’s, even in the anthracite region, 
but westward the gravity decreases, and the bituminous 
element and gases increase, until the transition re
solves itself into the decidedly and highly bituminous 
coals of the western part of Penn. All the difference in 
the coal, therefore, radically consists in, what might be 
pre-su'pposed, less volatile matter, less sulphur, and a 
denser physical condition. A true anthracite has so 
little *volatile matter, hydro-carbona, etc., that no anthra
cite can be coked, and no carburetted hydrogen flame, 
that is, no yellow flame nor smoke can escape, and 
therefore it burns with the short bl̂ xe flame of carbonic 
oxide. At the same time it has the same elements in 
its ashes, in about the same proportion. ' Now when 
coke is compared with raw fuel, in the furnace, there is, 
doubtless, more carbon, and more heating power in the 
cubic foot of raw coal than in the coke made from that 
cubic foot of raw coal, as we have seen in the foregoing 
tables. The volatile matter drawn off is so much waste 
of carbon, but (1) chemically, the sulphur in raw coal is 
generally three times larger in quantity than it is in the 
coke prepared carefully ip open beds, from .the same raw 
coal, and (2) mechanically, the coking and swelling of 
the bituminojis coal sometimes occasions diflSculty in the 
regular descent of the-charges and the free passage of
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the blast. These difficulties may be obviated; plainly, 
therefore, in that case raw coal is an economy.

I t  may be desirable to test the pig iron for sulphur 
where sulphur may be traced to no cause but the coal, 
and it may readily and easily be done thus: Take 
several specimens of the pig iron, cut them with a clean 
file, and put 30 or 40 grains into each of as many vials as 
there are specimens. Pour on a half fliiidounce of H 
Cl upon each specimen, hydrogen gas will be evolved 
■immediately, which will be more or less sulphurous in 
smell, according to the amount of sulphur in the iron. 
Now, having previously dipped several strips of bibulous 
white paper into a solution of ordinary sugar of lead 
(acetate of lead), half dried them, and held them 6 or 
8 seconds over a strong solution of ammonia, pass these 
strips over, and within a quarter, of an inch of the 
mouths of the vials, noticing the time it* takes to darken 
■the strip and the deepness of the stain. This stain is 
sulphide of lead, and the more sulphur is evolved with 
the > hydrogen the more rapidly Will the stain appear, 
and the deeper the brown or black sulphide Will appear’ 
upon the strip. An extremely small amount of sulphur 
may thus be detected, and practice will soon enable one 
to judge very well indeed of the amount of sulphur in 
a specimen. (See Appendix H.) ;

In conclusion, greater care will have to be taken in the 
choice of coal, than has been exercised in many places, 
and more skill exhibited in the choice of material, where 
there is reason to suspect more than a usual amount of 
sulphur, for, as we have seen, p. 121, there are elements 
quite available whereby remedies may be applied, and 
we may sometimes adopt them readily when we only 
have learned that the difficulty exists. Although sul
phur drives carbon* out, as shown p. 121, it has been 
declared, in England, that an increase of the quantity of 
carbon, raade'a constant quantity, in some of our furnace 
charges, will have a decided tendency in ‘driving the 
sulphur out. (Rogers.) This may be so. in. theory, but 
practice does not seem to sustain the assertion. At 
Pittsburg, we were informed by an experienced master
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XBemj. Crowther, Esq.) that he succeeded in largely cor- 
1-ecting the evil influence of sulphur upon his iron, by, 
Using;; inci*eased proportions of limestone, and accordingly 
we fouftfl that his slags effloresced in the roads where they 
•Were thrown, from the excessive amount of lime., An 
aualysisvhoyrever, showed that his limestones were fossili- 
ferous phosphate^ This corrol^orates what has been said 
Up the page referred to above,,for phosphorus certainly 
has a tepdency to expel sulphur from the iron.

    
 



P i E T  I I .
PRACTICAL METALLURGY OE IRON.

C H A P T E K i;

ROASTING OF IRON ORE.

W h ether  an  iro n  o re  sh o u ld  b e  T o a ste d , i s  a  q u e s t io n  
w h ic h  v e ry  se ld o m  a r i s e s ; a t  U a s t  this- q u e s t io n  se ld o m  
o u g h t  to  a r i s e .  W i t h  th e  e x c e p t io n  o f  th e  r e d  im p a l
p a b l e  o x id e ,  th e  w h o le  s e r i e s  o f  iro n  o r e s  r e q u ir e  T o ast
i n g ;  e v e n  t h e  s p e c u la r  i r o n  o r e , i f  i t  i s  v e r y  c o m p a c t ; 

'b u t  t h e  b e s t  o x id e ,  i f  to o  c o m p a c t ,  w o r k s  b a d ly  in  th e  
f u r n a c e .  A l l  o t h e r  o r e s  sh o u ld  b e  s u b je c t e d  t o  c a lc in a 
t io n .  S o m e - ir o n  m a s te r s  a r e  in  t h e .h a b i t  o f  u s i n g  th e  
h y d r a t e s  r a w , b u t  t h i s  s h o u ld  n o t  b e  d o n e  w h e r e  c la y  
o r e s  a r e  s m e l t e d ,  o r  w h e r e  th e  h y d r a te s  c o n t a in  e i t h e r  
c h lo r id e s ,  o r  p h o s p h a t e s .  B u t  in  th e  l a t t e r  c a s e ,  th e  p ig  
m e t a l  w i l l  b e  c o ld - s h o r t  i f  th e r e  i s  to o  m u c h  p h o s p h o r u s .  
U n d e r  a l l  c i r c u m s t a n c e s ,  h o w e v e r , i t  i s  b e s t  to  r o a s t  th e  
o r e s  i f  w e  e x p e c t - g o o d  m e t a l  a n d  w e l l- r e g u la t e d  fu r n a c e  
o p e r a t i o n s .  . . •

The object of roasting ores is to produce higher oxi
dation, and to expel injurious admixtures. In both cases, 
liberal access of atmospheric air is required ; wp should, 
therefore, so arrange our.roasting operations, as to fulfil 
these conditions, from which it will appear that different 
ores require different treatment To explain this more 
fully, we shall take a review of the various ores.

Magnetic Oxide of Iron.—This ore is very compact, 
heavy, and of an almost metallic appearance; to open 
the textures of the ore, to make it more porous, lighter, 

17
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a n d  t o  o x i d i z e  i t  m o r e  h i g h l y ,  i t  s h o u l d  b e  ro a s te d ; sul
p h u r  i s  f r e q u e n t l y  c o m b j n e d  w i t h  i t .  T h i s  ore melts 
i n t o  a  s l a g  b y  a  c h e r r y - r e d  h e a t ; w e  s h o u ld , therefore, 
a v o i d  a  h i g h  h e a t ,  f o r  a  m e l t e d  c l i n k e r  i s  u se le ss and 
i n j u r i o u s  in  t h e  b l a s t  f u r n a c e .

Hydrated Oxide o f Iiion, Brown Oxide, Hematite, Bo§ 
O r e .- —T h i s  w h o le  c l a s s  o u g h t  to  b e  r o a s t e d ,  n o t for the 
p u r p o s e  o f  o x i d a t i o n ,  b u t  i n  o r d e r  to  d r iv e  o f f  the acids, 
a n d  d e s t r o y  s u l p h u r e t s  a n d  p h o s p h u r e t s ,  fo r  a l l  the ores 
o f  t h i s  c l a s s  c o n t a i n  m o r e  o r  l e s s  i n ju r i o u s  m atter . This 
o r e  .w i l l  b e a r  a  h i g h  t e m p e r a t u r e  in  r o a s t in g ,  i f  there is 
h o  f o r e i g n  m a t t e r 'm i x e d  w i t h  i t ;  b u t  o f  th i s  i t  is  very 
s e l d o m  f r e e .

Sidphurets o f Iron.— T h e s e ,  o f  c o u r s e ,  r e q u ir e  roast
i n g ,  i f  d e s i g n e d  f o r  t h e  m a n u f a c t u r e  o f  i r o n ;  th e  mani
p u l a t i o n  i s  d i f f i c u l t ,  a n d  r e q u i r e s  l i io r e  t h a n  u su a l  atten
t i o n  a n d  t im e .

Phosphurets. o f Iron, w h e r e  t h e y  h a p p e n  to  b e  mixed 
w i t h  t h e  o x i d e s ,  s h o u l d  b e  r o a s t e d ,  i f  w e  m a y  expect 
m e d i u m  q u a l i t i e s  o f  i r o n  ; b u t  i f  t h e  q u a l i t y  is  no object, 
a n d  c h e a p n e s s  t h e  a i m ,  t h e n  p h o s p h u r e t s ,  in  their> raw 
c o n d i t i o n ,  w i l l  a n s w 'e r .

Arseniurets o f Iron.— I f  i r o n  o r e s  c o n t a in  a r se n ic , it iŝ  
b e s t  to  r o a s t  t h e m  ; a r s e n i c *  d o e s  n o t  i n ju r e  th e  m etal; 
b u t  i f  t h e  t o p  o r  s h a f t  o f  t h e  b l a s t  fu r n a c e  w o rk s  cool, 
t h e r e  i s  s o m e t i m e s  d a n g e r  o f  c h o k i n g  a t  t h e  to p , or of 
s c a f f o l d i n g  a t  t h e  l i n i n g  a b o v e "  t h e  b o s h e s .

Chlorine c o n t a in e d  in  i r o n  o r e  d o e s  n o  h a r m  w hatever, 
a n d  m a y  b e  c o n s id e r e d  b e n e f i .c ia l  in  r o a s t in g .

Sulphates 'o f  Iron s h o u l d  b e  c a r e f u l l y  r o a s t e d  with 
l i b e r a l  a c c e s s  o f  a i r .  T h i s  w i l l  a p p l y  a l s o  to

Carbonates, w h ic h  r e q u i r e  c a r e f u l  t r e a t m e n t .  I n  the ■ 
f i i r n a c e  t h e y  m e lt  b e f o r e  c a r b o n  h a s  a n y  in f lu e n c e  upon 
t h e m  ; a n d  i f  th e i 'e  i s  a n y  a d m i x t u r e  o f  fo r e ig n  m atter , 
t h e  q a r b o n a t e s  a r e  v e r y  a p t  t o  p r o d u c e  b u t  a  sm a ll  quan 
t i t y  o f  w h i t e  i r o n ,  w i t h  b l a c k  c i n d e r .  T h e  r o a s t in g  o f 
c a r b o n a t e s  i s  d i f f i c u l t ;  f h e  b e s t  m e a n s  o f  r o a s t in g  them 
a r e  lo w  h e a t ,  a n d ,  i f  p o s s i b l e ,  a c c e s s  o f  w a te r y  Vapors, 
p a r t ly  t o  c a r r y  o f f  t h e  h e a v y  c a r b d n i c  a c i d  g a s ,  a n d  p artly
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to prevent a too high temperature; for, if the heat is too 
strong, the- carbona t̂e melts togefher with the oxide, and 
forms a black cinder.

It is evident that, as the qualities of these ores are 
different, they should receive different treatment; and 
the question which meets us is,* what arrangement, in 
each particular case, will best enable us to arrive at the 
highest-perfection. For roasting ores, there are three 
distinct, modes-of manipulation—ovens, piles, and rows 
Each arrangement may be considered perfect for a par
ticular kind of ore; but each is not equally applicable to 
all varieties of ore. We must modify o.ur manipula
tions according to circumstances, in order to produce 
appropriate results.

Under all circumstances the ore to be roasted should 
be broken into pieces, say two or three inches; if we 
neglect this, of course we cannot expect the best result, 
for it is obvious that large pieces will not receive heat 

» and oxygen through their whole body so soon as smaller 
pieces; and as the object is volatilization or oxidation, no 
mean’s should be neglected which will accomplish the 
end in. view. The kind of fuel required is not of so 
much consequence as it is usually thought to be at char-i 

-coal furnaces. Wood and small charcoal (bi’aise) are 
used; but where wood is scarce, stone coal, properly 
applied, will answer ; coke, or anthracite is preferable. 
Bad, or sulphurous coal should be avoided, or at least 
coked befoi'e used. Turf or peat, or brown coal may be 
used, where they can be obtained upon a^jvantageous 
•terms.

Roasting of Iron Ore in Ovens or Furnaces.—There 
are many different forms of ovens, but all of them can 
be reduced'to that of the blast furnUce, or the limekiln. 
They are either perpetual, or work by chdrges. *

These ovens are commonly from twelve to eighteen 
feet high, and contain from fifty to one hundred tons of 
ore at once. , Fig. 39 represents such an oven for per
petual work : a is the shaft or circular hearth, where ore 
and fuel are thrown in; byh are the grate bars, which 
can be removed to let down the roasted ore ; c, c are*sifte
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arches, which permit access to the dnift lioles; d,d,d,i 
are four arches, includiilg the work arch. To start ope-

Fig. 39.

Section of a roast-oven.

r a t i o n s  i n  s u c h  a n  o v e n ,  t h e  g r a t e  b a r s  a r e  co v e re d  rvitli 
w o o d  ; u p o n  t h i s  e i t h e r  s m a l l  c h a r c o a l ,  o r  s to n e  coal, 
c o k e ,  p e a t ,  b r o w n  c o a l ,  o r  a n y  f u e l  f i t  f o r  t h e  p u rp o se , is 
p l a c e d  ; t h e n  a  l a y e r  o f  c o a l  o r  o r e  a l t e r n a t e l y ,  u n til the 

* o v e n  i s  f i l l e d ,  a f t e r  w h ic h  t h e  f i r e  i s  k in d l e d .  W h e n  the 
l o w e r  p o r t i o n s  o f  o r e  a r e  s u f f i c i e n t l y  r o a s t e d  a n d  cool, 
t h e y  a r e  t a k e n  o u t ,  a n d  e i t h e r  c a r r i e d  t o  t h e  fu rn a c e , or,’ 
i n  c a s e  t h e  o r e  i s  n o t  s u f f i c i e n t l y  r o a s t e d ,  r e t u r n e d  to the 
t o p .  T h e  a i r  h o le s  d , d , d ,  d  a r e  d e s i g n e d  to  a d m it  air 
w h e n  i t  i s  n e e d e d ,  a n d  t o  e n a b l e  u s  to  o b s e r v e  th e  pro
g r e s s  o f  t h e  w o r k .  A n  o v e n  o f  f i f t y  t o n s  c a p a c i t y  ought 
t o  y i e l d  t h i r t y  t o n s  o f  w e l l  r o a s t e d  o r e  in  tw en ty -fo u r 
h o u r s  ; b u t  t h i s  d e p e n d s  v e r y  m u c h  o n  c irc u m sta n c e s , 
a n d  e s p e c i a l l y  u p o n  t h e  q u a l i t y  o f  o r e  t o  b e  r o a s t e d .  A s 

■ t h e  t o p  o f  t h e  o r e  s i n k s ,  i t  i s  . r e p l a c e d  b y  f r e s h  ch arges 
o f  c o a l  a n d  o r e . T h i s  o v e n  i s  w e l l  q u a l i f i e d  to  r o a s t  the 
h y d r a t e s ,  c a r b u r e t s ,  a n d  o t h e r  e a s i l y  w o r k e d  o r e s ;  bu t
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w ill n o t  a n s w e r  fo r  c a r b o n a t e s ,  s u l p h u r e t s ,  o r  e v e n  m a g 
n e t ic  o r e ,  f o r  th e s e  o r e s  a r e  to o  ■ soon m e lte d .

I n  s o m e  p a r t s  o f  E u r o p e  a n o t h e r  k i n d  o f  o v e n  i s  in  
u se , w h ic h  a f fo r d s ,  a  b e t t e r  p r o d u c t  t h a n  t h e  p e r p e t u a l  
o v e n , a n d  m a y  b e  e m p lo y e d  w ith  g r e a t  a d v a n t a g e .  T h i s  
o v e n  i s  r e p r e s e n t e d  b y  F i g .  4 0 . I t s  in t e r io r  i s  a  c o n e ,  
w id e  a t  t h e  b a s e ,  a n d  n a r r o w  a t  th e  to p . A t  t h e  b o t t o m

Fig. 40.

Section of an ore-roasting oven.

o f  t h i s  c o n e  a n  a r c h  o f  c o a r s e  p ie c e s  o f  iro n  o r e  i s  b u i l t ,  
w h ic h  s u p p o r t s  t h e  b o d y  o f  o re  c h a r g e d  a b o v e  i t .  T h i s  
a r c h  w i l l  a d m i t  e n o u g h  fu e l  to . k e e p  u p  a  l iv e ly  f ir e . 
W h e r e  w o o d  is  p le n ty , i t  m a y  b e  u se d  in  i t s  g r e e n  s t a t e ,  
b u t  a n y  o t h e r  fu e l  w ill  a n sw e r  q u ite  a s  w e ll. O n e  g r e a t  
a d v a n t a g e  w h ic h  th i s  a r r a n g e m e n t  h a s  o v e r  t h e  o t h e r  
( F i g .  8 9 ) ,  i s  t h a t  i t  d o e s  n o t  b r in g  th e  fu e l  i n t o  c o n t a c t  
w ith  th e  o r e ;  a n d  th e  w o rk m e n  a r e  e n a b le d  to  g i v e  j u s t  
so  m u c h  h e a t  a s  th e y  c o n s id e r  n e c e s sa r y . S u c h  a n  o v e n , 
p r o p e r ly  m a n a g e d ,  m a y  a n sw e r  fo r  a n y  k in d  o f  o re  p r o 
v id e d  i t  b e  su f f ic ie n t ly  c o a r se  to  a d m it  th e  d r a f t  o f  a i r  
n e e d e d  fo r  o x id a t io n .  T h o u g h  th is  a r r a n g e m e n t  m a k e s  
m a n ip u la t in g  m o re  e x p e n s iv e  th a n  th e  a r r a n g e m e n t  f i r s t  
p r e se n te d , y e t  th e  q u a l i t a t iv e  p r o p e r t ie s  o f  t h e  p r o d u c t
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w h ic h  i t  f u r n i s h e s — ^ fo r  t h e r e  i s  .n o  d o u b t  th a t  a  good 
w o r k m a n  w i l l  d e l i v e r  a  m o r e  p e r f e c t l y  o x id iz e d  ore from 
t h i s  k i l n  t h a n  f r o m  t h e  o t h e r — m o r e  t h a n  com pensate  
f o r  t h i s  e x p e n s e .

A n  i m p r o v e m e n t  u p o n  t h i s  p r i n c i p l e  h a s  b ee n  made 
in  S w e d e n  a n d  N o r w a y  b y  e r e c t i n g  l a r g e  c irc u la r-o v e n s, 
l i k e  p o r c e l a i n  k i l n s ,  a t  t h e  b a s e  o f  w h ic h ,  in  furn aces, 
b u i l t  a r o u n d ,  o r  in  t h e  c e n t r e  o f  t h e  o v e n ,  th e  fire  is ap
p l i e d .  S u c h  a n  a r r a n g e m e n t  w i l l  w o r k  co n tin u o u sly , 
l i k e  t h a t  o f  F i g .  3 9 ,  b u t  i s  e x p e n s i v e  b o t h  in  th e  first 
o u t l a y ,  a n d  in  t h e 'o p e r a t i o n .  R e v e r b e r a t o r y  furnaces 
h a v e  b e e n  t r i e d  f o r  r o a s t i n g  o r e s ,  b u t  w i t h  l i t t l e  su c c e s s ; 
t h e  o p e r a t i o n  p r o v e d  t o o  e x p e n s i v e .

R o a s tin g  in  'M o u n d s .— S u l p h u r e t s  a n d  .carb o n ate s , 
w h ic h  c a n n o t  b e a r  a  h i g h  h e a t ,  a n d  r e q u i r e  so m etim e s 
s e v e r a l  f i r e s ,  a r e  b e s t  r o a s t e d  i n  m o u n d s .  M o u n d s  are 
f o r m e d  o n  a  l e v e l  g r o u n d ,  a n d  c o n s i s t  o f  t h r e e  sto n e  or 
b r i c k  w a l l s :  s e e  F i g .  4 1 .  T h e  a r e a  o r  h e a r t h  i s  open

Fig. 41.

Ground plan of a roasting mound.

o n  o n e  s id e ,  so  a s  t o  a d m i t  t h e  e n t r a n c e  o f  w h e e l-b a r-  
r o w s  o r  c a r t s ; t h e  w a l l s  a r e  a b o u t  t h r e e  f e e t  h ig h ,  a n d  
h a v e  a t  t h e i r  b a s e s  f i r e  c h a m b e r s ,  w h e r e  t h e  f u e l  i s  a p 
p l ie d .  T h i s  i s  s h o w n  a t  a , a, a . F i g .  4 2 .  T h r o u g h  th e  
p i l e d  o r e  a r e  d r a f t  h o le s  o r  c h im n e y s ,  h, b, w h ic h  r e g u 
l a t e  t h e  d r a f t ;  ^ y  t h e s e  c h i m n e y s ,  t h e  d r a f t  m a y  b e  
a l t o g e t h e r  s t o p p e d  w h e n  t h e  o r e  g e t s  t o o  h o t .  T h i s  
k i n d  o f  o v e n  o r  m o u n d  i s  v e r y  u s e f u l  f o r  s n i a l l  o r e s ,  a n d  
t h o s e  w h ic h  c a n n o t  b e a r  m u c h  h e a t .
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Fig. 42.

Section of an ore-roasting mound.

Roasting in the Open A ir  in H ea p s .— T h i s  m o d e  o f  
calcin in g o re  i s  u n d o u b t e d ly  th e  m o s t  a v a i l a b l e ,  a n d  
that g e n e ra lly  p r a c t r s e d .  I t  a f f o r d s  b y  g o o d  m a n a g e 
ment e x c e l le n t  r e s u l t s .  T o  fo rm , a  h e a p ,  o r  h e a p s ,  t h e  
ground m u st b e  l e v e l le d ,  a n d  in  m a n y  c a s e s  c o v e r e d  w it h  
beaten c lay . T h e  a r e a  o f  s u c h » a  l e v e l  d e p e n d s  e n t i r e ly  
on the a m o u n t  o f  o r e  to  b e  r o a s t e d ,  a n d  t h e  t im e  in  
Avhich i f i s  p r o p o se d  t o  b e  d o n e . I t  m a y  b e  l a i d  d o w n  
as a  ru le , th a t  th e  l o n g e r  t h e  f ir e  r e m a i n s  in  a  p i l e ,  o r  
the slow er th e  r o a s t i n g  i s  c a r r i e d  o n , t h e - b e t t e r  w i l l  b e  
the re su lt. I f  t h e  t im e  i s  l im i t e d ,  r o w s  o f  t h r e e  f e e t  
high, from  se v e n  to  e i g h t  f e e t  w id e  a t  t h e  b a s e ,  a n d  o f  
convenient le n g t h ,  m a y  b e  p u t  u p  a n d  f ir e d . T h e s e  
rows m ay  b e  f in i s h e d  in  te n  o r  t w e lv e  d a y s  ; b u t  t h o u g h  
they a n sw e r  w e ll  e n o u g h  f o r  h y d r a t e s ,  s u l p h u r e t s ,  a n d  
all th ose  o r e s  w h ic h  c a lc in e  e a s i ly ,  t h e y  d o  n o t  a n s w e r  
for m a g n e tic  o re , o r  c a r b o n a t e s .  F o r  t h o s e  o r e s  w h ic h  
are ro asted  w ith  d i f f ic u l t y ,  r o u n d  o r  s q u a r e  p i l e s  o f  v a r i 
ous d im e n s io n s  .a re  u s e d  ; so m e  o f  t h e s e  p i l e s  -h ave  a  
cap acity  o f  f r o m  o n e  h u n d r e d  to  tw o  t h o u s a n d  to n s . 
T h e a m o u n t  o f  o r e  in  f ir e  sh o u ld  d e p e n d  m a i n l y  o n  t h e  
stock on  h a n d ,  a n d  o n  th e  q u a l i t y  o f  t h e  o r e .  M a g n e t i c  
ore tnay b e  r o a s t e d  in  th e  c o u r s e  o f  s i x  o r  e i g h t  w e e k s  ; 
a rg il la c e o u s  o r e s  o f  th e  b lu e  o r  g r a y  k i n d ,  r e q u i i 'e  a t  
least th re e  m o n t h s ; a n d  th e  s p a r r y  c a r b o n a t e s  c a n  
scarce ly  b e  r o a s t e d  in  o n e  h e a t ,  f r e q u e n t l y  r e q u i r e  d i f 
feren t f ir e s , a n d ,  a f t e r  a l l ,  arfe b u t 's e l d o m  s u f f ic ie n t ly  c a l-
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cined. In Stj'ria, Carinthia, and other places where 
heavy sparry iron ore abounds, and where good iron 
must be delivered, the iron masters are compelled to 
have a stock of ore sufficient to supply the furnace for a 
number of years, and the complicated manipulajtions by 

‘which the sparry carbonates are oxidized, often require 
a period of from three to five years. The operation is 
there mainly conducted on the principle of oxidizing by 
the influence of the atmosphere; for that purpose the 
ores are broken into srhall fragments of the size of wal
nuts, then spread upon level plains, in a thin stratum of 
about two inches thick, and then exposed to the action 
of the sun and atmosphere; in dry weather the ores are 
sprinkled with water once or, twice every day. Ores 
oxidized in this way are, of course, far superior to those 
oxidized by means of artificial heat. The method of 
roasting ore in the open air by artificial heat is. as fol
lows : Billets of wood are placed, like the bars of a grid- 
,iron, upon a previously jh-epared level spot; sometimes 
they are laid parallel, and sordetimes in a crosswise 
planner, so as to form a uniform flat bed. The crevices 
between the wood tnay be filled with chips of wood, 
charcoal, peat, or even stone coa}, coke, or anthracite, so 
as to prevent the ore from falling between the other 
pieces of fuel, or, what is still worse, upon the ground. 
The ore, before it is put upon the fuel, should be broken 
irvto pieces of uniform size, of from three to four inches 
in diarneter; the larger piec.es to he used inside of the 
pile, the smaller ones for covering. When a foundation 
of fuel of about 8 inches high is prepared, ore may be 
piled upon it to the height of from eighteen inches to 
two feet; upon this ore is spread a layer of small char
coal, or of peat, coke or small anthracite coal, in a uni
form thickness of two inches, or one inch of fuel to one 
foot of ore; then alternate beds of fuel and ore, until a’ 
sufficient height is reached. The pile, thus' prepared, 
whether of an oblong, square. Or round form, should be 
covered with small ore, and then should be set on fire 
either in the centre—for which purpose one or more 
holes or flues ai-e left—or around the base. After the
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fiiTs a re  p r o p e r ly  k i iu l l e d ,  th e  p i l e s  m a y  b e p o v e r e d  w i t h  
rid d lin ^s o f  o re  o r  s m a l l  c o a l . T h e  c o m b u s t io n  s h o u ld  
proceed s lo w ly , b e i n g  s o m e w h a t  s u f f o c a t e d ,  s o  th a t-  t h e  
whole m a s s  m a y  b e  u n i f o r m ly  p e n e t r a t e d  w i t h  h e a t .  
W h e re .th e  f ir e  i s  t o o  in t e n s e ,  i t  m u s t  b e  c o v e r e d  w i t h  
sm all o re  o r  c o a l  d u s t ,  a n d  w h e r e  i t  i s  t o o  i m p e r f e c t l y  
developed , h o le s  s h o u ld  b e  p ie r c e d  w i t h  a n  i r o n  b a r ,  
that sm o k e  a n d  a i r  m a y  h a v e  v e n t .

In all cases of calcining in heaps, the arrangement 
and manipulation are almost the same, with hardly any 
other variations than those arising from the difference 
of ore and fuel. Fig. 43 represents the section of an ore

Fig. 43.

Section of an ore heap feady for firing.

pile, w h ich  i s  so  p l a i n  a s  to  n e e d  n o  d e s c r ip t io n .  I n  t h i s  
plan th e  b i l l e t s  o f  w o o d  a r e  r a i s e d  f r o m  t h e  g r o u n d ,  
which a f fo r d s  t h e  a d v a n t a g e  o f  e n a b l in g  u s  to  k i n d l e  
the p ile  w h e r e v e r  w e  c h o o se .

Cleaning of Roasted Ores.
Iro n  o r e s ,  a f t e r  b e i n g  r o a s t e d ,  a r e  v e r y  a p t  to  b e  

m ixed  w it h  f o r e ig n  m a t t e r .  W h e r e  g r e a t  c a r e  i s  t a k e n ,  
as in  s o m e  p a r t s  o f  E u r o p e ,  t h i s  i s  s e p a r a t e d .  T h e  
u su al m e t h o d  o f  a c c o m p l i s h in g  t h i s ,  i s  a s  f o l l o w s ; A  
m o vab le  s c r e e n ,  m a d e  o f  a  w o o d e n  f r a m e ,  f i l l e d , w i t h  
iron b a r s  f r o m  o n e - fo u r th  to  t h r e e - e ig h t h s  o f  a n  in c h  in  
d ia m e te r , l e a v i n g  o n e - fo u r th  o f  a n  in c h  s p a c e  b e t w e e n  
the b a r s ,  i s  p u t  c lo s e  to  th e  o re  p i le .  T h e  d r y  o r e s  a r e
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thrown by means of shovels against the iron bars, wlien 
the fine ores and fine dust pass through the spaces be
tween the bars of the screen, and the coarse ore rolls 
before the screen to the feet of the workman. Stones 
and coarse foreign matter may be separated by band; 
the fine riddlirigs are thrown aside, or may be used for 
levelling the ore yard; mixed with lime, they make an 
excellent mortar.

A more convenient, though more complicated con
trivance than the above, is the following. It is in gene
ral use: A strong wooden framework, made of oak 
scantling five inches thick, contains the screen a, Fig. 
44, made in the usual way of round iron bars from one-

F ig  44.

M achine fo r  c lean in g  ore.

fourth to three-eighths of an inch in diameter, separated 
from each other by one-fourth of an inch space. It is a 
kind of flat box; the bottom b is formed of the iron 
rods. This box is suspended on wires, at four points c 
c, which permit a swinging motion of the screen. If a 
shovelful of ore is thrown into the screen «, 6, d, and a 
boy, standing by jf, moves the screen back and forwards, 
the coarse ore will roll into the box or wheelbarrow e, 
and the riddlings or fine matter will accumulate in g, 
below the screen; A is a cross-piece fastened to the 
screen, which, by constantly striking against the frame.
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occasions a more lively motion of the ore. This simple 
machine answers all that is required* in screening, and 
is a useful fixture,. The ores  ̂ when screened, should be 
cleaned by.hand, that stones and lumps of other foreign 
matter may be removed.’

The screenings or riddlings contain a large amount of 
ote, which is generally lost. Where this is valuable, 
and where the particles of the ore in the screenings are 
coarse., a great deal of it may be regained by washing 
the dust. Calcareous ores, or ores originally mixed with 
lime clay, and common ea’rth, in fact all those screen
ings whose admixtures are sufficiently fine to be carried 
off by a current of water, may be advantageously washed, 
and the greater part of the ore thus recovered ; but fine 
earthy ore dust cahnot be saved in that way. The yvash- 
ing of this ore is generally effected in wooden troughs, 
where, by letting a continual stream of clear water flow 
upon the ore, and by repeatedly stirring the mass, tlje 
.fine dust of dime or clay is loosened and carried off. This 
manipulation can be applied where the price of ore is 
sufficiently high to justify the expenses of the labor 
bestowed upon it.

Theory of Rousting Ores. ,. .

There is a variety of opinions on this subject, and iron 
masters by no means agree in relation to it. Some Oon- 
sider the manipulations mainly designed for the expul
sion of sulphur, but if this were .the case, all those ores 
free from sulphur would require no roasting at all. But 
all agree, that the operation of roasting is necessary. 
Others regard the operation as exclusively a manipula
tion of oxidation, without reference to anything else; but 
we find that even the highest peroxides sometimes 
require roasting. We will confine ourselves at present 
to the most important part, or, the practical view, of the 
operation. . The object of the manipulation of .roasting 
or calcining may be considered mainly that of oxidation, 
for a heat sufficiently strobg to oxidize ore, expels all 
other volatile matter; and the iron retains,oxygen alone.
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All matter generally found in iron ore, which is con
sidered injurious to the metal, is more or less volatile, 
and expelled by a cherry-red heat; for instance, sulphur, 
phosphorus, chlorine, arsenic, antimony, sulphuric acid, 
phosphoric acid, carbonic acid, & c . b u t  copper and 
silver cannot be expelled, and ores which contain these 
metals must be rejected altogether. Therefore, by oxi
dizing the ore, we -at once free it from all injurious 
ingredients, and on that account we should pay particu
lar attention to the means by which metals, particularly 
iron, are oxidized.

Iron corrodes, that is, oxidizes, very readily, but faster 
in a moist than in a dry atmosphere; more rapidly by 
the presence of an acid than an alkali; more quickly 
when divided into small particles, than in solid masses. 
If  we apply these laws to the present case, we shall find 
that the breal^ing of the -ore is advantageous ; that the 
presence of some water is very beneficial; and that the 
bunfing of the fuel ought to be so far perfected as to 
form carbonic acid, but not to suffocate the fire, and thus 
form carbonic oxide. In applying this theory, we shall 
find that we pught to break the ore into lumps of uni
form size; roast the ore, when possible, by wood and 
charcoal, which generates steam and carbonic acid more 
readily- than any other fuel; and establish our ore yard 
on a moist ground, that a continual current of watery 
Vapors may thus pass through the hot ore pile.] All 
things being equal the more slowly an ore is roasted the 
more thoroughly is it purified. Rapid roasting is almost 
certain to fuse, more or less evidently, the surface, and 
thus seal up all exit to the inclosed volatile matter, and 
render after-roasting useless. There is a vast amount of 
time lost in roasting after this glazing of the ore has 
occurred.

Further Remarks on Modern Practice.—As this subject' 
is attracting additional attention among the moi;e care
ful manufactm’ers in,pur own country, we present some 
of those methods, both of roasting ores'and of coking, 
but especially of the former, adopted most satisfactorily 
on the continent of Europe. The following, with a k ief
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explanation, is from the recent work of Messrs. Petit- 
gand and Ronna.

The oi'e is roasted in the air with wood, in Mariazell, 
Styria, on a plan which seems to give great satisfaction. 
We have no doubt but that the same, with scarcely any 
alteration, might serve with coal. It is represented as 
follows:—

Fig. 45.

Upon eight short pillars of masonry, arranged in a 
circle as in the figure above, and themselves builded 
upon a plate of iron or foundation is -plajced a circular 
plate, surrounded with, perforated water pipe, in case of 
steaming sulphuret ores. A draft charnber leading to 
the centre is prepared as above indicated. This first cir
cular plate projects inwards, as seen in Fig. 47. Above 
this plate eleven other plates are similarly placed as is 
seen in the same Figure.

Fig. 46.
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Each plate is put upon a circle of short brick j)illnrs 
or supports of heiglrt equal to the distance between the 
circular plates. At last the cap, or top iron circle, is 
placed and somewhat exceeds the others in diameter, as 
seen (Fig. 47). In the centre of all is a cylindrical 
chimney closed at the top with a plate and smaller pipe, 
as seen in the following c u t :— •

Fi^. 47.

The chimney should be built with open perforations,, 
as indicated with sufficient accuracy in the above draw
ings. This simple plan works to great satisfaction.' 
The height and diameter must be suited to the W'ants.of 
the manager ; but when the oven is erected upon a circle 
of columns, the inner diameter of which is 9 feet 6 
inches, and height from ground about 12 feet, which is 
a small size, the roasting efficiency may be put at 7000 

. lbs. of ore per day, yielding 5600 lbs. of roasted ore 
when the ore is pyritous carbonate of iron, the amount 
not being materially altered in other ores.

The following has been adopted at Siegen. It is cylin
drical, or conical shaped, and .is one of very satisfactory 
results, being larger and better adapted to the purposes 
of our own country, for roasting with either anthracite 
or coke. It is used at Siegen with coke, and the mea
surements are given in French metres of 69.o7 inches to 
the metre, although the exact measure is entirely arbi
trary, except in proportions, as every manager will be 
governed by his own necessities. The foot plates, or
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hearth plates, should be higher than in the French esti
mate, which is only 251 inches (.65’ metre), as, in load
ing the ore, sufficient height should be had for running 
the ore cart, or barrow under the plate and loading 
directly. The cut is* sufficiently plain.

- -3 r 10------ ■----------- N

A still lai'ger.and a very effective roasting furnace has 
lately been erected at the Clarence Works, at Middles- 
boro’, on the Tees, for tlie purpose of roasting the Cleve
land ores. Its size is such that it would suit any of our 
furnaces, and it is spoken of as producing more satis
factory results than ever obtained by any of the former 
ovens. All those recently constructed have arrange
ments to arrest the loss of heat, when the tire arrives at 
the top of the oven, by plates of thick iron drawn in at 
the top, but in a uniformly circular course. About 200 
tons of cast iron a vyeek can be made from the supplies 
of each of these ovens, and over 30 per cent, of saving of
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fuel above that which can be accomplished upon the old 
methods. The section of the oven alone, without the 
general top plan which would be arranged according to 
surrounding circumstances, will be seen in the following 
figures. In this oven, as in the former, we think the 
hearth plate too lo.w for all cases wherein loading directly 
.with the barrow, or cart is advisable. In the accom-

Fig. 49.

laiiying cut the height of the hearth plate is put at 0.30 
ibove the ground, being 11 feet vvhereas it should be 
ligher, as intimated above.
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The above is the vertical section of the oven, as cut 
down through A* A of the front elevation section given 
below, and is 35 feet 9 inches high, (10.900 metres) and 
10 feet (3.050 metres) diameter at base. The following 
front section of elevation and plan of the hearth give 
additional measurements, and show the form of the

Fig. 50.

inside of the oven. In the breast of the oven the 0.86 
is intended to be the measurement (1 foot 5 inches) 

18
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between centres of two air holes just over the figures. 
The figures 0.48 (1 foot 5 inches) is iSe height of the 
“ draw mouth,” or opening out of which the ore or coke 
is drawn. The plan of the hearth in Fig. 50 is taken at 
the height indicated by the line drawn through B B in 
the upper cut, and 0.220 metre, or 8 inches and six-tenths 
inch is the thickness of the breast wall. A very little 
study will, with the aid of the figures, explain the other 
parts.

C H A P T E R  I I .

REVIVING, OR REDUCTION OF IRON. DIRECT PROCESS.

I f ores contained no foreign matter, or if they were 
purely peroxides, the reviving of iron from its ores 
might easily be effected. But such is not the case. The 
manufacture of iron is so highly complicated by the 
great mass of impurities in ores,, that it has been found 
necessary to divide the general work into several distinct 
branches. This division aflfords the advantage of per
fecting these branches of the manufacture, and conse
quently cheapening the product.

The reviving of iron is, at present, carried to so high 
a state of perfection that scarcely any improvement, so 
far as yield of iron is concerned, can be suggested. But 
the quality of the metal and economy of fuel, are at
tracting a large degree of attention.

Tn ancient times iron was extracted from the ore as 
malleable iron. This is called the direct, in contra-dis
tinction tCK the present method of producing cast iron 
and afterward malleable, which latter is called the indi‘ 
rect method. The ores used in the direct method were 
always the richest, and the fuel invariably charcoal. In 
the earliest method an open forge, and stones for anvils, 
were commonly used. The process was exceedingly 
tedious, and the iron produced extremely small com-
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pared with, the |imount produced at the present time. 
The masses were^produced without melting the ore, and 
they were called “.bloorrls,” from the Saxon, bloma, “ a 
mass,” “ lump,” or “metal.” The same general methods 
are yet adopted in Asia and Africa.*

Malleable Iron f  rom Magnetic Sand.

The following description of a process of making mal
leable iron (1S67) in India will explain itself. Much of 
the iron is made from black iron sand (proto-sesquiox- ■ 
ide). A quantity of the sand is measured and divided into 
three parts, each weighing 26 lbs. Three bushel-baskets 
are filled and set aside. Two are emptied into the 
chimney, and one-third pf the sand afterward. The fire 
is kindled and blown. When the fire subsides, oire-half 
of the remaining charcoal and another third of sand are 
put in; when these have subsided the remainder of the 
charcoal and sand is added, and the fire is urged till six 
hours and a half have transpired from the beginning. 
The front of the furnace is then broken, and on remov
ing the walls a mass o f  iron is found at the bottom, 
which is taken out with a la.rge forceps and cut into two 
blocks, weighing each a little more than 12 lbs., so that 
the ore yields about 31} per cent, of metal. The ir6n 
so produced, although malleable at first? is extremely 
impure. The master used to take it from the workmen at 
9«. 3^; a hundred weight, and he gave, great employ
ment to the iron manufacturers, as he made his shot 
of this iron by hammering, for the fusion was never so 
complete as to allow it to be cast into moulds.

The operation for smelting ore is exactly the same 
as that used for the black sand, except in the cleaning 
of it. The ore fe first reduced, to powder with an 
iron bar, and then the earthy particles .are wasted away 
in a wooden trough, W’hen it becomes exactly like the 
black sand, and is Called by the same name, “ adurn.” 
The collecting of it is attended with less trouble than in 
collecting the black sand; but the difficultv and expense
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of carriage to any considerable distan<^ prevent it from 
being used in general.* ’ t

The Hindoos appear to have cai;vied on the direct 
process from time immemorial, judging from the large 
masses of slag found'in the various parts of India. Their 
furnace was generally not larger than a half barrel, and 
the toil incessant, Vvhereby, with skins of goats and buf
faloes, they kept up a blast. The same facts are true 
now which were known- centuries ago. Alternate 
charges of charcoal and iron are introduced until the 
proper charge has been placed in the little clay furnace, 
and then the heat is increased, the slag removed from a 
hole, by a tool formed for the purpose, aird, when the 
metal is reduced, the front is taken down and the metal 
hammered into a bloom. I t  is never melted into cast 
iron as in our blast furnaces.

A different form is used in the Himalayan Mountains, 
where the blast is sent into a hearth similar to that of a 
blacksmith’s forge, and the blooms worked out in size of 
a few p*ounds at a time.

And yet in India, in 1844, malleable iron was cheaper 
than British iron at the time it was imported.

Variations upon that particular form and size indi
cated above, are used in Borneo, and Africa, and Mada
gascar, but the principle prevails in all alike, namely, 
the abstraction of oxygen from the  purest kinds of ore, 
by means of the; charcoal and without melting the ore, 
.and the producing the reduced iron directly from the 
ore, into red, or white hot blooms of malleable iron.

Catalan Process.

The name is derived from Catalonia, in the north of 
Spain,  ̂where it probably was first introduced into the 
west of Europe.

A Catalan forge is a small affair compared with any 
present furnace. I t  consists essentially of a furnace 
hearth like a blacksmith’s, a blowing machine, and a

Engineering, 1867-
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heavy hammer. If a blowing machine called a “ trompe” 
is used, the forgeftust be erected where there is a stream, 
and fall of considerable height, 11 to 12 feet at least. 
The fuel is always charcoal, and the ores hematites and 
spathic ores. Sometimes these forgea have been w’orked 
with blowing machines made of skins.

This process has! been generally discontinued. T'he 
iron thus produced lacked in homogeneity, contained 
particles of steel, and, because of the imperfect extru* 
sion of slag, was not perfectly malleable.

The process might still be used in places where other 
bidwing machines and forges could not be ‘easily, 
erected. (See description at large under Wrought Iron.)

The Stiickqfen Furnace.
The Stiickofen furnace was the next improvement, 

being only a Catalan extended upwards in the form of a 
quadrangular or circular shaft.

The bloom was larger, but was often carbonized into 
cast iron, to the annoyance of the smelter.
. Between the Catalan and the Stiickofen, metallurgists 
place the Blaseofen, or, as Percy calls it, Osmund fur
nace, continuing to be used to this day in Finland. The 
name is derived from the Saxon, signifying a bloom o f, 
the kind produced by the furnace. The .peculiarity is, 
that the bog'iron-ore (which contained a large per cent, 
of phosphorus) reduced by it furnished malleable iron 
much purer than when the same ore was- reduced in the 
blast furiiace of modern construction, which -is used in 
the same region, and side by side with, the Osmund fur
nace (the latter iron being cold-short and bad).'

Not more than ton of iron could be made weekly 
in one of .these furnaces, and in working up the iron 
there was a loss of 33 to 50 per cent, of the iron.

The Stiickofen, or high bloomery furnace, may be 
considered the lowest development of the modern blast 
furnace. It was abandoned in many places because of 
the large amount of fuel it consumed. The furnace was 
in for̂ a that of two truncated cones, put together at
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their bases, and about 12 to 16 feet high, with one tuy
ere, 14 inches above the hearth-stohe, which latter 
sloped toward the drawing-hole, from which the metal
lic mass was drawn when reduced. The lump was di
vided by hammers and hatchets. I t was an intermedi
ate between cast iron and malleable iron; though soft, 
tough and malleable, it was less so than bar iron.

The condition favorable to the formation of cast iron, 
is prolonged contact of the reduced metal with carbon 
at a high tempei'ature; and this is secured by increas
ing the proportion of charcoal relatively to the iron-pro
ducing materials. Hence, to produce malleable iron, 
the proportion of charcoal was relatively diminished. 
But one condition of working the Stiickofen was the 
frequent removal'of the slag, or the allowing it a free 
escape, so that the iron might not be protected from the 
blast. The'blast oxydized the-otherwise carbonized 
metal, and kept it free from carbon, or, what Is equiva
lent, kept it malleable iron.

Clay’s process was a type of many siinilar processes, 
and hence may be mentioned as a greatly improved 
method of obtaining malleable iron from the ore directly. 
The better kinds of red hematite were crushed to pieces 
of the size of walnuts, and then mixed with one-fifth 
their weight of charcoal, coke, coal slack, or other car
bonaceous matter. These were then subjected to a 
bright red heat in a clay retort, until the ore was reduced, 
to a metallic state, but not melted. The spongy iron 
was transmitted directly to a puddling furnace where it 
was balled,, and then wrought into blooms under the tilt 
hammer and the blooms rolled. I t did not succeed upon 
a scale Ihrge enough to meet the demands of the market.

Chenot’s process was, in principle, the same as Clay’s, 
modified by the furnace treatm ent; it was, as in the pre
ceding case, “ metallic sponge,” or iron reduced from the 
rich ore to the spongy state, and then compressed while 
hot, rolled, and converted into merchantable iron.

The mechanical method of applying the deoxygeniz- 
ing substance to the ore in Chenot’s process was as fol* 
l o ws t h e  purest ore Was broken down into lumps of
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less than two cubic inches. If  in powder it was aggluti
nated by compre'Ssion, and with addition of some reduc
ing matters, as, e.g,, 3 per cent, resin. Thus prepared, it 
is mixed with an excess of charcoal. In  practice an 
ore with 55 per cent..iron, is mixed with l i  to IJ its 
bulk charcoal, or by, weight 190 parts charcoal tp 1000 
ore. This is charged in^o the furnace. The furnace is 
composed of vertical retorts, or chambers 6i feet long’ 
11 wide and 28 high. Below and at the bottom is a 
pit to receive the reduced’ iron, which is protected from 
the air as it falls out from the retorts, as it otherwise 
would take fire from rapid oxydization if exposed in 
this heated condition. Around these retorts are flues 
which convey the heat from the fires below to a chim
ney or stack above. The intense'heat reduces the ore 
within the retorts without melting any of the ore, but 
by its direct deoxidization. The purity of the ore' 
required for such direct reductions may be seen from the 
following analysis of the ore of Sbmmorostro, Biscay, 
Spain :— . ,

Sesquioxi'de of iron . 78.70
Oxide of manganese . 0.65
Silica . . ’ . . 10,01
Alumina • ' , . 2.36
L i m e ............................... . • . .06
W a te r ............................... . 8.22

100.00
Also by the following from Companil, near Bilboa;

Sesquioxide of iron . 80.60
Protoxide . . . 5.42
Oxide manganese , ' ■ . . 2.00 ^
S i l i c a ...................................... . 2.00
A l u m i n a .............................. .40
L i m e ...................................... . trace.
00  ̂ . . . . . .  ; . 8.39
Water . .............................. . 6.30

*
100.11

These samples, especially the latter, show the nature 
of the ore required to work successfully with this or any 
of the similar processes of direct extraction.
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When the “ sponge” is p'erfectly reduced it has a 
bright gray color, is easily sliced by a knife, and may be 
ignited by a match, when it burns till wholly oxydized. 
(Percy!)

The above is called the indirect method of heating, 
but there is a direct method of heating and reducing, 
with intermixture of carbon, by passing hot CO through 
the broken ore in a vertipal retort. The retort, or ver
tical chamber, is connected with two carbonic oxide gas 
generators—charcoal being used to make -the gas—and 
the retorts having cooling pits beneath to catch the 
reduced sponge, as in the previous method. For the 
indirect, or external method or heating, it is said, that, 
at Baracaldo, where 2000 tons annually were made in 
1S62, for the ton of finished merchant bar iron, the fol
lowing proportion was required :—

1.15 of blooms, or No. 1 iron,
1.60 iron sponge,
2.56 ore free from powder,
3.00 of ore (analysis given above).

Yates’ process is a modification of Chenot’s process. 
As we have described the latter som'ewhat at large, we 
need only to add that the differ-ence was in the fur
nace. Yates adopted vertical chambers much higher 
(35 feet)' “ the flame impinging upon each shaft about 
10 feet from the bottom of it.” The shafts were filled by 
means of hoppers at the top, and double air-tight doors 
at. the bottom, so as to fill and extract without the 
Admission of air. Nearer the top the gases were admitted 
into the shafts or vertical chambers.

We have particularly noticed these efforts at extrac
tion of iron directly from the ore, because that, of late 
years, several similar processes have been adopted in, our 
country .with more or less success, and with more or less 
impression of the novelty of the principle as applied.' 
We shall now present some American processes, with 
their modifications upon those whicK have preceded.

Perhaps the process now adopted at Clifton Works, 
N. Y., is, in its mechanical method, an improvement
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upon any of the processes above cited. In  these works 
the iron is made by the direct process, and the steel, as- 
we shall see hereafter, is only subsidiary. The following 
description we have received from a former pupil, now 
engaged in the enterprise, and it explains, the .process 
sufficiently and accurately :—

Clifton is right in the woods, twenty-five miles from De 
Kalb junction, on the Kome, Watertown, and Ogdens- 
burg Railroad, N. Y., with which it is connected by a 
wooden railway. There are immense deposits of exceed
ingly rich and pure magnetic ore here, and’ to this fact 
is owing the settlement of the place. A large portion 
of the ore is almhst perfectly pure and free from sul
phur, and is very compact, so that it is thought that it 
will answer better than the Cheever ore for lining fur
naces. It has not yet got into the market, but probably ‘ 
wijl next summer (1869).

The steel works are located very liear the mine, and 
on a lower level, so that the ore is run into the upper 
part of the building on cars, and passes dowji through 
the crusher and the rolls, falling on a platform above 
the furnaces ready for charging.

The process employed is the patent of Dr. George 
Hand’Smith, of Rochester, and is as follows:' The ore 
being crushed to about one-eighth inch size, is mixed 
with about half its bulk of fine charcoal, and Charged 
two tons at a time into a reverberatory furnace of the 
following description, "namely: Imagine a vertical sec
tion of a single puddling furnace modified thus, the 
grg,te being, say, upon your left hand; the bridge is 
made wide enough for the introduction along the length 
of the bridge of a common gas-house retort, into which 
flows petroleum or coal tar, which furnishes carburetted 
hydrogen. There are two or more hoppers on the top 
of the furnace to receive the broken ore, and several 
doors on the side for levelling the charges. At the stack 
end there is a flue dropping down and running directly 
back under the floor of the furnace, and dropping again 
vertically into a chamber communicating with the main 
chimney. The hearth is 12 feet long by 5 feet wide.
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and the ore, when prepared, is raked oufr from the side 
doors into barrows. The volatilized petroleum passes 
out through holes in the top of the retort, and the car- 
buretted hydrogen aids directly in reducing the ore. In 
about five hours the ore has been deoxidized and car
bonized, so that the resulting “ sponge” is really steel.

The sponge is then put into a cornmon puddling'fur- 
nace, intended for soft coal, and balled and hammered 
info a steel bloom; but as wood is the only fuel, they 
have been compelled to use it instead of coal. A pud
dling furnace adapted for wood has just been finished 
and trial of the sponge has been made, but so far with
out success. The failure may be owing to the open na
ture of the wood fire, which admits so much air as to 
burn all the carbon out of the sponge; we say all, for 
owing to the porous character of the sponge, it probably 
passes through to the condition of iron so rapidly as to 
make it difficult to stop at the exact time, when, the 
carbon being exhausted, the iron itself is attacked, and 
the whole is reduced to a cindery mass. Some members 
of the cpnipany seem to be somewhat discouraged, but 
we are confident that nothing but practice and skill are 
needed to make the operators successful. Perhaps the 
novelty is to be found in the form of the furnace and in 
the use of petroleum. The principle of reduction is the 
same as in the preceding process, the method of applying 
the carbon being different.

At any rate, the iron made by this process is excel
lent, and proper machines and appropriate skill may 
succeed in the economical reduction of the metal from 
those rich ores and in this method. I t is only a ques
tion of economy, and not one of possibility, so far «s 

' iron reduction is concerned, and we ■ have no doubt, 
could some method of saturating the sponge with the 
proper quantity of petroleum be adopted, that the neces
sary amount of carbon could *be seized upon to make 
steel, or at least “ steely iron.”,

in  1825 a patent was granted to Charles Macintosh, 
for the use of carburetted hydrogen in making steel, but 
it was by suspending bars of iron under great heat iu
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chambers permeated by this gas. It did not succeed. 
(Mushet.)

This process is, therefore, an improvement in the appli
cation of carburetted hydrogen upon the ore' and not 
upon the iron.

Champlain Catalan Process.—The nature of the Catalan 
furnace is describe^ fully under the head of Wrought I^on. 
This process is an adaptation of some modern improve
ments. In the United States the most interesting groups 
of furnaces are found near Lake Chkmplain, among the 
rich magnetic ore beds of Essex and Clinton Counties. 
There are about 30 Catalan forges and 136 fires.* Other 
groups are in northwestern New York, and in the re
gions of Buffalo and New York city. In these forges 
the hot blast is used, being heated over the fire, in the 
stack, in'three arched pip§s. The cinder goes to the 
bottom of the fire and is occasionally run off, while the 
iron forms a “ loop” on the hearth of the furnace, and 
is dug up every three hours 'and shingled under a ham
mer. In reheated iron, one gross ton per fire in 24 
hours, is good work, and about 300 bushels of. charcoal, 
one-half hard and one-half soft, are consumed to the 
ton, with about 1 |  lb. pressure to the blast, with a tem
perature of about 550° Fah. Both water-power and 
steam engines are used. When water is used the stack 
takes all the products of combustion, but when steam, 
those products pass under the boilers. The commonest 
form of hammer is that of the wooden helve, with a cast- 
iron head, weighing 1500 to 2500 lbs. The Rogers 
hammer weighs about 5 tons. The ores, except when 
very rich, are roasted in kilns open in front arid top, and 
then stamped and sifted. About 250 tons 'are piled on 
about 15 cords of wood, and burned down in about 24 
hours. Some purest ores may be stamped without roast-
ing.

The Ellershausen Process.—This is<a process so nearly 
allied to the direct process that it may be noticed here. 
It is not entirely direct but largely so. The inventor

* Iron and Steel Assoc. Bulletin, July 2'4, 1867.
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is Francis Ellershausen, who, it is said, presented his 
invention in September, 1868, to Messrs, Shoenberger, 
Blair & Co., of Pittsburg, who have carried the inven
tion into successful operation. The process consists in 
“ the mixing of •solid oxides into and among fluid cast 
iron, or of ‘fluid oxides with solid cast iron, the oxides 
being granulated or minutely subdivided, in such a man
ner and in such quantity as to produce a solid con
glomerate of the two substances, oxide and cast iron, 
and also in effecting this mixture and producing the 
resulting pig bloom or pig scrap, without the application 
of other heat than that of the fused cast iron or oxide, as 
the case may be, thus dispensing with the use of a fur
nace for any part of the process of mixing after the 
mqlting of the cast iron or oxide, which ever of them is 
used in a fused condition. , »

“ The material thus produced may be used in like man
ner as any wrought iron of similar shape, so that when 
raised to a welding heat, the pig bloom, manufactured 
as hereinbefore- described, may be pressed, squeezed, 
hammered, rolled, or worked in any of the methods em
ployed in the treatment of wrought iron, and with like 
results, excepting that the article of wrought iron pro
duced by our process is superior in quality to that o|>- 
tained in̂  the ordinary way.
• “ The following description gives a sufficiently exact 
idea of the details of the process:—

“ On the casting floor of the smelting furnace, a cast-, 
iron turn-table about 18 feet in diameter, is revolved 
on rollers by a small eteam engine. Upon the outside, 
edge of the table stands a row of cast-iron partitions, 
forming boxes, say 24 inches wide and 10 inches high, 
open at the top. Just- above the circle of boxes stands 
a stationary, wide-mouthed spout, terminating in the 
tap-hole of the furnace. When the furnace is tapped, the 
liquid iron runs down this spout and falls out of it in a 
thin stream into the boxes as they slowly revolve under 
it, depositing in each a film of iron, say one-eighth of 
an inch thick. But before tbe fall of melted iron 
reaches the boxes it is intercepted, or rather crossed at
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right angles, by a thin fall of pulverized iron ore, which 
runs out of a wide spout from a reservoir above. These 
two streams or falls are of about equal volume, say one- 
quarter of an inch deep and twenty-four inches wide.

“The thin layers of iron and ore at once chill and so
lidify, so that by taking out the outer partition of the 
boxes (which form the rim of the turn-table) they may 
be removed in cakes of the size of the boxes, and weigh
ing about one hundred pounds each. These cakes or 
bloqms are put into a reverberatory puddling or heating 

. furnace, and raised to a bright yellow heat. They will 
not melt at this hpat, but become softened so as to be 
easily broken up with a bar. The four blooms are 
formed, in the furnace, by the ‘ rabble ’ of the workmen, as 
in ordinary balling operations, into balls. The balls are 
brought out, one after another, squeezed in the ordinary 
‘squeezers’ to expel the cinder and superfluous ore, 
and then rolled into wrought-iron bars, which are now 
ready for market, or for further reduction into smaller 
finished forms.” ,

Much is-claimed for the process, in the way of cheap
ness, and also in respect to the range of ores which may 
be used. As to the former advantage, it may be said, 
that as the process only supersedes the puddling and 
part of the casting, the proper course, in determining the 
economy, is to estimate the amount of ore reduced by 
the direct method. This will’be added to the saving 
over and above that gained by the rendering the pud
dling unnecessary. The saving thus will be understoo’d 
only by the yield after a certain number of months. As. 
to the second claim, in respect to range of ores, and the 
purity of metal as derived even from impure ores, which 
has been supposed to be a characteristic of the invention 
by one writer,* we can only say, that up to the present 
time, it is contrary to all practical experience whatever. 
The only virtue in the ore is found in the oxygen of the 
ore, which decarburizes the cast iron, and perhaps, in 
some degree, oxidizes a little sulphide and phosphorus, 
and, under high heat, changes silica into silicon, which

Pittsburg Gazette, January 26, 1869.
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results would have a tendency to improve the iron. But 
if the ore contain phosphorus^ or sulphur, or arsenic, 
the iron, under a high degree of heat, wbuld certainly 

■ absorb a quantity morte or less, and therefore we imagine 
that the success, so far as the 'excellence of the iron is 
concerned, must depend U'pon the purity of the ore, and 
the excellence .of the after reheating process.

The method is certainly in advance of former methods 
and processes, and is, in the philosophy of the process, 
(jorrect, and only avyaits mechanical skill and judgment 
to make it a successful substitute for puddling, in the 
quality of the iron, if npt in economy. (Appendix I.)

Another method of applying the same general principle 
has been adopted in Schuylkill County, Pa., at Ring- 
gold, where the ore, reduced almost to a powder, is 
caused to fall upon a series of shelves, while the car- 
buretted flame passes over the descending or  ̂ as it is 
raked off from shelf to shelf, until it reaches the hottest 
part of the reducing chamber, and becomes massive 
enough for balling and blooming into wrought iron 
“ loops,” after which it is ready for the hammer or 
squeezer.

In all the above processes, one and the same prin
ciple is apparent, namely, the deoxygenation of the oxi
dized ore, by means of carbon, under its various forms 
and from various sources, whether found in charcoal, 
carburetted gases, or cast iron. The only practical dif
ficulty is in obtaining quantity sufficient to cope with 
the exceeding yield of the blast furnace, and the ordi
nary process of the puddling furnace, in the same* time 
and under the same expenses ; but, so long as these con
ditions are not reached, it is in vain to attempt any such 
direct process, unless, by some means, a far purer iron 
can be made, which will command a so much higher 
price in the market, that it will allow of less iron being 
made in the same time, and a.t greater expense, than by 
the indirect process, which we are about to describe.

It will be noticed that in all the above processes, as 
Direct, in contradistinction to the Indirect process, the 
iron is reduped froifi the ore without melting the iron.
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*

No doubt the first actual melting of the iron was acci
dental, and, as the result of increasing the height of the 
furnace, and of crowding in more coal and ore, with the 
object of gaining larger results. The long continuance of 
theore in contact with the carbon, under great heat, caused 
the large absorption of carbon into the reduced iron,̂  and 
thus the ore passed through various stages in the same 
heat, that is, it passed from ore to deoxygenized ore, or 
wrought iroh, and then absorbing a little Carbon, it 
became steel, then, absorbing more, it became our pre- 
seiU; cast iron, at which .state it was fusible under less 
heat than at any previous stage, and then being allowed 
to flow it was tapped off; Many attempts have been 
made to arrest the deoxygehation at the right points 
to yield wrought iron and steel of Various grades, 
according to the wish of the operator. ^We have now 
spoken of the practice and principles involved in the 
direct process, and shall pass on to the indirect.

C H A P T E R  I I I .

THE INDIRECT EXTRACTION OF IRON, AS CAST IRON, FROM 
’ THE ORES.

Wben the furnace is in blast, the ore, the fluxes, and 
the coal are continually thrown in at the top of the fur
nace—̂ the slag and the molten metal is continually com
ing down into the lowest part of the furnacfe—the slag 
floating upon the metal is drawn oflf continually from a 
higher aperture, and the metal through a lower. Thus 
there is a continuous descending of materials, and a 
continuous ascending of atmospheric air undergoing 
changes,-until it either escapes into the surrounding 
atmosphere, or is conducted away into other parts of the 
furnace.

The oxygen of the air from the tuyeres, as it reaches 
the incandescent fuel, is more or less charged with car-
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bonic acid, which immediately becomes carbonic oxide. 
If, therefore, there were no oxidized substances capable 
of reduction by carbonic oxide, and no volatile sub
stances, the gaseous current would undergo no change, 
and, the gases escaping at the top would be chiefly nitro
gen and carbonic oxide.

But this is not the’ case. Oxide of iron , is reducible 
by carbonic oxide ; limestone is separable into lime, and 
carbonic acid and certain other volatile substances pro
ceed from the coal and other materials introduced. The 
oxide of iron in its descent is reduced partly by the car
bon and partly by the carbonic oxides. But as the iron 
descends it is mixed with foreign ingredients, as silica, 
alumina, &c., and it is necessary that these ingredients 
be removed, and this must be done by fluxes, with which 
the foreign* ingredients more or less combine, and are 
thus carried off as slag. Lime is found to answer well 
as a general flux. But, moreover, silica in’ large proper- 
tion from the coal and ores, and perhaps from the lime
stone in small degree, is present, and if there is not 
enough flux, of earthy character, chemically to*combin’e, 
as a base, with the silica or silicic acid, then silicate of 
prptoxide of iron is formed and carried off to a great 
loss. Now lime prevents this, or reduces the silicate 
after being formed, by decomposing and replacing the 
protoxifde of iron. W hen there is a too large propor
tion of iron yielding material, or a heavy burden, it does 
happen and is tolerated. This involves a subject to be 
treated upon hereafter. The slag may also play an
important part in protecting the surface of the iron, and 
preventing ‘the decarburization due to the blast. (Percy.)

[We shall confine our attention, at present, to crude, 
or pig metal, and the apparatus employed for its manu
facture.

Pig metal,* or cast iron, is. a mixture of different met
als, metalloids,t carbon, phosphorus, sulphur,’&c., and

* The term " p i g ' ' i s  Used to  d esignate those sh ort bars of cast iron, 
in the casting house, which branch o if r igh t and left from the main 
gutter-casting in the sand ,'called  th e  " s o w ."

t  M etalloid, having tHe form o f m etal, but n ot 'metal. .
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oxides; in which iron and carbon are the preponderat
ing elements. The amount of carbon and other matter 
Taries greatly in, different kinds of iron, and the quality 
and quantity of these admixtures determine the value 
of the metal. The proportions of carbon in cast iron of 
all grades, apd in steel, steely iron, &c., we have treated 
under the physical and chemical effects of alloys and ad
mixtures of various substances in iron. Pig metal dif
fers from bar iron chiefly in this respect, that it contains 
a large amount .of carbon, and that it melts at a lower 
temperature. The making of pig metal is the first pro
cess in the manufacture of iron in the indirect method. 
Pig metal varies in quality according to the admixtures 
of ff'reign matter in the ore, and according to the mode 
of manufacturing it. Thic“ very general classes of pig 
metal, ranging with the color of its fracture, may be 
specified. The first is of a dark gray or black color; it 
is generally sufficiently soft to receive impressions when 
struck with a hammer. I t  is not very strong; i» easily 
broken; and shows, when fractured, shining crystalline 
pieces of graphitic carbon ; it is coarse grained. This 
kind of pig metal will melt at a lower temperature than 
any other; and sometimes deposits, on cooling, graphite, 
in shining, mica-like leaves or crystalline structure. I t . 
contains a large amount of carbon, which results from 
much carbon in the blast furnace. If  remelted*in the • 
air furnace, or in the cupola, it resolves into an excel
lent cast iron, which belongs to the next class. The 
second class is light gray metal. I t  is tougher and 
stronger than the first, as well as closer and finer in 
grain. It forms a good foundry metal; castings from 
it are strong and smooth. The third class is white 
metal, of two distinct kinds. One is the result of too 
much ore-in the furnace, or of too heavy burden; or, 
if the charge is the same, it may be the result of 
lack of blast, bad coal, wet weather, inattention of the 
keeper; or of ores containing manganese. The other 
kind is generally silvery white, sufficiently hard to 
scratch glass; short, that is, easily broken; does not re
ceive any impressions from the hammer, of a crystalline 

19
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fracture often very beautiful. A sudden change of tem
perature will sometimes break it. When’ struck, it emits 
a sound like that of a bell. The best metal for the forge 
is a cast between number two’and number thtee, called 
mottled iron, I t  is white, marked with gray spots of 
graphitic iron.

The classification just given may be applied to aij- 
thracite and coke iron as well as to charcoal iron. We 
should add, that iron of the third class made by coke 
or anthracite is a poor article, and indeed, under all 
circumstances, furnishes inferior bar iron, the charcoal 
iron being gene’rally superior to the anthracite or coke 
iron. Nearly every kind of pig metal, but especially 
the charcoal iron, alters its color, jf suddenly cookd in 
a stream of cold water, or by Sudden contact with cold 
surface, and it is then said to be “ chilled ironP When 
hot, or when in a hait-melted condition, the gray casts 
assume a whitish, color. The cause of this behavior has 
been explained. This change of color is not the result 
of a loss of carbon,.for such iron contains as much car
bon as the gray iron from which it is derived. As a 
general rule, the color of the metal does not depend 
upon the amount of carbon it contains, for we some
times find as much carbon in white as in gray pig 
metal.

We%hall now’proceed to describe the various modes 
of obtaining pig metal, or cast iron.

As we have seen in the former part of this work, if 
we mix finely powdered pure oxide of iron, with dry 
charcoal powder, place the mixture in a Hessian 
crucible, and then expose the crucible to the melting 
heat of iron in an air furnace, we obtain a quantity of 
gray cast iron. If  the ore contains, besides iron, any 
foreign matter, as silex, clay, magnesia, and lime, sub
stances very refractory, the result of our manipulation 
is seriously impaired, for the revived iron, retained by 
the foreign matter, cannot follow its gravitating tend
ency. If the foreign matter is clay, or silex, the ore is 
partly reduced, forms- protoxide, and combines with the 
clay and silex, from ^hich it can scarcely be separated.
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To prevent this combination, we must have recourse to 
alkalies of a stronger affinity than that of the protoxide 
of iron, such as lime, magnesia, potash, and soda, which 
combining with the clay and silex liberate the iron. 
These are the simple elements of the theory of the blast 
furnace.

We shall now proceed to enumerate the various forms 
of furnaces formerly used, and of those at present sup
posed to be the best types for the purposes of reducing 
ores in the formation of cast iron.

Before we present the first type of an in.direct, or true 
blast furnace, we will speak of the transition furnace, 
which might be used for either process, and may, by the 
methods already intimated, have led, by a first step, to 
the ffioderg practice. This furnace is seen in the Stiick, 
or Wulf’s Oven.

Stuck, or W ulf’s Oven—Salamander* Furnace.

This kind of furnace is at present very little in use. 
A few are still in operation in Hungary and Spain. At 
one time they were very common in Europe. The iron 
produced in the stiick oven has always been of a supe
rior kind, favorable for the manufacture of steel; but 
the manipulation which this oven requires is so expen
sive, that it has been superseded by the furnace nftxt de
scribed, Fig. 51 shows a cross-section of a stuck oven; 
its inside has the form of a double crucible. This fur
nace is generally from ten to sixteen feet h igh ; twenty- 
four inches wide at the bottom ’and top ; and measures 
at its widest part about five feet. There are generally 
two tuyeres [twi-er, allied to tuyau, a pipe], a, a j and 
at least two bellows and nozzles, both on the same side 
The breast h is open; but, during the smelting opera
tion, it is shut by bricks; this opening is generally two

* “ S alam an der  is the term now given to the m ass o f half pure 
iron, which results when the molten mass of a furnace chills before it  
can be regularly tapped off into pigs. I t  is difficult to  melt, and is 
sometimes largely malleable iron. The present may have originated  
from the earlier use of the. word as applied to this furnace.
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feet square. The furnace must be heated before thê  
breast is closed; after which, charcoal and ore are" 
thrown in.’ The blast is then turned into the furnace. 
As soon as the ore passes the tuyere, iron is deposited 
at the bottom of the hearth; when the cinder rises to 
the tuyere, a portion is suffered to escape through a hole 
in the dam h. The tuyei'es are generally kept .low,

Fig. .51.

W u l f ’s o v e n .  ■

upon the surface of the melted iron, which thus becomes 
whitened. As the iron rises, the tuyeres are raised. ’ In 
about twenty-four hours, one ton of iron is deposited at 
the bottom of the furnace. This may be ascertained by 
the ore put in the furnace. If  a quantity of ore is charged 
sufficient to make the necessary amount of iron ffir one 
cast, a few dead or coal charges may then be thrown in. 
The blast is then stopped; the breast wall removed; and 
the iron, which is in a solid mass, in the form of a sala
mander, or stiick-wulf, as the Germans call it, is lifted 
loose from the bottom by crowbars, taken by a pair bf 
strong tongs, which are fastened on chains, suspended 
on a swing crane, and then removed to an anvil, where 
it is flattened by a tilt hammer into four inch-thick slabs.
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cut iilto blooms,* and finally stretched into bar iron by 
smaller hammers. Meaijwhile, the furnace is charged 
anew with ‘ore and coal, and the same process is renewed.

By this method, good iron, as well as steel, may be 
furnished. In fact, the salamander consists of a mixture 
of iron and steel; of the latter, skilful workmen may 
save a considerable amount. The blooms are a mixture 
of fibrous iron, steel, and cast iron. The latter flows 
into the bottom of the forge fire, in which the blooms 
are reheated, and is then converted into bar iron by the 
same method adopted to convert common- pig iron. ■ If 
the steel is not sufficiently separated, it is w;orked along 
with the iron. This would be a very desirable process, 
on account of the good quality of iron which it furnishes, 
if the loss of ore atid waste of fuel it occasions were com
pensated by the price of bar iron. Poor ores, coke, or 
anthracite coal, cannot be employed in this process. 
.Charcoal made from hard wood, nnd the rich magnetic, 
specular, and sparry ores are almost exclusively used.

Blue, Oven— Cast Oven.

The furnaces bf this construction are an approxima
tion towards the blast furnace of the present time. Fig. 
52 represents the blue oven of the Germans. Its height 
is from twenty to twenty-five feet. The form of the in
terior resembles that of the modern blast furnace; a is 
the tuyere ; the breast h is closed with fire brick, or fire
proof stones. The bottom slopes towards the breast. 
This furnace is kept in continuous blast for jthree, six, 
or more months, when the hearth widens so much that 
further work is not deemed profitable. When the fur
nace is heated to a sufficieiit degree, the breast is en
tirely dosed, with the exception of a hole at the bot.tom 
to let out the iron, and of a hole six or eight inches 
above the first, through which .the scori® flow out.

♦ A nglo-Saxon, bloma, a  m a ss  or lu m p ;  it is  technically the crude 
iron from the furnace after having been hammered in the first rough  
manner.
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I t is filled to the top with coal and iron, the supply
The tuyeresof which is renewed as tlie charges sink.

Fig. 52.

Blue oven.

are seldom raised more than from ten to 14 inches above 
the bottom; should iron and cinder rise to the tuyeres, 
they may be let out. The arrangement, generally, is 
such that both may be let out through the tapping hole 
for the iron. But if the metal is designed for the mak
ing of steel, iron and cinder are tapped off together; in 
other cases, each is tapped separately. This furnace is 
in common use on the Continent of Europe. It is well 
adapted for the manufacture of steel, and yields an ex
cellent forge iron; but it requires rich ores, and an 
abundance of charcoal. Its management is simple; it 
may be constructed at little expense; and where rich 
ores and cheap charcoal are available, may be profitably 
used in this country. The blue oven is generally used 
where sparry carbonates abound; and from the steel 
metal which it furnishes, German or shear steel is manu
factured.
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Later Forms of Furnaces.

The first improvement was that of the salamander 
furnace; the second, that of the blue, or cast furnace. 
We shall illustrate the gradual 
improvement in the following no- 53
tice of the many various forms of 
blast furnaces at present in use.
It will be suflacient to describe 
simply the interior of these fur
naces, for their outward forms 
present but little variation.

a. Fig. 53, represents the inte
rior of a charcoal furnace in com
mon use in the Hartz Mountains.
This furnace is a peculiar one, on 
account of its very heavy mason
ry; the crucible c is very high 
and narrow; the boshes* h are 
exceedingly flat; the interior will 
receive a large body of coal and 
ore; the throat is often from four 
to five feet wide, and sometimes 
square. Coal and ore are expen- 3,̂ ^̂  ZIITH^M oun- 
sive in these regions, and this fur- tains, Germany,
nace is constructed as well for the
purpose of saving fuel, as for producing a good quality 
of metal. The ores in use are the red, brown, and yel
low varieties of the sparry carbonates frequently mixed 
with varieties of brown hematites, all of which are very 
refractory. The-furnace is generally blown with one tuyere 
made of copper. Hot blast, as far as we are aware, wms 
formerly only applied to two furnaces in that region. 
This furnace is celebrated on account of the very fine, 
strong bar iron, and the white plate iron, from which 
steel is manufactured, which it produces. It is man
aged like any other furnace; the cinders flow (in conse-

* German, B o sh u n g , a slope, that part of the stack of a furnace 
which slopes from the widest part down towards the hearth.
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quence of their small specific f^ravity, and by the pres
sure of the blast), over the damstone, which is generally 
square, and lined with cast-iron plates. The metal is 
cast, by means of cool moulds made of cast iron, into 
plates ten or twelve inches wide, two inches thick, and 
from five to six feet in length.

Fig. 54 represents a blast furnace at Melapane, Silesia. 
I t  is twenty-seven feet h igh; it is blown with two

Fig. 84. *

B las t fn rn a c e  in  S ile s ia .

tuyeres and hot blast. The blast is heated at the top. 
The crucible is seventeen inches wide at the bottom, 
twenty-eight at the top, and reaches five feet eight 
inches above the base of the furnace. The boshes are 
nine feet - in diameter; the diameter of the top three 
feet eight inches. The tuyeres are but fifteen inches 
above the bottom stone. In this furnace, pine charcoal 
is burnt; the ore used is a yellow hydrate of iron, soft
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and friable, somewhat resembling common yellow loam. 
A very fine foundry iron, 'remarkable for its liquidity, 
running into the finest sand moulds, is the product of 
this furnace. From this metal the greater part of the 
fine Berlin castings are manufactured. 'This furnace is 
remarkable on account of the small amount of coal it 
uses.

Fig. 55 exhibits a German blast furnace for the smelt
ing of bog ores by charcoal. Though the bog ores of 
soutfaern Prussia are celebrated for producing very cold
short iron, yet from this furnace a large number of good 
cannon have been cast for the use of government. The 
form of the inside of this furnace varies renjarkably 
from that of other furnaces. The height of the furnace

Fig. 55. f ig .  56.

Interior of a blast furnace for 
bog ore.

Interior of a blast furnace for 
spathic ore.

is thirty feet. The crucible a is "at the bottom seven- 
teen, and at the top eighteen, inches in width; its
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height is five feet six inches. The concave boshes mea
sure, at the widest part, 6, seven feet. The top, e, is 
three feet four inches in diameter, and forms a cylinder 
of two feet five inches in length. A very small amount 
of pine charcoaP is sufficient to supply this furnace.

Fig. 66 shows the inside of the furnace at Eisenerz, 
in Styria, where sparry carbonates are smelted. For 
want of wood, there were formerly at this spot but thir
teen fufnaces, mostly of this description. In fact, all the 
furnaces of the carbonate ore region, that is Styria, Ĵar- 
inthia, and Carniola, are constructed on the same prin
ciple. The crucible a is generally from ten to thirteen 
feet high the boshes 6 eight feet nine inches in dia
meter; the top d from two feet seven to two feet nine 
inches wide. The height of the furnace is from thirty 
to thirty-eight feet; so that the upper part of its interior 
is from twenty to twenty-four feet in height. The blast 
is produced in square wooden bellows, driven by water
wheels, and conducted to the furnace in two copper 
tuyeres. The hearth is frequently built of limestone, 
dry marble, or of Jtu*a limestone. The application of 
hot blast has never succeeded. So greatly does it injure 
the quality of the metal, that the forges cannot work it 

'without extreme difficulty. These furnaces seldom have 
a damstone; the breast is walled up, and a tap-hole for 
the iron left at the bottom. But in many cases, the cin
ders flow perpetually from a kind of dam erected on the 
left side of the breast. The iron is taken out, at short 
periods, in quantities of 200 or 300 pounds, and com
monly rim into Chill moulds. The pigs are in the form 
of plates of from five to six feet in length, twelve inches 
wide, and from two to three inches thick. Such plate iron 
may be used for. making either steel or bar iron; but if 
designed for bar iron alone, and if .the very best bar iron 
is desired, another mode of casting the metal is practised. 
The founder digs a circular hole, fi;om twenty-four to 
thirty inches in diameter, not far from the tapping-hole, 
into which the iron falls. The surface of the iron is 
kept very clean; by throwing off the rubbish and cinder. 
By sprinkling it with a little water from the nose of a
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watering-pot, in a very short time the iron on the sur
face crystallizes, chills, and a plate in the form of a 
rosette, from one half to three-fourths of an inch thick, 
is lifted off by means of an iron fork shaped like a hay 
fork, and laid aside. The freshly opened surface of the 
liquid iron is treated in the same manner as before; and 
thus the iron contained in the basin is converted into 
rosettes, which decrease in diameter as' the amount of ■ 
metal diminishes. These tin plates, of a verj* rough 
surflce, are excellently adapted for the manufacture of 
bar iron, as ivell in the charcoal forge as in the puddling 
furnace. This plate iron is generally beautifully crys
tallized, and is of a whitish or mottled color,, in which a 
somewhat reddish tinge is sometimes pei'ceptible. The 
thicker plates are generally full of little cavities of a 
round form, occasioned by the disengagement of gases 
in the liquid iron.

The old furnaces in Sweden generally had the elliptical 
form of two crucibles—one put upon the other, as 
shown in the annexed figure. They 
were often thirty-five feet high, and, pig. 57.
in most instances, worked slowly; 
they consumed but little coal, but 
yielded only from two to three tons 
of metal per week. Still, this metal 
was of good quality, though only 
from one hundred to one hundred 
and ten pounds of charcoal were 
required for one hundred pounds of 
iron. The modfern form of the 
Swedish blast furnaces closely re
sembles the form in general use at 
the present time. They are often 
from thirty-five to forty feet in 
height. In Russia, the same prin
ciple of construction prevails. The 
furnaces are generally large, with 
weak blast, and adapted to econo
mize fuel. The method of con
structing these furnaces was bor-

Interior of Swedish blast 
furnace.

    
 



300 METALLURGY OF IRON.

rowed from Germany. In  fact the Germans started the 
iron business in. Russia and Sweden, which may account 
for the great similarity in apparatus.

Before we leave this method, we shall describe a fur- 
nace built by the Prussian government on the banks of 
the Rhine. This furnace is designed for the making of 
foundry metal from brown iron ore, hydrated oxide of 

• iron. The metal is of good quality, and is used for cast
ings fos machinery and cannon; from this metal, also, 
the finest specimens of ornamental and statuary designs 
are cast.

Fig. 58 shows a section of the furnace, damstone, and 
work arch. The height of the furnace is thirty-five feet; 
nine feet eight inches wide at the boshes ; the hearth is 
five feet high, two feet six inches wide at the top, and 
two feet at the bottom. The tuyeres are eighteen inches 
from the base. The top of the furnace is four feet in 
diameter. The boshes measure, from the upper part of 
the hearth to its widest part, four feet .six inches. The 
rough masonry of the stack is made of .sandstones, 
strongly secured by iron binders. The hearth was for
merly made of sandstone; but at present, I believe it is 
made of fire bricki Boshes and lining of fire brick. 
There are two linings, one within the other, between 
which is a little space, for the purpose of giving room 
for expansion and contraction; this space is filled with 
small fragments of furnace cinder. - The furnace is, built 
against the hill-side, and the tunnel head, bridge sprung 
upon a wall, raised against the hill. The blast is pro
duced by three iron cylindrical bellows, of double stroke, 
which so far equalize the blast as to make the applica
tion of a regulator superfluous. These bellows are 
didven by a waterwheel. Two, sometimes three, tuyeres 
conduct thfe blast into the furnace, which works with 
remarkable regularity, and economizes fuel and blast 
The hot air apparatus is at the top ; and the air is con
ducted through a system of half circular pipes. The 
casting-house is built entirely of iron, in a noble Gothic 
style. It is one hundred feet long, the roof resting upon 
iron columns of twenty-four inches in diameter. These
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columns serve as supports for cranes, by which heavy 
casting and flasks, the frames holding the sand for cast-

Fig. 58.

German blast furnace.

ing, are lifted. In the centre of the building, supported 
by two rows of columns twenty-four feet in height, runs 
a strong iron carriage, which serves the purpose of trans
porting castings from the interior towards the main door.
and of lifting them on wagons.

The following are some approved dimensions of Ame
rican charcoal furnaces in L850.

The furnace at Cold Spring, New York, was forty feet 
in height and nine feet in width at the boshes. Its
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hearth was six feet six inches high ; one foot nine inches 
wide at the bottom, and three feet six inclies at the top.

Fig. iiO. Fig. KO.

In te rio r  of Cold S p rin g  b la s t  
fu rn ac e .

In te r io r  o f a  P en n sy lv an ia  char
co a l b la s t  furnace.

t *

In this furnace, magnetic ores from the neighborhopd, 
mixed with a small portion of brown hematite, and a 
small quantity of bog’ ore, were those chiefly smelted 
The gray pig iron manufactured was of superior quality 
very fusible and uniform. Two tons and a third of ore, 
and 120 bushels of charcoal, were required to make one 
ton of metal. A very small amount of coal supplied this 
furnace.

Fig. 60 represents one of the early Pennsylvania fui' 
naces on the Lehigh. The height of this furnace was 
thirty-two feet; width of boshes nine feet six inches; 
hearth five feet high, two feet in width at the bottom, 
and two and a quarter feet at the top. The rich hydrates.
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brown Tiematites, pipe ores, fossil ore, &c., were generally 
used. Two tons and a half produced, on an average, one 
ton of metal. For each ton 180 bushels charcoal were 
required. At some places, the ore was cheap; while at 
others, it now costs] five dollars to five at the mines 
for brown hematites (1868) per ton. There were 
places where fcu’merly (1849) but one dollar per ton was 

' paid for ore, and but four cents per bushel for charcoal. 
This was the case at Lebanon, and in some adjoining 
counties. The furnaces in operation at the oldest estab- 

jlishments west of the Alleghany Mountains, such, for 
instance, as the Dover furnace at the Cumberland River, 
Tenn., are nearly a copy of those, in use in Eastern 
Pennsylvania. Both require the same amount of fuel, 
and both yield similar results. . But the further we move 
west, the greater is the amount of _coal we .find used to 
produce a given amount of iron. For instance, at the 
Alleghany and Ohio furnaces, as far down as Hanging 
Rock and Portsmouth, 170 or 180 bushels of charcoal 
are considered sufficient to make a ton of -iron ; while 
in Kentucky and Tennessee, from 200 to 250 bushels 
of charcoal are required to produce the same amount. 
(The above was considered true in 1849.)

The Modern Charcoal Blast Furnace.

At the present time, the blast furnaces are constructed, 
in a greater or’ less degree, upon the same principles, 
While they slightly vary according to ore, fuel, locality, in 
the main the heafth is narrow and high, the boshes more 

t or less steep, and the tunnel head, or throat,- from four 
to six feet wide. The outward form varies greatly; and 
every owner or builder follows whatever arrangement 
is most conformable to his taste. We shall give the re
sult of our own experience, and point out the mate
rial points on which, the success of smeltiifg mainly 
depends.. Fig. 61 represents a section through work 
and back arches of a charcoal furnace. This furnace 
has two tuyeres, and' is designed to smelt hydrates of 
the oxides of iron, such as hematite, brown iron stone.
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pipe .ore, and bog ores. This form, with more or less 
alterations, will serve, as a general model. The exterior 
may, in all cases, be the same, and the interior altered 
according to circumstances. The whole height of the

Vertical section of a blast furnace designed for charcoal.

furnace is thirty-five feet. The hearth measures from 
the base fo the boshes five feet six inches; its width at 
the bottom is twenty-four inches, and at the top thirty- 
six inches. The tuyeres are twenty inches above the 
hearth. The boshes are nine feet six inches in diameter, 
and measure from the top of the crucible four feet, thus

    
 



EXTRACTION OF IRON AS CAST IRON FROM ORES. 305

The blast is conducted throughgiving about 60° slope 
sheet-iron or cast-iron pipes laid below the bottom 
stone into the tuyeres. The top is furnished with a 
chimney, by which the blaze from the tunnel head is 
drawn off. Around the top is a fence of iron or wood;

Fig. 62.

Section of a charcoal furnace through the tuyere arches,

sometimes of stone. Wood or sheet iron, however, is 
preferable. Fig. 62 shows the same furnace in a section 
across the two tuyere arches and the tuyeres.

20
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Cohe Furnaces.

The construction of a coke furnace does.not materi
ally differ from that of a charcoal furnace, except in its 
dimensions, and for the heavier pressure of its blast. Its 
height varies from forty to fifty feet. I f  the latter height 
is exceeded, the furnace does not work well.

We shall confine ourselves to a description of the coke 
furnaces of this country, and to a description of a French 
furnace, which is no less distinguished by its convenient 
structure than by the excellent work which it produces. 
Nearly all of the coke furnaces of the United states are 
of the same form and dimensions; and they were, we be
lieve, copies of the Lonaconing furnace, in Maryland.* 
This was the first coke furnace erected in this country, 
whose operation was continuously successful. It is fifty 
feet high, fifty, feet at the base, twenty-five feet at the 
top, and measures-fifteen feet at the boshes. At Mount 
Savage,t and at the Great Western Iron Works, the only 
variation from these dimensions is in the size of the throat 
and the hearth. The Lonaconing furnace has produced 
good foundi’y pig m etal; this has seldom been the case 
at Mount Savage, and at the Western Works. The lat
ter, however, succeeded, after many efforts, in making the 
furnace produce.good white metal for the use of their own 
rolling mill. The Western Works have enjoyed pecu
liar advantages ; but they have also labored under pecu
liar disadvantages. Their stock, so far as ore, coal, aî d 
fluxes are concerned, is cheaper than that of any furnace 
in the Union; .but the coal at their disposal is the out
crop of the two lowest Teins in the Pittsburg coaf basin. 
These veins are notoriously very sulphurous. Inasmuch

* Lonaconinj?, AlJeghany Co., Md., situated a quarter of a mile be
low Lonaconing station, On the Baltimore and Ohio B. B.,and bears 
date 1837, although there was an older charcoal furnace on the site: 
made, in 1855, I860 tons of iron from ball and bog ores of the coal 
measures.

f  Nine miles N. W. of Cumberland, in the midst of the Frostbnrg 
coal basin, connected with B. and O. R. R. by a branch road eleven 
miles long. No.' 1 was built in 1840. '
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as the coal of that region is scarce, and of inferior 
quality, it is a riddle, among iron manufacturers, why 
these establishments were erected at the precise place 
where these natural difficulties can never be removed. 
The works at Mount Savage were erected on an equally 
inconvenient spot, in the Frostburg coal basin ; and.they 
have had to encounter the same difficulties. So far as 
stonecoal is concerned, Lpnaconing appears to be the best

Fig. 63,

Coke furnace, Great Western Iron Work', Fa.

.ocated of the three works. The Western Works enjoy 
:he advantage of a very cheap and good ore, a true argil-
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laceous ore, somewhat calcareous, which, in most cases, 
was formerly laid at the furnace, at from one dollar to 
one dollar and twenty-five cents per ton. With char
coal, this ore produces an excellent and strong metal, 
and many expensive experiments were made with it 
before coke furnaces were brought into a state adapted 
for regular business. Still, it appears almost impossible 
to run these furnaces upon gray iron. A whitish, red- 
short forge pig is the quality constantly manufactured. 
Oil what hypothesis this is to be accounted for, we shall 
hereafter ende.avor to explain.

Fig. 63 exhibits a section across the work arch and 
the back arch, including the bridge-wall of a Great 
Western furnace. The furnace is provided with six 
tuyeres, and with hot blast. I t  produces from seventy 
to eighty tons of forge iron per week. The lower part 
of the boshes, which in other furnaces forms the hearth, 
is about six feet high. This part is made of sandstones 
from the coal measures; but from this point till it joins 
the in-wall, it is made of fire-brick. In other respects, 
this furnace does not materially differ from other fur
naces. There is a very low, and considerably tapered 
upper hearth in one of the furnaces at this place. The 
boshes reaching down almost to thfe tuyeres, and. that 
part alone below the tuyere being plumb.

Hyanges Furnace.—At Hyanges, Department Moselle, 
in France, there are three beautifully constructed blast 
furnaces for coke, which work admirably. Fig. 64 shows 
a section across tirnp and back; and Fig. 65 a front ele- • 
vation. The stack is forty-six feet in height, and it 
measures sixteen feet at the boshes; height of hearth 
six feet, and width of top eight feet. The exterior of 
the furnace is round; the rough wall rests on cast-iron 
pillars and cast-iron framework. It is built of hewn 
sandstone, finely dressed, and bound by wrought-iron 
hoops. The in-wall'is made of fire-brick; the hearth, 
of a cement composed of roasted and pounded quartz, 
mixed with fire clay, and pounded in between the cast- 
iron plates, which form the cloak of the hearth; the 
boshes are formed of fire-brick, made of 'tfie jsame
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material as the hearth, and air dried. The damstone is 
not in a sloping position, as usual in furnaces; but a 
vertical'dam of fire-brick is erected, in the middle of

Fig 64.

Section of a coke furnace at Hyanges, France.

which holes for tapping the iron are left. The dam- 
plate is protected from the overflowing hot cinders by a 
projecting rib on the top. In these furnaces, brown 
hydrates, very much resembling the fossiliferous ores of 
Eastern Pennsylvania, are smelted. The metal pro
duced is very cold-short; but it is wrought into bar iron 
of the finest forms and shapes. A large amount of it is 
converted even into sheet iron and tin plates. We shall 
have occasion to refer to this subject again. In the 
chapter on puddling, we shall e.xplain the exact process 
by which this metal is converted into bar iron.

Whatever else is necessary to be said on the subject
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F it . 65.

Front view of a coke furnace—Blast furnace at Hyanges.

will be found in our general review of furnace manipu
lations. ,

f

Stonecoal Furnaces— Anthracite Furnaces.
Raw coal and anthracite have been employed to a 

degree which the most sanguine could scarcely have con
ceived. In Eastern Pennsylvania, a large number of 
blast furnaces, supplied by anthracite, are, at the pre
sent time, in operation. These produce, on an average, 
froqa seventy-five or eighty to 200 and some 300 tons of 
iron per week. In addition to these, many furnaces are 
now in course of erection. These furnaces are supplied’ 
by anthracite coal alone, and the perfection to which 
they have been brought is a security that nothing can 
check their prosperity, or prevent their extension in this 
country. . •
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Anthracite furnaces resemble, to a greater or less 
degree, coke and charcoal furnaces. fii’e seldom so
high as coke furnaces, and their horizontal dimensions 
are usually greater than those of charcoal furnaces. To 
avoid unnecessary repetition, we shall give the dimen
sions of several of these furnaces recently erected in 
lEastern Pennsylvania. Fig. 66 represents a cross sec-

Fig. 66.

Anthracite furnace at Reading, Pa.

tion of an anthracite furnace at Reading. Its height is 
thirty-seven and a half feet; the top or throat six feet 
in diameter ; height of hearth five feet; tuyeres twenty- 
two inches above its bottom; the hearth is five feet 
square at the base, and six feet at the top. /The boshes 
are inclined sixty-seven arid a half degrees, or at the rate 
of six inches to the foot, and measure fourteen feet at 
their largest diameter. At the point where the slope of 
of the boshes joins the lining, a perpendicular, cylin-
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drical space, five feet in lieight, commences; from the 
latter point the general taper to the throat is continued 
in a straight line. The hearth, as well as the boshes, is 
built of coarse sandstone; but the latter are covered 
with a lining of fire-brick nine inches thick. The in-wall 
consists of two linings; the interior is the lining which 
covers the boshes ; outside of this is a space four inches, 
wide, filled with coarse sand ; and this is protected by a 
rough lining of slate, two feet thick. The rough walls 
of the stack are not heavy ; but they are well secured 
by binders.

Two furnaces erected at the Crane Works,* near 
Allentown, were, in 1850, considered the latest improve-

Steam-boiler.
Fig. 67.

Section of an anthracite furnace at Catasauqna, near Allentown, Pa.

ment. (Fig. 67.) The stack was thirty-five feet high, 
forty feet square at the base, and at the top tliirty-three

* ‘Four miles above Allentown, at the place now called Catasau- 
qua. There have been four additional stacks built since the above 
mentioned stacks were finished. No. 6 is the largest and was blown 
in this spting (1869.)
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feet. This furnace was, therefore, but slightly tapered, 
and required heavy stonework. I t generates steam from 
the tunnel head gas flame. At most anthracite furnaces, 
this is done by putting the boilers on the top of the fur
nace. The hearth is five feet high, four feet square at 
the bottom, and six feet at the top ; the inclination of 
ithe boshes is 75°, and the cylindrical part of the in-wall 
above the boshes is eight feet high, and twelve feet in 
diameter. From the cylindrical part up to the top, which 
is six feet in width, the in-wall runs in a straight line.

Fig. 68 represents one of Messrs. Reeves and Com- 
' pany’s furnaces at Phoenixville, Pa. Its height is thirty- 
four feet. The hearth is six feet high, four feet three 
inches square at the bottom, 
and five feet three inches at the 
top. The boshes taper 68°, or 
at the rate of rather less than 
six inches to the foot. They 
measure thirteen feet at their 
widest part. Care should be* 
taken that the lining and the 
boshes form a gradual curve, 
that sticking and scaflblding* in 
the boshes may be obviated.
The top of this furnace is eight 
feet square. There is no doubt 
that the form and construction 
of these anthracite furnaces have 
been carried, within the short 
space of a few years, to so high 
a state of perfection as to leave interior of an anthracite furnace 
but little room for future im- at Phoenixville, Pa.

proveinents. '
The practical working of these furnaces will be ex

plained elsewhere. We shall merely remark, in this 
place, that most of them generate the steam for the mo-

* A term used for the occasional sticking, or hanging of all the 
charge, or contents o f a furnace against its side, and thus preventing 
its descent.
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tive power of the blast, as well as the heat for the hot 
blast apparatus', at the top <of the furnace. In th'is way, 
•expense is not only saved, but a uniform generation of 
steam and heating of air are produced. In relation to

■ the building of coke or stonecoal furnaces, it is not ne
cessary to enter into particulars, inasmuch as the prin- 
ciples applicable to these furnaces are applicable to char- 
coal furnaces. The cost of erecting such a furnace, it is 
almost impossible to state, for this will depend upon 
locality, material, wages, and individual tastes. *But it 
may be laid down, as a general rule, that a stonecoal 
furnace costs less than^a coke furnace; and that, in most 
cases, a good charcoal stack can be altered so as to serve 
for stonecoal.]

Mr. Overman considered the following true in 1850: 
In  the Western States, many charcoal furnaces are in 
operation, amd there is no limit to their extension, so far

■ as raw material, wood, and ore are concerned. One cir
cumstance, however, will necessitate the introduction of 
mineral coal furnaces in the W est; that is, the price of 
charcoal iron. Some localities can successfully compete 
against mineral coal iron; but those which, besides en
joying that advantage, are situated near navigable 
streams or canals, are very few in number. We believe 
that the average cost of producing charcoal pig at Pitts
burg is' twenty dollars; some furnaces produce it at a 
cost of fifteen dollars. In as many cases, however, 
twenty-five dollars is paid for iron. The market price 
at Pittsburg has varied, for the last two years, from 
twenty-five to thirly dollars, according to quality. At 
this price, but-little profit is left to-the owners of the 
furnaces. How far the stonecoal furnaces are in ad
vance of this, will be shown by the following statement 
of the average result- of three years’ smelting. This 
statement has been. furnished by Mr. Reeves, of Phila
delphia
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Amount of material consumed to produce ofie ton o f Iron 
at anthracite furnace ^o . 1, at Phvenixcille.

Iron ore 
Anthracite coal 
Lime .

2 .5 9  to n s. 
1 .8 3  ton . 
1 .1 4  “

Amount consumed at furnace No. 2, at the same place.
Iron ore 
Anthracite coal 
Lime .

2 .6 5  ton s. 
1 .89  ton . 
1 .1 5  “

Which form is the best for a Blast Furnace ?

We shall preface our remarks, by introducing the re
sults of some examinations by a former pupil and as
sistant, Mr. Charles McIntyre, Jr., who has paid particu
lar attention to this subject.

The best form of a blast furnace is, undoubtedly, that 
form which, with the least expenditure of blast and 
fuel, will produce the most and best iron, all other 
things being equal. Or, in other words, the ore flux 
and quality of iron being constant, the best form is that 
which produces the most iron with the least blast and 
coal, and with the greatest regularity.’ We have here 
three variables, fuel, blast, and quantity of iron; the 
consideration of which we will take up in succession, 
and ^e to what results we shall arrive, then by harmo
nizing these results, we may arrive, clearly and fairly, 
to a just conclusion.

It is necessary, however, at the beginning, to inquire 
what are the operations, which occur in a blast furnace, 
when it is in good working order % All workable ores 
of iron are oxides of .the metal in - combination with im
purities of various kinds ; td eliminate these impurities 
we use fluxes'. To rid ourselves of the oxygen^ we must 
employ an agent which has greater affinity for dxygen 
than iron; this is carbon.* In order to supply carbon 
to the , oxide of iron, we must make it carbonic oxide, 
(CO), hence the blast. The'oxygen of the atmosphere
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passing'in upon the ignited fuel, becomes carbonic acid, 
(CO^), while the greater part of the nitrogen escapes out 
of the tunnel head unchanged; the formation of-carbonic 
acid (CO^) is attended with great combustion and heat, 

■ but as the carbonic acid (CO*) passes upward, it meets 
with an excess of carbon, loses an atom of oxygen, and 
becomes carbonic oxide (CO),

CO“ + C =  2CO.
this is attended with an absorption of heat, and accounts 
for the reduction of temperature above the crucible; 
thus, for every volume of carbonic acid (CÔ ) we have 
two of carbonic oxide (CO), this unites with any carbu- 
retted hydrogen of the fuel, and passes up as a combustible 
gas. The descending ores being made porous in the 
upper part of the furnace, are permeable to the ascend
ing gas.es, and the iron begins to be reduced in the upper 
part of the boshes; as it descends to the hotter part of 
the furnace, the flux and impurities melt and form slag, 
while the iron in minute particles unites with the car
bon- of the fuel, and forms that carburized iron, called 
cast iron, which melts, falls through the slag, and is 
drawn off from the bottom of̂  the crucible.

Hence we see that in different parts of the same fur
nace different operations are going on: these parts have 
been classified into four different zones of specific heat, by 
metallurgists, who have founded the classification upon 
actual experiments. These zones are, beginning %t the 
top: I. Thd zone of preparation; II. The zone of deoxi
dation or reduction; III. The zone of carburization; IV. 
The zone of fusion. These zones are all laid down, as to 
their exact locality, by some writers; while others show 
conclusively that they are rather relative distances, than 
absolutely so .many feet and inches distant from any 
point.

Having set before us the work performed by a fur
nace, we are prepared to take into consideration, what 
shape w'ill best perform this, %6rk ? In oiir discussion 
we assume the furnaces to be using the same kind of 
fuel, ore, and flux, prepared' in thfe same manner, and the
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blast of a uniform temperature ; for only by Considering 
the condition as equal, can we arrive at a fair conclu
sion. Having these things constant, our object is to 
shape a furnace which will use a minimum amount of 
coal and blast, and produce a maximum amount of iron. 
We shall treat of the amount of coal and blast together, 
as they are closely connected ; for if a less amount 
of heat can he efficiently used, less coal and blast is 
required; or if less gas is needed, we can work with a 
smaller pressure and less fuel. The shape of the furnace 
must be such as to allow the heat to expend as much 
force as possible, with satisfactory results.

Were mere uniformity of distribution of heat the only 
consideration, we could make the furnace cylindrical, 
and the section would be represented as in Fig. 69; for, 
in such a shape, the heat would be applied to the greatest 
amount of material from tuyere up to tunnel-head. In 
this form, however, the pressure from material above 
would make the molten mass below so dense as to hinder

F ie .  09, Fig. 70.

the passage of the blast, consequently hindering, the 
operations of the furnace. We must therefore arrange
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the shape to support some of the superincumbent pres
sure. We can do this hy battering the walls, as in Fig. 
70. Hut in this shape two difficulties present them
selves : 1st. W here the furnace is largest the heat is most 
expended, and cannot have full influence in preparing 
the charge. 2d. The tendency of heat is to expand the 
mass, and before fusion, this expansion, however small 
it may be, increases the space between the individual 
pieces of the charge, and more room is required for the 
same amount of material ; and by coniracting the form 
under these circumstances, there is danger of scafFold-

Fig. 71. Fig! 72.

ing.. For these reasons a furnace, whose shape is the 
reverse, would answer, as in Fig. 71. But this would
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be condemned for the same reason that the cylindrical 
form was condemned,
-We want, therefore,the superincumbent material sup

ported, and the furnace to enlarge from the tunnel head 
downwards, in order* to allow for the expansion of the 
ore. By uniting the last two forms, and forming a fur
nace shaped as in Fig. 72, we fulfil these conditions. In 
this form our objections, thus far raised, are removed, 
the unfused mass is supported, and descent is allowed 
to the ores; whe.i fused, being able to flow, they will 
fill up the interstices, and thus the diameter of the fur
nace can be decreased without hurt; the heat is like
wise better applied beyond the intense heat in the cruci
ble, and after the reduction of CO* into carbonic oxide, 
it passes through the deoxidizing -zone, fully prepared to 
do further duty, and, as it cools, the drawing in of the 
walls concentrates its efficiency. This, then, is the fun
damental form ; how shall it be modified so as to make 
the best form 1 • _

We have not as yet spoken of the inclination the two 
frustra shou.d bear to each other, and this is a very 

, important consideration, when we ask the question. How 
shall the deoxidizing material be applied to the ore 1 If  

 ̂ the stack be narrow at the boshes, and the angle at the 
boshes large, the charge will be crowded together so that 
a' comparatively small quantity will be brought in .con
tact with the gases, at the point where they can he effi
cient, and there will be an excess and* waste of deoxi- • 
dizing material; but if the angle be too small, there will 
be more ore exposed than can. properly be Teduced, and 
a greater amount of coal wonld be needed. Even if we 
take great pains, and make the angle of a‘ medium size, 
so that we will escape both difficulties, there would still 
be a space where the ore would not be fully spread» and 
hence not fully exposed to the ascending current.

By altering the shape somewhat, and making it of a 
shape as represented by Fig. 73, we will, observing the 
former precautions and making it of the right width, be 
able to expose the roasted charge for a longer period to 
the deoxidizing gases. This then is an improvement
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on the previous form. But in this figure, we have anp;les 
at A and B (Fig. 73),.of a greater or less size; these

Fii?. 7S.

Blast furnace No. 2, Scranton, Pa., April, 1868. Scale 10 feet to one inch.

may catch some of the most refractory substances, be in 
some degree shielded from proper influences, and cause 
scaffolding; the friction is also increased by these 
angles, and the flow of materials is neither easy, npr
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uniform. How shall vve remedy this defect 1 Suppose 
we had a ftirnace of this kind scaffold at A B, how 
should w'e change the internal shape to prevent a repe
tition of this ? One way would be to ease off by chang
ing the shape of the lining, bringing it out to C D ; but 
here we have two angles instead of one, or, rather, have 
two bases of resistance, which would be abrupt rather 
than gradual; this would increase the friction, rather 
than simply sustain the load, and the tendency, would 
be to scaffold in other places ; again, we may destroy 
the angles by straight lines, and by continuing this pro
cess we have a curve. This curved form of lining ful
fils all conditions we have advanced; it is essentially the 
form of two frustra of cones, placed base to base, which 
we have concluded to be the fundamental form; the 
curve nearest the widest part is very gradual, so that it 
has p  equal advantage with those whose middle part is 
cylindrical; having no sharp angles, the liability of scaf
folding is decreased, and there, is the least possible fric
tion in descending with the greatest ̂ proper sustenance 
of the charges.

But our problem is not yet fully solved; let us review 
briefly, in order to progress clearly; we fir^t found that 
a furnace whose lining could be represented by a cylin
der, capped on each end by a frustruni of a cone, would 
economize heat, and apply the deoxidizing agent in the 
most effectual manner; our next step was to show, that 
by softening the angles into one general curve, would 
not alter the effect of the previous form, and in addition 
would aid the descent of the materials, and lessen the- 
liability of scaffolding; these things we showed particu
larly in reference to the amount of coal and blast.

We shall next endeavor to show the best form for the 
quantity of iron. If the furnace was of the form as 
shown in Fig. 69, the" superincumbent pressure would 
increase the density of the fused and pasty material, and‘ 
retard the’blast; hence the ore would not be prepared 
and deoxidized as fast as it could be fused ; thi§ would 
eventually cause too much unprepared matter, and could 

21
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not, therefore, produce the largest amount of acceptable 
iron. , • ■

In the next shape (Fig. 70), while the pressure is 
taken off the fused mass, the heat is most expended 
where a part is useless, being sent up through the mid
dle of the mass, or else being spread over a large surface, 
it will not sufficiently prepare the ore, which will take a 
longer time to be reduced when it sinks in the furnace, 
and, hence a longer time to make the metal.

If  we make use of the form in Fig. 71, while the blast 
is properly contracted for the preparation of the ore, the 
•fused material is spread over so broad a space, as to 
cause fresh material to sink more rapidly than it can be 
properly prepared, bringing down with it substances 
which should have been volatilized, and at the same 
time it has all the disadvantages of Fig. 69.

If *we make use of the fundamental form (Fig. 72). the 
heat will, in the general, be properly directed, expanded 
at the right place, and contracted correctly; but in.the 
way it  is applied for a small distance at the widest part, 
it can only act efficiently upon the central body and the 
mass in the circular angle must be more or less unaf
fected; and the ore, in some places, would be prepared 
fasted than it was in others, which would retard the pro
cess. .

If we try the shape in Fig. 73, the blast is properly 
directed, as in the former case, and also a greater 
amount can be deoxidized at the same time, arid we can 
reduce; much more rapidly. This will fulfil all our con
ditions, if W e are able to'place the angles in the proper 
position, for, in making furnaces of this shape, it seems 
as if we mark the place for such an operation to be per
formed. But can 'iVe so make a furnace 1 Can we, in 
the first place, bUild a furnace as to have the zones in 
the place assigned? And, secondly, do the zones con- 

■* tinually remain in the same place ? .W e answer to both 
questions, no! There may be, at any time, some little 

, change in the ore or fuel, which would of itself alter 
their position considerably; and this would change the 
zones, making them to vary at different times. Percy, 
ill speaking on this subject, says: “ JEven in the same
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irnace, with the same charges of ore, fuel and flux, these 
snes of specific heat may not have precisely the same 
osition at diff'^rent times, as it has been hitherto found 
npossible to insure uniform results from any furnace, 
longh working under apparently identical conditions.” 
!he results above mentioned have refei’ence to experi- 
lents tried in order to ascertain the temperature. This 
eing the case, we are liable to lose in adopting the 
lape under consideration. . How shall we remedy it? 
Fwe can so construct a furnace, that a few feet will not 
laterially alter the functions, we have succeeded. Let 
B apply the test to the curved form, as follows. Fig. 74, 

will answer in every respect as well 
8 the last shape, and being curved from 
rucible to tunnel head, the operations 

'Ss'iKXix. \i\-Aces, at differ-
Ytvatev'vaWy a\te\dng 

itvft NNodfdag oi the iurnace; and by 
assigning no particular position for the 
zones we allow them to vary without 
damage; hence we conclude, that the 
curved form produces the maximum 
amount of iron, with the minimum 
amount of fuel and blast, and, with the 
most constant results.

Another important consideration is 
economy. It has been observed, that 
the lining of furnaces which have been 
running for several years, and then blown 
out, have assumed the form of a curve 
approximating the arc of a circle. Now 
it we build /urnaces in the form cut out 
by the fire, we have the shape it natur
ally assumes, without filling back upon 
the fire to do an unnecessary woik for 
us. bo that we may assume the furnace _____ 
will last longer; facts might be men- 
tinned which corroborate this assertion.
A furn ace o f  th e  fo rm  g iv e n  in  th e  l a s t
figure, has now been in blast for some

don, 1 mile above 
Easton, Pa., 1868. 

Scale 20 ft. to 1 iu.
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months, with great success, as to regularity of work
ing, and excellence in yield, although blown in a little 
too rapidly in the winter season, causing some cracks in 
the outer wall. As to the actual middle and height of 
a furnace, and as to* the proportion between the height 
and middle, these vary, and are governed by the kind 
of ore, flux, and fuel.

But the conclusion is, that the curved form is the best 
form of a blast furnace, and will, we believe, stand the 
test. .

The general impression among practical and expe
rienced iron masters is, .that the “ egg shell” form of the 
furnace is, after all, the best form for both coke and 
anthracite. As one of the most experienced iron mas
ters, formerly of Wales, but now in this country, Mr. 
David Thomas, of Catasauqna, expressed it to us: There 
is a principle which we must adopt, namely, that the 
contents of a furnace must be smoothly and constantly 
on the move, and that form which is most conducive to 
this regularly constant move, is the form most favorable.

In the coke furnace, however, we have that fuel which, 
being more friable, of rougher surface, and more easily 
heated, is more likely to be grasped by the surrounding 
charge, or elements of the charge. I t  is less likely- to 
move—it is more likely therefore to stick, and, conse
quently, the sides of a coke furnace should be accom
modated to this fact,, that coke will not move, or roll 
about as easily as anthracite. The sides should there
fore be steeper, the stack more slender. Otherwise the 
form is the same as in anthracite, namely, that of elon
gated arcs, reaching to the hearth, as in the Glendon 
furnace form, or to the top of the crucible, as in the Corn- 
greaves pattern,.Staffordshire, England, a w'orking plan 
of which we have given in full in the plates at the close 
of this volume. W e think all the necessities of the 
furnace are more fully.met in this latter form than in any 
other of the countless variations given and executed. 
Eventually, this will be the general form adopted, 
because of its simplicity of construction, and the uni
form support and descent which it offe.rs to the charges
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of the furnace, and because of the uniform ascent to the 
heat and the gases engendered.

There must needs be judgment exercised in the form- 
atioh of that cone, that it be conformable to the funda
mental conditions specified in the above pages. As the 
coke form of the Staffordshire type seems to be per
fectly satisfactory, vve have, after much inquiry and con- 
snltation, come to the conclusion, that this curve, the 
elements of the ordinates and full measures being given

Fig. 75. Fig. 76.
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in plate T. at the end of this work, should be, for the 
anthracite furnaces (east of the Alleirhany IMoniitains) 
about 60 feet radius at the bosh, or at the greatest dia
meter, giving it about 75° slope for the boshes; but, for 
the-.cokes, west of the Alleghany, we should adopt the 
diameter intended to be represented in the drawing, 
namely, that of 60 feet radius at the same place, or 80" 
slope. A variation of two, or even three feet, in the 
radius may not be injurious, because of the smallness of 
the corresponding variation of slope; nevertheless, the 
character of the anthracite intended to be used must be 
made an element in the calculation which varies from 
the above type. The hax'der and the smoother the coal 
the greater may be the v9,riation, within the aboveiimits.

I t  i s  n o t  n e c e s s a r y  t o  e x h i b i t  a l l  t h e  t y p e s  o f  inter
n a l  f o r m  a d o p t e d  i n  E u r o p e ,  o r  e v e n  in  th is  country, 
a l t h o u g h  i t  m i g h t  a d d  s o m e w h a t  t o  O u r in fo r m a tio n , but 
o f  t h o s e  f u r n a c e s ,  t h e ' f o r m s  o f  w h ic h  w e  h a v e  given 
b e l o w ,  i t  c a n  b e  s a i d ,  i n  a l l  c a s e s ,  t h a t  t h e y  h a v e  been 
c o n s id e r e d  s u c c e s s f u l ,  s o ' f a r  a s  r e s u l t s  a r e  co n cern ed .

Figf. 75 is the present form (1869) of the stack No, 2 
at Lehigh Crane Iron Works, Catasauqua, on the* 

•Leliigh, Pennsylvania. This stack was erected next 
after the first. successful anthracite furnace upon the 
Lebigh,‘No. 1 stack being the oldest.

Fig. 76 is "stack No. 4, at the same works, erected 
afterward, and upon, a plan supposed to be an improve
ment. Both of these forms make excellent No. 1 anthra
cite iron.

Fig. 77 represents a vertical section of stack No. 
at Carbon Ii'on Company, Parryville, on the Lehigh, 
Pennsylvania, which works very well.

Fig. 78 represents a similar section of a stack which 
is supposed to possess special advantages, and which 
was completed and blown in last year f l 868) at Lock 
RidgeTron Company, near Alburtis Station, a few miles 
from Allentown, Pa., on the East Pennsylvania •Rail
road. ■ .

Fig. -79 represents the “ Ringwall” or inner section,‘as
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Fig. 77. Fig. 78.

/  7 OP OF rives' \

BOTTOM o r  C H A M B f^

well as various other sections, of a boiler iron and iron 
column furnace at Saucon Iron Works, Hellertown, 3 
miles south of Bethlehem, Pennsylvania, on the North 
Pennsylvania Railroad.

All these furnaces are making more or less gray iron 
of finest quality, otherwise called No. 1 foundry iron, the 
kind prepared for foundry castings. (For further dis
tinctions see Effects of Carbon upon Iron.)
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Fig. 79.

T l i e r e  i s  n o  r a d i c a l '  d i s t i n c t i o n  t o  b e  m a d e  betw een  
t h e  in t e r n a l  fo r m  o f  f u r n a c e s  m a k i n g  fo u n d r y  an d  those 
m a k i n g  f o r g e  i r o n .  B u t  t h e  f o l l o w i n g  fo r m s  a r e  fo rm s 
o f  f u r n a c e s  m a k i n g  s u c c e s s f u l l y  a  h ig h  o r d e r  o f  fo rg e  
ir o n , in t e n d e d  f o r  t h e  l a r g e  r o l l i n g  m i l l s  a n d  p u d d lin g  
f u r n a c e s  a t  S c r a n t o n ,  P a . ,  o n  t h e  D e l a w a r e ,  L a c k a w a n n a  
a n d  W e s t e r n  R .  R .  T h e s e  f u r n a c e s  h a v e  b e e n  u n d er  
th e  d i r e c t io n  a n d  a l t e r a t i o n  o f  C .  F .  M a t t e s ,  a  g e n t le m a n  
o f  th o r o u g h ly  p r a c t i c a l  a n d  l i b e r a l  v ie w s  a n d  o f  la r g e
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experience. The fiirnacps of later date are, we believe, 
upon his ô yn suggestions. The following is one of 
1856, furnace No. 3, having a rather peculiar slope just

Fig. 80.

over th e c r u c ib le . .  T h is  w as a f te r w a r d s  a l t e r e d  a s  t h e s e  
an g les, o f fe r in g  a lw a y s  a  m o re  p r o m in e n t  s u r f a c e  to  t h e  
action  o f  th e  t ir e , d is a p p e a re d , a n d , th e r e fo r e ,  w h a t e v e r
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Fi«. 81.
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benefit they might have presented at first, soon ceased 
to be available. In January, 1S58, we have, therefore, 
the form of Fig. 81, wherein the angle just spoken of is 
eliminated and the fui;nace widened. We have added 
the arrangement of the arches and circular flue at tun
nel head.

In 1862 it was thought advisable to add to the num-

Fifr. 82. ■

ber of tuyeres, and a form was adopted as in Fig. 82, 
(vertical section), the'arrangement of the tuyeres being
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i s  in  F i g .  8 3  ( p l a n ) ,  i n  w h i c h  1 9  t u y ( * r e s  w ere intro* 
l u c e d ,  a n d  t h e  f u i ' i i a c e  w i d e n e d  i n  t h e  b o sh e s . But

Fig. P3.

t h i s  n u m b e r  w a s  r e d u c e d ,  a n d  a l t e r n a t e  tn j 'e r e s  rem oved 
w ith  b e t te r  r e s u l t s .  I n  A p r i l ,  1 8 6 8 , . s u p p o s e d  im prove
m e n t s  w e re  s u g g e s t e d ,  a n d  t h e  fo r m  in d ic a t e d  in  l i |? ' 
8 4  w a s  s e t t le d  u p o n , a s  s u p e r i o r  to  a l l  h i t h e r t o  adopted . 
T h i s  fu r n a c e ,  a t  t h e  w o r k s ,  i s  c a l l e d  N o .  2 . I t  w ill be no
t ic e d  t h a t  i f  t h e  a n g l e s  b e  m n d if ie d  i n t o  t h e  m o st readily 
m a d e  c u r v e , t h a t  c u r v e  w il l  b e  n e a r ly  t h a t  o f  th e form 
o f  G le n d o n  f u r n a c e  s p o k e n  o f  in  a  fo i m e r  p a r t  o f  these 
r e m a r k s ,  w ith  t h i s  e x c e p t io n ,  t h a t ,  w h e r e  th e  g a s  is  car-
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vied off for the blast oven and the boilers, it is suddenly 
liawn in to effect a more ready delivery of the gas upon
• Fig. S4.

its destined course. All these furnaces make forge 
iron.

Furnaces of boiler-iron and cast-iron columns are now 
beginning more generally to be adopted. The finest 
models of this class of furnaces in this country, are per
haps to be found in Pennsylvania, although some good 
forms are found in New York, and up the Hudson and 
on Lake Champlain. The one we would direct atten
tion to, as a good model, the plan of which is adopted in
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P o t t s t o w n ,  L i m e  R i d g e  a n d  e l s e w h e r e  in  Pennsylvania, 
i s  f o u n d  a t  S a u c o n  W o r k s ,  a s  b e f o r e  r e f e r r e d  to. Its form 
w e  h a v e  a l r e a d y  g i v e n  p .  3 ‘2 8 .  T h e  .sa t is fa c to r y  results 
a n d  t h e  r e g u l a r i t y  o f  t h e  f u r n a c e  o p r u a t in n s ,  seem 
s u g g e s t ,  a m o n g  o t h e r  e l e m e n t s ,  t h e  g e n e r a l  form  o f in
t e r n a l  s t r u c t u r e  t o  w h ic h  w e  h a v e  a l l u d e d .  A  very com
p l e t e  e x a m p l e  o f  t h i s  k i n d  o f  f u r n a c e  h a s  la te ly  been put 
i n t o  b l a s t  u n d e r  t h e  p l a u  a n d  m a n a g e m e n t  o f  M r. John 
H o r t o n ,  a  f e w  m i l e s  f r o m  R o c h e s t e r ,  N .  Y .  T h e  height 
i s  oO f e e t ,  b o s h  1 4 ,  w i t h  a  d i f f e r e n c e  f r o m  th e  la s t  in that 
t h e  r i n g  w a l l  o f  t h e  s t a c k  i s  s u r r o u n d e d  b y  a n  air-cham ber.

T h a t  t h e  u n i f o r m  c u r v e  i s  b e g i n n i n g  to  b e  adopted  in 
E n g l a n d ,  a s  t h e  b e s t  f o r m ,  s e e m s  a p p a r e n t ,  fro m -th e  out-

Fig. 85.

l in e s  ( F i g .  8 o ) ,  w h ic h  a r e  t h o s e  o f  t h e  D o w l a i s  fu r n a c e s , 
c o n s id e r e d  a t  t h a t  p l a c e  a s  t h e  l a t e s t  a n d  m o s t  a p p ro v e d  
c o k e  f u r n a c e s ,  a n d ,  w h e n  t h e  o u t l i n e s  w e r e  s e n t  u s  th is 
y e a r ,  1 8 6 9 ,  t h e s e  f u r n a c e s  w e r e  w o r k i n g  q u i t e  s a t i s 
fa c t o r i ly .
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' Remarks upon the Construction o f Furnaces in general.

Of all the furnaces in our country, the most imposing 
in appearance, are those upon the Lehifjh. And perhaps 
the largest and most complete in all their appointments 
are tho.se at Hokendauqua, near Allentoivn, ]?a., and at 
Catasauqua, a mile below (for size of engines. &c., see p. 
200). After these the next in «ize, having reference to 
engines and all other appliances, are to be found at Scran
ton, Penna., exactly 100 miles N. .W. from New York 
city; the former places are exactly. 60 niil^s N. by 10® 
AV. of Philadelphia. There are others almost equally 
massive, at Phillipsburg, N. J.; at Allentown, Penn., and 
elsewhere, but in perfection of parts and largeness of 
machinery and furnaces, together with novelty of plan, 
none are superior to those first mentioned. The furnaces 
at Hokendauqua, as well as those at Catasauqua, afe 
under the direction of gentlemen who, so far as anthra
cite furnaces are concerned, have as large, as varied, and 
as practical experience as any in the United States, and 
they have education and sound practical science to guidP 
them. Mr. David Thomas, of the Crane Works, as w§ 
have said, was the first to introduce successfully, at Ynni- 
scedwin, anthracite coal into the iron furnace, Messrs. 
John and Samuel Thomas have grafted science and large 
mechanical genius upon the ’experience and practice of 
Mr. David 'fhomas, the honored father of the “ anthra
cite practice,*' if we may be permitted to call it such. 
Mr. Joshua Hunt, superintendent of the Crane furnace, 
is a man of eminent skill, careful observation, and of ex
perience. When, therefore, the minutiae of construc
tion is demanded; beyond that which vve are enabled to 
present in a work so limited as this, perhaps our best 
plan would be to recommend a visit to these, the largest 
works in the country for anthracite foundry iron. .The 
same recommendation ’might well be made, as respects 
forge iron and* rolling-mill iron, in connection-with the 
works at Scranton, under the guidance and management 
ofMr. C. P. Mattes,*whose success is due to lô ng expe-

    
 



336 THE METALLDRGT OF IRON.

I’ietice, skill, and judgment, with careful examination of 
furnaces in this country, and lately in Great Britain and 
the Continent.

All these furnaces, however, are of stone construction, 
the latest of which, and the largest, is . No. 6, at Crane 
Works, Catasauqua. The one at Lock Ridge is not so 
large, but has all the latest appliances of a new furnace, 
together with the new Lnrmann’s improved front cinder- 
block (as in No 6, above-mentioned), of which we shall 
speak. Of the boiler iron (cupola) furnaces, several 
have lately been finished at various places in New York 
and Pennsylvania, and several are now in process of 
erection, which are excellent types. In the Saucon iron 
works the stack is lined, first w'ith two courses of fire-brick 
16 inches thick for the two courses, then a space filled 
with loam, then brick, then ashes, brick, loose sandstone, 
and finally the iron casing,.as we have represented in Fig. 
19. Some have used a lining of broken cinders, and 
others again a lining, in place of cinders, of broken sand
stone, and thdn the boiler iron in the usual plates. The 
air-chamber, referred to in our notice of the Rochester 
furnace, works well. Mr. Horton informs us that during 
March, 1869, he made 900 tons foundry iron with about 
one ton and a half Luzerne Co. anthracite to the ton of 
pig, In Fig. 86,/;here is a representation of a blast fur
nace at Ebbw Vale [Eb'-bu Vale], Monmouthshire— 
fi'ont elevation, with hot-blast stoves on the ground-level. 
I t  will be noticed, by the bases, that the columns are not 
so large as ip the American type, which may be con
sidered ‘“massive.” In other respects, omitting some 
details, the general form and the outline of interior make 
it resemble the Saucon furnace. The internal arrange-' 
ment of various materials for filling, we think of greater 
importance than the air-chamber, since it more fully fore
stalls loss of heat from minute fissures, therefore is more 
economical, and because conducive to a proper elasticity 
of the w.alls while, at the same time, tliere is gre.iter 
solidity and distributed support. As we shall see under 
“ Charges,” large yield of iron is riotrin every case decisive 
as to impermeability of. the walls of a furnace. The
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more t h o r o u g h ly  a  w a l l  i s  m a d e  n o n - c o n d u c t i n g ,  t h e  
surer a re  a l l  c o n t in g e n t  e f f e c t s  t o  b e  f a v o r a b l e ,  a n d  t h e  
more f r e q u e n t ly  a  w a l l  o f  a  f u r n a c e  i s  d i v i d e d ,  c o n s i s t 
ently w ith  s t r e n g t h  a n d  i n f u s i b i l i t y ,  t h e  m o r e  i s  h e a t

Fis- 86.

retained. H o w  f a r  t h i s  d iv i 's io n  m a y  p r o c e e d ,  m u s t  d e 
pend u p o n  th e  ju d g m e n t  o f  t h e  b u i l d e r ;  b u t  f e w  o n ly  
app reciate  th e  f a c t ,  t h a t  m u c h  s u c c e s s  d e p e n d s  u p o n  a p -  
p aren tly-so  s m a l l  a  c a u s e  a s  r e t e n t i o n  a n d  m a n a g e m e n t  
of the h e a t  e x p e n d e d  w i t h in ,  a n d  s o m e t i m e s  t h r o u g h ,  
the w alls o f  a  b l a s t  f u r n a c e .

High Furnaces.

O f la te  y e a r s  c o n s id e r a b le  a t t e n t i o n  h a s  b e e n  d i r e c t e d  
to the in c r e a s e d  h e ig h t  o f  f u r n a c e s .  T h e  a d v a n t a g e s  
claim ed a r e ,  1 s t .  E c o n o m y  in  f u e l ; 2 d .  L a r g e r  y i§ ld  in  
iron. S o  f a r  a s  t h e  th e o r y  i s  c o n c e r n e d  w e  b e l ie v e  t h a t  

22 •
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the claims are well founded^ and eventually the advan
tages claimed will be generally realized. But in some 
cases these advantages do not seem to appear to so great 
an extent and in so decided a manner as was at first ex
pected. 1. The heat hitherto expended at the top of the 
furnace and which could not be otherwise utilized, it 
was supposed might be made to pass through the ore 
and other parts of the charge, and thus be expended to_ 

.some purpose of economy. This was a just hope upon 
good grounds, ‘and it has been fulfilled. The 2d advant
age would naturally follow, for if the ore was in a more 
advanced state of preparation before it arrived at that 
poinfe of the furnace at which, in the lower stacks, it had 
not. been prepared, it is plain that it would he nearer 
^;eduction and consequently would fuse more rapidly, and 
more iron would be the result. But in practice it has 
been found that, generally, the higher the stack the more 
resistance was offered to the blast. This demanded more 
pressure, more steam, and more wear and tear, if not more 
fuel. Moreover, the higher the stack the greater the pres
sure upon the lower zone of coal in the furnace, and the 
ntore likelihood of crushing the coal and causing greater 
jObstruction to the blast and to regular working. Now 
these difficulties have brought it to pass that while in 
sohie furnaces, erected upon this high ‘ plan, there has 
heen great success, in others the success has been doubt-. 
' ful w'hen Compared, with the exceeding amount of outlay. 
Stfpposing that the coke, or fuel, is sufficiently hard to 
^e&r the resistance of pressure and thus leave the furnace 
charges open, not causing much difference in the resist- 
aĉ ce to the blast, and supposing that the ore is not so 
sqft, or small and friable as to run' through the inter
stices, and act in the" manner intimated in the case of soft 
coke or coal; these facts would seem to insure success 
when all other elements in the furnace treatment are 
modified accordingly. W e have evidences of the eco
nomical value. of such enlargement, for height in this 
case is followed by the enlargement of the bosh, and the 
results, practically, are more metal made by the same 
numCer of hands, the same expenditure of fuel, and the
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pro rata being taken, .the same capital invested. As for 
improved quality of metal, the benefit resulting from 
projonged roasting is not. great, as in several instances 
the entire closing of the furnace throat, forcing the air. 
through the passages of the flues, serves in some degree 
to condense Or throw back the volatile elements upon 
the charges, and the additional height, while, theoreti
cally, it gives much more time for heating, with such 
tenacious elements as sulphur, phosphorus,, and zinc or 
arsenic, will give but little essential benefit, so-that we’ 
may not add great improvement of the metal to the. 
other advantages. We shall present some instances of 
this increased height and the associated advantages and 
disadvantages claimed and objected, and, after the above 
remarks we shall be able to examine into the compart 
tive merits. . ‘

John Player’s “ Monster Blast Furnace” at Norton, 
near Stockton-on-Tees, England, is^^S feet high and 
feet across the boshes; cubic contents 26,000 feet with 
closed top, and the bell and hopper arrangement for • 
charging; has one,horizontal blast engine; bloi^ing 
cylinder 7 feet in diameter by 7 feet stroke, working 22 
revolutions. per minute. Has ‘4: of Player’s Patenlf 
Double Hot Blast Stoves, of 30 pipes each, heating the 
blast 1000° to. 1200° Fahr., pressure of 3 | to 4 | lbs. oQ 
the square inch, using 6 tuyeres. I t was blown in March,,** 
1867, and in the year 1’868 produced 25,327 tons of pig 
iron, and in February, 1869, was producing about 60Q 
tons of foundry iron per week. The consumption of fuel • 
is about one ton to the ton of pig iron; the ores are liow - 
42 per cent,, yielding 2 per cent, more than in smaller fur
naces, for less goes into tke slag or cinder than formefly 
with the small furnaces. The fuel is ordinary coke that ' 
could not be worked in small furnaces, owing to its inju* ■ 
rious effect on the quality of the iron. The gas arrange; . 
nients, or rather the arrangements for drawing it off, are . 
so coijstructed that the supply is divided into 16 jets, or 
flues, so that each stove and boiler has its supply ihde- • 
pendent of the other, and there is enough for steam 
and for heating the blast. The flow of gas is regu-

    
 



340 THE METALLURGY OF IRON.

l a t e d  w i t h  a  f a c i l i t y  e q u a l  t o  t h a t  e x p e r i e n c e d  in  the use 
o f  o r d i n a r y  g a s  i n  a  d w e l l i n g ,  t h e  g a s  b e in g  consumed 
o n  t h e  m e c h a n i c a l  p r i n c i p l e  e m b r a c e d  in  th e a ig a n d ' 
b u r n e r .

T h e  p r o d u c t i o n  o f  t h i s . f u r n a c e  h a s  e x c e e d e d  the antici
p a t i o n s  o f  t h e  p a r t i e s  c o n c e r n e d  b y  f u l l y  50 per .cent. 
A s  i s  i l l u s t r a t e d  i n  E n g i n e e r i n g *  w h e r e in  i t  is stated 
t h a t  t h e  f u r n a c e  w a s  e x p e c t e d  t o  p r o d u c e  400 tons per 
w e e k ,  w h i le  i t  n o w  p r o d u c e s  a b o u t  600 to n s. I t  is 

• e x p e c t e d  t h a t  i t  w i l l  k e e p  i n  b l a s t  f iv e  to  s ix  years 
l o n g e r ,  o r  s e v e n  t o  n i n e  y e 'a r s  i n  a l l .

I f  i t  r e m a i n s  i n  b l a s t  f o r  t h i s  l e n g t h  o f  tim e , it  is 
p r o b a b l e  t h a t  t h e  e x p e n s e s  o f  r e p a i r s  w i l l  b e  less than 
t h o s e  o f  a n y  o t h e r  f u r n a c e ,  p e r  t o n  o f  i r o n .  T h e re  are 
n o  re p a ir s  c h a r g e d  t o  t h e  H o t  B l a s t  Stoves, a s  ow in g to 
t h e  . p r i n c i p l e s  o f  t h e i r  c o n s t r u c t i o n  . i t  i s  s u p p o s e d  that 
n o n e  w i l l  b e  r e q u i r e d .

T h e  l a b o r  a c c o u n t ^ o f  t h i s  f u r n a c e  i s  b u t  v e r y  litt le  in 
e x c e s s  o f  t h a t  o f  o n e  o f  1 8  f e e t  b o s h ,  w h i l s t  t h e  product 
i s  d o u b l e .

E s t i m a t e  o f  c o s t  o f  s u c h  a  f u r n a c e  a t  p r e s e n t  w a g e s  and 
p r i c e s  o f  m a t e r i a l s ,  i n c l u d i n g  f u r n a c e ,  c a s t i n g  house, 
e n g i n e  h o u s e ,  l i f t ,  s t o v e s ,  & c . ,  c o m p l e t e  t o  t a k e  th e  blast.

F o u n d a t io n s  . . . . . $  5 ,800
G o m m o n  b r i c k la y e r ’s  w o rk  . . 2 4 ,800  •
T i r e  “  “  ... . •. 8 7 ,5 0 0
C a s t  iro n  • “  . . 2 5 ,000
B la s t  e n g in e  ; .  . . . .  13 ,000
B o ile r s ,  & c, . . . . .  6,'500
P u m p s  . . .  . . . . 2 ,500
M a c h in e ry  fo r  h o is t in g  . . . 5 ,5 0 0  .
S h e e t iro n  w o rk  , . .  .  4 ,0 0 0
W ro u g h t  iro n  b a n d s  . *  . . 3 ,0 0 0
V a lv e s , p ip e s , c o c k s , s ta y s ,  & c. . 5 ,5 0 0
V a r io u s  e x p e n se s , su c h  a s  f itt in g , s e t t in g

en g in e s, b o ile rs , sc a ffo ld in g , e x t r a  l a b o r  1 5 ,0 0 0  
•  * ”

$ 1 4 5 ,6 0 0

C o s t  o f  p r o d u c i n g  i r o n  o n  t h e  L e h i g h  in  t h i s  fu r n a c e —

* Aug. 10th, 1866', page 104.
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O re ; to  th e ton  o f  iro n  
C oal . . . : .
L im eston e  . . ' .
In terest, la b o r , an d  re p a ir s

Common la b o r  i s  e stim ate d  a t  $ 1 .5 0  p e r  d a y .

$11.00
2.00
1.00
8.00

$ 1 7 .0 0

The above estimate, sent us by Mr. James Henderson, 
engineer, whose computations are made for March, 1869, 
needs tlje emendations, Appendix H.

While this may be considered a “ monster furnace,” we 
have also accounts of the successful working of other fur
naces in 1868, of tnuch greater dimensions.* IntheCleve- 
land (Eng.) district the largest furnaces in the world and 
most economical modes o£ working, are to be. found. 
Three or four years ago the Acklam furnaces at MiddleS- 
borojigh, built by Mr. Beckton, were the largest ever con
structed, being 22 i  feet in diameter at the boshes, and 70 
feet high from the bottom of the hearth to the top of the 
brickwork; each are capable of holding 1250 tons X)f 
material, and turn out about 350 tons of iron per week. 
In these furnaces the angle of the boshes was much steeper 
than it had before been the practice to adopt, being 
68° with the horizon, vvhile one of the Ormsby. fur
naces, belbnging to Messrs. Cochrane, has its boshes 
inclined as much as 75'’. In the construction of blast 
furnaces, the amount of masonry employed, propor
tionate to the dimensions, has been much reduced. In
stead of being constructed entirely of stone and brick
work, held together by, iron hoops at intervals, the ma
sonry is now frequently built up inside' a malleable plate- 
iron jacket, which envelops it. The direct result of 
these large furnaces has been the effecting of very great 
economy. Instead of using 36 cwt. of Durham coke.- 
per ton of pig iron produced, there is now used 26 
cwt., in some cases even less; whilst some of these pro
duce one ton of pigs with 21 cwt. of coke from an argil
laceous iron stone containing about 31 per cent, of iron.

* British Practical Mechanic’s Magazine.
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Messrs. Bolckon, Vaughn & Co. erected two furnaces 
characterized by their peculiar proportions of only 16 
feet bosh and- 95 feet height. These furnaces have 
worked well, and there has not been any difficulty in 
getting the blast to ascend through the materials, neither 
have the furnaces choked or “ gobbled up” as was feared; 
and instead of consuming one ton of coal per ton of 
pig iron as formerly, for heating boilers, blast ovens, 
and calcining kilns, 10 cwt. suffices. The blast is now 
heated to a much higher temperature. A few years ago 
the maximum temperature employed was 500°; this 
has been gradually increased to 700°, 800°, 900°, and, 
quite recently, 1050° and 1100° Fahr., and the proba
bilities are that they will ere long employ much higher 
temperatures. A great point of this economy is attribu
table directly to the use of the blast furnace gases for 
firing the boilers and blast ovens, and much, no djubt, 
to an increased efficiency in management. The mate
rials employed in the Acklam furnaces average about 
.six tons to each ton,of pig iron produced, the proportions 
of each being;—

Cleveland Ironstone, •
Limestone, . . .
C o k e ,...........................................................
Coal (bituminous), . . . .

Tons.
3.50
0.Y5
J.30
0.50

6.05
or about 4.25 tons of raw materials iridependent of,the 
fuel. Since the erection of the Acklam, as well as the 
Ormsby furnaces, and because of their economical work
ing, dimensions have still further increased. Indeed in 
the Cleveland district, capacities, per furnace, of from 
25,000 to 30,000 cubic feet are becoming the rule, 
the boshes of some furnaces at. Stockton being as much 
as 26 feet in diameter; whilst the Ferry Hill and Eose- 
dale Company have erected a pair 27 feet in diameter, 
with a height as much as 102 feet. Unquestionably 
the iron-masters of this district have set a good example 
to those in Wales, Staffordshire, and Scotland; and the 
economy they have effected, by paying attention to trife
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principles in construction and practice, has been seri
ously felt in Glasgow by the* great stagnation in the 
demand for Scotch iron, owing to tlie lower price at 
which the Cleveland masters are able and willing to • 
supply the market, whilst they, too, labor under the dis
advantage of having an inferior ore to deal with.

Up<to the present time the largest.of these high, or 
so called monster furnaces of which we have any account, 
is one of the Ferry Hill and Rosedale Iron Company at 
Ferry Hill and built by ]\!||. S. Faulkner, contractor, 
Coxhoe, the height of which is 105 feet and across the 
bosh 27 feet 6 inches'. When full its total weight is 
2 00 tons. The stoves and all other arrangement are 
said to be. fitted up in a splendid manner.*

Lurmann's Improvement.

One of the latest and most decided improvements is 
found in. Lufmann’s furnace front. W e will give what 
the inventor claims and, afterward, what has come under 
our personal observation.

This improved blast furnace has po tymp, no fore
hearth, and no damstone; the hearth is closed in its 
entire circumference ; the slag stands constantly at the 
same level, and therefore^ rests quietly in the hearth, and 
flows oflf continually at that level, through a cast-iron 
slag discharge-piece kept cool with water and introduced 
at' any given point in the circumference of the hearth. 
The middle of this slag discharge-piece lies from six to 
eight inches below the middle of the tuyeres.

The aperture of the slag discharge is, in the centre, 
cylindrical, and widens conically tov^ards either end, but 
most towards that end which leads into the hearth. 
In order to facilitate the fastening and changing of the 
discharge-piece, it terminates at the top in a swallow
tailed projection, by the aid of which it may be wedged 
tight to a plata which is attached over the part of the 
hearth selected for the .slag discharge; it is kept cool

* London Mining Journal.
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by water. The plate has also, at either side of the 
slag discharge-piece, hooks, under which an iron bar is 
laid to keep in th*e slag discharge-piece. The rear side 
of the slag discharge-piece is then flush with the inner 
surface ‘of the hearth, or projects somewhat into ihe 
interior; and the intermediate, space around is filled 
with fire-clay, saijd, or earth. Since the end.of the slag 
discharge-piece reaches into the hearth, and lies, there
fore, .as near as possible to the source of heat, it follows 
that, even if a furnace is w(||jking badly, it is much easier 
to make the skg flow in this way than when it is obliged 
to traverse, the long road under the tyrap, through the 
fire-hearth and over the danistone.

This new arrangement claims* to do away with the 
well-known inconveniences of the old one, as it will* 
appear from the following summary of its advantages:—

1. The slag always flows off at the same level, thus 
avoiding fluctuation, or oscillations of the slag in the 
hearth, and consequent increased wear of the latter. ,

2. The interruptions caused by tapping and by clean
ing the slag from the fire-hearth are entirely avoided. 
The loss occasioned by such stoppages is found by expe
rience toobe twice fhe work which the furnace would have 
done in the time covered by the stoppage.

3. Since no stoppage of blast, and, hence, no cooling 
takes place, the blast-furnace thus constructed is able 
to preserve a higher and more regular temperature.

4. By the abolition of the fire-hearth and damstone, 
it is possible to transfer the iron discharge to the wall of- 
the hearth, and the Opening of it becomes much easier, 
since it is four of five feet nearer the centre of the fur
nace.

6. The perfectly‘plosed hearth at once allows a con
siderable increase of the pressure of the blast, since a 
blowing out of material is impossible.

6. This possibility of increasing the blast-pressure is 
important in all cases, and especially where crude coal 
(as, for instance, in the anthracite furnaeife of the coun
try), or dense charges *are used. Under these circum
stances, the improved furnace will show great gains in
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4h*e rapidity of successive charges, and consequent 
increase of production. .

7. The number of wdrkraen may be reduced by one- 
third, and, what is of higher importance, the degree of 
skiU demanded is not so great as in the old furnaces. 
Fewer tools are required, and no fire-proof materials for 
repairs.

8. The length of campaigns is indefinitely increased.
The method of running such a furnace is briefly as

f o l l o w s „
The slag discharge is not closed before tapping the 

iron, since the slag stops running of itself, when the iron 
begins.. After tapping the iron the iron-discharge is 
plugged, and, during this time, the slag-discharge is 
stopped with a little sand or earth. The \^ater used in 
cooling the' discharge-piece is reduced to a minimum. 
The duration of this work is four or five rninutes. The 
full allowable blast pressure is now applied, until the slag 
appears at the discharge, Avhen the sand or earth is 
removed, and the workman thrusts a round bar through 
the opening and the; slag crust behind it, into the liquid 
slag, and then quickly withdraws it, when the slag flows 
out in a stream. The flow of slag may be completely 
regulated by means of the water cooling the discharge- 
piece ; since by strongly cooling the latter, the slag is 
“frozen” in the passage, reducing the size of the dis
charge, and vice versa. , During this entire process, the 
blast is not interrupted., nor its pressure diminished. The 
size of the slag-discharge opening for a blast furnace 
depends on the consistency and quantity of the slag. 
For a large coke-blastfurnace with thin .slag, an inch 
and a quarter, and for a tougher, thicker slag, up to two ' 
and.a half inches are employed.

No more work is done on the furpace until the next 
tapping for iron ; and, above all, the blast does not require' 
to he interrupted for an instant.

When an ordinary blast furnace works badly, that is, 
when frorn lack of the proper flux-mixture, or the requi
site temperature, the slag cannot be made to flow freely, 
the fore-hearth is liable to become clogged, rendering it-
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necessary to draw off the slag, through, under, or neat 
one of the tuyeres ; but such cases are more easily man- 
aged with the^new arrangement, since, if the slag will 
riot flow through the apertm-e of the discharge-piece, it 
chn be drawn off without difficulty through the space 
surrounding the discharge-piece.

This new arrangement may be attached at any time, 
and in a few hours, to a furnace of the old form, without 
interrupting its operation. To do this, it is only neces
sary, after tapping, to replace the tymp plate with the 
cinder block plate, which is also cooled with water. 
This plate, with the slag-discharge,, must be so placed 
that the latter shall lie at- least' six inches below the 
middle of the tuyeres, and its rear edge either project 
into the fu^jpace, or be flush with the interior surface. 
This is not difficult, since an old furnace is, ordinarily, 
no longer very thick in the neighborhood of Jhe tymp. 
The spaces between, damstone and former tymp, and 
around the slag discharge-piece, are now filled up, and 
the work goes on regularly, as above described. The 
distance between the iron and the .slag discharge, and 
the consequent number of charges between two tappings, 
are-determined, by tapping a few times, earlier than 
usual! These, therefore, are the claimed advantages, 
and the regulations as presented by the inventor.

Two of our most experienced iron-masters have intro
duced this improvement, and we have had the opportu
nity of examining its working for six or eight months; 
we, therefore, regard the invention as a decided im
provement, and feel that some of the claims, as above 
presented, are»properly founded. I t  is somewhat singu
lar, however, that'even after several months of successful 
working, we have found workpien who objected, or were 
very unwilling to gdve the innovation a welcome. At a 
new furnace on the Lehigh, of 18 ft. bosh, tbe iron tap 
hole is on the right of the breast, and the cinder block 
about 20 inches to the left, the iron-tapping hole not 
being back of the furnace, as' recommended in.the origi
nator’s plan. This is supposed to be more convenient 
than the substitution of additional tuyere. The coat,
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with the royalty for introduction, is about-$150 ^  foot 
of bosh.  ̂ »

An interesting suggestion was .made i,n England, by 
Mr. Morgan Morgans, of Brendon Hills, who, in 1867,* 
patented a blast furnace with a central core and tuyerek 
so thatiurnaces of considerably increased diameter might 
be built to work with a thorough penetration of blast, 
and, as is claimed, at a higher heat than in the usual 
form. Mr. Comber, the principal of the Bristol School 
of Mines, (Slivered a lecture there, upon the probable 
advantages of this furnace. Mr. Morgans proposes to 
adopt diameters as great as 32 feet, and he alleges that 
he would not only save in the proportionate radiating 
surface to the capacity of the furnace, but that by his 
higher heat he would extract more iron frqp the slag, 
and in various ways save upwards of 10s. [$2.42} per 
ton of pigs.

This may not be in <all respects a feasible plan, nor 
can we, in a work like the present,* suggest th?it whi(fli 
would be; but there can he but little doubt that a cen-̂  
tral chamber receiving the hot blast, and distributing it 
through a large number of tuyeres, with less individual 
pressure, would be the most economical method of intro
ducing the blast to the hearth of the furnace.

CHAPTER IV.
♦

BUILDING, BLOVING IN , PRACTICAL REMARKS UPON THE

Ma n a g e m e n t .

The Building o f f  Blast Furnace,
•

T he following remarks by Mr. Overman are import
ant, and although made for 1845 are eminently useful 
and practical, when modified by the circumstance of the 
time when written:—. >

Engin'eering.
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[A furnace should be located on a dry spot, free from 
springs and water of any kmd, and not exposed tb floods 
after heavy rains. The ground should be then exca
vated, until the bottom is sufficiently solid to bear the 
heavy weight of the stack. The foundation should be 
at least one foot larger in each direction than the base 
of the furnace; that is to say, if the furnace is thirty 
feet at the base, the foundation ought to be thirty-two 
feet square. Any kind of Jiard, large stones niay be 
used to fill the excavation. No mortar shi îld be used 
in the stone work. We should be careful to leave some 
channels through which rain or spring water, in case it 
should penetrate the foundation, may flow off. Such a 
drain should be carefully walled up and covered. The 
cavities or channels for the blast pipes are to be placed 
level with the ground ; and the four pillars of the fur
nace then laid out. Fig. 87 shows the arrangement of

.  ,  Fig. 87.

Ground-plan of the furnace foundation.

the pillars and tha|| of the •channels for the blast pipes 
a, a. If the stack is thirty feet at the base, the work 
arch h may be fourteen feet wide. Eight feet are thus 
left on each side of the pillars. The tuyere arches-CjC.r 
measure ten feet, which leaves ten feet pillars. The 
^ize of the room in the centre is to correspond with the
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diampter of the boshes; that is, nine and a half feet. 
This is.to be measured from the centre of the*'stack by 
drawing a circle of four feet°and three-quarters radius. 
The inside of the pillars is to be built plumb; on this 
the lining rests.. The walls towards the arches should 
also be plumb; but the outside should be furled accord
ing to the general tapering of the stack. The height 
of this stack is thirty-five feet; its width is fifteen feet 
seven inches at the top, and thirty feet at the base, thus

Fig. 88.

Front view of a blast furnace.

leaving a slope of two and a half inches to the foot. 
The material of which a stack is built has but little in-
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fluence in the operation in the furnace. Building stones 
of any kind^as granite, graywaeke, sandstone, or even 
slate, will answer; but limestone is not adapted for tihis 
puVpose. The pillars are to be built with great solidity, 
with good mortar, and may be raised to the place in 
which the arches are set. The arches are turned of 
brick, which ought to be hard-burned. Fig. 88 repre
sents the work arch ; this commences seven feet above 
th^. gro.und, and forms just the half of a circle. The 
arch, from fourteen feet at its outside, contracts to fiv6 
feet at the tymp.* The tuyere arches are but ten feet 
wide, and twelve feet high ; they contract, towards the 
interipr, to.three feet. The binder a may be walled in 
at the height of ten feet, and of course crosses the arch". 
The stone work above the brick arches should be arched, 
that some of the pressure on the latter may be relieved. 
The brick ^arches have some advantage over other 
arrangements. Stone arches are very apt' to crack and 
split; and if, as often happens, the blast works out at 
the-tymp or tuyeres, the stones crack and fly in such a 
manner that it is dangerous to go near the fire. Iron 
joists are very expensive; besides, by their expansion 
and contraction, they weaken the stack. The brick 
arch is very strong, safe, and durable. When the pil
lars all around are seven feet high, the arches may be 
commenced ; also the rough-in-wall, which must be four 
feet- wider than the lining at the widest part of the 
boshes, that is, thirteen ^ e t and a half in diameter. This 
in-wall is .to be carried to a height of five feet’ plumb, 
whence the contraction commences. • From this point 
to the top the contraction is uniform, and is 1 inch to 
the foot, thus leaving the top seven feet wide. The 
stone work above the arches, or the place at which the 
binders commence, ought to be very open. Care should 
be taken not to use too much m ortar; besides, the mor
tar must not be strong, but should consist mostly of 
coarse, sand and spalls,f or fragments of stones. Chan-

Abbreviation of tympanum, a panel.
From Old German spellen, to sp lit; small chips of stone.
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liels should be left, at such width that the binders may, 
at any-time'after the furnace js built, be pushed through 
them. These channels ought to be at least six inches 
wide; and from each a branch channel should lead in a 
radial line towards the interior. In this way they serve 
as drains for the watery'vapors from the interior of the 
masonry.

When the rough walls are finished, the lining or 
in-wall is to be put-in. This must be constructed of fire, 
bricks; or where these cannot be obtained, or where 
they are too expensive, of fine-grained white sandstone, 
which stands the fire well, does not crack, and 'is an 
excellent material. Where the former are used, the 
work is very simple, for fire-bricks are moulded to the 
proper bevel. A long board or scantling, or a sapling, 
is cut of the proper length, reaching from the pillars to 
the, top of the furnace, -that is, twenty-eight feet. A 
round wooden pin is fastened on each end, on which this 
pole may be turned. Upon the pillars, as well as upon 
the top, a plank is fastened; in each of these planks, an 
auger hole just in the centre of the stack or lining is 
bored. The pole is set in the centre,,and made to turn 
round its axis. To this pole some pieces of board may 
be fastened, in a radial direction, on which an upright, 
giving the proper bevel of the lining, is fixed. By turn
ing the whole round its axis, the interior form of the 
in-wall is moulded. The mortar used in the lining 
should be fire-clay, mixed with some sand, or, what is 
better, with a little of the very fine .. r̂iddlings from the 
ore yard; these riddlings make the clay very tough, and 
prevent its shrinking and crumbling. Fire-brick linings 
are undoubtedly preferable to stone linings; but they 
are more expensive. Where stones are used, they should 
be cut and dressed, according to' bevel and circle; and 
laid in courses of equal thickness. The mortar to be 
used is the same as that just described, . The lining 
should rest upon the pillars and arch^; and, where 
stones are used, the last five feet at the top should b«i 
built of fire-brick. If fire-brick mannot be obtained, 
well-burnt common bricks, which do not shrink, and
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which are not brittle, may be used. Between the lining 
and the ’ rough, wall, a space of eight inches is left, 
because the width of the fire-brick or stone wall seldom* 
exceeds sixteen inches. This space is to be filled either 
with fragments of . stone, or. broken furnace cinders, and 
at intervals of four or five feet* may be covered with a 
layer of lime mortar, tO prevent, in case a stone of the 
lining should give way, the penetration of the blast.

In the mean time, that is, while the lining* is raised, 
the binders may be put in and secured. .The strongest 
and most secure binders are wrought-iron bars, three 
inches wide, and threef-fourths of an inch thick. They 
can be rolled in one length, and should be two feet 
longer than the actual length across the stack,; each end 
of such a binder* is t.o be bent round to form an eye, as 
shown in Fig. 89. A flat bar of the same dimensions as 
the binder is pushed through this eye; and sufficient 
room is left fora key or wedge, as shown in Fig. 90.

Fig. 89. Fig. 90.

Eye of a binder. End and key of a binder.

To protect this end of the bar against burning, in the 
, blacksmith’s fire, the eye is formed by simply bending 
the bar round, and by riveting it  in two places. A 
slight welding heat may be applied to the joint. There 
should be five binders on each side of the furnace, mak
ing twenty binders in all; as well as eight ’bars reach
ing from the top to the lowest binder, as shown in Fig. 
88.. The top of the stack should be covered with a castn 
||j‘on circular plate, as wide inside as the lining, and 
about twenty-four inches broad; this plate should be 
large enough to cover the lining and space, as well as U
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small part of the rough wall. I t  is advisable to cast 
this plate in halves; for if in one piece, it will warp and 
crack, and thus disturb the tunnel head chimney which 
is to be put upon it. Upon this plate* it was usual to 
V«ild the chimney seen in Figs. 89 and 90. This chim
ney was commonly square, because this form is better 
adapted for binding ; the inside should be as wide as the 
top of the furnace, and its height from ten to twelve 
feet. On one side, a square opening is left, for filling 
the furnace; this opening must be secured by an iron 
door, which is shut after every charge. Many' objec
tions have been raised against these chimneys, and much 
has been said in their favor. An objection against them 
is, that a careless "filler will throw the stock, and parti
cularly the ore and limestone, mostly towards the door; 
by this means the ore is brought to the back of the 
hearth ; the result is bad work. Another objection is, 
that the fillers are very apt to be negligent, because the 
stock is not easily thrown in, and because great atten
tion is required in levelling it. These disad.vantages are 
merely imaginary, and regularity and order will over
come them.

The advantages, however, are of a highly important 
character, and deserve our attention. These chimneys, 
if properly managed, maintain a uniform temperature at 
the top ; and it i^.in the power of the manager to regu
late the warmth of the top, by simply attending to the 
opening or shutting of the door. To he able to lower 
or raise' the temperature is very convenient, because 
some ores bear a high heat at the top, while to others- a 
high heat is injurious. Another advantage is, that, in 
any kind of weather, the. flame is. not troublesome to the 
filler. These chimneys are built and secured by binders 
similar to those used in the stacks of puddling furnaces, 
which will be shown hereafter.

The construction of the hearth is the business in which 
the iron master himself takes an active part. Still, as 
tfiis is governed by general rules, we shall give a states 
ment, sufficient to serve our present purpose, pf the prin
ciples by which -we should be guided. I t is a mistaken 

23
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Motion that eviery sandstone which resists fire will makes 
^ood hearthstone. I t  is not the heat which destroys the' 
hearth^ but the chemical action of the materials in the' 
furnace. The durability of a hearth is determined by 
the skill of the manager. Any refractory material 
constitutes a good hearthstone, particularly silex, clay, 
and some modifications of lime;’ but a mixture of these 
three substances must not be applied. The form of 
aggregation has considerable influence; but of this we 
shall speak hereafter. Sandstones are sometimes used 
in this' country, while in other countries, the material 
varies according to the nature of the ore and fuel. Lime
stone, sandstone, gneiss, granite, plastic clay, or fire
clay is employed, as circumstances'require. But sand
stone w ill. answer in all cases, if  the ore and fuel are 
properly prepared. Any sandstone which is free from 
iron, or from lime, or from matter which towards silex 
acts as a strong-alkali, may be used for hearthstones. 
Its refractory quality must be proved by some previous 
test. This test consists iri drying a fragment of the 
rock in question by a very low heat on the top of a stove, 
or near a fire grate, for twelve or twenty-four hours; 
and then exposing it to the gradual heat of a black
smith’s fire. I f  the stone is friable, after a good red or 
white heat, or if  it fall to pieces by being moistened 
with water, we may conclude that the rock contains 
lime, and that it is not good for hearthstones. But if 
the fragment resists the first heat well, and if it is still 
hard and compact, we may expose it to a welding heat 
in the blacksmith’t fire, urging the bellows strongly for 
half or three-quarters of an, hour. I f  the, stone resist 
this heat, and if its color is- not altered to brown, we 
may conclude that it fs perfectly safe to construct a 
hearth of it. Some specimens assume a reddish hue; but 
we must not thence infer that their nature is not refrac
tory. When heated in the blacksmith’s fire, the frag
ment becomes glazed; this glazing is produced by the 
fuel. Stonecoal occasions a black, and charcoal a white 
glaze: the former is the result of sulphate of iron; the 
latter of the alkalies of the wood ashes.
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,Fig. 91 shows the method by which hearthstones are 
commonly prepared and arranged, a is the bottom stone, 
made of a fine cross-grained sandstone; it is from twelve 
to fifteen inches thick ; at , least four feet wide, and six

Fig. 91.

Section of a blast furnace heartk through the damstone.

feet long; it reaches underneath at least half of the 
damstone 6. This bottom stone is well bedded in fire
clay, mixed with three-fourths sand. If possible, the 
transverse section of the stratification ought to corres
pond with its upper, and lower surface; that is, if the 
stratification,-in its native position, is horizontal, i t  here 
ought to be vertical. This arrangement affords the 
advantage of saving the bottom, of keeping it smooth, 
and of lessening its liability to injury. After the bot
tom stone is placed, the upper part of which must be 
three-fourths of an inch lower at the damstone than at 
the back, the two sidestones c are laid, imbedded in fire
clay. These stones .must be at least six feet and a half 
long, reaching from eighteen inches behind the crucible 
to the middle of the damstone. Their form is com
monly square, that is, a prism of four rectangular sides ; 
if the tuyeres are eighteen inches from the bottom, the 
stone is eighteen inches high and eighteen inches wide: 
if twenty inches from' the. bottom, the stone is twenty 
inches bn each side. The transverse section of the grain
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is placed towards the lire, which must be the case with 
all the hearthstones. The sidestones are sometimes per
pendicular to the bottom ; but they ai'e often bevelled 
according to the slope of the Ji earth. Upon these stones 
the tuyere stones d  are bedded; the latter suffer much 
from heat, and, therefore, ought to be of the best quality. 
They should be from twenty to twenty-four inches square; 
and even larger dimensions would be* advantageous. 
The tuyere holes f ,  a kind of tapered arch, are to be cut 
out before the stones are bedded. These stones do not 
reach farther than to the front or tympstone g, and are, 
therefore, scarcely four feet long. The topstone e, of no 
particular size, is generally sufficiently high to raise at 
once -the crucible to its designed height. After both 
sides are finished, the backstone h is put in, which, in 
case three tuyeres are used, is an almost cubical block; 
but where only one tuyere, or two opposite each other, 
are used, this backstone is frequently made sufficiently 
large to reach from the bottom to the top of the crucible. 
The tympstone g is then put in its place; this stone is 
from four to five feet in . length, so as to overlap both 
side tuyere stones ; it should be of good quality. The 
tympstone is generally raised from three to four, some
times even six or seven inches above the tuyere, by put
ting at i, on. both sides of the sidestones, a, small block 
of sandstone, or, what is better, fire-brick.- The raising 
bf the tympstone has this advantage. In cases of diffi
culty, and of hard work in the furnace, the keeper is 
enabled to reach with a crowbar above the tuyere. 
Where-argillaceous or clay ores of gray iron are smelted, 
this is necessary. The opening left by raising the tymp 
is easily kept tight by a good stopper; for this purpose, 
a flanch, which reaches under the stone, is cast to the 
tymp-plate k. The tympstone is protected by the tymp- 
plate, which must be two inches thick, imbedded in fire
clay, and.secured by two uprights 1. These angular iron 
plates protect the stones or bricks on each side of the 
tymp; they are more distinctly shown in Fig. 92. 
Besides holding the tymp-plate, they afford the advantage 
of keeping the Torehearth clean ; for the hot cinders will
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not adhere to the iron plates, but are very apt to stick 
tenaciously to stones or brick. At this stage of our work

Fig. 92.

Horizontal aeetion of a furnace hearth tlirough the tuyeres.

—during the whole o  ̂ which great care must be taken 
to form good joints, and to employ good refractory mor
tar, that is, fire-clay mixed with river quartz sand, or, 
what is preferable, with sand from pounded furnace cin
ders—the boshes may be builded in. In charcoal fur
naces, if steep, these are generally made of fire-brick, but 
if built at an angle of less than 50°, good sand, mixed 
with a little fire-clay, is an excellent material. In the 
latter case, the mixture should be well stirred and worked, 
and every pains should be taken that the compound 
is well prepared before it is used. It should be well 
pounded in, and, to prevent cracking, should be gradually 
dried. If fire-bricks are used, made in proper form, and 
of the largest possible size, there will be no difficulty in 
putting in good boshes. The damstone h is very seldom 
laid in its place, before the furnace is properly dried, 
and ready for the blast. In protecting plate m, the dam 
plate, can be laid at any time after the furnace is in 
operation.

The space between the hearthstones and the rough 
wall of the furnace stack,* is filled and walled up with

* Prom German sleeken, a pile or heap, and applied to any chim
ney attached to furnace or locomotive.
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comfnon brick or stones; the former are preferable, be
cause they are softer, and have less tendency to move 
the rough wall, by the expausion of the hearthstones.

The expense of building a stack of the foregoing size 
varies according to locality, and to the facilities we have 
at our command.

(The following estimates were supposed to be correct 
in .1850): Thorough stonework of the foundation will 
amount, at twenty-four* and three-quarters cubic feet to 
the perch, to 200 perches. This foundation may be laid 
at twenty cents a perch. I f  stones can be quarried and , 
hauled to the spot at forty cents, as is generally the case; 
the stonework may be laid at a cost of one hundred and 
twenty dollars. The excavation, estimating the expense 
of removing one cubic yard of earth at fifteen cents, will 
cost twenty-four dollars and seventy-five cents. The 
expense of .the rough wall, assuming it to contain nearly 
600 perches, will be one dollar a perch; df stones are 
included, one dollar and forty cents. Masons, at that 
price, will make a smooth, if not a hewn, outside. An 
in-wall of stones will cost nearly 100 dollars; one of 
fire-brick, 350 dollars. The cost of hearth-and boshes 
may’be calculated at 150 dollars, if the latter are of fire
brick ; but if of sand, at 100 "dollars—provided, of course, 
that the materials are close at hand. Binders, tymp- 
plate, dam-plate, and chimney binders at the top, will 
cost 350 dollars. Therefore, a stack of the size stated 
may be assumed to cost, on an average, from 1300 to 
1600 dollars.

Furnace stacks nftay be built more cheaply with bricks 
than with stones, where bricks can be made and laid at 
a reasonable cost. The rough walls of such brick stacks 
are generally not so thick as those of stone; but, even 
though they were, they would not be *more expensive 
than stone, if a thousand can be laid at four dollars; and 
this may be done without much difficulty. Furnace 
stacks of brick have been built at various places; and 
their form above the boshes is generally round; they 
are theii c^led cupola furnaces, from their resemblance 
to the cupola of the foundry. The Great Western Iron
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Works, in Western Pennsylvania, erected two such 
stacks; but these are partly built of stone, that is, the 
lower or square part beginning at the ground, and ter
minating at the work and the tuyere arches. This kihd 
of furnace does not bear a high reputation in Europe. 
We observed them in England and France, where the 
general complaint against them is, that they work irregu
larly and consume a greater amount of fuel than square 
stacks. The cause of these evils may have been too thin 
and too rough walls, which may easily be avoided. But 
these furnaces have another disadvantage, that is, they 
nearly always break the strongest binders. In addition 
to this, they require too many binders; so that, on an

Fig. 93. Fig. 94.

Section and interior of a cupola blast 
furnace.

Front view of a cupola blast furnace, 
at the Great Western Works.

average, a round stack is not cheaper than the square 
stack. There may be instances, some of which we shall 
produce hereafter, in which a round stack is preferable. 
Still, for the sake of those who may be disposed to build
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a round stack, we will present a drawing of one in opera
tion at the Great Western Works,*

Fig. 93 represents a vertical cross section, and Fig. 
94’a front view, of a cupola furnace built of brick. The 
drawing is so distinct as to need no particular descrip
tion. The whole stack can be built altogether of brick; 
6t partly of brick and partly of stones, as is the case at 
the Western Works ; or altogether of stone. Stone, 
however, would be very expensive, on account of the 
dressing necessarily required. Through the lower or 
square part, four binders are laid ; the hoops, of wrought 
iron of good fibrous quality, of the upper or round part, 
must not be more than six inches apart, and should be 

' two inches wide, and three-fourths -of an inch thick. 
Below each hoop the last layer of bricks'projects at least 
half an inch; upon this layer the hoop rests. If the 
stack is built of stones, pieces of iron bars are walled in 
to support the hoops. Between these hoops are left air
holes, through which moisture has vent.

blowing in a Furnace.
When a furnace is erected and ready to be fired, a 

small fire may be put in the hearth. We should always 
be cautious to give the interior of the hearth, a lining of 
common brick. This will prevent, in a great measure, 
the cracking and scaling of the hearth-stones. The fire 
■is fed from below. -Any kind of fuel will serve for this 
purpose, because the fire is only designed to dry the ma
sonry.  ̂ I f  the stack is nevv, or if it is one yvhich has 
been for a long time unused, it is necessary to cofer the 
throat by iron plates, and to leave but a small,hole; this 
hole may be so regulated that we may burn just as much 
fuel as we chooSe. Seven weeks, and if the season is 
cold, eight or ten weeks of constant firing are considered 
necessary to dry a new stack, so that it can be charged 
with charcoal. But before the furnace is charged, the

* Brady’s Bend, Armstrong Co., Pa., situated on the Alleghany
River.
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temporary lining or brick in the hearth must be removed. 
The lower part of the furnace, or the hearth, is to be 
filled gradually, and the fire must be permitted to rise 
in a blue flame on the top of the coal before tha furnace 
is filled higher than the boshes. From this point half 
coal’and half .brands are to be used; the latter addition 
causes a more liberal draft of air in the furnace. If  the 
furnace is quite warm before putting the charcoal in, 
and if we are confident that uo moisture exists in the' 
masonry, ore maybe charged after the furnace is half 
filled with charcoal; but if we doubt that moisture is 
wholly expelled, the whole stack should be filled with 
coal, and the fire kept up until we are satisfied that the 
walls are perfectly dry. Where everything is ready for 
the start, repeated grates maĵ  be formed to facilitate the 
burning of coal, as well as to heat the furnace. Grates 
are formed by laying across the tymp a short iron bar, as 
high up as the damstone; by resting upon this bar six 
or seven other bars, or ringers (crowbars), and by pushing 
their points .against the backstone of the hearth. A 
grate thus formed increases draft and heat to a consider
able degree, and very soon brings the top charges down 
into the hearth. Where ore is charged to the top, the 
descent can be accelerated by leaving the grate most of 

* the time in the hearth; but care should be taken that 
too much coal does not remain at the ' bo'ttom, for this 
will injure the bars. In  this way the Ore charges may 
be brought down within .tWenty-four or thirty hours. 
But if we are not to put the blast in, and to. commence 
smelting, the descent of the ore charges may be delayed 
three', even four days, without any injury to the follow
ing operations;*when everything is in order, the sinking 
of the ore may be hastened. This will he indicated by 
melting drops, often drops of iron, before the tuyeres. 
When these are seen, the damstone is to be laid, imbed
ded in clay; also its protector, the cinder platem. The 
hearth is Once mpre cleaned; the hot Coal then drawn 
towards the dam, and covered with moist coal dust; 
after which a gentle blast may be let into the furnace. 
During the first twenty-four hours, but little iron is made;
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most of the ore is transformed into slag; and the iron 
which comes down gets cold on the bottom stone, where 
it is retained. A t this early stage, it would not be pru
dent to .urge the blast machine too fast, for great cau
tion is required to prevent those troubles which result 
from a cold furnace. These troubles are, generally, cold 
iron in the bottom, and, in consequence of that, cold 
tuyeres. Gentle. blast, small burden, and great attention 
alone will prevent these evils. Where a furnace has 
been for a week in blastj having iii that time produced 
from nine to ten tons of metal, and where the hearth is 
clean, that is, where it is’ perfectly free from cold iron, 
or clinkers, the burden may be* increased, and the blast 
urged more strongly. A well-regulated furnace will, 
during the seconti week, make from sixteen to eighteen 
tons; and the same amount during the third and fourth 
weeks. A furnace, just started, should not receive so 
heavy a burden of ore as a furnace which has for some 
time been in operation. About half the regular burden 
should, as a general rule, be taken; that is, if a full 
charge of oi*e is assumed to be 700 pounds, the starting 
charge should be 350 pounds. This amount should not 
be increased for at least three or four daySj or one week 
During this time, while the light charges last, an abund
ance of brands along with the coal may be used for the * 
purpose of keeping a clean, open furnace.

Practical Remarks.
*

Inasmuch as charcoal furnaces are yet numerous in 
some parts of the United States; and inasmuch they 
exhibit peculiarities which cannot appropriately be con
sidered under the general head of blast furnaces, we shall 
take a separate survey of their' management.

The erection of a charcoal blast furnace in a new 
■locality is a precarious undertaking; and that losses, in 
case of failure, should not fall heavily, the utmost economy 
should be observed. Failure depends not so much on 
the material used, as upon other circumstances at times 
beyond our control. In  a new locality, few, if any,
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. roads lead to the site of the furnace; or at least,* they 
are seldom in a condition suitable for our purposes. 
This item often absorbs more means and time than one 

- can well conceive. In new localities, the proprietor is 
compelled to open and improve almost every foot of the 
roads which lead from the coalings to the furnace, as 
well as the roads which lead to and from the ore banks. 
The dead work in mining operations should be well con
sidered before we venture upon the erection of a furnace, 
for this item may auginent the expenses of a new estab
lishment to a degree which the business is unable to 
bear. In addition to this, no stack should be built, no 
improvements of any nature should be made, before the* 
price of the ore at the furnaCe is well settled.

A furnace stack is not so important an object as it is 
frequently represented to be. Its interior, to be sure, 
must be carefully constructed; but its exterior has lio 
influence whatever on the quality atid quantity of the 
product manufactured.. Furnaces of a very rude form 
are in operation in the Western States; .and, though 
they are bound and kept .‘together by wooden logSj 
they answer the purpose of their erection as efficiently 
as the finest stack built of hewn stones or bricks. In 
Sweden and ^Russia,-where good' masons are not gerie- 

* rally found, many furnace stacks are but a pile of stones, 
rudely put together, supported by wooden binders. In 
building a furnace stack, the main object shprild be to 
secure a dry foundation, and dry, rough walls. If watejr 
can penetrate below the bottom stone, and keep that 
cool by evaporation, no advantages, however favorable, 
will make a furnace work well. The iron at the bottom 
may not only chill, but if, by an Excess of fuel, it is kept 
liquid, it will be almost always white, and of inferior 
quality. Irregularities will thus be occasioned for which 
we are unable to assign any reasonable cause. A cold 
or wet bottom stone occasions more perplexity than any 
other imperfection in a furnace stack. If rough stones 
without any mortar are used, no channel for conducting 
the moisture from the interior is needed.
. The construction of the interior has great, influence
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upon the operations of the furnace. The iron furnaces • 
of Europe are governed, to a greater degree, by the'na
ture of the'ore than the furnaces of this country. The 
European works are mdstly based upon spathic and mag
netic ores ; hence a difference in the construction of the 
furnaces is necessary. Nine-tenths o r our ores are hy
drated oxides of iron, and therefore a somewhat uniform 
shape of the interior of the furnaces is admissible. The 
fona of the interior depends upon the kind of ore to be 
smelted; upon the kind of charcoal to be used, whether 
that from soft, or that from hard wood; and upon the 
kind.of metal we wish to produce.
. The height of a furnace stack has some influence upon 
the quality of iron obtained, but it has still greater in
fluence upon the consumption of the stock, or raw mate
rial. Thirty-five or thirty-six feet is, according to our 
experience, the most favorable, height. Stacks below 
this standard consume too much fuel; those which ex
ceed it are worked with trouble, particularly if the coal 
and ore are small, for small coal and ore impair the draft. 
I f  we wish to enlarge the capacity of a furnace, it is bet
ter to widen the in-wall, that is, to increase the diame
ter of the boshes, or curve the vertical section, in such 
a way as to give the desired effect. But, if the charcoal 
is coarse, and the ore not soft and earthy, but in pieces,, 
a stack forty feet in height will be found very advan
tageous. Where small coal and soft ore are used, the 
sfack should be of less height. The shape of the in
wall has considerable influence upon the quantity and 
quality of the product. Where gray iron is desired, a 
hearth of at least five and a half or six feet in height, 
boshes at an inclinatioif of about 60°, and a sufBciently 
wide throat, are needed. A narrow and high hearth 
wilt make gray iron very readily but it is in many cases 
unprofitable. . By using but oiie tuyere, a width of 
twenty inches between the tuyere and the opposite 
hearthstone will be found sufficient. By using two op- 
■gosite tuyeres, a space of twenty-four inches between 
them may be considered narrow.

The throat or tunnel head of a furnace requires o,ur.
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closest attention, because it mainly regulates the quan
tity of coal consumed. Upon this subject, the managers 
of tumaces differ in opinion; but the majority are in 
favor of narrow throats. We shall have an opportunity 
hereafter to speak merest length on this subject; at 
this place, we merely wish to draw attention to it. Ex
perience unequivocally proves that narrow tops consume 
more coal than wide tops; still, the majority of our iron 
smelters, particularly in Pennsylvania, and throughout 

• the whole West, adhere to the old narrow throat. That 
the western furnaces are not conducted so advantageously 
as they might be conducted, is clearly proved by the 
Unnecessary amount of fuel they consume. The ores 
throughout the whole Western States are of such a na
ture as to facilitate the saving of fuel. Most of these 
ores are very porous, hydrated oxides. But from Berks 
County, Pennsylvania, to Hanging Rock, in Ohio, to say 
nothing of Kentucky atid Tennessee, there is scarcely a 
furnace which uses less than from 160 to 180 bushels of 
charcoal to one ton of iron. *Very few of them use a 
less, while a great many use a greater amount. There 
must be a cause for this waste of fuel; for waste it is, 
inasmuch as furnaces in the State of New. York, and 
further 0ast, consume but from 120 to 130 bushels to one 
ton, under circumstances less favorable, so far as ore is 
concerned, than these' establishments enjoy. I t  may be 
partly accounted for by the fact that most of the furnaces 
are worked beyond their capacity; that is, a furnace 
which readily produces from thirty-five to forty tons per 
week, is made to produce fifty or sixty tons. This large 
amount of iron druws heavily upon the coal consumed ; 
nevertheless, this circumstance qnly partially accounts 
for the quantity of coal wasted. Without entering into 
an extensive speculation qn this subject, it will be evi
dent to any reflecting mind that a throat of nineteen or 
twenty inches diameter, working Upon a diameter of ten 
feet in .the boshes, is very apt to press the largest quan
tity of coal towards the lining; that the ore, mixed with 
scarcely any coal, will descend into the hearth in almost' 
the same state in which it was put in the furnace; that

    
 



366 METALLURGY OP IKON.

here the whole reviving process is to be performed; and 
tliat part of the furnace above the hearth is, if not en
tirely, at least to a great extent,' useless—for the hot 
gas, or blast from the hearth, will play through the loose 
coal along the in-wall, and, scarcely touching the ore, 
will pass up to the throat, where, to be sure, it performs 
some service, though this is of short duration. Such 
furnaces,' with extremely narrow tops, we frequently 
meet, and never fail to find them good customers of coal. 
We do not wish to play the reformer in this matter, for̂  
we well know how difficult it is to eradicate an estab
lished prejudice, or even an opinioii, among workmen at 
the iron manufacturing establishments ; but by widen
ing the furnace tops gradually, we may, by approxima
tion, arrive at the improvement which appears to be so 
much dreaded by founders.

No attention should be spared to economize'fuel; for 
the saving of fuel benefits everybody—the workmen,'thê  
master, and the public. How much can be accomplished 
in this way, may be learned from the fact, as we shall 
hereafter more fully show, that the- amount of fuel used 
in charcoal furnaces, where other things are equal, ranges 
from 100 bushels per ton of iron to 300 bushels per ton; 
and that reductions in the uSe of fuel, by scientific im
provements, may be accomplished in spite of local disad
vantages. Our western furnaces, however, enjoy local 
advantages, so far as ore and coal are concerned, which 
ought.,to enable them to compete against the world in 
the manufacture of charcoal pig.

A furnace may be workad in relation to considerations 
of an economical. Us well as to those of* a mercantile na
ture. When the iron market is dull; when prices are 
low, and business is npt hurried, experiments in rMation 
to economy may be tried ; but when the market is en
couraging, and prices are high, it would be folly to disturb 
the progress of an active business, with the object of 
merely saving a few bushels of coal, or of slighjtly aug
menting the price of ore. In  the Western States, busi
ness has been so prosperous, that but little time for

    
 



PRACTICAL REMARKS UPON BUILDING. 867

making those economical improvements which we con
ceive to be necessary, has been afforded.

Blast, is a subject which does not deserve the import
ance which has been attached to it. I f  the. blast machine 
is so constructed that it can furnish, at any time, with
out fail, 2000 cubic feet of air of one pound pressure per 
taiflute, blast presents no difficulty. In  every case, iron 
bellows or cylinders should be erected. The motive 
power may be either a steam-engine or a. water-falL 
Wood is troublesome, requires constant care, and never 
produces that constant and regular blast which is so 
essential to success. Weak blast is frequently the cause 
of a failure in business. Where everything about a fur
nace is imperfect, an imperfect blast machine renders' 
success impossible; nor,*in fact, is success possible with 
one that is imperfect, where everything else is right. 
Therefore, a good blast machine is the first requisite at 
a furnace. Fortunately, we have this matter perfectly 
in our power, and we dp ourselves serious injury if we 
fail to avail ourselves of it. In  -this instance, we know 
positively what to do—what, in fact, is needed. But if, 
in. our misdirected zeal to save expenses, we put up an 
imperfect blast machine, we shall find that every dollar 
saved will be counterbalanced one hundredfold by losses 
in the furnace. • ' ’ ■ .

The application of blast in the furnace deserves inves
tigation in every instance. •'We will notice some lead
ing points; but these are nol presented as infallible 
rules. Soft and weak charcoal cannot bear strong blast, 
and a pressure of from half a pound to five-eighths of a 
pound to a square inch, may be considered sufficient; 
strong blast would be likely to choke the furnace g.bove 
the toyere, by depositing charcoal dust in the boshes. 
Strong, coarse charcoal will bear a pressure of from three- 
quarters of a pound to one pound. A weaker blast is 
very apt to be troirblesome, besides using more coal, and 
producing white metal. Ore, considered as an oxide of 
iron, free froin foreign matter, has no relation whatever 
to the quality*of thd blast; but it is different with oi-e 
considered as a mixture of oxide of iron and foreign
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matter. The kind of blast that should be applied de
pends very much on the fusibility of the foreign matter, 
But this question we shall discuss in another place. The 
form of the interior of the blast furnace is of consider
able importance. A high, narrow hearth requires 
stronger blast than a furnace without a hearth, or a fur- 
nace with a low hearth ; but the width of the top, in 
proportion to the diameter of the boshes, is of more im
portance than the quality or pressure of the blast. It 
may be laid down as a rule, that the larger the throat, 
in proportion to the boshes, the stronger ought to be the 
blast; and that a narrow top and wide boshes, while 
they permit a weaker blast, involve the loss of much 
fuel.

The air introduced by the blast machine into the fur
nace should be as dry as possible. The main reason 
that blast furnaces do not work so well during summer 
and clear, warm weather, as during winter, and cold, 
rainy days in summer, is, that a large amount of watery 
vapors is mixed with the atmospheric air in-hot weather. 
This water is very injurious in a furnace, as we shall 
hereafter see. To keep the air dry, the blast machine 
should be erected at the coldest and driest spot we can 
possibly select. W e should take especial care that it is 
not exposed to the hot air aroilnd the furnace, and that 
it is beyond the reach of the steam-engine; for the air 
will be more moist around the engine and the heated 
furnace than anywhere else. The best means of making 
a furnace work well during summer would be to put the 
blast machine in an ice-cellar.

With charcoal hot blast may be, under some circum
stances, advantageous ; but in others, it is deqidedly in

jurious. I t is, at best; a questionable improvemenf; and 
it may be doubted whether the manufacture of bar iron 
has derived any benefit from it; qualitatively, it has not. 
Hot blast is quite a help to imperfect workmen. It melts 
refractory ores, and delivers good foundry metal with 
facility. The furiiace should be carried on for three or 
four weeks with cold blast, that the’ hearth.and lining
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should be heated thoroughly before the application of 
hot air. ' ' '

The quantity of air required to be blown into a stack 
depends on the quantity of metal produced in the fur. 
nace. But there is a limit to the amount which the fur
nace produces; if we attempt to exceed that limit, loss, 
instead of gain, is the consequence. A narrow top, high 
stack, soft coal, and imperfectly roasted ores, require 
quantitatively more blast than where opposite conditions 
exist; but the blast must be weak. A wide throat, low 
stack, hard coal, and ores well roasted, require stronger 
pressure but a less volume of blast. The changing of 
nozzles and tuj'eres is, therefore, a matter of considera
ble importance, and the effect of this change should be 
clearly appreciated before it is attempted.

The manner in which stock should be hoisted and 
delivered t̂ the tunnel head, is a question of economy. 
If the digging of a yard is very expensive, and if the cost 
of stone walls and a tunnel head bridge cannot well be 
borne, coal and ore may be hoisted on an incliiied plane, 
by means of the blast-engine, or by water or horse 
power. But, under all circumstances, there should be a 
bridge house, sufficiently large to receive the night stock, 
and where possible, also the Sunday’s stock. To the coal 
and ore yard the manager should pay particular atten
tion. The coal, after being unloaded, must, in every case, 
be left twenty-four hours i* the yard before it is stacked 
in the coal houses, for it very often happens that coal 
will rekindle, even though two or three days have elapsed 
since it was drawn from the pits. Soft and had coal 
should*be mixed with the old stock, and immediately 
used; it is useless to store soft coal, for it will crumble 
to dust. Braise,* which is not used for the burning of 
ore, or at the tymp, must be saved, for it is an excellent 
fuel for the burning of lime. Iron rakes, for drawing 
coal, are commonly in use; but they are very destructive 
to .charcoal, and should be avoided in the yard. Wooden 
rakes arq preferable. Charcoal exposed to the influence

* Half burned brands.
24
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of the weather during the summer season suffers but 
little in quality; but snow and frost are very injurious. 
I f  we expect good work in the furnace, all the coal must 
be stored under roof before frost sets in.

i\jt a charcoal furnace, particularly where the stacks 
are small, great attention is. to be paid to the roasting, 
breaking, and cleaning of the ore. Iron is revived with 
difficulty from imperfectly roasted ores, especially if the 
stacks are low, or of small capacity. In this case, the 
ore arrives at the tuyere in an unprepared state. The 
hearth is thus left to do the most of the work; but this 
it is unable to do; the consequence is that, even from 
ores of good quality, bad, or at least white, iron of inferior 
quality, waste of stock,‘and frequent disturbance in the 
regular work, will be the result. From low stacks, and 
from small stacks, Vve cannot expect anything like fair 
work, unless the ores are well roasted. Well-roasted 
ores ai'e of a red or brown color; they adhere like dry 
clay to the tongue, and are easily broken. When ores 
are roasted so hard as to melt into a clinker, they are us 
bad as though they were not roasted at all; in fact, they 
may be considered worse, for such ores cannot fail to 
work badly; while,raw ores can frequently be used with 
but little injury. The breaking of ores is a matter of 
great importance: ore’that, is too coarse is injuripus; 
under some circumstances, so is coal that is too fine. A 
narrow top will work to grffater advantage with small, 
than with coarse ores; and a wide throat requires uni
form ore of not too small a size. This rule holds good 
in all cases. Experience has clearly proved that loose, 
soft, mouldy, and small ores do not work so well in a 
furnace with a wide top, as in- a furnace with a narrow 
top; and the reverse is the case with hard, solid,and dry 
ores, such as the specular, magnetic, and spathic kind. 
If  the orbs are brought in a clean state to the yard, and 
if the roasting is done’ by wood and small charcoal, but 
little cleaning is needed; but if brought in an unclean 
state, and if any mineral coal is used for rOastiiig, they 
should be carefully cleaned from the adhering dust. In 
every instauce,^a careful roasting of the ores at charcoal
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furna'ces will prove advantageous; this is the surest 
means of saving coal and blast, and of avoiding many ' 
annoyances in the working of the furnace. Even if we 
are not particular as to the quality of the metal; even if 
we are satisfied with white or mottled iron, the advan
tages of well roasted ores are so great, economically 
considered, that too much attention cannot be paid to 
this branch of the yard operations.

Of fluxes, and the mixing of different kinds of ore, 
we shall speak at the close of-the chapter. But as this 
is a subject of the greatest importance ; as on this depend 
the well-being and success of blast furnace operations, it 
will not be inappropriate in this place to call the atten
tion of the furnace manager to it. The application of 
proper fluxes, or the mixing of ores and fluxes, is not 
only the basis of success, but by this branch of the man
ager’s duty the quality and the price of the metal are 
determined. I t has been proved bj' experience that the 
great difference in the amount of fuel consumed, varying 
from one hundred bushels to three and even four hun
dred bushels of charcoal to the ton of iron, chiefly 
depends upon the composition of the cinders or slag: 
besides this, the quality of the metal is regularly im
proved by applying the proper fluxes. Sopae previous 
knowledge of the elements of chemistry is required to 
enable one fully to understand this subject; but we shall 
endeavor to ihake it comprehensible, without employing 
scientific terms or.technical phrases.

The working of a charcoal, furnace is not difficult, if 
coal, ore, blasts and stack are in good order. The first 
cast, after starting a furnace, is generally taken on the 
second or third day; it.is advisable* not to tap too soon, 
for there is little or rio danger in delay. A well-filled 
crucible for the first cast removes all the adhering cold 
clinkers in the lower parts of the hearth; heats -the 
hearth thoroughly; and gives a fair <?hance, even good 
prospects, to the following casts. If, however, the bottom 
is«too cold; so that the iron congeals on* touching it, we 
should be cautious not to let too much iron accumulate 
in the hearth; but we should tap frequently, and make
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every effort to produce gray ii'on, by which alone cold 
iron, sticking in the bottom, will be removed. If the 
hearth is cold, if the ores are too refractory, or if, through 
other circumstances, clinkers or cold cinders accumulate 
in the hearth,, the furnace should be frequently opened, 
and these obstructions removed. This object, however, 
should be effected with expedition; otherwise, the with
drawal of the blast will leave the hearth too cool. If 
cold lumps of cinder are allowed to accumulate, they 
will by degrees reach above the tuyeres, and thus the 
furnace operations will be exposed to the greatest danger; 
for, if. no coal intervenes between these cinders and the 
blast, the hearth is very soon cooled to such a degree 
that the descending iron and cinder, thus rapidly in
creasing, would finally bring the operation to an entire 
close, and compel a scraping of the inaterials out of the 
furnace. I f  strange or very refractory ores are to be 
smelted, it is advisable to lay the tuyeres six or seven 
inches above the tympstone, that the keeper may be ena
bled to reach with ease above them, and remove any 
obstructions which may there accumulate. The space 
between the dam and tymp is- very easily kept tight by 
a good stopper' made of common clay mixed with sand. 
The burning out of a tymp is a very disagreeable occur
rence. To prevent this, various means have been devised. 
We shall allude to one, that which is commonly called the 
water-tymp. This is a cast-irofi pipe, six or seven inches 
square, with a round bore of from one and a half to two 
inches in'diameter. This-tymp is laid across the fore
hearth, below the tympstone, and kept cool by a constant 
current of cold water. This is a very convenient method 
of saving the tympstone, and o^ preventing the stopper 
from being blown out; but it has several disadvantages. 
I t keeps the hearth cool, and, what is a still greater dis
advantage,* it tends to chill the cinders of refractory ores; 
these cinders, when cooled, accumulate so fast, that they 
frequently compromise the safety of the furnace opera
tions. We have tried this experiment, and hav6 found 
it to answer exceedingly well where ores, well fluxed, 
were smelted;*but we have found it accompanied with
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difficulty and danger where—in addition to the presence' 
of a strong pinder—strqng iron, inclined to white, was 
manufactured. Where bog ores are smelted, and where 
a wide hearth is in use, we would recommend the water- 
tymp; but in scarcely any other case will it afford any 
advantage.

The Management o f Blast Furnaces.

We have alluded to the practical management of 
blast furnaces; but in this place we shall examine- the 
subject more extensively. After the rough walls of a 
furnace are completed, the lining and hearth are to be 
put in. Of the geometrical form of the hearth and in
wall we shall speak in another place, and at present 
confine our attention to the material of which they are 
made. . .

a. The knowledge of the chemical composition of the ’ 
material of a lining is of little consequence to the tnanipu- 
lations, and to the results of the smelting process. A 
material sufficiently refractory to resist a moderate heat, 
but of such an aggregate form as to permit of frequent 
changes in temperature, is all that is needed. Of all the 
known native and artificial materials, none answers better 
than a well-made fire-brick.» Where fire-bricks are very 
expensive, or where they cannot easily be ‘ procured, a 
stone in-wall.may be put in; but the application o f• 
stone is restricted to charcoal furnaces, where well-roasted 
ores and high .stacks are employed. In no other case 
can a stone or slate lining answer the purposes of a good 
in-wall; and even where employed through necessity, 
difficulties of a serious nature may be apprehended, such 
as the falling out of stones, or the caving in of vrho'le 
parts. Any refractory sandstohe, or, a still better ma
terial, silicious slate, will answer the purpose of such 
in-walls. Two or more concentric in-walls, one within 
Ihe other, have no specific- use. . A second in-wall will 
be serviceable where the interior lining caves in, and 
where a continuance of the.smelting operations is de-
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sirable. Such a lining made of good slate, as that 
shown in Fig. 98, will answer every purpose.

h. The hearth is a very important part of a blast 
furnace. A variety of materials are used in its con
struction. * In  Sweden and Russia, granite, gneiss, or 
porphyry: in Austria, sandstone: in most of the furnaces' 
of the Alpine Mountains, marble—at least, in them the 
bottom stone is of marble: in Germany an'd France, 
limestone, marble, sandstone, fire-brick, and cement: 
and in England and the United States, sandstone. To 
make experiments on hearthstones, in our country, would 
be injudicious, for there is an abundance of serviceable 
material throughout the United States, from the beau
tiful kaolin, or porcelain clay, of Connecticut, New Jer
sey, and of other places, to the durable, coarse red sand
stone of Arkansas ; a‘nd as the tendency of our iron 
furnaces is to pi'oduce gray iron, as this ought to be 
their tendency, and as the ores in use are, almost with
out exception, oxides, there is hardly any choice left 
but to take sandstones. The coal fields afford almost 
every variety of sandstone; from the coarse, conglom
erate, mill-stone grit’, to the- fine-grained„carboniferous 
sandstone of Portsmouth, Ohio. Every one of these 
varieties is nearly everywhere accessible. No general 
tests of- the refractory quality of the material in ques
tion can be given. The practical is the only tbst on 
which we can rely. Fire-bricks have been, tried, and, 
in some cases, with success ; but it is doubtful whether 
fire-brick will answer so well as good sandstone,'par
ticularly in stonecoal furnaces.

c. After the lining and hearth are finished, fire may 
be kindled. This is to be. done with great caution, to 
prevent cracking, or, what is worse, flying of the stones. 
I t  is advisable to wash a new lining and hearth, once or 
twice, with a .composition of lime, clay, and comnlon 
salt; this mixture will dry Very hard, and, under a low 
heaf, will readily melt into a very liquid slag, which’ 
glazes the whole interior. After fire is kindled, the 
tuyere holes should be closed, and the top covered by 
cast-iron plates; this will prevent a strong draught, and
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a change of cold and hot air, which would be destructive 
both td hearth and lining. It is also advisable to cover 
the sandstones of the hearth with a  four-inch lining of 
common brick, to prevent direct action of the fire 
upon the stones. When the hearth and lining have 
been thus exposed to fire for a week or ten days, they 
will‘doubtless become tolerably dry; the hearth may 
then be filled with coal as high as the widest part of 
the boshes, and its temperature raised. But we should 
be cautious to keep the tuyeres shut, and to protect the 
tympstone either with a  stopper of clay or a lining of 
briqk. In filling w'ith coal,, we should proceed slowly ; 
and mo fresh coal should be applied until the flame rises 
through the last charge. The furnace may thus be 
heated within three or four days, if we are careful to 
keep the coal up and to clean repeatedly below. But 
if time is not precious, the fore-hearth may be closed 
up, with the exception of a few small openings, with a 
brick stopper. This is to be taken out at least every 
twenty-four hours, and the' hearth cleaned of its ashes 
and clinkers. ^

d. When a furnace is well dried and heated through
out, and when it is filled to the widest part of the 
boshes, ore Uiay be directly charged, and then alter
nately coal and ore, until the furnace is filled ■ to the 
brim. In this state it'must be constantly kept, how
ever fast or slowly the charges may sink. But, if the 
furnace is not. quite dry ; if we have any doubt about 
the matter ; or if the stack is new, it is advisable to fill 
the Whole furnace with coal. This is particularly appli
cable to charcoal furnaces, or small stacks.

e. The charges of dre should be small for*the first 
two or three days, that the working of the furnace may 
be observed. I f  everything works well; if the hearth 
is clean, and the iron gray, the amount of ore may be 
gradually increased. . Limestone, or any other material 
employed'as a flux, generally equals in amount a full 
charge of ore, the object of which is to clean the lining 
and hearth from adherent cold cinder and clinkers. 
When coal is so far consumed that the ore ha^‘de-
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scended to the tuyere, the hearth may he cleaned once 
more, the damstone put in its place, and the tuyeres 
and blast prepared -for operation. Charcoal furnaces 
require very little attention at this tim e; but coke and 
stonecoal furnaces are managed with considerable dii- 
culty. Coke and stonecoal should be kept almost con
stantly in motion, to prevent the adhesion of clinkers, 
and the. result of that adhesion, scaffolding. This raay 
be done by putting in grates, at least three times every 
day, by means of ringers and hand bats, as we have 
heretofore explained. Stonecoal is very apt to prevent 
the free passage of draft, by depositing small coal, or 
dust. Bituminous coal, which is very apt to swell, 
sometimes bakes irfto large masses or cakes through 
which no air can pass.

f .  The hearth in small furnaces is four inches, and in 
larger furnaces eight inches, wider than the damstone. 
An opening for a tap-hole is thus left. This hole is 
filled up with a mixture of refractory clay and sand, 
mixed with a little coke dust, to prevent its vitrifica* 
tion. The damstope itself is bedded in fire-clay, and 
well, protected by the dam-plate, of cast iron, two inches 
thick.

g. The tuyeres at the charcoal furnaces with cold 
blast are mostly made from a refractory fire-clay. This 
is a bad habit. The Swedish and German method of 
employing, copper tuyeres is preferable, for it is not 
only the cheaper, but it saves. a great deal of trouble. 
A copper tuyere is simply a pie'ce of red copper, three- 
eighths or one-half of an inch thick, bent and hammered 
into the proper shape. A stonecoal furnace with hot 
blast requires a water tuyere. This is an article of 
trade, which we shall describe in another place.

h. The starting of the blast requires careful atten
tion. When the hearth is clean, the damstone in, the 
tuyeres properly placed, and the blast machine in mo
tion, the nozzles of the pipes are turned into the tuyere, 
and, for the first few days, about half of the usual pres
sure applied. A t the expiration of one week, the full 
blast may be put on, and the ore charges gradually in.
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creased; so that a furnace, within three weeks—if a 
new furnace, within four weeks—Is able to produce its 
full amount of iron. I t is advisable to keep the hearth 
for the first discharges as full of iron as possible. This 
is the best means of cleaning a hearth beloV the tuyere.

i  What should be the height of the damstone and 
cinder-plate, particularly at charcoal furnaces, is a deli
cate question, the solution, of which depends greatly on 
ore flux, blast, and upon the quality of iron to be pro
duced. The height varies from one inch to three and 
even four inches below the tuyere. Strong cinder and 
gray iron require a lower dam than very liquid cinder 
aud white or forge iron. A low dam consumes more 
fuel, and inclines to gray iron. tn  stonecoal or coke 
furnaces, we encounter no difficulty in relation to this 
point, for the pressure of the blast in these furnaces 
often renders it necessary to raise the dam several 
inches above the tuyere.

A. With dharcoal a furnace is worked with little diffi
culty ; but with coal, and still more with.coke, the diffi- 

• culty is augmented. By the use of clyarcoal, the slag is 
generally glassy, liquid, and not soon cooled off, if the 
blast touches i t ; but the slag of the coal or anthracite 
furnace is generally stony, opaque, and easily chilled by 
the touch of the cold blast. The use of coke is accom
panied by still worse results* Where everything is in. 
good order; where the fluxes are well selected ; where 
the ore and coal are in' proper condition, and the blast 
steady and dry, scarcely^ any disturbances happen ; and 
a drawing of the cinders, with cleaning of the hearth of 
the charcoal furnace every twelve hours, and that of the 
coal or coke furnace every six hours, is suflScient. How
ever, should anything go wrong, and should' the slag be 
very much inclined to chill before the blast, thus ob
structing the passage of the materials, cleaning is more 
frequently. required, often at intervals of two hours; 
but this should be done quickly, for in. such cases the 
furnace is generally in a condition in which it can dis
pense with the blast only for a short time; and frequent 
opening, of the forehearth, stopping off the blast, by
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cooling the hearth, would make the matter worse. One 
of the greatest hindrances of good work Is the accumu- 
lation of small • coal or dust in the boshes, or in the cor
ners of the hearth. This accumulation results from a 
cold hearth, or from a too strong blast. Where such 
accidents happen, our only resource is to raise the teni- 

‘ perature of the hearth, to keep the forehearth shut, or, by 
means of cinder noses on the tuyere, to throw the blast,as 
much as possible, in the centre of the hearth. If a hearth 
is too cold, and, to all appearances, cannot be heated to 
its proper degree by the utmost care and attention, it is 
advisable to thfow on some dead charges, that is, charges 
without any ore, the number of which can be increased, 
according to circunistances, to six or twelve, or even 
more. In some places, managers are accustomed to re
duce the ore charges in cases of difficulty. This is a 
bad habit, where the obstruction in the hearth is but an 
accident, and not the result of overburdening. If a fur
nace has an ore charge, with which it has altvays worked 
regularly, it is.advisable not to. change burden, simply 

. because a disturbance happens; but if the furaace is 
overburdened by ore, and. in consequence of that has 
become too cold, a reduction- of the ore charges, and the 
application of dead charges, in the meantime, may be 
required.

. The forehearth should be kept closed up, so as to pre
vent the blowing out of the* flame. There is no use . 
whatever in blowing'out below the tymp; the heat and 
blast lost there are quite serviceable in the stack, and of 
no use whatever at the tympi They are, besides, very 
apt to burii the tyrapstone and tymp-plate, and to cause 
a  premature destruction of the hearth. • By'keeping the 
cinder passage open across the tymp—or, if sufficient * 
cinder is not discharged for that purpose, by changing 
frequently the cinder passage—a warm tymp may be 
kept without the flame of the blast.

1. The keeping of a furnace has great, influence upon 
the success of the whole operation. . I f  a manager expects 
workmen to do their duty, he should be careful to fur
nish them with good tools. Bad or imperfect tools
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augment the difficulty of keeping .a furnace; and where 
disturbances happen, they give rise to much trouble and 
vexation. Ringers, crow*or hand bars,' tapping bars, 
cinder hoOks, shovels, sledges, &c., ought not only to be 
in good condition,  ̂but in sufficient number. It may be 
of service, in instances where a manager has none but 
inexperienced workmen, to knovV the duties of the 
keeper. We shall, therefore, give, a brief description df 
the furnace operatious at the hearth.

m. The tuyere, that is, the iron at this place, ^  seen 
through a hole back of the tuyere, should be bright and 
star-ilike—a condition easily produced by ^ot blast, but 
not by cold blast and refractory ores; Clay and argilla
ceous ores are very apt to chill at the tuyere, and form 
around it a body of cold cinder, which often increases 
rapidly, and disturbs the regular work. • Such cold masses 
of cinder are to be pushed into the hearth, and hot coal 
left between them and the tuyere. W ith hot blast we 
experience less difficulty ; still, suclj ores require more 
attention than others. In  many cases, where gray iron 
is to be produced by cold blast, froni argillaceous ores, it 
is necessary t,o produce a prolongation of the tuyere, 
called a nose, by the workmen, by meiafts of cinder; this 
nose is often extended far into the hearth, and then 
called the dark or black tuyere. In this case, a thin 
scale of cold cinder, with numerous holes, forms around 
the tuyere ; this scale should never be permitted to grovy 
so strong that a slight tap with an iron bar is not suffi- 
cient to remove it. Every six ho'Qrs at coal or coke 
furnaces, and every twelve hours at charcoal furnaces, 
this nose is to be removed; and its place supplied by a 
new one as soon as the blast is in operation.- If the 
finders are not of a given composition, there Is some 
difficulty in forming such a prolongation of the tuyere ; 
but some keepers are so skilful as always to succeed, 
while others frequently fail. This a very advantageous 
method of working clay ores; and I have known instances 
in which the economical advantages of the hot blast 
were obtained by this kiiyi of tuyere alone. But, if t.he 
extension and thickness of such a nose exceed in a cer-
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tain degree, as is frequently the case tvhere two or three 
tuyeres are.at work, and where the workmen are inex
perienced and negligent, the Cbnsequences are so serious 
and so troublesome as to afford no encouragement to 
continue such a mode, of working. ,

n. After tapping, or, what is the same thing, after a 
new start, the hot coals of the interior are drawn for
ward, as high as the dam; and a stopper, formed of a 
mixture of sand and clay, is rammed in between the 
tymp§tone and the coal, and so well secured that the blast 
cannot move it, and so tight that the blast cannot play 
between it apd the tymp. . Difficulties often r̂ise in the 
lattei* part of the performance. To avoid these, various 
methods have been employed, in which the most common 
is, an iron rib, two or three inches thick, cast to the 
tymp-plate, and projecting under the tympstone. An
other method, previously mentioned, is what is called  ̂
a water tymp ; but this improvement is of a very doubt
ful nature. I  never saw a well-made stopper: fail, if 
properly attended to: but if the clay is too soft, and not 
sufficiently refractory; if the stopper is so small that the 
blast can work through it and the tymp, of course no 
stopper will answer. When the hearth is well closed, 
coal dust or coke dust is thrown -over the hot coal, and 
after this, the blast is turned into the furnace. The 
coal and dust in the forehearth must he sufficiently 

. porous to permit the passage of the blast, and to show a 
slight, gentle, blue flame. W ithin an hour or two hours, 
according to the diniensions of the hearth and the bur
den of the ore, the cinder in the interior will rise suffi
ciently high to stop the playing of the blast through the 
forehearth-; when it may be advisable to open the coal, 
and to endeavor, by means of a short hand bar, to ascer̂  
tain whether the cinder has penetrated into thê  fore- 
hearth. ' If it has not, some stirring and lifting of the 
coal cinder, at the bottom, will generally be sufficients 
fill the forehearth with liquid slag. If  a furnace has 
been for some days in blast, this matter presents but little 
difficulty; but if the furnace js  cold, or newly started, 
greater attention to it is required. Where the cinder
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rises so high as to be seen approaching the tuyere from 
below, a short bar should be run into the liquid mass, 
and some warm cinder drawn over the dam, after whiph 
a regular current of the cinder will flow off by itself. 
If, in the course of the work—say within three or six, 
or more hours—the tuyeres b^gin to get troublesome, 
and if cold or tough masses begin to accumulate, and 
obstruct the passage of the_ blast, the furnace may be 
opened, the blast taken off, the stopper removed, and the 
top of the cinder drawn off, cooled, and removed; then 
some cold small coal or cok^ may be thrown over the hot 
forehearth; after which, the workmen should run a 
ringer through the whole length of the hearth, from the 
darastone* to the back, moving the point of the bar along 
the sides, the bottom, and the backstone; and if any 
lumps of cinder stick anywhere in the hearth, they 
should be detached, and, by a slanting motion of the iron 
bar, brought forward before the tymp. Such an over
hauling or cleanirig of the hearth must be done quickly. 
If the furnace is not in good condition, two workmeir 
should be employed on ifr. After the lumps and cold 
cinder are removed, a little blast is let in, to blow, out 
snch. dust and small coal as would obstruct the blast, and 
tend to form more lumps of cinder. When the hearth 
is thus cleaned, the blast is taken off, and a new stopper 
rammed firmly in. 'this is effected with difficulty, on 
account of the liquid slag'below; but,, by holding a 
strong sheet-iron plate between the tympstpne and cin
der, it may be facilitated. The blast is then turned on,. 
and the work proceeds ais Irefore. This kind of cleaning 
is more frequently needed in coke and stonecoal, than 
in charcoal furnaces, and generally where, by reason of 
too wide a hearth, too weak or too strong a blast, or 
Other causes, the furnace is inclined to make dust; for 
such dust includes the remains of half-smelted ores, 
which form lyith it infusible lumps. The toughest 
clinkers are generally‘first formed in the forehearth, if 
the other part of the furnace is in good order; to pre
vent this, cast-iron plates, all over the tymp *and sides.
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are very useful, and ought to reach as low as possible 
into the "basin of the hearth.

, 0. I f  through accident, or some other cause, the hearth 
gets too cold; if the reduction of the ores is imperfect, 
and the cinders hlack or dark green, great caution is 
required to obviate difficulties; for generally, in that 
case, the tuyeres work dark, and clinkers accumulate 
before them. Our only resource is to open the hearth,' 
and work the furnace, however disadvantageous such a 
course may be. I f  we could keep the furnace closed up, 
and apply the blast, it would recover, in most cases, by 
itself. But commonly there appears to be nothing in the 
furnace but ores; these come down rapidly, and some
times pile up fast, when no other resort than to open the 
hearth, and to take the cold stuff out, is left us. At this 
point of the operations, if at any point, fast work is 
required, for the hearth cannot bear any reduction in 
temperature. Where the damstone can be conveniently 
lowered, oY where the cinders can be kept by any method 
low at the tuyere, so that the blast cannot touch the 
surface directly, much troifble and difficulty will be 
avoided.

p. The tapping of the iron may be effected with com
parative ease at charcoal furnaces ; but ■ at stonecoal 
furnaces, it is done with less facility. In the first case, 
there is scarcely any possibility of failing to make gray 
iron from the start. This iron is but little inclined to 
chill at the bottom; and the hearth may be kept free of 

-it very easily. But at stonecoal furnaces, during the 
first week or two weeks, .scarcely any gray iron can be 
expected; and the white iron, however liquid it maybe, 
is very apt to chill, and disturb the tapping-hole, which, 
if once filled with cold iron, is not easily opened. The 
general plan is, to blow through the tapping-hole after 
the iron is let out; and where cold iron sticks in the 
bottom, this is almost the only means by which the ' 
cleaning of a hearth in storiecoal furnaces may" be ef
fected. To this subject too much attention cannot be 
paid, because, of-all the disorders which arise, chilled 
iron in a hearth is the worst.
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q. It is not difficult to assign a reason for most of the 
disorders tvhich occur in a blast furnace. We shall, 
therefore, call the attention of the iron manufacturer to 
the causes of some of them. Upon the location of a 
furnace a great deal depends. The furnace should be 
in a position where storms and gales are not likely to 
affect it. Where it is placed against a hill-side, care 
should be taken that no moisture fi’om the. hill shall 
come in contact with the stack. Even a tunnel head 
bridge of timber presents a questionable advantage, where 
it should, through any circumstance, be. the means of 
conflucting rain water to the stack. Moisture in the 
ripper part of the stack tends to cause scaffolding in and 
above the boshes.

r. A wet or cold bottom stone tends to chill the iron 
and cinder below the tuyere; this occasions a reduction 
of yield, and an inferior quality of metal, besides caus
ing trouble in keeping. • Wet, or imperfectly prepared 
stock occasions irregularities of a very perplexing nature, 
which sometimes appear to be unaccountable.

Too weak blast, reduces yield, and is injurious to the 
hearthstones.

Too heavy blast, which happens less frequently, reduces 
yield, by its tendency to deposit coal dust in the corners 
of the hearth, arid on the top of the boshes, from the 
m echanical destruction of coal. I t facilitates the forma
tion of lumps and balls of half-melted cinder, which are 
Very troublesome to the keeper. The disadvantages of 
a new, or not perfectly dry stack, are but temporary ; a 
heavy stack, that is, a large .mass of masonry, requires 
of course ipore time and fuel to dry it than a small stack.

s. A furnace should be filled very regularly; that is to 
say, every new chaige of coal and ore should just fill the 
furnace, and no more than fill it. .To secure this regu
larity, a charge measure’ is generally employed at char
coal furnaces with narrow tops. This measure is con
structed of two half inch round iron bars, so connected 
at one end that one bar sinks into the furnace while the 
other serves as a handle. Fig. 95 represents this arranger 
meat: b is the. handle, and c the measure; a little cast-
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iron plate, a, prevents the sinking of the rod into the 
spaces between the materials, and prevents ftrors. At

Fig. 95,

Charge measure.

coal or cokec furnaces, or furnaces with wide tops, this 
measure is unnecessary, for the material is^not permitted 
to sink very low before another charge is filled-. Irreg
ular filling produces irregular work, and bad iron, as 
well as trouble to the keeper. The common way, at 
charcoal furnaces, of filling coal by the basket, is a very 
imperfect method of measuring, for some baskets contain 
but two bushels, while others contain three bushels and 
even more. The. English coke barrow is preferable to 
baskets, and, at jnany furnaces, is employed. I t is a two- 
wheel hand-cart, of the capacity of twelve or fifteen 
bushels. I t is represented by Fig. 96. But where the

• Fig. 96.

Coal barrow.

stock is to be hoisted, and no tunnel head bridge leads 
to the top of the furnace, such barrows cannot be em
ployed. Sheet iron boxes, of capacity sutficient to con
tain one charge, are more useful still, both for coal and
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ore; these boxes, being lifted or put on light wagons, 
are pulled® by a horse to the hoisting place, or to the 
tunnel head. Frequently we find rails laid, on which 
these sheet-iron *vagohs run; these reach across the fur
nace top. But this is accompanied with some difficulty, 
for if the road to the top is too small, the flame will 
play round tlft rails; and a streafh of water, which it is 
sometimes inconvenient to obtain, will be required to 
cool them. Nevertheless, such boxes and railroads are 
very useful, and it is to be wished that they were more 
extensively employed. To assist in spreading abroad the 
knowledge of an arrangement for filling, which .is ve^y 
much needed, I  propose the following improvement, on 
the principle of a railroad. In Fig. 97, a represents the

Fig. 37. * •»

S asp e n sio u  railroad  for filling.

furnace top, 6, b two posts .of iron or wood which carry 
the cap c ; on c a double or H rail of cast iron, d, is 
fastened, on whose two flanges the wheels or pulleys e e 
run. The horseshoe y, f  connects ‘^oth- wheels, and 
serves to suspend and fasten the sheet iron box g, which 

. 2 5  '
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contains the ore or coal to be charged; the bottom of 
the box is movable in halves, at the hinges h, %, and will, 
if opened, drop the contents, of the box; at any place 
where it is desired, and of course, ther»fore, just in the 
centi’e of the furnace, if wished. The bottom of the box i 
may be altered agreeably to any particular notions; and 
the form of the box may also be altered* but we are 
inclined tc believe that a simple square or round vessel, 
with a movable bottom, will answer every purpose. Such 
a railroad, sufficiently high to permit everywhere a free 
passage under it, may be extended over the yard, and 
may be- made even movable, so that it may be brought 
to the spot where ore and coal are to be loaded; At the 
fastening point, where the box is suspended-from/,/, a 
kind of steelyard scale may be applied, so thait doading 
and weighing may be effected at the same time,^

Where furnaces are located in plains, it is necessary 
to'hoist thalr stock either on inclined’ planes, or in per
pendicular towers. A variety of plans to effect this 
object have been designed and executed; but, of all 
these, that most in use is -one which was first introduced 
at the' Crane Works, Gatasauqua, Pa., and is now to be 
found in many other establishments. A reservoir of 
water is put upon the tunnel head bridge, where it is 
kept filled by means of force-pumps from the blast 
engine or waterwheel. An iron chain suspended over a 
pulley can ieSj one or two buckets of Sheet iron, suffi-' 
ciently heavy, wheii filled, to balance a charge of die-or 
coal. When eitheF; of. these is loaded below, the filler 
turns a stopcock, and fills the water bucket or barrel, ■ 
which descends and lifts up the charge. A valve in the 
bottom of the water * cask, which is opened by a simple 
arrangement, permits| the water, when# it arrives at the 
proper place, to escape. The platform containing the 
ore or coal, relieved from its burden, is charged with 
empty boxes or bavrows, after which it descends, and 
the water barrel again rises. In this way the duty is 
performed where but one water cask is employed, whiqh 

quite sufficient for one furnace; but where two or18
more furnaces are to be supplied by the same mechanism,
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two water casks, one on eacli end of the chain, are ap- . 
plied, to ^ o id  the loss of time caused by the descent of 
the empty boxes. Sometimes an endless chain is ap
plied, by way of • compensation for the inequdlity of 
length in the working chain.

The filling of furnaces has been, until the present 
time, a source of much anxiety-and doubt, and there is 
no question that many imperfections and disturbances 
in the furnace operations are attributable to,the care
lessness with which ^his has been attended to. As good 
results will always depend more or less on the conscien- 
tiousness of the tyorkmen, even where the best arrange
ments exist, the plan which promises most success is to 
employ honest men for the performance of that work.

t. Coal charges are most commonly measured, partic
ularly at charcoal and coke furnaces; but at some of the 
stone coal furnaces, coal as well as ore charges are 
weighed, a custom worthy-of general adoption. Whe
ther irregularities’ by weighing, or those; by measurings 
are the greater, is‘a doubtful question. My own expe- • 
riencer, leads me to decide against the latter. In any 
Well-regulated yard, the charcoal charges by weight will 
be found to Work more regularly than those by measure-*, 
ment. W ith respect to coke and stdnecoal, the rule 
holds equally good, because, in the latter case, a small 
difference in • the measure will have considerable influ
ence upon the amount of .carbon put into* the furnace, 
and will consequently affect the operations. Generally, 
this difliculty is attempted to be met by means of larger 
gharges; but these are altogether ineffectual for <tbe 
purpose. Charcoal from hickory an4 maple w'ood is 
nearly twice as heavy as that from poplar. If, with 
respect to coke, the difference is not so great, it is at 
least sufficient to account for many difficulties in the 
furnace operations. The weighing of stonecoal i*s -ne- • 
cessary, on .account of its great specific gravity.

The moisture which charcoal absorbs from the atmos
phere constitutes one of the main objections to weighing 
i t ; but this objection is not a solid one, for the coal 
absorbs almost as much moisture within the first twen-
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t y - f o u r  h o u r s  after- i t  i s  c h a r r e d  a n d  ;co ld , a s  i t  ab sorb s  
d u r in g  t h e  f o l lo w in g  s i x  ‘m o n t h s .  '^V jth r e s p e c t  to  c o k e  
a n d  s t o n e c o a l ,  t h i s  O b j e c t io n 'd o g s  n o t  a p p ly  a t  a ll.

Coal ‘charges are usually^of a given measure pi' wfeight, 
and' should any alteration in their relative quantity be 
required’ this is effected in the charges of the ore. The 
amount of fuel for one.^harge is in charcoal or coke, 
from ten to fifteen bushels, equal to from 450 to 600 
pounds, a^d in anthracite furnaces, from 600 to 1200 
pounds. The amount should be determined by the size 
of the top ; narrow throats Teceive larger, and wide tops 
smaller charges. In estimating the quantity of coal 
required, the quality of the ore must be taken into con
sideration. Very refractory ores work better with large 
than with srnall coal charges. The former have a ten
dency to raise the heat in the hearth, because of the 
interval between the different ore charges that descend 
into it.

u. The size of the charcoal, coke of stonecoal consid
erably influences the working of a furnace. Coarse coal 
is apt to leave large spaces, through which smaH coal 
and small ore will work*down to the hearth in a condi- 

.‘tion. unfit for service. This disadvantage is greater in 
low than in high stacks; but in both cases, it "Should be 
avoided. In relation to coke  ̂and stonecoal furnaces, 
our remark concerning the influence of the size of coal 
has especial a\)plication; for, as coke is more ihcombus- 
tible than charcoal, small coke will be more apt to re
main unconsumed in the furnace, to mix with unreduced 
oreS, and to form with them lumps, which, descending, 
into the hearth, qnd arriving before the tuyere, are apt 
to form cold clinkers, of difficult removal. To avoid 
fine dust in anthracite furnaces is a matter of great diffi
culty, because anthracite is very apt to fly, or to throw 

• off sinall bits of ,coal, when suddenly exposed to a high' 
temperature. . Thp surest means of preventing this are 
large throats»and cool tops, which will, if not effectually 
remove, at least, modify the evil.

V.  Immediately after a coal charge ,is filled, a charge 
of*ore is thrown into the furnace. The common and
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undoubtedly the best raaunef,of* doing this is to weigh 
the ore, and if  anything in t.he furnace should go wrong, 
to diminish or iticrease. thS ore charge* Where small 
boxes are used for filling orfe*which is generally the case 
at charcoal furnaces, they ought to be as much as pos
sible of equal .weight. On-this account, sheet-iron are 
preferable to wooden boxes, bocayse they do not absorb 
moisture, which, in case of rainy weather, would dimi
nish the charge of ore. The best of all is an iron box, 
sufficiently large to contain a charge. The filling of ore 
by the measure should be rfepudiated altogether. If 
this method is tolerated in the case of coal, it will hot 
answer with Ore, for ore is of great specific gravity, and 
an imperceptibly small quantity may amount,to more 
than the necessary regularity of the furnace operations 
will admit. It must certainly be admitted that, in most 
instances, even a small variation in the charge of ore 
cannot’ be .borne by a furnace, particularly where its 
operations are carried to a high state of perfection, and 
where the burden is kept at the highest pitch. Filling 
ore by the measure is still .more imperfect where small 
boxes ar^ used than where .the whole charge is contained 
in one vessel,
* w. The objections made against too small or too large 
coal will apply equally well against ore that is too small, 

. or sandy^ or too coarse. Low stacks and small furnaces 
 ̂suflfer more from such causes than high stacks, or fur
naces of ’large capacity. Fine, sandy ore runs through 
the’ coal’ into thp hearth, without being properly pre
pared, and occasions the production of white iron and 
black cinder; too coarse ore arrives in the hearth in a 
■state unfit for reduction, and of course unfit to prpduce 
good work.

Wet ores, and ores that are either roasted too hard, 
“or not roasted at all, produce bad results; and the 
smaller the furnace, the worse the results. In this 
case, even light ore charges are not wholly successful; 
ryhile the application of strong blast, or the fast driving 
of the charges, only increases, instead of obviating, the 
difficulty.* Weak blast and light ore charges can alone
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favorably modify these accidents. Close attention to 
the preparation of the ores is thus seen to be indispen
sable. Hence., it is apparent that too much care cannot 
be taken in the proper treatment of the ore where na
ture has not already done most of the work, that is, by 
oxidizing and breaking the ore; luckily, in three in
stances out of four, this is the case in oUr country. 
The difficulties arising from such disorders are more 
serious in charcoal furnaces and low stacks than in coke 
or anthracite fUraaces and high stacks. Too hard 
roasted ores, partly melted into clinkers, are not much 
better than cinders from the forge fires or puddling fur
naces, and produee the same results. From these ores 
it is ali^ost impossible to smelt gray pig iron.

X .  A successful business, is scarcely possible without 
a judicious selection and admixture of the smelting ma
terials. Rich ores are apt to contain less foreign matter 
than is needed.for the formation of a sufficient quantity 
of cinder to protect the hot iron against the influence 
of the blast; the production of white iron, and the 
consumption of more fuel’than is actually necessary to 
reduce the ore, are the results of this defici^cy. In 
this case, an admixture of poor ores will be found ad
vantageous. Poor ores of a refractory nature consume 
much coal, and furnish a small quantity of iron ; but a 
great deal can be accomplished by the application of 
hot blast. W ith respect to rich ores and cinder in 
small quantity, the hot blast is of hut little advantage. 
We shall'arrive at a thorough understanding of this 
question in the course of this and the following chapter. 
We shall allude here to those applications which'were 
considered useful, and geUerally adopted, before the 
science of mixing ores was established.

The primary aim of the iron manufacturer is to arrive 
at perfection in the smelting Operations, that he may be' 
enabled to produce from a given amount of coal and ore 
the largest possible quantity of metal of a d.efinite 
quality. This object can be realized by a judicious se
lection and mixing of ore.s ; and where, through want 
of material, this is not practicable, by a proper selection
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and addition of fluxes. Nearly every material mixed* 
with the ores is in itself ftiore or less refractory; but, 
where several are mixed under proper circumstances, 
they will melt together, and be, to a greater or less ex- 

• tent, liquid. The protoxide and peroxide of iron may 
be considered infusible by themselves; but melt when 
mixed. Quicklime, clay, sand of silex, and magnesia, 
are also very refractory by themselves; Protoxide of 
iron melts readily when mixed with silex or clay ; and 
forms, with these substances, a very liquid cinder, in 
forge fires and. puddling furnaces. Lime and magnesia 
melt together with, silex, but require a very high tem
perature. If, however, a little clay is added to the mix
ture, the melting is facilitated ; and if a small portion 
of the oxides of iron is added, the mix;ture will flux at 
a still lower*temperature. These observations can be 
made at a coke or anthracite furnace. Potash and silex 
melt readily together; So also do ' soda .and silejf  ̂or, 
what is the same, thing, sand and soda; but a mixture 
of potash; soda and sand melts with greater facility. If 
we add potash or soda, "or both, to the above mixture of 
lime, m ^nesia and silex, the melting point of the whole 
will be mwered ; this is somewhat remarkable, because 
the sand of silex can be increased in a greater ratio than 
the potash and- soda. From this it folloÂ s that the 
greater the number of such elements in furnace cinder, 
the more easily the cinder will flow; or, in other words, 
that the more we mix'and multiply the kinds of ore, the 
more- regularly the cinder will flow. Silicious ores, cal
careous ores, and clay ores are, singly, very refractory 
and ’troublesome in the furnace.^ Ore mixed princi
pally with silex, requires a high temperature to produce 
iron, on. account of the refractory nature of the admix
ture. But it will readily make gray iron. . Calcareous 
ore, or iron ore mixed with lime, is equally refractory 
by itself, requir.es a high heat for smelting, and is in- ' 
dined to make white iron. Clay ores are not very re
fractory ; if no lime or potash is present, if the ores are 
not very rich,'they do-not make iron at all, or make it 
in very small quantity; for a. great deal of the iron is
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'consumed in fluxing the clay. I f  we mix calcareous 
and* silicious ores together, they will not only produce 
iron with greater facility than each would, separately 
produce it, but they work with less coal; and if to this 
mixture we add an ore belonging to the aluminous or' 
clay ores, the operations in the furnaCe will, in. every 
respect, prove still more satisfactory. There are many 
more admixtures, as naay be presumed, which influence 
the inanufacture of iron; but the above constitute the 
main body of foreign matter mixed with iroii ores.

If, through the influence of local cau^s, we are un
able to obtain such a mixture of ore as will satisfy us, 
we are compelled to add such foreign matter as will pro- 
‘duce satisfactory results. Purely silicious ores will re
quire an addition of clay ore and pure limestone, or, if 
no clay ore can be obtained, argillaceous limestone; and 
if the latter cannot be had, any mixture of clay and 
iron, even blue clay, will answer. Fire-clay, or any 
pure clay without iron, we cannot recommend; but, if 
it is necessary t,o make use of such material, it will be 
advisable to dissolve it, and to’ mix it well with fine ’ 
ore. Limestone or calcareous ores require the addition . 
of silicious and clay ore; and if these cannot be ob
tained, ferruginous shale, which generally contains both 
silex and clay, will answer. But this shale is to be 
roasted like ore, because it frequently contains sulphu- 
rets. of iron (iron pyrites), Glay o-res generally contain 
so much silex, that no addition of sand or silicious ore 
is needed. For the§e, lime is a suflScient flux. It is a 
common practice to* flux the ores, for which purpose 
limestone is,in this c^ n try ,in  most instances employed, 
because thq main body of the ores are of a- silicious and 
clayey nature. But if, in the. case of silicious- ore, an 
argillaceous or magnesian limestone, and, in the case of 
clay ore, a silicious limestone, be selected, the result 
will be highly favorable. In  all cases where limestone 
or any other flux contains a little iron, the smelting 
operations will be facilitated; and a mixture of ore wi)! 
produce the most perfect work. The addition of dead 
fluxes is-thus .rendered unnecessary. We cannot too
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much insist upon the impcfrtance of this subject, for ‘ 
upon it depend, to a greater or less extent, the quality 
and quantity of the metal, and in consequence the suC- 
cess of the business. There is a point where the liquid
ity of the slag ceases to be of advantage. Ores which 
contain feldspar, as is generally the case with the mag
netic ores, flux, in most instances, too readily; in which 
chse, a.more refractory material, feuch as silex or clay, 
is to be added. ' "the silicious ores of Ea^ern Pennsyl
vania require a large amount of lime*; but where clay 
ores can be added to the lime^as in Huntingdon County* 
they work exceedingly well. The Eastern States do 
not, in this*respect, enjoy equal advantages with the 
Western States. In fact, from the eastern boundary of 
Pennsylva,nia to the western boundary of Arkansas and 
'Missouri, the coal measures—to a greater or less extent 
everywhere accessible—contain this material in abun-* 
dance.. ' ' '

Where small boxes are in pse for filing and weighing 
ore, the distinct separation of the ores and flux is a mat* 
ter of no difficult#; but where only one boX is used for 
the whole mixture, much attention is required. The 
flux, as well as the ore, should be filled by weight; not, 
as frequently done, thrown in at random by the shovel. 
For, let it be well remembered that the quantitative 

• mixture of ore, or ore and flux, is definite; it is not a 
matter of indifference, in •seeking to obtain the best re
sult, how much we take of one kind of ore ■and*' how 
much of another, or how much limestone or flux we 
use. Too great is as injurious as too small a quantity 
of limestone. If the ‘quantities of*ore and flux are de
termined, it is a good practice to mix all the- ores pre- 
vioiis to being weighed. This mode of mixing the ores 
has from time, immemorial been practised in Germany. 
I t increases to a-small degree the labor of the yard, but ‘ 
richly repays this labor in the better work of the fur- 

*nace. The process, called by the Germans Moellerung, 
is, simply to spread on some level place a certain quan
tity, say one hundred wheelbarrowsfiil, of one kind of 
ore; upon this, half that quantity of another kind; upon
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the latter, one-fifth or one’-sixth that quantity of a third 
k ind; and over the whole, the limestone or flux, if any 
is needed. Beds from one to two feet iq height are 
prepared in this way, from which an amount sufficient 
for a charge is taken. The mixing of the ores can, in 
this manner, be,watched, without the necessity of in
trusting its management to unthinking workmen.

The ore should be * spread unifonmly over the coal in 
the furnace ;• but Avhere the blast is vveak, or the ores ‘ 
wet and earthy, it may be advisable to pile the ore in 
the middle of. the .throat, that the rising gases may 
escape. , This should be avoided, if possible, on account 
of the coal consumed. Furnaces which have but one 
charging place are often badly managed, because the 
fillers either charge indiscriminately, on either side, or, 
what is still worse, one filler is in the habit of throwing

• the stock to one side, and the filler of the next turn to  ̂
the other side. These irregularities give rise to change- ' 
able work in the  ̂hearth, to the formation of lumps in 
the hearth and boshes, and finally, what is generally the 
case when the furnace is well heateA, to scaffolding in 
and above the boahes ; which, of course, is likely to be

. attended with serious consequences.
Ores which contain zinc, arsenic, or chlorides, are apt 

to scaffold, at some point of the upper part of the in
wall, in charcoal furnaces. In  this respect, stonecoal . 
dr coke furnaces are in no danger. For this evil, small 
coal charges and a hot top are the best remedies. Suffi- 
.ciently wide throats, and the heating of thq ore in the 
middle of the coal, are required, to keep the lining as 
warm as possible, aiid to perm it‘the evaporated metals 
to escape.
. 1/. The number of charges brought down in twelve or 

twenty-four hours, or the quantity of iron produced, de
pends very much on the amount of blast sent into the 
furnace. Newertheless, we may remark that the quan
tity of air does not determine with certainty the descent*

• of charges, or the quantity of iron made. A cold hearth 
never produces so much iron as a properly heated fur
nace, where the blast, in both instances, is the same.
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If the hearth is too warm, nearly the same difficulty 
occurs. A liquid, lively cinder makes a far greater 
quantity of iron with a given amount of blast, than a 

.tough, chilly cinder. Cold, black, or dark green cinder 
produces still less iron, and is, on the whole, the least 
advantageous. A clean hearth, free of cliijiers and cold 
iron, is, of all others, most likely to produce good metal, 
and in abundant quantity. ' •

g. The question, what number of tuyeres it is most 
profitable to use in a furnace, is difficult to answer. It 
can be decided duly by experience, Nevertheless, we 
shall present some conclusions drawn from experience. 
Where cold blast is used, we should be in favor of never 
applying more than two tuyeres, and of .trying very 
hard to do with one; but where hot blast is used, two 
or even more tuyeres are almost indispensable, fop the 
following reasons: In the smelting process by cold 
b]ast, as strong a pressure in blast as the fuel will pos
sibly bear is highly advantageous. This fact favors the 
use of as few tuyeres as possible, for,-if. heavy pressure 
is applied, the more tuyer.es we have,.the more coal we 
destroy. In addition to this, the dust in the hearth and 
boshes increases. With hot blast the matter is different. 
There is no heed of pressure; and by the tendency of 
the hot air to combine more readily with the coal, small 
coql, which does not burn well, is very apt to gather in • 
the corners of the hearth, and produce difficulties that 
are well known. Therefore, the same reasons which m*e 
in favor of as few tuyeres as possible with cold blast, are 
in favor of as many as possible with hot blast.

I t  is sometimes the case that the gray iron from the 
furnace is directly used for foundry purposes, such as to 
cast hollow' ware, stove plates, &c. This mode of making 
use of the hot metal is practised only at a few charcoal 
furnaces. • In  many respects, this is a bad practice, and 
should be avoided. The disturbance which it occasions 

■ to the smelting operations more than cquijyterbalances the 
advantage gained; and, besides, the castings of remelted 
iron are preferable to those cast directly from thd furnace. 

aa. The time at whicli the iron should be let out is
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generally so arranged that the workmen, changing every 
twelve hours, have each their even number of casts. 
The preparation of the pig bed  ̂moulding, of pigs, is the 
duty of the keeper, or, Ut large furnaces, of .the helper,, 
or second keeper. The founder .generally assumes the 
duty of tapping the iron. ,

hh. I f  the melted iron remains too long in the furnace, 
it is very apt to turn white, on account of. the action of 
the blast. Such an accident should be avoided,.for it is 
injurious both to the furnace and to the iron. But in 
charcoal furnaces, the inconvenience is not so great as in 
anthracite and coke furnaces. If, in an anthracite fur
nace, the cinder rises too high, it is very apt to adhere 
in lumps to the hearthstones; after the iron is let out, 
we- are forced to break away these lumps with great 
caution. In oharcoal furnaces, however, the action of 
the blast is frequently resorted to for the production of 
white iron for the forges;. and should the original iryu 
have been gray, or mottled, a strong forge iron is pro
duced. . At many European furnaces, where forge metal 
is manufactured, the desired effect—that is, the produc- 

. tion of white, strong metal, with the ‘least expenditure 
of coal—is obtained by some peculiar method of twisting 
and dipping a tuyere. This manoeuvre, at .the Wiilf’s 
oven and the blue oven, is applied to the ores of the 
primitive and transitipn formation, as spathic and mag
netic iron ores. I t  would he of no use, in this country, 
at places where oxides for the production of gray. iron 
are principally smelted. Where white iron is smelted 
hy a high tuyere, or, what is the same Ahing, where the 
iron cannot be reached by the €r*ee oxygen of the blast ; 
and where it is smelted by a weak blast, or a too wide 
hearth, it is always bad, weak, Boes not yield well, and 
does not make good wrought iron.

cc. If  no accidents or disturbances happen in the reg
ular furnace operations, and if everything is in proper 
order, the qu^ity of the metal, that is, its amount of 
carbon', is entirely dependent upon the burden. Small 
burden ^ill produce gray, and heavier burden white iron. 
In the former case the fufhace* will be inclined to dry
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the cinder, that is, to deposit balls in the hea,rth, by 
which the hearth is cooled, and the temperature •fre
quently brought so low as'to produce a tendency towards 
the other extreme, that is, black or dark green cinder 
with white iron. Such changes are very disadvantageous, 
and shojald, by all njeans, be avoided. A welkconducted 
furnace should never be too heavily, and never too lightly 
charged, for one extreme is as bad- as, the ojher. A 
medium course is the most profitable, that is, to make 
mottled iron, and trust to accident for.the manufacture 
of gray or white iron; for both, in certain cases, will be * 
produced. In this way thelfurnace will.carry the hea
vier burden, and the result will be, in either case, a good 
forge metal.

White 'iron is produced by a cold furnacq; but it can 
be made by a hot furnace. The white iron of too heavy 
burden always proves a good forge iron ; but the white 
iron of too light burden is of a very doubtful nature, 
and in mdit instances is bad, if smelted from the ores 
of the coal formation. I t  is very bad, if made by hot 
blast, anthracite, or cpke. The making of white iron 
can sometimes be prevented only by carrying as heaV  ̂  ̂
a burden as possible.
. dd. The mixture of ore and flux -is, with respect to 
the quality of the metal,' a matter of.great.importance, 
for too much lime , will, under all conditions, produce 
white iron. If  the hot slag, as it flows from the Furnace, 
blazes, and gets spongy like pumice stone when sprinkled 
with water, we. may conclude.that lime exists in too 
great quantity in th* charge; but if the cinder appears 
of a dark, black, or green color, even after the tempera
ture'in the hearth is .raised; and if the slag in the fur
nace, in spite of the heat, is inclined to form balls, to 
blacken the tuyere, and to stick to the hearthstones, we 
may conclude there is not sufficient lime in the'charge. 
Clay ores are very apt to clinker before the tuyere, even 
where an abundance of limestone is present; but the 
limestone may be diminished by the application of hot 
blast. I f  th e ‘composition of the ores is such as by 
itself to make a very liquid cinder—which, with bog or,e.
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shell ores, or calcareous ores, is frequently the case—we 
must not expect gray iron, uiitil with this composition 
we mix silicious ore. SiliciouS ore is highly favorable to 
the manufacture of gray iron; in fact, foundry iron can 
hardly be inade without it;. To produce such iron, a 
strong cinder and a hot furnace are required. The least 
disturbance which tends to cool the furnace will cool the 
tough cinder, and in this way often produce very trouble
some scaffoldings in the hearth or boshes.

ee. The color of the cinders is not a safe criterion by 
which we may estimate the Urorking of the furnace. 
Grsfy cinders may contain as much iron as green or black 
cinders. But, as -a general rule, the former indicate 
better wqrk than the latter. Wlrere the charcoal fur
nace is in good condition, they are generally well glazed, 
transparent, and of a greenish color. Perfectly gray, 
spongy, white, and black or olive-green cinders are not 
the most favorable indications at a charcoal furnace. 
Anthracite and coke furnaces, when* well (fbnduct^, 
generally furnish a gray, stony-looking cinder, but 
always well glazed. In  these furnaces, spbhgy, or green. 
Or black cinders are almost as unfavorable indications as 

*in charcoal furnaces. Those which lose their glazing, or 
fall to pieces, by being exposed to the influence of the 
atmosphere, contain too much lime, and never fail to 
make white iron of inferior quality. That their color 
is no indication of the" quality of the. metal, is evident; 
for the ore or coal may contain the oxides of other 
metals, which generally produce various shades. Varie
gated cinders, like agate, indicate that the. ore or flux 
employed is too coarse, or, what is still worse, that there 
is scaffolding in the furnace. Small stacks, or narrow 
hearths, are endangered when they work coarse ore. • In 
a large anthracite furnace with a wide hearth, so mhch 
pains need not be taken in breaking the stock, for there 
is scarcely a possibility of choking or scaffolding such a 
furnace; ■ ,

ff. If  any accidents occur, sUch as scaffolding below 
or above the tuyere, or in lining, it is a bad practice to 
throw in, at the tuyere, materials either to flux or heat

    
 



PEA CTICA L EEM AEKS UPON BUILDING. 399

the furnace. Lumps and coal cinders below the tuyere 
can be far more easily renioved by means of the bars and 
ringers than by means of fluxes thrown into the tuyere, 
or thrown below the tymp; for the addition of fluxes 
does nothing more, at ̂ best, than to remove the lumps 
where they are the least troublesome. Scaffolding above 
the tuyere, when it impedes the blast, or the descent of 
charges, is to be removed by the withdrawal of the ore 
charges; and, if considered dangerous, by sinking the 
inaterials in the furnace to a point very near or- above 
the boshes, and melting away, by means of scrap iron 
with limestone, as in a cupola, any obstruction in 'the 

* hearth or boshes. All difficulties may thus be removed 
in a-very short time. Obstructions which endanger the 
progress of the smelting operations, by so choking or 

. chilling the hearth that coal capnpt descend, are the re
sults. of inexcusable neglect-—inexcusable both to the 
manager and to thp workmen. Charcoal furnaces are 
but little exposed to such disorders; but Coke and an
thracite furnaces are very much exposed tp them, if they 
smelt gray iron; for, in the manufacture of this iron, ^ 
narrow hearth and strong cinder are required. When, 
in such furnaces, the least disturbance takes place, the 
cinder is yery apt to stick to the boshes or hearth, and 
a green, and at last a hlack, cinder and white iron are 
produced. So long as the cinder is only of a light green 
'color, or Streaked with green, no danger need be appi*e- 
hended, and the furnace may be considered in good con
dition ; Jjut so soon as brownish streaks in  the cinder 
appear, the furnace, should be watched. I f  the brown 
color does not disappear within five or six. hours, it is ■ 
advisable to diminish the orp charges, for this color 
deepens so rapidly, that within, twenty^our hours, the 
cinder will become black.. I f  light charges should" not 
be near at hand, the difficulties would thus be greatly 
augmented. • * *

gg. The flame of the tunnel head, as well as thnt of 
the tymp, is indicative of the nature of the operations 
in the furnace. At charcoal and coke furnaces, a heavy- 
dark top flame indicates that the furnace is cold," and
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tha^ the burden is too heavy, A bright smoky flame, 
which throws off the white fumes, indicates a too liquid 
cinder; that too much limestone is present; or that the 
burden is too light. I f  the iron ‘is gray, the burden can 
be increased; but if it is white,, this should be done 
cautiously. The withdrawal of a portion of the lime
stone will generally cure the evil, if the iron is white ; 
but if it is gray, heavier burden is required. An almost 
invisible, lively flame at the top is significant of a 
healthy state of the furnace. The strength of the top' 
flame of an anthracite furnac’e is' proportionate to the 
amount of hydrogen the coal contains; and therefore 
this is, at besfr, but an uncertain indication of the state * 
of the furnace. If  the flame appears to be struggling 
to break through the tymp, we may be sure that there 
is something wrong in the .interior. But this depends ’ 
upon the ore and coah upon the form of the stack, and 
upon the blast. I t  is common where small ore is used, 
and where the hearth and top are narrow. The Color 
of the tymp flame is, like that of the top .flame, indica
tive of the work “in the furnace ; and the rules applica
ble to the one are applicable to the other. The'colpr of 
the flame will be more or less modified, according to the 
foreign matter the ore contains. If  it contains zinc, 
arsenic, and lead, the flame will always emit white 
fumes, whether the furnace be cold or warm. If the 
materials Contain common salt, the flame will emit 
fumes of the same color. "Where the flame wavers, 
that is, where it is sometimes large and sometimes 
small,'there is, without doubt, scaffolding in the lining.

• In this case, close watching «f the sinking of the charges 
is needed. If  it is found that all is not right, a reduc
tion of the bu:^en and an increase of blast, must be 
resorted to. .

Ak The gray metal, where the operation has been 
good', is Ver  ̂ liquid,’and keeps liquid for a long time in 
the p'ig bed. If  of good quality, it is, even in the thin
nest leaf, perfectly gray ; but if inclined.to white, the 
corners of the pigs, and thin castings, will "be white. 
This' kou appeal's perfectly white when liquid; while
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white metal is of a somewhat reddish yellowish jsolor, 
and throws out sparks. White metal chills very soon, 
in the moulds, and assumes a rough, concave surface ;• it 
adheres, with much tenacity, to the iroii tools used for 
cleaping. the .hearth. If  metal contains sulphur, it is 
very apt to throw ptf fumes of sulphurous acid, or Sul
phuretted hydrogen. It throws off sulphurous acid, if 
smelted by coke or coal, and neutral or proper cinder, 
and sulphuretted hydrogen, if lime is used in large 
qu'antity, which is generally the case, because such iron 
cannot be snlelted without an excess of limestone. 
Phosphorus can be detected only by an analysis of the 

’ metal.
a, After the metal in the moulds is cooled, it is to 

b̂e removed, weighed, an^ stored ; and the sand of the 
pig bed dug up, wetted, and prepared for another cast. 
The cinders at small furnaces are easily removed in 
common carts. At stoliecoal furnaces, various methods 
have been devised to remove the large mass of cind’er 
daily produced, of which one at present practised at some 
of tne anthracite furnaces may be considered the sim- 

■ plest. I t  is this : Dig two round basins of about five or 
six feet in diameter, and* tvyo feet in depth, at the side 
of the stack. In the centre of each basin, put a piece 
of pig metal, in an upright position. Around this pig 

 ̂metal, the cinders, winch run into the basin, gather. A 
chain attached to a crane is then fastened to the pig 
metal, by means of which the cold cinder is placed Upon 
any suitable-vehicle, to be carried off.

A whole volume might be written without exhausting 
what could be said on the management of furnaces, and 
of blast furnaces in particular. But our space is limited, 
and we wish to avoid prolixity.- Manj©occasions will 
arise, in the Course of this work, which, we hope, will 
enable us to supply whatever deficiency our statement 
may, thus far, have exhibited.

26
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C H A P T E R  V.

THEOTIT OF TH E BLAST FU RNACE.

Fig. 9 8 .

T h e  fuel used* in the blast furnace is composed, to a 
greater or less degree, of carbon, hydrogen, and sulphur. 
If  oxygen or atmospheric air combines with carbon, the 
result is either carbonic oxide or carbonic acid; at a 
high temperature, with a sutBcient supply of air, always 
carbonic acid. A suffocated combustion, with an excess

of fitel, generally produces car* 
boniq oxide. The result of 
the combustion of hydrogen 
and oxygen is always water ; 
that of the combustion of sul
phur and oxygen always-sul
phurous acid.

Combustion in a blast fur
nace is, as may well be ex
pected, of a somewhat com
plicated natui’e, and requires 
illustration to be understood.- 
Fig. 98 represents a section of 
a blast furnace in operation, 
filled with coal, ore, and fluxes. 
If  we introduce at a, a, the 
tuyere holes, a current of air 
or blast, combustion in the 
lower part will ensue; and, 
according to circumstances, 
the product will be carbonic 
acid to greater or less extent. 
But if we have an excess of 
fuel, and a limited supply of 

air, the final product of the combustion will be car
bonic oxide. The immediate combination of carbon

Theory of the blast furnace 
illustrated.
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and oxygen at the tuyere forms carbonic acid ; and this 
carbonic acid, in its pi’ogress through the coal, combines 
with more carbon, and forms carbonic oxide. Carbon io* 
acid cannot combine with any more oxygen than it  
already possesses; but carbpnic oxide will coprbine with 
as much more as it alteady contains. Carbonic acid is 
of no use in reviving iron from the ore, for the ore is a 
combination of iron" and oxygen ; and carbonic acid 
could *not abstract any oxygen Trom the ore. But car
bonic oxide will combine with whatever oxygen is 
present in the interior of the blast furnace. .

Practical investigation has demonstrated that tbe 
more friable and tender the coal fs, the moi*e easily 
oxygen combines with i t ; and that the more compact it 
is, that is, the greater its specific gravity, the greater is 
the , difl&culty with*which it combines with oxygen. 
Heated g,ir combines more readily with fuel than cold 
air, and of course is more inclined to form carbonic 
.oxide. Soft, open fuel and heated air form carbonic 
oxide, the agent in the reduction of the ore, more readily 
than hard coal; and we may conclude that charcoal and 
coke are more useful than anthracite coal in the manu
facture of iron. According to this statement, the atmo
sphere of oxygen and carbonic acid will be a zone of 
greater or less radius, of which the mouth of the tuyere 
is the centre, as the circular lines in the engraving indh 
cate; The radius of this zone has been found, by expe- 
rim ^ts made on furnaces, to vary, .̂cc'ording to fuel and 
blast, from six inches to four or more feet. Applying 
what* we have said to a common furnace, with .grate und 
draft, the column of carbonic acid will be from six inches 
to four feet in height, if we pass a current of atmospheric 
air through hot and burning fuel,. If  the column of 
fuel is higher than this, the carbonic acid will bg gradu
ally converted into carbonic oxide. This process is 
exactly the same in the blast furnace; the oxygen of 
tl^e atmosphere is gradually converted into carbonic acid, 
carbon with much oxygen—and then gradually into 
carbonic oxide, carbon with less oxygen. Where the 
atmosphere of carbonic acid ceases in the blast furnace.
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• we tnay conclude that the working of the carbonic oxide 
upon the ores commences, and that it changes more or 
Jess in its course upwards. The ascending current of 
the gases, in a blast furnace, consists, then, of carbonic 
oxide, hydrogen, and combinations of hydrogen^and 
carbon. These latter gases ar^ derived directly from 
the fuel, above the reach of free oxygen, and constitute 
gaseous combustibles, ready to unite with oxygen. 
Mixed with the above are steam, carbonic acid and nitro
gen—incombustible gases which have not the least influ
ence upon the ore. The nitrogen is derived from the 
atmosphere.

The ascending dhrrent of tho gases from the tuyeres 
differs in composition according to height: of course 
this composition will not be alike at a given height in 
two furnaces of different constn«;tion, and ip 'which 
different materials are used. Actual experiments on 
furnaces carried on by hot blast and charcoal have fur
nished the follovring results :— .

Directly above 
the tuyere. Nitrogen.

Carbonic
acid.

Carbonic 
* oxide. Hydrogen.

8 feet 6 3 .0 7 8 5 .0 1 1.92
1 3  “ 5 9 .1 4 8.86 2 8 .1 8 3.82
2 2 1  “ 5 7 .8 0 1 3 .9 6 2 2 .2 4 ' .6.00'
2 5 |  “ 5 7 .7 9 12.88 2 3 .5 1 5 .82

• W e .find here, what might have been expected, a 
gradual increase .of the carbonic acid. This is gen- 

’ erated by the gontaet. of carbonic oxide with the*ore. 
The relative amount of the different gases is not .equal 
in different furnaces, for, ip another case, the gases were 
mixed in the following proportions , *

Directly above 
the'tuyere.
. 5 1 feet
I l f  " '
1 7 |  “

Nitrogen.
.64 ,58  

. 6 3 .8 9  
’6 2 .3 4  .

Carbonic
acid.

* 5 .9 7  
3 .6 0  ■ 
8 .7 7

Carbonic
oxide.
2 6 .5 1
2 9 .2 1
2 4 .2 0

Hydrogen.
I i0 6
2 .0 7
1 .33

Carbnretted
bydrogen,

1.88
1.07
3 .36

The gases of a coke furnace exhibited the following 
composition:—
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Directly above 
the tuyere.

2 feet 
'  1 7 i  “

2 8  “
3̂1 “

Nitrogen.
61.07
64.66
63.59
60 .70

Carbonic
acid.
0.68
0 .57
2 .77

11 .58

Carbonic 
oxide. '
3 6 .8 4  
3 3 .3 9  
3 1 .83  
2 5 .2 4  ,

Hydrogen.
1.41
1 .3 8
1 .8 1
2 .4 8  .

There are, particularly in coke furnaces, gases of a 
compound character ; but these liave, little to do with 
practical results, the aim of oui; investigations. . ,

From, the above, it is apparent that the carbonic acid 
gas ipcreases as the current of gas ascends; and that, on 
an average, one-third of the carbonic oxide has been con- . 
verted into carbonic acid before escaping at the top. If 
the carbonic oxide is the only reagent in' the conversion 
of ote into iron, wd may conclude that one-third of the 
fuel has been properly applied for the purpose for which 
it was designed. We here have evidence that all the 
fuel has not ‘done its dutj;; othej-vyise, all the carbonic 
oxide Would have been converted into carbonic acid, 
and all the hydrogen into water. But such is not the 
ease. If a furnace worhs vvelli there will be more car
bonic acid at the top of the charges than there will be 
if a furnace works badly; this circdmstance, accounts 
for the different appearance of the tunnel head flame.
* The theory of the reductiop of ore will then Be simply 
th is: the ,gases ascending in the furnace leave a part of 
their positive elements to combine with the oxygen of 
the ore, that iŝ  carbonic oxide leaves carbon, and, under 
pecifliar circumstances, hydrogen may be retained. If 
carbonic oxide absorbs oxygen from the ore, it leaves of 
course metalfic iron or protoxide, and the ore,, in de- ' 
scending, w'ill be a mixture of metallic iron and foreign 
matter. I f  that process is not well performed, some 
oxides of iron will be left in the mixture. I f  an ore, to 
this extent prepared, but without any surplus of carbon, 
descends- into the hearth, it cannot produce anything 
butw'hite iron; for, if the iron is once heated to redness,’ 
and melts, it absorbs no more carbon. All the carbon 
required for making gray iron must be in the ore before 
it sinks into the hearth. For this and many other rea-
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sons, "we are forced to assume a surplus of free carbon in 
the gas mixtures of the blast furnace—carbon, if not 
chemically, at least mechanically, mixed with the gases, 
and so finely diffused that it can penetrate into the pores ' 
of the ore. l,f we adopt this theory, that is, the presence 
of free carbon, we can account for many apparent irregu
larities in furnace, operations* for which we cannot ac
count on the simple assumption that the gases ascend 
in'their constitutional form. By adopting, this theory, 
we account for a circumstance otherwise inconlprehen- 
sible, that is, the great influence exerted by the pressure 
of the blast; for if nothing else than carbonic oxide is 
needed, almost *an|r pressure, even th'e weakest blast, 
will accomplish all that is desired.^ But we know, by 
experience, that the strongest blast which a given kind 
of fuel will bear advantageously is, the most profitable. 
I t  appears, from this, that the blast works mechanically 
as well as chemically? in th» destruction of coal; and 
that a certain power Will produce particles of coal of a 
size best calculated to penetrate .the pores of the ore. If 
these particles are too large, they cannot reach the inte
rior of the ore, and the iron will be white. This may 
be assigned as the reason why a particular pressure of 
the blast is required to produce gray metal. • If the 
blast is too weak, it may produce white iron from defi
ciency of carbon in the o re ; and if too strong, the con
sequences are equally injurious. Such an admixture of 
free carbon will bei of course, uniformly diffused among 
the gases, and penetrate the porous ores more readily 
than even the gases themselves, on account of the supe
rior afi&iity of carbon for oxygen. »

A further evidence of the agency of free carbon, in 
the smelting of gray iron, is in the, fact that compact, 
close ores, of whatever chemical composition, will not 
produce gray iron. Should an atmosphere of cai'bonic 
oxide, or even carbon ill any other form, alone be needed 
to make gray metal, there would be no difficulty in man
ufacturing iron from any kind of ore; But this is not 
the case. From compact specular ore, magnetic ore,the 
carbonates, and ores too hard burnt, we cannot make
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gray iron, whatever amount of coal we employ, and 
whatever kind of blast we use. A certain aggregate 
condition of the ore is, under all pircumstances, required 
for the manufacture of gray metal; and this is an open, 
porous condition. We find that , pieces of ore taken 
from the furnace when in good condition, are, towards 
the boshes, of a black, Snd, higher up, of a brown color. 
An analysis of such ores has never been made; such an 
analysis would, of course, be attended with great difii- 
culties; but if the copapositiop of the ores, in their 
gradual descent from the top to the bottom, were fairly 
tested, a great accession to our knowledge would be 
realized. i* ♦*

The operation in a furnace is, then, as follows: In 
the upper parUof the stack, the water of the materials 
is expelled, hydrogen from the coal is driven off, and 
the porous ore is, to a greater or less degree, saturated 
with carhoii, by means of which the carbonic oxide 
serves to reduce a part of the ore to protoxide. The 
ore, in this condition, will appear, before entering the 
crucible, like a brick which has been exposed to the 
interior heat of a charcoal kiln or a coke oven—a mix
ture of iron ore, foreign matter, and perhaps a little 
carbon. This applies to cases in which the furnace, 

’ operations are in good order, and in which gray iron is 
• manufactured. All circumstances which interfere with 

the regular course of this work ♦contraVpne favorable 
results, particularly in relation to the quality of the 
metal.

The conditions under which such a state of things 
may be expected, are, a porous and dry ore, a blast 
neither too weak nor toO strong, and a low temperature 
in the upper parts of the stack. A high temperature is 
not sufficient to prpduce a combination of iron and car
bon, at least when the iron is once in a liquid state. 
On the other hand, if the metal is liquid, it is difficult 
to separate carbon from it. I f  too much hydrogen is 
present, it is not entirely expelled until the materials 
are very low in the stack; but then it has. sufficient 
time, on its way to the top, to combine with some of
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the oxygeil of the ore, even w jtb the oxygen of the 
silex, or other oxides. We invariably find that the iron 

.made under such circumstances is bad ; for, where hy
drogen exerts any action upon ore, it deprives it of its 
oxygen, and thus destroys that affinity for carbon neces
sary to make gray metal. The best means of obviating 
this influence of the hydrogen^at least, the best method 
of making it  as little dangerous as possible—is to em
ploy low stacks, wide throats, and an abundance of 
strong blast; or, if foundry metal is to be made, hot 
blast. Narrow tops and weak blast will not answer fot 
bituminous fuej. W e may expect to find .bitumen or 
hydrogen in imperfectly charred wood, in soft, half- 
burnt coke, or in anthtacite of bituminous character. 
Under ail these. circumstances, we can most effectually 
\vork with a. wide tunnel head, even though the other 
conditions, cannot be complied with. A narrow throat 
will expose the ore, in its almost raw state, to the influ
ence of the hydrogen; and in that condition, without 
any carbon to protect the ore, the mischief is consum
mated before the ore is fairly in the furnace. We will 
endeavor to make this subject clearly understood. Fig. 
98 represents a furnace with a narrow top, examples of 
which we have frequently seen. The arrows indicate 
the .current of the gases. • W e may here very easily per
ceive that the heat and action of the, gases on the ore 
ar.e to a great degree lo st; for it is evident that the coal 
will be pressed towards the lining, and that the heavier 
ore vyill remain in the centre. I t  is reasonable to sup
pose that the gases, instead of winding themselves 
through the clpse, heavy ore, will choose the easier pass
age through the coal. Their action upon the ore is 
confined to the short, narrow passage in the throat. 
Narrow-tops, weak blast, and high stacks* may answer 
for good, coarse fuel, and fOr open, porous ores, which 
are not loamy ; but, in all other cases, they answer im
perfectly. Where well-buj.*nt or open ores, and dry and 
well-charred fuel, are available, it is advisable to have 
wide throats, strong blast, and stacks that are not too 
high. In cases in which the bes't materials are not at
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our service, or in •which they are too expensive, we 
. should use all the means to arrive at favorable results 
which circumstances may afford us.

The above principles are not deduced from theory ; 
the facts on which they are based were observed prior 
to the existence of the science of the blast furnace, as 
the following considerations will establish:-—

We find ■ that in Sweden, where magnetic ores are 
smelted, as well as in Russia, and at the furnace at Cold 
Springs, N. Y., wide tunnel heads are employed. We 
allude only to those establishments in which.the business • 
is'in so high a state of cultivaticin as to provoke imita
tion. At these places, we find not only the manufacture 
of a superior metal, but a remarkable reduction in the 
consumption of fuel. In Styria, Western Germany, and 
at some establishments in France, the very difficult- 
<lsparry carbonates are. principally smelted.' These car
bonates are never perfectly oxidized. Wide tops are em
ployed at these places, which are celebrated on account 

* of the small amount of fuel consumed. * In our own 
country, scarcely any'*of the refractory ores are smelted; 
and at a few furnaces in New Jersey, New York, and 
the Eastern States, where they are used, mixtures are, 
to a greater or less extent, worked; and the ore charges 
are brought to a medium proportion of the magnetic 
and peroxide ores. We find an exception to this at 
Lake Champlain; but of this locality we shall speak 
Hereafter. I f  we apply the above principles to the fuel, 
we find that some Russian furnaces, employing raw wood, 
make use of very wide tdps, even from five to six feet 
square, and work with very strong blast, generally with 
but one tuyere, and with the exclusion of hot blast. 
Some French add German furnaces, employ either red 
coal or kiln-dried wood successfully, have been compelled 
to make use of wide tops and strong blast. Of tHe ex
tent to which experiments with wood in furnaces have 
succeeded in the United States, we have no satisfactory 
information : but we are inclined to believe that, in an 
economical point of view, such experiments would fail; 
for there are few localities where both ore and fuel' are
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found in proper condition. Economically, open, porous- 
oxides work better with charcoal than with wood. Ee- 
fractory ri6h ores can be smelted with w'ood.

Anthracite furnaces require wider tops than coke fur
naces ; while the latterrequire far wider tops than char
coal furnaces. This, width of the top may be considered 
the most essential, improvement on the blast furnace 
which is supplied by anthracite coal. The height of the 
stack in anthracite iS: much less than in coke furnaces; 
and somewhat lower than in charcoal furnaces. Kela- 
tively, anthracite furnaces vary from thirty to thirty-five 
feet, in height; .charcoal furnaces from thirty to forty 
feet; and coke furnaces from.forty to eixty feet. The 
width of the tunnel head varies, in the United States, 
considerably. In  Pennsylvavia, Ohio, Kentucky, and 
Tennessee, the width of, furnaces at the boshes is nine; 
and often ten to twenty feet, and at the top from eigh
teen or twenty inches to' six feet. The Cpld Spring 
furnace measures'at the boshes nine feet, and at the top 
thirty-two inches. Here the proportion is eleven feet 
at the boshes to one foot at the topr. The dimensions of 
charcoal furnaces, in Europe, which smelt refractory ores 
are generaUy in the proportion of five feet at the boshes 
to one' foot at the throat; frequently in ttie proportion 
of four to one. Tn coke furnaces, the proportion of the 
horizontal section of the boshes to that of the top is sel
dom less than four to one, though sometimes even 2.5 to 1.

In anthracite furnaces (in 1850), the diameter of the 
throat was*six feet, and that of the boshes twelve feet; 
that is, in the proportion of one to four. But sometimes 
the boshes measured thirteen, and the tops eight feet 
square; in this case,«we have the proportion of two to 
one. When' we take into consideration the small height 
of the stack, and the strong blast which is applied, we 
shall find that this arrangement in anthracite furnaces is, 
in ao economical point of view, very favorable; for, 
instead of retarding, it facilitates the vent of the gases. 
Karrow tops answer where loamy ore and soft coal are 
used; but in such cases if we expect favorable results, 
we should employ weak blast and high stacks. But
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these conditions can be observed only where coal and 
labor are cheap. If we are ill doubt concerning the 
proper dimensions of a furnace, our best'course is to 
commence with a comparatively low stack, wide throat, 
and with as high a pressure in the blast as the fuel will 
possibly bear. * •

The foregoing demonstrations are designed to suggest 
the method of producing an excellent quality of metal. 
I t  is evident that the ore should be so prepared in the 
upper part of the furnace that it may be brought into 
the crucible in the best possible condition for producing 
the best metal which circumstances^will permit; for. we 
cannot expect to make gray iron from raw magnetic ore, 
from clinkers of or^ burnt too hard, or from foi'ge cin
ders. Blit though we are unable to smelt gray'iron of 
good quality from these materials,nothing should prevent 
us from endeavoring to make the best use of the stock at 
our disposal. If, by means of scientific knowledge and 
industry, we obtain a cheaper stock, or .one of better 
quality, we should hot refuse useful material, simply be
cause our furnace is not prepared to receive it.

If  one of the conditions of success, in blast furnace 
operations, is that the ore should be properly prepared, 
that Is, saturated with car.bon before it reaches the 
hearth, or arrives at the melting heat of iron, it is, of 
course, a question of great importance, what kind of ore, 
and what composition, ^ e  best adapted to receive the* 
carbon, and to retain it. It is easily understood that 
compact *ores, that is, ores of great specific gravity, even 
if they are peroxides, and unburnt magnetic ores, spathic 
or argillaceous carbonates, are not well calculated to 
absorb carbon. Silicates or aluminates should not be 
smelted, for these ores are so compact that no carbon can' 
penetrate them. The question is not so much one of. 
chemical composition, as of mechanical or aggregate 
form of the ore.. Such a form is the most easily produced 
in the peroxide; for, under most conditions, this oxide, 
if rubbed; yields an impalpable powder; even when in 
compact masses, its powder is, of all others, the finest. 
We roast the magnetic ore to open crevices; roast the

    
 



412 THE METALLURGY OP IRON.

cai'bonates to expel the carbonic acid §as, and open the 
pores ; and burn hydrates to evaporate the water belong
ing to their chemical composition, and thus make room 
for carboin. "We endeavor, in roasting,' to raise the oxi
dation of the ore to a peroxide ; with the specific object 
of increasing the affinity of the ore for carbon, or car
bonic oxide. If  the ore absorbs ’more carbonic oxide in 
one instapoe than in another,, and if the composition of 
the gas, that is, carbonic oxide and free carbon, is the 
same in both cases, then the greater the amount of oxy- 

■ gen it contains, the greater will be the amount of carbon 
which will condense, upon and penetrate the ore. For 
these reasons, roasted and oxydized ores are required in 
the manufacture of gray iron., • This theory is in perfect 
harmony with experience; and a practical iron manu
facturer will find no difficulty in arriving at evidence' 
from facts within his knowledge.
• Ores are, in most cases, not only coftipos'ed-of iron and 
oxygen, but are a compound of oxide of iron and more 
or less foreign matter; The mixtures of oxides of iron 
and foreign matter are innumerable; still, where this mix
ture takes place beyond a given degree, the compound 
ceases-to constitute an Iron ore. But the quality rather 
than the quantity of foreign matter in the ore deterfnines 
this question, as wl shall presently see. Nevertheless, a 
mineral which contains less than twenty, certainly not 
less than sixteen, per cent, of ijpn, is not usually con
sidered an ore of iron. Silex, lime, and clay are the 
common Admixtures. Other ingredients, such as mag
nesia, manganese, and titanium, whatever influence th ^  

, may have in particular cases, may, in ordinary investi
gations, be neglected.

The next important question is, wh^t influence will 
any mixture of foreign matter have upon-the iron ore, so 
far as the absorptio» of carbon is concerned ? T-o answer 

. this we would simply say, that, according to experiments 
in the laboratory, clay alloWs of the greatest affinity for 
carbon; next in order is silex; and then lime. This 
classification, however perfectly true in experiment, is 
apparently not confirmed by practical results. But when
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we take into consideration that the mechanical form of 
the matter-is the cause of this difference in the results 
ari|^ved at by experiment and practice, this apparent 
exception to experiment is explained. Iron- manufac
turers generally consider calcareous ore the most favorable 
of all ores for the manufacture of gray or foundry metal. 
Clay ore, and then silicious ore, comes next in import
ance. But we should be cautious how far we base prac- 
ticail results upon this experience, for it frequently 
happens that the theory which we have deduced from 
■practice fails-; and from this failure great losses ensue. 
The above practical rule is applicable only where the 
lime or calcareous ores are, as is generally the case, 
already mixed with foreign matter, and where silicious 
and argillaceous ores are in their purity. Experiments, 
practically confirmed, made by Mushet,, and related in 
his papers on. iroii and steel, clearly prove that iron-clay 
has the greatest affinity for carbon; next to #lay comes 
silex, and then lime, A low temperature and very little, 
fuel will revive iron from a mixture of clay and oxide of 
iron ; but all the iron the mixture contains will not be 

 ̂revived, because clay is infusible by itself, and retains 
some particles of iron, and of course carbon, • The iron 
is retained as an element, or radical, in an alkili. A 
stronger alkali is necessary, by combining with the eday, 
to thrust the iion from its hiding-place. This affinity of 
the carbon and iron for*the clay might be dissolved, if 
the aggregate form of the clay would permit the forma
tion of larger globules of irqn ; for these, folfoiving the 
law of gravitation, would separate in spite of atfin-ity. 
Nearly the same thing happens with a mixture of silex^ 
and oxide of iron, with this difference that the silex does • 
not absorb carbon so readily'as it does clay, and does not 
revive iron byso low a temperature, and witn so little fuel. 
But if no alkali combines, at the proper, time, with the 
clay or silex, neither would yield all its iron, even though 
revived #and carbonized. Of these eaVths, lime is the 
very last which absorbs carbon and revives iron; but 
then it precipitates all itsiron at once, because carbonate , 
of lime with the silex is fusible by itself, and will, when ■
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eoncentrated into a incited slag, squeeze or drop the iron 
out. *

Agreeably to ttese principles, clay ores will require a 
low temperature in the upper part of the stack. We 
should endeavor to'extend this temperature to as low a 
depth as possible. This will prevent the* precipitation 
of iron before any lime is sufficiently heated to receive 
the clay, and will consequently prevent the combination 
of iron and clay into an aluminate, from which it is 
difficult to separate ■ the iron. Silex or silicious ore is 
very nearly of the same character, but will permit of a 
higher degree of heat, without much dariger. With 
calcareous ore we may raise the heat as high in the stack 
as we please, without endangering the result. These 
principles, deduced from theory, coincide exactly with 
experience at the furnace. I f  we smelt pure calcareous 
ore—not what'is sometimes called the limestone .ore, for 
this is generally a precipitate of iron upon a limestone ’ 

•bed, and contains very little lime—we need a strong 
heat in the furnace, and an abundance of fuel. The 
reason of this is that the upper heat of the stack and 
the. action of the reviving gases are entirely lost, for 
lime and* limestone ore condense little or no carbon. 
W e thus find thq,t pure calcareous ores are nOt the most 
profitable ; and we shall 'make, a better use of the fuel, 
if along with it W e mix silicious and clay ore. In this 
way, \ve shall not only derive greater profit from the gases, 
but a lower temperature of the stack will, enable us to 
secure many advantages. Foreign admixtures are thus 
shown to be unaccoihpanied with injurious results; but 

»this principle cannot be exfended to a chemical admix
ture or combination.

Frorh, these statements, it is evident that a proper' 
mixture of different ores will be beneficial, so far as the 
use of-fuel is concerned ; and that the more closely and 
intimately the ores are mixed, the better will be the 
result. A .medium temperature is a security 4hat the 
furnace will work well, and guai'antees economy of fuel 
and a favorable product. Where proper mixtures of. 
foreign matter are already contained in the ore,' the most
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profita'ble work may of course be expected. Oi*es of 
this kind are frequently met with in. the coal formations, 
as precipitates upon'limestone or day. This is the case 
at Huntingdon County, Pa., and at other places. The' 
out-crop ores of the anthracite coal series, as well as the 
W estern‘coal fields, exhibit generally this composition, 
A great majority of the Western furnaces, such as those 
at Hanging Eock, and at many places along the Alle
ghany Eiver, work these ores.

We h a v e ,  w e  t h in k ,  s u f f ic ie n t ly  p r o v e d  t h a t  t h e  a g g r e 
g a t e  s t a t e — t h e  p h y s ic a l  c o m p o s i t io n — o f  a n  o r e  h a s  att 
i m p o r t a n t  b e a r in g  u p o n  t h e  o p e r a t io n s  o f  , a  f u r n a c e ; 
b u t  i t  i s  o b v io u s  t h a t  th e  C h e m ic a l r e la t io n s  m u s t  b e  
s t i l l  m o r e  im p o r ta n t . To h r r iv e , b y  t h e  s u r e s t  a n d  
s h o r t e s t  m e t h o d ,  a t  a  c le a r  a n d -  c o m p r e h e n s iv o  c o n c lu 
s i o n ,  w e  s h a l l  d e s c r ib e  t h e  p a r t ic u la r  b e h a v io r  o f  e a c h  
k in d  o f  o r e .

If  we chsfrge a furnace with unroasted magnetic ore, 
the ore will sink .with the coal charges unaltered until 
it arrives at a certain point, when it will melt into a' 
more or less liquid slag. This, slag wilt pass through a 
column of hot coal, when a portion of the iron»will be* 
revived; another portion will combine with silicious 

•and aluminous matter,, and form cinder, which is lost. 
The iron whioh results is not grajr. The carbonates, 
and other compact and heavy ores, exhibit the same pê  
cuHarities. If limestone is charged along with the ore, 
a large quantity of iron will be revived; still,- a great 
deal of iron is lost. In no case should we expect gray 

*iron; for, though it should happen that some«arburetted 
iron has been formed in the furnace about the hearth,* 
yet so long as the cinder contains protoxide of iron, the 
carbon from the gray iron in the hearth will be absorbed, 
and iron from the cinder revived. The latter is the 
case when the ores contain foreign matter ; but, if the 
ores contain little or no foreign matter, there will not 
be sufficient cinder even to protect the iron froni the 
influence of the oxygen of the blast. In this case, the .' 
iron must of course be white. The ores may be com
pact or porous. The result is, in both cases, the same;
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for, if carburetted iron is formed in the upper parts of 
the furnace, without a protecting finder, it will be white 
beforQ it arrives in the crucible. Satisfactory results 
•cannot be obtained frotfi these ores, unless' we have a 
warm furnace, and unless the heat is raised to a con
siderable height in the stack.

I f  an iron ore contains foreign matter, and if this 
matter is a single earth, in itself refractory, the mechan
ical form of the ore may be the most advantageous; but 
the metal which results will.always be white. When a 
»furnace is charged with clay ore, the ore will, in its 
descent, absorb and condense carbon. When the car
buretted tftetal arrives within reach of the blast, the 
carbon will be absorbed by the carbonic acid, and the 
iron will arrive whitened in the crucible ; the remaining 
iron yet in the clay will be highly carburetted; but the 
clay cannot melt and protect the iron. The result is 
white iron ; and, if no limestone is present,, an alumi- 
nate of iron, as cinder. W hat we\ have stated is appli-, 

.cable, in most respects, to silicious ore ; also to calcare
ous ore, with this difference, that» in the latter case, no 

.protoxij^e of iron is needed- to flux the cinder. If  by 
applying an excess of fuel, We try to revive all the iron 
from the ore, or, at least, to revive it in greater quaiH 
tity, then, with clay as well as silicious ore, we receive 
a tenacious cinder in the hearth below the tuyere, which 
retains the globules of iron on its surface. If a dark 
gray carburet comes down, it will soon become white 
iron within the influence of the blasts Should the cin
der not b^suffieiently liquid to permit the iron to passi 
through it, the iron will oxidize, and form protoxide 
combining with the cinder, until it effects its escape. 
The necessity of fluid fluxes is thus cleaidy seen.

I f . w e  c h a r g e  a  f u r n a c e  w i t h  p o o r  o r e ,  w i t h  a n  a d m ix 
t u r e  o f  a  r e f r a c t o r y  c h a r a c t e r ,  in  a  s t a t e  o f  f in e , im p a l
p a b le  a g g r e g a t i o n ,  a s  i s  g e n e r a l l y  t h e  c a s e  w it h  c lay  
o r e s ,  a n d  p a r t i c u la r ly  t h e  c a s e  w i t h  s o m e  s i l i c io u s  ores, 
t h e  ir o n  w i l l  b e  r e v i v e d  b y  a  c o m p a r a t i v e l y  lo w  te m p e r 
a t u r e ,  a n d  f o r  t h i s  r e a s o n  w i l l  c o m b i n e  w i t h  a  la r g e  
a m o u n t  o f  c a r b o n . B u t  t h i s  c a r b o n  c a n n o t  b e  r e ta in e d .
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if the original globules of iron are exposed to the diyecf 
influence of the'blast ;• for these grains of melted metal 
are so Bmall that they can pass through only a very 
liquid cinder. Should the cinder not be sufficiently 
liquid, the resulting metal will be white. This is 
another reason why the smelting of gray iron from clay 
and some silicious ores is so difficult. To arrive at de
sirable results, it is advisable to have fine clay ere along 
with silicious ore. This ore revives a portion of its 
iron by a low heat, and is, of course, highly carburetted. 
I f  the iron produced descends, and finds, on its way; 
silicious ore ready to deliver iron, it will combine with 
it, and form a larger mass. If this combination, in its , 
further descent, comes in contact with a calcareous ore, 
which, tinder ordinary circumstances, would not liberate 
iron, the carburetted iron of the clay and silicious ore 
will draw with it a portion of‘iron froitt the calcareous 
ore; this augmented combination will resist the influ-' 
ence of the blast, and by its ponderability will work, 
with greater readiness, a passage through the melted 
cinder below the tuyere.’ The remaining iron in the 
clay ore, which, in most cases, amounts to half the 
original quantity, will be. inclosed in the .unaltered 
'piece of ore until it arrives in the hearth below the 
tuyere. If, at that point, it meets with silicious or cal-, 
cai’eous ore, both of which are in the same condition, 
the different earths, being in a high' temperature, will 
combine, form a liquid cinder, and drop the iron put. 
The iron, having been protected from the blast by the 
refractory ciiider which surrounds it, is now perfectly 
protected against the blast by the melting cinder, com
posed of the foreign matter of the different ores.

The case which we have described may not, in prac
tice, happen in all the fulness and minuteness of this 
description, for there are few clay ores which do not 
contain a portion of silex; few silicious ores which con
tain no lime, or magnesia, or clay; and scarcely any 
calcareous ore which does not contain a portion of clay 
or silex. The above is a theoretical case, brought for
ward merely fo illustrate a principle. There is a possi- 

27
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bility that sirnilar coincidences may exist in practice; 
but they can happen only very s^dom. ■

Experience has clearly proved that, of all ores, those 
which flux themselves are the most profitable. That is 
to say, ally mixture of ore, or any individual ore, which 
produces good metal, and a liquid cinder free of iron, is 
more profitable than those ores which require the in
terference of fluxes not containing any metal. What 
constitutes a good cinder, we shall investigate hereafter. 
W e shall confine our attention at present simply to the 

* iron, and to the operations which take place in the fur
nace. I f  clay ore, as already explained, yields a portion 

, of its iron very readily, we may infer that this is grayer 
than any other portion, because carbon combines more 
easily with iron at a low than at' a high temperature; 
but this carbUretted ii-on is destroyed on account of the 
refractory, quality of the clay. If  the clay, mixed with 
the ore, should contain a portion of lime and silex, its 
refractory character would be diminished, and the car- 

. buretted. iron in the inside of the fragment of ore would 
be more perfectly protected against the influence of the' 
blast. I f  the carburetted iron thus protected should 
fifid an alkali in the cinder, below the tuyere, waiting 
to receive the foreign matter, it will descend .with' 
scarcely any loss of carbon. Erom this it is evident 
that we may expect gray nietal from mixed clay ores, 
if lime or any alkali is present in the hearth ; but not 
otherwise. If  the foreign admixtures of the ore are 
not of such a nature as to form a liquid cinder, the cin
der must be made sufficiently liquid by the addition of 
flux,' or by the loss of a portion of iron.

In reality, there are few purely clay, silicious, or cal
careous ores. The native deposits are, to a greater or 
less extent, compounds of iron ore, and of various foreign 
matters; still, the clay and silicious ores predominate. 
Calcareous ores are not generally met with on this conti
nent. Therefore, in most cases where iron is smelted, an 
admixture of limestone, instead of calcareous ore, must 
answer our purpose. A mixture of lime and irfn is 
always useful; for pure lime will sink iilto the heal th,
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and remain in lumps until slowly dissolved by descend
ing clay or silex. If lime contains a quantity of iron, 
or other, foreign tnatter, it Will melt above the tuyere, 
leave’the hearth free of any obstruction to the descend
ing iron' and give the blast free play at the coal; there
fore, a limestone which is not*refractory is preferable.

The above process takes place when silicious and clay 
ores are to be smelted, and when the flux is limestone, 
but let us consider the case in which calcareous ore is to 
be smelted, and fluxed with silex or clay. As mentioned^ 
above, calcareous ores require a strong heat, and permit 
the raising of the heat to an tincommoB height in the 
Stack. On that account, more fuel is consumed for these 
than for other ores. If calcareous ore is sfnelted by char
coal, which contains but a stijall quantity of silexj the 
ore will melt iqto a slag, as in the case of the magnetic 
ore, and in descending will lose some of its iron. If  the 
heat is strong, and if mote iron is separated, some of the 
lime will either be blown off at the tunnel head, which 
we often observe issuing in' a white, fine dust, or will 
combine with the silex of the coke or stonecbal, and 
descend, to the hearth. Under all circumstances, a 
part of the lime will descend below the tuyere, and if it 
does not find sileX or clay in the cinder, it Will attack 
the hearthstones; and by this rneans the lime is satu
rated with clay or silex, becomes liquid, and is in. a*con- ' 
dition fit to be discharged. . In this case, the iron is of no 
use in fluxing the limestone, for, at the high tempera
ture of the furnace and hearth, all the iron is precipi
tated ; and if there is no carbonic acid'in the lime, or if 
no clay- or silex is present, no combination between them 
is possible. Calcareous ores should be fluxed by clay or 
silex. Pure sand and fire clay cannot be of any service; 
they’ do not melt; they sink gradually'into the hearth ; 
and if any iron from the calcai*eous ore is liberated, it 
has a tendency to combine with silex or clay. The first 
chance* of receiving oxygen affords ah opportunity of 
forming protoxide of iron, and silicates or aluminates of 
irohl Such disturbances happen frequently with calca
reous ore. An excess of lime in the ore is, to all appear-
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ances, not sufficient to precipitate the whole of the iron,, 
because the blast cools, off the hard, unmelted clinkers 
of clay and silex around the tuyere. If, in such cases, 
we select a clay which contains iron, or any matter ca
pable of melting the clay at a low temperature, then 
such a flux, melting at a high point in the stack, will 
meet, in its descent through the hot fuel, the heated calca
reous ore, and, combining with the lime, liberate the iron, 
which is then at liberty to descend. A part of the iron 
will be retained by the imperfectly melted lime and flux; 
but, on coming in contact with ‘ the more concentrated 
heat of the hearth, it will be separated.

From the foregoing demonstrations, we are enabled 
to draw conclusions relative to the economical working 
of the ores. I t  follows,'fPom w'hat we have stated, that 
clay ores are, of all ores, the most profitable, because of 
the facility with which they absorb carbon, and because of 
the low temperature at which they precipitate iron; bjiit 
the refractory character of their admixtures prevents us 
from deriving those advantages from them which,'under 
other circumstances, they would furnish. Silicious ores 
do not absorb carbon so readily; but the foreign matter 
which they*contain is more inclined to form liquid com- 
pounds with lime or icon, and to liberate the revived 
iron. On this account, they are more manageable than 
the day ores. Notwithstanding the tendency of silicious 
ores to smelt white iron, the fusibility. of their admix
tures, in contact with alkalies, gives them precedence 
over the clay ores for the smelting of gray or foundry 
metal. Calcareous ores do not appropriate carbon, if 
the amount of lime in the admixture is large; but, if 
it is small, they make a carbon iron like the pure per
oxide of iron. However, they will not retairi it ab
sorbed, because the iron revived is not very liquid. The' 
carbon is retained in the ore until exposed to the influ
ence of blast,-when it disappears. I t  is a well-known 
fact that ores containing much lime in admixture do 
not produce gray iron with facility, and consume more 
fuel than any other ores.

W hat is the cause of the difference in the capacity of
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.matters to absorb and retain carbon ? For the solution, 
of tUis -question we must refer to chemistry. But so 
important is this subject to the iron manufacturer, that 
we shall offer no apology for directing, as briefly as pos
sible, his attention to it. Observation has unquestion
ably proved that clay possesses the power of condensing 
carbon in the highest degreeand that t,hete is scarcely 
any matter so little disposed to absorb and retain carbon 
as lime. As a carbonate, lime will absorb carbon, bat 
not as burnt or quicklime. This may be caused, in part, 
by chemical affinity; but there is no questiou that it is, to 
some extent, caused by the mechanical form of the par
ticles of matter; otherwise the difference between clay 
and silex would not be so great. There is no doubt that 
the sattie power which retaifls the carbon retains the 
iron. The. particles of Clay are very minute ; so also 
are the particles of the oxide of iton mixed with clay. 
When carbon penetrates the pores of such a mixture, 
and heat is applied, a part of the metal is retained in 
the interior of the ore fragment. The particlos of sUex 
are coarser than those of clay; and if the affinity of 
silex for carbon were so great as that of clay, it could 
not retain so much iron as the latter, because of its 
coarse grain. From this quality, added to the other fa
cilities which it possesses of reviving iron, it may be 
considered a more profitable ore than the above. Mme, 
in its aggregate form, is very fine-grained; but it does 
not absorb any carbon, and for that reason the iron is 
refractory, that is, it .cannot separate from the lime at a, 
low heat. The, iron is not sufficiently liquid thus to 
separate, and is retained until the lime, becoming fluxed, 
leaves it.

For these reasons, we are convinced that rich ores 
consume a  great deal of fuel, and, on this account, are 
not so good as some poorer ores. If  the disadvantages . 
of their use are not compensated by cheap fuel, and by 
the production of a good quality of metal, it is not ad
visable to smelt them by themselves. Calcareous ore is 
eq.u^ly expensive,*sa far as the consumption of fuel is 
concerned; and, if smelted by itself, is little apt to pro-
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duce good iron. The same remark applies, to nearly the 
same extent, to silicious ore. Clay ore, if poor, would 
nol> produce any iron, if smelted without .fluxes. It 
thus clearly appears that no iron ore, of whatever de
scription, is, melted by itself, so profitable as it would 
be when mixed with ptheir ores. .

The iron which, in the clay ore, is so readily carbon
ized, yvill not separate from its foreign matter until that 
matter is absorbed by another element which has the 
power of liquefying it. This is also the case with sili
cious and calcareous ores. I^ich ores do not smelt weJii 
because their pores have no opportunity of absorbing 
carbon at a low temperature; therefore, these ores are 
not prepared for reduction when they arrive in the 
neighborhood of the tuyeft'e. The rich ores receive and 
absorb carbon, and produce iron, by flowing in a semi-' 
liquid slag through a column of hot coal of greater or 
less height, according to the quality of the ore. These 
considetatious lead us to the construction of the interior 
’of the b|ast furnace, and to the development of the 
principles by which . its form and dimensions are deter
mined.

Applying these principles, we should build a furnace 
without a hearth, that is, by sloping the boshes down to 
the tuyere, in case it is our intention to smelt rich ores; 
and fve should make a partial or complete hearth above 
the tuyere, according as facilities presented themselves 
of mixing the rich ore with poorer ores of the proper 
kind. If  W e could bring the mixture to an advantageous 
standard, we should -employ a narrow or high hearth, 
with the object of economizing fuel, of obtaining a better 
yield from the ore, and of smelting gray iron. Any alter
ations required should be made in confoi*mity to these 
considerations. I f  we arrive at conclusions too hastily, 
we shall have the mortification of finding that our antici
pations will not be-realized, and we shall be under the 
necessity of returning to the original form. The form 
we have suggested, that is, a furnace without a hearth, 
owes its importance to the necessity which exists of 
raising the temperature of the whole stack to a high
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degree, because,* unless there is a high column of hot 
coal, the melted ore will not be affected by carbon., This 
rule is also Jto be applied to calcareous ore. For silicious 
and clay- ores the hearth may be high, and the boshes 
flat. These ores absorb carbon in proportion to the 
coolness of thehipper part of the furnace,. When, after 
being saturated with carbon, they arrive in the narrow 
part of the hearth, the intense heat of the crucible will 
melt the iron and the foreign matter almost at the same 
moment. I f  the foreign matter is fluxed, the iron will 

us be precipitated-in the shortest possible manner. 
From these investigations we have arrived at the con

clusion, theoretically, that no ore is perfect. This conclu
sion is confirmed by practice. The magnetic are not the 
most profitable ores, because ®f the amount of fuel they 

* consume. The same remark applies to the conipact 
oxides, to calcareous ore, and to silicious and clay ore. 
For this reason, the latter do not yield Well. By mixing 
the various kinds of ore, the virtues of one will coun
terbalance the imperfections of another. The desidera
tum. is to find a proportional admix;ture united in a 
native ore. In practice, the ores are mixed in a certain 
ratio with this object in view. This conclusion leads 

. naturally to the inquiry concerning the different portions 
of each kind of ore, and, consequently* to the constitu
tion of cinder. #

It will be clear,, after reading the above, that the 
knowledge of the composition of the foreign matters in 
the ores, which, when melted together, constitute cin* 
der, and the knowledge of the circumstances under 
•which the most favorable results can be obtained, are 
highly valuable. Iron, under certain conditions, can be 
melted ; if  protected against oxygen, it is unaffi^ted by 
heat. Like other metals, it is more fusible when an 
alloy is combined with i t ; it is most fusible when com
bined with phosphorus, sulphur, or carbon. The latter 
element is preferable, because phosphorus and sulphur 
are considered injurious to the quality of the metal. . 
We are thus led to conclude that, if iron could be com
bined vvith carbon under all circumstances, it would be

    
 



424 THE METALEUEGT OF IRON.

equally liquid, no matter from what kind of ore it has 
been smelted. T h is. conclusion is true ; but we have 
seen that some ores will no t make cai’burej;ted iron at 
a ll ; and that others, which make it.in abundance, can
not precipitate all their iron, on account of the refrac
tory quality of,its admixture. I f  an admixture of ore 
is just as fusible as the iron itself, the iron and foreign 
matter will separate spontaneously. This is the princi
pal, the surest and most profitable way of smelting; and 
this is to be our aim..

From this, it is apparent that the appropriate way ^  
^ 1‘oceeding will be, so to combine different ores that the 
iron and foreign matter will melt at the same moment, 
|)r, what is the same thing, at the same temperature.

If  such a mixture is porous, it will absorb carbon, 
and offer a chance of smelting by a lower temperature.^ 
i f  .its composition is favorable to the absorption of car
bon, the only difficulty which remains is the production 
of a cinder quite as liquid as the iron. This is per
formed less easily than we should at first conceive; for, 
if  we compound the material for the making of cinder, 
it is only under certain conditions that we arrive at the 
best results ; apd these conditions are, to a great extent, 
limited to local elements.

Mr. J. H. Alexander, of Baltimore, ‘tells us, in his 
Repgrt on the Manufacture o f Iron, that the difference 
in  the consumption of fuel varies according to the fusi
bility of the, ore, and it appears from this table that the 
richest ores consume the most fuel], which, however, 
may be the consequence of certain conditions of,the 
ore afld limestone used, as we shall see under Charges, 
etc., in a future chapter, and may have no essential re
lation to mere richness of the ore. [We extract the 
.following table from hiS Report:—
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Table showing the probable consumption of charcoal per 100 parts 
of crude iron, with ores of different sorts. ‘

BcCnomination.

F u s i b l e  o r e s — yiM din g

'O r e s  o f  m e a n  fusibility-:—y ie ld in g

(5Ves h a r d l y  f u s ib le — y ie ld in g

Proportion of metal 
per 100 ore.

r  25  to  30 
‘•I 3 0  “  35 

3 5  “  4 0  
3 0  “  4 0  
40  
5 0  
30 
4 0  
50

Charcoal consumed 
per 100 metal.

66 to  9 0  
90

50
60.
4 0
5 0
60

120
110
1 40

.1 8 0 -
1 6 0
210
250

110
1 8 0
1 4 0
1 8 0
220
200
2 6 0
3 0 0

These results, applied to tons of iron arid bushels of 
coal, would give us from 100 to 440 bushels of charcoal 

•  per ton of iron.
To understand this table properly, we may retriark 

that the above amount of fuel will be consumed, if \ve 
manufacture gray iron. . The rich specular ores, the 
spathic ores, &c., do not consume much fuel, if we are 
satisfied with vrhite metal, and suffer a portion of the 
ore. in. combination with the foreign matter, to form 
cinder. . • ■

The relative degree of fusibility of the cinder is, how
ever, the main ‘point to be sought. • Where the cinder 
is too thick and pasty below the tuyere, the iron glob
ules cannot pass the blast without injury ; where it is* 
•too liquid, it will leave the iron too soon, and thus, ex
pose the. metal to the influence of the blast. The most 
desirable condition is that in which the cinder and iron 
have the sanie fusibility, and arrive together in the 
hearth before either is sufficiently heated for melting. 
I f  one should be more fusible than the,other, that one 
is the cinder. But to secure this high state of fusibil
ity, and at the same time to smelt gray iron, is possible 
only under very favorable conditions.

In practice, we can produce almost any degree of fusi
bility we desire by means ,of lime, clay, and silex. All 
other materials which serve as fluxes are. in quantities 

■ too small to be entitled to notice, and impracticable for'
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general application : such as soda, potash, manganese, 
and magnesia. W e shall cursorily notice these mate
rials, as they are occasionally employed, and as they 
will assist in the explanation of the principles of fusi
bility. •

Soda is the most powerful solvent of silex.or clay; 
after this comes potash, then lime, then magnesia.. The 
alkaline earths, as baryta, strontia, lime, magnesia, and 
alumina form with silex very refractory compounds. If 
but one of these earths is combined with silex, the com
pound is scarcely fusible in the strongest heat of tlje 
blast furnace. Such combinations exist as native de
posits. Fire-clay is a compound of silex and clay, a 
silicate of alum ina; it will resist a very strong heat. 
Soapstone is a silicate of magnesia, and also, bears a 
very strong fire ; but an excessive heat is not required 
to roelt a mixture of pounded fire-clay and pounded 

'soapstone. This principle is the leading feature in the 
art of mixing ores. , .

We see here. that silex, in combination with clay or 
magnesia, will uot m elt; but a mixture of a given 
amount of alkali, magnesia, and clay, with»a given 
amount of silex or acid, is fusible. If  to the above two 
silicates we add a third silicate in itself either infusible 
or strongly refractory, say silicate* of lime, the whole 
mixture is melted at a lower temperature than that at 
which any two pf them will m elt; and if we still add a 
fourth silicate, the fusibility is below the mean temper
ature of the whole mixture. That is to say, if the first 
silicate will melt by itself at 100°, the second at 90°, 
the third at 80°, and the fomth at 20°, the whole, mixed 
together, will rnelt below a temperature represented by 
the sum of all the temperatures added together, and 
divided by the number of primary silicates. Thus, 
100°-fc-90°+80°+20°=72° would be the mean; but the 
composition would melt below the mean temperature. -

The filsibility of a binary compound, that is, a single 
base and silex, depends very much on the degree of 
chemical afldnity of the two elements. As we have be
fore stated, soda and silex have the greatest alfinity.
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Then follow potash, baryta, strontia, magnesia, lime, and 
lastly clay, in the order of affinity. That is to say, a 
mixture of one pound of soda and one pound of silex 
will melt at a lower temperature than a mixture of one 
pound of clay and one pound of silex. If the amount 
of one element increases too much, proportionally to the 
other, the fusibility decreases. There is a limit in the. 
relative proportion of matter at which the greatest fusi
bility is produced. The fusibility of a mixture of baryta 
and silex ranges between thirty and seventy per cent. 
In  cases where the isilex is less than thirty, and more 
than seventy, per cent., the mixture is equally infusible. 
So far does this law extend, that the most fusible com
pounds permit the greatest, range, and the least fusible 
are confined to the narrowest limits. . Potash is fusible 
by itself, and a mixture of ‘ ninety-nine silex and one 
soda or potash is not .infusible ; while the fusibility of a 
lime silicate ranges only between twenty-five and forty- 
seven per cent, of lime, and a strontia silicate is con
fined to but one proportion, that is, forty-five strontia 
and fifty-five silex. Silicates of alumina ancl pf mag
nesia are not fusible at all in the heat of a blast furnace.

The alkalies proper and the alkaline earths are not 
the only elements which form fusible compounds with.. 
silex. The mbtallic oxWes, in Obedience to the law of 
aflSnity, possess this attribute in a higher degree even 
than the alkaliiie earths. The oxides of bismuth, lead 
and iron especially,,form fusible compounds; of these, 

’however, the silicates of iron alone interest us. The 
protoxide of iron forms with silex a very fusible Com
pound, which reaches from 40 to 82 per cent, of prot
oxide, and is not far behind the lime. Peroxide of 
iron silicates are almost infusible. Copper, zinfc, and tin 
silicates are scarcely fusible. ’

Amongst the electro-positive elements (the bases) of 
the above enumerated compopnds, we should pay par
ticular attention to the behavior of clay under different 
circumstances. Alumina is not a  strong alkali, but 
possesses the remarkable property of becoming an alkali
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where an alkali is needed, and of forming an acid where 
there is a surplus of alkali in the composition.

The tendency of the alkalies or their carbonates to 
dissolve metallic oxides is a fact worthy of specid no
tice. Six parts of carbonate of potash 'dissolve one part 

'o f  iron protoxide, and carbonate of iron is still more 
.soluble. The catbonfttes of lime and magnesia dissolve • 
protoxide and carbonate of iron very readily. Other 
metallic compounds of that kind are of no interest to 
us.

Silicates, or the melted and liquid compounds of 
alkalies and silex, possess the property of dissolving 
metallic oxides, and often to a. large amount. Such 
solutions are, to a greater or less extent, colored; some
times they are white. The protoxides of iron impart a 
green color to the cinder,' and, if in lai’ge quantity, a 
black color. Magnetic oxide colors the cinder brown, 
and, when in large amount, black. Peroxide • of iron 
imparts a dirty yellow or reddish color to the cinder; it 
is but little soluble. Carbonate pf iron imparts to cin-̂  
der a'W.hite or yellow color. Colors imparted by other 
matter will be mentioned in another place.

It may be mentioned that free lime, or a surplus of 
. lime in cinder, possesses the property of absorbing sulphur. 
Pree alumina, or a surplus of alitmina if an abundance of 
alkali is present, will absorb phosphorus, and carry it off 
in the.cinders. The same remark applies to lime.

After the above consideration of the general principles 
in the formation of cinders, we are led to, inquire, what 
constitutes a good cinder ? A positively good cinder is 
one which is fiisible at that heat at which the iron it in
closes w’ill become liquid. The lower that temperature, 
the less vi'ill be the amount of fuel used in the process 
of smelting. From this it is obvious that the fusibility 
of the cinder should bpar a certain relation to the me
chanical form and chemical composition of the ore. An 
open, porous clay ore will require the most fusible 
cinder; and a calcareous ove, a refractory admixture. 
Different degrees of fusibility require distinct compo-. 
sitions of cinder and 6f iron ; therefore, "the cinders
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from differently composed ores, and from different fuel, 
will require different temperatures for smelting.

The degrees of heat at which iron containing .more or 
less carbon will melt, are not accurately known. ‘ Accord
ing to our own calculations, the fusibility of pig iron is 
not beyond 2700°, because the fuel in the blast furnace 
cannot produce a higher temperature. Many able ob
servers have concluded that the temperature exceeds that 
point, but that it is not beyond 3000°. We may, from 

.these premises, conclude that the melting point of the 
different kinds of metal ranges between 2000° and 
3000°.. ‘ .
. Tn investigations concerning the fusibility of silicates, 
cinders, and artificial compounds, s6me very useful ex
periments have been made, from which we select the 
following

A furnace cinder, composed of silex 50, alumina 17, 
protoxide of iron 3,Tinie 30, melted at 2576°.

Another cinder,, composed of silex 58, alumina 6, 
protoxide of iron 2, manganese 2, magnesia lirhe 22, 
fused at 2500°.

The latter is a very complicated cinder, and ought to 
• melt at a somewhat low heat, but its composition is of a 
very refractory character, as may be observed from the 
large amount of silex it' contains. These cinders will 
bear comparison with the. anthracite cinders of Penn
sylvania.

A greenish, rather dark cinder, from a charcoal fur
nace, melted at 2498°.

We shall have an opportunity of presenting further 
analyses of cinder in another chapter. It ought to be 
remarked that in forming artificial cjnder from very 
finely powdered elements, the temperature at which the 
smelting begins is always from 500°' to 700° higher than 
that at which the cinder is kept liquid. The truth of 
this remai'k is suflSciently proved, by the refractory cha
racter of th» elements. . Hence results the necessity of 
reducing the size of the materials, as far as practicable. 
Wbei-e the elements of the ore are very, refractoi'y, the 
finest division is required; but where the elements of a
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very liquid cinder are contained in the ore itself, the 
breaking of the ore requires no special attention.

It is very seldom in our power to select an ore, for our 
smelting operations, which contains in itself the ele
ments of-a-good cinder. Sometimes we are enabled to 
mix those ores which form a good cinder, and which flux 
each o ther; but in most cases we are compelled to add 
a simple flux to the ore we have selected. This is found 
to he most profitable if we are enabled to add lime
stone to our ore charges. The reasons why limestone is. 
the best flux are the following; For various reasons,we 
generally attempt to smelt gray iron. To effect this 
object, it is necessary to produce, or we at least desire, a 
cinder but slightly moi'e fusible than the iron itself. 
Gray iron is most easily produced from clay or siliciousore, 
or from very porous oxides. Where we have a choice 
between a clay and a calcareous ore, the former should 
be selected, for it.offers greater advantages than the 
latter. If  a clay ore is fluxed by lime, the lime will not 
melt in the upper part of the furnace, but .will descend 
into the hearth in its original form, sometimes burnt 
into quicklime^ but very often as a carbonate. Now, if 
prepaz’ed ore descends, the lime is ready to receive the 
clay and silex, and the iron is . speedily separated ; the 
whole mass in the hearth, hot coal and lime, through 
w'hich the'ore and iron are to pass, is favorable to the 
reviving of the m etal; and should particles of iron and 
foreign matter even be melted together, there is.a chance 
that a separation will be effected. But this is not the 
case where calcareous ore is smelted. I f  the amount of 
lime mixed with the ore is so large as to require a flux 
of clay' or silex (under all circumstances, clay is prefer
able, because it contains a portion of silex), the silicious 
matter will descend to the tuyere, and there wait for the 
lime * the calcareous ore does not melt nor yield its, iron 
until it arrives at the tuyere, that is, if the ore contains 
no other matter which would make it fusible. In this 
case, the whole process of forming cinder is accom
plished very nearly before the tuyere; while in the
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former case, the process will, in most case.s, commence 
higher up in the hearth.

We. have thus endeavored to explain, in as simple a 
manner as possible, the theory of the blast fiirnac.e. The 
composition of cinder, a subject less easily understood 
by those who have not studied chemistry, deserves our 
closest attention. To bring this subject to. the compre
hension of all who desire information, tve shall conclude 
this chapter by presenting a series of applications, drawn 
from ore analyses, contained in Rogers’s Report on the 
Geology o f Pennsylvania.

To convey a clear idea of the specific object we desire 
to accomplish, we shall insert'the following analyses of- 
furnace cinder, taken from Mr. Alexander’s Report. 
W e shall also attempt to reconstruct from the ores of 
Pennsylvania such cinders as are taken from furnaces in 
Europe. • .

C h a rc o a l F u rn a c e s . b o k e  F u rn a c e s .

P e ro x id e  o re s . S p f tr ry  c a rb o n a te  ores.
C a rb o n a te s  of the 
co a l fo r ib a tlo n s .

1 2 3 4 5 6 7 8 9 10

Silica . . . . ' . 51.84 63.6 31.1 52.0 71.0 37.8 49.6 40.6 43.2 35.4
Lime » . • • • 21.80 24.0 14.1 30.2 7.2 32.2 35.2 38.4
Magnesia. . . . 4.82 1.2 34.2 5.2 5.2 8.6 15.2 4.0 1.5
Alumina > . . ' . 15.21 3.8 8.9 5.0 2.5 2.1 9.0 16.8 12.0 16.2
Prot. of-jron. . . 3.73 1.7 1,0 1.6 5.0 21.5 0.4 10.4 4.2 1.2
Prot. of manganese 1.16 3.9 4.4 4.7 6.5 29,2 25.8 ... 2.6
Oxide of titanium . ■' ... ... 9.0 ... ... ... ...
Sulphur . . . . ... trace ... trace . . . ... ... 1.4
Phosphoric acid , traee ... ... ... i.. .... ...

• No. 1 is an average cinder of good iron: No. 2 is 
derived from a furnace smelting bog ores.; No. 3 from a 
Swedish furnace; No. 4 from France; No. 5 from Savoy, 
and is the result of bad work in the furnace ; Nos. 6 and 
7 from a German furnace—the first when in bad, and 
the latter when in good, condition; this furnace usually 
melts steel metal, from which German steel is manu
factured. Nos. 8, 9, and 10 are dexdved from coke fur
naces in Wales. The latter specimen is said to be taken
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from the furnace when in bad condition; it,is from the 
same as No. 8,

To imitate these cinders, just as they appear in the 
above table,'would be almost impossible. But this isnot 
required. We can arrive at the same result by another 
method-r-a somewhat indirect one, to be sure, but still 
tending to copsummate the desired result. , There is a 
law of chemistry , which governs the present case; 
namely, that a certain amount of silex or acid requires 
the saturation of a certain amount of base, suqh as lime, 
or magnesia, or protoxide of iron, so that no base or 
acid be left tincombined. In such a neutral condition, 
the cinder will be most fusible. Now it matters not 
whether lime is replaced by magnesia, by protoxide of 
manganese, or by any given base; but there should 
never be a large surplus either of acid or alkali in 
the furnace, for such a surplus will remain refractory, 
and finally occasion much trouble. The elements which 
combine to form a fusible cinder are the oxides of 
metals ; and the amount of oxygen in the silex or acid 
jnUst be equal to the amount of oxygen in. the'base, or 
it must be present in a proportion two or three times 
greater, or two or three times less, than the amount of 
oxygen in the base; that is to say, the one must be 
united with the other in definite proportions. An 
enumeration of the equivalents of the various com
pounds necessary to be taken into consideration may 
be found in any handbook of chemistry. Tn the 
foregoing, as well as the following demonstration, vve 
must not be understood to say. that, with the satura
tion of the silex by different alkalies, the degree of fusi-. 
bility is the.same; but that the saturation to which 
we allude, is a neutralization by which a surplus either 
of alkali or acid is prevented.

In the above table, the average cinder, No. 1, maybe 
considered a fair specimen for imitation. For pi;actical 
purposes, it is not necessary that the equivalents should 
be numerically correct. A small surplus of oxygen in 
either respect should not be considered very injurious. 
Should we wis“h to imitate cinder No. 1 at a charcoal
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furnace situated near the canal, Westmoreland County, 
Pa., we shall find that, at the locality, the main body of 
ore is of rtie ar-gillaceous kind. A specimen of this ore, 
taken near Blairsville, exhibited, according to an analysis 
of Prof. Rogers, the following, composed in 100 parts;—

Carbonate of fron 
Carbonate of lime 
Carbonate of magnesia 
Alumina
Silica . . . ,
Water, &c. .

7 1 .1 9  
3 .5 0  
2 72  
2.10 

1 7 .55  
2 .9 1

W e are not concerned, at present, with the iron and 
•water, but with the other ingredients. The proportion 
of the silex in the ore is only 11.55; but the table above 
presented calls for 51.84. We must, therefore, multiply 
all other oxides by the number resulting froin the divi
sion of 51.84 by 17.55, which is 2.9. Alumina 2.10 x 
2.9 6.09, which leaves a deficiency of 15.21 — 6.09 =
9.12 alumina. Carbonate of magnesia is composed of 
44.69 magnesia and 35.86 carbonic acid. We assume 
it to be a subcarbonate, which is generally ’the case; 
then the amount of caustic magnesia in this specimen 
of ore •will be

((44.69 + 35.86) : 2.72=44.69 : x  2.9 3.77.
But we want 4.82 magnesia; therefore a deficiency of 
4.82—3.77=1.05 magnesia is left. Cafbonate of lime 
is a compound of 56 lime and 44 carbonic acid. In the 
table, the proportion of lime is 21.80. The ore con
tains but 3.50 carbonate of lime ; thus making

((56 + 44) ; 3.50^66,: .r) X 2.9 =  5.99:

therefore there is a deficiency of 21.80—5.99=15.81 
lime. Taking the whole 15.81 lime, 1.05 magnesia,
9.12 alumina, a small quantity of iron and manganese ' 
is yef required. The ashes of the fuel will deliver a 
portion of the alkaline matter, but its quantity is com
paratively small; and our labors would be unnecessarily 
complicated if we should take that into account. Our

28
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next object should be to find a, mineral flux which con
tains whatever matter we need. No useful purpose will 
be served by mixing the ore with another from* the same 
neighborhood; because none can be found which con
tains the requisite amount of clay and manganese. In 
the coal regions- along the canal, among the various 
veins of different composition, an ore may be found suit
able to match the above. W e select from Rogers’s 
Report an analysis of a specimen found §t Brighton, 
Beaver County. As the same strata of rock from which 
this specimen was taken are accessible at the Pennsyl
vania canal, there is a possibility that an ore like it, or 
similar to it, may be found in its vicinity. The Brigh
ton ore contains

Carbonate of iron, . . . .  43.89
Carbonate o f manganese, . .' . 7.20
Carbonate o f lime, . . . .  . 42.51
Carbonate of magnesia, . . . 3.57
Silex, & c . , ....................................................0.40
L o s s , ............................................................. 2.43

The silex, in this analysis, may be neglected. If its 
amount were greater, it would be necessary to add it to 
the silex of the first specimen, and correct the basic ele
ments accordingly; that is, to add to the silex of the 
first specimen the silex of thp second, and to subtract 
from the lime, magnesia, and alumina, according to the 
ratio of the silex added. •

In the above specimen, we have 42.61 carbonate of
lime, which will be equivalent to ^(56.44) : 42.51=«56:
X =  23.8 lime. We have also 3.57 carbonate of mag-

.nesia, which is equal to ^(44.69-1-35.86): 3.57=44.69:
and X is ,1.59 magnesia. The manganese amounts to 
4.75. In comparing the whole, the result is as follows:

The analysis requires First ore.
Silex 51.84 61.84
Lime 21.80 6.99
Magnesia 4.82 3.77
Alumina 15.21 6.09
Protoxide of iron 3.73
Protoxide of manganese 1.16

- 1-

+

Second ore.

23.8 =
1.69 =

Total.
51.84
29.79

5.36
6.09

4.76 =  4.75
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The first may be considered an argillaceous, inclining 
to a silicious ore, and the second a true calcareous ore. 
Each of these ores fluxes the other almost completely, 
at least suflSciently for every practical purpose. The 
mixture of these two ores would wor^ exceedingly well, 
and readily produce gray foundry metal; with greater 
facility even than the original or model cinder in the 
table of Mr. Alexander. But the metal thus produced 
would not'be so strong as that smelted by the modgl 
cinder ; neither would it be so well adapted to produce 
forge metal, because of the deficiency of alumina in the 
Bolivar ore. These ores Should be mixed in the ratio 
of 2.9 of the first to one of the latter; the resulting mix
ture would yield 30.1 per cent, of iron, for the first ore 
contains 34.37, and the second 20.79, per cent, of iron.

If no calcareous ore can be found at a reasonable 
price, a dead flux, ^uch as lime, should be employed. 
The first, or Bolivar ore, coptains clay in quantity rather 
too small to make forge ttietal, but in quantity sufficiently 
large to produce foundry metal. If it is oUr design to 
smelt the former, an addition of clay, or of limestone 
which contains clay, should be preferred to pure limcr 
stone. Jn the regular limestone strata of that region, 
limestone which contains even one or two per cent, can 
scarcely be found ; but in ihe shale strata of the same 
region, there exist small deposits of an argillaceous 
limestone called cement lime. From these sources,  ̂a 
profitable flux fiy the above ore may be obtained.

In Mr. Alexander’s table, cinder Ko. 3 is taken from 
a Swedish furnace: this cinder is refparkable on account 
of the large amount of titanium it contaips ; titanium is 
generally the companion of magnetic ores. A sipiilar 
ore exists at Lake Champlain in large quantities, the 
w'orking of which is different from that of most mother 
ores. We shall therefore make some remarks on this 
subject, for not only the Lake Champlain ores, but most 
of the magnetic ores of New York, Wisconsin, and Mis
souri contain titanium. It is said that the above ore 
contains 11 per cent, of oxide of titanium; this will 
account as well for the many difficulties encountered in
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smelting it, as for the great expenses incurred in manu
facturing iron from it. Titanium, or titantic acid, 
neither benefits the iron ore nor injures the metal man
ufactured from i t ; still, it may occasion much trouble 
in the furnace. I t  does not combine with iron, silex, 
lime, potash, or anything else ; avoiding all connection 
with contiguous atoms, it associates neither with the 
individuals of the alkaline nor with those of the acid 
series. Still, there is a way of getting rid of this ex
ceedingly troublesome substance, that is, by letting it 
go with the masses of cinder. Titanic acid does not 
melt by itself, nor with anything else. I f  present to 
the umount of ten pet cent, in the ore, a neutral matter, 
amounting to 330 pounds, will thus exist in every ton 
of iron, that is, if we take only a ton and a half of ore 
to the ton of m etal; but, on an average, two tons of ore 
are required to produce a ton of metal. I f  but a tenth 
part remains in the furnaces, it will speedily accumu
late, and obstruct the passage of the cinder ; and this 
obstruction no heat can remove. Protoxide bf iron, 
though in a very low degree, and its isomeric com
pounds, are solvents of titanium ; but the quantity re- 

• quired for this purpose is so large that we canimt think 
of making use of them in the blast furnace. On this 
principle the Catalan forge is conducted ; the titanium 
of the ore is carried otf by the subsilicates of that pro
cess. At the blast furnace, all our endeavors are di
rected to the extraction of every partjcle of iron from 
the ore. We thus act in a manner precisely the reverse 
of that in which we ought to act in this case. Instead 
of being indifferent concerning the loss of a . small quan
tity of t)re, the heat is increased, and most of the iron 
revived; while the titanium, thus deprived of all chance 
of leaving the furnace ^peaceably, remains with some of 
the cinder as a cold, pasty mass, which the hottest blast 
will not soften into a fluid slag.

If we wish to revive most, or all of the ii*on, in cases 
where titanium is the enemy against which we have to 
contend, our most successful plan of operation is to in
crease the foreign matter, and to form a large quantity
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of a more or less fusible cinder, according to the quality 
of metal to be made. In this case, as in other cases, it 
is not advisable to employ pure silex, or pure clay or 
lime but to select ferruginous clay, ferruginous slate, or 
lime containing iron. Pure lime and pure clay are in- 
jmdous in every instance. Titanium is subject to the 
general law of the solubility of the oxides of metals in 
silicates; and the more fusible such silicates are, or the 
lower the temperature at which they melt, the greater 
is their dissolving power. Hence, where the amount of 
titanium is large, the amount of cinder should b6 un
commonly large, to produce gray iron; but if we are 
indifferent about the loss of a little ore, and smelt white 
forge metal at a low temperature, the fluxing of the fur
nace requires but little foreign matter. Ores containing 
titanium may be considered very favorable for the man
ufacture of steel metal; in many respects, they are pre
ferable to the spathic ores; for, with very little attention, 
they will produce white iron with a large amount of 
carbon, tho very material from which (Jerman steel is 
manufactured. For this purpose, a high stack, and a 
low hearth, or none’at all, like the Styrian furnaces, are 
required: as well as the addition of a flux which shall, 
carry off the titanium. A sandstone hearth would not 
answer so well as a hearth of granite and gneiss.

Cinders No. 4 and No. 5 possess but little interest; 
but Nos. 6 and 7 are taken from a furnace of which we 
have personal knowledge. This furnace is known to 
produce a first rate article, from which German steel 
for the Solingen market is manufactured, No. 6 was 
taken while the furnace labored under too heavy a bur
den ; the metal produced was white, serviceable for the 
.manufacture of bar iron. No, 7 was derived from the 
furnace when in good order, and while smelting gray 
iron, a kind of foundry metal. But for this purpose the 
furnace is seldom femployed; because the region in which 
it is situated abounds in rich spathic ore, and supplies 
no ore of inferior quality. This rich spathic ore is 
scarcely at all adapted to produce soft gray iron. From 
the same furnace we have a third specimen of cinder
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from a different source; this cinder was made vhen the 
furnace was smelting steel metal, that is, a white, cr}'s- 
tallized metal, containing a great deal of carbon. As 
the manufacture of steel rnetal is yet to be carried on, in 
this country, to a very great extent, as soon as our 
ores shall be better understood, we shall make some re
marks which may be useful to those who design to 
engage in its manufacture. We shall call the following 
specimen of cinder. No. 12:—

^ S i l e x  . . .  . . . 4 8 .3 9
L i m e  . . . . . . “
Magnesia . . . . .  .10.22
Alumini . . . . .  6.66
Protoxide of iron . . . . .06

“ “ manganese . . . 33.96

The ore employed in cinders Nos. 6, 7, and 12 was of 
the same composition. Nothing but its burden was 
changed. In No. 6 it was heaviest; in No. 7 lighest. 
I t  will be observed that there is a considerable increase 
of silex from No. 6 to Nos. 12 and 7. No. 7 contains 
the largest amount of silex, but scarcely any iron.. The 
iron contained in No. 6 is replaced by magnesia, alumini, 
.and manganese. Scientific investigation shows us that 
the cinder from gray iron contains fifty per cent, more 
oxygen in its silex, in proportion to the oxygen of the 
alkali, than the cinder from white iron. No. 6, contains; 
the latter is almost a single.silicate, in which the oxygen 
in the acid is equal to the oxygen in the alkali.

The characteristic feature of cinder No. 12 is that it 
contains no lime. This is an important circumstance. 
The lime is replaced by manganese; but we cannot ex
pect, in.every instance, to find manganese in quantities 
sufficiently large to flux the cinder. This remark applies 
especially to the magnetic ores of this country. There
fore, if we wait until we find an ore which can be fluxed 
by the manganese it contains, before we succeed in man
ufacturing steel, we shall be under the necessity of 
waiting a long time. An addition of black manganese 
will be highly serviceable; but this can be only partially 
applied; partly on account of.its expense, and partly
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* because of the limited quantity in which it is found. 
Neither lime, magnesia, nor any of the alkaline earths, 
are of any use. Protoxide of iron is inefficient, because, 

•in spite of all our efforts, it will be dissolved by the 
temperature of the furnace, and the amount of carbon 
present. The only resource which remains is the alka
lies proper, that is, potash or soda. Soda is preferable 
to potash.

Lime, in this instapce, does not answer the purpose of 
a flux, for the following reasons: Metal adapted for the 
manufacture of German steel should contain a Targe 
amount of carbon, and be as free as possible from for
eign m atter; these are objects accomplished with great 
difficulty in the blast furnace. We are enabledl to com
bine a large amount of carbon with iron in the blast 
furnace; as in the case of gray anthracite iron, or some 
charcoal iron. But this object is always effected by 
means of a strong, silicious cinder; and such iron con- 

■ tains a large amount of silex. But this iron, though an 
excellent forge metal, is not adapted for the manufacture 
of steel.

The combination of the revived metal with carbon 
may be eflfected With comparative facility, as we have 
before demonstrated. But in the present case, we need 
a metal free from foreign matter; therefore it is requi
site that we employ an ore as free as possible from 
foreign matter. We have an abundance of such ores 
in this country from Maine to Alabama, and from Iowa 
to Texas; but the usual method of conducting blast fur
nace operations will not enable us to produce the re
quired metal. Silex and clay, if they are present in the 
ore, do no harm to the metal; but lime is injurious. 
Lime facilitates the reviving of iron in a higher degree 
than any other alkali. While it protects the bright sur
face of the metal, it will prevent, and sometimes even 
dissolve, the combination of iron and carbon. For these 
reasons, lime is inapplicable to our purpose. Still 
another reason is, that the affinity of, lime for silex is 
not sufficiently strong to prevent the combination of silex 
and iron; and -in the presence of a surplus of carbon,
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silex will be reduced to silicon, and, combining with the 
irdn, will make it brittle, and useless for the manufac
ture of steel.

The application of soda or potash in furnace opera-* 
tions, as a means of fluxing, has been recommended by 
various writers; but we are not aware that a successful 
experiment has ever been made. While the application 
of these fluxes will improve the metal for the forge, it 
will impair its malleability as a fojindry metal.

The hearth and in-wall of a furnace suitable for the 
manufacture of steel require a thoroughly different con- 

. struction from those of ordinary furnaces. The material 
employed at common furnaces cannot resist the action 
of strong alkalies; but of the material of which a hearth 
should be Constructed, we shall speak hereafter. A dif
ferent internal form from that of common furnaces is 
required. The interior should be high; there should be 
no hearth, or a very low one. The blast should not be 
too strong, but in abundance. Very rich ores are desir
able, in case artificial flux is to be employed, for expenses 
will augment in proportion to the amount of foreign 
matter contained in the ore. I t is worthy of remark, 
that steel metal can be manufactured, so far as charcoal 
is concerned, at a very small cost; for, in Styria, where 
a large number of furnaces produce this metal, less fuel 
is consumed than in any other blast furnaces in the world.

The analyses of cinders Nos. 6, 7, and 12 show con
clusively that cinders from the same furnace, from the 
same ore, and produced, with the exception of burden, 
under the same conditions, differ greatly in composition. 
The* eforc we should be cautious in drawing conclusions 
from analyses of cinder, and avoid hasty imitations. We 
do not always know to what kind of work the cinder 
belongs. The theory of the artificial composition of 
cinder, which has of late been so highly developed, may, 
while it is useful to the utilitarian, seriously mislead the 
speculator, who, in his eagerness to secure profitable 
results, fails- to examine whether his conclusions are 
drawn from sound or insufficient premises. The rules 
with which science has furnished us in relation to the
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Tudiments of the business have, thus far, been applied 
only to a very limited degree; therefore we cannot 
expect that improvements, based upon conditions thus 

-incompletely fulfilled, will be altogether successful. 
Speculative minds are too little disposed to notice slight 
imperfections; but these imperfections constitute the 
greatest obstacle to the progress of the business. Were 
.they properly estimated, and due pains taken to correct 
them, the United States would be enabled, in a few 
years, to compete against the world in the manufacture 
of iron.

We conclude that cinder No. 10, on account of the 
large amount of lime it contains, produced red-short iron 
and white metal. No. 9 is decidedly of better quality; 
and close investigation will show that this cinder pro
duced gray metal. To enter into details upon this sub* 
ject would probably be less acceptable to the reader than 
to present the subject in as brief and significant a 
manner as possible. We infer that No. 10 produced 
white iron, because the amount of oxygen in the alkali 
is greater than that in the silex; whence it follows that 
the cinder is a basic or subsilicate. To make gray 
metal, at least a single silicate, that is, the presence or an 
equal amount of oxygen in the alkali and acid, is re
quired. The process will be more effectual if the 
amount of bxygen in the silex is greater than that in the 
alkali. This is the case with respect to No. 9; and, in 
spite of the large amount of protoxide of iron present, 
the cinder is the result of a good quality of metal. I f  
not excessively gray, it is at least go.od foundry m,etal, 
made by cold blast. No. 10 is a peculiar cinder, and is 
from the same furnace as No. 9. The furnace is said to 
have been in bad order; but this cannot be true, because 
the amount of sulphur in this cinder is 1.4 per cent. 
Nearly three tons of cinder, at a coke furnace, are pro
duced per one ton of metal; therefore, should a good 
cinder have been made, the iron of No. 9 ought to con
tain three times 1.4 per cent, of sulphur. But this 
amount would render the iron entirely useless, even 
though the largest proportion of sulphur present was
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,expMled. Be this as it may, the coal or the ore of the 
furnace at the Dowlais Works, in Soutk Wales, con
tained, a large amount of sulphur, which is visible in No. 
10J-- We, allude to this cinder especially, because it was 

'produced,under, conditions which resemble very closely 
those which exist at the Great Western Iron Works, in 
Pennsylvania.'

The presence of sulphur in the furnace occasions great 
annoyance. In the case before us, the furnace required 
a large charge of limestone to produce, even at a high 

Hemperature, a surplus of lim e; for this is the best 
.means of carrying off a certain amount of sulphur. A 
high temperature will produce a white cinder, streaked 
with various shades. This cinder contains, besides a 
Silicate of lime, a sulphuret of lime, and is characterized 
by soon losing its lustre on being exposed to the atmos
phere. If, under such circumstances, the temperature of 
the furnace falls below a given point, the cinder changes 
rapidly into a pitch black, heavy mass, containing a 
large amount of sulphuret of iron. The same circum-’ 
stance happens where too small a quantity of limestone 
is used. In this case, the sulphur, having no free alkali 
with which to combine, follows the iron into the pig bed, 
where its presence is indicated by the odor of sulphur
ous acid. If the furnace is cooled below the tempera
ture at which gray iron is usually made, the cinder, by 
absorbing sulphuret of iron is soon blackened. In such 
cases, the smeltihg of gray metal is accompanied with 
difficulties which absorb*more attention than can well be 
spared. In addition to the difficulty of continuing a 
furnace on gray iron, the metal produced is of inferior 
quality,_and unsuitable for the market. To get rid of the 
sulphur is indispensable, for, whether we bring the pig 
iron to the forge or to the foundry, it is, in all cases, ex
ceedingly troublesome.

There is no resource left but an excess of limestone. 
This will, of course, produce white metal, and, if hot 
blast is employed, of very inferior quality. In this case, 
it is necessary to work the furnace with light burden, to 
prevent the formation of black cinder, which will absorb
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too much iron. The revived iron, or iron ore, In the 
upper part of ■ the furnace, will be satuTated .with 
carbon ;■ and at the high temperature of the hearth., the 
silex, and even the lime, will be reduced to their cori'e- 
sponding metals. These metals will combine with ’the 
iron; and having, whei-e hot blast is employed, little., 
chance of being oxidized, they will of course follovv the 
iron to the bottom, and be troublesome both in the forge 
and in the foundry. Metal, thus produced, is so brittle 
and hard as to be unfit for foundry use.

\Ve have thus presented an instance in which white 
iron, smelted by a high temperature, contains little ot no 
carbon. In charcoal furnaces, on the contrary, the naetal 
contains a large amount of carbon; but this applies.oply' 
to those cases in which no limestone, or limestone in 
very small quantity, is used. In this, as in every case, 
the disappearance of carbon results from the large quan
tity of lime in the furnace. The result is the same, under 
similar circumstances, in charcoal furnaces. The weak
ness of the metal is to be attributed principally to an 
admixture of silicon, and perhaps of calcium—both very 
bad admixtures—with the use of hot blast. In this case, 
the cold blast will produce better metal than hot blast, 
because of the oxidization of sileX by the former. By 
the latter, the oxygen is not so quickly absorbed; the 
iron which sinks is more exposed to oxidation; and of 
course calcium, silicon, and carbon will be Sooner oxi
dized than iron. But of this matter we shall speak 
hereafter.

As we have seen, cinder No. 10, compared with No. 
0, contains very little iron. This cindei* may be consid
ered the regular mixture of ore and flux for the location 
whence it was derived; because,- if it contained less 
limestone, the metal, in addition to being very hot-short, 
would be produced in very small quantity. A surplus of 
limestone-would produce a better yield, more easy work, 
and metal of good quality, however white it might be. 
The application of cold blast in smel^ng is, so far as the 
quality of iron is concerned, undoubtedly preferable to 
that of hot blast, because of the large quantity of lime
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which is exposed to its action. W here the blast is cold, 
the limestone will be chilled; and the cinder ^nd iron, 
in their passage through them, will also become chilled. 
Where hot blast is employed, there is a more uniform 
heat in the hearth, and no obstacle prevents the passage 
of the cinder; because even the unmelted parts are suffi
ciently warm to facilitate the process of smelting, and 
the discharge of the fused mass.

■ From what we have stated, we, deduce the following 
conclusion: that the best method of using sulphurous 
materials is to smelt them by an excess of alkalies. The 
resulting metal may be gray or white. This is both 
theoretically and practically true. We may add, that 
the smelting of sulphurous minerals should, where prac
ticable, be avoided. But where we cannot avoid using 
them, we should employ the hot blast, and work with as 
low a temperature as possible, with the view of expelling 
silicon.]

C H A P T E R  VI .

PKACTIO E OP G H AEG BS, M IXING O P ORES, CINDERS.

T h e  t e r m  c h a r g e  i s  u s e d  a t  t h e  b la s t  f u r n a c e  to  in d i
c a t e  t h e  p r o p o r t io n s  a n d  a m o u n t  o f  c o a l ,  o r e , a n d  flu x es ,  
i n  t h e  a g g r e g a t e ,  p u t  i n  a t  t h e  t u n n e l  h e a d  o f  t h e  fu r n a c e ,  
a n d  fr o m  w h ic h  t h e  i r o n  i s  “ r e d u c e d ,”  o r  “ r e v iv e d ” as it  
w a s  f o r m e r ly  s t y l e d .

Iron-masters are turning their attention more and 
more to the importance of the proper mixing of their 
ores. We wish to speak of ores in their component 
parts and the customary mixing prdportions, together 
with the resulting irons and cinders both cold and hot; 
for although, scientifically, we hear much of the color 
and composition «f cold slags, any iron-master knows 
that hot slags will, to a practised superintendent, indi
cate the state of the furnace, and, indeed, almost the
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very grade of iron in the furnace hearth justHmder that 
hot slag.

We are well aware that the Charge Book is the inner
most history of intelligent action on the part of an iron 
furnace company, and that, as in steel works, not every 
manager is willing to have his “proportions” or his 
Charge Book overhauled. But we are also aware, as 
many others are, that two managers may work at tw© 
furnaces with exactly the same charges and the same. 
ores, and yet not always produce exactly the same iron. 
Much is dependent upon the furnace, its hot blast, pres
sure of blast, and upon the manner of preparing and in
troducing these charges, the height of tunnel head, etc.

There is no very great and, mysterious secret in 
charges, to the practicmly scientific man who thoroughly 
knows the composition of his ores, limestone, and coal.

I t is evident, then, that the essential prerequisite in the 
determination of a proper charge, is a perfect knowledge 
of the nature and composition of the ore, limestone, or 
other flux and the coal, coke, or other fuel used in the 

■ charge: that is, a knowledge of elements and of their 
proportions. This is the first step. The second is to 
ascertain the effect of any element in the ore upon the 
iron about to be made from the ore, or its effect upon the 
cinder whose fluidity and nature would be satisfactory 
in the absence of that element. For instance, a good 
cinder may be, as we have quoted from Percy (page* 
165), silex 38, alumina 15, lime 47 in one hundred parts', 
when the gangue consists purely of these ingredients, or 
elements, and there is nothing else present in that ore 
but oxide of iron. It is not necessary that these propor
tions be strictly observed; a slight variation of one or 
two parts, as we have repeatedly found in the laboratory, 
is not followed by any perceptible variation in result, so 
that we may say that a good type flux, or charge, is 5 of 
silex, 2 of alumina, and 7 of lime. Were these the only 
elements, and were they in these proportions exactly, in 
every ore, then all that would be needed would be coal 
sufficient to raise the ore to the necessary temperature and 
the gangue, or the silicious, aluminous, and calcareous

    
 



446 THE METALLURGY OF IRON.

elements would unite, become liquid, rise to the surface,, 
and the iron being heavier ^ould subside to the hearth, 
and the work of reduction would be complete. But even * 
if this were the case, there is, sometimes, a quality of, 
iron required which cannot be obtained by this cou*'se, 
or by Dr. Percy’s type, which is, emphatically, a special 
British coke type, nor indeed by any one type however 
perfect in itself. For foundry purposes, a gray, and tho
roughly liquid iron is called for. The iron is not carbu
rized if the method of charging be strictly carried out 
as a.bove stated. Therefore, the carburizing desired must 
be effected by means of the coal, and one step in 
departure from the above method is such a disposal of 
the coal that mote carbon may be brought in contact 
with the iron than is necessary for the mere effect of 
heating; that superabundance of carbon will therefore 
be left free to unite with the iron under the condition of 
heat, tq which we have already alluded in a previous 
chapter in Part I, This, therefore, is the simple state-* 
ment of the practical first principle upon which we pro
ceed in the proportioning of the elements of all charges 
in the blast furnace.

W e shall introduce the practice by a series of examples 
of charges as proportioned in successful practice abroad, 
and afterward by a series of the same at home, and close 
this chapter by some practical remarks as deduced from 
•the whole European and American practice.

Let it be understood that while there may be a type 
cinder, there will be modifications, and these are to be 
noticed as we proceed, for they are suggestive of the pre
sence of elements which give reasons for an alteration 
of the typal proportions we have given..

The Cleveland, England, main bed of iron stone will, 
on the average, lose 25 per cent, by calcination. The 
raw stone thrown roughly into a heap will weigh about 
1 cwt. per cubic foot when not too wet. The calcined 
stone will weigh i  cwt. per cubic foot when drawn from 
a kiln.*

*  E n g in e e r in g ,  J a n .  18 , 1 8 6 7 .
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That Cleveland ore,' or iron stone, yielding iron cele
brated in England, has the following composition:— *

P e r  o tc id e  iron   ̂ , . . . . 4 7 .5 0
P r o t o x .  m a n g a n e se 0 .58
A lu m in a  ' . . 9 .8 0
L im e 4 .2 8
M a g n e s ia 4 .82
S i l i c a . . . 10 .30
S u lp h u r . 0 .04
P h o sp h o r ic  ac id . 1 .12
L o s s  b y  ca lc in ation . 2 2 .43

100 .37
M e ta llic  iro n • • * SS .2o

The limestone used in Cleveland is principally the 
carboniferous limestone, from "Weardale, in Durham, 
of the following composition, and it is preferred to the 
magnesia limestone found nearer at hand

C a rb o n a te  o f  lim e
Per cent.
93 .72

C a rb o n a te  o f  m agn esia . . 3 .63
P e r o x id e  o f  iron 0.^3

. A lu m in a  . . . . 0.83
S i l ic io p s  m atter . 1.76
M o is tu re  . . . . 0 .09

100 .26

The analysis is of clean samples of limestone free 
from any soil. Another sample slightly varies as fol
lows;—

C a r b o n a te  lim e . 95 .38
“  m ag n esia 2 .46

A lu m in a 0 .38
P r o t o x id e  . 0 .29
S i l ic io u s  m a tte r  . 1 .83
M o is tu re O.IO

100 .44

Calcined limestone is used in only a few cases in 
Cleveland, With a certain advantage, but which advan-
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tage is smaller in the large furnaces than in the smaller
ones.

. The coke is from South Durham, analysis as follows:—
C arb o n . • .  . 91.-12
V o la t i le  h y d r o c a r b o n s . 0.6-1
S u lp h u r . . . 1.00
A sh  . . . . . . . 6.66
M o is tu re  . . 0.28

100 .00

The South Durham coke will weigh about 36 lbs. per 
cubic foot. One ton of this coke, when made in the old 
rouud ovens, represent as nearly as possibl'e 2 tons of 
coal, but in flued coke ovens of improved construction, 
where all possible advantage is taken in consuming thfe 
gas and smoke from this very bituminous coal, as much 
as 65 per cent, of superior coke is got from the same 
coal.

The quantity of coke per ton of foundry iron is about 
25 cwt. This, with the exception of the coal slack 
used in calcining the ore (which is 6 cwt. per ton of iron 
made) is all Used at the furnaces. The No. 1 foundry 
pig iron, from the Acklam furnaces, gives

I r o n  . . . . . . . 91 .37
G ra p h it ic  ca rb o n  . . . . .. ’3 .40
C o m b in e d  “  . , ■ . 0 .08
M a n g a n e se  . . . . . . 0 .64
S ilic o n  . . . . . . . 2 .73
S u lp h u r  i . . . .  . . 0 .07
P h o sp h o ru s  . . . . . • , 1.33
V a n a d iu m  . . . . . . 0 .38

There are traces of some other metals, titanium, 
&c., in this iron, but it is an excellent foundry iron, and 
corr^petes with Scotch pig in many continental markets 
as well as in England.-

I t  is said that there is no standard of charge adopt
ed in Cleveland. I t  varies from 1 ton to 2 tons of coke, 
with ironstone and limestone in proportion. But l)r. 
Percy, on the authority of one of the 'proprietors, gives
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the following general proportions of the above ore, 
stone, and cokes for foundry iron:—

C le v e la n d  ore
L im e sto n e
C o k e

owts. qrs. cwts. qrs. 
8  0 to  8 1

2  to  2 32
6 0

The following is an analysis of Cleveland blast-fur
nace slag. Color, light gray ; fracture, stony ; iron, 
gray foundry :—

S i l i c a  . . .  
A lu m in a
P r o to x id e  o f  iron  . 
P r o to x id e  o f  m an gan ese  
L im e  
M a g n e s ia
P h o sp h o r ic  acid  * 
S u lp h u r

per cent.
. 32 .81
. 2 3 .4 0

0 .3 3 = 0 .2 6  m etallic  iro n  
0 .18  

. 3 4 .9 0
7 .46  

s lig h t  trace  
1 .78

100.86
Another analysis of slag from the same foundry iron, 

gave a little variation as follows :—
S ilic a
A lu m in a
P r o to x id e  o f  iron .

“  m an gan ese
L im e  
M a g n e s ia  
P h o sp h o r ic  acid  
S u lp h u r

3 2 .94  
28 .32

0 .46  
0 .09

84 .94  
7.3.3

s lig h t trace  
. 1.88

100.96
At Barrow-in-Furness, the consumption of coke per 

ton of iron averages 20 cwt. The ore is used in the raw 
state, giving an average yield of 57 per cent, of ir^^? ve- 
quiring nearly 20 per cent, of its weight of limestone as 
flux. The charge is 34 cwt. of ore, 6|  cwt. limestone, 
and from 19 to 21 cwt. coke. The method of charging 
is as follows: There are six openings at the furnace top, 
made in, the usual way, and in iilling, five of these open
ings are charged in succession, and the sixth is passed 

29
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over and then the filling commences as before, but be
ginning at the next to the one previously begun with. 
This method leaves a spiral of loose material all around 
the outside of the furnace-charges, and is said to prevent 
sticking and scaffolding. The bosh is 16 ft. 6 in. and 
the height 56 ft. The furnaces are tapped every 6 hours, 
giving 20 tons each cast. Each furnace has six tuyeres 
and temperature of the blast is 600° to 650° Tah. Pres
sure 3 lbs. and 3 | lbs. per in.*

The cinders produced by the manufacture of (red) 
hematite pig iron, for the Bessemer process, contain an 
unusual amount of lime and other basic matter. The 
falling to pieces by exposure to air is the proof of the 
superabundance of the lime. At ' the Kirkless Hall 
Iron Works, at Wigan, the follovring slag is made—

S i l i c a  
L im e  
A lu m in a  
M a g n e s ia
P r o t o x id e  o f  iro n  .

“  m a n g a n e se
S u lp h id e  o f  c a lc iu m

81.46
62.

8.5
1.38 
o.7y
2.38 
2.96

The super amount of lime has the tendency to extract 
the sulphur, as we shall' see more fully hereafter, and 
hence the propriety of charging with so much lime 
where sulphur exists. The appearance of the slag is that 
of wedgwood ware. Mixed with sand and water it forms 
an excellent mortar, but partakes somewhat of the na
ture of hydraulic cement. According to this account, 
therefore, the slag must contain more lime than is usual, 
and the slag which was considered that of a good iron is 
not in accordance with the type slag of Dr. Percy, as 
we have given before. The proportions of 38, 15, 47, 
for tjije silex, alumina, and lime should have required for a 
slag like the above, containing 31.46 of silex, the fol
lowing proportions, namely, of alumina 12.4 and of 
lime 38.9, since the proportions 38,15, 47 of the type 
adopted by Dr. Percy should render this slag 31.46,

•
* Engineering, 1868.
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12.4, 38.9, instead of 31.46, 8.5, 52. We see therefore 
the conditions altering the above proportions, and would 
direct attention to it, for the above cinder is, of its kind 
and under its circumstances, a type, or model cinder.

Nevertheless, as Bodemann has shown, the following 
combination is of the greatest fusibility—

5 6  silic a ,
1 4  a lu m in a , 
3 0  lim e,

containing 24.9 oxygen. 
3.9 “
8.6 “

Wherein we see the contrast to the above type by Dr, 
Percy, and yet we must not be led astray by this fact, for 
a fusible combination may not be either a practicable 
one, nor available, for the end desired, namely, good iron, 
Hence it is not a practical question. How fusible can I 
make my combination of members in th^ charge, but 
rather. W hat are the combinations itt that slag which 
has performed its duty—done its work well-*—what is 
to be learned from the combination found in tAat'slagl 
Although in the above cinder we have a departure from 
all theoretic types, we have a good type and a very 
much heightened infusibility of slag; yet the object has 
been better reached than by either bf the above propor
tions found in the type. Herein the practical and scien
tific good sense of the manager is to show itself in 
making types to suit his special ends.

With a view to the nature of charges so far as may 
be seen from a large number and range of Slags, we pre
sent the following from analyses by Klasek, Karsten, 
Berthier, Bodemann, Ramraelsburg, Dronat, Hess, and 
other careful analysts, from Prof. Kerl’s Metallurgy, as 

, adapted by Dr. Crookes. A careful review and examb 
nation of these analyses, in accounting for the corre- 

. spending physical nature and appearance of the ^lag, 
will impart very valuable suggestions.
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I. Slags from  Charcoal Blast Furnaces.

I. II. III. IV. V. VI. VII. VIII.

................................. 70.23 7 0 .1 2 60 .0 60.44 53 .0 52.8 59.42 53.79
A PO »......... ........... 6 .37 6.25 7 .4 3.27 1.0 3 .4 14.94 13.04
................................. 20.41 19.71 2 0 .6 19.73 15 .0 5 .6 19.79 25.67
MgO ...................... ... .7 0 7 .2 7.01 8 .0 9 .0 .11 0.67
.. ............................... 0 .15 1 .4 5 3 .0 4 .89 10 .0 1 .4 6.03 2 4 4
M nO ...................... . 2 .70 1 .4 0 3 .6 4.28 10 .0 26 .2 trace 2.20
........................... . . . ••• 0 .36 ... * ...

IX.
•

X. XL XII. XIII. XIV. XV. XVI.

S i0 3 ........................ 49 .57 4 9 .0 46.371 49 .7 0 31.1 37.8 27.48 29.0
APO»........ .............. 9 .0 0 2 1 .8 4 .301 9 .10 8.9 2.1 25.78 6.3
C a O ........................ 2 4 .0 38 .640 16.20 14.1 25.47 23.4'
MgO........................ 15 .15 trace 7 .400 10.30 34 .2 ^ 6 .41 16.7

0 .1 4 2 .1 0 .950 3.70 1 .0 21.5 .91 23.7
M nO ....................... 25 .8 4 0 .6 1 .860 10.80 4.4 29 .2 2.69 1.4
.................................. 0 .7 .089 ...
NaO..................... . . . 0 .7 .138 ...
C u O .......... ............. ... . . . trace ...
P 0 5 ............... - ........ ... . . . trace 2.60 9.66
s ........................ 1
Loss..........*........) 0 .3 0 trace 0 .030 0.40 9 .0

T i0 2 .................. .. . ... ... 6.70

Physical Appearances o f the above Slags.
I. A bluish-white enamel-like s lag ; gray pig; spathic ore.

II. Bluish-white, vitreous, pellucid at the edges; bog iron ore.
III. Vitreous, bluish-gtay, striped ; red and brown hematite.
IV. Pellucid, bluish or greenish-gray, enam el-like; for cannon.
V. Blistered, black slag from irregular process in Savoy ; spathic ore.

VI. Well fused slag, partly stony, partly vitreous ; spiegeleisen ; spathic ore.
VII. Black slag, irregular process.

VIII. Vitreous, green slag; mottled iron.
IX. Prom Hammhtitte, a regular process, peculiar; [spiegeleisen ? spathic 

ore f]
X. Darkish, green and violet blue, vitreous, difficult’ to fuse, graphitic on 

surface; gray pig.
XL Slag from Dannemora mixture, Sweden ; Bessemer pig.

XH. Slag from phosphatio ores, Dalekarlien.
XIII. Yellow, blistered slag, difficult to fuse ; Taberg mag. ore.
XIV. Slag from irregular process, iron with little carbon ; white pig ; spathic

and brown.
XV. Pummice-like slag.

XVI. Black blistered slag, Styria, irregular process ; [spathic ?]
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The following are slags, with their characteristic phy
sical conditions, from

II. Coke Blast Furnaces.

I. ■ II. III. IV. V. VI. VIR VIII.

SiO». 
APQ« 
CaO . 
MgO. 
FeO . 
MnO. 
KO...
S....
CaS..
PO’ .

50.00
23.00
27.00

46.60
1.5.80
10.80 
2.28 
7.561
3.40 J
2.40 j

11.70

46.46
18.80
25.60

3.50

ii'so
o!?o

39.95
17.41
29.64

6.47
.24
.91

1.46

i'eo
trace

40.20
16.45
30.

7.29 
.57 
.84

1.30

2.’n
trace

41.64
13.20
35.91
■4.21

.11

.74
1.70

2.19
trace

42.94
16.29
31.10
4.16 

.34  
.51

1.87

2.16 
trace

45.64
10.84
35.01

3.16
.71 ,

trace
.82

3.30
trace

IX. XL XII. XIII. XIV. XV. XVI.

SiO‘..... .
Al'O’ . ..
C a O .......
MgO ....
FeO.....
MnO....
KO......

CaS.. 
PO'. .

41.11
9.46

37.90
2.11

.49

.41
trace

41.11
13.45
29.82
4.75
6.44
.66

1.84

1.34
.15

37.84
13.20
20.68
2.93

20.83
.80

1.08

7s7
1.77

38.80
1S.20
37.00

3.20
4.40

.80

34.25
16.70
38.81

1.53
.84

1.51
1.21

s!48

34.90
5.80

50.63
.93

6.52
1.04

.08

28.80
12.30
56.30 .5'. 

.70

l.lS
0.50

20.02
30.00
39.06
4.38
3.86
0.21

trace

. i!43 
trape

I. Medium compositiou of slags Bng. and Belgium. Foundry iron, hot 
blast.

II. Forge pig.
III. Normal slag at Gleiwitz.
IV. —XI. From StalTordshire, analyzed in an investigation, and of effect of

hot blast upon phosphorus in pig.
IV. and V. Gray iron and cold blast.
VI. and VII. Gray iron and hot blast.

VIII. Gray iron and hot blast from oolitic ore.
IX. The same from puddling slags.
X. Slag thin, liquid, like black bottle glass; white pig iron produced.

XI. Same from oSlitic ore and irregular process.
XII. Dirty brown slag, glistening on its fracture; from Spiegeleisen.

XIII. Slag from Westphalia, from gray iron from Black Band; blast 300° C.
570° (Fah.).

XIV. Slag black when in thick pieces, but pellucid and light green at edges.
XV. Slag obtained at the contemporaneous production of zinc and pig iron.

It disintegrates forming dust.
XVI. From Westphalia [normal iron]. ■
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III. Slag from Anthracite Blast Furnace.

The following is from iron works Gartsherrie and 
Govan, Scotland—

S iO *
APO®
C a O
C a S
MnS

35.34
20.47
3 « .72

1.35
5.39

The followitig is from a Buffalo, N. Y., Anthracite 
Furnace, working well on foundry iron and Lake Supe
rior red hematite—

FeO 
S iO *  
CaO 
MgO 
APO* 
MnO 
S . 
P .

0.55
39 .85  
37.63

3.65
13.86 

2.40 
2.42 

trace

99.87
E .  S .  M o ffa t  (1868).

The slags from anthracite do not differ essentially 
from those making the same iron with the same mate
rials in the coke furnaces, excepting, that, as in above 
instances, a larger quantity of sulphur in the coke may 
demand more lime upon principles and a practice we 
shall present more fully hereafter.

Multiplying fiuxing materials in the charge is benefi
cial just so far as it brings together more thoroughly, and 
mixes more intimately, materials having fluxing affini
ties. The whole theory of good results from mixing ores 
depends upon this principle. Silicious ores flux well when 
mixed with ores containing alumina, and then the dead 
flux would be limestone. But this fact must again be 
modified by the manner in which the silex occurs in the 
ore, whether as mechanically mixed as an incrustation 
or otherwise. I f  united chemically, the flux ore or dead
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flux will unite more satisfactorily. A^ain, a magnetic or 
massive ore, very rich and pure, will be treated with 
greatly more success and ease, if the fluxes, together with 
the ore, are thoroughly and uniformly reduced in size, 
and when leaner ores form the complement of flux ingre
dient demanded by the types of a good slag as we have 
given them. Thus, as we shall see, in the anthracite 
blast furnace at Port Henry and elsewhere on Lake 
Champlain, where no ores but the Champlain magnet
ites are used in the charges—the rich Cheever magnetic' 
ore is mixed with a leaner ore, aluminous in its nature, 
broken up and mixed, at the tunnel head, with the pure 
white sparry carbonate of lime. The leaner ore (gen
erally the Barton ore) has a large silicate of alumina- 
gangue, and the slags which we have exjimined, and 
which have been made for years, contain the ingredients 
Si O’, AlO% CaO, with FeO and in some cases TiO® 
with a srnall per cent., lately, of CaS. Reduplications of 
magnetic ores, for instance,ores containing slight traces of 
lime-phosphates, with ores containing silex mechanically 
mixed, both of which are found in Morris County, N. J., 
and the neighboring counties, together with aluminous. 
or hornblendic ores all mixed in the charge with the 
brown hematites of the Lehigh Mountains and the 
hematite beds stretching along west of the Pelaware, 
at Easton, result in great economy and satisfaction 
both in fusibility of slag and quality of iron. Espe
cially is the above practice excellent when Sulphur is 
in some of those magnetic ores mixed with the phosphatic 
ores, although this is only one of the benefits derived.

On Lake Ontario, we have been told by Mf. French, 
who, we understand, has had more than twenty years’ 
experience in working the fossil ores of Oneida County, 
(see Fossil Ores) that, in some veins, the lime and silex 
contained in the ore was quite sufficiently well propor
tioned to enable him to flux it in itself with charcoal 
and without any lime, but that in some veins he found 
a necessity of using a ferruginous clay in proportions of 
1200 lbs, clay to every 6 tons of iron made. He used
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150 bushels of medium hard charcoal to the ton of iron 
made. .The clay was introduced. in small cubical 
charges from boxes. This practice produced the finest 
foundry pig. Yet the ordinai'y veins of fossil ore re
quired one half Lake Superior red hematite (silicious) 
to one half fossil (with lime) ; the silex, lime, and the 
alumina of the clay, in that case, rendering the most per
fect foundry iron and most satisfactory results.

W e see therefore the principle upon which the judg
ment of the manager must be formed in determining his 
charges. We shall give some actual instances of pro
cedure where various treatments have been followed by 
satisfactory results.

A fine foundry iron is made in Alleghany, Pa., in a 
coke furnace (Benjamin Crowther, manager) from the 
fallowing ores and limestone. The charges contain a 
large amount of limestone for the purpose above stated, 
namely, elimination of sulphur. The Charge: Coke, 
450 lbs.; Jackson ore, 247| lbs.; Sand-Pit ore, 85; 
manganese ore, 25; mill cinders, 42^; in all 400 lbs. 
Limestone, 200 lbs. Slag, opaque, light bluish-gray, 

. shows the lime very decidedly as it slacks in the road 
and gives off slight sulphurous odor, is very uniform in 
color.

In this charge the Jackson ore is a close red hema
tite— with an. almost magnetic lustre, high specific 
gravity, 46 per cent, iron, tending to be red-short ore. 
Sand-Pit is a magnetic ore tolerably pure and somewhat 
granular, 50 per cent. iron. The manganese ore is from 
Lake Superior, with 50 per cent, iron (about 10 to 12 
per cent, per ox. Mn.), only 10 per cent, is used, gener
ally ; the charge makes a strong and dark foundry iron. 
The limestone is a fossiliferous limestone very largely 
carbonate of lime and some 3- to 4 per cent, phosphate 
of lime, inclining-to make a cold-short iron, but can be 
counteracted by the judicious intermixture of this Jack- 
son ore. The furnace is blown with seven tuyeres, 
nozzles 2 |  inches in diameter. 3 lbs. pressure; heat of 
blast 600°.
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, A good mill iron (forge, strong white iron) is made 
from

I  J a c k s o n  o re  )

f  M iU  c in d ers j" ®^hed ore .
^  M a n g a n e se  ore J

• Burden;—Coke, 450 lbs.; ore, 500 lbs.; limestone, 
200. Here we see effects of increasing ore.

Another white iron of excellent quality is made from 
the above mixture with 50 lbs. more ore.

The size pf the furnaces above alluded to—
4 5  fee t h ig h  

6 “  h e a rth
13  “  bosh  

5  “  t a n n e lh e a d

A v e r a g e  W e e k ly  m a k e ,  t h e  y e a r  r o u n d , p e r  f u r n a c e ,  is  
1 5 0  t o n s  g r o s s .

The following gives the practical character of the 
charges and mixing of the ores, fuel and limestone at 
Scranton, Pa.; fuel, anthracite—hot blast 400° to 500°— 
pressure 6 lbs.. Varying. The iron is used for the lolling • 
mill at the same place. The relation between charges and 
results is easily seen in this table. The red hematite 
is the so-called fish-egg (fossil) ore from Oneida County, 
N. Y. [See Commercial Ores for its geological posi
tion], The limestone contains a large per cent, of alu
mina, and in some masses may truly be said to be a slaty 
limestone. These furnaces are supposed to yield as great 
a quantity as any of their size in the United States, and 
are managed with great skill and success, as to both quan
tity and quality pf iron.    
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Another proportion in charging, with the correspond
ing results, may be found in the following, from Grubb’s 
furnace, near Columbia, P a .: Fuel, anthracite; lime
stone has some magnesia; little alumina. Limestone is 
good. The Chestnut Hill ore is the usual brown 
hematite. “ Codorus” is a lean magnetic; for Cornwall 
see “ Commercial Ores,” “ Magnetic Ores.”

Fonnds.

C o a l .............................................  2 0 0 0
M ix e d  o r e ................................  2 8 0 0

Mixed Ore.
I  C h estn u t H ill, 
^  C orn w all, 
i  C odorus.

L im e s to n e , 1 2 6 0  lb s . o r  45  p er  cen t, o f  the ore.
1

For a ton of iron it takes, on an average, l i  tons coal,
tons ore, and about 1800 lbs. limestone (45 per cent* 

exactly would be 1712 lbs.). A very interesting sala
mander was thrown out from the hearth, some time ago, 
which was lying out upon the river batik when we suc
ceeded in breaking off pieces containing a profusion of 
light straw-colored crystals of chrysolite (olivine) in tri
metric crystals; it is a silicate of magnesia and iron, show
ing the previous existence of magnesia in' the furnace 
fluxes used. Hr, E. Swift, of Easton, gave us a specimen 
obtained some years ago at Cooper’s furnace, Phillips- 
burg, N. J„ of the same nature exactly. The excessive 
magnesia from the limestone may suggest the reason 
why the furnace chilled.

At the Shawnee furnace, near the same town, the 
charge consists of 1000 lbs. coal (anthracite), 1100 to 
1400 lbs. ore, 50 to 54 per cent, limestone of good 
quality; Cornwall (Pa,) ores, and others similar, are 
used with like results, or very little variation, in either 
quality or quantity as compared with the iron of the 
other furnace. The cinders are good, and show much 
lime, which prevents a degree of red-shortness from the 
use of the “coppery-sulphury Cornwall ore;” which would 
have exhibited itself in the iron but for the judicious 
application of the limestone. The latter contained from 
lb to 21 per cent, magnesia, a large per cent, of curb, 
lime, very small per cent, silex, and a trifling amount of 
alumina.
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An extremely fine, uniform, strong, open foundry 
iron has been made a t the Saucon Iron Company’s 
Works, G, W. W hitaker, Superintendent, Hellertown, 
Northampton County, Pa., from the following charges: 
Fuel, anthracite; limestone, a bluish stone, lime 28.38; 
magnesia 18.93; iron perox. 1.59; CO^ 44.12; insol. 
matter 6.73. (Roepper.)

Charges: 2400 lbs. coal (anthracite); 2700 mixed ore
( I  brown hematite), ^ magnetic (massive, about 2 to 2| 
per cent, sulphide) Morris County, New Jersey; 1750 
limestone. |  of the ^ magnetic was “ Byram” mine 
(magnetic ore, contains silex, alumina, with 1 to 1.75 
sulphide), balance of magnetic from various points.

Average charge : 2 tons coal (2240 lbs. to ton), 2 tons 
5 cwt. I quarter of ore, 1 ton 8 cwt. of limestone, to the 
tori of iron. • .

The hematites ate from Saucon Valley.
On the above charges there were made, weekly, 203 

tons^ nearly all No. 1 foundry iron, of quality above 
stated.

W e know'of no No. 1 iron superior to that which, for 
some weeks, last spring and summer (1868), was made 
at this furnace. W e have given a description of the 
furnace in a previous part of this work.

For selected samples finest foundry pig iron No. lx 
at Crane Iron Works, Catasauqua, Pa., the following 
charges have been found to work well. F uel: Anthracite, 
Lehigh basin; limestone, much the same as in preceding 
case.

Coal, 500.3 ; hematite, 400.2 ; magnetite, 100.2; 
limestone, 300.3.

The hematite waS generally nodular and fragmentary, 
from the Upper Silurian, and described in “ commercial 
ores” under brown hematite as from Ironton, Pa. The 
magnetite was a granular and massive variety from 
Morris County, New Jersey. The limestone of analysis 
as follows;—
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M o is tu re . . . . .' . 1 .66
CO » . . . . . . . 8 4 .8 6
S i l i c a ................................................ . 1 4 .80
M a g n e s ia  . . . . . 1 .78
L im e  . . . . . . 4 2 .7 0
I r o n  se sq u io x id e . 4 .6 0

9 9 .92

The iron m the above was from a vein running 
through the limestone specimen, but only in the specimen 
sent and in some adjoining parts of the limestone rock 
which itself was from the immediate vicinity of the ore 
in Lehigh County. ,

A very evident illustration of the results of increasing 
the ore of the charge, otherwise the same, may be seen 
in the following, also from the Crane Iron Works, which, 
under the same circumstances as above mentioned when  ̂
Ko. 1  was made, produced hard No. 2 gray forge t—

C o a l (1 1 2  to  the cw t.) 
H e m a tite  . .
M a g n e tic  . 
L im e sto n e  .

cwt. qrs.
5 0 0  8
5 0 0  1
100 2 
8 0 0  8

One mile farther up the Lehigh are the Thomas Iron 
Works, celebrated for their size and the convenience 
and perfection of all their appliances. A very excellent 
No. 4 X iron of high quality was run out from'this fur
nace under the following charges

Coal 600 cwt.; hematite (same as last mentioned) 
400.2 cwt.; magnetic, 100.2 cwt.; limestone, 400-C wt. 
and 14 lbs.

An exceedingly reputable forge iron for rolling mill 
purposes has been made at Bethlehem, Pa., with the use 
of mill cinder in the charges which were as follows: 
Fuel:—anthracite coal, 2000 lbs.; hematite, 915 lbs.: 
Magnetic ore, 610 lbs., (Cornwall ore): Mill cinder 305 
lbs.; limestone, 1200 lbs.

In all the above furnaces it is customary to make the 
coal a constant quantity, unless for very particuhir and 
unusual reasons. The* alteration of the charge, there-
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fore, will consist only in the alterations of the ore and the 
limestone. The capacity oTall the furnace appliances and 
powers as respects the coal, are first to be settled, after 
that the ore and limestone will be proportioned to the coal. 
The proportion of the limestone and ore will be in ac
cordance with the nature, that is, the composition, equally 
of the ore and of the limestone. W e have, in speaking of 
assaying of iron, given the theoretic proportions of silica, 
alumina, and lime. In  practice we may begin by approx
imating that theoretic proportion, but it must be modi
fied, for the presence of other ingredients, as we have 
intimated, in the fuel, as well as in the ore and limestone. 
I t  appears, from the aggregation of many charges of 
the last description that the approximation to the proper 
charge (of good anthracite =  A, O re = 0 , and Lime
stone =  L) is in this arithmetical proportion, taking 150 
parts as a whole, for foundry iron:—

60 A,- 50 O, 40 L,
where the blast pressure is about 6 or 7 lbs., and temper
ature from 600 to S00° Fah,—twelve tuyeres, 2 to 21 
inch nozzles.

At the same time, within seven miles of the furnace 
using the last proportion we find another furnace with 
very little variation in the quality of limestone, or mag
netic ore and with the same hematite and coal—in other 
words, with little variation in the nature of the mate
rials, making an equally good foundry iron with this 
charge proportion,

60 A, 61 0, 43 L.
In this latter case the furnace management and condi

tions have materially to do with the result. We note 
also that the pressure is less, burden less, because of less 
height of stack:—hot blast about 600°—nine tuyeres, 
3 inch nozzles. Less iron per twenty-four hours, but 
very excellent. The contraction to a certain diameter 
of hearth at the zone of the tuyeres, an increased pres
sure of blast with increased heat, all things being other
wise equal, is almost uniformly followed by whiter iron, 
that is, less foundry iron. I t  must be particularly noted
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that in the above typal proportion we have had regard 
to the hematites last described, when general composi
tion is fairly represented by the following analysis:—

P e r o x id e  iro n . . . 6 8 .5 7 = 5
A lu m in a . . . 1 0 .45
L im e . . . .55
CO^ . . . . . .45
M a g n e s ia . . . .07
S i l e x . . . 6 .44
M o is tu re V . . 1 3 .39

9 9 .9 2

T h e  a b o v e  a n a l y s i s ,  m a d e  in  o u r
average specimen of a clean piece of bomb ore from 
’Williams Township, opposite Easton. Some ores, we 
have examined from the same general line of hematites 
running S; W., for twelve or fifteen miles, contain vari
able proportions of alumina; some specimens containing 
a lower and some a higher amount than the above; 
where the ores have not been properly washed they are 
charged with as high as from 15 to 20 per cent, of alumina, 
and cause even with silex, much trouble in the furnaces, 
for reasons now evident, namely, altered flux type.

The following analysis is of the dark brown compact 
nodular hematite used at the Thomas Works and Crane 
Works and is also used at the Balliot Furnace, some 
three miles from the Carbon Works, Parryville. The 
BalliOt is the only charcoal furnace using it. This is an 
average specimen from Ii’onton, Pa. The beds have 
been described under Brown Hematites;*—

P e r o x id e  iron  
A lu m in a  
S i le x  
W ate r-  .
L im e  
S u lp h u r  
P h o sp h o r ic  ac id

6 9 .38
4 .70

23 .91
10.23

1.05
0 .35
6 .59

100.21
(E . S . M o f f a t .)
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The charcoal iron made froth this ore is extremely 
pure, and strong, and the tendencies are decidedly to a 
hard and tonacious chill, with nothing to prevent tough- 
ness, except, perhaps, the lack of some alumina. The 
furnace manager has acted upon this suggestion, and 
mixes this ore slightly with an aluminous ore, which, 
from experiment at Reading, Pa., on its tensile strength, 
adds tenacity to the cast iron. Renault* has proved that 
sulphides heated with carbon always part with a portion 
of sulphur; and Karsten,f that a certain proportion of 
phosphorus improves the iron in the qualities above 
stated. This cast iron made red hot, is, to a singular 
degree, malleable, and we have the proof in our posses
sion,

A very few specimens of the above mentioned ores 
show traces of sulphur. Some, a quantity as high as
1.84 per cent. The best magnetic ores for mixing, in 
the above mentioned charges, assay as high as 63 per 
cent, iron, 7 per cent, silex, 1.50 per cent! alumina, with 
occasionally some magnesia, sulphur and lime, varying 
however, considerably in the iron and silex down to 57 
per cent, iron, and up to 12 to 14 and even 20 per cent, 
silex. In  the latter cases, the limestone is increased arid 
the magnetic ore in the mixed ore decreased, so that the 
proportions are about-^

60 A, 58 0, 44 L.
The results are good foundry iron.

From the above we see that one object to be gained 
in mixing, is, to make one ore carry proper fluxes to 
another ore which requires such fluxes for fusion, ‘And 
not only so, but that the flux, being in itself an ore, 
may, while bringing about a fpsion, at the same time 
afford some metal with itself, and thus be an economical 
and not a “ dead flux. ”

Besides the benefits deidved from mixing ores, because 
of the complementary>earthy matei’ials, or gangue, the

*■  A n n . d e s  M in e s, 8  s., p a g e  4 5 . 
f  H a n d b u c h j ed . 1 8 4 1 , p . 4 2 0 .
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mixing of ores, in a charge of iron ore, proceeds upon 
the .supposition that certain injurious qualities in certain 
ores, may be corrected .by other ores having qualities 
which shall neutralize those injurious qualities,' For 
instance, sulphurous ores, producing red-short iron, may 
be modified by ores containing phosphorus, silicon, ai’- 
senic, or any other properties giving rise to cold-shortness.'

Another a!dvantage in the proper mixing of. ores is 
found in the consequent strength which accrues to irons 
which have been formed under such proper and' skilful 
commixtures. There can be no question that the mix
ing, in certain pro[)ortions, of certain magnetic ores, with 
brown and red hematites of certain qualities produces 
irons’ of extraordinary toughness and of excellence in 
other respects. We have watched, for several months, 
some experiments of this kind in relation to certain ores 
taken from the range of magnetic ores upon the line of 
the Morris & Essex R. R., of New Jersey. They were 
mixed with the brown hematites above described, and 
the irons made therefvom have been .thoroughly tested 
by us and in our presence, under such circumstances, at 
vaidous times and in various places, as to set the matter 
at rest, that the mixing of One-eighth of a magnetic from 
one bed with one-eighth of magnetic from another bed 

. with thi'ee-fourths brown hematite of certain quality will 
produce a pig iron of Strength' capable of bearing a* 
pressure very largely increased upon that of a pig iron 
formed by the use of one-fourth of either of the same 
magnetic ores alone, or together, and without any mix
ture of hematite. It matters not which of the above 
selected i^agnetic ores are taken in the “ onc-fo.urth 
quantity.” '.These three reasons, therefore, are given for 
mixing ores : 1. More economical fluxing, 2. Correc
tion of either cold-shortness or red-shortness. 3. Greater 
excellence.of the.iron produced..

Some excellent irons, with coke as fuel, have been 
made by mixing the carboniferous, or coal measure, ar
gillaceous ores with the red fossil ores (for reason No. 1). 
with some brown .hematite for reason No. 2.

As we have stated under “ Commercial Ores, ” there 
30
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is in the regions of the*coal measures, an “ out crop 
brown hematite.” W e have seen it in the anthracite 
basin as weH as west of the Alleghany Mountains. This 
has been very successfully mixed with the argillaceous 
and carbonate iron ore upon the reason’No. 2. Also, the 
hard limestone coal measure iron ore with Lake Superior 

•red hematite upon the reason No. 2.
The hard blue half hematized outcrop carbonate 

(rather red-short) is mixed with the bluish fossiliferous 
liniestone, or “ buhrstone ore,” so called, west of the 
Alleghany and in Ohio, together with the earthy carbon
ate ore of lower coal measures, for reason No. 3, and is 
supposed \yith good results.

The carbonate ore, last mentioned, is treated with 
good effect with the magnetic ore of Lake Superior, and 
with mill cinder for reason No. 3, making a good forge 
iron. All these are used with coke fuel as stated above. 
The f3'pal, or theoretic proportion in parts, near and 
around Pittsburg, and, with a slight, say from five- to 
ten per cent.^ decrease in limestone, for many miles 
beyond, is in coke =  C, mixed ore =M.O, and limestone 
*  L, as follows '

60 C, 55 MO, 20 L,
with hot blast 600 to 6-50° Fah., moderate pressure 3 to 4 
lbs. per inch, and moderate height stacks, medium size 
hoshes 10 to 14 feet, this proportion pi'oduces a good 
foundry ii'on. W e were informed, August, 1868, by Mr. 
W. T. Fopte, the manager, at Port Henry Furnace, 
Lake Champlain, that the magnetic ores of that vicinity 
made a good rolling mill, close grain No. 3, mottled iron 
with anthracite from Lehigh basin, Pa. PToportions, 
December l 8th, 1868, in No. 3 furnace, 3780 lbs. 
Cheever ore, 766 Barton ore, 980 limestone per charge 
of 3000 coal. Mr. Foote’s report the week preceding 
was, 543,000 lbs. coal, 684,180 Cheever ore, 136,836 
Barton, 177,380 lbs. limestope fpr 218 tons iron made. 
Average blast heat 843° Fah.

The Cheever ore, being very rich, is mixed with a 
leaner ore (the Barton H ill ore), containing a large per
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cent, of silicate and alumina %nd some magnesia. The 
limestone found within about 400 yards of the furnace 
is a remarkably white stone, having largely the rhombic 
fracture of pure sparry lime carbonate, and containing 
many small hexagonal plates of graphite, the latter not 
sufficiently. numerous to alter the action of the lime. 
All the gas from this furnace is utilized; the cup and 
cone system is used, and no gas whatever allowed to 
escape from the tunnel Head. All the iron is used for 
rolling mill purposes, and is shipped to Boston, Massa
chusetts. At Oxford furnace, Warren County, New 
Jersey, we found a very good iron for nail plates, and 
used at the large nail factory at that place, made from a 
mixture of two-thirds Oxford magnetic ore, and one-third 
New Jersey Dover niagnetic ore for reason No. 3. The iron 
has a tendency to red-shortness, however, frotil some sul
phide which would be greatly corrected by the use of 
Franklinite ore to be had not many miles off, or perhaps 
more economically by use of the Oneida red hematite as 
the tendencies of some of that ore is to cold-shortness, 
and the two together would make an iron in which the- 
evils of either ore would be neutrplized.

Charges for Fossil Ores.—These are interesting 
as managed in the region of Columbia and Montour 
Counties, Pa., where the results of furnace practice are 
very satisfactory in the nature of the iron, and the regu
larity of the working of the furnace. Nothing very 
imposing in form or size attracts attention so far as the 
stacks are concerned; indeed the furnaces are relatively 
small. In Bloomsburg, Columbia County, at the Blooms- 
burg Iroji Company, Ghas. B. Paxton, President, there 
are two stacks, one only 12 feet bosh 33 feet high; 
formerly it was 13 feet bosh wi,th a crucible hearth of 
the usual formerly adopted form; temperatfUre ilroder- 
ate, supposed about 400°, we should think not so high, 
pressure Hot more than 4 lbs. ; coal, anthracite; the 
kind of ore been described and analyses given under 
“ FOSSIL, ORES.”  The following is a full example o f  
working:—
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B a d ly  J I is fo rp * q f N o. 1 F u rn a ce .

D a te .

*
. C h a rg e s  
fo r  24 h rs .

m-------------

S o ft o r e . H a r d  o re . Ci*al Lim oK tono.
Iron 22.'.4 
lb s  10 ton.

December 13, 33. 3000 1000 . 2400 2000 181
“ 14, 31 (( u (( U 19
(( 15, 33 (( u (i, 19*(( 10, 34 2400 (( It (( 20.i
K 17', 31 (( (( <( * 15
(i 18, 32 2600 (( i t 1800 i q
(( lo,- 34 t ( (( f( <( 19

Total, 228 . , 1 128

December 20, 29 U u t( u ' 1-HU •21, 28 (( « (( a 15 .
u 22, 29 u tc H u i q
t( 23, 30 ( i <( U 1900' 16A
u 24, 31 (C u 17i
({ 25, 30 a << (( (( 16i
(( 26, ■ 30 (( >1 u u 151 .

’ Total, i n

D a i ly  H is to r y  N o. 2 F urnace.

•
D a te . C h a rg e s  

fo r  24 h r s
S o ft o re . H a r d  o re . C oal. LimestODO.

Iro n  made 
22.i4 lbs. to 

ton.

lb s tons.
December 13, 29 3000 . 1000 . 2450 2000 17i ■ti 14, 29 , (( U ' -18

(( 15, 27 {( « li (( 18
(( 16, 29 a (( (( u 2(»(( 17, 30 « u u ■ 19.1(( 18, ' 29 <( u u m(( 19, 30 ti it <( u 181

Total, 203 ,129

December 20, 28- • U' n (( u 18(( 21, - ,30 ti u ^ (( ii 19(( 22, 31 u t( • » ■» 191(( 23, 30 “ u (( i s i
24, 30 • u u (( u 19U 25, . 30 u .<( {( 18U 26. 31 (( H u 195

Total, 210 Tot.al, 13H

In the above history-of two weeks for No. 2 furnace, 
we see not only the methods of miking ores and the pro
portions of charges,, but the amount of iron made per
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I ,

24 houi's from each day’s dhavge of ore. We see, that 
while the ore charge was unifortn the yield of'iron was 
not exactly uniform, making due allowance for the time 
necessary for the ore charged in at the tunnel head to 
descend to the hearth which would be about two days. 
The number of charges per week does not always exactly 
correspond with.the number of tons of metal made, and 
although we have given hut two weeks of each furnace, 
in looking over a longer time, the above shows a fair 
average. But when we take into account the effects of 
atmospheric moisture, variation in heat of blast or pres 
sure, or of a little increased or decreased density of coal, 
the uniformity of the above daily yield is very satisfactory. 
The immediate reason of variation of charges per 24 hours 
may be found in more rapid fusing or fluxing due to more 
excellent and suitable proportions of earthy material, or 
to more open condition of the ore, or to that which we 
have spoken of. very particularly relative to fuel, namely, 
difference of density and amount of carbon. The reason 
for allowing 2254 lbs. for one ton of iron in the pig is 
customary because of “ sandage” as the pigs are cast in 
sand.

The iron made in stack No. 1 was not a foundry but 
a rolling mill iron, but after the qhange, on December 
23d, to 1900 lbs. per charge of limestone, it became a 
higher grade, and continued some time between No. I 
and No. 2. The iron from these stacks have consider
able reputation as uniform and strong. The asterisk in 
the above table indicates that the change was made at 
that series 33, and at the seventh charge of that series 
and so under Limestone.

At the other furnace in this town (McKelvy & Neal) 
Wm. Neal superintendent and proprietor, a variation 
from the above occurs, which is suggestive. Furnace, 
14 feet bosh; 48 feet height to tunnel head top; tuyeres, 
three, with 4 i inch nozzles. The general daily run of 
charging is seen in the following, giving both day and 
night “ turns” or “ shifts —
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D a te . C h a rg e s . C o a l . S o f t o re . H a r d  o re . L im e s to n e . Iron .

December 20, 18 2500 2400 2000 ItiOO
u 18 u U n 10
“ 21, 17 u » i t u u 10

19 u Xi I t 1400 10
« 22, 17 (< <( (( 10

20 u u 1500 11
23, 18 2400 2100 2300 u 11

Here the management of the charges is seen in at
tempting to moderate the too rapid consumption of 
materi^al and sinking, by altering the coal element with 
other membeTs of the charge. This may be done for 
other purposes, when, for instance, the iron is getting 
to be too fully charged with carbon, becoming more 
foundry, when forge is needed, or rolling mill iron. The 
pressure of blast in this furnace is low, about 3  ̂ to 4 
lbs., temperature about 400° Fah., so we were informed, 
but on examining the hot blast stove we should think 
that the temperature, during the three days we were 
thei*e,- did not rise to so great a height. The stove is 
upon the ground and the gas drawn down by a  stack. 
There are very few furnaces which work so satisfactorily 
as this so far as‘ regularity of produce is concerned. We 
were informed by Mr. Neal that he had not been troubled 
with a scaffold for nine years. The proportion of iron 
to the coal is as 1 to 2, or 1 to 1.98. Diameter of 
steam cvlinder 30 inches, 6 feet stroke.

The value of the ore for iron may be seen by the fol
lowing data furnished us at the furnace :—

For week ending December 26, 1868.
C o al . . 6 3 7 ,5 0 0  lb s . 2 7 o f  ton s, g ro ss .
O re . . 1 ,0 7 7 ,0 0 0  “  4 8 0 f  “  . “
L im e sto n e  . 3 7 9 ,7 0 0  “  1 6 9 ^  “  “

P r o d u c t : 1 3 9 J  to n s  iron , gro .ss . 
l / A  u oal to  th e  to n  o f  iro n .
3 ,V(T o re  “  “

At Danville, Montour County, a somewhat improved 
practice is pursued on the truly scientific idea of quali-

    
 



PRACTICE OF CHARGES, ETC. .4 7 1

fying and modifying those hurtful ingredients previously 
existing in the native, or home ores, by a mixing with 
certain foreign ores, that is, foreign to the county and 
different, radically, as will be seen in the following, 
which is worthy of notice, as the attempts in modifying 
the effects of the fossiliferous ingredients have been 
successful. ‘The iron is made for the rolling mill and 
used for rail, giving great satisfaction.

Report o f  the Pennsylvania Iron Works, week ending June 20, 1868.
5 l a s t  F o e k a c b s .

Stock used.
V

-----

P ro d u c t
‘ o f

p ig  iro n .
Coal t i m e

$tone
C o rn w a ll

o re .
B lo ck
o res

Soft 
o re s . •

A rtif.
o res.

L im e
s to n e
e re s .

tons. to n s . to n s . cw t. tb n s . cw t. to n s . eWt- tn s .c w t. tn s .c w t. to n s . cwfc.
Furnace No. 2, 286 159 154 6 61 6 61 6 30 13 122 0

No. 4, 21 e 187 24 4 48 8 169 Ifl 48 -8 104 9

Total, . . . 226 9

The foSsil ores of these counties, Montour and Colutn- 
bia, are peculiar, and require different working from that 
pursued among the New York fossil ores (Oneida Co, 
and elsewhere). But their similarity to ores farther 
west' and south may enable some to exercise judgment, 
successfully, in adopting their charges to the nature of 
theit own fossil ores. Nevertheless, we have seen the- 
fact abundantly illustrated, to which we have already 
alluded., that thS same manager may use, ip a different 
furnace, the same charges, and yet may not arrive at pre
cisely the same results, anymore than a man may read 
with the aid of spectacles when he never read before.

Charges, ^c.,for Red Hematites.—Jn the region of the 
compact red hematites of N, Y. no oi’es seem more 
notable than those of the Sterling, Shurtliff, and Ro^ie 
mines, but there is no finer ore than that of the Sterling 
mines, Jefferson Co., N. Y.

An interesting feature of these Sterling ores is found 
in the beautiful sulphide of nickel, acicular crystals.
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frequently in radiating tufts in cavities of the ore, very 
brilliant, brass-like, and brittle; composition—

* S o l f )h u r  . . . . . .  . 35.1
N ic k e l  . . . . . . .  64.9

There are also found, frequently, mamillary incrusta
tions of carbonate of iron and micaceous red hematite 
(called wrongly, by some, “’black oxide”). The follow
ing analysis of the Shurtliff’ from an extra fine specimen 
gives :-v-

M o is tu re  . . . . . 6 .16
S i l e x  ( in so lu b le  1 5 .1 5 , so lu b le  2 .6 0 ) . 17 .75
P e r o x id e  o f  iro n  . . . . 62 .45
A lu m in a  . . . *  . . 10 .70
T im e  (c a rb o n a te )  . . . . . 87
M a g n e s ia  (c a r b o n a te ) .22
S u lp h u r  . . . . . 2 .43

• ^ 1 0 0 .5 8
M e ta llic  iro n  . . . . . 43 .71

This ore, in the leaner samples, would form a good 
finx with the Sterling ores, which are compact red hem
atite. The analysis was made by Mr. H. D. McKnight, 
of Pittsburg, in our laboratoi'y, and, as we have said, 
from rather an extra fine sample of the ore. If, how
ever, this was an average sample of all the ore,- the 
amount of soluble and insoluble silex would require 
considerable lime, and of a good quality, to flux it, 
especially with the amount of alumina. The 2.43 per 
cent, sulphur, with proper mixing, wo^ld hardly cause 
the iron to be red-short, as in practice considerable of the 
sulphur is always eliniinated in the roasting, or heating, 
before melting.

It, however, varies much in the same bed, and some 
specimens, we have, contain a large amount of alumina, 
and would yield little iron. The Sterling ore, however, 
is •almost absolutely free from sulphur, with a higher 
per cent, iron, and makes a far superior iron eve^ by 
itself. In the practice by Mr. Sterling care is takfen 
even with the kind of charcoal. He uses generally two- 
thirds hard wood, beech and maple,and one-third hemlock 
and spruce. - A charge consists of 20 bushels charcoal;
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550 lbs. usual ove (with all hard coal, 625 lbs.); 50 lbs. 
lime. The Shurtliff ore is used. as a flux, usually oue- 
eighth. Iron from the Sterling ore commands a higher 
price than that from the Shurtliff or Rossie ores. The 
furnace for the Sterling ore is small, hence the charges 
are small. Size; 32 ft. high, 24 in. diam. of bottom of 
the hearth, 26 in. across tuyere.; 9 ft. across the bosh ; 
only one 3 in. tuyere, \lold blast and about 1 | lb. pres
sure. The ore works easily.

At Rochester Iron Works, N. Y., Mr. Horton has 
succeeded in making a large yield of a strong and tough 
iron, which we have had the oppoTtunity of testing ifl 
the pig, but only from one'cast. His practice is to make 
neither coal, nOr blast Constant, but to vary the three 
elements^ coal, temperature, and piessure, to suit the con
ditions of his furnace. His ores have been Lake Supe
rior red hematite, a great proportion of which was mica
ceous red hematite (see its nature under Commercial 
Ores) and the fossil ores, also red hematite, of N. Y. 
(see Clinton Co. and Oneida Co. Ores). In mixing these 
ores one-half to one-half, or three-fourths Lake Superior 
to one-fotirth Oneida County fossil (of the kind described 
as Fish' Egg ore) a vei’y superior iron for foundry pur
poses has resulted. These Works use Luzerne County 
anthracite—"high tenjperatui'e of hot blast (about 1000° 
Fah.) and pressure moderate.

Mr.'Horton’s Report for March, 1869, was;—
Tons.

C o a l u se d  1 3 4 1  
O re  . . 1 8 6 7 .
L im e sto n e  6 0 2 '

cwt. qr. lbs.
10 1 12 2 9 1 cw t. to the ton  iron  m a d e .

4  3 13 St 1 4 J  “  “  “  “  “
18 .2 8 «= 1 S |  “  “  “  “  “  “

. Iron  m ade, 9 0 2 J  ton s. ,

Charges; 4 harrows coal = 500 lbs. each; 4 do. ore, 
675 lbs to 700; 2 do. limestone 445 lbs. to 462, as the 
case may require.

This, with what we have elsewhere said on this fur-; 
nace and others in New York,'will suffice upon the red 
hematite chargfes, as it sufficiently covers the principles 
involved and, in great degree, the practice.

In Dutchess County, N. Y„ Mr. t). B. Martin makes an 
excellent charcoal iron for car wheels from the Urown hema-
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tite of the general Salisbury Range, at Dover Plains. The 
peculiarity herein is that he does not mix his ores. 
Some care is exercised in respect to the physicaTcondi
tion of the elements of the charge, but a very good iron 
is made under the following charges; 30 bush, charcoal, 
12^ gross cwt. ore, 180 lbs. limestone. The furnace 
stack is 34 ft. high, has 9 ft. bosh, 42 inches diameter 
u t tunnel head. The hearth has room larger than at 
first building and is about 4 | ft. dianleter. The average 
pressure of blast is from one-half to three-fourths lbs.; 
not generally over one-half lb. per sq. in. The irons are 
graded thus: No. 1, soft; 2 ,little below a chill; 3,chill 
about oqe-fourth inch; 4, chill about one-half inch; 4|, 
chill about three-fourth inch ; 5, mottle ; 6, white.

Magnetic Sands.—The charges for ores of this nature 
have not, as yet, been determined by any practice upon 
the large scale, but as we have seen sand of this nature, 
and of a very fine quality, of which it was said that a 
large amount of it could be obtained from regions not 
far off, commercially speaking, it may be well to refer to 
what vve have said upon the subject elsewhere, and add 
that these sands have hitherto been worked most suc
cessfully in the Catalan forge,’ by mixing them ante
cedently with the flux, lime, and small portions of clay, 
and forming them into balls; in this way they may be 
handled readily. • •

■ Very lately, we have seen a sample of magnetic sand, 
which exists in large quantities upon the southern shore 
of Long Island, N. Y. That which we have examined 
is of an excellent quality, being, when separated by the 
magnet, entirely free from sulphur, or phosphorus and 
containing but little titanium. Much of it is not separa
ble by magnet, and doubtless, in places upon |he same 
shore, varies in constitution and may be found highly 
titaniferous, as is much of this variety of ore.

Titaniferdus Ores in the Blast Furnace.—In case these 
ores are to be treated with in the charge, either as just 
described, or in other form, the following may be satis
factory, the correctness of which is vouched for by Hen
derson of Player & Henderson. We would say, however, 
that ores containing so much titanic acid as the analysis
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below exhibits, are extremely rare in this country, so 
far as known at the present. Some sands, however, 
approximate this amount so far as 14 per cent, of titanic 
acid can make them do so, but there are iio commercial 
ores at present in the market with this quantity, what- 
,ever there may be in the future.

Mr. Henderson writes us that these ores are now suc
cessfully used in Norton, England, on a plan patented 
b)" John Player, of New York

The ores are found in Norway and taken to England. 
They contain, as in this analysis:—'

Peroxide of iron . . . 22.63
Protoxide of iron . . ■ .. 28.96
Protoxide of manganese , .56
Titanic acid . 40.95
Aburtina . 2.11
Magnesia . 4.72
Silica . . .42

100.35

They are worked in small furnaces with 1000°- tem
perature of blast. 2 tops of coal to 2J tons ore and 15 
cwt. of limestone, and about 10 cwt. of basalt rock.

The iron becomes titanized, and is found to be ex
ceedingly strong, and is used in Europe for armor plates, 
commanding three times the price of Ordinary pig iron. 
The tensile strength of the resulting wrought iron when 
puddled, is about 52i tons to the Square inch, There 
is very little carbon in the pig metal produced, and 
being almost steel, in puddling it  requires but half the 
time of ordinary pig metal.

Physical Conditim of Slays.—It may be worthy of* 
remark^that much may be learned of the condition of 
the furnace, by the character of the slags both while 
they are flowing from the? cinder hole and after they 
have become cold. But we have known iron masters to 
miss the mark widely by supposing that.because a cinder, 
at some iron works they had visited for the first time, was 
of a darker shade than their ot^n and frequently capped 
with a dark skin or layer, that therefore the furnace was 
making an iron of inferior grade to their own. A shade
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of difference' may exist in two slags, both of which may 
cover irons, so far as openness and evenness of grain are 
concerned, identically the same, and the peculiar-shade 
may be due to certain elements in thq fluxes, coal, or ore 
not altering the appearance of the iron. Charcoal, coke, 
apd anthracite slags differ slightly for the very same 
kind of iron, judging from all that appears to the eye;* 
but it must at the same time be kept in mind that there 
is a limit beyond which this peculiarity is not found to 
extend, and the slag will then show very nearly the 
nature of the iron made. Practice and a large amount 
of observation will give great precision in respect to this 
method of forming an opinion.

While an opinion may be formed upon cold slags, it 
is also true that much may be learned from hot slags; 
in the liquidity, the scintillations of iron, the brightness, 
the shade of color, and smell, each will, respectively, aid 
the manager in determining the grade of iron as to car- 

. burizafion, the losing of iron, the degree of heat in the 
hearth, and the presence of other metal and metalloids 
in the furnace. Herein, also, it may be said, as we have 
suggested above, that much of this information is rela
tive and local, and depends upon the conditions of one 
day as compared with those of another day, and absolute 
facts are, to be learned by constant observation at one 
and the same furnace under the charges of the same 
materials.

The, yield o f metal per week does not always depend 
upon either the skill of the manager, or upon the ex
cellence of the furnace. Some managers have boaste  ̂
of their furnace-yield with a confidence founded upon 
the fact that their stacks, being only so many feet in 
diameter, produced so many tons ’per ̂ week m^re than . 
were produced at another stack having greater diameter, 
while if the nature and causes of the yield were truly 
known to themselves they would have seen that the 
larger stack, making less iron, was worked perhaps more 
skilfully than their own, and that the probabilities .were, 
that if the managers were exchanged, all material being 
the same, the furnace difiference^ would be vastly increased, 
’in favor of the skill of that manager whose furnace was
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making less iron. A large furnace ihay make no more 
iron than is to be found in the charges per week. If 
the charge of 1000 lbs. contains only 30 per cent, iron, 
then 5H per cent, of the ore is gangue. Every one per 
cent, of gangue, as our American ores are generally 
constituted, requires more dead flux (that is, flux without 
iron in it) to give a proper cinder, and every increase of 
material, other than iron, requires more heat, more coal, 
more time. A large bucket will overflow with no 
greater stream of water than mill a tin cup, if the sup
ply, to either, is from a stream yielding at the spring, 
only a gallon an hour. And the same is true as regards 
the tunnel head of a furnace; if the, charges are 20 cwt* 
and that amount contains only 30 per cent, of metal, 
then, provided that every other circumstance be 
properly proportioned, or, as it is said, v all things being 
equal,” it cannot be that the furnace should yield as 
much metal as when the ore contains 40 per cent. iron. 
Hence it frequently occurs that furnaces, antecedently 
making a certain amount of iron per week, have, upon 
changing nothing but ores, suddenly increased, or de
creased, in amo.unt of yield, with neither increase Uor 
lack of skill on the part of any of the hands, or the mana
gers, concerned. Of course .these facts are more favorably 
apparent when the ores are more open, that is, less com
pact, when the limestone is purer, especially when free 
from magnesia, or any other substance making it less 
fusible, and when the coal is more suitable.

The above facts are true in relation to yield of metal 
per day when there is no altered condition except in ore 
alone. I t  necessarily follows that, when we have a 
choicê , the less compact the ore, an4 the higher the per 
cent, of f-on, the more economical are the results, all 
things being otherwise equal. And, herein, the judg- 
ment of iron companies is to be exercised, for it may 
be more profitable, regarding the situation of the fur
nace, to work an ore yielding only 24 tons of metal per 
day, than to “ freight” an ore, from a distance, yielding 
30 tons or more per day. There are many circumstances 
and many elements in the economies of a furnace worth 
more attention than simply the yield of iron per day.
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AVhile these facts are worthy of attention, it is also 
true that, shill on the 'part of the manager may cause 
a furnace to yield more metal per day from the same 
ore than could possibly be obtained without that skill. 
The particular points whereat such skill may be exer
cised are to be found in .the  choice of coal, the purity 
of the limestone, the ■ proportions, the number and the 
nature and condition of the ores mixed and the par
ticular proportionate amounts of coal, mixed ores and 
lime, or other flux, forming the aggregate charge. These 
are the important elements, so far as charges are con
cerned. Although, in the making of good iron, either 
forge, or foundry, white, or gray, or intermediate, the 
blast, in its temperatnre, amount of air-su{jply and in
tensity of pressure, niay modify quality, yet nothing 
economical, or skilful, can be accomplished where the 
charges are badly engineered.

Practical Remarks on Charges.

I t  is, however, very evident that the charge of a fur
nace, after all these general principles have been under
stood, must be regulated and modified by circumstances 
entirely local-^such as the pressure, temperature, and 
quality of blast—the height of stack which, especially 
in coke and charcoal furnaces, may determine the nature 
of the iron from the pressure upon weak coal and the 
consequent interruption of the blast. But of all causes 
of trouble, the chief is from bad mixing and distribution 
of material at the tunnel head. Good “ fillers” are of 
great valile; care as to the size of the ingredients of a 
charge, and proper roasting of the oi'es are important.

On our first visit to Europe we had our attdfition par
ticularly drawn to the fact that great care was exercised 
in little matters in the most successful furnaces on the 
continent and in Great Britain; but on a second visit 
during 1852 and 1853 our acquaintance with a practical 
and intelligent Swedish gentleman furnished us with an 
opportunity to inquire into the minutiae of certain pre
paratory work of this nature, and the, conclusion was, 
that, although such extreme painstaking might not be
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considered practicable in our country, the fipest irons 
of Sweden, and of other parfe of Europe, -were the re
sults of the utmost care in selection of ore—in the roast
ing—in the sizing—the careful distribution of the ore 
by means of shovels and the careful treatment in some 
of the after-management of the furnace.

The first step then is an analysis of the ore; for this 
■purpose an intelligent man should select the samples and 
should go through the toil of picking out about 50 pieces 
of all "varieties readily observed in the' mass of many tons 
of average ore, for, while for the chemist alone, any 
small specimen might be sufficient for a perfect analysis, 
th'ai sample, selected from 60 specimens of small size, 
treated as we are to show, will be more likely to reVeal 
what one specimen would not, namely, the furnace 
value of that ore in the-mass. After this Selection of 
specimens the manager should have some eight or ten 
pounds of this ore broken down, to very small pieces, on 
a slab of iron; have it spread out, away from sunshine 
and winds, marked out into twenty or moi’e rectangular 
divisions, attd, beginning at one end of the heap, take al- 

• ternate divisions and throw them into one heap, taking 
the last pinch of dust carefully up with each selected 
pile. The next sampling must be done by spreading all 
out again evenly and into a square, or-circular mass, di
viding it into four equal part? and taking diagonally 
opposite parts ; this operation must be carefully-repeated 
at least ten times, and if ten pounds of ore were taken 
at first and treated .carefully in that way, the manager 
may send one of the divisions. Or one-twentieth, or half 
a pound to the chemist with considerable confidence that 
the analysis w'ill be a fair representation of the elements 
of the original ten pounds. The method of sending any 
part of a piete of ore which takes the fancy of one’s 
attention, is truly a fancy nvethod of procedure, and 
almost invariably misrepresents thefurnace value of that 
very ore.

As an illustration of the infelicity of this method, of 
picking out strange and unusual pieces we may give the 
following : We were once requested to make an analysis 
of some ore of a compact brown hematite nature; we
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"‘did SO, and found it practically free from snlphur. We 
were informed that another analysis hadheen made and 
the report was returned to the company, announcing the 
existence of considerable s*ul])hur. The chemist was a 

, careful man, but as the company thought it of import
ance to examine further into the difficulty we visited the 
heap with the specimen analyzed by the chemist in 
hand, stating that we believed it to be improbable that 
half a dozen such samples could ‘ be found in a ton. 
After considerable overhauling and examination by 
three of us only four fragments could be found in seve
ral- tons. These fragments contained a small (2.26) 
per cent, of sulphur—*-the ore, aside from these unnsiral 
samples, not showing a trace of sulphur. Had 60 speci
mens been selected and these two thrown in and sampled, 
although even this vs'ould have been an unfair represen
tation, yet the sulphur would not have amounted to any 
properly recognized trace in the analysis ; for, supposing 
that it was equally divided in quantity, that is, 2 parts' 
of this ore, or sulphuret, with 48 parts of the other ore 
which was free from sulphur, then, when combined, it 
would have given 0,04 per cent. Now as two-tenths of 
one per cent, in pig iron is of no injury to the iron, of what 

. injury would only four hundredths of one per cent, have' 
been in the ore? * Yet this mistake came nigh involving 
the ore-company in the ll)ss of many thousands of dollars, 
with the addition of some unhappy feelings, which latter, 
not having any mopey value, in some markets, may be 
thrown out of the calculation.

W^hat has been said of ore may also be said of the 
limestone. This must be sampled in the same way when 
sent for analysis, if the parties desire any conclusive, 
honest, and thoroughly satisfactory knowledge. «The 
coal should be tested for sulphur where*there is any 
reason for supposition that it exists largely; Also, when 
“ bony” or slaty, if to any large extent, it will certainly 
alter sensibly the effects of the furnace products, as we 
have stated, at large, elsewhere.

As an illustration of the importance of knowing the 
nature of limestone, we may say that in one Penn, fur
nace using anthracite and limestone, the latter from the
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vicinity, and therefrom making a very good foundry 
iron 'dor several years, the iron suddenly changed to a 
lower grade, so that no foundry iron could be made for 
months. Upon examination it was suggested that the 
limestone was at fault. It was accordingly carefully 
examined and found to be of a new variety containing a 
very greatly inci’eased amount of magnesia, when com
pared with what had previously been used:—the stone 
alone was changed and the furnace returned immediately 
to .foundry iron. The manager of the furnace, who 
is part proprietor, informed us that he would give a 
large sum fov the practical skill of a chemist, in other 
words, there, was in this instance some decided appreci
ation of the often contemned claims of scientific investi
gation. I t  is necessary, therefore, to begin upon a 
chemical knowledge of the nres, fluxes, and even the 
purity and impurities of the fuel. But this is not 
sufficient to success in charges, although it is the founda
tion of success to every economical manager who does 
not wish to waste time and money in experiments niade 
in the dark, as there will remain, after all his know
ledge, quite room enough for experiments promising 
useful information, without entering upon those which 
are certain to prove vexatious and expensive failures.

The next important matter is the roasting. As we 
have already spoken of this, we shall pass on with the 
I'emark that there will be, in a few years, as there is 
already in many places, no doubt .that a large element 

trouble in iron manufacture is to be found in the 
neglect of, or the careless method of, roasting. Too rapid 
roasting seals up the outside “skin’* of the ore, so to speak, 
and, as in silver metallurgy, it is the cause of millions 
of loss in silver, so it is the cause of loss in iron, in the 
retention of injurious volatile substances, the elimina'- 
tion of which substances would be followed by easier 
reduction and better metal, and hence by greater saving, r 
But we shall now only refer to the past pages on the 
methods of roasting.

Next in importance is the distribution of the charges. 
And under this head may properly be made the remark 
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that the method of tumbling into the tunnel head such 
unequal masses as are frequently thrown in, must cause 
great Unevenness in the cast. This remark has rrference 
to either quantities of slack and fine coal, or to large 
lumps of coal, to fine dust ore or large lumps of ore, and 
the same may be said of limestone. Great pains are 
taken in some most successful furnaces to reduce the ore, 
coal, and limestone to certain, uniform sizes, or, to what 
is' nearly equivalent, to certain uniformly distributed 
masses where fine ore must be used, so that the same 
general result is nearly reached, though no furnace will 
work so well under dusty, or fine, ore as when made 
more open by the use of larger pieces.

The method of distributing charges around the tunnel 
head in alternate doors is a good method. This has 
been described in speaking of tunnel heads of furnaces. 
But after all, none but good fillers and men of judgment 
should be put at the tunnel head, for the better distri
buted (and that is the more evenly distributed) is the 
charge the more satisfactory the working. There can 
be no doubt but that some of the cone and cap arrange
ments used in British furnaces, and continental ones also, 
do distribute the oi’es well and with very satisfactory 
results, and yet there are furnaces where care and judg
ment bn the parts of the fillers do result in' excellent 
distribution, even without any such arrangement.

Next in order is the pressure and amount of the blast. 
Considerable differences in effect upon the iron do 
follow differences in the pressure and amount of blast. 
W e have been informed by Mr. David Thomas, that 
experiments, in which as many as 18 to 20 tuyeres were 
tr-ied in one furnace under his observation, have been 
followed with such poor results that the number had to 
be decreased one-third, or one half. The same has 
occurred at Scranton, Pa. Nevertheless, more than 
three tuyeres were found necessary at either place. The 
happy mean depends upon size of nozzle, pressure, and 
temperature of hbt blast. The sizes of nozzles vary from 
l i  to 4 inches according to width of hearth. There is no 
doqbt that much power is usually expended upon mere
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pressure of blast which • will be economized at some 
future time. Not that less air is demanded when hard 
coal is used than when coke and charcoal, for more 
carbon consumed requires more oxygen to consume it, 
but is it necessary that that amount of air should be forced 
through three or four tuyeres, or ten or fifteen, under 
the pressure of six, or as at Some furnaces eh the 
l^ehigh, eight pounds per inch"? This is the practical 
question. Some other and mote economical method of 
applying a sutficiency of oxygen to the coal seems to 
be demanded and will yet be invented, whereby greater 
heat absolutely, or the equivalents of greater heat, with 
lower average pressure of blast, will yet be attained.

In recording charges, in some furnaces, a charge-board 
is used and the simplest method of recording amounts, 
alterations, and barrow loads, must always be adopted. 
The following plan of marks, or symbols, and their meam 
ings is the best we have seen;—

Tor ores
T
mFor limestone-  ̂̂

J ^  means ore added,

IT ore taken off. 
limestone added, 
limestone taken off.

The board is divided right and left by a vertical line; 
the left is marked D and the right division N for day 
shift and night shift; and between the two and at the 
top No. 1 or No. 2 as the number of the board may be.* 
The scales are always best arranged when they weigh 
only the whole amount at once and without any 
possibility of alteration to any other amount by any one. 
Such scales are used at many of the iron works and of 
this kind a very neat arrangement of furnace scales is 
made whereupon the words O r e , S t o n e , C oal, appear 
near' corresponding index points on the same scale 
upright so that the most careless weigher need make no 
mistake.

* T h is  is  the plan at C atasauqna Crane W orks.
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A very neat method keeping a full account of charges 
may be seen at many of the furnaces, but of this we 
need only say that the bookkeeper must suit his form to 
the contingencies of his charge, that is, where ores are 
numerous, and not simple, he must use more columns, 
and where ores are unmixed, or few, he must use less; 
hence this must be left to the ingenuity of the book
keeper.

Unusual Furnace Deposits,—Some of the iron ore used 
in the Acklam furnaces, England, contains zinc. There 
is no analysis of this ore given ; but there was exhibited 
at the Paris exhibition a small quantity of a white 
powder collected in their gas flues, of which the follow
ing analysis was g iv en —

P rotox id e  o f  iron . 14.22
O xide z in c  . , 10.48
S u lp h id e z in c  . 13.70
A lu m in a 8.20
L im e 12.32
M agnesia 5.03
C hloride o f  silicon  . . t 4.74
A m m on ia 0.70
T hallium trace
S u lp h u ric  acid 3.18
F ree su lp h ur . 0.17
S ilica ’ 22.60
C arbonaceous m atter 4.50

99.84

The editor of Engineering says that this is an analogous 
production to the fumes of zinc eollected at some of the 
Prussian blast furnaces, and sold at a very remunerative 
price by the iron-masters there. An analysis of that 
dust, also furnished by the exhibitors, shows that zinc 
forms a very important part of its composition. I t is 
very probable that the utilization of this powder, which 
collects, in the blast furnace flues in great quantity,'and 
at present is not made use of in any way, may be found 
equally profitable, as has been the case' in Prussia. W e 
have seen at the Kdnigshiitte, in Prussian Silesia, the 
whole tops of the blast furnaces covered with similar
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white dust, and we have been informed that it\is  
collected and used fqr the manufacture of oxide of 
zinc, which, in fact, is one of its principal components. 
This is a very profitable operation at the KSnigshutte, 
and it is not unlikely that it may turn out equally ad
vantageous if taken up in Cleveland.*

The above facts have led us to examine the so called 
“ cadmia,” or sediment found in the hot blast stoves on 
the'Lehigh and in New Jersey furnaces, and with the 
same results. Zinc is found in almost every furnace on 
the Lehigh. A very beautiful caking powder occurs at 
the Oxford furnace, Warren County, New Jersey, the 
only place in that county where there is a furnace. At 
Durham furnace, eight miles below Easton, Pa., on the 
Delaware, nearly 5 per cent, of zinc showed itself in 
some of this powder which we gathered out of the hot 
blast at that place. Our examinations have not been" 
made beyond these places, although we are interested in 
collections from various furnaces. Analysis cannot be 
made in time for notice in this work, and these ashes (or 
wrongly termed “cadmias”) are taken, thus far, from fur
naces using ores from the general region of the zinc de
posits of the Saucon valley, or the New Jersey Eranklin- 
ite, and hence may be supposed to contain zinc, although 
it is not discoverable in any of the ores by an ordinary 
analysis.

Titanium, in the crimson cubical form of cyano-nitride 
of titanium, has been found, frequently, in the Lehigh 
furnaces, in the crevices of the hearth, after the furnace 
has been blown out. We have some specimens from 
Crane Works. The ores containing titanium are from 
Morris Co., N. J. We have, also, some pig iron colored 
purple by the presence of titanium taken from the same 
works. It has, necessarily, no effect upon the iron 
undprJhese circumstances.

Yai-ious crystalline forms of slag used to appear more 
frequently, before the improved methods of carrying off 
the slags were adopted and when the slags were allowed 

*
* Engineering, .Tune 1867.
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to cool in sand-holes, aS is indeed the method still 
adopted in some places, where such crystals are formed 
at present. Mr. Thomas Hunt, of Catasauqua, pre
sented us with a specimen of an extremely fine and 
glossy tufted substance, which proved to be an asbestus, 
(containing SiO*, MgO, CaO, FeO) taken from the cast 
house, and which was found entangled in* some slag 
at the junctqre of the pig and sow immediately after 
casting. The magnesia of this asbestus came, doubtless, 
from the limestone. At Cooper’s Furnace, Phillipsburg, 
a very interesting series of glassy crystals of diopside 
appeared among the slags, a minpral which is com
posed of the same elements as asbestus but in different 
proportions afid form, and with less iron in this instance.

At Columbia, Lancaster Co., beside the olivine in the 
salamailder, which has been described elsewhere, a mass 
of graphite Was given us so nearly resembling lead that 
it was supposed to be that metal until it was found that 
no heat would melt it. ♦

Peles hair, or furnace glass, sometimes appears as 
white as Wool and as fine, blown out from the cinder-hole 
and lodging against the rafters of the oast house. This is 
supposed to be a sign that the furnace is working badly, 
but it is only because of thO viscid condition of the slag 
and the fact that at a certain point the slag was caught- 
up by the blast and spun out. The same glass may be 
spun under the same condition of slag, by means of a 
stick thrust adroitly into the slag and swung around 
the head. So far as the viscid condition of slag is a sign 
of bad working, this glass may be taken as a sign, but 
it is one, in itself, of very little or no importance.
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CHAP TER VII.
HOT BLAST OVENS.^ASTE HEAT.

T he forms of some furnaces have been somewhat modi
fied at the throat, in view of the utilization of the com
bustible gases, and the only departure from the uniform 
curve reaching upward to the margin of the top of the 
furnace, or throat, might be made in view of this pur
pose of utilization. This appropriation of the “ waste 
gases” had been extensive in Ataerica before the same 
economy had prevailed, eVen to a moderate extent, in 
Great Britain, although upon the continent it had been 
introduced extensively in some districts. I t is remarka
ble, that so lately as 1864, Hr. Percy, writing in regatd 
to* the application of the hot blast, should have ample 
occasion to say of British masters: “ I have felt no small 
commiseration for ironmasters who still pursue the old 
plan of Using solid fuel,” and it is remarkable that in 
the late edition of Mr. Truran’s Works, 1865, nothing 
is given in the text as to the vast improvements in the 
hot blast working of iron, but the prejudices of Mr. 
Truran are transmitted from edition to edition with the 
exception that at the end of the final chapter “ on the 
employment of furnace gases” a short note is subjoined 
stating that ironmasters differ with Mr. Truran, and that 
“ the utilization of the tunnel head gases has steadily pro
gressed during the last few years and the blast furnaces 
at the Dowlais Works have been recently fitted with 
apparatus of the most complete description for collecting 
and burning their Waste gas.”

The following preliminary remarks are interesting as 
historical, and may introduce us to the modern method 
and improvements invented since the time of Mr. Over
man.

[The apparatus for heating air before it is brought in
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contafct with the fuel, is very simple, and the principle it 
involves' easily understood. The object we seek to secui'o 
in the construction of an air-heating oven is that the air 
shall be heated only to a certain degree; for we shall 
find that, from any degree of heat beyond this, no ad
vantage is to be derived. Further, an apparatus must 
be of such a form as to heat the pipes uniformly; for, 
if the fire plays too much on one place, the metal pipes 
arU soon injured. This apparatus, on account of its 
simplicity, admits of a variety of forms; but in general, 
it is settled that the horizontal pipe is the most effectual 
with respect to economy of fuel, though it needs modi
fication on account of the material from which it is 
made. The horizontal form of the pipe is the best, for 
the same reason that the round and horizontal is the 
best form of the steam boiler; that is to say, by means 
of this form the greatest effect of the heat applied is 
secured. Aii*-heating pipes should be made of gray 
cast iron, because of the fusibility of other metals, and 
of the facility with which wrought iron oxidizes, being 
in contact with oxygen on both sides. Nevertheless, 
cast-iron pipes are very heavy, and they will bend, and 
finally break, by their own weight, if laid horizontally, 
and heated in that position. Pipes of a vertical form 
will resist the influence of the heat better than those of 
any other form, but they are thought to be less favorable 
conductors of heated air. Those who have attempted 
to make improvements on the aii'-heating stove have 
sought to unite the advantages of the one with those of 
the other. Most of the forms now in use are based 
upon this principle.

a. Air-heating stoves were formerly reduced to two 
principal forms; the circular pipe, and the vertical, or 
more or less inclined pipe. Fig. 99 represents a ver
tical section of one of the earliest air-heating stoves 
with round pipe?, which scarcely requires explanation. 
The diameter of the round pipes is generally three inches 
inside, and that of the two straight and lower pipes, fif
teen inches or less, according to the quantity of air 
which is said to be passed through it. The cold air
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passes in at one end of one of the lower straight pipes, 
and out at the opposite end of the other pipe, which is

Fig. 99.

Hot-blast apparatus.

more clearly shown by Fig. 100. The apparatus is here 
assumed to be on the top of the blastfurnace; therefore, 
no fireplace is seen. Fig. 99 shows a grate; hence, the 
apparatus is designed to be heated by separate fuel. 
That shown by Fig. 100 is heated by the waste heat of 
the furnace. The number of round pipes is increased 
or diminished according to the amonnt of air to be 
heated. The distance between the two straight pipes 
is generally four feet, which will make the distance of 
the round pipes about five feet. The vertical pipes are 
placed as near as possible to each other; sufficient room 
is left for the passage of the flame from the furnace.
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which does not require more than one and a half or two 
inches. In the mason work are several small doors, by
• Fig. 100.

Air-heating apparatus—longitudinal section.

means of which the pipes may be cleaned, for on the 
surface of the latter a large quantity of dust and carbon
ized ashes is, in the course of the operation, condensed. 
Unless the p ip^  are frequently cleaned, they are liable 
to burn. More or less draught may be given, and moi'e 
or less heat generated, by the damper on the chimney. 
The round pipes are set on each side in sockets, and 
well secui'ed by careful cementing.* If  we wish to 
make the best use of the heat, the grate, or the entrance 
of the flame, should be put on at that end of the appa
ratus from which the hot blast is let off.

* Sal ammoniac of the shops and iron filings mixed—a good re
ceipt is sal amm. (saturated solution) and iron filings mixed with the 
solution till a pasty mass is made.
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h. In Fig. 101, the other arrangement of the heating 
pipe is represented. I t differs in no respect from the

Fig. 101.

Hot blast, heated on the top of the blast furnace.

one just exhibited, except in the fact that the heating 
pipes are straight and set almost vertically, connected 
at the top by a short curved pipe. The straight pipes 
are frequently from six to eight feet in length at large 
furnaces; diameter inside five inches; metal one inch 
thick.

For small charcoal furnaces, an apparatus five feet 
long, consisting of eight pipes, is sufficient. At large 
anthracite and coke furnaces, we meet with an apparatus 
of thirty and more pipes for each furnace. No general 
rule with resperct to the number of pipes, and the extent
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of surface required, can be given; but conclusions 
derived from experience prove that a surface from three 
to four feet square is, when exposed to the heating 
flame, large enough to heat an amount of air sufficient 
for one ton of iron per week.* The heat, in the interior 
of such a stove, is not very g rea t; but the furnace, and 
frequently the whole apparatus, are lined with fire-brick. 
This is more durable, and saves more fuel than red or 
common brick. Heavy brickwork is very advantageous 
at hot-air furnaces, for changes in the temperature of 
the blast should be provided against.

c. At a blast furnace, where hot blast is employed, 
the tuyere cannot be left open around the nozzle. We 
are thus deprived of the means of getting at it directly. 
As it is necessary that the tuyere should be cleaned, an 
arrangement is made to get at it from the cap of the 
pipe near a. Fig. 102. A small hole in the cap admits

Fig. 102.

Hot-blast stove, a ir -p ip e s , a n d  tuyere poker.

a three-quarter inch round rod, which is pushed in until 
it reaches the tuyere. This hole is closed by a short 
iron stopper. The cap a, on which the nozzle is fastened.
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must be light and easily movable, above the valve; for, 
as we have stated. Some work is necessary to be done at 
the tuyere. The cap and nozzle should be light, and 
movable with facility, and therefore the best material 
from which they can be made is sheet iron. In case 
the heating-stove is at the top of the blast furnace, the 
blast pipe may be led from above to the tuyere. This 
is advantageous where but one tuyere is to be supplied; 
but where two or more tuyeres are in the furnace, it 
will be found preferable to day the pipes belo^ the 
bottom stone-as indicated in the last cut. In case there 
is no surplus of heat, and we wish to preserve, as much 
as possible, the heat in the blast, the hot air-pipe, lead
ing from the stove to the tuyeres, may be packed in 
sand, and laid in a wooden box.; or, i t  may be sur
rounded by a coating of loam. The pipes closest to the 
fire must be secured against the violent action of tJie 
flame, by a protection of brickwork or fire-clay.. It is 
advisable to have a direct comihunication between tbe 
tuyere and the blast machine; cold blast can thus be 
led directly, into tbe furnace when it is required, with
out passing through the heating stove.

d. In the cap of each nozzle there is a hole, to which 
the manometer, an instrument for measuring the pres
sure, ma-nom'-eter, from Greek—manos thin, and meter 
measure, is attached; this enables us, by introducing a 
thermometer for a short time, to measure the lowest 
degree of heat of the blast. The thermometer must be 
sufficiently long to indicate the degrees of heat below 
the boiling point of mercury; a greater length would be 
Superfluous. Glass instruments are very liable to be- 
broken, particularly at furnaqes; and as it is a matter of 
considerable importance to know the temperature of the 
blast, a more practical means of measuring heat, namely, 
by alloys of metal, is resorted to, A small quantity of 
such a composition, or of pure lead, is put into a small 
vessel of copper or iron, which is fastened to a thin 
wire, and let down into the centre of the blast pipe. 
After obtaining a conaposition which melts at a certain 
temperature, no further experiments are necessary; and
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such a test may be applied when a doubt arises in our 
minds as to tl^e heat of the blast. For practical pur- 
poses it is unnecessaty to know exactly the degree of 
this heat. An approximation to correctness will, in 
this case, answer every purpose. Pure lead melts at 
470°; mercury boils at 660° ; tin melts at 380°, tinner’s 
solder at 410°, type metal a t 350°, and a mixture of 
type metal and tinner’s solder at 300°. W e shall annex 
a few alloys, which may be used to measure lower tem
peratures ; but with the #aution that the melting point 
of the alloys is somewhat raised after each experiment. 
A mixture of five parts of lead, three parts of tin, and 
eight parts of bismuth, melts at the heat of boiling 
water, or 212°. The addition of mercury makes.it still 
more fusible. Three parts of bismuth, one of lead, and 
one of tin, melt at 200®. Bismuth melts at 480°; but 
its alloys are very fusible. W ith the addition of bis
muth to tinner’s solder, all the degrees between 200° 
and 500° may be produced. Nevertheless, a mercury 
thermometer, inclosed in a metal capsule, and suspended 
on wire, to prevent the contact of the glass and metal, 
is the best and easiest method of measuring the heat of 
the blast. Other plans of pyrometrical measurement 
will be stated hereafter.

Theory o f H ot Blast.

The effect of the application of hot blast is threefold: 
First, it saves fuel in the direct proportion of the tem
perature of the aliment to the temperature of com
bustion. Secondly, the supply of hot air to smelting 
operations increases the reducing power of the gases, 
by promoting the combination of oxygen and carbon. 
Thirdly, it promotes the chemical union of the particles 
of fluxes.

The highest heat obtained from the combustion of 
fuel and the application of hot air, which results in ad
vantage, has been found to be about 500°, or, the melt
ing point of lead. This number, of course, varies 
according to the kind of fuel employed. A higher heat
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•will be advantageous if we burn anthracite, and a far 
lo'wer temperatm-e, if we burn charcoal. If  we do not 
need a high temperature for a given operation, we may 
economize fuel by spreading the heat over a large 
surface.

Hot air effects a saving of fuel in proportion aS its 
temperature is the complement of that in the furnace. 
In nearly every instance of combustion, unburnt air 
passes through the fuel. The lower the temperature of 
combustion, the greater the quantity of air which will 
pass uncombined ; that is to say, the heat of the blast 
or of the nourishing air, which adds directly to the heat 
of combustion, will be the more apparent, the lower the 
heat in the*furnace.

From these considerations, we may conclude that, 
where the highest possible temperature is desirable, the 
application of hot air in combustion is indispensable. 
But there is a limit to this application; and the air 
suitable for one kind of fuel may be too hot or too Cold 
for* another kind. There is no direct saving of fuel in 
cases in which the air is to be heated by separate fuel, 
but only in cases where it can be heated by the waste 
heat of the furnace itselC The percentage of fuel saved, 
in the latter case, is equal to the temperature applied to 
it. I t  thus follows that, in a furnace heated to 4000°, 
to which air of 400° is applied, ten per cent, of fuel will 
be saved; but if the temperature in the furnace is only 
2000°, and that of the alimentary air 400°, a  saving of 
2Q per cent, will be realized. This, however, applies 
only to a combustion which is imperfect, and occasioned 
by a too liberal supply of air. Where the combustion is 
Smothered, the application of hot blast is disadvantageous; 
as far, at least, as economy of fuel is concerned, no 
benefit results from it.

If we wish to work to the greatest advantage with 
respect to economizing fuel in, a blast furnace, we.should 
be careful that the temperature is highest at the tuyeres. 
Where quality alorie is sought for, the heat should be 
highest above the tuyeres ; in this case, the iron will be 
cooled, and its impurities oxidized, before it settles down
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into the crucible. A gradual increase of heat from the 
top of a blast furnace down to the tuyeres is the object 
at which we should *aim ; and this can be realized by 
producing, with a certain degree of blast, the highest 
heat exactly at the tuyere.

Another equally important advantage of hot blast is 
its mechanical influence upon cinder. The particles of 
matter which enter into the composition of cinder will 
be exposed by a high heat, and their affinity for each 
other increased; the consequence is, a greater fusibility 
of the cinder and a saving of limestone. Cinder soon 
cools, particularly if it is of a silicious nature ; the blast 
of a furnace, always working more or less u^on it, chills 
i t ; in this state, the particles of melted iron will not 
pass through i t ; hence, it will flow slowly over the dam. 
Hot air keeps it in its highest state of fluidity ; by that 
means the descent of the iron and the removal of the . 
cinder are promoted. But that which is beneficial to ; 
the cinder is Very injurious to the iron ; that which 
makes the cinder more liquid, and imparts to it a mfo,"' 
homogeneous texture, causes the impurities to unite 
more strongly with the iron. This is another instance 
in which we cannot increase the temperature of hot 
blast beyond given limits. Unless the blast has been too 
hot, the combination of impUinties and iron can be, in a 
great measure, dissolved in the puddling furnace; but 
not so well in the forge fire.

The advantages arising from hot blast and cinder have 
brought into use certain refractoiy ores and fuel, which, 
before their application, were regarded as comparatively 
worthless. There is no material, however small the 
amount of iron it may contain, or in whatever form or 
combination it may exist, which cannot be revived by a 
judicious application of hot blast. I f  the forges could 
work any quality of pig iron to advantage, the blast fur
nace might be i)rofitably employed upon cheap produc
tions. By applying hot blast, we are enabled to revive 
iron from the poorest kind of silicious and aluminous 
ores, to reduce the protoxide in the silicates, and.. to 
revive iron from forge cinders. If  the quality of the
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product would satisfy the forge-man, the application of 
hot blast would probable reduce the price of pig iron, in 
the anthracite and bituminous coal regions, to a consider
able extent.

It will doubtless be as appropriate in this as in any 
other place to make a fenv remarks relative to the causes 
of bad iron, resulting either from hot blast arid imper
fectly prepared ores, or from forge cinder and the native 
silicates. It is a law Uf chemistry that matter can be 
dissolved, under favorable circumstances, in a solvent, 
which under ordinary conditions, would not atfect it. 
Silex, if in chemical union with any substance, such as 
oxide of iron, can' be dissolved by hydrochloric acid 
under any condition; while silex in an uncombined 
state is not acted upon by it. Silex, dissolved in potash 
or soda, and precipitated from that solution by an acid, is 
soluble in vvater; but if the precipitated silex is dried 
and heated, it is insoluble in any menstruum whatever. 
This behavior of the silex is, in a greater or less degree, 
*’.e same as that of most other substances. Tu inves
tigate the cause of this, difference of solubility in matter 
of the same constitution, does not belong to ouv depart
ment. It is sufficient to know the fact. We shall make 
use of it, to explain the cause of the behavior of iron 
ores, with respect to the quality of the iron revived. 
The object of preparing or roasting iron ore is simply 
this : to expel from it fugitive foreign mattei*. Roasting 
opens the ore, and effects a more thorough separation of 
the oxide of iron from the foreign naattet. It is the 
latter object alone which concerns us at present. No 
foreign matter interferes so much with our operations 
as silex ; few other substances interrupt ouf business. 
Silex, is a strong acid, and in consequence, probably, of 
some unknown specific quality, has a remarkably strong 
affinity for the protoxide of iron. It is composed of oxy
gen and an unknown, at least not well known, ele
ment, silicon. This element has a very strong affinity for 
oxygen; one atom of silicon combines with three atoms 
of oxygen, or very nearly fifty parts by weight of the. 
one with fifty parts of the other. From iron ores—in 
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which ah intimate connection exists between the silcx 
and the oxide of iron—the iron cannot well be revived, 
unless a portion of silicon is ttlso revived. This wijl 
appear the more reasonable, when we reflect that silicon 
has as strong an affinity for the metallic iron as silex 
has for the oxides of iron. In  manufacturing steel, 
every etfort is made to purify the iron ; and yet the best 
steel always contains silicon. The more intimate the con
nection between the oxide and the silex in the ore, the 
greater will be the amount of silicon which the revived 
iron will contain. The present case is similar to those 
in which a silicate, or any iron ore, is dissolved in 
hydrochloric acid. Here, the silex parts more readily 
with oxygen than with iron - There would be very little 
pfospect of separating iron from silicon, had not iron a 
great affinity for carbon Open, well-roasted ores absorb 
more carbon than close ores ; but forge cinders or sili
cates absorb none at all. The first make gray iron, which, 
notwithstanding the large amount of silicon they often 

• contain, can be worked to advantage. The latter always 
produce hard, cold-short iron, and they generally contain 
less silex than the first ores. Carbon, if in mechanical 
admixture, as in gi'ay pig iron, keeps the iron porous; 
oxygen will have access to the inteiior; and as silicon 
hds, at a low temperature, a greater affinity for oxygen 
than, it has for iron or carbon, it will oxidize before 
either of the latter. Upon this hypothesis, we can 
explain the improvement of pig iron by meahs of cold 
water. Steam may find access to the interior of the iron, 
if the latter is suddenly chilled and crystallized. Silex 
has little affinity for carbon, so has silicon ; but the latter 
has so gredt an affinity for oxygen, that it can be oxidized 
only to a certain extent, if in a body: the resulting 
silex covers the silicon, and prevents its further oxida
tion. The heat produced by oxidation, and the'cohesion 
of the silex, are very great. Carbon does not combine 
with oxygen at a low temperature. If, therefore, silicon 
is contained in cold gray, or white iron, and if, in this 
divided state, it is oxidized, it will not cause the tem
perature to be I’aised sufficiently high to burn the carbon, 
and the pig iron or metal may retain all its carbon.
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though the silicoft will be oxidized to silex; the latter is 
pf no injury whatever to iron. But, if iron, containing 
silicon and carbon, is hffated so far that its carbon will 
unite with oxygen, and is then exposed to a liberal access 
of air—whether in the blast furnace, the finery, charcoal 
forge, or puddling furnace—it will lose its carbon, it will 
be white. Here the high temperature is the cause of 
the combustion of carbon. The burning of the silex 
will, as a matter of course, be the cause of the conversion 
pf a portion of iron into protoxide, with which it will 
combine ; this protoxide is, in turn, reduced to metallic 
iron by the carbon. Such a process will always take 
place in large or small particles of melting iron. If a 
drop of such iron is exposed to oxygen, the latter will 
oxidize its surface, and the result will be silex, iron, and 
carbon. But in this heat, carbon has a greater affinity 
for oxygen than iron ; and the oxide of iron, which may 
have been formed, is reduced by the carbon from the 
inferior of the drop. In this way, the pig iron is
deprived of its carbon, its cohesion increased, and its- 
fusibility diminished; I f  the amount of silicon is dis'- 
proportionate to that of carbon, the iron is almost beyond 
improvement, for that heat which will melt it will 
oxidize it, and transform neatly all, or a part, of it into 
a rich silicate, without improving the iron which 
remains, and which may be yielded from su'ch impure 
silicious metal. Hot blast is, in this case, more injurious 
than cold blast, fpr it increases the temperature, and 
hence, the affinity of carbon for oxygen; but it dimin
ishes the affinity of iron and silicon for oxygen, and 
increases the affinity of the one for the other.

Hot blast, has been applied to charcoal forges, and is 
still so applied; but experience clearly shows that it 
injures the quality of the iron manufactured. Hence, 
it offers no possible advantages, for what is gained in 
quantity is lost in quality. Charcoal forges are valuable, 
in our country, as a means of producing quality. If 
that object is compromised, which is surely the case 
where hot blast is employed, charcoal iron will be 
brought to a level with puddled iron. This would be
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the surest method of making charcoal forges unprofita
ble. In the Catalan forge, hot blast may be employed 
advantageously in the melting down of the ore or 
cinder; but in the breaking up or blooming, cold blast 
should be employed.

Hot air is of but little advantage in puddling and 
reheating furnaces, or sheet iron-ovens, where bitumin
ous fuel, such as wood, peat, or bituminous stonecoal, 
is used. I f  we burn anthracite in these furnaces, we 
may realize a moderate gain by hot air, provided the 
air can be heated by waste heat. This remark may be 
particularly applied to the reheating furnace, where 
large piles of ii’on are to be reheated; for free oxygen is 
generally contained in the flame of this furnace even in 
the highest heat. This oxygen, in some measure, works 
destructively on the iron to be reheated. Its amount 
will be greater in an anthracite reheating furnace than 
in any other; still, it may be reduced by the employ
ment of hot air.

At the blast furnace, economy of fuel is an important 
object; not so much because fuel is valuable in itself, 
but because wages are h igh; the handling of fuel, as 
well as the keeping of a fire, requires labor. For these 
reasons, air is generally heated at the top of the furnace. 
Coke furnaces may be considered, with the exception of 
a few anthracite furnaces, the only ones at which the 
blast is heated, by separate fuel, and where extra labor 
is required. The top flame of the blast furnace con
tains far more heat than any air apparatus requires. 
The air stove should be so constructed as to secure 
durability and simplicity. The flame may be conducted 
directly from the top to the stove; or the gas may be 
tapped below the top, and conducted in pipes or chan
nels to the stove, just as we choose; either method is 
good, and by either method we may obtain, as much 
heat as we require. Where the steam which drives the 
blast machine is generated at the top of the furnace, as 
is generally the case, it is advisable to place the air
heating stove at the end of the steam boilers; for there 
is sufficieut heat left, after the flame has passed under
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the steam boilers, to heat the blast to any degree which 
may be considered profitable. What makes this arrange
ment, common at the anthracite furnaces, more profit
able, is the fact that the gas, by the-time it passes the 
steam boilers, is, in some measure, cooled, and not 
sufficiently hot to injure the air-pipes. This result fre
quently occurs where the apparatus is put directly to 
the tunnel-head. •

The economical advantages arising from the applica
tion of hot blast, omitting those cases in which cold blast 
will not work at all, are immense. The amount of fuel 
saved, in anthracite and coke furnaces, varies from 
thirty to sixty per cent. In addition to this, hot blast 
enables us to obtain nearly twice the quantity of iron 
within a given time that we should realize by cold blast. 
These advantages are far more striking with respect to 
anthracite coal than in relation to coke, or bituminous 
coal. By using hard charcoal, we can save twenty per 
cent. of. fuel, and augment the product fifty per cent. 
From soft charcoal we shall derive but little benefit, at 
least where it is necessary to take thq quality of iron 
into consideration.] *

History of the Hot Blast and of Modern Applications and 
Improceinents.

In 1828, a patent was granted Jas. Beaumont Neilson, 
manager of the gasworks of Glasgow, entitled “ Im
proved Application of Air to produce Heat in Fires, 
Forges and Furnaces where Bellows, or other Blowing 
Appai'atus, are requii'ed,” The essential principle of 
which was to pass the air, or blast intended for the heat
ing or redyeing of the iron or ore, through an iron 
chamber heated to a considerable temperature above the 
ordinary blast temperature. The reception chamber was 
to be heated to redness though the beneficial effects 
were felt at a lower temperature. Neilson’s first blast 
oven or atove was similar to a “ wagon head” steam 

, boiler, one being used for each tuyere and about 4 ft. 
long, 3 ft. high, and 2 ft. wide, set in brick with a fire
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underneath. Before this time it was thought that the 
colder the blast the better the results. This was deduced 
from the fact that the produce, per furnace, was greater 
in winter than in summer, so that blasts were passed 
over water to cool them. But this was followed by un
satisfactory results, inasmuch as the blast took up water, 
for it was found that the same unequal production of 
iron in winter and summer took place when the blast 
was heated to 600° or 800° Fah. and was due to the 
moisture invisible' in summer, yet more extensively 
present than in winter.

Percy thinks that in order to inject the same amount 
of oxygen ifito a furnace in summer as in winter, the 
blast engine must be driven to a higher rate of speed.

In 1831 raw coal was used instead of coke, and the 
temperature of the blast raised sufficiently to melt lead 
and even zinc—and the use of the water tuyeres had 
become necessary.

The Apparatus.

A large amount of ingenuity has been exercised upon 
the vai'ious modes, material, and sizes of the blast fur
nace or oven. At first, Neilson used wrought iron,- 
which was found to corrode too rapidly; cast iron was 
then introduced. At the first he raised the tempera
ture to 200°, In the next and improved plan, which 
was that of a cast-iron cylinder, bottle shaped at either 
end, the temperature was raised to 280° Fah.

In the third improvement the hot blast may be said 
to have commenced. In this improvement Neilson in
troduced an arrangement of horizontal cast-iron pipes, 
18 inches, in diameter, and united by flanges. They 
formed a continuous length of 100 feet, and presented a 
heating surface of 240 sq. feet. In this he raised the tem
perature to 600° Fah. sufficient to melt lead.
,  But the difficulties now began. These arose, first, 

from unequal expansions and contractions of joints. The 
leaks occasioned by these expansions and contractions 
were overcome by cast-iron rings—these broke the pipes.
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Next came into use, invented by Neilson, “ the cast 
iron tubular oven.” This consisted of two cast-iron cy
lindrical, parallel horizontal mains connected by a series 
of smaller arching cylindrical pipes with their convexity 
upward. The ends of these semicircular pipes fitted 
into sockets in the mains.. The fire was made between 
them in a grate, and ‘the whole inclosed in the semicir
cular arch of brickwork with a flue chimney. The 
mains were laid in ‘ brick; the sockets under the ends 
of the arch pipes, only, being left free. This worked 
bettet than any previous plan, and upon this all the 
many modern plans are simply and mainly impi'overaents.

The next difficulty, attendant upon the use of the 
arched pipes, was, that the convex sides cracked from 
the expansion and the permanent position of the sockets 
in the n>ains. This was remedied by causing the mains 
lo move on iron balls, and it was found that they would 
move as far as two inches. This suggested the formation 
of a pyrometer indicating the blast heat by the move
ment of the mains Such a pyrometer, consisting of a 
lever with a very short arm impinging upon the main 
and a long arm outside the oven, was introduced, which, 
after the amount of movement for any known tempera
ture was measured, would indicate any lesser, or higher 
temperature with accuracy. Hitherto, the arch-pipes 
had been made converging at the ends, but while cracks 
at the upper part, or convex side, were in a greater de
gree prevented, they now occurred on the under* or 
concave side, due to the fact that after the heavy mains 
were extended, the arched pipes were not sufficiently 
strong to draw the mains in, and the pipes cracked on 
the concave side. This was counteracted by abandoning 
the loose mains and making the sides of the siphon pipes 
parallel so that the upper part of the arch was rectan
gular with the angles rounded. These stand well. 
Of this form there have been several modifications to 
suit position and size of furnaces. There is one, how
ever, singularly different, to which we may allude in 
passing. It is an acceptable and efficient blast oven, and 
is that of the English round oven .used at the Russel’s
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Hall furnaces, near Dudley. The main is circular, of 
iron, and cast in two semicircular portions. A cross 
section of the main is trapezoidal, the bottom (which is 
widest) and the top plates being parallel to each other; 
the siphons rise from the lower main to an upper and 
the heated air is thus returned from upper to lower, the 
furnace gas flame heating the siphons as usual.

'fhe latest and best general forms of the hot-blast 
oven, in our country, are those in which the pipes are

Fig. 10.'!.

Mot blast, Scranton, Pa. Side elevation and plan.

siphons whose cross-sections are elliptical, as in Fig. 103, 
in which we have the whole arrangement of an oven
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erected-last year at Scranton, Pa. The drawings with 
end Fig. 104, and side elevation and plan, Fig. lOd,

Fig. 104.

Hot blast. End elevation.

snfRciently explain themselves, with the exception that 
Fig. 103 is drawn without a line of distinction between 
the plan, and the beginning of the elevation, but we 
need only call attention to this point to prevent any 
confusion, as the two are drawn with great accuracy to 
show the relative juxtapositions of all the parts in plan 
and both elevations.* The entire length is about 29 ft. 
7 5 in. The pipes are 6 in., measuring through the shorter 
diameter of the ellipse on the outside, and on the inside 
4 in., the iron being 1 in. thick. They are nearly 8 ft. 
9 in. above the sleeve, into which they are cemented by 
the cement spoken of on a previous page. The bed 
pipes are 14 ft. 6 in., and the division inside makes two 
chambers of each main, so that the blast passes up the 
fifteen siphons and down at one time, and thus onward to

* I am indebted to ray pnpii, N. J. Bayard, of Georgia, for the 
preparation of these drawings.
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the next'fifteen, and so on till delivered at the opposite 
end where it is received by pipes which have surrounding 
jacket$ through their entire lengths, serving the purpose 
of noH*conducting air chambers. This plan, where the 
pipes must pass through exposed situations, is admirably 
adapted to preserve the temperature acquired in the 
oven, and abundantly repays the first expense. The oven 
doors ate fastened by latches, a plan we think not quite 
so safe as that adopted at the Saucon Iron Works, where 
the hinge frame is shot out at the bottom, and the doors, 
therefore, close by gravity, and, upon sudden expansion' 
by explosion of gas, will open imuiediately aft'ording some 
relief to the pressure. The closed door A, Fig. 104, in 
special emergencies, can be opened into the main fire 
chamber; the hot blast is delivered at B.

A still more complete arrangement is to be seen at 
the Sattcon Iron Works {above referred to), where the 
blast is so arranged that one half may be cut off at any 
time for repairs or for any other purpose, while the 
other half vvorks on. The whole arrangement for one 
furnace is so compact that we give the whole cluster of 
buildings in the following elevation. Fig. 105, of engine, 
boilers, and blast oven, and smoke stack, indicating 
the whole order, or plan of the furnace. The column 
of support for the walking beam of the engin^^ is put to 
the purpose of conveying the blast, in part, to the right 
and upward to the hot-blast oven. The boilers, as indi
cated, may be vrsed in two triplets, or in one.

It has been supposed, by some ironmasters, that the 
cylindrical siphon pipe is preferable to the elliptical, and 
so this form has lately been introduced into this 
country. The pipes are generally longer, rather less in 
sectional area than the former type, and perfectly round. 
No doubt this form is equally good as respects heating 
power, and perhaps on the whole somewhat better than 
the elliptical form. A supposed improvement has been 
introduced in’the elevation of the roof of the oven, the 
object being to afford a larger space for gas, and conse
quently a large mass of heated air. In some cases this is 
an improvement, but, with some ores'and fuel, so much
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Fig. 105.

5 0 1

General Plan Saucon Works, Pa.

heat is disengaged that there is no call for any additional 
heat, and the larger the walls the more liability to 
cracking, and to loss of time in repairs. Some improve
ments lately introduced upon the continent of Europe 
may be presented, briefly, before closing this part of the
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subject. First, the horizontal pipes in serpentine ar
rangement of Wasseralfingen employed in Westphalia. 
The following is a correct copy of the oven as given by 
Petitgand & Ronna. The tubes are either* round or 
elliptical, and are sustained by irons running into the 
furnace. The arcs or curved connections are found to 
be most conveniently arranged, and sufficiently retentive 
of heat, when placed outside the wall. The ascending 
flame seems to heat more powerfully than any other 
flame, and this oyen utilizing such a flame, gives great 
satisfaction in several places on the continent. It had 
not been introduced into England at the time Messrs.

Pig. 106. Fig. 1 0 7 .

WASseralfingen Hot Blast.

Petitgand & Ronna published their Appendi.v. A still 
later improvement has been announced as that of Thomas 
& Laurens. The principle need only be stated with 
the following repreisentation to render it sufficiently 
plain without any minute description. The object 
desired is to throw the blast current into a cylindrical
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form, and thus expose it to the influence of the heated 
tube, or cast iron, surrounding this cylindrically formed' 
current. There is a core around which the cast-iron

Fig. 108.

tube, and between this and the core the blast current is 
forced. The ignited gas surrounds this tube, and the

Fig. 109.

blast is, so to speak, forced up against the heated side in 
a thin stratum of air. It will be noticed that in Fig.*
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107 the core pipe is dentated, or spurred. Fif?. 108 is 
a plan section at the base. Fig. 109 the end elevation. 
Fig 110 sectional plan of the top. This form has not 
been reported upon as yet fully tried, but the apprehen
sion is that there will be considerable resistance to the 
blast, requiring more power, or a greater pressure per 
inch to force the air though the blast oven. The ad
vantages claimed for it are rapid heating, the require
ment of a smaller stove for some degree of heat, and 
an easy access for cleaning, and therefore greater econom y.

Fig. no. Fig. i n .

After all, it is probable that the plan, suggested, as 
adopted in the American elliptical and simple siphons, 
very close and parallel in the several bed pipes with 
ample room in the oven, is as near, as need be, the most 
economical and most convenient, where the heat is not 
made excessive.
. Some furnaces have lately adopted the method of
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placing the blast oven upon the level of the hearth of 
furnace, and not, as formerly, upon a level with the 
tunnel head. This plan has been adopted for years in 
many furnaces in this country and abroad. At Port 
Henry, Lake Champlain, the gases are cut off entirely, 
and no light nor gas is seen excepting from the tunnel 
head. There is, as in the following cut, Fig. 112, a 
“ cone and cup,” plan of shutting down the gas and 
forcing all through a pipe descending to the blast oven 
upon the ground.

Fig. 112.

In some furnaces such a treatment would probably 
be followed by the production of forge iron. The iron 
formed at Port Henry is mottled, or forge iron intended 
for the rolling mill, but this is attributed to the compact 
nature of the magnetic ore. Where open foundry iron 
is desii'ed, it is doubtful, especially with certain peculiar 
grades of ore, that a high order of iron would result upon 
such a treatment. So far, however, as distributing the 
charges is concerned, the plan, in some degree, is a good 
one, and this method of mixing and distributing the 
charges is adopted in many furnaces both in Britain and 
upon the continent. • In America, a method to effect 
the last mentioned object is adopted, which works 
equally well when the fillers are honest and careful
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men. It is the plan of surrounding the tunnel head 
with a wall perforated with a certain number of gates 
or doors, and requiring the men to fill through these 
doors, using them alternately. Perhaps a combination 
of the two plans might be more effectual than either by 
itself; but a ground oven may be used with an open 
furnace.

When the blast oven, placed upon the ground, is heat
ed by the waste gas from the tunnel head, a large and 
high smoke stack is needed to draw the gas down from 
the tunnel head to the ground, for there must be a large 
resistance to this downward course of the rarified gases. 
In some locations, or positions, there is no adequate 
benefit resulting from the adoption of this method.

In regard- to the openness of the tunnel head there 
are various opinions reconciled by consulting the. ores 
fluxed and the fluxes used, for methods vary from the 
above-mentioned plan, fr*om absolute stoppage to entire 
opening and escape of all the gas from the tunnel 
head, *but the most open foundry iron, and the freest 
from injurious substances,is made where the tunnel head- 
gases escape most freely. As we have said, this freedom 
of escape may be induced even where the tunnel head is 
somewhat covered, and the gases somewhat condensed, 
by leading the gas off downward and again upward by 
a powerful draught of air caused by a large and very 
high smoke-stack rapidly drawing the air off from the 
ground blast oven, biit it must needs be erected with 
great care to insure the result desired, or else the very 
furnaces which made good foundry iron will certainly 
lose their power to make so fair a sample of iron with 
the same ease, and upon the same conditions, as 
formerly; at least until the new order of things is fully 
understood and the evils provided against.

As for the methods of retaining, diverting and utiliz
ing the waste gas, as adopted of late, the following rep
resentations will afford an idea of inventions which 
give satisfaction, and, at the same ' time, exhibit the 
efforts made at the present day, in Europe, to meet the 
wants in this direction:— '

Eig. 112 shows a method introduced by Cochrane at
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Ormsby, Enj'land, wliich is a modification of that “ cup 
and cone” system introduced into England and used at

Fig. 113

Cochrtme’s distributor.

the furnace at Port Henry. It comprises a truncated 
cone, A, of wrought iron ; B B, a circular gallery, 
or trough of cast iron into which the mixed ores are 
thrown; A being raised by a windlass to the position 
indicated at the dotted line, the ore falls against D 
and is distributed. This plan is spoken of in the highest 
terms as producing foundry iron where the ordinary 

.method of throwing in the charges was followed by the 
production of white iron. The arrows indicate the course 
of the gas into the circular chamber and out through E.

Fig. 114 is the representation of a covering and a 
charge distributor which is, in some respects, more com
plete in its power of distributing the ore. It is an in
vention of M. Prenat, director of works at Givors, 13 
miles south of Lyons, France. It is highly spoken of. 
A is a stationary cylinder terminated with a cone, which 
is sustained by four arms of wrought iron. B B is the 
cvlinder protecting the gas flues at its lower end ; if 

33
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necessiiry to close the furnace it is done at -C. by- a cast- 
iron door, at whicW place the charges are delivered and

.  Fife. 114

Prenat’s distributor.

scattered as they strike A and again distributed against 
the walls of the furnace at D. It is plain that A D 
must be better sustained than is represented in this en
graving, which is (letters excepted) on the authority of 
AIM. I'etitgaiid and llonua; this strengthening might 
be accomplished by introducing into the edge of D four 
wrought-!roil yokes with bars extending to, and united 
witli, plates in the bottom of the gas flues E E. The 
method of charging is undoubtedly good.

When the furnace throats are large and cars are to 
be used, another plan has been suggested by Escalle and 
used to extract the gas from the central part of the 
furnace, allowing building the furnace walls uf) solid. 
The gas is carried off by ffues; the cone, called the dis
tributing cone, moves downward by its own weight, in 
part counterpoised by weights P F(Fig. 115), on long arms 
or levers, sustained oy'the arbors at II, or on that line. 
The wagons, or barrows.,open underrieatliatFF(Fig. 116), 
and disciiarge into the cavity at A, and against the cone II 
If, which descends vertically around the gas pipe C, guided 
by slide rods L L; J J  being the suspension connections
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Fig. i l ' .

515

Fig. 116.

Escalle’s method.
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of the long levers. E E is the cylindrical casing for the 
support of A A. N is the valve for escape gas'when 
such escape is needed. The rest sufficiently I'epresent 
the principle and object.

Flayer’s Blast Oven.— A modification in the use of the 
waste gases from the tunnel head is seen in the opera
tion of this oven. We adopt the following description, 
sent us by Mr. Henderson, slightly altering some parts 
which make it more in accordance with our own per
sonal knowledge of its action, of which we shall speak 
hereafter.

The practice of Neilson of Scotland and that of all 
others, subsequently, until Mr. Player’s invention, was 
to qonsume fuel, or ignited gases, in contact with iron 
pipes through which the blast circulates; by this means 
they Were unable to get over 600° without destruction 
to the pipes, owing to the irregular manner of heating' 
the blast, which was due, in part, to the' arrangement of 
the apparatus, and the mode of using the gases. It 
being found impossible to consume entirely the gases 
among the pipes, so as to make the chemical change 
caused by perfect combustion of the carbonic oxide 
into carbonic acid among the pipes, owing to the intense 
heat thereby generated, which would soften or melt 
down the pipes; and the pipe chamber being filled 
with comparatively cold .surfaces, could not readily get 
the required heat to insure perfect, combustion, which 
is obtained where the gases are consumed in a chamber 
where the temperature is constantly that of welding 
heat of wrought iron, as is the case with Player’s Patent 
Stove.

This stove is shown in the annexed figures; 117 
being plan at lowest point, 1 IS at a higher level. The 
lower chamber is composed of fire-bricks, and has 
numerous openings in the top of the arch; the gases 
from the blast furnace are introduced’therein, and in
flamed with an admixture of air. The reddish-puiple 
fumes of this gas ascend through the slats in the upper 
part of the combustion chamber, into the chamber above 
Pig. 119 containing the cast-iron pipes through which
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Fia. 117. Fig. 11®.
.............^
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the air passe.s and is heated. The upper or pipe cham- 
her is pervaded at all times, with a red hot atmosphere

Fig. 119.

which acts on all parts of the pipes alike, and has the 
appearance of a dim red heat—no .flame is visible
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among the pipes; the pipes are maintained uniformly 
throughout the stove at a blood red lieat in daylight, 
or from 1000° to about 1200° Fah. The air enters one 
of the ends of the horizontal mains, and ascends and 
descends each of the triplets of vertical pipes three times. 
There are stops in the cross troughs, Fig. 120, which

F ig . 12 0 . '

force the air up and down each pipe, thus insuring the 
])assage of the air over all the heating surface of the 
stove; about twice the area to a pipe is given in a stove 
to that usual in the common kind. The usual size of 
Player’s stove is 18 pipes, as in the figures, of a siphon,, 
or inverted U form, containing about 1000 square feet 
of heating surface, which will heat 2300 cubic feet of 
air per minute, to 1200° Fah.

There are some advantages pertaining to stoves built
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and worked under Player’s patent, which are not to be 
obtained by any other kind, such as nuich less destruc
tion of pipes; indeed it is claimed that there are no 
repairs of any kind, whereas in a common oven the 
whole affair is often totally destroyed in one or two 
years, and there is almost a constant renewal of the 
blast pipes; a greater uniformity of temperature of 
blast is also obtained, some paities report variation not 
over 20° a day, whereas the temperature of the common 
oven is constantly varying, affecting the working of 
the furnace, which can never, with the ordinary arrange
ment, be expected to make any desired quality. So 
far as dependent upon uniformity of blast heat, it is 
altogether a matter of chance. A high uniform tem
perature insures the best results as to quality, quantity, 
and economy of production.

We have seen this hot blast in full operation at Beth-* 
lehem. Pa., at the new Northampton furnace, or No. 3. 
The gas is brought down to the ground by a heavy sheet- 
iron pipe, brick-lined inside; it then passes first into 
the foundation between the two ovens of HO fourteen feet 

•pipes, and thence to three nests of boilers and then back 
to a 110  feet smoke-stack. The ovens have ho gas 
chimneys, as represented in our cut. The gas is con
ducted and burned with atmospheric air, as above des
cribed. The entire arrangement of siphon and bed 
pipes is inclosed in the brick chambers.

The stove gives entire satisfaction, the main points 
appearing to be as given above, namely, great heat with 
less pipes, longer endurance of pipes because of the 
manner of burning the gases just before touching the 
pipes, uniformity of heat. It appeared to us that the 
extreme heat claimed for this stove was not attained, 
but as this may have been due to stoppage and' to db- 
fect of the pyrometer, which did not reach H00° during 
one afternoon, we cbuld not form a fair opinion. But 
if it should prove that, with identically the same heating 
surface exposed to the flame in the common way and 
also in the way of the Player’s oven, the latter should 
give less heat, it would afford us no surprise that a pipe
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out o f a flame should not be quite so hot as one in a 
flume. Nevertheless, as we are not j'et prepared to ad
vocate the entire economy, all thinijs taken into con
sideration, of the extremes of temperature adopted, we 
are of the opinion that the method of burning the gases 
upoh Player’s plan, is the most saving of the oven and 
pipes of any other invented, and it is perhaps more uni
form, and as a whole a decided improvement.

Mr. Horton, of Rochester, has somewhat improved 
upon the plan at Bethlehem, by utilizing the gases more 
effectually, by a series of jets rather more readily con
trolled than in the plans we liave hitherto spoken of. 
Certainly the working of the furnace seems to advocate 
the use of this oven and his method of utilizing the 
gases It is thought that should this furnace, which is 
only 14 feet bosh, 50 feet high, 5 tuyeres, be burdened 
to run forge iron, it would make from 35 to 38 tons of 
metal per day, with use of tons coal only to make I ton 
iron But what has actually been accomplished (see 
previous page) is sufficient. The gas is utilized in this 
furnace so completely that there is sufficient to run 6 
boilers 60 fe^t long (with other boilers under 45 feet' 
each), and three large hot blast stoves which heat up, 
as Mr. Horton thinks from 900° to 1200° Fah. In these 
estimates of iron made it is necessary to know that this 
furnace has carried 3000 lbs. oi’e, on 2000 lbs. coal, or 
in other words, smelted l i  lbs. ore with 1 lb. coal— 
proving clearly, with what we already know, the rich
ness of the ore

Upon the former method of using the waste gases, 
Mr. Thomas, of Hokendauqua, has made some improve
ment in the course of gases as they impinge upon the 
pipes, and in the form of the cross section of the pipes, 
a§ we'have elsewhere intimated, and in his stoves the 
subject of temperature arrived at, brings no doubt to the 
mind of afiy one of aa? evening, who looks upon low red 
hot pipes conveying hot blast to the tuyeres, a circum
stance which has frequently taken place at the Thomas 
W orks.
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As to the utility o f high temperatures opinions vary, 
some finding 600° Fah. quite sufficient for ail purposes 
and in this »opinion the vast majority of judges agree. 
Some Viave, in this country, raised it to 700° and others 
to nearly 1000° or higher, as we have just seen. A low 
red heat in iron wonld indicate about 1000° Fah., or 
1100° according to some authorities.

It is a subject of doubt whether those furnaces claim
ing certain high degrees of temperature ever actually 
accomplish the heights claimed. The great tendency is 
to overestimate degrees. After all, the more important 
point is uniformity of temperature—this proves to be 
more valuable than high temperatures, especially, after 
about 600° is reached Much, however, depends upon 
the fusibility of materials used and of substances in 
the ore and limestone. All pres and limestones contain
ing much alumina and silicates of alumina must have' 
more heatr—others will do as well with less.

Pyrometers o^ various kinds have been used, but we 
are not aware of any which answer all the demands, 
which are mainly, 1st, simplicity of construction; 2d, 

•constancy of operation; 3d, ability to stand incessant 
temperature up to red heat without nielting. The 1st 
and 3d conditions have been fulfilled, but all pyrometers 
depending upon uniformity of expansion and coUtrac*- 
tion of metal seem sooner or later to lose their accu
racy and indicate less than the trile temperature, and, 
therefore, fail on the second demand. The instrument, 
arranged with a finely mixed feldspar clay—well baked 
—encased and graduated, is perhaps the most constant. 
But we are not acquainted with any instrument Suffi
ciently constant and trustworthy, although there are 
such recommended bŷ  various makers.

Mr. James Lanagan, of the St. Clair Iron Works, 
Pottsville, Pa., has been using Gauntlett’s Pyrometer, 
and is of opinion that it comes nearest to the object desired 
in such an instrument. It was introduced into the 
Cleveland Iron Works, and some notices of its working, 
which we have seen,, speak highly of it. An interesting
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point in this pyrometer is indicated in the following ex
tract:—

This instrument is a combination of the pyrometer with 
clockwork whereby the temperature of the hot blast from, a 
heating oven, or o f hot air in a stove, or of gases in a steam 
boiler flue, is continuously written down on a slip of paper by 
the instrument itself.

Extract from  Stocicton ayid Hartlepool Mercury.

A series of daily diagrams exhibits the temperature -of the 
air of the “ hot blast,” as it enters the iron smelting furnaces. 
This instrument, simple in construction, metes off the tempera
ture on a cylindrical roll of paper, which serves as a record for 
twenty-four hours. Mr. Gauntlett, the inventor, has recently 
secured a patent for this ingenious apparatus, which may be thus 
described. The cylindrical roll, we have above referred to, is 
ruled in lines, which describes the circumference of the roll, 
corresponding to the degrees of Fahrenheit’s thermometer, ex
tending to 1000° of heat. A t right angles with these, are a 
series of vertical red lines which represent the consecutive hours 
of the day and night. Upon these papers, which are fixed in 
connection with the time-piece, and also in communication with 
the heated atmosphere, the temperature of which it is desired to* 
register, the time and heat are continuously recorded by means 
of a small common lead pencil. The diagram exhibited consists 
of seven slips for each of the three furnaces, and exhibit the 
temperature of the heated air therein employed during every 
hour of the week; and it is somewhat interesting to observe 
the sinuous course whibh the line pursues, rising and falling, 
(corresponding, no doubt, with the manner in which the fireman 
has attended to his duty). A long the line, at pretty nearly 
equal distances, we observe a'series of very sudden depressions. 
The line appears to fall down precipitately, and, after making a 
slight progression, to mount up and advance as before. These 
eccentric divergencie.s, mark, we are informed, the period when 
the furnaces were “ tapped,” during which the heated air is shut 
off, and ceases to affect the in.strument. The invention,'we un
derstand, has been highly appreciated by several of the iron 
masters of this district; and, we have some pleasure in noticing 
it, as one of the native productions emanating from the new 
and rising iron districts of Cleveland.

A member o f the Cleveland (England) Jiustitution .of Engi
neers gives a very good list of the pyrometers generally adopted 
i'u England in the following words:'—
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First. A stick of lead, which, melting at 612° Fahr., is at 
best but an approximation in high temperatures, and can only 
be tried at the tuyere.

Second. A  stick of zinc, which, melting at 756° Fahr., is also 
no guide to a maximum temperature ranging 200° above the , 
melting point of this metal. This can only be tried at the 
tuyeres.

Third. Ganntlett’s patent pyrometer, depending for its action 
on the expansion atid contraction of a straight bar of copper. 
This pyrometer is of use up to 850°, hardly to 900°. Above 
this teini)eraiure it fails, as the copper rod does not contract, 
after high temperatures, to the same starting point. The advan- 
tage of this pyrometer is said to be that H is a constant indicator 
to the first temperature mentioned above^

Fourth. Krauss &  Co.’s patent pyrometer, depending for its 
action on the expansion of a spring, one foot in length and a 
quarter of an inch thick, of the metal palladium. This being 
made abroad, and the springs being only procurable at Berlin, 
a great scarcity of these instruments prevails. This pyrometer 
is not constant; it works up to 1200°, but we have found them 
falling as low as 1000° from unequal action, broken spring.s, 
etc. It cannot be trusted over 1000°, but is a constant indicator.

Fifth. Siemen’s patent pyrometer. ^This instrument is con
structed on the supposition that if an imperial pint of water ha 

‘ placed in a copper vessel, protected from radiation, and a ball 
of copper or iron, one-fiftieth part in bulk of the pint of water, 
be immersed in the hot blast at a tuyere, and when heated to 
the temperature pf the blast be at once plunged in the water 
above mentioned, for every degree that the pint of water is 
rai.sed in temperature the heat of the bla.st mgst be 50° + the 
initial temperature o f the water. Thu.s, if the temperature of 
the water be 60°,,and be raised 20° by a heating medium one- 
fiftieth of its bulk, the temperature of the blast fnust have been 
1000 + 6 0 °  =*=1060°.

The unhandiness o f this plan is seen at once, for it is not so 
easy to measure exactly the imperial pint of water; and if the 
water be not exactly fifty times the bulk of the ball the ratio is 
destroyed. Again, this operation can only be employed at the 
tuyere of a furnace, and while the mean may be 1000°, one 
.stove may be'at a low temperature while others may be melting 
down.

Hence, the need of a regular indicator for hot blast, whether 
by night or day, will be seen at once, and it is hoped that sci
entific men will tak*e the matter into consideration, as cast-iron 
stoves will not stand a higher temperature of blast than 1200° 
without burning down in a short time; and as in iron smelting
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the saving in fuel is in proportion to the temperature of the 
blast, it will be seen that a perfectly trustworthy pyrometer will 
be a great boon to the iron trade generally.

In modification of the above remarks, we would say 
that after repeated experiments upon brass and copper, 
we are inclined to the opinion that no metal exposed 
either directly to the heat, or when coated with fire
clay, will allow of expansion and contraction beyond a 
limited number of times, without losing its contractile 
power. As tor copper and other metals, a great benefit 
would en.sue' upon adopting a plan whereby the hot blast 
might be turned upon the pyrometer only when the heat 
of the blast is to be measured. Pyrometers which are 
good indicators at first, would remain so for a far longer 
time were it not for the unnecessary exposure of the in
strument to the full heat continuously. We think, 
therefore, that the practical hints suggested by the 
failure of pyrometers should lead furnace operators to 
some method of shielding the pyrometer from the con
tinuous action of the blast.

Gauntlett’s pyrometer, it is said, has been used much 
more extensively for blast furnaces in England than any 
other. His original imstrument was made in this way: 
The outside tube was of brass about one inch in dian>e- 
ter; an iron rod was placed inside this tube, and secured 
to the lower end of i t ; the upper end of the brass tube 
was screwed into a circular case carrying the multiplying 
gear which gives motion to the pointer* the brass stem 
of the instrument is inserted in the hot blast, and the 
difference in the expansion between the brass tube and 
rod gives the motion to the pointer. The instniments 
made in America are similar, except that the tube is 
shorter—about one foot long. These brass tube instru
ments answer well for low temperatures, say under 600°. 
Above that, and about 1000° and 1200°, they rapidly 
deteriorate. For the higher temperatures now used Mr. 
Gauntlett makes an instrument with a wrought-iron 

.stem inclosing a porcelain'tube. For high tempera
tures, up to 1500°, these are said to be the best in the 
market.
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The comparative economy of the hot and cold blast has 
been the subject of dispute, .especially by Truran. * He 
supposed it to be not one-fourth of what was attributed 
to it. The reason given was that from 24 to 30 hours 
after the arrest of the hot blast and the introduction of 
the cold blast—“ the furnace makes more iron with the 
original burden and no deterioration is to be seen in the 
quality of the iron.” But after that period the rate’ of 
descent is checked and the quality changes, in from 36 
to 40 hours the furnace will have returned to its original 
rate of working, and the quality of the iron be dete
riorated to white; from 48 to 60 hours the fuVnace works 
as it would with the cold blast. While the make is 105 
tons average a week with the hot blast, the immediate 
substitution of cold blast has temporarily increased the 
yield to 115 or 116, but when the additiottal coal is 
added to make amends for loss of heat in the hot blast, 
then the yield was 96.

It seems that the explanation of this phenomenon is 
as follows: When the fires are withdrawn from the lieat- 
ing stoves of a blast furnace, for the purpose of using tlie 
cold blast, more air must pass into the furnace in a given 
time as its temperature falls and bulk decre-.ises and the 
furnace must “ drive faster” until the fresh charges reach . 
the bottom. At the time the hot blast fires were with- 

, drawn, the excessive heat upon the furnace would allow 
the charge to be driven, but not when the hot blase 
burden came down to be treated with a cold bliist; then, 
unless the burden be lighter, the I'educing iron Would 
be acted upon by the oxygen and the blast and be con
verted into a “ black scouring cinden” Stoves may be 
let out for a time for repairs without any injury, but if 
they remain thus for too long a time the effect is injurious..

That the heat is greatly increased in the hot blast is 
evident from several facts: the water tuyeres are neces
sary as other tuyeres would soon be burned away—again 
the iron seen through the eye of the tuyere in the hot 
blast is intensely brighter than in the cold blast. Again, 
the formation of long tubes from the cinder forming 
around the end of the tuyere and called “ noses” is only
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exceptional in hot blast, whereas in the cold blast it has 
occtirred that the nose has.formed away from the tuyere 
up against the opposite side of the hearth and been re
turned so that the air has impinged upon the wall of the 
furnace with such power as to injure the wall, and make 
it necessary to stop the charges and blow the furnace out.

I'he blast has been heated considerably above redness 
at one English furnace, on a plan invented by Mr. 
Covvper, with coke, and the saving supposed to be o 
cwt. of coke per ton of iron, «&c., an increased make of 
more than otte-third. But Percy says that it has been 
tried by others without any beneficial results.

C H A P T E R  V I I I .

NATURE OF THE g a s e s —a n d  THEIR ECONOMIES.

F r o m  numerous experiments by Bunsen, Ebelman and 
others, it seems well established that the chief gases gen
erated in the furnace, during operation, are nitrogen, 
<arbonic acdd and carbonic oxide, varying at various 
depths during^ full furnace action. But these variations 
are extremely irregular in different furnaces at the same 
height from the tuyeres and at the same depth from the 
mouth. This may result from the varying nature both 
of the ores and fluxes. Small quantities of hydrogen and 
of marsh gas are also,found. In all cases of reported 
examinations in these experiments nitrogen was found 
most abundant at the throat, or tunnel head of the 

■ furnaces. Carbonic oxide was not abundant in most 
cases but in some carbonic oxide, as in one at Eisenerz, 
where eleven feet below’ the mouth the CO® was 16 per 
cent, and the CO 13 per cent, by volume, and 23 CO® 
and 12 CO, respectively, by Weights In another fur-, 
nace in the same region CO® 17 per cent. CO 13 by 
volume 24 and 11, respectively, by weight. In  the first 
case the nitrogen' was 70 per cent, and in the latter 69 a,t
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the same places and times, respectively. This was prob
ably due to special ores generating more CO  ̂at these 
furnaces than at others wherein the ores were either 
not carbonates (sparry ores), or, were differently treated. 
In other cases, the average of several furnaces was (by 
volume) 6.26 CO  ̂ to 26.4:3 CO as at a furnace at Veck- 
erkagen, Hesse Cassel, reported by Bunsen; 11.88 
CO  ̂to 19.62 CO at Baenim. Norway; in Clerval, France, 
7.42 CO" to 29.55 CO.* _

In American furnaces, the 'facts above stated, would 
vary considerably, chiefly from the circumstance that the 
ores both in themselves and in the other members of the 
charges are different. But the practical suggestion, 
we would derive, from the large amount of CO" in any 
furnace using limestone is, that experiments, made at 
Ougree, a village of Belgium, in 1849, by Levi and 
Schmidt, appeared to prove, with great distinctness, that 
there was not only an economy, but, an improvement in 
the metal made, by using calcined limestone, in other 
words, by burning the limestone. From a careful study 
of the gases produced at intervals of one foot along the 
curve of the furnace, these gentlemen came to the con
clusion that 63 parts of. lime substituted for 100 parts 
of limestone was the proportion to be adopted in -the 
charges and the experiment on the large scale was 
adopted both in Belgium and in England and was spoken 
of highly as an actual saving in fuel after aff the fuel 
consumed in both kilns of furnaces, was taken into ac>- 
count-. The difficulty, in some of our furnaces, is, that 
so much foundry iron is used for. purposes not necessi
tating this kind of care, that, in furnaces running 
foundry iron (not charcoal) commanding at this date 
(May, 1-869) ??40 per ton, whereas the forge is held only 
at |36, companies are satisfied and do not desire to make 
a change which a-t all opens up the way to the chance 
of a loss in time or money. Beside, an iron must have 
a reputation in the market to command a price, and this 
requires iiot only gCod metal but time. Hence, few will

See minute report by Dr, Percy, p. 430 to 433.
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attempt all experiment not so surrounded by guarantees 
as |o  preven-t loss.

[Waste heat is an article so abundant in iron manu
factories that a profitable method of using it should be 
deemed an object of considerable importance. Its ap
plication, owing to various causes, has sometimes been 
attended with only partial success. This partial success 
is to be attributed, in many insj;ances, to the fact that it 
has been applied to the wrong place, and in the wrong 
way, in which cases the value of the heat will, of course, 
be underrated. I f  we consider the very limited capacity 
of iron for heat, and the high temperature at which the 
gases escape, the amount of heat wasted in iron works 
will prove to be immense. In  a reheating furnace, for 
example, a small amount of the caloric generated would 
suffice to heat the iron to a welding heat; but a great 
deal of this heat is lost, because some time must elapse 
before the heat of the furnace can be imparted to the 
iron; besides, with the welding heat the flame escapes. 
The most important object of .saving fuel in iron manu
factories is to save time: if we gain one fourth of a 
given period of time, we save, in most cases, twenty-five 
per cent, of fuel. If we make six heats in a.puddling 
furnace, instead of four, we save thirty-three per cent. 
If a reheating furnace of a given size can be made to 
produce eight tons of iron a day instead of four, nearly 
fifty per cent, of fuel will be saved. This is the true 
principle on which economy of fuel in iron manufacture 
is based. ,But, even when economy is carried to the 
furthest extent, we may imagine that the waste heat 
which is lost amounts to a very large per cent, of that 
generated. In employing waste heat, we are too apt to 
confound the quality with the quantity of heat. We 
see an imm^ense amount of heat wasted ; but we do not 
reflect that the temperature of this heat is very low, and 
that it is a want of intensity which makes its applica
tion lin\ited. We possess no means to raise this tem
perature; at least, there are few instances in which it 
can be raised to such a degree as to make it useful in 
our manufacturing apparatus. Waste heat cannot be
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generally employed, on account of the chemical compo
sition of the flame, or gases, which con^in the heat. 
The waste flame of the furnace contains a greater or less 
amount of free oxygen, or, at least, a large amount of 
watery vapors, which is the same thing, for these vapors 
are decomposed when in contact with hot iron. An 
excess of free oxygen, and low temperature are, in most 
cases, highly disadvantageous. For example, the waste 
heat of a reheating furnace would be of no more ser
vice than the flame from , green wood. We cannot use 
it  in a puddling furnace, in which inferior pig iron is 
converted. In most cases, its employment would inter
fere with important operations, in which case a loss 
would be experienced which the gain in fuel could not 
repay.

The waste heat of rolling mill furnaces may be advan
tageously employed to generate steatp, and to propel 
rollers, hammers, squeezers, and blast machines. This 
is the case in the anthracite region generally, as well as 
in the rolling mills- in the bituminous coal region?. In 
some cases, the waste heat is conducted in flues under 
the steam boiler; in atlters, the steam boiler is laid on 
the top of the puddling or reheating furnace, and re
ceives the heat from the flue of the furnace before it 
enters the stack. Where anthracite, which is not easily 
kindled, is burned, the waste heat, after it passes the 
steam boiler, may be employed in heating, to a* limited 
degree, the alimentary air for the grate. This will have 
a beneficial effect, for the waste heat increases the tem
perature of the furnace, and occasions a direct saving of 
about ten per cent, of fuel; duly estimating both advan
tages, the saving will amount to at least twenty per cent. 
Heating of blooms, and bar, or sheet iron, by means of 
the waste flame of other furnaces, is scarcely worth 
attempting, for the inconveniences attending this prac
tice, added to the loss of iron which results, may, in 
most cases, counterbalance the gain jn fuel. Neverthe
less, where both skill and industry have been brought 
into requisition, the waste heat from reheating furnaces 
has, in some cases, been successfully employed in heating 

34
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sheet iron, by conducting the flame over a layer of coke 
or charcoal. The waste flame of the charcoal forges is 
quite bulky, but of very low temperature; it cannot 
serve with advantage for any other purpose than the 
heating of pig ii’on, and blast; but if this heating is 
well managed, twenty-five to thirty per cent, of coal 
may be saved. The best use which can be made of this 
flame is to apply it in the generation of steam.

The waste heat of the blast furnace is immense; we 
shall not greatly err, if we assert that 150 pounds of coal 
are u«ed, where only ten pounds are actually needed to 
produce that amount of heat and gas which is required 
to revive and melt a given quantity of iron. Practical 
investigations on a small scale have shown that thirty 
pounds of coal are sufficient to produce 100 pounds of 
iron. Be this as it may, this much is cei'tain, that an 
immense quantity of heat is wasted, to employ which 
various means have been resorted to. One of the most 
common applications of the top flame was, at one time, 
to the, burning of lime; for this purpose it is excellently 
adapted, producing a fine article. The burning of lime 
is admissible at every furnace where heat is wasted; 
apart from the generation of steam, nothing is so well 
calculated to absorb the heat, which is otherwise of no 
use, as this process. The waste heat from the blast fur
nace is also employed to heat the blast; but the tempe
rature of the tunnel-head flame is so high, that the heat
ing apparatus cannot well be applied directly to the 
throat of the furnace; in this case, the conducting of 
the flame under a steam boiler, before it enters the hot 
blast stove, is a preferable arrangement. In some estab
lishments of France and Germany, though not in this 
country, waste heat is employed in charring wood, in 
coking coal, or peat. Such an application is advantage
ous where the products of distillation, such as pyroligne
ous acid and coal tar, are of value. But this is the case 
only to a limited degree in this country. The charcoal 
or coke, which is then made in iron retorts, is inferior 
to kiln charcoal; and if the yield were as great in kilns 
as in these retorts, no pi'otit would result from thus
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making chai'coal, unless the products of distillation were 
worth the labor spent in obtaining them. An attempt 
has been made to apply the tunnel-head flame, at char
coal and some of the anthracite furnaces, to the roasting 
of ore. Where the waste flame is free of sulphur, as at 
charcoal furnaces, this application may be considered 
the best use which can be made of it. The waste flame 
from bituminous or sulphurous, coal would not be of 
service, because of the facility with which it would 
carry sulphur into the ores. In roasting ores, heat of a 
low degree, steam, and carbonic acid are required. 
This is exactly the composition of most waste flames, 
and though it were not, they can be easily brought" to 
that composition. From the top of the blast furnace,^, 
the heat may be conducted through brick channels to 
the yard, and discharged into the ore piles.

We repeat, the use of the waste flame deserves atten
tion, in this country, not because fuel is expensive—for 
that may be obtained at a reasonable price everywhere, 
and at most places very cheaply—but on account of 
labor. The waste flame requires no attention, after an 
apparatus for employing it is once erected; in homely 
language, it is a fuel which requires no handing, no 
transport, no room—and therefore no labor. The use 
we make of it is quite significant; it serves the same 
purpose as labor-saving machines. The cases in which ■ 
it may be beneficially applied are the following: In 
burning lime and iron ore, in generating steam, heating 
hot blast, burning clay for fire-brick, heating pig iron 
and metal for the forge and puddling furnace, and in 
burning brick and pottery ware; in fact, in all cases in 
which a large body of heat, though not a high heat, is 
required. For the manufacture of charcoal, coke, and 
for drying wood, waste heat can seldom be profitably 
employed. •

At the charcoal furnace, upon the top of which there 
is a chimney that can be shut or opened by means of a 
damper, it is preferable to take the gas from the very 
top; but at the coke or anthracite furnace, the large 
throat of which makes a chimney impracticable, it is
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advisable to tap the gas for the steam boilers and hot 
air apparatus a few feet below the top, so that the pres
sure of the blast may assist in driving the gas under the 
boilers. Fig. 121 exhibits such an arrangement. The

Fig. 121.

Tapping the gas from below the top.

gas, which is taken from a point three or four feet below 
the top of the furnace, is conducted by six or more holes 
(flues) into a kind of receiver a, a, which gathers the 
gas and conducts it to the steam boiler, or to any ap
propriate place. This receiver runs all around the air- 
wall of the furnace; the flues and the receiver should be 
made of fire-brick, and well secured. From the steam 
boilers the gas is conducted into the heating stove, for 
the purpose of heating the blast, and t)ience into the 
chimney, from thirty to fifty feet in. height. This 
arrangement is generally adopted at the anthracite 
furnaces.]
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C H A P T E E  I X .

FIRE-BRICK, REFRACTORY STONES AND MATERIAL.

[ I n this work, the terms refractory or fire-proof are 
used in quite a relative sense; if all matter which resists ' 
heat should be considered refractory, we would experience 
but little difficulty in making fire-proof brick or stones. 
I t  is not heat which destroys our furnace hearth or 
lining; it is not the intensity, the quality, of caloric 
which melts fire-bricks. The chemical affinity of the 
matter which we melt in an apparatus for the matter of 
which the apparatus is constructed is that which is most 
effective in destroying refractory material. Both silex 
and alumina are infusible, w'hether single or combined;. 
but, if combined with potash or soda, they may be melted 
over a spirit-lamp. Lime, magnesia,, and baryta form 
more or less fusible compounds with silex or clay, but 
cannot be fused together with pure potash or soda. 
The oxides of iron or manganese melt readily together 
with silex and alumina, but not with pure potash or pure 
soda. These are the principles by which we must be 
governed, in our efforts to make a refractory material. 
I t is evident from this, that, if \Ve heat potash, soda, 
lime, and magnesia, in contact with silex, the latter 
will be dissolved, in proportion to the quantity of the 
potash, to’the intensity of the heat, and to the length of 
time it Was exposed to the heat. If the amount of pot
ash is small, a proportionally' less amount of silex will 
be dissolved; for it is a well-established law of chem
istry, that affinity increases with the predominating 
element. Time, and intensity of heat may be considered 
two agencies possessing similar qualities. What time 
cannot accomplish, heat will effect. Whatever deficiency 
exists in heat can be supplied by time. The oxides of 
iron and manganese act of course like potash.

    
 



534 THE METALLURGY OF IRON.

The most refractory matters at our disposal are silex, 
clay, magnesia, lime, and baryta, and the silicates of these 
four alkalies. The most refractory are the silicates of 
alumina; next in order are the silicates of magnesia, 
lime, and baryta. Common fire-clay generally ranks as 
the first, soapstone second, and impure lime the third. 
We should carefully bear in mind what has been said, 
that any mixture containing more than two elements is 
more fusible than a compound containing only two; that 
is to say, with the increase of elements, the fusibility 
increases.

I. Native Refractory Stones.

Native refractory materials are sandstone, clay-slate, 
soapstone, mica-slate, gneiss, and granite. These min
erals are, however, to a certain extent, compounds of 
vai’ious substances. It is, therefoi’e, necessary to select 
them with care. Sandstone frequently contains iron, or 
lime, which, according to the degree in which they are 
present, augment or diminish its fusibility. The fusi
bility of the admixture can seldom be found by testing 
with acids; fire is our only I'eliance. What we have 
said of sandstone is applicable to all the other native 
materials.

a. Sandstone is quite abundant in this country, and is 
extensively employed. I t  forms the cheapest of all 
fire-proof materials, because, in addition to its abund
ance, and the facility with which it can be worked, it is 
less liable to melt and crack than any other native ma
terial. The coarsest kinds are the best, if they contain 
sufficient cement to keep them together. Certain fine
grained stones are excellent; but it is necessary to select 
them. The red sandstone, of the, transition series, is 
generally good, as well as the millstone grit or the con
glomerate beneath the bituminous coal. So great is the 
variety of sandstone in the western coal fields, that 
great care in selection is required. Less difficulty is 
experienced in the anthracite region. Connecticut con
tains a most beautiful kaolin, in a solid, stone-like form.
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h. Clay-slate and shales serve, in*many cases, for 
fire-brick. These materials, which are very much dis
tributed over the United States, arS generally more 
fusible than sandstones ; but they are preferable for those 
parts that are liable to sudden changes of heat; such, 
for instance, as the lining and top of blast furnaces, hot 
blast stoves, steam-boilers and fines, roast ovens, and 
limekilns. In such cases, neither high heat nor chemical 
action is to be expected. Slates and shales may be 
found in abundance in the coal regions; and by a little 
attention to color and grain, we shall soon be able to 
detect the best kind.

c. Talc-slate, or soapstone, is very refractory, but its 
brittleness impairs its utility as a fire-proof ma,terial. It 
is found abundantljt in New Jersey, and in eastern Pa., as 
well as in several other States. It is employed as refrac
tory matter in puddling furnaces, as is mentioned here
after, but very seldom for any other purpose. None of 
the other kinds of native material, rvith the exception 
of fire-clay, are used in this country. In  fact, those we 
have described, in addition to being preferable to any 
others, are found in such abundance as to render the 
employment of others unnecessary.

II. Artificial Refractory Stones. ■

Silex, clay, and lime are, in their pure state, perfectly 
infusible iri any heat which we can easily produce. But 
we do not class these among the refractory materials, be
cause they possess no adhesive properties, and cannot be 
brought to any compact form ; they always form a friable 
mass, which will be destroyed by the rubbing of fuel 
and tools against it. Therefore, the chemical nature 
and composition of a material are not the only qualities 
which render it fire-proof; an indispensable element is 
its mechanical form. Burnt lime, perfectly infusible in 
any heat, would not serve the same purpose as fire-brick, 
because of its friability. Lime, prepared under the 
heaviest pressure of an hydraulic press, is scarcely strong 
enough to resist the gentle pressure of the oxygen-hydro-
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gen fiattie of the*Drummond light; it is not melted in 
this flatne, but destroyed by the velocity of the atoms of 
the gas. The sa?be is the case with pure silex or clay; 
when both are mixed together, a strong heat is required 
to form a kind of connection. All native material con
tains more or less water, which makes it liable to de
struction by heat.- Of all such materials, silex is the 
purest; next to this is clay. Clay always contains a 
large amount of water, which it retains with obstinate 
pertinacity ; nor will a cherry-red heat expel it, unless 
the heat is pf long duration. Water, however, will tend 
to make the clay porous, and thus diminish its utility as 
a refractory material. All our fire-clays, which are of 
good quality^ and exist abundantly in the United States, 
are* if free of other matter, a composition of silex and 
aluttiina.

a. Fire-hrick may be made like ordinary brick, with 
this difference, that the clay should be properly pr epared 
previous to moulding it. Fire-brick is frequently baked 
in a kind of oven different from that employed for burn
ing common brick; but this is a matter of expediency 
and economy, and has no influence upon the quality of 
the fii-e-bi'ick. The clay used for this purpose maybe 
tested by exposing a small piece it, for ifn hour or two, 
to the strongest heat of a blacksmith’s forge: if it re
tains its white color and does not become glazed, it may 
be considered fire-proof. There are two kinds of fire
clay ; the one is solid, of a stony form, or like shale; the 
other soft, plastic* The first is found almost exclusively 
in the coal series; the second in all kinds of geological 
deposits, from the granite to the alluvial soil. The first 
is ground under iron edge-whfeels, driven by a steam- 
engine or horse power, and it can also be pounded by 
means of stamp mills. I t  is frequently formed directly 
into brick and burnt; but in this case it does not make 
so good a brick as when, after the first grinding, it is 
treated like plastic clay. Plasti(? clay should be well 
mixed in a horse mill, similar to a common clay mill, 
formed into bricks or lumps, and then burnt by as high 
a heat as that applied in the final burning of the brick.
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•

This heat expels nearly all the water fftim the clay, hut 
hardly glazes .it. After this, the clay is ground or 
pounded, and mixed with a sufficient quantity of fresh 
clay to make it adhere together. Bricks are then 
Bfioulded from it, and hurnt. A good fire-brick appears 
white, almost pure white, sometimes with a flesh-colored 
or gray tint. I t ought to be slightly glazed, like good 
porcelain. The greater its specific gravity, the greater 
will be its durability.

Fire-brick ought to be qs close in the grain as possible. 
I f  the brick afe employed only in reheating’furnaces, in 
the roofs and fire chambers of puddling furnaces^ in 
chimneys in the lining of a blast furnace, or in air-stoves, 
closeness of grain is not of much importance; but with 
respect to the lining of the hearth of a puddling furnace, 
and the hearth or boshes of a blast furnace, it is of the 
first consequence. An open, porous fire-brick, or, in 
fact, any porous material which serves for that purpose, 
is very soon destroyed; the pores multiply the surface. 
The same relation exists between a close and a porous 
brick that exists between powdered material and solid 
matten In such a condition, chemical solution of its 
parts is facilitated. Therefore, fire-brick employed in 
places \vhere even thef least destruction by chemical ac
tion is probable, ought in addition to being glazed, to 
exhibit as close a grain as possible, as well as to possess 
great specific gravity. The lining of a puddling furnace 
w'ith fire-brick would be accompanied with great advan
tages; but every attempt to secure this result will fail, 
until fire-brick of proper quality are used. The addition 
of carbon, coke dust, and plumbago to fire-proof admix
tures increases the fusibility of the, brick, and, besides 
weakening, exerts an injurious influence in the puddling 
furnace. Plumbago is frequently mixed with fire-clay 
in making crucibles. It is added, not for the purpose 
of enabling tbe crucible to resist a higher heat, but for the 
purpose of preventing it from breaking, when suddenly 
cooled and heated. Such a crucible does not resist as 
much heat as one made of silicious matter; but the 
latter is very liable to break during or after the first
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heat. The pltimbago crucible, if well made, will endure 
ten or twelve heats in melting iron.

5. Artificial sandstone is an article very little used in 
this country; but as cases may occur in which it caa 
be of service, we shall devote a short space to its con- ‘ 
sideration. At many establishments on the continent 
of Europe, artificial sandstones are used instead of tire- 
brick, and, strange as it ha ay appear, they are used for 
hearth and boshes in blast furnaces. They can be made 
from any good, coarse, silicipus sand, which does not 
melt in a high heat. Sand generally contains some 
foreign matter, particularly lime, of which even river 
sand is not free. Such matter must be removed. The 
surest method of procedure is in all cases, to burn the 
sand, pebbles, or native sandstone, in a cherry-red heat; 
the lime, which it may contain as a carbonate, may thus 
be burnt, when it can be removed by pounding and 
washing. In large iron manufactories, this branch of 
the business is quite an extensive one, and the mills for 
pounding and grinding receive -considerable attention. 
Where Coarse pure sand cannot be obtained, which is 
frequently the case, particularly in the coal regions, sili- 
cious or white river pebbles may be employed; or, if 
these catinot be had, white coarse sandstone, or mill
stone grit. This is burnt, pounded, and washed. The 
artificial sand, thus derived from pebbles or stone, is 
mixed with about one-fourth or one-sixth pf its amount 
of fire-clay, or with just a sufficient quantity to keep the 
mass together after being dried. The finer the sand has 
been pounded, and the more tenacious the clay, the less 
of* the latter which will be required. Before the clay 
is mixed with the sandj it is burnt and pounded. Clay 

, should be burnt under ull conditions, for raw clay con
tains a large amount of Water. I f  once burnt, it will not 
absorb so much ihoistui’e as it previously contained. If 
fire-brick is made from clay containing a large amount 
of water, or from green clay, it will be porous; for the 
water which is evaporated from the interior of the brick 
of course occupied a certain space. If  the pounded 
sand is too coarse, or if the grains are round, spaces will
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be left between them, to fill which a large amount of 
clay will be required; in such a case, the stone will not 
glaze well, when exposed to heat. Therefore, the arti
ficial sand and burnt clay are moistened with as little 
water as possible, and mixed together thoi»ughIy; the 
latter object may be best effected by means of edge- 
wheels. The damp mass is formed into bricks in the 
common way. These bricks may have any form most 
conveniently adapted for our purposes. In rolling mills, 
specific forms are desirable for the various corners, an
gles, and arches of the puddling and reheating furnaces. 
After being stored under an open shed, and air-dfied, 
they are ready for use. It would be a vain attempt to 
burn such an artificial sandstone, for the highest heat of 
the reheating furpace would scarcely glaze it, if the 
iron did not form a base*; by this means, a glazing at 
the surface of the interior is effected. Such, stones, if 
not cheap at first cost, are easily cut, easily laid, easily 
removed, and no loss arises from spalls or bats, foy any 
unglazed remains of the stone are easily transformed 
into new brick again. However Useful a material in the 
rolling mill, they are less adapted for the fireplace, and 
the lining of the hearth of a puddling furnace. The 
least.touch with an iron tool will destroy them; but 
where no mechanical or chemical action is exercised, 
they are equal, if not preferable to the best fire-brick.

Of such artificial sandstones, the hearth and boshes 
of blast furnaces are built, and are said to answer well. 
If  the* raw material has been carefully managed, the 
statement may be true. We know that, in the coke 
blast furnace of Silesia, a similar mass is used, which is 
pounded into its place moist; the hearth forms a single 
sandstone. This kind of hearth is very durable, and 
commonly endures a blast of twenty-four months, and 
occasionally a blast even of four or five years. In the 
preparation of the mass, less reliance pan* be placed on 
its composition than upon the careful mixing of the 
compound. Air-dried stones may be of pure fire-clay ; 
but these are not so durable as the sandstones of which 
we speak. These, as we have stated, ought never to
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be made of green clay, even if the clay is of the best 
quality. Clay and silex, be it observed once for all, are 
the only serviceable materials for firte-proof stones,

c. The joints of fire-brick, sandstones, and artificial 
stones are to. be thoroughly filled by mortar. The mortar 
ought to form a kind of solder between one stone and 
another, and may, for this reason, be more fusible than 
the bricks or stones themselves. Pure fire-clay is not a 
good mortar, for it cracks in drying, and leaves spaces, 
which occasion the destruction of the stone. A mixture 
of fire-clay and fine sand is preferable, not because it 
doe§ not melt, but because it shrinks less in drying. 
The very best mortar for hearth-stones 'and fire-brick is 
made of a mixture of fire-clay and finely pounded blast 
furnace cinder; this mortar will cement stones and 
bricks firmly.}

Mr. Joseph Dixon of Joseph Dixon & Co., Jersey City, 
N, J., who is a very successful manufacturer of crucibles 
for steel melting, says, that the nearer a crucible comes 
to being all plumbago, the quicker it will melt; the 
plumbago being the conductor of heat, and not the 
other articles mixed with it to make a crucible. As it 
is impossible to make a serviceable crucible of nothing 
but plumbago, because plumbago has no adhesiveness, 
so, makers are compelled to mix it with clay to,make it 
adhesive, or, to use the slang of the potter’s trade, tough 
enough to hold together. The less clay is used the 
better. Some makers are now making crucibles by 
mixing less plumbago and making the crucible much 
heavier, in order to have them wear as long as those 
having a larger proportion of plumbago; but the greater 
the thickness and the less the conducting power of 
the substance between the metal and the fire, the longer 
i’t takes to melt and the more fuel is wasted. The French 
founders understand this point well, and they make their 
clay crucibles very thin, not more than half the thick
ness of the English. I t  is not merely the fuel, but the 
time wasted by a thick pot being used.

The fire-clay material at Amboy, N. J., seems to com
mand considerable attention, and more lately, that of
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Allentown, Pa., but we have found that, at Pittsburg, 
the Mount Savage, Md., fire-clay was preferred in some 
steel works to all othefrs.

In review of this whole subject, it seems that the nature 
of the material of both the crucibles and the bricks 
should be determined in view of the object intended. 
The following which we have taken from the recent ap
pendix of Petitgand & Ronna, on Refractory Products, 
comprises all that we deem important in addition.

■ The silicious element in these products constitutes 
the essential element in their composition. Berthier 
has prepared a table which presents the distinctive cha
racters of these clays as follows

Name of the clay. SUex. Alumina. Iron.

fiessian crucibles . . Or. Almerode, 71 25 04
Beailfay ( D’Andeqneset,) 

\  Aboodaut, ) 65 34 10
Deyenx
Eiiglisli

Abondant, 72 19 4
Shropshire, 71 23 4

Saint Etienne . . Salavas, 65 25 7
Bagneux U Forges, 67 32 1
Bohemian u Keuwelt, 68 29 2
Bricks of Crenzot . • . . Aubin, 68 28 2

The above-mentioned authors state that no clay can 
properly be called refractory which does not contain an 
addition of cement, silicious compound, which modifies 
its primitive composition and renders it capable of sus
taining the highest temperatures, and that the silex 
should be present in the state of natural quartz since 
the fusible elements combine less readily with alumin
ous bases. The above-mentioned name “ cement’* is a 
technical term, and signifies a different composition from 
that usually understood by that term with us. We give 
the composition below to illustrate what that is. which is 
understood as a cement, in connection with another 
composition, the two formiOg as it is supposed the best. 
material for hearth bricks.
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Compos,ifion fo r  Bricks,

Cejnent,

Foreign
earths,

Water

Crushed burned fire-bricks 
Various other kinds, 
Pottery crucibles (debris), 
Calcined quartz.
Clean coke.
Calcined clay from Haltinne 

“ “ “ Vezin,
Sand, white and pure, 
Maizerouille,

. Tahier,
(. Various clays,

P a r t s . P a r ts .

2
1
4

12

22

6 .

i
3
0.50

3

8.50

11

22

P a r ts .

2.50

"iso

12

Parts.

1.50
4

3.50

12

The above will give a useful suggestion as to the 
manner of preparing special clays, or composition for 
bricks and crucibles for purposes wherein a great degree 
of resistance to heat is required.

C H A P T E R  I X.

BLAST MACHINES.

[T he means of effecting a favorable result in the ap
plication of fuel for^the purpose of augmenting tempe
rature, are various. This result can be accomplished by 
the simple application of chimneys, or of blast, or by 
using both together. Fuel is most perfectly used where 
it is oxidized in the highest degree; this oxidation takes, 
place in the reheating furnace, where, generally, all the 

.hydrogen is converted into water, and all the carbon 
into carbonic acid. We cannot say the same of any 
other apparatus, for we generally find a mixture of 
carbonic oxide, carbonic acid, and free oxygen, which 
is an evidence of imperfect combustion. Increased 
draught, or the concentration of more heat im the fire
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chamber, will lessen such an evil; but there is frequent
ly a deficiency of draught in cases in which heat is 
necessary, as in that of the puddling furnace. If, in 
such instances, it is impossible to produce sufficient heat 
by the draught of the chimney,' we are compelled to 
make use of blast machines. This is the case with 
anthracite coal and coke. How chimneys act in pro
ducing draught, and what are the rules to be applied in 
constructing . them, are matters which may require 
scientific demonstration not included in our investiga
tions. We have described the practical workings and 
dimensions of apparatus, which may be deemed sufficient 
for all practical purposes. An explanation as to the 
chemical effect of blast under different pressures, we 
shall give at the close of the chapter.

There are many forms of blast machines. We shall 
notice some blast machines in operation in Europe, 
which are frequently recommended by writers on 
metallurgy, principally for the purpose of showing their 
imperfections. The most simple blast machine is the 
smith’s bellows, a description of which it is unnecessary 
to give.

I, Wooden Bellows of the Coritmon form.

A kind of blast machine, called Widholm’s bellows, 
is very extensively used in Sweden, Russia, Germany, 
and France. We do not know that any are employ^ 
in the United States. As it works well, as the expense 
of its. construction is small, and its application to the 
Catalan forge very simple, we shall furnish a drawing 
and description of it. Fig. 122 shows it in section; « 
is the movable part or piston; ft an iron rod connected 
with a crank of the waterwheel, or the steam-engine ; ̂  
c, c are the valves, and d the nozzle. The latter is 
fastened to the permanent top^’, which is again fastened 
to some wooden framework. The whole has the ap
pearance of a’ common smith’s bellows, with the only 
difference that it is made entirely of wood. From ten 
to twelve strokes may be made in a minute, and twQ
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bellows are required for one fire. The whole is from 
six to seven feet long and thirty inches wide—the piston

Fig. 122.

Swedish bellows.

having a motion of twelve inches. This kind of 
machine is applied to no other apparatus than the char
coal forge, and we allude to it merely because it is 
simple and cheap, fulfilling its purpose excellently.

II. Wooden Cylinder Bellows.

These are of various forms. We have seen square 
cylinders and round ones: the piston playing from the 
top, or from below; or the piston working in both direc
tions. There are vertical and horizontal cylinders, and 
machines working with one, tw'o, or three cylinders, with 
a dry receiver, w'ater receiver, or with no receiver.

Formerly there was chiefly used one form, the machine 
with two round tubs or bellows—the piston working 
from below, and a dry receiver placed on the top of the 
tubs. This may be considered the best form of the 
wooden blast machine, if but a single stroke is desired. 
Fig. 123 is a representation of a blast machine of this 
kind ; a, a are the bellows ; b the receiver from which the 
sheet-iron pipe c leads the blast to the furnace; d, d are 
the pistons, moved alternately by the beam f ,  which is 
set in motion by the crank and wheel e. The wheel may 
be moved either by a waterwheel or a steam-engine. 
From eight to ten strokes is generally the speed required 
to supply a charcoal furnace. The tubs or cylinders, as
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well as the receive!*, are generally from four to four and 
a half feet wide, and four feet high, making the stroke

Fig. 123.

Wooden cylinder bellows.

of the piston three feet. To the piston g, in the receiver, 
an iron rod is fastened, playing in a stuffing-box at the 
bottom, which carries a box h filled with iron or stones, 
to counterbalance the pressure of the blast, and to regu-, 
late it by playing up and down as the pressure from the 
tubs increases or diminishes. The valves are made of 
wdbd, lined with leather. The beam is generally laid 
below, and the tubs raised a few feet above ground. The 
whole machine is made of dry, well-seasoned wood—the 
cylinders glued: that is, composed of small segments of 

35
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dry pine or ash, an inch or an inch and a half thick; the 
woody fibre thus runs around^ the cylinder; e., horizon
tally instead of vertically. This coUstrqction of th^ tubs 
secures greater permanency to their form. Their interior 
is in some instances, covered with a thin coating of a- 
mixture of ghie and plumbago, which gives it the ap
pearance of iron, diminishes the friction, and secures a 
closer fit of the piston.

This kind of blast machine works admirably, if pro
perly constructed'; it is very durable. In every’respect, 
this apparatus is preferable to the wooden bellows of the 
common form, such as that represented by Fig. 122. It 
can be erected at an expense of from $250 to $350, It 
will work one blast furnace for charcoal, or from four to 
five forge, or Catalan fires. A steam-engine or water
wheel of from twelve to sixteen horse power is required 
to put it in operation, and furnish the necessary blast 
for a blast furnace.

a. There are double working wooden tubs also in use; 
but not Very frequently. These, in particular cases, may 
be of advantage; in cases, for instance, where room or 
expense is to be saved, or where wooden are very shortly 
to be replaced by iron cylinders. The wooden tubs are 
but a temporary arrangement, to gain time and means 
after the works are just started. The double working 
tubs, that is, those which make blast at each motion, like 
iron cylinders, ofier no real advantages over the single ; 
in fact, in ordinary cases, the tub with single stroke is 
preferable to the double tub. Among; the advantages 
of the' former, is the facility with which we can attend 
to the interior; in case damage is done to the surface of 
the tub, it can be instantly mended. This is not the 
case with double stroke cylinders; here the top and 
bottom are closed, and the interior is not accessible with- 

*out stopping the blast machine, and the operations which 
. depend upon it. For these reasons, tubs which open at 

the top are preferable to*those which open from bel t̂w. 
The principal objection against wooden cylinders is that 
they are frequently severely rubbed by the packing of 
the piston; this diminishes the pressure of the blast in 
consequence of the leaking between the piston and tub.
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The, (lisadvantages .resulting from single stroke tubs, 
open from below, are more than counterbalanced by the 
greater simplicity of the piston rod, and the facility with 
which the valves can be adjusted. A stuffing-box is re- 

• quired, which, if the tubes are to be opened from above, 
piust be made of iron. The expense of erecting a solid 
and strong frame to carry the crank and beam, iS also 
comparatively great.

6. A good mechanic, and a thinking one, is required 
to construct a wooden blast machine. To put the wood 
•well together is not sufficient; it is necessary to select 
it with due relation to its liability t^ twist, warp, and 
crack. All curly knotty wood, and wood from the heart 
of the tree, must be rejected. The circumference of the 
tree, or both seams of the heart plank alone, are to be 
used for. the tubs and receiver. The tops as well as the 
tubs are generally three inches thick. Thfe latter are 
glued together from segments one foot or more in length, 
'apd not more than one and a half inch thick, as before 

frftated. The tops and pistons are composed of strips of 
plank not more than three or four inches wide, grooved 
and feathered, and well glued. Ash may be considered 
the best wood for making the tubs; but good dry pine 
will answer. Other kinds of wood, such as maple and 
walnut, are too apt to warp, and therefore ought not to 
be used. To keep the interior slippery and sound, the 
surface of the tub is frequently brushed over with plum
bago, or soapstone powder,^or with a mixture of both. 
These ingredients are moistened with water, to which a 
little glue may be added. Fat or oil is an improper 
material wdth which to lubricate the surface of a wooden 
tub, for both are very soon destroyed; the destruction 
of the piston and the wood of the cylinder then follows, 
to the injury of the machine, and the loss of blast.

Square tubs, and horizontal tubs of double stroke, have 
been tried; but, it appears, with no good advantage, for 
nobody now thinks of such forms. It is unnecessary to 
speak of these machines in this place, as they belong to 
antiquity, and are, at the present, time, of no practical 
importance.] One wooden blast bellows of the form above 

. described, may yet be seen at the Oxford Furnace,
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Warren Co., N. J. It was in service when charcoal 
alone was used as fuel. The date of the erection of this 
furnace is 1741.

III. Iron Cylinder Blast Machines.
[a.‘There are various,forms of these machines. The 

smallest, but not the most simple, apparatus, is a double 
stroke cylinder—that is, composed of two beams and 
two cylinders— which is frequently met with at the 
Western establishments. l a  rolling mills, it is used to 
blow the finery ; we find it also at some blast furnaces. 
Fig. 124 exhibits It so plainly, that a particular descrip-

Fig. 124.

Simplest form of iron cylinder bellows.

tion of it is unnecessary. This machine makes an ex
cellent blast. Its cost is the main objection to its use; 
this objection is valid, as far as the first outlay is con
cerned ; but its expensiveness is counterbalanced by the 
excellent manner in which it works. It does not make
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quite a regular blast, if worked without a receiver ; but 
even in this case, it may be made to work better than 
others differently constructed. In thif machine, the 
cylinders, pistons, pipes, valves, wheels, and cranks are 
all of iron, except the beams and pitmans, connecting 
rods, which are of wood; but the latter would be better 
if made also of iron. This machine is constructed on 
an excellent principle, and is superior to the horizontal 
cylinder, very much used in the Eastern States.

h. The desire of constructing a cheap apparatus has 
led to the making of an iron cylinder blast machine 
with a horizontal instead of a vertical motion of the 
piston, as shown in Fig. 125. Inhere is no doubt that 
such a machine is far cheaper than one of vertical stroke; 
but, when we consider the difficulty of keeping the 
packing tight, and the loss of blast which thence ensues, 
and the frequent disturbances which originate from 
hard rubbing of the piston on one part of the cylinder 
alone, it may be doubted whether it should be considered 
a superior apparatus ; Fig. 125 exhibits such a cylinder.

Fig. 125.

B  orizontal cylinder blast machine.

The piston rod runs through both heads, to carry the 
weight of• the piston, and prevent its rubbing with all 
its strength on the lower part of the cylinder. The 
valves are generally made of sheet iron lined with 
leather. Machines of this construction have their ad
vantages, besides the great simplicity in their entire 
arrangement which they aff'ord. There is no difficulty 
in procuring a solid foundation for the wffiole. The
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weight of the piston, piston rod, and pitman, which is 
objectionable in verticle machines propelled by a water
wheel, particularly in those where but one cylinder, is 
employed, is, in this case, almost balanced. The crank 
and a small portion of the pitman form the only weight 
which is not equipoised. The application of the valves 
is very simple, and very correct. They must be sus
pended vertically in a good blast inachine.

The foregoing are the two leading arrangements in
volved in the construction of blast machines ; both have 
their advantages and' disadvantages. Where the pro
pelling power is a waterwheel, and where it is con
templated to use but one or two cylinders, the horizontal 
cylinder may be considered to present many advantages; 
for, in such cases, it  is always more or less troublesome 
to balance the weight of the piston, rod, &c. If  the 
motive power is steam, the vertical position of the 
cylinder is decidedly preferable; for, in this case, the 
weight of the piston and its accompaniments can be 
balanced by the weight of the steam piston and its as
sociated parts. A machine consisting of'one blast 
cylinder and a receiver may here be considered the most 
simple and advantageous. Where a waterwheel is the 
propeller, it is less advantageous to employ a single 
cylinder, for, as the stroke is made by a crank, a great 
irregularity in the blast ensues, and a comparatively 
large receiver is. therefore required to regulate the 
iniquities of the pressure. This is one of those in
stances in which a crank works to the disadvantage of the 
power applied, which is seldom the case. For these 
reasons, various forms of blast machines, propelled by 
waterwheels, have beeU tried. In  this country, however, 
only those with two cylinders and double stroke are used. 
This makes a useful, but not an excellent blast, even 
though the cranks work at right angles to each other. 
A receiver is almost indispensable, in this case, to equal
ize the blast, and to make the best possible use of the 
water power. Blast machines with three cylinders and 
double stroke have been applied ; and this arrangement 
may be considered the most advantageous where water 
is the moving power. Such a machine produces a very

    
 



BLAST MACHINES. 551

s t e a d y  * b la s t , W ith o u t  a  r e c e iv e r ,  a n d  g i v e s  t h e  b e s t  
e f f e c t  o f  t h e  w a t e r w h e e l

c. There is no reason whatever for employing water 
power in the propelling of blast machin’es at blast fur* 
naces. There is abundance of waste, heat for the gen
eration of steam. The expense of erecting a steam- 
engine will be found less, in most cases, than that in
curred in the erection of a waterwheel. For these 
reasons, we shall hot dwell any longer upon the applica* 
tion of water power to blast ttiachines, and shall copfine 
our subsequent remarks to those propelled by steam 
alone.

IV. General Remarks on Cylinder Blast Machines.

There is no doubt that the application of one cylinder 
to a blast machine is accompanied with great advantages. 
Such an arrangement is in conformity with sound prin
ciples of mechanics, because, by this means, the least 
friction commensurate with the same effect is produced. 
Weigh the surface, the two most important causes 'of 
friction, are very greatly reduced. If  the blast cylinder 
is on one end of a balance beam, and the steam cylinder on 
the other, the regularity of the blast is much greater. 
But this is no reason why a balance beam should be ap
plied ; because any inequality in the pressure’ of the 
blast can be regulated by applying a large receiver. If, 
therefore, it is found advantageous to abandon the 
balance beam, and still to retain the vertical position of 
the cylinders, the unbalanced weight of the pistons and 
piston rods is no obstacle, A piston rod, to connect 
blast and steam cylinders, has been applied where, 
horizontal cylinders have been used. The hot part, of 
the piston rod,'playing in the steam cylinder, is thus 
cooled when in the blast cylinder, and the adherent oil 
dried, when playing there. By this means, the hemp of 
the stuffing box of the former is very soon worn out. 
Besides this disadvantage, the close proximity of the 
steam apparatus and the blast cylinder is very injurious 
to the operations in the blast furnace. It is impossible 
to keep the steam out of the blast cylinder, if the latter
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is too close to the steam cylinder or the steam*boilers, 
or even if  it is a very warm place. We know that 
moisture introduced into the hearth of a blast furnace 
is very injurious.

a. The size of a blast cylinder depends partly on the 
amount of air needed, and the number of strokes made, 
and partly upon the purposes for which it is designed. 
A chai'coal forge requires from 400 to 500 cubic feet 
per minute; a finery from 800 to 1000 ; a charcoal fur
nace from 1000 to 2000; and an anthracite or coke fur- 
pace from 3000 to 5000. The number of strokes that 
can be made by a machine depends chiefly on the length 
of the stroke and the construction of the valves. In 
cylinders of four feet diameter, the piston can move 
with the speed of three feet; in smaller cylinders with 
greater, and in larger ones with less speed. If  the 
motion is regulated by a flywheel and crank, more speed 
can be given than where a flywheel is not employed.

b. The size, form, and weight of the valves have a 
highly important influence upon the S p e e d  of the piston, 
loss of power, and quality of blast. The smaller the 
valves are made, the greater is the increase in the velocity 
of the air which is to pass through them. Friction of 
the air and valves, besides a direct loss of pressure and 
air in proportion to the pressure in the valve, is thus 
occasioned. One-twelfth of the surface of the piston is- 
sufficient for the passage of the blast; but no disad
vantage results if the valves are larger. The form of 
the latter has ah influence upon the eftect of the machine. 
Trap valves are the most practicable. Semicircular valves, 
with the hinges in the diameter, deserve to be more ex-

, tensively employed than they are at the present time. The 
semicircle has less outline in proportion to the same 
surface than the square or parallelogram, the usual form 
of valves, and for this reason diminishes the friction of 
the air. Quadrilateral valves are seldom used. In 
general, the oblong shape is preferred, in which case, 
the hinges are put to one of the longest sides. I t is 
obvious, from reasons which will be subsequently given, 
that the longer the valve, the more perfect will be its 
form. The weight of the valve is an important object.
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for, if nf>glected, it may seriously injure the effect of a 
blast machine. I t is easily understood that this weight 
may be so increased, that the effect of a blast apparatus 
amounts scarcely to anything. The weight of the valve 
causes an expansion of the air in suction; consequently, 
the pressure on the suction side of the piston in pro
portion to this weight M'ill be less than that of the atpio- 
sphere. A loss of power and blast on the compressing 
side of the piston, proportional to the weight of the 
valve, is also occasioned. The air which remains in the 
dead space of the cylinder is of greater pressure than 
that in the blast pipes or receiver, in the ratio of the 
w’eight of the valve. To diminish the influence of this 
weight, the valves are generally placed in a vertical 
position, and are made entirely of a light material, such 
as wood and leather; they are also made as oblong as 
circumstances will admit. In this respect, the horizon
tal blast cylinder possesses great advantages. The loca
tion of the valves is best secured by vertical heads, and 
if the friction, or rather the weight, of the piston and 
piston rod could be balanced, the horizontal cylinder 
would be the best form of the blast machine. Their 
position and weight, also, have considerable influence 
upon the effect of a blast machine; but of still more 
consequence is the dead space left at the heads of a 
cylinder. Bead space is that which is not filled by the 
piston head, in its alternate motions, and from which 
the air that is compressed is not forced by the piston. 
In the best blast machines, the loss which this occasions 
amounts to at least ten per cent., and in some cylinders 
is as great as twenty-five per cent. The loss in power 
and blast increases with the size of the. dead space. In 
this respect, the horizontal has the advantage over the 
vertical cylinder..

c. There are advantages Connected with the vertical 
which cannot be reached by the horizontal cylinder, 
namely, a closer fit of the piston head to the cylinder, 
and less friction, as well as smaller loss by leakage. But 
as there are serious objections to it, on account of dead 
space, and of the position of the valves, we shall propose 
an improvement to the vertical cylinder which may
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render it more acceptable.' In  a vertical cylinder, we 
cannot well place the valves at the top and bottom, be
cause of their horizontal position ; horizontal valves are 
thus rendered necessary. In small cylinders the valves 
are frequently horizontal; but large valves will not 
work well, if thus laid. To secure a vertical position 
for the valves, in a vertical cylinder, we are compelled 
to add valve boxes to the heads of the cylinder. Such 
boxes, of course, obstruct the passage of the blast, and 
occasion dead space—disadvantages, if possible, to be 
avoided. These may be obviated by the following ar
rangement: If  the stroke of the piston is six feet, and 
the thickness of the piston head four inches, a cylinder 
six feet six inches long is required, to secure one inch 
space at each end. I f  we make the cylinder seven feet and 
a half long, instead of six and a half, a dead space of four
teen inches, or seven inches at each end, would be left. 
Around this space, and in the metal of the cylinder, a 
series of valves may be placed. In this way', the number 
of valves may be multiplied to any extent we choose. 
The blast pipe is formed by screwing sheet iron or 
boiler-plate to the flanches of the cylinders, and by 
covering as many outlet Valves as we choose to put in. 
The dead space caused by the excessive length of the 
cylinder is occupied by an increased thickness of the 
piston head ; this thickness can be produced by a filling 
of light pine wood, or any other light material. The 
heads of such a cylinder will then be quite smooth. 
In the following illustration. Fig. 146, the arrangement 
is so clearly exhibited that no further explanation is 
requii'ed.

d. The piston, in wooden cylinders, is generally packed 
with leather, or hemp, or by a mixture of both ; also, by 
filling leather hose.with horse hair or wool, and by fas
tening this around the piston head into a groove, which 
is turned in the circumference of it. Packing in iron 
cylinders is performed like packing in steam cylinders. 
A steel or wrought iron hoop, a quarter of an inch thick, 
is laid around the piston head, and the space between 
the hoop and the head is stuffed wjth hemp or woollen 
material. In machines with vertical'cylinders, we often
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see the piston I’od playing from above ; but we quite as 
frequently see an arrangement by which the piston is

Fig. 126.

Blast cylinder, piston, and valves.

made to move from below. As far as the effect of the 
machine is concerned, this is merely a consideration of 
expediency and economy.

V. Various Forms of Blast Machines.
In no branch of human industry have more ingenuity 

and talent been displayed than in the construction of 
blast machines. Still, the greater part of such inven
tions were made with a limited knowledge of their pur
poses. Hence, an imperfection in most of the plans, 
though apparently well conceived, has been the conse
quence. The leading principles in this invention were 
generally reduced to the mechanical effect of th§ appara
tus, that is, to obtaining the greatest effect from a given 
power, or producing the greatest amount of blast by the 
smallest means. Of the numberless variety of blast ma
chines thus .invented, there is but one which deserves 
our attention, in addition to the cylinder machines 
already described. This is the Cagniardelle, or screw
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blast machine. Other machines, however extensively 
they may be employed, are, for our purpose, scarcely 
worth' notice; they may serve in other metallurgical 
operations, but are not available in iron manufactories. 
Among these, Hre the Trompe, the Rosary or Chain- 
trorope, the W ater column machines, the Gasometer 
bellows, and Barrel machines. These are the most 
common of this class. As there may be many readers 
who Wish to know more than the names of these ma- 
ohines, we shall, as far as it is in our power, give a 
description of them,

а. The trompe, as well as the rest of this class, is 
driven by water; in fact, the water forms the piston, 
which qompresses the air. The machine consists princi
pally of two vertical pipes, the length of which is equal 
to the height of fall or head water. These pipes are 
slightly tapei'ed, somewhat wider at the top than at the 
bottom. At the top of the pipe.is the entrance of the 
water; it falls through a short conical pipe, which is 
somewhat narrower than the interior of the main pipe. 
In the main pipe, behind this short pipe or nozzle, are 
holes through which the air is drawn, which, after 
mingling with the water, is carried with the latter into 
a receiver; from this receiver, the water flows off, and 
the air is collected and conducted in another pipe to the 
furnace. This machine is based upon the same principle 
as thait by which the draught in the chimney of a loeo- 
motive is produced. I f  we turn a locomotive chimney 
upside down, and turn water in at its top, we shall have

'a trompe, provided, several air holes are made in the 
chimney around the nozzle, and the lower part of it is 
set into a receiver which w’ill retain the air, and permit 
the water to flow off.

б. The rosary, or chain-trompe, is an improvement 
upon the former. There is but one vertical pipe, which 
is cylindrical, as wide at the base as at the top. In this

■ pipe moves an endless chain, over two pulleys, one at 
the top and the other at the bottom. To this chain, at 
certain distances, pistons of wood or leather are fastened, 
which move with it. I f  the head water ,is led into the 
pipe, where are always several pistons, it will move the
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chains and pistoils; and the pressure of the blast \Vill be 
proportional to the distance between the pistons and the 
fall of the water. The air is collected into a receiver in 
the same manner as in the former case.

Water-column machines, of the most curious forms, 
and of a very complicated nature, have been invented. 
A great deal of ingenuity has been wasted upon a sub
ject which will never reward the inventor.

c. Gasometer bellows are constructed like a common 
gasometer; the receiver is moved up and down by the 
engine, and by that motion blast is generated. A barrel- 
machine is a cylinder made of wood, resting horizontally 
in its longitudinal axis. Inside of the cylinder is a parti
tion board fastened to the periphery on one side, and 
parallel with the axis. This.partition divides the interior 
into two equal parts, T^e barrel is half filled with water, 
into which the partition board partly reaches. In the 
heads of the barrel are the valves for suction and com
pression. I f  this barrel is moved half-way round its 
axis, the air in the space between the surface of the 
water and the partition to which the latter is moving, 
will be compressed, and form blast. Of all these ma
chines, not one deserves attention, because in all.of them 
the air which'forms the blast is continually in contact 
with water more or less agitated, which of course it 
moistens to excess. This is a sufficient reason for reject
ing them.

d. The following apparatus sufiers under the same 
disadvantages as those just described, namely, that its 
blast is moistened, on account of the water it contains. 
But its advantages over any other machine are so pre
ponderating, that a skilful and cultivated mind may be 
advantageously employed in perfecting it. For this 
purpose, nothing else is needed than to replace the water 
by some liquid which is not injurious to furnace opera
tions. The screw blast machine, or Cagniardelle, is re
presented by Fig. 127. a is a copper or sheet-iron 
hollow cylinder, renting on the two necks of its hollow 
axis. This cylinder, which may be from two to ten feet 
in diameter, is furnished inside with divisions, made 
by a sheet-iron spiral or screw, which is fastened to and
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rotates with the cylinder, and is aii’-tight. It is secured 
to the cylinder and the axis. The head h is straight;

Fig. 127.

• Screw  b la s t  m a c h in e .

but one quarter of it is open, which corresponds with 
the interior. The head c is a kind of conical dome, 
which is open all around the axis; d is a. cast-iron pipe, 
which conducts the blast from the interior of the screw 
to the furnace, and the end of it within the cylinder is 
covered with a kind of cap, to prevent the falling in of 
drops of water. The whole machine is immersed in an 
iron trough, filled with water to the highest part of the 
axis. If  the cylinder a is turned round its axis, the 
opening in the head b will be alternately under and 
above water; the first cell, which is formed by the screw, 
will be filled with water if the opening is immersed, and 
with air if the opening is above water. The air and 
water in the interior will move towards the lowest point 

, of the cylinder; the latter is discharged through the 
opening c, and the first through the blast pipe d. The 
pressure of the blast corresponds to the difference be
tween the w'ater levels e and f ,  and depends upon the 
length and degree of inclination of the cylinder. The
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only disadvantages of this machine are, as remarked 
above, the contact between the air and water, which is 
very objectionable. Still, as we have stated before, its 
advantages are numerous. All is very sim plea perfect 
machine with rotary motion; no valves, or.packing of 
piston ; no loss of a ir; very little friction; no dead space 5 
it gives a continual stream of blast of uniform pressure; 
it gives a better effect than any other blast machine, and 
finally, the power of the engine is applied to it to the 
best advantage.

VI. Fan Blast Machines.

These machines are very common in the anthracite 
region of Pennsylvania; they are used at steam boilers^ 
and puddling, reheating, and cupola furnaces, where an
thracite is burned; and at ciipola furnaces, where coke 
is used for remelting pig iron, and founderies. Fig. 128 
shows a section of a common fan. The two sides of the 
case are, in most instances, made of cast iron, and held 
together by the screw bolts, a, a, (t, a. These bolts reach 
through both sides, and their length is therefore equal 
to the width of the machine, which varies from six to 
twenty inches. The space between the sides is occupied 
by a strip of sheet iron; this strip determines the width 
of the machines and reaches all around the fan, forming 
the circular part of the case. The wings of the fan 
marked 6, 6, b, 6, are. of sheet iron ; they are fastened to 
iron arms set upon the axis, and rotate with it, and they 
occupy a different position in different fans. Some are 
set radially, others inclined more or less tangentially. 
Some are straight; others have a slight curvature. On 
the whole, no marked difference between the one form of 
wings and the other results, so far as effect is concerned, 
if no blunders against the laws of mechanics are made. 
The, fans with curved and short wings do not make so 
much noise as those with straight, radial, and long 
wings. The opening c, which receives the air, to be 
pressed out at rf, must be of greater or less diameter, 
according to the size of the fan, or width of the wings. 

*Brqad fans require such an opening on each side. Small
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fans, of but six or eight inches in width, work sufficiently 
weir with one inlet. The diameter of a fan is seldom

Fig. 128.

Common fan.

more than three feet, and from various reasons it can be 
shovvn that a larger diameter is of no advantage.* The 
number of revolutions of the axis, or the speed of the 
wings, is very seldom less than 700 per minute; this 
speed may be considered sufficient for the blast of a 
blacksmith’s forge, and small furnaces. At large fur
naces, or cupolas, we frequently find the number of revo
lutions as many as 1800 per minute. The motion of 
the axis is produced by means of a leather or India 
rubber belt, and a pulley of from four to six inches in 
diameter.

a. Among the earliest forms in which fans have made 
their appearances, one which, some years ago, issued in 
Philadelphia, is as follows: The wings of this fan are 
encased in a separate b ox ; a wheel is thus formed, 
which rotates in the outer box. Fig. 129 shows a hori
zontal section through the axis. The wings are thus 
connected, and form a closed wheel, in which the air is 
whirled round, and thrown out at the periphery. The 
inner case, which revolves with the wings, is to be fitted 
as closely as possible to the outer case, at the centre near  ̂
a,a,a,a; for no packing can, in this case, be applied.
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and there is a liability of losing blast, if the two circles 
do not fit well. This fan is decidedly better than the 
common fan, and is fast becoming a favorite of the'public.

Fig. 129.

Improved fan.

b. As the building of this apparatus receives much 
attention in our machine shops, and as the leading prin
ciples involved in its construction are very little known, 
we shall designate such points as may be deemed of 
great importance by those who manufacture fans, which 
is frequently the lot of the iron manufacturer, himself. 
The outward case should be strong and heavy; and the 
interior machinery, which revolves, as light as possible, 
h’or this reason, it should be made of the best wrought 
iron, or, what is preferable, of steel. Four wings 
produce quite as much effect as a greater number. It 
is, therefore, useless to exceed that number. The 
greatest attention must be paid to the gudgeons and 
pans; it is advisable to make both of steel, or, better 
still, to run the two ends of the shaft in steel points. 
The wings are to be exactly at equal distances, and of 
equal weight; otherwise, the strongest case will be 
shaken., The surface of each of the wings should be at 
least twice as large . as the opening of the nozzle at the 
blowpipe.

c. The pressure of the blast from a fan is proportional 
to the square of the speed of the w'ings, with a given 
diameter of the fan. The pressure gains simply in the 
ratio of the diameter, or speed, provided there is the

36
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same number of revolutions. The increase of speed is 
iu the ratio of the increase of the radius. The pressure 
in the* blast is produced by centrifugal force. The* 
atoms of air, after being whirled round by the wings, 
are thrown out at their peripViery by a force equal to the 
centrifugal force resulting from the speed of the wings.

• ^This centrifugal force may be simply expressed by a— .*igr
C is the speed in feet per second ; g the speed of gravi
tation in.the first second; and r the radius of the fan. 
According to this, the effects of a fan ought to be far 
greater than they actually are ; therefore, a remarkable 
loss of power must take place in these machines. It is 
thus very clear that the incre'ase of diameter augments 
the effect of the machine in a numerical proportion, 
while an increase of revolution adds to the effect in the 
proportion of the square. I t is also very clear that an 
increased diameter greatly increases the friction, while 
the increase of speed does not augment it in the leaist. 
The frictions in these machines, is the greatest objection 
to their use ; therefore, the movable parts should be as 
light as possible. Friction increases in the ratio of the 
weight, where the materials are the same, but not with 
an augmentation of speed, at least notin the same ratio. 
From practical observation, the following formula has 
been deduced; in which a is the speed of the fan, that 
is to say, it represents the number of feet which • the 
wings make in a second ; b, the surface of the nozzle; 
f, the surface of a W'ing; and .rf, the velocity of the 
escaping blast. This, formula we conceive to be the 
proper dimensions of a fan:—

d =  0.73 X I h
d- c]

P r e s e n t  F o r m  o f  B l o w e r s .

1. F'an Blowers.
M. Alderi’s Blower., Philadelphia, is composed of a 

series of spiral curved fan blades or wings, set together 
in pairs and joined (in the direction of motion), so as to
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form an acute, or knife edge, precisely a/ter the form of 
the prow of a gun-boat, as the edge is seen through the 
delivery or wind-opening of the iron case. The fans or 
wings do not form a close fit to the sides or box of the 
machine, but set off a short distance. The fan-motion is 
accompanied with considerable noise.

F. P. DimpfeVs Blower, Philadelphia. This blower 
is characterized by flat rectangular wings or fans, which 
nearly fit the sides of the casing. It is apparently 
a more quiet fan than the preceding. It is quite a 
favorite fan in forge fires on the Lehigh and the Schuyl
kill Rivers. I t is (in principle) used extensively at the 
coal pits for ventilation, in which case the movement is 
slower and it is much larger (from five to seven feet), than 
when used, as a blower.

Farmer’’s Blower, New York. This is characterized 
by a spiral case, wherein with the same action of the 
internal wings the air received around the axle is de-

Fig. 130.

Farmer’s fan.

livered in a spiral turn out at the side. The principle is 
good if the internal structure is such as to avoid friction 
or resistance. The blower has not been extensively in
troduced, but is highly spoken of at the Manhattan Gas- 
Works, N. Y. We have never seen it in operation. 

Sturtevant's Bower, Boston, is characterized by curved
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fans thrown bask, or away from the direction of move
ment. This fan is very effective and almost entirely 

♦noiseless. The arrangement seems to be exceedingly 
perfect, and from the trials we have made of it, we are

Fig. 131.

S tu rtevau t’s blower.

led to think that in all respects it is the most satisfactory 
of any of that class of blast machines called fan blowers.
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Fiff, of all the parts,181 gives a full representation 
which show great completeness.

In CVookes’ and Rohrig’s edition of Kerl(1869) a fan 
somewhat resetnbling Sturtevant’s fan,is figured (p. 601), 
but the curved blades or wings are cast with the wheel 
on one side, and throw the air, centrifugally, completely 
over the pheriphery of the wheel into the chamber on 
the other side and into a direction which is directly 
upon the continuation of the pulley shaft. It is neither 
so light not effective as that of Sturtevant’s. I t is much 
used in Germany, and is constructed by Schwarzkopf, of 
Berlin, upon Schiele’s principle, but making less noise 
than the last. . ’ ‘

There is a certain velocity beyond which nothing is 
gained in any of these plans heretofore given. We have 
had a thirty-horse power applied upon a Stnrtevant fan 
of 20 inches outside diameter for a short time and then re
ducing the power sevei'al horse-powers could discover no 
effective decrease in delivery, while the fan was intensely 
strained, and yet so far as the fan was concerned it has 
been running since for more than a year without any 
repairs, proving that while the instrument may bear the 
pressure, even without heating, there is practically no 
advantage in passing beyond certain limits. From four 
to ten horse powers are sufficient to run the usual sizes 
of thes^ fans.

The AppticMions o f these Fans,—►They are especially 
useful in melting iron in cupolas, but they are employed 
extensively in our country for the puddling and reheating 
furnaces. They are adapted to charcoal furnaces where 
the amount of blast required can be met by the fan, as 
the pressure in all such cases is light, which we shall 
see more fully hereafter.

In Kerl’s Metallurgy, as above referred to, it is stated 
that most of the fans used in the foundries ,at Berlin 
are 3 feet in diameter, and 15 inches broad; they are 
set in motion by a steam engine of six-horse power; 
they make 800 revolutions per minute, and provide 
three large cupola furnaces with the required blast
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(about 2000 cubic feet) of three-fourths or one and a 
fourth lbs.' pressure.

The quantity of blast required depends chiefly on the 
amount of the production, which again is influenced by 
the dimensions and construction of the furnace, and also 
depends on the nature of the fuel and the iron to be 
melted.

Coke cupola furnaces require from 400 to 700 cubic 
feet of blast per minute, according to the compactness 
of the coke, &c.; charcoal furnaces from 250 to 400 
cubic feet. The pressure in coke furnaces amounts to 
from four to eight lines, and with charcoal from nine ■ 
lines to two inches, and seldom less than six lines of 
mercury.* As each 100 lbs. of iron to be .smelted per 
hour in a coke cupola furnace requires about 6000 cubic 
feet of blast, the following important data concerning the 
blast to be inti’oduced, the diameter of the blast pipes, 
&c., will be useful:-—

Pressure of the 
Blast.

W ater Inches.
2 .9 1
4 .1 9
5 .6 7 .
7 .6 6
9 .2 §

Q uantity of 
blast per 
inch of the 

. section of the 
blast pipe.

Cubic feet.
0  7 0  '
0 .8 4
0 .9 8  
1.12 
1 .2 6

Section -of the 
blast pipe per 
100 lbs. of 
iron per hour.

Square Inches. 
2.00 
1.66 
1.43 
1 .25  
1.11

Q uantity, of iron 
per hour and per 
square inch of the 
section of the 
blast pipe.

Pounds.
5 0
6 0

8 0
9 0

The following are some illustrations for the determi
nation of the amount of blast:—

a. A cupola furnace has three tuyeres 6 inches in di
ameter ; each is fed with blast uf 7.36 inches of water 
pressure; how much iron can it fuse per hour ? At the 
already stated pressure of the heat 80 lbs. of iron will 
result per hour per square inch of the blast pipe; three 
blast pipes, therefore, with 85 square inch section, will 
produce 80x85**68 cwts. of iron per hour.
. b. How many square inches must be contained in the

* T h e pressure by m ercury and  w ater, is exp la in ed  under A/awcwefer 
in  after pages.
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section of 4 blast pipes; 40 cwts. of iron are.tn be pro-* 
duced per hour with a pressure of '7.36 inches?

As 100 lbs. of iron at the given pressure require 1,25 
square inches in the section of the nozzles, 40 cWts. will 
require 40x1.25*® 50 square incheq; therefore, each 
blast pipe must have a section of 12.5 square inches, or 
about 4 inches in diameter.

The older coke cupola furnace at Lerbach (Hartz) 
having a blast pipe 5 inches in diameter, was worked 
with 60O cubic feet of cold blast per mintite with a 
pressui’e of two and one-half or three opnces ; the char
coal furnace, with a blast pipe of two inches nine lines 
diameter, was fed with from 305 to 425 culjic feet of 
blast of from 170° to 200° C.*

2. Pressure Blowers.

In the blowers already mentioned, the movement of 
the blast is not entirely due to the momentum giyen the 
air upon the principle of centrifugal force, but in some 
extent, an4 in some forms. Upon the principle of the 
atmospheric movement observed when a railroad train 
passes into a tunnel or cut, namely, a condensation of 
air in front and partial vacuum in the rear. Or, more 
aptly, as in the chain pump, where the chain lifts the 
water w’hen rapidly whirled. So that there is a quan^ 
turn of pressure as well as of centrifugal force. Hence, 
some have called the previously mentioned fans pressure 
blowers. But, technically speaking, this is not correct, as 
We shall see Upon further examination. The transition 
from the centrifugal force to the force produced by direct 
pressure of a piston may be illustrated by the following 
fan. .

Mackenzie's Eccentric Blower, New York; The ad
vantage of this blower is found in the fact that the 
revolutions need not be so rapid as in any of the former 
kind. I t is also more of the nature of a 'pressure 
blower, whereas all of the former are fan blowers, and

* Practical Treatise, &c., pp. 603, 604.
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depend, previously stated, in part, or entirely, upon 
the centrifugal momentum given to the atmosphcu-e by 
the motion of the fans or wings.

It is doubtful whether any greater practicable and 
economical pressure can be reached by any of the, 
strictly speaking, fan blowers, than one and one-half to 
two lbs. to the inch, although three lbs. pressure is 
claimed. Experiments, which are in process of trial, 
seem thus far to show that under the most favorable 
circumstances the above pressure is all that is available 
without injury to the machine if the pressure is made 
constant for any great length of time. In the Mackenzie 
blower (Fig. 132) the central cylinder centered on an

Fig. 132.

eccentric throws a portion of the body of that eccentri
cally moving cylinder closely against the external casing, 
so that with the wings (Fig. 133) it operates upon the 
principle of a piston, or plunger, in the steam cylinder, 
and, therefore, is a true pressure blower, and may require,
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where pipes are all well fitted and tight, only 100 to 1 50 
revolutions, while any fan blower of equal capacity would

Fig. 133.

require 1500 to 2000 revolutions. There is consider
able clatter produced by this fan, and very little of the 
hum of some of the preceding fans. Nevertheless, where 
no higher pressure than one and one-half to two lbs. is 
required, the lightness with which the centrifugal fans 
may be run would make it more economical of power, and 
thei'efore advisable to use one of that class of blowers.

In all these species of blowers run by belts and band 
wheels there is a mechanical law which must be regarded. 
There may be leverage between the radius of the band 
Avheel and of the fan or wing Wheel of such a disparity 
as to make the expenditure of power greater than'would 
be the case in the regular form of the piston blowing 
cylinder. W e have little doubt that some fans have been 
constructed upon this mistake, in which case power 
is wasted, and it should be a point, when pressure is 
wanted over two lbs. of a constant and uniform nature 
and quantity, to study this liability and avoid it. There 
is a point where the relation of the radius of the band 
wheel to the fan demands an expenditure greater than
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would be required in a blowing cylinder yielding more 
air on the «ame pressure yier inch.*

Fritz %: Moore Blower, Philadelphia. There are two 
of these working at the Roberts’ Iron Company’s Works, 
Allentown, Pa., a description of which is as follows: 
One or more blowing cylinders and a steam cylinder 
placed upon the same bed plate, on the same level, and 
working in the same lines parallel to each other, the 
main shaft passing under the bed plate with a fly, or 
balance wheel on both ends, in which is a wrist, or 
shackle-pin, to which are attached two connecting rods 
which also connect with the crosshead, the crosshead 
working in guides placed above the cylinders and imme
diately across their centres, so that the piston rods of 
all the cylinders may be attached to the crosshead.

Earle’s Patent Horizontal and Upright Air-pumps, 
South Is orWalk, Conn. These blowers have given great 
satisfaction where a pressure blower is needed for special 
operatiotts in, the puddling .and other furnaces, such as 
forcing air upon a pressure greater than can be accom
plished by any fan. . W ith regulating reservoirs they 
are extremely economical and move so quickly on the 
changes of direction ih ,the piston that they are practi
cally as Constant as a fdn. The following figure vrill 
illustrate them better than a description. There is no 
American blast engine which has a neater finish in all 
its parts coupled with greater efficiency, than that of the 
class represented by one which has just been finished and

* Some attention has been lately drawn to a method of creating a 
draughft, as seen in a cOpola furnace blown by steam jets, and eon- 
structed by Messrs., Woodward Brothers, the patentees. Queens 
Foundry, Ancoats, Manchester. There is no necessity in practice for 
regulating the draught by any alteration of the size of jet. The air 
is drawn into the furnace at the bottom through a series of circular 
openings, placed radially at two different horizontal levels.
. Messrs. Woodward have constructed some jet cupolas with closed 

tops and a down flue passing outside the furnace to the bottom, and 
below the surface of the ground to the bottom of a chimney. In this 
construction the jet is applied to the bottom of the down flue, and 
works to some advantage on account of the reduced volume of gases 
to be drawn off from the spot at which they arrive at a considerably 
reduced temperature.—Engineering, Peb. 22,1867.
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Fig. 134.

571

tried (May, 1869) at the above place in the presence of 
a number of ironmasters from Maryland and Ohio. The 
plan is spoken of as one of great excellence. Before the 
successful trial of the last made and one of the most im-
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proved engines built for a Southern iron company, we 
received the following description from E. J. Hill, Secre
tary and Treasurer of the company :—

“ We are now building an engine of 72-inch diameter 
and 8-feet stroke, with a isteam cylinder 36 inches in 
diameter, and this machine we expect will give six 
pounds pressure through'six 3-inch openings, and that, 
too, with lower steam pressure than any other steam 
engine which has been built up to the present time. 
This engine we shall have completed in three or four 
weeks. The new engine will have some very important 
changes in it. First, the air piston and follower, instead ‘ 
of being cast iron and having the packing between, will 
consist of a ring six inches in thickness, with space 
for packing, which will be of solid wool felted and set 
out by a spring ring. Instead of the one piston rod 
taking the piston in the centre, there will be three 
taking hold of the outside of the air piston, passing up 
through the head, outside of the steam cylinder, and 
fastened to a crosshead, which is itself fastened to the 
piston rod coming up through the top of steam cylinder. 
The great advantage of this is that it entirely preve'nts 
any steam or water from being carried down the piston 
rod through the stuffing box into the air cylinder. 
Again, the air piston, instead of being like ordinary 
pistons, of cast iron and very heavy, as would necessa
rily be the case if one piston rod carried it from the 
centre, is simply an outside ring, this ring being held by 
the three rods, and the entire centre being covered with 
boiler iron slightly concaved. The large trough be
tween the two cylinders is entirely done away with, the 
steaftn cylinder resting upon three legs, which legs them
selves rest upon brackets cast upon the sides of the main 
air c^'linder. An important fact, which was omitted in 
the description given in the papers, is that the steam 
cylinder is cushioned at both ends by the piston passing, 
and closing the exhaust ports just before the termination 
of the stroke, thus rendering striking the heads abso
lutely impossible, besides making the change of stroke
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almost instantaneous, and in • consequence of this the 
variation in the blast is little or nothing.

“ The cost of the one now building-will be $8000. The 
engines are highly finished, both cylinders being covered 
with black-walnut sheathing and brass-banded with brass 
stair rail. The main piston, as well as the valve pistons^ 
are both provided with combined spring and steam pack
ing rings, the valves being balanced piston valves, and 
cushioned in the same manner as the main piston.”

We have already spoken of the blast engine and cy* 
Under at the Saucon Iron Works, Hellertown,as perhaps 
of its kind (beam engines) as compact and complete a 
plan as any we have seen, of Morris, Towne & Co.’s en
gines. In this engine the main supports of the walking 
beam are used to convey the blast to the main regulator. 
(See Fig, 105). The largest blast engines are those at 
C'atasaiiqua and Hokendauqua—whose dimensions we 
have given (p. 2001. The next in size and power appear 
to be those at Scranton, the steam cylinders of which 
are 64 in. and 56 in .; the blowing cylindem 86 in. and 
93 in. To represent these engines would take more 
space than w'e can afford for beam engines, and, compa
ratively speaking, vertical and horizontal engines are 
more in use. A t the Carbon Iron Works, Parryville, 
Carbon Co., Pa., on the Lehigh, is a very neat verti
cal engine, which works well. In examining this 
engine, we were led to suppose that a considerable 
amount of power was lost in many engines, by too nar
row an opening in the blast cylinders for the entering 
air, and thereby the movement of the piston is eliecked 
because of a vacuum, and a cqn-esponding power is 
lost. This engine to labor under this disadvan
tage, from the peculiar sharpness or intensity of sound 
produced in the movement.

Various forms of vertical and horizontal engines, w'here 
the works are not of the largest character, seem to be 
in growing demand. The following is a very simple 
plan of double cylinder adapted for small works or large. 
It is a horizontal engine, ahdlthe Fig. 135 explains 
itself. I t  is of an engine adopted at Horde, Westphalia.
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The engineer recommends that the engine stroke should 
not exceed the diameter of the blowing cylinder; that 
the piston be as light as possible; that the dimensions 
of the blowing cylinder should be such that in the normal 
working the velocity of the piston slionld not exceed about 
250 or 260 feet per minute; that the opening for the air
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entrance should be cai'efully made sufficiently large for air 
and at least one-eighth the area of the piston ; and that 
the foundations of the engine should be perfectly solid. 
Another form of great completeness may be seen 
represented in a blast engine, of 120-horse power,
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of Messrs. Thomas & Laurens, wherein the same piston 
rod connects both pistons of steam and blowing cylin
ders. Fig. i:i6 the section and elevation. Fig. 167 is 
the plan.

Of the neatest and most satisfactory vertical engines,

Fig. 138.»

Vertical blast engine. Reschitza, Austria.

Figs. 138 and 139 may be pi’esented as a good represen' 
tative type. It is an Austrian blowing engine of 20-
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Fig. 139.

577.

Piston-spring packing.

horse power and one of the direct action. Diameter of 
steam cylinder 15.82 inches, diameter of blowing cy
linder 49.80 inches, stroke 56.06 inches. Number of 
revolutions per minute 30.^

C H A P T E R  XL

R E C E IV E R S , OR R EG U LA TO R S OP B L A S T  TU YERES, 
V A L V E S , &c.

[ C t l i n d e r  blast machines, as well as those of the com
mon bellows form, make an irregular blast. The back 
and forward motion of the piston, which, when it arrives 
at the culminating points, ceases, for a few moments, to 
make any blast at all, of course causes an interruption 
of supply to the nozzles, and a consequent waving, 
sinking, and falling, in the pressure of the blast. Uni
formity of pressure is so important an object at the blast 
furnace, that too much attention cannot be paid to i t ; 
but our attention commensurate with its importance 
this subject has never received. If there were no other 
argumept to convince the skeptical; if we had no facts 
to prove directly the great value of a uniform pressui’e, 
the consideration that different pressures are necessary

37
* Messrs. Petitgand & Ronna.
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in blowing different furnaces ought to settle the question 
conclusively. W e know that one kind of charcoal will 
permit a pressure of but half a pound, while another 
kind requires a pressure of one pound and more. In 
each case, too great or too little pressure is injurious. 
Where the coal is of such a nature as to require but 
three-quarters of a pound pressure, we are obliged to 
Secure that amount. If, as not unfrequently happens, 
we make, in the same, stroke of the cylinder, a differ
ence of between a half a pound and a pound, we destroy 
fuel uselessly, for that blast which is below threfe-quar- 
ters of a pound, as well as that which is above it, is 
only a waste.

Regulators of blast, commonly called receivers, are of 
various forms. Scientifically, they may be divided into 
three classes: the wet receiver, or water regulator; the 
•dry receiver, with movable piston ; and the air chamber? 
of Constant capacity. The wet receiver is not to be 
recommended, od account of its water. Though this 
water should be covered with floating oil, or other matter, 
a^ has been suggested, the receiver would not be adapted 
for use.

a. The second class, or the dry receiver with movable 
piston, is generally employed in blast machines with two 
wooden cylinders; and in some machines, with iron 
cylinders. The top of a common blacksmith’s bellows 
acts on the same principle and belongs to this class, 
The receiver is more perfect than the first kind, but it 
is far from producing a uniform pressure, or at least that 
uniformity the blast furnace requires. For forges, such 
receivers answer Vei’y well. In Fig. 123, a receiver with 
a movable piston is shown. Its dimensions should be 
very nearly those of one of the cylinders. If the diam
eter is increased, the play of the piston, and conse
quently the resistance, are diminished; the latter is the 
cause of the irregularities in the blast. I f  the dead 
points, caused by the raising and falling of the piston, 
could be obviated, this receiver would be useful ; but, as 
that is not likely ever to be the case, there is little
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probability that this apparatus will ever becoiile a favor
ite attiong the blast furnace owners.

b. The air chamber of constant capacity is coming 
more and more into general use; this is unquestionably 
the best of all regulators. Air chambers of various 
forms have been tried: that the best form is the sheet- 
iron Cylinder may now be considered a settled question. 
In order to make a good, uniform blast, this receiver 
should be of great capacity; if sufficiently large, the 

. blast is perfect. Partly from considerations of economy, 
less frequently from those of expediency, wooden, stone, 
or brick chambers have been used. Vaults cut into rock, 
or native caves, have also been Used as blast regulators. 
All these experiments .have furnished no inducements 
for imitation, because the difficulty of keeping such 
chambers air-tight was too great to be overcome. Con- 

«sequentlj^ most of the stone and wooden chambers have 
been abandoned, and iron ones constructed. At the 
present time, air chambers are made of sheet iron one- 
eighth of an iiich thick, and of greater or less capacity, 
according to the number of strokes of the piston of the 
blast machine, and the capacity of the cylinders.

It would lead us too far to enter upon a thorough in
vestigation concerning the capacity of a dry receiver; 
but we shall point out such facts as have a bearing upon 
the question. The dimensions of the air chamber have, 
in no respect, any relation to the capacity of the blast 
cylinder. This is influenced by Other circumstances. 
The irregularities of pressure are less where two blast 
cylinders are working than where but one is employed ; 
the result is still better where three are used. In the 
latter case, the blast is generally so uniform that no re
ceiver is needed, and the employment of large pipes to 
conduct the blast to the furnace is all that is required. 
With two cylinders and double stroke, the blast ought 
to be nearly uniform, according to theoretical calcula
tions, if the weight of the piston is counterbalanced. 
In practice, we find that these machines answer excel
lently for fineries and hard* coal, while they are insuffi
cient for soft charcoal, and for well regulated smelting
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operations. Blast machines, with two double stroke 
cylinders, but without beams smd counterbalance, must 
be adjusted by direct balance weight, because the united 
weight of the two pistons is too great even for a large 
air chamber. To set the cranks opposite each other in 
such a machine is not advisable, for the difference in 
pressure is so great that it 6annot be effectually overcome 
by a chamber. Two cylinders and single stroke require 
opposite cranks. A blast machine with a single cylinder 
requires the largest possible air chamber, particularly 
where a waterwheel or an expansion steam engine is the 
motive power.

*The dimensions of the air chamber in a double cylin
der machine and double stroke is sufficiently large if 
made of ten times the capacity of one "of the blast cylin
ders. W ith one cylinder, or two single stroke cylinders, 
from twenty to thirty times the capacity of th« cylindeiP 
is required. I f  large air-pipes are employed, and if the 
distance from the blast machine to the furnace is con
siderable, the capacity of the pipes may be taken into 
account. Where the pipes are narrow, they do nothing 
toward equalizing the blast; on the contrary, they cause 
a loss in power by friction.

The form of an air chamber is generally that of the 
cylinder, like a steam boiler, and varies from four to 
eight feet in diameter. I t  sometimes has straight, some
times convex heads. The globular form has, in some 
places, been adopted, but we,do not think that this form 
will ever be used extensively in this part of the world. 
The thickness or strength of the sheet iron for an air 
chamber is made to vary according to the pressure of 
the blast; but, as the strongest pressure would hardly 
tear iron one-eighth of an inch thick, and as that thick
ness is required to give stability to the form of the 
chamber, the question is one of slight practical interest. 
An air chamber should be provided with a safety-valve, 
to guard against accidents, as well as with a manhole, 
to afford an opportunity of getting into the interior, if 
that is found to be necessary. The air chamber, unless 
too small, is the best of all regulators. If we have any
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doubt in relation to whaf should be its capacity, it is' 
always better to make the chamber too large than too 
small.

Blast Pipe$̂
It is seldom or never in our power to bring tho blast 

generator close to the tuyere. Conductors are generally 
required to lead the blast from the blast machine to the 
furnace. Various forms of conductors ha%'e been in
vented, such as wooden and iron pipes, of a round, 
square, and polygonal section; but at present, scarcely 
any other than sheet or cast cast-iron pipes are employed. 
At forge fires, and small blast, puddling, and reheating 
furnaces, or at those places where but little pressure is 
required, pipes of-tin plate are used, but where Stronger 
pressure is needed, as at charcoal blast furnaces wording 
•hard coalt and at anthracite and coke furnaces, pipes of 
sheet iron one-eighth of an inch thick, or of cast iron, 
are used. Cast-iron would be preferable, in many re
spects, to sheet-iron pipes, but, in consequence of their 
weight, the latter are Coming more and more into gen
eral use. • Sheet-iron pipe can be made of almost any 
length, and it has an advantage in the small jiumbeV of 
its joints. The diameter of the pipes varies according 
to the amount of air which is to pass through them. 
Where 1000 cubic feet of air per minute are to pa§s 
through one of medium length, the diameter should be 
at least ten inches. Each.additional 1000 feet should 
have the same space, so that 4000 feet per minute re
quire a diameter of twenty inches. If  the distance from 
the blast machine to the Airn^ce is more than 100 feet, 
the diameter of the pipe is to be increased; and it may 
be doubled with each additional 100 feet, in consequence 
of the friction of the air, A very appreciable loss of 
blast results from narrow pipes.

Cast-iron pipes require many joints; they are liable 
to lea'k, in consequence of the destruction of the cement 
in the joints, caused by contraction arid expansion; this 
is particularly the case in long pipes. For cold blast 
pipes, the best joint §̂ e can use is the leaden one com-
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monly employed in light gas pipes*. Where hot air is to 
be conducted, as in the use of hot blast, the lead is'liable 
to melt by the heat of the ail*. In this case, the joints 
must be cemented by a fire-proof material. A cement 
which resists the influence of hot air is composed of 
iron filings, turnings, or borings, worked through a 
riddle or a coarse sieve, to make it uniform. Seventy-five 
pounds of sifted filings are to be mixed with one pound 
of powdered sal-ammoniac and one ounce of flowers of 
sulphur, to which two pounds of clay in dry powder 
must be added. The whole of these ingredients must 
be well mixed together, and kept in a dry place for use. 
Whenever any cement is wanted, some of the dry and 
prepared material is moistened, and used immediately; 
for, as it very soon oxidizes, it is adapted to make good 
joints only when it is fresh. A few days are required 
to harden this cement; but, when thoroughly indurated," 
it is almost as durable as the iron itself. I f  pipes with . 
couplings are used, which are preferable to those with 
flanges, care must be taken that the space between the 
coi^lings and the pipe is not too great; one-quarter of 
an inch all around is sufficient. Where thfe space is 
excessive, the expansion of the cement, occasioned by 
the oxidation of the iron, is very apt to break the coup
lings. Long, straight pipes are very liable to leak, be
cause, from their length, they are stretched by a high 
heat. By reason of their weight, expansion and con
traction break the cement of the joints. Such pipes 
should be laid upon a well-levelled and paved foundation, 
and rested upon rollers, which may be either short pieces 
of round bar iron, or short pieces of two inch cast-iron 
pipes. In long conductors, the expansion and contrac
tion of the pipes are frequently neutralized by sliding 
couplings, of stuffing boxes. This is a necessary pre
caution where hot blast is to be conducted a considerable 
distance. Elbows should be avoided as much as possible 
in blast -pipes; and if nScessitated to use them, the 
corner should be tux’ned in as large a circle as possible. 
The loss of power of the blast, W'hen suddenly turning 
round a corner, is very great, .̂ ^̂ cute angles, and even
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those of 90°, ate, if possible, to be aftogether avoided. 
The best location of blast pipes, where they are weak, 
and liable to break, or where the joints are not quite 
safe, is above ground. For well-constructed and pro
perly cemented pipes, the best situation is belowground. 
But we ought to take the precaution of laying them in 
well-constructed, spacious channels, walled and paved 
with brick or stone, and covered with wood, stone, or 
cast-iron plate. When laid in the ground apd covered 
with earth, they are very liable to be injured, and sel
dom answer a good purpose. It is better to lay them 
above ground than to inclose them in an immovable po
sition. Though corners of any kind are to be avoided 
in blast conductors, we must not, therefore, suppose that 
very straight pipes are th§ best form we can select. A 
gentle bend is advantageous, for it will tend to preserve 
the joints. Vario.us plans of locating the blast pipes 
around a blast furnace have been adopted. In' some 
instances, we see the pipes above the head; in others, 
walled in the pillars; and in others, again, below the 
bottom stone of the hearth. The latter plan is prefera
ble ; but, unless executed with due care, the result will be 
Unfavorable, A blast pipe thus laid should be entirely 
free, that is, it  should be at liberty to move exactly to 
that degree which the differepce of temperature to 
which it is exposed inclines it, 'I f  this precaution is 
taken, we experience no trouble with it. An objection 
has been raised against laying the pipes in this manner, 
becahse, in some cases, hot cinder and hot iron have 
found access into the channels for the pipes. But such' 
accidents cannot be deemed a valid objection. They 
can be avoided by a judicious plan of laying the pipes, 
and by proper care in the management of the furnace.

a. The mouth-pieces of the blast pipes, called nozzles, 
are tapered sheet-iron tubes, varying from one to four 
feet in length, according to locality, and the purpose 
which they serve. At one end, they are as wide as the 
conducting blast pipe, to which they are joined; at the 
other end, they are as wide as is considered neOessary 
for the passage of the blast. These nozzles are fre-
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quently divided into two parts; one of which is perma
nent, and the other, genefally the shorter, movable. 
This facilitates a change in the dimensions of the noz
zles. These conical pipes are either welded or soldered 
with copper, for, as they are narrow, rivets will obstruct 
the blast, and make it exceedingly noisy. Where cold 
blast is used, the nozzles are generally connected with 
the main blast pipe by a leather bag. This bag is held 
to the pipes by means of an iron hoop. This hoop, of 
the form of a wristband, is tied to its place by a screw, 
which, by drawing the hoop close to the leather, and 
that to the pipe, makes an air-tight joint. Where hot 
blast is employed, leather cannot be put into the con
ducting pipe, fix this case, everything must be.metal. 
I t  frequently happens that thq nozzles are to be tempo
rarily removed; to facilitate this removal, and to avoid 
loss of time as much as possible, a joint is required.’ 
W ith cold blast, the motion of the nozzle from one place 
to another is frequently necessary, and more or less dip 
is required ; for that purpose, the leather-bag connection 
is indispensable. W ith hot blast, this is not the case, 
and therefore movable nozzles are unnecessary.

The size of the nozzle is, under certain circumstances, 
a matter of great importance, and deserves more atten- 
tion than it generally receives, particularly at charcoal 
blast furnaces, and charcoal foi’ges. If the moving 

.power of the blast machine is limited, then it is the 
opening of the nozzle which determines the pressure of 
the blast. As a given pressure is more advantageous, 
it is evident that the size of the nozzle must have con
siderable influence upon the smelting operations. The 
changing of nozzles must be conducted with reference 
to securing a permanent pressure, for th i| is indispen
sable. 'The amount of blast may be increased or dimin
ished. The diameter of the nozzle is. of course subject 
to great variations. W e employ nozzles of one inch 
diameter at charcoal forges; from one and a half inch 
to two and a half inches at charcoal furnaces; and from 
three to four inches diameter at coke and anthracite fur
naces. Wher’e other things are equal, the nozzles for'
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hot blast should be largei' than those for cold blast.' The 
form or taper of the nozzle at the point is a matter of 
considerable consequence; the greater the taper, that is, 
the larger the angle of convergence towards the point, 
the more the blast spreads into the furnace. Its results 
are similar to those of a weaker blast. An- application 
of this principle is made at the charcoal forge, and in 
some places of the Old World, at the blast furnape, by 
employing two nozzles, which blow in such directions 
as to spread the blast in a greater degree among the hot 
coal. Stronger blast may be thus applied to soft coal, 
in which case it is advantageous. The more cylindrical 
the form of the nozzle, the greater the degree in which 
the blast will be kept together in the furnace. This 
form improves^the pressure of the blast. Similar results 
take place'where only the extreme end of the nozzle is 
cylindrical to a length equal to the diameter of the 
opening. That is, a three inch nozzle requires a cylin
drical nose three inches long to form a compact column 
of blast; and a two inch nozzle requires a nose two 
inches in length. Cylindrical nozzles are preferable for 
hard coal; tapered nozzles for soft coal, charcoal fprgeS, 
and fineries. Tong and narrow tubes occasion much 
friction; therefore, it is advantageous to make the noz
zles as short as possible. The current of blast is moulded 
at the very extreme end of the nozzle.

Tuyeres.

Before puddling was so generally introduced as at 
present, the shape and' position of the tuyere at a blast 
furnace received .considerable attention; but, since the 
quality of pig ^on has been sought for with less anxiety, 
the tuyere ceases to be of much importance. The chief 
purpose of thfe metallic tuyere is the preservation of the 
fire-proof hearthstones; the direction and form of the 
blast are of minor importance. This protection is ac
complished, in some measure, by making a coating of 
fire-clay in the tuyere holes, which’ is cut in the hearth
stones.- By this means, constant attendance, and re-
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peated renewal with clay, will enable us to keep the 
tuyere narrow. No tuyere, whether of clay or metal, 
should ever be wider than the nozzle. Where one of 
the former kind exceeds the width of the nozzle, it 
burns away, and the hearth is exposed to destruction. 
The preservation of the original dimensions of the hearth 
is the main object which the manager of a furnace seeks 
to secure; and, as the clay tuyere does not effect this 
object, tuyeres made of copper or cast iron have been 
substituted in its place. These reach farther into the 
furnace than the clay tuyere, and, therefore, as it is de
cidedly of advantage that the blast should be driven as 
far as possible into the centre of the hearth, they are 
|puch preferable to the latter. Wrought-iron tuyeres 
are liable to burn. The iron, in consequence of the 
purity, oxidizes, and foisms with the clay around it a 
very fusible silicate, which is precipitated into the fur
nace. Gray is preferable to white cast iron, and also to 
wrought iron t the carbon and impurities it contains 
protect it against oxidation and destruction. Copper is 
the best metal for tuyeres; it is a good conductor of 
heat, and is kept cool by the blast more easily than 
iron. Its silicates also are infusible. I f  copper oxidizes, 
and forms a silicate, the latter will protect it. The ad
vantages derived from the copper tuyere have, in Europe, 
been acknowledged for more than a century; still, the 
charcoal furnaces in this country, at which cold blast is 
employed, are generally blown by clay tuyeres, the result 
of which is the waste of a great deal of coal, aud the 
production of inferior iron. W e do not recommend the 
application of the copper tuyerd, for the water tuyere 
is preferable; but mention the above fact as a curiosity; 
as, in fact, one of those, rai’e cases in wh^h our citizens 
do not make the best use of the means at their disposal. 
The copper tuyere is protected against the heat of the 
furnace by the cold blast, which touches it, and cools it; 
for this reason the tuyere should not be wider than the 
nozzle. In this point, of view, we may regard the tuyere 
as a prolongation of the nozzle, in which case, of course, 
it is governed by the rules applicable to the latter. So
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lonw as pig iron is to be made for the charcoal forge, the 
desire to make white plate iron in the blast furnace will 
exist. It is very difficidt, almost impossible, to keep a blast 
furnace constantly running upon a certain kind of iron; 
therefore, the difference which the quality of that in the 
furnace exhibits, is modified to a more or less general 
standard by means of the position of the tuyere, such as 
its direction and inclination. Very skilful management 
is required, in many instances, to produce the desired 
effect. In some parts of Europe, where cold blast iron 
for the forge is manufactured, the copper tuyere is yet 
in use; but where pig iron for puddling is made, or hot 
blast employed, the tuyere will not require close atten
tion. In this country, we can scarcely appreciate th§ 
niceties involved in adjusting the tuyere, not even at 
the forge fii'es; but this adjustment is unaccompanied 
with any practical convenience, for the trouble it requires 
is never compensated. The advantages which arise from 
a scrupulous attention to the tuyere are, at best, very 
small; and such attention would, under the conditions 
which exist in this country, especially the high price of 
labor, result in loss instead of gain.

a. At cold blast furnaces, in this country, clay or 
cast-iron tuyeres, principally the former, are generally 
employed. W ater tuyeres are in use at forges, finei’ies, 
hot blast, and at some cold blast furnaces. A common 
tuyere for the Catalan forge, the charcoal forge, finery, 
and charcoal blast furnaces, is made of boiler-plate; it 
is represented by Fig. 140. The top part is hollow,

Fig. 140.

Section and view of a water tuyere with flat bottom.

while the bottom part which is generally flat, as shown 
at c, is solid. A water pipe of one-half inch*bore con-
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ducts a current of cold water through the hollow top; 
this preserves the tuyere, and protects it against burning. 
The bottom is made flat, so as to serve as a support to 
the nozzle ; we are thus enabled to move the latter to 
those places where it is most needed. At blast furnaces 
and finei'ies, this precaution is not of much use, for the 
nozzle remains at the place where it  is fixed; but at 
forges it must be movable. Both of the water pipes are, 
in most cases, at the top ; this aiTangement can scarcely 
be considered so advantageous as that in which one pipe, 
or the entrance of the water, is nearer the bottom, and 
the other pipe, or the outflow, at the top.

b. Tuyeres for anthracite, coke, and most of the char
coal furnaces, are perfectly round, and made of boiler
plate; also of copper or cast iron. Fig, 141 shows a

Fig. 141.

Round water tuyere.

round water tuyere ; this may be two inches wide at the 
narrowest point, as at charcoal furnaces, or from four 
to four and a half inches, as is the case at anthracite 
furnaces. The taper of the tuyere does not affect the 
furnace, and, for all the evil this tapering occasions, it 
may be a perfect cylinder. In using hot blast, it makes 
no difference how the air is conducted into the furnace, 
provided the end of the tuyere is kept open, and bright, 
which is all that is necessary. The nozzle is laid into 
the tuyere—how far it reaches into it, is a matter of Ao 
consequence—and the space between them filled up with 
clay. At a cold blaSt furnace, it-requires some attention 
not to push the nozzle too far in, or to draw it too far 
back. The water pipes, marked a and 6, may be of
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lead, three-fourths of an inch, s'eldqnj one inch, bqre; 
ohe on the lower, and the other on the top part of the 
brim. The lower pipe conducts the water to the tuyere, 
and the upper, conducts it from the tuyere. The former 
is, in many cases, pushed as far as possible intfi the inte
rior of the tuyere, to bring the cold water into the fur
nace; the water is thus applied where the heat is greatest. 
A constant, uninterrupted, supply of water is necessary 
to prevent the melting of the tuyere. The water must 
be pure; else it will leave a sediment in the tuyere 
which is sure to cause its destruction. There must also 
be a sufficient arnount of cold water; for, if the formation 
of steam is going on in the interior of the tuyere, the 
latter is sure to be buftied. Copper and brass last longer, 
than iron; but if iron tuyeres are well made, and sol
dered with copper, and if there is no lack of water, they 
may last a long time. Where there is deficiency of 
water, ©r where there are sediments in the interior of a 
tuyere, a few hours’ heat will destroy it. If we find 
that the, tuyeres do. not stand the dieat, our attention 
must be directed to the water; if nothing appears wrong, 
the apiilication of larger pipes, or higher hydrostatic 
pressure, will then remedy the evil. Water tuyeres are 
generally from ten to twenty inches long; tuyeres that 
are too short are liable to be burnt, by the fire working 
around them, because there is not sufficient room to keep 
it closed up. Another disadvantage of such tuyeres is, 
that their want of length prevents them from being 
pushed into the hearth; but length is necessary when 
the hearth is burned out, and when we wish to carry 
the blast further into the interior. The external size of 
the tuyerq is a matter which requires attention in its 
construction. The total surface determines the amount 
of water which is necessary to keep it cool. The larger 
the surface, particularly the diameter, the greater the 
amount of water necessary, and of course the greater 
the danger of burning. A tuyere is seldom •more than 
four inches in inside diameter; and we frequently se.e 
tuyeres whose diameter outside î  twelve, and even more 
inches. In this, there is something wrong, for with the
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increase of the diameter is the augmentation of the 
danger.

Tuyeres tnay he considered a prolongation of the 
nozzle or the blast pipe, and disconnected from it merely 
for .the sftke of preservation, and of more convenient 
access to the interior of the furnace. Cold blast should 
taper more than hot blast tuyeres, because the former- 
clinker in a greater degree, and require cleaning more 
frequently than the latter. 'The more acute the angle 
of the tuyete, the colder it works; the more tapered it 
is, the hotter it works. These observations are of prac
tical importance. In most cases, we want the. blast as 
far in the interior of the furnace as possible, because 
fuel is thus saved, better iron is produced, and the hearth 
protected. There is some diiRculty in giving cold blast 
tuyeres a slight taper, because they should be very 
wide outsi4e; but this difficulty can be overcome by 
making the interior of the tuyere curved. If  its extreme 
end, as fer back as the diameter of the mouth, is cylin
drical, the same propose is accomplished as though the 
whole tuyere was a cylinder. If  the tuyere is too much 
tapered, which is shown by its working too hot, we lessen 
the evil, in some measute, by pushing the nozzle further 
into the furnace. This is but a temporary, not a radical, 
remedy; tuyeres of the proper form must be substituted. 
I f  the tuyere works too cold, that is, sets on too much cold 
cinder, our only resource is scrupulously to keep it clean, 
and to replace it as soon as possible by a more tapering 
tuyere, or a more obtuse cone. From these considera
tions, it is evident that different kinds of ore require a 
tuyere of different taper; for the exact degree of this 
taper, uq general rule can be given. Experience must, 
in this instance, be our only guide. This will appear 
more evident, if we consider that the kind of fuel, and 
the pressure of the blast must also be taken into consid
eration when we construct a tuyere. Calcareous ore, as 
well as the pig iron made from it, works naturally hot 
at the tuyere; consequently, we employ acute tuyeres: 
these serve to drive the blast far into the furnace, by 
which means they will l?e kept cool. This result can be
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effected by,a water tuyere. Clay ores—which work 
naturally cold at the tuyere—Work better with a tuyere 
that is tapered, iu which case, a water tuyere is not so 
favorable.- These considerations have a special bearing 
upon the working of furnaces and forges, and,’ are of an 
entirely practical nature. For this reason, the manage* 
ment of the furnace or forge is accompanied with Such 
different results. It is evident that the modification of 
a tuyere cannot, at times, be so quickly accomplished as 
we desire. Months, and even* years, are often consumed, 
before the required form cRn be determined; in many 
cases, this form is never arrived at. The shape of the 
tuyere is, therefore, a matter which, at blast furnaces, 
generally depends on the decision of the keeper or 
founder; and as the clay tuyere may be altered very con
veniently, this may be assigned as one of the reasons why 
so many tuyeres of this kind are in use. The whole 
matterfis divested of its mystery, if we reflect that an 
obtuse tuyere tends to work warm, and an acute tuyere 
to work cold. The latter is more advantageous than the 
former, as respects both the quality and quantity of 
work; but it is more difficult . to manage. But, as the 
form of the nozzle, as well as that of a metal tuyere, 
is permanent, the latter may be a dry or water tuyere; 
and as the advantage of either shape can be arrived at, 
in a more or less perfect manner, by pushing in or draw
ing back the nozzle, no solid objection exists'against 
metal tuyeres* In these cases, there ought to be a dif
ference between the forms of the nozzle and that of the 
tuyere. An obtuse noZzle should work,with an acute 
tuyere; a slightly tapered noZzle with a greatly tapered 
tuyere* The latter form is generally preferr^, on ac
count of the facilities it offers for‘cleaning the tuyere.

In applying hot blast, the form of' the tuyere and the 
nozzle is a matter of indifference; still, while construct
ing them, it will do no harm to take the above rules into 
consideration. The advantages of hot blast are some
times doubtful. I t may be as well to unite, by means 
of perfect forms of apparatus, all the advantages deriv-
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able from cold blast; we can thus regain what is lost in 
quantity by its employment.

W e have spoken of the relative advantages of a 
greater or less number of tuyeres in the same apparatus. 
In forge fires, we generally observe* but -one tuyere and 
two nozzles. ‘At refinery fires, we often see the tuyeres 

.all on one side; at other places, on opposite sides : in one 
tuyere we see two nozzles, and in others but one. All 
these differences are the result of local causes, originat
ing in the form of the apparatus, the quality of the iron 
and fuel, the pressure of the'blast, and the qualification 
of the workmen ; these causes will be clearly understood 
from our previous investigations. The number of the 
tuyeres, and their position in the blast furnace, are of 
sufficient importance to deserve our attention. In the 
same chapter, we remarked, that, in using cold blast, 
we should employ as few, and in using hot blast, as 
many tuyeres as possible. Cold blast tuyeres are nat
urally troublesome; they are apt to become black;* 
they require constant attention, as well in moving the 
nozzle as in patching the tuyere with clay; they tend 
to produce white iron, and they cool the lower parts of 
the hearth. For these reasons, we would reduce the 
number of these tuyeres as much as possible. The hot 
"blast tuyere works very h o t; occasions but little trouble ;■ 
is inclined to produce gray iron; and tends to reduce 
silex, and consequently may produce a poor quality of 
iron. Therefore, we recommend the use of as many hot 
blast tuyeres as conveniently can be employed. The. 
position of the tuyere is m.ost favorable when placed on 
both sides of the hearth. The tymp is that part of the 
hearthf which is first burnt o u t; and if the tuyere is in 
the back part of the hearth, the distance from it to the 
opposite’tymp is increased.

Water tuyeres are essential where the hot blast is 
Used. The inventor and time of invention are subjects

* i .  e .,  covered at the end w ith nnraelted slag  or cinder, and hence 
not show ing the ligh t when looked  through .

t  Or crucible, called  in a general way the heajrth.»
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of dispute. I t  was invented about the time of Neilson’s 
discovery, and some think much before that time it was 
practically in use.

The Scotch tuyere, so called, consists of a wrought- 
iron tube, running through a cast-iron box of the fol
lowing form— the tube running straight fro'm the outer

Fig. 142.

side to the nose of the cast iron and returned outside in 
coils. The iron is cast around these coils. A water tymp is

Fig. 143.

also used after this form. Some have proposed to dispense 
with the cast iron and surround the nozzle with a coil 

38
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alone—and others to use but half the length of cast 
iron—but the form most generally approved is that just 
described.

Valves.

[Valves are essential in blast conducting pipes; first, 
for shutting up the blast entirely; secondly, for dimin
ishing and increasing it at pleasure. The first kind is 
needed where the blast is generated, for various purposes, 
by the same blast machine. The valves in use are the 
sliding, the conical, and the trundle. The first two are 
at present but little employed. If well made, the latter 
kind of valve is very useful. Fig. 144 shows a, longitu-

Fig. 144.

Trundle-valve.

dinal section of a part of a pipe and a valve; a is a 
section through the axis of the valve, and h a view of 
the valve and a section of the pipe. Both ends of the 
axis run through the pipe. At one end it has a handle, 
and, in many instances, a graded scale, which indicates 
the amount of air which passes through the valve, or 
in other words, it shows the opening of the valve. At 
each tuyere or nozzle, a valve is sometimes placed, which 
serves either to shut off the blast entirely, or to regulate 
the passage of whatever amount is needed. At the 
nozzle valve, a scale is very useful, partly for the purpose 
of adjusting the blast, and partly for that of fastening 
the handle of the valve, and keeping it in a certain po
sition.

The laws which govern the construction of blast pipes, 
valves, and tuyeres, are summarily, as follows: The in
terior of the blast conductors should be as smooth as 
possible, for an uneven surface causes great friction.
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The friction of the air is proportional to the length of 
the pipe, and to the density of the air which passes 
through it. I t is proportional to the square of the speed 
of the air, and the reverse of the square of the diame
ter of the pipe. Obstructions caused by short bends 
in the pipes are inversely proportional to the angle of 
the bend, and are governed by the laws of hydrostatics. 
Sudden contractions and expansious of the pipe occasion 
a whirling disturbance in the current of the air—a loss. 
of power, or, what is the same, of blast.

Manometer.

The pressure of blast necessary for different operations 
is an interesting question, and one undoubtedly of prac
tical’ importance. If  we know w’hat is required, we 
ought to be enabled to judge to what extent we can suc
ceed in accomplishing what we propose to ourselves. To 
measure the pressure of the blast, the Surface of the 
safety-valve is generally resorted to—that is, observing 
the whole weight of the valve, and the area of opening 
it covers. This is a very imperfect way of coming to a 
knowledge of its true value; for, if the plate -of the 
valve is much larger than the opening it covers, the real 
pressure of the blast may be but half of that which the 
safety-valve indicates. The real, active pressure must 
be found at the nozzles; and if we reflect upon the im
pediments which the blast receives in its passage to the 
tuyere, we' shall have nq doubt as to the necessity of 
measuring the pressure of blast at that point. The 
most simple form of a manometer, or measure of blast, 
is represented by Fig. 145; it is a glass tube of the size 
of a barometer tube, bent as shown in the figure, a is 
a cork stopper, which is pushed upon the tube; this fits 
in a hole bored into the blast pipe as near the nozzle 
as practicable. Such a manometer is easily made. A 
piece of glass tube can be obtained from almost any 
glassware stoi^e, the length of which, for a charcoal fur
nace, should be twelve inches, and for an anthracite fur-
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Manometer.

Fig. 145. nace, twenty-four inches. Such a
glass tube can be heated to red
ness in a strong flame of alcohol, 
just at its centre, and the two ends 
bent round to form a siphon. The 
one leg may be heated to form the 
protection for the stopper. This 
tube is partly filled with mercury, 
which should reach sufficiently 
high above the lower bend, in 
inches, to equalize the pressure 
of the blast in pounds. An ad 
ditional inch should be added to 
keep the mercury always in both 
legs of the tube. If the bend 

at a is connected with the blast pipe, and the com
pressed air is working upon the mercury, the latter will 
be pressed down in a, and rise in d proportionally 
to the density of the blast, or, as it may more clearly be 
expressed, proportionally to the difference between the 
density of the atmosphere and the density of the blast. 
The difference in inches in the height of the mercury be
tween a and d amounts very nearly to the pressure of the 
blast in pounds, if we divide this difference by 2. From 
this it is evident that, as the mercury sinks as much in a 
as it rises in d, its height in (f, above the level a d, which is 
the line of rest of the mercury, is, measured in inches, 
very nearly equal to a pound of pressure of the blast to 
each square inch. For practical purposes, this simple 
instrument may, by calling the height above a d, in 
inches, pounds of pressure, be deemed quite sufiicient. 
A division of inches, and twelfths of inches, may be cut 
into the glass. The mercury should always be kept as 
high as ad. A perfectly plumb or perpendicular direction 
of the leg d is indispensable, if we. wish to obtain accurate 
results. Where hot blast is used, the mercury would 
evaporate, by coming in contact with it. This evapora
tion may be prevented by putting the manometer to the 
end of a lead or iron pipe of an inch or less bore, and by 
putting this pipe, which conducts the blast from the main
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pipe to the manometer, into a trough of cold water; the 
hot air will thua be cooled beibre it reaches the mercury.

Measurement of the pressure or density of the blast, 
whether for our own observations, or for comparison 
with those made at other establishments, is almost in
dispensable. I t affords an opportunity both for observ
ing imperfections in our own blast machines, and for 
obviating them. It shows the difference which exists 
between the densities of the blast of different establish- 
ments, which difference escapes common observation. 
Above all things, it draws our attention to the oscilla
tions, or difference of density, caused by the machinery, 
and will assist us in correcting them. The density of 
the blast is no absolute measure, whether taken at the 
manometer or by any other means. This density is the 
difference between the density of the atmosphere and 
the pressure in the blast pipe. , A given power at the 
blast machine will throw a greater amount of blast into 
the furnace when the mercury in the barometer is high 
than when it is low.

General Remarks on Blast Machines, §-c.
It is geiierally admitted that no economy should be 

exhibited which, in any respect, interferes with the 
quality of machinery. If this be true in relatjon to 
every department of iron manufacture, it is particularly 
true with reference to the blast machines connected with 
the blast furnace. No expense ought to be considered, 
where the matter which concerns us is a blast machine. 
Though permitted to economize to an extent which 
would injure the utility of any other apparatus, yet so 
great is the importance of the blast machine, that our 
success is commensurate with the manner in which it 
works. The pressure of the blast ought to be at all 
times perfectly within the power of the manager of the 
furnace. For this purpose, a well-constructed machine, 
and a surplus of power, are indispensable. The. oscilla
tions of the pressure ought to be as slight as possible. 
It is almost impossible to make a uniform blast without
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a receiver; for this reason, it is advisable to employ a 
regnlatot at every blast machine. The iroh cylinder 
machine is undoubtedly preferable to all other blast ma
chines. Anthracite, coke, and hard charcoal furnaces 
cannot be carried on to advantage without iron blast. 
In wooden cylinders, a pressure as high as five-eighths 
or three-quarters of a  pound may be obtained; this is 
sufficient for forge fires, and blast furnaces where pine, 
or ill-charred leaf-wood charcoal is employed. Hard, 
sound charcoal, anthracite, and coke require a greater 
degree of pressure.

а. The effect of iron, cylinder blast machines, com
pared with that of the motive power applied, is from 60 
to 65 per cent. ; of wooden cylinders, from 50 to 65: 
of the blacksmith’s bellows, and wooden bellows of 
similar construction, from 30 to 40 ; and of all the fancy 
machines scarcely from 15 to 20 per cent. The Cagniar- 
delle, or screw bellows, is, in this respect, superior to all, 
for its effect amounts to from 90 to 95 per cent, of the 
power applied.

б. The location of the blast machine should be as 
near to the furnace as possible, with the object of avoid
ing long blast conductors. Too close proximity to the 
furnace is as bad as too great a distance from it, for the 
air around the furnace is always warm, and consequently 
is rare and contains considerable moisture. A cool, dry 
place, to which no moisture has access, and which is free 
from sand and dust, is, of all locations, the best. The 
air contiguous to a furnace is always impregnated with 
sand or dust, which will be drawn into the blast cylin
ders, and injure the machinery. We ought to be very 
cautious in selecting the locality of fans; otherwise a 
considerable loss of power ensues. The pressure, or 
blast, in a fan is produced by centrifugal force; and as 
the specific gravity of the air augmants in some measure 
the effect produced, it is evident that the air passing 
through it ought to be as cold, or heavy, as possible.

The importance of good blast machines, and of the 
application of as strong a pressure as the fuel will bear, 
will be still more apparent, if we reflect that the degree
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of heat depends, to a great extent, on the draught, and 
that the blast is the artificial draught. As the highest 
heat is, in almost every case, most favorable to the 
amount of fuel consumed, it is evident that, if no other 
advantage accompanies the strongest pressure, that of 
economizing fuel must result from it. As a general rule, 
we may say that a comparatively small quantity of dense 
blast will be productive of as high a heat as a much 
larger quantity of weak blast. Therefore, pressure is 
an equivalent for hot blast.]

We will only add to the above, that a new form of 
tuyere has been invented, "which in some quarters has 
given satisfaction but has not yet been so extensively 
introduced as to have a reputation. It seems, however, 
to have some merits, as we should expect that it should 
possess, being the invention of a practical man. The 
following description has been sent us by one who has 
seen it tried. The tuyere is Player’s patent. Fig. 146.

Fig. 146.

-----------

i1
I

Player’s tuyere.

This improvement is said to effect a great saving of time, 
the loss of which, by the use of the ordinary kind, is 
caused by the blast furnace having to remain inactive
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during the operation of removing a leaky tuyere. This 
loss often amounts to two or three hours, and the time, 
alone, is supposed, in some cases, to be worth, on the 
average, $100 for each stoppage, independent of the cost 
of a new tuyere. Moreover, the new tuyere can be ap
plied in a quarter of an hour; there is no liability of 
this tuyere burning out, as the water must .flow around 
the nose of the tuyere before it escapes. There is also 
an improvement in fixing the nozzle in its place in the 
centre of the tuyere by means of a ball-and-socket joint 
instead of the usual method of ramming clay and bricks 
between the tuyere and no:^le to keep the latter in its 
place and prevent the escape of blast. The back end 
of the tuyere can be used over and over again, whereas 
tuyeres of the usual construction are altogether useless 
is soon as a small leak occurs.

The tuyere is made in two parts', fixed together by 
screws, allowing i t  to be opened and cleaned out should 
any sediment or scales have accumulated in it. The fore
part of the tuyere is made of copper, about an eighth 
of an inch thick, composed of two cylinders braced to
gether near the nose, leaving an annular space between 
thern of about two inches wide. The open end of this 
annular space is closed by a cover of cast iron ; this is 
fastened to the copper cylinders by means of bolts and 
nuts. In the cover are placed rubber rings to make the 
joint water-tight. Through the cover are fixed two pipes, 
to carry water in and out of it. This arrangement causes 
a thorough circulatibn of the water through the tuyere 
and at the point where it is most wanted at the. nozzle.

C H A P T E K  X I I .

H O IST S, G E N E R A L  E X P E N S E S , M ISCELLANEOUS DETAILS.

T h i s  t e r m  i s  u s e d  t o  e x p r e s s  t h a t  m a c h in e r y ,  a s  a 
w h o l e ,  w h o s e  d u t y  i t  i s  t o  r a is e  t h e  c h a r g e s  o f  th e  fur-
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nace to the level of the tunnel head. Considerable 
ingenuity has been expended Upon the Hoist, *

1 . Hoists on Incline^ Planes.— The simplest is that 
method whereby the charges are raised as logs are raised 
at some saw.mills. The tunnel head is connected with 
the ground by inclined planes, sustaining tramways, or 
rails, upon which the charges, in cars, are drawn by 
chains or ropes. These need no further description. 
They are .used at Barrow-in-Furness, England, and in 
Centre Co., and elsewhere, in Fennsylvania,

2. Water Hoists.—These depend upon the gravita
tion of water, or water weights, and not what is techni
cally,' called hydraulic pressure. High vertical frames, 
somewhat similar to those we have illustrated below, 
for air, are erected, and the floors of the barrow- 
platforms upon which the barrows are run, when about 
to be raised, are made capable of holding water. They 
are connected with a chain, or rope, run over a suit- 
,able grooved wheel acting as a large pulley-wheel at 
the top of the frame. When one platform is down 
and loaded, water introduced into the other at the 
top, overbalances the loaded platform below and raises 
it to the tunnel head. The ejectio» of the water by 
opening a  v a lV e ,  together with filling the other box 
platform, causes the already descended platform to rise 
while the other correspondingly descends. This method 
requires a constant supply of Water, either from a natu
ral, or artificial, higher source. In some works a stand
pipe is kept constantly filled by a pump, and serves the 
end desired. Such an arrangement may be seen on the 
Lehigh at several places above Easton, Pa., as for in
stance, at the Crane Iron Works, where it was used 
from the beginning. This is also an English method, 
used at Langloan and Cartsherrie.

Armstrong's Hydraulic Hoists.—At the works of the 
Rosedale Iron Company the materials for the supply of 
the smelting furnaces are raised by hydraulic hoists, 
arranged on Sir William Armstrong’s plan, each hoist 
having duplicate lifting cradles which rise and fall alter
nately. One of these double hoists has a lift of 103
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feet^and the other a lift of 80 feet. In each of the hoists 
the rams by which the lifting chains are worked have a 
stroke equal to one-tenth the total lift, each chain passing 
over a four-sheave block fixed to the frame of the hoist, 
and a five-.sheave block carried at the head of the cor
responding ram.

From the five-sheave block carried by the head of each 
ram the chain worked by that ram passes over a grooved 
pulley about 6 feet 3 inches in diameter, carried by bear
ings at the top of the main framing, this chain being of 
such a length that when one cradle is at the bottom the 
other is at the top of its lift. The two cradles thus bal
ance each other, and the strain thrown alternately upon 
each of the lifting chains is merely that due to the load 
taken up and the power required to overcome the fric
tion of the apparatus.

Each cradle consists of an iron and wooden floor con
nected by side frames of iron -with a transverse iron 
beam to which the chains are coupled ; and each cradle 
is furnished with guide pieces working in guides sup
ported by the main frames. These main frames consist 
of six cast-iron columns, and are connected together by 
wrought bracing, ̂ nd by wrought-iron plate girders at 
the top. The water for working the apparatus is e,m- 
ployed at a pressure of 700 lbs. per square inch, and the 
supply is furnished by a pair of small engines working 
the pumps direct from the piston rod. The pumps de
liver the water into- a pair of accumulators, each having 
a stroke of 15 feet, and being loaded with a weight of 
35 tons. The valve gear of the hoists is arranged so 
that the latter can be worked either from the galleries 
or from the ground level, and a self-acting stop motion 
is provided, so that the cradles are brought quickly to 
rest at the end of their strokes, but without shock or 
jar. The whole arrangement is said to perform its work 
extremely well, and to give great satisfaction.*

Air Hoist.—A much more complete, and a cleaner 
method is that adopted at other works in the same Le-

* E n g in e e r in g , M arch 1 , 1 8 6 7 , p . 2 0 2 .
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Fij;. 147

Air hoist, Saucon works, Pa.
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Fig. 1 4 8 .

Air hoist, Sauoou works, Pa.
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high region, at Saucon Iron Works, Thomas WorTss, Pa., 
and in other States, called the blast, Or air hoist, wherein 
the blast pressure is introduced into vertical pipes. The 
preceding drawing will sufficiently illustrate the plan. 
Vertically a little over one-̂ half is reptesented, the other 
half being precisely similar. The tube is cast in sections, 
bored out and fitted. The guide wheels run on guide 
rails, the air is introduced below and above as needed for 
raising or lowering the platform. Fig. 147 presents the 
side view of F'ig. 148.

Air Engine. Hoist.— very complete plan is in ope
ration at Glendon Iron "Works, above Easton, Pa. On 
the level of the tunnel head is a small engine, driven by 
the blast from the blast cylinder.»The link or reversing 
motion is similar to that of the locomotive. The gearing 
of the engine is simply upon spur wheels which steadily 
and rapidly raise the charges. The only objection made 
against it is that of the noise made by the exhausting 
air, which did not seem to us materially greater than 
in the usual form of the air hoist. It works very satis
factorily.

Steam Hoist.—At several furnaces,we have the steam 
acting directly upon a chain which turns a drum-pulley, 
and so multiplying the distance through which the plat
form is raised, that one stroke of the steam cylinder is 
sufficient to raise or lower the platform its whole dis
tance. This plan is used only where the lift is not for a 
great height.

At Johnstown, Cambria County; Pa,, BloCmsburg, Pa., 
and at some other places, furnaces have been erected near 
a hill and the main roads run on a level with the tunnel 
head. Advantage is taken of this position so that there 
are no hoists needed.

Economies o f Furnace Fractice.

Methods in Erection.-r-\n the last three years some 
unusual accidents have occurred in the erection of fur
naces. We have examined the causes in several of
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these cases and have found that they have been attrib
utable to the following defects and oversights. 1. Inse
cure foundations. Some engineers are not practically 
aware of the exceeding weight and pressure of furnaces 
and hoists. Some of these structures require a small 
area of base with comparatively enormous superincum
bent weight. Under some circumstances we might 
make no distinction between pressure and weight, but, 
we think it is a true distinction in this case. By weiglit 
we mean that force of gravity applied at that jirnctuve 
where the general homogeneousness of material termi
nates ; and by pressure, the same force as applied in the 
general structure of material itself. Allowing this defi
nition, we would say that the weight of some furnaces, 
of even moderate size, creates a pressure upon founda
tions of a formidable amount. I t is not therefore strange, 
that, with the addition of material of the charges, cracks 
and injuries occur after, if not before, the blowing in. 
W e have seen some furnace and hoist-walls give way 
before they were quite complete. For illustration sake, 
let us suppose we weigh a furnace of 50 feet height and 
20 feet bosh, built of limestone and put up in the usual 
way. As the stack will be filled with material whose 
average density will fully equal that of limestone, or 
other rock used for this purpose, we may consider its 
specific gravity 2.7, water being 1. Taking the latter at 
60 lbs. per cubic foot, we shall have a fair data to begin 
.with. Supposing the above furnace to be only 20 feet 
square, on the average, to level of tunnel head, and the 
weight of each cubic foot at 162 lbs., we can obtain the 
reasonable average weight of all. These elements then 
would give a weight of 1446 tons and the ground 
(if not built on rock) would receive, if all things were 
uniform, a pressure of about 56 lbs. upon the square 
inch. I t  will readily be seen, therefore, how easily a 
hoist, or furnace-stack, may be injured by the yielding 
of even a part of the foundation, causing, as we have 
seeri in more than one instance, a cracked wall, before 
any fire was kindled within the works. We were in
formed by a gentleman who had more than fifty years
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of experfence in'buildiilg, that stnaB stones, laid in the 
trench excavated for walls. Were more secure, as a first 
layer, than large stones put down first, and we were 
referred to a large and heavy stone structure, erected 
more than twenty years before, upon such a foundation, 
and in which heavy machinery had been running since 
its erection with not a crack of any kind apparent. We 
saw the walls of this building after they had been sub
jected to a very severe fire, but ho crack made its ap
pearance, giving additional evidence that there was no 
weakness in the foundation, There is much practical 
philosophy, unusual as the recommendation may seem, 
in laying small stones down first and letting them run 
into the ground, conformably to the under surface of the 
large foundation stones used in furnace constructions, 
and in their accompanying walls and hoists, 2. Im
proper building material. We have seen several illus
trations of unwise economy in this respect, so far as 
furnace works are concerned. In  ^1 these cases the 
stack and hoists became useless after being nearly com
pleted, because of the use of a* friable sandstone, taken 
from near at hand, to save hauling from a distance. The 
pressure was too great for the stone. Materials are 
improper where the individual stones are small, espe
cially at the corners of the structure, and they should 
decrease in ascending, as a matter of preference, however, 
and not of necessity. It is a mistake to suppose that all 
limestones are unfit for furnaces. Some siliceous stones 
of this nature answer admirably when protected from 
fire. The conglomerates, consisting of quartz pebbles, 
cemented with aluminous silicates, form an excellent 
material where the adhesiveness is sufficiently great. 
The conglomerates of the anthracite and other coal 
regions form excellent hearthstones, and have been used 

. most efficiently for many years as some sandstones have 
been also; the composing pebbles vary from large stones. 
to smallest pebbles, and there is no difficulty in obtaining 
large masses. In some places fire-clay bricks of large 
size have been used for hearthstones with satisfactory 
results, , Kaolin mortar, containing soda and lime, we
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have good reason to suspect, is inferior. The same may 
be said of fire-bricks made from such material. Good 
kaolin mortar is generally fine in texture, with little 
grit, and hardens soon and, when dry, the mortar will 
not rub off in gritty particles. In putting up several 
furnaces we have had a fair trial made of kaolin clays, 
or fire-clay cements, and have found, thus far, that the 
clays containing no lime or soda and partaking of the 
nature of silicate of alumina only, appeared to set more 
firmly, as mortar, and remain uninjured longer, as bricks. 
The lime-kaolins are affected by fire comparatively more 
rapidly than others. Nothing but an analysis can detect 
the lime and soda, although we have seen some powdery 
kaolins which were lime-kaolins, and we have suspected 
that this peculiarity might owe its origin to the pre
sence of lime  ̂ or soda. But when properly mixed and 
subjected to strong heat in a smith’s fire, these kaolins 
are easily tested.

Positions o f Furnaces.—Great care should be taken 
in choosing the site of a furnace to allow of ample room 
for getting rid of the slags. Some furnaces have been 
so placed that great expense has been indirectly incurred 
in this respect. Some companies with which we are 
acquainted will, in less than five years, have to expend 
a sum of money, in removing slag, which will equal all 
the profits for a year or two, but which might have been 
saved by a proper location at first. . Others have been 
erected near the foot of a hill in a location constantly 
subjected %o overflow after every rain, and resulting 
in a wretched state of read in summer, and in much 
troublesome ice in winter. Another has been located 
so near a creek that it is within and below the high 
water mark of freshets which have more than opce 
caused much trouble from a chilled hearth and over
flowed cast-house. The above remarks are sufiiciently 
suggestive Upon this subject.

Scaffolding and Dropping.—The former is a term ap
plied to that condition wherein the charge ceases to 
come down, and where no more can be put in at the 
tunnel head. Dropping or jumping is the tprm used
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when the charge having for a time “ hung” on the sides, 
suddenly falls; a flame then issues to a greater height 
than usual, and the furnace-charges may proceed to melt, 
and perhaps go down as usual. Various causes may pro
duce scaflolding, indirectly. One most troublesome im
mediate cause is the pasty condition- of the metal, and 
that is immediately due. to the formation of malleable 
iron, which, requiring a greatly increased temperature 
than cast iron in the melting, refuses to release the other. 
ingredients, or components of the charge, and an arch 
is formed in the furnace. Unless it be immediately, 
broken down, or melted down, it becomes cooled, and 
the mass is set beyond all cure; the furnace must now 
be blown out and all the delay, loss of iron, trouble and 
expense of unloading, and relining are now to be in
curred because of this catastrophe. The signi may some
times be suspected by the “ scouring” cinders, that is, the 
dark, viscid, irregular, and otherwise altered and un
usual hot slag. I t  may be suspected by the ceasing of 
the charges to sink regularly, and by the diminished 
flow of cinders or by all these signs combined. The 
remedy may be found in dropping heavy weights into the 
tunnel head, directed from temporary derricks “ slung” 
together over the tunnel head with tackle and block, 
thus allowing the weight to be drawn up and dropped 
down. This has frequently succeeded. Again, some 
have remedied the difficulty by “ scouring” the furnace, 
as they have called it, by the introduction of a smiall 
amount of steam into the hot blast, at an early stage of 
the difficulty. This has worked well in one of our largest 
furnaces. A pretty bad case of scaffolding was remedied 
at Scranton, Pa., by the rather hazardous experiment of 
intfioducing, in a wet blanket, a keg of gunpowder 
through the tuyere opening; it w'as, however, successful.

Another kind o f scaffolding, more easy to remedy, is 
that resulting from Uie ^mechanical cause of accidental 
fitting and arching of large pieces or masses in those 
furnaces of the cylindrical and inclined boshes. The 
drop-weight will almost always remedy this kind of 

39.

    
 



610 THE METALLURGY OF IRON.

scaffolding, The prevention is found in charging smaller 
masses and in more regular distribution.

Causes and Occasions.—Among the causes are supposed; 
to be sulphur and zinc in the ores and coals—more pro
bably it is in bad filling and using irregular masses of un
due size, especially as regards the coal. The occasion most 
favourable to scaffolding, seems to be, a high degree of 
temperature in the hot blast combined with high pres
sure of blast. W e have noticed, repeatedly, that where 
these two elements were low, the furnaces were rarely 
if ever troubled with scaffoldings, or dropping. While, 
therefore, we would not assert these elements to be 
causes, they doubtless promote scaffolding by furnish
ing the most favorable occas/ow.

Stopping the How long may a furnace remain
in healthful condition after all blast has been discon
tinued! This question should be answered in reference, 
first, to our anthracite furnaces as the difiiculty of dis
continuing blast is more apparent in them than else
where. I t is, comparatively, but lately that the attempt 
has been deliberately made of keeping an anthracite fur
nace in running order with blast arrested for any length of 
time. Some years ago an explosion of gas took place at 
Scranton, Pa., disabling the engine-house to such an 
extent that the engines had to be stopped. The tuyeres 
were removed and the holes stopped thoroughly with 
clay, and not till after sixty hours was the' blast turned 
on. The fore-hearth had to be cleared of some cold 
cinder, but the furnace proceeded to work and the casts 
were made as usUal without further diflSculty. The fact 
was of course considered unusual. Some time after this, 
a t  the same iron works, an occasion for stopping pre
sented itself, and the same antecedent precautions were 
taken. The furnace was allowed to stand entirely 
without blast for twenty-four hours. We were told by 
the superintendent, that the furnace appeared actually 
to work better. A second occasion for stopping pre
senting itself with the same general results, but after 
some hours the cinders seemed to indicate a slightly 
irregular action in the furnace, which, however, might 
not have been due to any arrest of blast as characteristic
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S ix  o’clock A . M., April 24, 
“ “  '• 25,
“ ' “ 26,

of such an arrest as the same difficulty frequently oc
curred in the same furnace before the experiment had 
been made in any way.

The most remarkable stoppage of blast, however, oc
curred at the Irondale anthracite furnace at Bloomsburg, 

Chas. E,. Paxton, Pres. The blast engine suddenly 
b'.oke its crank. A new one had to be cast and turned 
out in Philadelphia, sent to the works and fitted. This 
work occupied several days. The following is the ac- 
counti Engine broke six o’clock P. M., April 17th, 
1867—tuyeres stopped up as above—tunnel-head left 
open—107 hours elapsed and blast turned on, and the, 
following is the record of the working with the first cast 
after the blast had been turned on.

charges. Tons iron cast.
4 12

25 14
24 r i j

The nexf casts were more uniform, and the furnace has 
been running regularly ever since without scaffolding 
or trouble. The irons are forge irons in both of the above 
mentioned furnaces. Mr. Paxton has exhibited much 
thought with successful experiment, in determining the 
conditions upon which a furnace may remain in order 
without blast for considerable time, and we shall refer 
to his experience and skill on this subject again.

The instances thus far, with slight exception, were 
those of blast arrested without a minute’s warning, and 
consequently without preparation. Such satisfactory 
results have not occurred, however, in every instance. 
At Danville, Pa., one furnace, Hancock & ^revelling, 
proprietors, chilled in eight hours after stopping, and it 
becomes, therefore, a question of great- interest. What 
constitutes the difference? We have during the past year, 
or for a longer time, made considerable effort to obtain 
a satisfactory answer t<> this question, with considerable 
success in some cases and very decided success in others. 
The most satisfactory illustration of the method and of 
the proper precautions to be adopted before stopping an 
anthracite blaSt-furnace, we have seen at Bethlehem, Pa.,
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at No. 3, or Northampton Furnace, under the general 
superintendence of Mr. Fritz, Mr. Enoch Phillips being 
the founder. At this furnace it was necessai’y to put a 
new cut oft' to the engine, and, some days before stopping, 
preparations were made for this purpose. The furnace 
is about one year old—of stone—six tuyeres (two of 
them two and a half in. nozzles, four of them three in. 
nozzles), pressure five lbs. to the inch, heat (as indicated 
by the pyrometer at the time we were- there, after the 
blast had been blown in some time) 6^0°, although it 
was asserted to have been much higher. Sixty hours 
before stopping, the burden of ore (mixed 'magnetic and 
brown hematite) was reduced slightly, the coal in
creased, otherwise the charges were unaltered, the iron 
piade at the time of stopping being nearly, if not quite,, 
No. 1 foundry. Just before stopping, the nozzles were 
removed—tuyeres stopped with clay—tunnel-head left 
open, as usual, the water in the tuyeres and tymp re
duced to one-third, or less quantity, and Ihe engine 
stopped from Moftday night, eleven o’clock (no blast 
whatever being turned on) till Wednesday night, twelve 
o’clock. A very few minutes of cleaning forehearth was 
required, and the first cast was a beautifully uniform 
and crystalline foundry iron of a high order of No. 1 
foundry. We personally examined the iron, only six 
tons of which came down during the forty-seven hours 
of rest. It-Was thought by some that any attempt at 
such a stoppage at this furnace would be a failure from 
the fact that a Lurmann’s front had been put in and was 
in use at the time, but Mr. Phillips assured us that he 
had no doubt that the proper preparation of the furnace 
was all that Was essential.

There can be but little doubt that the fact, which we 
have fully corroborated, that for some time after the stop
page of a furnace, properly prepared, the iron is largely 
freed from sulphur, shows that the roasting process or 
volatilization of hurtful substances is progressing quite 
favorably, and this would seern to commend to our 
notice the higher stacks if but for this purpose and re
sult alone,' namely, the elimination of sulphur, arsenic.
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water or any other hurtful or otherwise unwelcome 
ingredient which might, by this condition of long con
tinued heat, be evolved.

In the above tnentiotied furnace there is a Player’s 
hot-blast stove of sixty pipes, but we consider this of no 
importance in influencing the results.

As we have before Intimated, some special practical 
attention has been paid to this subject by Mr. Paxton, 
and, after a series of experiments, we have received the 
following epitome from the founder of the company’s 
works: Any anthracite furnace thoroughly heated, that 
is, one which has been running long enough to be per- . 
fectly dry and warm,, properly builded, may be stopped 
under the following preparations and conditions. The 
furnace must be put into condition of light ore burdetl, or, 
rather, heavier (than usual) coal burden, so that it may 
have the benefit of the extra per cent, of carbon to allow 
of quietud^ that is, a quiet combustion. Coal must be 
supplied so that the charge shall have an abundance or a 
sufiiciency to supply the .consumption-demand during the 
time of suspension. The duration of this time must be 
determined by the size of hearth, the diameter of the fur
nace, the height of furnace^ and the openness of the ore, 
and excellence of the limestone, and, indeed, in this order 
as to importance, the first mentioned circumstance being 
most important. But in general, no well-built furnace 
properly managed and properly prepared, should suffer 
from twenty to forty hours’ arrest of blast, but after a 
very little working of fore-hearth, should begin as usual 
and with a somewhat improved quality of ore from 
roasting  ̂ and should continue to run out at least as good 
foundi'y iron if not as good forge as was running ante
cedently to the arrest of blast.

In addition to the above remarks, we may add that 
some stoppages which are extreme in our opinion, may 
have taken place under circumstances with which we 
are not acquainted, but one intelligent and very success
ful furnace master, Mr. Josiah Ralston, of Bloomsburg. 
Pa., informs us that the longest period he ever knew, 
personally, of stoppiilg, was ten days. That was, indeed,
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the longest time he ever heard of, except that his father 
and others ffora the old country spoke of four or five 
weeks’ closing. In his own case there was no trouble in 
the working of the furnace after ten days’ stoppage ex
cept, that: because of a long fore-heath, they had to chop 
out a little. But in making stops of longer duration 
than twenty-four hours the furnace (as we have shown 
above) must be in a particular condition. In the last 
mentioned case of ten days, it required two hours to close 
up. At the last-mentioned furnace they stop thirty-six 
or forty-hours, two or*three times a year for fixing blast 
pipes, &c. Mr. Ralston says, that he has never experi
enced any diflSculty, and for such short stoppages, as 
last stated (twenty-four or thirty-eight hours), he requires 
only fifteen minutes to close up, but a furnace must bg 
put into condition which may be seen by the cinder, for 
if too rich in iron it may probably chill whilst the fur
nace prepared for the stopping, never will chill. Where 
therefore, every associated circumstance is in skilfully 
prepared condition, the furnace master may arrest the 
blast, make hia repairs for twenty, thirty, or sixty hours,  ̂
and proceed as usual without fear of evil results, as has 
been abundantly tested.

As for the stoppage o f coJce furnaces, there seems to 
be much less diJfficulty. Indeed it is now quite common 
in Great Britain, as we understand, and it has been so for 
years, to close up a furnace and stop for some time with
out any difficulty until repairs can be made which may 
require one, two, or three days. The same has been 
done in this country and is at present frequently at
tempted and successfully. Mr. Crowther, of Alleghany 
City, Pa., and several in Huntingdon County,, Pa., have 
succeeded in the same experiment, and with similar 
success in late years. The precautions above stated 
should be taken, but they do not appear at all times so 

•necessary in these furnaces. Coke and charcoal retain 
heat unde)̂  Very much altered conditions compared with 
those which affect anthracite—the only difficulty hith
erto experienced has been associated with anthracite as 

1 * • * a luel.
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Cost of Erecting Furnaces.—This varies so much in 
various places, even though identically the same plan 
of furnaces is adopted, that it will be impossible to 
arrive at any one estimate which will serve all places. 
The following, however, will give some idea of estimates, 
both of stone and of boiler iron furnaces.

In and around Philadelphia, Lake Champlain, Pitts
burg, St. Louis and Marquette, we shall find, in some 
respects, as many prices as there are Jilaces, and indeed 
in the boiler plate of furnaces not twenty miles from 
each other, upon the Lehigh, we have found that one 
master paid 8,̂  cents per pound, and another 6 ,̂ We 
shall speak at present, however, of stone' furnaces. At 
this point we would say that even in the same county 
^ne location may cause more cost than another, and so 
many circumstances may modify that it is very unsafe, 
without visitation to, and examination of, many furnaces, 
to pass judgment as to that which is most economical.

One of the very latest and skilfully erected furnaces 
has been put up under the engineering skill of Mr. Ed. 
N. Kirk Talcott, a gentleman of thoroughly acknow- 

' lodged ability in this line, to whose personal care we are 
indebted in preparing the following specifications and 
estimates of a stone anthracite blast furnace at Dover, 
New Jersey. I t  must be borne in mind that all the 
estimates are made at this spring (1869) prices. This 
furnace has been considered unsurpassed in its propor
tions, strength, and general appliances, by any in the 
country.

Slack.

51 feet square at base.; 47 feet on top of stone work; stone 
masonry, 45 feet high. Total height, 60 feet; bosh, 16 feet.

Stone masonry . . . . , 28,000
Lining, hearth, gas chamber, &c.. . 19,500
Excavation....................................500
Castings, tie-rods, &c. . . . 7,500

-------  55,500
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E ngine (tnd Boilers.

Engine, horizontal; steam cylinder, 40 inches in diameter; 
blowing cylinder, 90 inches in diameter; stroke, 84 inches; 6 
cylinder boilers, 60 feet long, 36 inches in diameter; 4 under 
boilers, 24 inches in. diameter, 48 feet long.

Engine and boilers complete 
Setting up engine 
Masonry to support boilers 
Brickwork for boilers 
Boiler smoke stack

2 6 ,1 0 0
3 .0 0 0  

1 3 ,7 0 0
3 .000  
1 ,800

Hot B la st Oven.

Thomas’s patent, 60 pipes, set on the ground.
C a s tin g s .................................
Brickwork . .
Smoke stack . . . . .  
Connection and blast pipes, &c. .

Engine House.

Of brick, 90 feet x 25 feet.
Walls
Foundations 
Lumber . '
Carpenter work 
Eoof .

Casting Home.

51 feet X 75 feet cast iron frame. 
Foundations . . . .
C a s t in g s .................................
Lumber, car, work and roof

50 feet X150 feet. 
Excavation 
Masonry 
Lumber 
Carpenter work 

* Eailroad iron 
Eoof .

Stock House.

Three railroad tracks.

20,000
3 ,000
1 .500
1 .500

2 ,700
500
50 0
300
350

5 0 0  
1,200 

. 1 ,700

500
1,700
4.000
1.000

800
1,000

47,600

26,000

4,350

3,400

■9,000
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Elevator.
P ou b le  p latform s 8 feet square, to lift 60  feet.

L um ber and fr a m in g ................................... 750
H o istin g  en g in e  . . . .  . 1 ,200
W ire ropes, gearing, &c. . . . 1,060

Railroad Tracks.
A b ou t fourteen  hundred feet long.

Iron sp ik es, &c. . . . . . 8 ,500
T restlin g  . . , . . ■ . 4 ,000
Labor, &c. . . . . . . 1,000

 ̂ Reservoir.
Including sto ra g e  reservoir o f  150,000 gallons ca* 
•  pacity— onfe-half m ile  o f  water pipe connection  

'with canal fo r  w ater supply  and stand pipe 90  feet 
high at th e w o rk s . . . ‘ .

Carpenter and b lack sm ith  shops . . . .

Employees' Houses.
Including four d o u b le  houses, one large boarding  

house and h ou se  for Superintendent . . .
Office . . ■............................................. ...........

Scales.,
One ten-ton  ofifice scale, one seventy-ton  railroad 

scale, three s to c k  h ouse scales . . . .

8,000

8,500

7,500
600

16.500
2,300

2 ,500  

$1 8 6 ,7 5 0

Stack  .
E n gin e and boilers  
H ot b last o v e n  * 
E n gin e h o u se  
Casting h o u se  
Stock h ou se  
E levator  
Railroad track s  
R eservoir  
Shops 
H ouses  
Office .
Scales

55.500  
47,600  
26,000

4,350  
8,400
9.000
8.000
8.500
7 .500  

600
16,500

2,300
2 .500

$186 ,750  '
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As explanatory of the above, in some particulars, Mr. 
Taloott writes us as follows;—

There are some features about our work here which 
have increased the cost quite materially, which might 
be avoided in some other locations. AVe were obliged 
to go Ibout 12  feet below surface for our foundation, 
thus putting something over $5000 away under, ground. 
Our stack, you will notice, is a very large one, 51 feet at 
the bottom and 47 feet on top. I t was built so pur
posely, in order to save fuel by avoiding the wasting of 
heat through the stack by radiation. I made some inter
esting experiments upon this point a year or more since 
and found my theory, that a great deal of heat was wasted 
by radiation, fully borne out in practice. This unusual 
size of the stack, of course, increases the co.st of con
struction materially. Our furnace is '60 feet high, 
which is 5 feet higher than it is usual to build on ’the 
Lehigh., Our lining, too, is a heavy one, being 40 inches 
main lining and 8 inches back lining.

The location of our furnace is such that it requires a 
large expenditure to provide water for the use of the 
furnace. Situated on low ground we are, obliged to 
pump all Our water to a reservoir on a hill nearly half a 
mile from the works, thus necessitating a long line of 
pipe and somewhat extensive pumping arrangements.
. Our engine is a horizontal engine, built by the West 

Point Foundry at Coldspring, New York, with steam and 
blowing piston, both on the same rod, both passing 
through both ends of the cylinders. I consider it the 
weak point of out works. I t was, however, purchased 
before I  was connected with the Company, and I have 
been unable to persuade our people to change it. I do 
not believe the style of the engine is a good one. My pre
ference is decidedly in favor of a beam engine for blast 
furnace purposes.

Our furnace be^g  about level with the railroad track, 
in front of us, we are obliged to secure dumping ground 
by building a long line of trestle work from the railroad 
to  the stock house. This is an expenditure which might 
be avoided in a different location.
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The following is an estimate of a cupola furnape, that 
is, a furnace with iron shell set upon columns with a 
mantle upon the columns, in the way illustrated in the 
Figure of the SaucOn Iron Works, Hellertown, Pa., 
which we have given in a "previous page (3‘28.) This 
furnace is one of 45 feet height, 16 feet bosh. I t is a 
good, substantial furnace. The wages for the stone work, 
were as follows: Mason work, $2 per perch, and when 
all materials are found, $4 25 per perch. For these 
estimates we are indebted to Benjamin Crowther, Esq., 
of Alleghany City, who, as we are informed by Mr, 
Horton, of Rochester City, put up nearly, if not quite, 
the very first iron column furnace, with mantle, in this 
country after the suggestion and invention of the last 
named gentleman. The estimates are made for the 
region in and near Pittsburg, and are as follows:—

E n g i n e ........................................................
A ir  receiver and connections  
B oilers u u ^
P u m p in g e n g in e  “ . .

• Furnace (in c lu d in g  lin in g  and hearth and all 
com plete) . . .

H ot b last an d  connections to furnace . 
H o ister (w ith  water tanks, cisterns and pipes) 
E n gin e h ouse, brick  and foundation .
B rick  ca stin g  house, With iron roof . 
W ood, s to c k  * “ “ shingle roof
B o iler  “ “ iron “ .
B lack sm ith  sh o p s artd tools 
Office and w eig h  scales *. .

$ 10,000
3 .0 0 0  

10,000
3 .0 0 0

11,000
10,000
8.000
3 .0 0 0
5 .0 0 0
4 .0 0 0
1.000 
1,000 
1,000

$ 7 0 ,0 0 0

Before closing these rem^ks, we would recommend any 
one desiring to become acquainted with the situplest me
thods, and the most unpretending of stone blast furnaces 
in the United States, and wishing to study economy upon 
the scale of years long gone by, and be able to appreciate 
and comprehend the vast progress during the past fifty 
years, we would recommend such to visit the charcoal 
furnaces of Centre County, Pennsylvania, some of which, 
however,,have been blown out for years past, having run
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out of ore and fuel, for they have deforested the land for 
miles around, and now have probably “ blown their last 
blast,” but they will remain not only as curiosities, but 
several as sources of profit. W e believe that some of the 
nK)^ ancient may be found along.the line of the Lock Ha
ven and Tyrone Railroad, of Pennsylvania. Some of the 
best charcoal iron in the country, however, is made in the 
most primitive manner at the Washington, Pennsylva
nia, and Logan Iron Works. W e speak from personal 
knowledge of the Logan works. At the latter we have 
seen the old fashion wooden cylinders still in use and doing 
excellent service (June, 18b9). The tymp is simply a 
plain plate of iron let down upon the fore hearth, which is 
entirely uncovered, the cinder running over whenever it 
gets high enough, and chooses to make its short journey 
down the embankment‘which covers the tapping hole, 
and which is dug into when casting time has come. 
The iron is tapped out through a hole in a plain dam, 
and the hole filled up again with sand and covered over 
with soil apd sand mixed. Water power, only from a 
large spring or small collection of springs, is used. The 
blast is from i to I lbs. per inch. The casts are made 
in iron moulds Tat the rate of three in twenty-four hours, 
two tons each time, but the iron is deservedly of excel
lent character, and the furnace, while of the very sim
plest and most primitive construction,* has paid abun
dantly, which may also be said of some of the others in 
the same region, but which may not be said of some 
which have cost ten times as much in other parts of the 
land. I t may be seen from these remarks that the item 
of cost, in erection of furnaces, may have a very wade 
margin.

Calculations upon the Sizes o f Furnaces and Blasts.— 
W e have but little confidence in the practical value of 
abstract formulas for the purpose of deciding upon the 
size of a furnace or blast Unless the ores, limestones, and 
fuel are regarded. W e shall give the following formula 
as the most complete of its kind wp know of, and al
though suited entirely to continental furnaces, it maybe
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adapted to bur own. • We are indebted to Crookes and 
Rehrig’s edition* of Kerl’s Metallurgy for the following;—

Lindauer's Formula .— F in d in g  th a t tw o p reced in g  m o d e s  o f  
calcu lation  d id  n o t g iv e  m ath em atica lly  e x a c t  re su lts , s in ce  in  
the fi,rst m o d e s  th e  co n d itio n s in flu en c in g  t h e  d im e n sio n s  o f  
b last fu rn a c e s  w ere  to o  gen eral, an d  the seco n d  m ode* t a k in g  
into c o n s id e ra t io n  n o th in g  b u t  the q u a n tity  o f  b last, L in d a u e r  iO' 
ve stiga ted  th o se  e le m en ts re q u ired  fo r  a  m ore perfeht so lu tio n  
o f  the p re se n t  q u e s t io n , an d  d e d u ce d  th e  fo llow in g  fo rm u las

F o r  c h a rc o a l fu rn a c e s ,

J}: 0 .8 4 4 8

F o r  co k e  fu rn a c e s , 

D  =  0 .8 8 8 3  

F o r  co al fu r n a c e s , 

0 .9 7 2 8

k
100 y>

1 0 0 +  01 " ^  
242' y ] K

^ 4 1
k

4- lodT"
100 y’ 2  ̂ y  J 24] E.

k + 100 +  C-1 E
] E.

,1 0 0  y ' ' 2 " y  J 24

In  th e se  fo rm u lae  th e  le tte r s  h a v e  th e  fo llow in g  valu e , an d  
the fig u re s g iv e  th e  a v e ra g e  o b ta in e d  in p ra c tic e :—

d ia m e te r  o f  th e  belly , in A u s tr ia n  feet (1 .037  E n g .) ,
.i^ =  th e  p ro d u c t io n  o f  p ig-iron  in 2 4  h o u rs in A u s tr ia n  

p o u n d s.*
E = t h e  t im e  w h ic h  o n e  c h a rg e  re q u ire s  to  pa,ss the fu rn ace . 

F o r ch arco a l, 1 6 ;  fo r  c o k e , 4 0 ; and fo r coal, 4 8  h o u rs, w h en  
p rod u cin g  g r a y  p ig  iro n . T h re e  q u a r te r s  o f  the tim e a re  re . 
quired w h en  p r o d u c in g  w hite p ig-iron  e ith er w ith ch arco a l o r  
with co k e . . • '

A  «= c o n su m p tio n  o f  fu e l p er 100 lb s . o f  pig-iron , n am e ly :— •

With hot blastl
C h arco al
C ok e
C oal

W ith  (joM b la s t. 

16 0  
2 8 0 .  
3 3 0

130
2 1 3
2 5 0

c«B th e  a d d it io n  o f  lim esto n e  to  100  lb s . o f  o re  m ix tu re , 15  
lbs. on an  a v e r a g e  w h en  u sin g  ch arcoal, a n d  3 5  lb s. w hen u sin g  
coke an d  c o a l.

y  =  w e ig h t o f  1 c u b ic  foot o f  m ix tu re , on an  a v e ra g e , 9 0  lb s . 
with ores y ie ld in g -  fropa 2 0  to 40  p er cent- o f  iron .

8639  g rs . Troy, 1 lb. A voird. being 1000.
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y'r= weight of 1 cubic foot of fuel, 7 lbs. for soft charcoal, 12 
lbs. for hard charcoal, 20 lbs. for coke, and 40 lbs. Austrian lor 
coal; the weight of the mixed fuel is obtained by calculation.

^  as average amount of iron contained in the mixed ores after 
deducting the loss in smelting.

Upon transposing the average values of Z ,  c, h, y, and y' in the 
above formulae, the following diameters for the absolute produc
tions and for the different kinds of fuel will result:—

For soft charcoal, 
“ hard “

For cold blast.
D  =  0.4766^^^ 
D  =  0 .4 1 2 5 .^  a : 
D  =  0.6054.^:^. 
Z>= 0.6249^;S

For hot blast.
0.4500 
0.3920^A^ 
0.5667^ . ^  

0.5917,^ A'.
Differences which may be noticed by calculating the diameter 

of the belly of blast furnaces, may be caused by employing an 
unusual quantity or pressure of the blast, thus altering the 
time in which a charge passes through the furnace, or the ores 
may be so good as to greatly facilitate the production of gray 
pig-

When employing mixed fuel, a particular formula must be 
deduced. ^

E x a m p le .—The construction of a blast furnace for a weekly 
production of 500 cwts. of pig iron is intended for the use of 
two thirds of soft and one-third of hard charcoal, a cubic foot 
of the soft coal weighing 7 pounds, and one of hard coal, 10 
pounds. The ores yielding 30 per cent, of iron will probably 
require an addition of 12 pef cent, of limestone. One cubic 
foot of admixture weighs 86 lbs., and the relative consumption 
of fuel will amount to 120 lbs. when employing hot blast of 
250° C. -

According to these statements, the a-veragq weight of one 
cubic foot of the mixed fuel will be;—-

h
10 =  8 lbs.o o

and j ^ - " 7  (the quantity of fuel required for the production of 

1 lb. of iron) -f ^  (the number of cubic feet of mixture
2 + y

> 1 lb. oi

supposing AT =  16 hours, it follows that
corresponding to 1 lb. of iron) 0.1974; and

 ̂ ® ^  800 . 86 X 30 ’

D  =  0.8448 0.1974 f  =* 8.256 f^t.
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A ccord in g  to  w h a t  fo llo w s , the c a p a c ity  o f  th e  fu rn a ce  w ill 
therefore am o u n t to

tT= 8.256® X 1.6702=940 cubit feet.
The oth er d im e n s io n s  o f  b la s t  fu r n a c e s  u su a lly  sta n d  in a  

certain p ro p o rtio n  to  th e  d ia m e te r  o f  th e  b e l ly , L in d a u e r  s ta te s  
the a v e ra g e  r a t io s  to  b e

Diameter of the furnace m outh
“ “ upper hearth  . .
“ between th e  tuyeres . 

Height of the hearth  (boshes included) 
“ “ upper hearth
“ “  belly .
“ “  boshes .
“ “  shaft .

Total height of furnace 
^ngle of the boshes .

Charcoal.
D.

0.400 
,0.350 , 
0.2.50 
0.740 
0.490 
0.292 
0.464 
3.004 
4.500 

$50

C oke.i).
0.500
0.250
0.210
0.667
0.457
0.113
0.842
2.378
4.000

65®

Mineral coal.D.
•0.600
0.250
0.250
0.250
0.146
0.606
0.044
1.200
2.600

60®

F ro m  th e se  m e m b e r s  o f  th e  ra t io  th e  c a p a c ity  o f  th e d ifferen t 
parts o f  th e  fu r n a c e  m a y  b e  c a lc u la te d  a s  fo l lo w s :—

Capacity of the shaft • .
“ “ belly
“ . “  boshes
“ “  upper hearth

Charcoal. Coke. Mineral eoa).
D , D .

. 1.2270 1,0890 0.6158

. 0.2293 0.0890 0.3972

. 0.1789 - 0.22.8 0.0659

. 0.0350 0.0190 0.0072

^=^1.6702 1.4268 l.(^61

S u p p o s in g  th e  c a p a c ity  o f  th e w h ole fu r n a c e  to  a tsl, th e re su lt  
will be—

Charcoal.
J.

Coke.
J.

Mineral coal.

'Capacity of th e  shaft ‘ . 0.7347 . 0.7633 0.5670
“ “  belly . 0.1373 0.0624 0.3658
“ “  boshes .0 1 0 71 0.1611 0.0606
“ “  upper hearth  . , 0.0209 0.0132 0.0066

J-=1.0000 1,0000 1.0000

In the above formulas it must be noticed that the 
weights of charcoal do not correspond with our own, as 
in the first .place making due allowance for Austrian 
measures, there are no soft charcoals of a weight so light 
used in American furnaces,and our hard coals generally run 
from sixteen to twenty-two pounds to the bushel. Again, 
the mineral coal spoken of is bituminous raw coal which 
varies considerably in heating value, at least to so great 
a degree that the formula to be accurate should recog
nize not (pily the weight but the heating value of that
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weight, or the v^eight of consumable carbon, What has 
been said of raw coal is equally true of coke, as that also 
varies considerably, and indeed fatally to the accuracy 
of any empirical formula. Again, from experiments 
made by Mr. Talcott, of Dover, N. J., reference to 
which has already been made, it is a fact ascertained 
from the construction of some furnaces that radiated 
heat from those furnaces is so great that a very appre
ciable difference in the consumption of fuel is found to 
exist, as has been proved by the re-erection of the same 
furnace with non-conducting chambers, having the in
ternal outlines identically the same, and charges, &c., 
repeated as before alteration. - This fact should be a 
recognized element in a formula which measures to 
minute decimals. There is, however, no other formula 
so accurate and comprehensively constructed, and which, 
with the fuel, limestones, and spathic ores of Germany, 
is more likely to give, a basis of truth upon which the 
student may intelligently build his*own formula, to meet 
the new emergency of a varied element in either the 
charge or in the furnace construction.

The following principle of procedure to obtain the 
same object and accuracy, has been suggested by Prof 
Johnsoti, to whose report on the anthracite coals of the 
United States, we have referred heretofore. It appeared 
that he examined seven furnaces which required 501.3 
tons anthracite per week,' to 310.5 tons pig made in the 
same time, and they consumed 4.5 cwt. of coal to each 
ton of pig, for the purposes of heating their blast. The 
total amount of coal therefore would be 671.16 tons per 
w'eek. This would give one ton pig to 1.84 ton coal 
(1 ton, 16 cwt., 3 qrs., 5.6 lbs. coal). If  the coal had 
been pure C, and all had been changed i,nto CO^ ti]e 
weight of O would have been arrived at by the computa-

6
88 per cent., we shall have 100; .88:: 4.906: 4.316. But 
the only source of O is the air, which has 28 parts by 
weight of Nitrogen to 8 of O. N-t-0 then is equal to 
36, hence 8 : 36:: 4.316 is to 19.422. As 13.22 cubic

tion — X 1.84.SS 4.905, but if we take the average C at
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ft. weigh 1 pound avoirdupois, 19.422 tons would repre
sent 515,139 cubic feet of air. Hence, we can compute 
the amount of air delivered to furnace and hot-blast per* 
minute, when we know the amount of iron made per 
day of twenty-four hours. Suppose the furnace. No. 1 
at Catasauqua, makes 24 tons per day of 24 hours, then 
24 hours x  60 rain. *=1440 minutes, and thjs divided 
by 24 tons «  60 minutes to ton, and the number of 
cubit feet of, air required to do this work Would be 
675139

«  9587.6 cubic feet per minute. Yet there is a
large waste of air between the cylinder valves and the 
charge to be provided for.

The seven furnaces received 22,669 cubic feet, per 
minute, into their blowing cylinders and the aggregate 
area of their boshes was 612.67 sq. ft. The average of 
C was reckoned at 85 per cent, of the anthracite. The 
quantity of anthracite to the ton of iron made was 1.84 
as above. The time Tor making one ton pig was 34.4 
minutes. The weight of C burned in that time was 
.85 X 1.84«= 1.564 tons. This will require 2.66 times its 
weight of oxygen (in making CO^), or 4.16 tons. As
found above this will =18.72 tons of air (-^x 4 .l6 )O
which at 29,612 cubic feet to the ton =  554,336 cubic 
feet air to one toU pig. But this was required for 34.4 
minutes, which divided into 554,336= 16,114=: the 
amount of air per minute to make a ton in 34.4 minutes. 
This principle is the same now as when Prof. Johnson 
suggested it, although the data must be altered, and 
could be easily adopted and would be sufficiently practi
cal for most purposes of this kind.

From comparison of the furnaces above cited it ap
peared as Prof. Johnson says that “ the production of one 
ton of pig iron per week is derived from Fi square feet of 
bosh—or one ton per day from every 12 |  square feet.” 
General average seemed to prove that 1.08 horse-power, 
or better, I 5 horse-poiver is equal to the produce of 1 

40
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ton per week. This is computed at an average pressure 
of 2.04 pounds per square inch.

It would be, thus, very easy, by collecting the data 
from furnaces using certain ores, fuel, and limestone, or 
other flux, to arrive at a practical conclusion which 
would be safe and satisfactory, but only applicable to 
the ores,gfluxes, and coal of the region for which the 
cotoputations were made.

In respect to the size of furnaces and the wearing or 
burning out of furnaces and other matters-of interest in 
the comparative economy of European and American fur
naces the American Journal o f Mining (May 22, 1869) 
makes the following remarks;—

W e  le a rn  b y  a  p r iv a t e  le t te r  re c e iv e d  fro m  a  distinguished 
m e ta l lu r g is t  in  E u r o p e ,  so m e  fa c ts  c o n c e rn in g  the iron industry 
o f  fo re ig n  c o u n tr ie s , w h ich  a r e  c a lc u la te d  tp  g ra t ify  American 
iro n  m a s te r s . T h is  g e n t le m a n  w r ite s  th a t h e  h a s  spen t the past 
w in te r  in  t r a v e l l in g  a m o n g  th e  F r e n c h  a n d  E n g lish  furnaces, 
a n d  g iv e s  it  a s  th e  O pinion  r e su lt in g  fro m  h is  observation s, that 
m a n y  o f  th e  re c e n t ly  co n stru c te d  a n d  sy ste m a tic a lly  managed 
e s ta b lish m e n ts  o f  th e  U n ite d  S t a t e s  h a v e  n o th in g  to  fear from 
a  c o m p a r iso n  w ith  t h e  v e ry  b e s t  in  E u r o p e ! In  fact, there are 
so m e  r e sp e c t s  in  w h ic h  th e  iro n -m a ste rs  o f  th is country are 
d e c id e d ly  in  a d v a n c e  o f  th e ir  t r a n s a t la n t ic  com peers. The 

_ ev er- in C rea s in g  c o n s c io u s n e s s  o f  th e  n e c e ss ity , or a t  least econ
o m y  o f  a  v e ry  h ig h  te m p e r a tu r e  in  th e  b la s t , is  fa r  m ore gen
e r a lly  a c k n o w le d g e d  a n d  o b e y e d  in  th is  c o u n try  than in E urope; 
a n d  th e  a v e r a g e  n u m b e r  o f  w o rk m e n  re q u ir e d  to  perform  the 
u su a l  la b o r  a b o u t  th e  fu r n a c e s  i s  m u ch  g r e a t e r  there than here.

O u r  c o r re sp o n d e n t  g iv e s  th e  p a lm , a m o n g  th e  w orks which 
h e  visited^ to  th e  f u r n a c e s  n e a r  M id d le b o ro , in  th e Cleveland 
d is tr ic t . “ E v e r y t h in g  h e re ,”  h^ s a y s ,  “ is  inew , practical, and 
n e a t  ev en  to  e le g a n c e .”  W h e th e r , how ever) in  the colossal fur
n a c e s  o f  th a t  n e ig h b o r h o o d , th e  l im it s  o f  jecon om y have not 
b e e n  p asse d , i s  a  s e r io u s  q u e s t io n . T h e  tw<o fu rn aces at Rose- 
d a le  a re  1 0 3  fee t h ig h  a n d  2 7  fee t in  th e  b o sh e s . C ertainly  their 
p ro d u c tio n  o f  8 0  o r  9 0  to h s  p e r  2 4  h o u rs , g r e a t  a s  it is, seem s 
to  b e  b elow  th e  p r o p o r t io n  o f  th e ir  v a s t  d im e n sio n s . Probably  
th e  u se  o f  th e  L u r m a n n  c in d e r -b lo c k , w h ich  h a s  been adopted at 
so m e  o f  th e  w o rk s , w i l l  b e  fo u n d  e sp e c ia lly  advan tageous in 
r a is in g  th e  p ro d u c t  o f  v e r y  la r g e  fu rn a c e s , s in c e  it brings the 
s la g  d is c h a rg e  m u ch  n e a r e r  th e  c e n tre  o f  h e a t, to  sa y  nothing 
o f  o th e r  fa v o ra b le  e ffe c ts.
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One p o in t o f  d ifference betw een A tn e r ic ap  and fo re ig n  b la s t  
furnaces i s  n o t in  o u r  favor* W e  are  not a b le  to  k e e p  a s  lo n g  
in b la s t  a s  d o  tb e .E u ro p e a n s . T h is  co m p la in t is  q u ite  gen era l-  
a m o n g  u s ; an d  it  i s  Well worth w hile to  in q u ire , w h eth er th e  
difficulty a r is e s  from  a  defect in th e q u a lity  o f  o u r  n atu ra l o r  
m an u factu red  fire-p ro o f m aterial. W ith  a  view  to a n sw e r th is  
question , c a re fu l  exp er im en ts h ave b een  m ade ab ro ad , u p o n  
sam ples o f  A m e r ic a n  clay , an d  b r ic k s  furn ish ed  b y  W . JVL' 
Lyon , E sq ., o f  P it t sb u r g , and th e , re su lts  h ave  ju s t  been  c o m 
m unicated  to  u s  b y  M r. G eo. A srn tis, u nder w hose d ire c tio n  
they w ere in s titu te d .

I t  w as fo u n d  th a t  o u r  “ M oun t S a v a g e ”  fire-brick  e x c e ls  th e  
best v a r ie tie s  in  S c o tla n d , G erm an y  o r  B elg iu R ii an d  th a t o u r  
“ S ta r ”  a t  le a s t  e q u a ls  th em . A  th ird  b rah d , o f  ch eap  A m e r i 
can b rick , th e  “  P o r te r ,”  show ed itse lf  not su ffic iently  fire -p ro o f 
to be u sed  e v e n  in th e  u p p er  p a r ts  o f  b la s t  fu rnaces. T h e s e  
exp erim en ts d o  n o t b y  a n y  m ean s p ro v e  that there a re  not m a n y  
other k in d s  o f  A m e r ic a n  fire b r ick  a s  g o o d  a s  those m ention ed. 
In  fact, w e h a v e  o u r se lv e s  o b ta in ed  an d  m an ufactured  m ateria l 
from  N e w  J e r s e y ,  w h ich  su cc e ssfu lly  re sisted  te sts be fo re  w h ich  
the fam o u s “  S t o u r b r id g e ” b rick  g a v e  w ay . T h e  qu estion  to  b e  
answ ered in  th e se  e x p e r im e n ts  w as m ere ly , w hether it w o u ld  
pay to im p o rt S c o tc h  o r  G erm an  b r ic k , o r  the assu m ption  th a t 
all A m e r ic an  m a te r ia l  i s  d e fective . 7 'b is  q u estio n  is  now  c le ar ly  
answ ered in  th e  n e g a t iv e ; an d  i f  “  M o u n t S a v a g e ,”  p r  “ S t a r ” 
b rick s d o  n ot h o ld  o u t  a s  lo n g  a s  “ G a r n k ir k ,”  the reaso n s m u st  
be so u g h t e lse w h e re  th an  in th e raw  m ater ia l.

M ost c o m p la in t s  o f  th is  k in d  com e fro m  fu rn aces w hich .sm elt 
the very  r ich  o r e s  o f  L a k e  S u p e r io r , an d  th at, too, with e x tre m e ly  
sm all a d d it io n s  o f  lim e . U n d er these circum stan ces, the fo rm 
ation o f  c in d e r  a t  th e  e x p e n se  o f  the a lu m in a  o f  th e  fire-b rick  
is in ev itab le . T b e  e v il  is  a g g ra v a te d  when the b la s t  is n o t 
strong, a s, fo r  in s ta n c e , a t  tbe ch arcoal fu rn ace s o f  L a k e  S u p e 
rior, when th e  p r e s s u r e  i s  b u t I J  pound.s. T h e  zone o f  'fu sio n  
here b eco m e s a n n u la r , ap d  h u gs tbe w alls, p ro d u c in g  su ch  a  
rap id  action  u p o n  th em , th at it is  not su r p r is in g  th at the b la s t s  
in that n e ig h b o r h o o d  se ldom  la st lon ger than  tw elv e  o r  fifteen  
months.

' C arefu l e x p e r im e n ts  on ly  can  determ in e w hether it  w ould  b e  
wise to c h a n g e  th e  p re se n t proportion o f  flu x , and tb e  p re s su re  
o f  b last, to  g a in  th e ad v an tage  o f lo n g e r  cam p a ign s . S u c h  
questions c a n n o t  b e  flip pan tly  answ ered a priori. O ne th in g , 
however, i s  n ow  c e rta in . W e d o  not n eed to lo o k  fo r  b e tte r  
m aterial in  th e  co n stru c tio n  o f  furnaces th an  o u r  ow n  c o u n try  
aftbrds. •

The following remarks, which we find in Kerl’s Me-
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tallurgy by Crookes and Rohrig, are suggestive to 
American furnace-masters, although intended for coke 
furnaces, and, in the former remarks, for spathic ores.

The Styrian Blauofen* with one blast pipe If inches 
in diameter require from 250 to 300 cubic feet of blast 
per minute; the largest furnaces, having five blast pipes 
3 inches in diameter and a pressure of 2i or 3 lbs., 
require about 7500 cubic feet. The large Scotch fur
naces require per ton of pig iron from 5000 to 5500, 
per minute 90, and per cubic metre of the furnace shaft 
0.50 cubic metre of blast. Some furnaces at Dowlais, 
having a capacity of 230 cubic metres, consume 180 
cubic meti’es of blast. . The furnaces in Staffordshire and 
Cleveland, smelting poorer ores than the Scotch furnaces 
require from 6000 to 7000 cubic metres of hot blast per 

.ton of gray iron’, or from 0.55 to 0.60 cubic rrietre per 1 
cubic metre of .capacity, and 8000 and 0.70 cubic metres 
respectively, when using cold blast. In England, 25 
tons of blast are estimated to be required per ton of pig 
iron from clay-ironstone, and 8 tons of blast per ton of 
pig iron from black band. In the latter case 34 cwts. 
of pig iron and slag result per cubic yard of the furnace, 
and in the former 2.5 cwts. per week; hence, 8 tons of 
blast are required for the production of 1 ton of iron 
and slag from clay-ironstone, and 4 tons of blast for a 
similar production from blackband.

* In our previous notice of the Blauofen (pp. 293, 294) m  have 
quoted Mr. Overman, who considered that the English translation of 
the name was preferable to the use of the German form. He has 
made it “ Blue oven.” There are reasonable doubts that this is the 
signification of the original word, and Prof. Maynard, of the Poly
technic Institute, at Troy, N. Y., writes us, that, allhongb the usual 
signification Is as above indicated the present form, blauofen is an 
Austrian corruption of the German Bfase ofen, as be was assured when 
in Germany, and the corruption arose from the Austrian predilection 
for broad pronunciation whereby the German Blase became B/d and 
finally hlauofen, Mr. Overman was very decided in his opinions, as 
we learn from his proof-reader, and we think traced the name to the 
fact of the blue flame'more fully developed in this furnace, which was 
the first step from the low to the present form of high blast furnaces. 
But we are persuaded as a flame of this color seldom, if ever, arises 
from these charcoal furnaces, that Prof Maynard’s remarks are cor
rect, and the name should not be translated.
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Belgian coke furnaces receive from 2880. to 3640 cubic 
feet of blast per minute. •

The proportionally small production of some Targe 
furnaces in comparison with small furnaces is frequently 
caused by an insufficiency of blast, as in the quantity of 
oxygen required for the charged fuel is then wanting, 
and injures the temperature, the consumption of fuel, 
and the quality of the resulting pig iron. At Ulverstone, 
the weekly production of 593 tons of pig iron has been 
increased to 684 tons by increasing the blast from 9000 
to 10,000 cubic feet per minute. The introduction of 
too much blast into a furnace increases the consumption 
of fuel without increasing the production, but sometimes 
lessening it. The slags are cooled by the blast; the 
gases ascend with too great a. velocity, injuring the 
reduction and carbonization, and owing to the quicker 
process, the pig iron produced will be less carbonized 
and more difficult to fuse. The same effect, caused by too 
large or too Small a blast, is produced by an increase or 
decrease of the fuel whilst keeping the proper quantity 
of blast; the production will be lessened, and the con
sumption of fuel increased.

We ate indebted to the same authority for the follow
ing summary of points important in the examination of 
blast furnaces.

When inspecting blast furnaces, the following points 
have to be taken into consideration. The situation, 
extent, and motive power of the establishment, and the’ 
nature of the ores (kind of ore, injurious or advantage
ous associates, analyses, behavior in smelting, per
centage of iron, cost); the assaying of the ores (the 
manner of selecting the Samples, fluxes, furnaces, length 
of smelting, consumption of fuel); the weathering of the 
ores (time, effect, artificial watering); the roasting of 
the ores (roasted or not roasted in kilns or otherwise, 
kind of fuel and consumption of fuel, quantity roasted 
in a certain time, number of Workmen, wages, cost of 
roasting); the breaking up of the ores (the method em
ployed and its effect, size of the broken ores, quantity, 
number of workmen, wages, cost of breaking)* the fluxes
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(quality, composition, application in raw or burned state, 
mode of dividing the fluxes, size of the broken pieces, 
weight per cubic foot, percentage of the quantity added, 
charging separately or in admixture with the ore, cost); 
the fuel (kinds of fuel, quality, amount of ash and mois
ture, injurious components of the ash, size of the pieces, 
weight of one Cubic foot, volume of the delivered fuel, 
&C., Vessels for measuring, if used, method of carboniz- 
ing or coking, price); the ore mixture, including the 
fluxes (rules adopted, varieties of iron ores, fluxes and 
the manner in which they are mixed with the ore, 
average percentage of iron, lifts, size of the charging 
vessels, the size of fhe ore heaps when mixed with the 
fluxes (the ores for charcoal furnaces are mixed with the 
'fluxes, by placing ores and fluxes in alternate layers one 

, above the other, the ore thus mixed forms heaps of the 
shape of a truncated pyramid and is termed in German 
“ Moller”)» the weight of one cubic foot dry and wet, 
working tools, number of workmen, working cost); the 
iron blast furnaces (construction of the furnace, mate
rials used for the different parts of the furnace, dimen
sions of the furnace, capacity of the hearth, construction 
of the apparatus for the collecting the waste gases, age 
of furnace since the blowing in); the tuyeres (number 
and dimensions of the tuyeres, material of which they 
are made, open or closed, dry or cooled with water, the 
position of the tuyeres with regard to their deviation 
from the horizontal line, height of the tuyeres above 
the bottom stone, bright or dark tuyeres, with or with
out nose); the blast (blast engine and its motive pow-er, 
regulators, blast-heating stoves and the mode of firing, 
blast mains, construction, position and diameter of the 
blow pipe, temperature, pressure and volume of blast per 
minute, the volume calculated from the blast engine and 
from the blowpipe, loss of blast, apparatus for measur
ing the ^temperature and pressure of the blast); the 
charging (size of one charge of fuel and ore, with regard 
to volume and to weight, charging vessels and other 
apparatus required, mode of charging, number of charges 
descending* the furnace in twenty-four hours, with con-
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sideration of the tappings when the blast is shut off, the 
depth to which the charges descend in a given time, 
time in which the charges enter before the tuyeres, and 
how many charges the furnace contains above the tuyeres, 
the descent of charges required for the regular process, 
mode of keeping account of the charges); the manipula
tions in and before the hearth (removal of the slag and 
the pig iron, cleaning the hearth and the tuyeres, forma
tion of the slag drift and the gutters or feeders, and 
moulds for receiving the liquid iron, length of the opera
tion, mode of blowing out, number of workmen, wages, 
tools, drawings of blown-out furnaces); the products, 
such as pig iron (varieties, quality, application, the pro
duction in twenty-four hours or per week, the yield in 
comparison to the assay, consumption of fuel, ore and* 
fluxes per cwt. of pig iron, cost per cwt); the slags 
(nature of the normal and abnormal slags, transport of 
the slags from the smelting works, further application 
of the slags for recovering wash iron, building purposes, 
&c.); lead (tapping off and further application); waste 
gases (quantity, temperature, color, rapidity of the 
ascent, fuming, charge at the different processes, methods 
of collecting and applying); the deposits and other pro
ducts (cyanide of potassium, furnace cadmia or calamine) 
(Ofenbruch, Gichtschwamm).

Effects o f Moist .Atmosphere.—The following, from 
European and especially Austrian latitude, is, as we 
shall see, applicable in a degree to American practice.*

T he q u a n t ity  o f  m o is tu re  introduced* in to th e  b la st  fu rn ace  
a lon g  w ith  th e  b la s t  d e p e n d s  on  the q u a n tity  o f  b la s t  an d  o n  
the h y g ro sc o p ic  s t a t e  o f  the atm osphere, a n d  in fluences th e  
q u a lity  o f  th e  iro n  a n d  the consum ption  o f  fue l o w in g  to  its  
cooling effect. W ith  re g a rd  to  this c ircu m stan ce  th e  y ie ld  o f  
b la st fu rn a ce s i s  m o re  fa v o ra b le  in sp r in g  an d  w in ter than in  
sum m er an d  a u tu m n . I n  th is country, w here th e  a tm o sp h eric  
a ir in co m m on  d r y  w e a th er  contains 142  p er  cen t, o f  m o istu re , 
and the w e ek ly  p ro d u c tio n  o f  128 tons o f  p ig  iro n  re q u ire s  
8000 ton s o f  a i r  (2 5  :1 ) ,  a lo n g  with this q u a n t ity  o f  b la s t  n early  
48 ton s o f  w a te r  a r e  in tro d u ced  in the f u r n a c e ; th is  am ou n t

* Kerl’s Met. Crookes and Rohrig, pp. 486, 496.
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m a y  b e  d o u b le d  in  s u m m e r  a n d  a u tu m n . A t  th e  Dowlais Iron 
W o r k s  th e  p ig  iro n  p r o d u c e d  in  w in te r  w a s show n by a com
p a r is o n  o f  se v e ra l  y e a r s  to  b e  b e t te r  b y  from  fou r to five per 
c e n t , th an  th a t  p r o d u c e d  in  s u m m e r ;  th e  o th e r  circumstances 
w e re  th e  s a m e  in  b o th  se a s o n s .

A c c o r d in g  to  W e is s e ’s  a n d  E c h ’s  in v e st ig a t io n s , the months 
m a y  b e  c la s s if ie d  in to  th e  d r y  a n d  m o is t  m o n th s as follows:—

J a n u a r y ,  D e c e m b e r ,, F e b r u a r y  
N o v e m b e r , M a rc h , A p r i l  , .
O c to b e r , M a y , J u n e  . . .
S e p te m b e r ,  A u g u s t ,  J u l y

5 : 5 : 6  
6 : 7 : 8  

8 : 10:11 
11 : 12 : 1 3

T h e  su m m e r  s t a n d s  th e r e fo r e , in  p ro p o rt io n  to  the winter as 
3 7  : 6 5 , o r  4 : 7 ;  a n d  e x p e r im e n ts  h av e  p ro v ed  that the 
e ffe c t  o f  th e  b la s t  in  s u m m e r  a n d  in  w in te r i s  in  the proportion 
o f  5 :  6 .

«  A c c o r d in g  to  E o g e r s ,  a i r  o f  0 °  co n ta in s  o f  i t s  own weight 
o f  w a ter , a ir  o f  1 5 °  C . o n e -e ig h tie th , o f  3 0 °  C . one-fortieth; 
th e re fo r e  in  v e r y  h o t  w e a th e r  th e  p ro d u ctio n  o f  iron may be 
l e s s  b y  2 0  p e r  ce n t. I n  E n g la n d  1 cu b ic  m etre  o f  a ir is  sup
p o se d  to  c o n ta in  on  a n  a v e r a g e  8 .7  g ra m m e s o f  w ater. Balling 
e s t im a te s  th e  q u a n t ity  o f  w a te r  w h ich  i s  in tro d u ced  in 24 hours 
in to  a  b la s t  fu rn a c e  o f  m e d iu m  s iz e  b y  m e an s o f  the blast to' 
b e  a b o u t  8 0 0  lb s .

The above, in the main, has been proven true in our 
land, wherever any care has been exercised to ascertain 
the facts. During the spring of 1868 there was, in parts 
of Pennsylvania, including, indeed, nearly the entire 
State, a long-continued rainy season. It was particu
larly noticed that the iron made during that season was 
not so largely gray, or foundry, as it had been, and while, 
in some instances, foundry iron was made as usual, 
in a very large majority of case.s there was nothing to 
which to attribute the change but the weather, and the 
corroboration was found not only in the fact that simi
lar weather had been before followed by just such a 
state in the furnace products, but, in the fact that 
when dry 4veather returned, the furnaces, in a few days 
after the change, returned to their previous quality and 
quantity of working. Some have attributed the differ
ence in some places to the condition of the ore when 
delivered in summer and in winter, but such a cause is
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not sulficient to meet the case as it presents itself in some 
instances wherein it is plainly shown that the ores are 
in as good condition in winter aS in summer, and yet 
the same results have followed. The remedy can be 
found in lessening the burden of ore or in increasing the 
blast in heat and quantity, or the amount of coal, as the 
case may require.

Unaccountable Difficulties.^’We have thought it well 
to close this part of the general subject with a letter 
which we received not long ago from a prominent iton- 
master whose experience is large, and whb; perhaps, is 
as competent to explain and to overcome difficulties as 
is any one in our country. It will better illustrate the 
assertion, that, after all our knowledge and practice, 
there will always remain sufficient room for furthet 
information and improvement, and that no one should 
feel himself so securely beyond all reverse or surprise 
that he may not ̂ t  some time wish that he. knew more 
of what has become to him the mysteries of metal
lurgy. ,

The furnace No. 2, Sqranton, Pa., had been an excel
lent furnace; yielding regularly, largely, and satisfactory 
in all respects, but suddenly a difficulty occurred, and in 
answer to our inquiries we received the following from 
the Superintendent.

“ As you are aware, the size of tunnel-head was enlarged 
from a diameter of eight feet to that of eleven feet; in ad
dition to this increase to the diameter of the top, the mode 
of filling was also changed, the former method being to 
fill With a charge of 1800 pounds of coal, other materials 
proportioned to that, from three barrows, through three 
doors, equidistant from each other. The new plan was 
simply tb double the charge and fill through six doors, 
my impression being that I would thereby secure a more 
uniform distribution of the stock. The “ blowing-in” 
was accomplished without a single unfavorable indica
tion, and the furnace worked finely for about one month, 
and then, while making mottled iron on a very fine cin
der, suddenly, with scarcely an hour’s premonition; closed 
up, so that by no subsequent etforts could the blast be
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made to penetrate the stock. Of course, it had to be 
shovelled out; this was done as quickly as possible, and 
a second effort inaugurated, it being supposed that the 
failure was caused by filling the ore too far from the 
centre of the crucible. That difficulty was sought to be 
obviated by the introduction of schute plates at top, pro
jecting two feet towards the centre, thus practically re
ducing the diameter to seven feet; filling was continued 
through six doors. The second time the “ blowing-in” 
was satisfactorily done, and the smelting operation went 
on smoothly for six weeks, when precisely the same dif
ficulty occurred, under exactly similar circumstances, 
though the results were not quite so bad. By placing  ̂
tuyeres high up in the breasts, the blast was forced 
through, and after two weeks’ incessant fighting, the scaf
fold was so far worked out that the iron would separate 
from the slag. Since then there has been a gradual im
provement with no recurrence of the Jrouble. Imme
diately after the last trouble I  again changed the mode 
of filling to a charge' of 1800, pounds through three 
doors, from the impression that, the other method was 
forming a continuous ring of ore, which, under certain 
conditions, would become plastic, and while slipping 
down the boshes, would close U p so as to form a pastry 
arch or barrier to the passage of the blast, and that by 
filling through one. set of three doors by day, and through , 
another set at night, the ore would become so thoroughly 
scattered and intermixed with the coal as to prevent a 
I’ecurrence of that special difficulty. The results thus 
far have been such as to strengthen the impression that 
the old way of working is the best, or at least that the 
eight-foot tunnel-head is nearer the true .size than is the 
larger diameter. W hat most perplexed me in the work
ing of this furnace was the occurrence of the trouble 
with a cinder that had always before been a sure indica
tion of an mttirely healthy state, arid which never caused 
the least apprehension of difficulty,

Wheu I determined to enlarge the tunnel-head, I had 
conceived the idea that scaffolding W as caused by the 
larger lumps of coal rolling out to the walls of the cru-
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cible as the stock descended, and by keeping that part 
of the furnace most free for the passage of blast, tended 
to concentrate the heat along the walls to a degree that 
clinkered the coal and caused its adhesion to the bricks 
Until large quantifies having accunndated, they would 
become loosened, and falling into the hearth, produce 
that miserable substance technically known as “ scaffold 
cinder,” always the dread of a furnace-man, but my late 
trials have taken that conceit out of me, and have sub
stituted the belief that it is the ore and not the coal 
that is properly chargeable with the cause of disaster, 
and that a thorough mixing of materials, with their Uni
form distribution was a more important copsideration 
than the exact form of the furnace.

We are now making nothing but forge iron, mottled 
and white; never make foundry pig, except by special 
effort, and find it difficult under the most favorable cir
cumstances to produce a satisfactory article. Our largest 
furnace (20 feet boshes), is now averaging 250 tons forge 
pig weekly. Our highest weekly product was made by 
a nineteen feet furnace, and reached S'Tol tons; we \Vere 
then using considerable fossil, that was easily smelted; 
at this time we use nothing but magnetic ores.”

We would say, in conclusion, that the above indicates, 
what many masters have experienced, that although there 
are times when no explanation seems sufficient to meet 
the demands of the case and to solve the problem, there 
is no emergency, but has its cause and cure, and only 
the lack of more knowledge and perhaps of more 
thoughtful experience, intervenes between a  full resolu* 
tion of the mystery and a proper remedy for the difficulty.    
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C H A P T E R ’ I.

MANUP^ACTUEE O P M A LLEABLE IRON.
•
I n  treating upon this subject we have thought it best 

to introduce the remarks of Mr. Overman, with certain 
alterations. Although these remarks may, in some small 
degree, be modified by fhe fact that they were written 
nearly twenty years ago, they are substantially, with the 
corrections we have made, suitable to the present day, 
and introduce the subject satisfactorily. We shall add 
the improved processes, furnaces, and machinery after
ward.

[The manufacture of malleable iron involves two 
fundamerjtal operations: namely, the removal of impuri
ties from the ore and from the crude metal. The first, 
which consists in the removal of impurities, and the 
virtification of the earthy admixtures in the ore, is 
effected by a variety of methods. If the amount of im
purities in the ore is large, an intermediate method is 
employed to remove them ; that is, metal of greater or 
less purity is manufactured in  the blast furnace. But if 
the amount of impurities is excessive, or if the metal 
from the blast furnace is very impure, as is often the 
case eVen in gray charcoal pig, and quite generally the 
case in anthracite and coke irOn, the refining fire is 
resorted to, before the metal is subjected to the process 
by which it is converted into bar or fibrous iron. The 
second operation, though effected by a variety of methods 
and by a diversity of apparatus, consists mainly in a semi
fusion of the metal. In this condition, it is stirred and 
worked by manual labor, with the object of exposing the
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smallest particles of the metal to the influence of the 
atmospheric oxygen.

In this chapter, we shall endeavor to describe the 
principal forms of apparatus at present in use in various 
parts of the world, and especially in the United States; 
we shall attempt to indicate the methods by which the 
operations in the manufacture of wrought iron are per
formed ; and we shall close the chapter by some theoreti
cal investigations to which we would invite the attention 
of the manufacturer no less than the philosopher.

I. Persian Mode of making Iron.

The most ancient method of manufacturing iron is at 
present practised in Persia; and, as far as we can ascer
tain from the published reports of travellers, whose 
descriptions, while they slightly vary in detail, agree in 
relation to the uniformity of the principle, this method 
is practised throughout Asia. The mairipulation is as 
follows: A hearth, or a mould with fine charcoal, or 
clean charcoal dust—that is, a semicircular hole from 
six to twelve inches in depth, and from twelve to twenty- 
four inches in width, as represented in Fig. 149—is 
formed. The dark shading in the figure illustrates the

Fig. 149.

Gronnd-plan of a Persian forge fire.

lining of charcoal dust; the form of this lining is some
times round, and sometimes square. Before the dust is 
put into the hearth, it is moistened, well mixed, and 
pounded as closely as possible. The lining will, of
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course, be perfect, in proportion to the fineness of the 
dust. The bottom especially should be hard, to resist 
the action of the blast. Into this basin, the blast is con
ducted by means of a clay tuyere, or a piece of crockery, 
situated a short distance above the bottom of the basin. 
The bellows are urged by manual power. Fig. 150 ex-

Fig. 150.

Asiatic or Persian method of making iron.

hibits a section of the basin, and the situation of the 
bellows. In the bottom of the basin, medium-sized 
charcoal is laid to the height of several inches, covered 
by a layer of ore in pieces of the size of hazelnuts. 
Where no compact ore can be obtained, the fine ore 
may be cemented by being moistened, and then dried 
and broken. But the native compact ore is preferable, 
because, it contains fewer impurities. Upon this layer 
of ore a layer of charcoal is placed, and then alternately 
ore and charcoal until five or six strata are piled. The 
whole is covered by charcoal of moderate size, firmly 
pounded. Fire is then introduced at the tuyere, and the 
bellows gently moved, so as to expel all the vrater con
tained in the mass, before a full heat for the reduction 
of the ore is given. W hen the water is supposed to be 
driven off, the bellows are urged more strongly, and the 
heat increased. The ore is then reduced, and iron liber
ated in a metallic state. The whole process lasts from 
three to four hours, at the end of which time twenty- 
five or thirty pounds of iron may be removed by tongs.

    
 



MANUFACTURE OF MALLEABLE IRON. 639

and forged by means of sledge-hammers. Of course, the 
desirable shape is not produced until the metal is heated 
and reheated several times. After the iron from one 
heat is forged, the clinkers are removed, and another 
coating of charcoal thrown on; in fact, a renewal of the 
whole process is required.

In this process, none but the best kind of red iron 
ore, or specular iron is used ; and it is questionable 
whether any but the richest of this ore can be employed. 
The iron manufactured is very strong and tenacious; 
from which the sabres of Damascus, and the neat and 
delicate, though very powerful Damascene gun-barrels, 
as well as weapons of nearly every kind, are wrought.

II. Catalan Forge.

This forge is employed in Vermont and New York, 
to smelt the magnetic ores of these States. It is there 
called the blomary fire. The form of this fire is nearly 
uniform everywhere. Fig. 151 represents a Catalan fire.

Fig. 151.

Ground-plan of a forge fire.

seen from above. The whole is a level hearth of stone
work from six to eight feet square, at the corner of which 
is the fireplace, from twenty-four to thirty inches square, 
and from fifteen to eighteen, often twenty, inches in 
depth. Inside it is lined with cast iron plates, the bottom
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plate being from two to three inches thick. Fig. 152 
represents a cross section through the fireplace and

Fig. 152.

Blomary fire.

tuyere, commonly called the iron, a represents the 
fireplace, which, as remarked above, is of various dimen
sions. The tuyere-6 is from seven to eight inches above 
the bottom, and more or less inclined, according to cir
cumstances. The blast is produced by wooden bellows 
of the common form, or, more generally, by square, 
wooden cylinders, urged by waterwheels. The ore 
chiefly employed is the crystalline magnetic ore. This 
ore very readily falls to a coarse sand, and when roasted, 
varies from the size of a pea to the finest grain. Some-
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times the ore is employed without roasting. In the 
working, of such fires, much depends on the skill and 
experience of the workmen. The result is subject to 
considerable variation; that is to say, the result depends 
on the circumstance whether economy of coal or that of 
ore is our leading object... Thus, a modification is required 
in the construction ’either of the whole apparatus, or in 
parts of it. The manipulation varies in many respects. 
One workman, by inclining his tuyere to* the bottom,

, saves coal at the expense of obtaining a poor yield. 
Another, by carrying his tuyere iron more horizontally 
at the commencement, obtains a larger amount of iron, 
though at the sacrifice of coal. Good workmen" pay 
great attention to the tuyere, and alter its dip according 
to the state of the operation. The general manipulation 
is as follow's; The hearth is lined with a good coating 
of charcoal dust; and thb fire-plate, of the plate oppo
site the blast, is lined with coarse ore, in case any is at 
our disposal. I f  no coarse ore is employed, the hearth 
is filled with eoal, and the small ore piled against a dam 
of coal dust opposite the tuyere. The blast is at first 
urged gently, and directly upon the ore; while the coal 
above the tuyere is kept cool. Tour hundred pounds of 
ore is the commoh charge, two-thirds of which are thus 
smelted; and tire remaining third, generally the finest 
ore, is held in reserve to be thrown on the charcoal when 
the fire becomes too brisk. The charcoal is piled to the 
height of two, sometimes even three and four feet, ac
cording to the amount of ore to be smelted. When the 
blast has been applied for an hour and a half, or two 
hours, most of the iron is melted, and forms a pRsty 
mass at the bottom of the hearth. The blast may now 
be urged more strongly, and if any pasty or spongy 
mass yet remains, it may be brought within the range 
of the blast, and melted down. In a, short time, the 
iron is revived; and the scoriae are permitted to flow 
through the tappifig-hole c, so that but a small quantity 
of cinder remains at the bottom. By means of iron bars, 
the lump of pasty iron is brought before the tuyere. I f  
the iron is too pasty to be lifted, the tuyere is made to 

41
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dip into the hearth. In  this way, the iron is raised 
from the bottom directly before, or to a point above the 
tuyere, until it is welded into a coherent ball twelve-or 
fifteen inches in diameter. This ball is brought to the 
hammer or squeezer, and shingled into a bloom, which 
is either cut in pieces to be sti'etched by a hammer, or 
sent to the rolling mill to be formed into marketable 
bar iron.

a. A mixture of fibTous iron, cast iron, and steel—an 
aggregation of unavoidable irregularities—is the result 
of the above pi'ocess; The quality of the iron depends 
entirely upon the quality of the ore. No opportunities 
are presented by which any skill or ingenuity can create 
imj>rovemerits in this process. Poor ores cannot be 
smelted at all; but rich ores, like those at Lake Chain- 
plain, or in Missouri, Michigan, &c., or even the hydrates 
of Alabama, may be smelted to advantage; the latter 
with a prospect of economy. In some countries, where 
much larger fires than the one we have mentioned are 
employed, balls of 200 or 300 pounds w’eight are pro
duced; but such large masses cannot , be worked with 
facility, and are always of inferior quality. It is not 
advisable to make, at one smelting, balls heavier than 
100 pounds.

In Vermont, where the rich magnetic ores were em
ployed for this kind of work, a ton of blooms formerly 
cost about forty dollars. To produce this quantity, four 
tons of ore and three hundred bushels of charcoal are 
required. Wages of workmen per ton, ten dollars.

h. An improvement upon the Catalan forge is the 
stuck oven described already. But little explanation is 
required to exhibit the connection between the two 
manipulations. So heavy are the masses of iron in the 
stiiok oven, that powerful machinery, as well as a large 
number of workmen, is required in working them. The 
salamander, when lifted out of the furnace, is cut into 
pieces of 100 or 150 pounds weight. These pieces are 
reheated in a common forge, or Catalan fire; a portion 
of the cast iron melts out of it; and what remains is 
generally the best iron, and is called the bloom. From
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this term it is probable that our English word “ bloom” 
is derived. Sometimes the bloom is in part steel, ac
cording to the state of the furnace, and the kind of ore 
used; but, generally, it is fibrous iron. The cast iron 
which results from the reheating is worked, by the com
mon method, into fibrous iron. So expensive is the 
operation in the stiick oven, and so imperfect the iron 
which it produces, that this furnace is now generally 
abandoned. Both the Catalan forge and the stiick oven 
are impracticable where ores containing less metal than 
forty per cent, are to be smelted. Any foreign matter 
in the ore is injurious.

Many ingenious contrivances have been devised to 
convert ore, by one manipulation, directly into bar iron 
or steel. These contrivances are local, and vary accord
ing to the quality of the ore, and the intelligence of the 
operator.

III. German Forge.
The most successful method of manufacturing charcoal 

wrought iron is by means of the German refining forge.

Fig. 153.

Forge fire.
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or the blomary fires of Pennsylvania. These forges not 
only produce good iron at reasonable prices, but they 
afford all the facilities presented by differently con
structed apparatus. Fig. 153 represents a section of 
the German forge, in which the location of the hearth 
is shown. The hearth is lined with cast-iron plates; 
the bottom is generally kept cool by a current of water 
circulating in pipes below it. Three or four inches 
above the bottom, there is a row of holes, through which 
the cinder is let off. Through the tuyere, which is hol
low, a current of water circulates. Fi'equently, the back

Fig. 154.

Forge fire.

part of the hearth is raised, for the purpose of putting 
in hot air pipes, as shown at c. Fig. 155. Fig. 153 ex
hibits a better arrangement for heating the blast, d 
represents a hollow roof plate, *of sheet irpn, through 
which the blast passes. The blast for this kind of fire is 
produced either by wooden or by iron cylinder bellows.
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a. The iron employed in this forge is of the various 
kinds of pig metal, from the white pig which contains

Fig. 155.

Heating the blast on a forge fire.

a small amount of] graphitic [carbon, to the gray and 
white metal which contains carbon in considerable 
quantity. The construction of the apparatus depends 
scarcely at all upon the kind of metal worked. By vary
ing the treatment of the material, in the course of the 
manipulation, the same results may, in the great majority 
of cases, be produced. Gray metal requires a higher heat 
at first than whitg metal; besides, more time is required, 
and a greater amount of fuel consumed, in working it. 
In this; as in every case, white metal containing a 
large amount of carbon is, Avhen smelted by hot blast, the 
worst'of all metals for the manufacture of a satisfactory 
iron. Should gray metal, smelted from the same stock 
as white metal, by small burden, work slowly, and con
sume more fuel than the latter, there is a greater pros
pect of producing a better article. An exception from 
this rule occurs only where ore of the first quality is 
smelted by charcoal and coal blast. White metal, 
smelted by small burden and poor ore, or anthracite or 
coke, is always inferior; it works so fast that no time is 
afi'orded for the removal of the impurities combined with 
it. Where gray metal is worked, a greater chance of 
purifying the melted iron “ before it comes to nature”*

* Terra used to signify the transition state from cast iron to mal- 
'leable.
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is presented. These remarks do not apply to white 
iron made by charging the blast furnace w’ith a heavy 
burden of ore. At the close of the chapter, we shall 
speak at greater length on this subject. In this place, 
we simply wish to draw the attention of the manufac
turer tp this important m atter; because his success de
pends, in a very high degree, upon a clear understanding 
of the qualities of the metal, and of the metal, and of 
the modes of working it.

6. The form of the basin of the hearth, the height of 
the tuyere, and the pressure and the quantity of the 
blast, ca#not be fixed by any general rule, and depend 
on coal, metal, and the workmen. W e shall endeavor 
to explain the leading principles in each case; but their 
application is to be varied according to local circum
stances.

c, The quality of the charcoal determines, to a certain 
extent, the dimensions of the hearth, the dip of the 
tuyere, and the pressui'e of the blast, as well as the 
amount of metal to be smelted by one heat. Soft coal, 
from pine wood and poplar, requires a larger and deeper 
fire, a greater dip of the tuyere, and weaker blast, than 
charcoal from hickory and maple. Soft coal works more 
slowly than hard coal. ' Dirty or sandy coal, which has 
been received from the coalings in wet weather, or which 
has been exposed to sand or mud in the yard, should be 
refused altogether, or at least carefully dried and cleaned; 
because each pound of sand removes three or four pounds 
of iron, for no conceivable purpose whatever. Coal that 
is not larger than an egg will answer tolerably well for 
a blomary fire; but strong and heavy coal is far more 
serviceable. In  the preparation of coal for the blomary 
and the blast furnace, we are guided by different rules; 
that is to say, tke small coal from the coalings is taken 
to the former, and the large coal to the latter. I t should 
always be remembered that coal which contains sand 
and dirt is far more injurious in the forge than in the 
blast fqrnace.
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d. So great are the practical difficulties in this kind 
of work, that fluxes are employed to a very limited 
extent. Hammer-slag* is sometimes used as a flux. 
This is a very useful material; it facilitates the work, 
and improves the iron. Water is another means of 
fluxing. In the first place, it cools the iron, and thus 
gives the blast a chance of playing upon it to advan
tage. In the second place, it is decomposed by red-hot 
iron; its oxygen is retained, and forms peroxide of iron, 
Avhich readily combines with silex." For the purpose of 
retarding the working of the iron, workmen ate in the 
habit^of throwing sand, dry clay, or even loam upon the 
fire. This is inexcusable ignorance, or at least gross 
sluggishness. If  proper care and industry ate exei'cised, 
the iron will not come too fast, and if it does, the appli
cation of sand will only augment the evil. At any rate, 
it is highly injurious to the quantity and quality of the 
iron produced.

e. The fireplace is always of a square form, varying 
in size according to circumstances, and lined throughout 
with cast-iron plates. To secure the stability of the 
apparatus, these plates should be well screwed together. 
The plate nearest to the workman, called the cinder or 
work-plate, should especially be solid, because a great 
deal of the manipulation is done on this plate. The 
plates around the fire are generally laid in a somewhat 
sloping position, more for the purpose* we presume, of 
facilitating the lifting out of the bloom, and of making 
the dust stick, than for anything else. The tuyere plate 
is generally inclined into the hearth, partly with the 
object of facilitating the dipping of the tuyere, and 
.partly with the object of cooling that plate The blast 
is regulated by a valve (Fig. 154), which should be as 
close as .possible to the tuyere, to facilitate the labors of 
the workmen. The tuyere, as before remarked, is *a 
water tuyere, which, after its inclination has been de
termined, is firmly fastened in its place. The nozzle of 
the blast pipe is to be movable; it can thus be dipped

The scales-struck off from bars under the hammer.
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but if worked'with 
is superior. Inferior 
well as hot-short and 

work fast, but require 
workmen; because, if

into the hearth, or moved horizontally, so as to drive 
the blast towards any portion of the hearth.' The width 
of the tuyere and the nozzle depends on the quantity of 
metal melted at once ; but it seldom exceeds two super
ficial inches. The form of the tuyeres is generally that 
of a half circle o ; but sometimes that of a circle. The 
depth of the fireplace varies according to the quality of 
the metal to be, refined. Nine inches will be sufficient 
vfor mottled or gray iron ; but white iron, of small bur
den, require a depth of ten or twelve inches. The 
better the metal the less the depth of hearth required. 
A deep hearth consumes more fuel, and works more 
slowly, than a shallow hearth; 
propel' attention, the product 
Workmen require deep fires, as 
cold-short metal. Shallow fires 
excellent metal or very expert 
anything goes wrong in them, heavy losses are experi
enced.

A number of woi'kmen draw the tuyere, to a greater 
or less extent, into the hearth. This is productive of no 
real benefit. Though by this means we are enabled to 
carry the blast a little further into the fire, the advan
tage we derive from it scarcely amounts to anything. If 
it is our desire that the metal should flow down, directly 
through the cm-rent of the blast, our object may be 
effected if the tuyere reaches but a short distance into 
the coal. Besides, by drawing the tuyere, its plate is 
sooner destroyed than whei'e the tuyere is close. We 
must regulate the dip of the tuyere according to the 
metal we are smelting. Gray, and hot or cold-short 
mietal, and soft coal, require a greater dip than good 
metal and hard coal. Nevertheless, the whole dip does 
not vary more than from 7° toT5®.
" f .  The manipulation at a blomary fire varies according 

to the quality of the metal with which we have to deal. 
Therefore, our descriptions must be restricted to one 
particular metal, or at least to a metal smelted from the 
same kind of ore. W e shall confine our attention to 
gray or halfgray metal, and introduce such remarks oc-
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casionally as will indicate the' method by which other 
kinds of metal are worked.

When the hearth is in proper order, and whep the 
blast and everything else are prepared, the interior of the 
fireplace is lined with charcoal dust, which ought to be 
free from sand Rnd other impurities. The finer the 
dust, the more serviceable it will be. Good fire-clay 
water thrown over it will, when the whole mass is well 
pounded, make it more adhe$ive. Pieces of refractory 
ore,, of good quality, and even good qualities of ciflder, 
are sometimes used in lining. These materials are de
cidedly preferable to charcoal; but they require mote 
attention on the part of the workmen. Coal is then 
thrown on, and the fire kindled. As the fire rises, iron 
may be melted down. The amount of ooal, or the size 
of the heap above the tuyere, varies according to the 
metal. A height of from twelve to eighteen inches is 
sufficient for gray metal; hut for white metal the height 
of the coal should be twenty-four inches. When the 
fire has thoroughly penetrated the coal, the degree of 
which should be higher for white than for gray metal* 
the broken metal is thrown in parcels weighing from 
seventy to eighty pounds upon the top of the coal above 
the tuyere. But.white metal is thrown more from the 
tuyere, in case a charge of more than 120 pounds is 
melted at once, which is frequently accomplished where 
the metal is good, and competent workmen are engaged. 
Where the charges are small, all the metal is thrown on 
at once. The blast is applied'moderately; the tuyere is 
made to dip very slightly; coal is constantly supplied ; 
and in case iron is left to be smelted, it is thrown on 
the heap. In  du§ time, the iron melts into the bottom 
of the fireplace, Und is more or less liquid. Ijf the metal 
is gray, and if it contains a'darge amount of foreign’ 
matter, the process proves to be slow,* for there are no indi
cations of solidification. In this case the workman pro
ceeds to increase the dip of the tuyere, to blow upon the 
iron, and to stir it repeatedly by means of iron bars. If, 
in consequence of this manipulation; the cinder increases 
on the top of the iron, it may be let off, and thrown
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away, for such cinder is useless. W hen this is removed, 
the iron will be exposed in a greater degree to the ac
tion of the blast. I f  the metal still shows no signs of 
becoming pasty, hammer-slag or rich iron ore may be 
thrown upon the fire, and melted down upon the iron. 
The metal, when mottled iron, must be bad and gray 
indeed if  hammer-slag or rich ore fails to “ bring it to 
n a t u r e o r  if, -when it is gray, iron, either of these fails 
to -bring it to a state of boiling.* Iron and cinder will 
then rise spontaneously, and move before the blast. The 
workmen should take care that no metal remains in the 
corners of the hearth. By degrees, the cinder will sub
side, and the iron will become a pasty, tough mass. If 
it is very hard, and feels like lead, the blast is increased, 
for a strong heat is required to weld this tough mass 
into a ball. By continually raising and turning the iron, 
it will become uniformly heated. When it becomes 
tenacious, it may be removed to the hammer or squeezer, 
and reduced to a rectangular prisin five or six inches 
squafe; and if too long, it may be cut. into pieces not 
exceeding^ in length fifteen or sixteen inches. These 
prisms form the blooms of our markets, and are usually 
sent to the rolling mills to be transformed into bars, or, 
generally, into sheet iron or boiler-plates.

The cinder in the hearth, unless present in too large 
quantity, w'hich is seldom the case, may be suffered to 
remain. When the scraps of iron are removed, and the 
lining of the hearth secured, and, if necessary, repaired, 
coal may again be filled in, and the blast turned on.

White iron, and even mottled iron, very seldom boil; 
but, by proper treatment, arrive as a pasty mass at the 
bottom of the hearth, . This mass showld be broken up, 
and brought, to a* greater or less extent, within the 
range of the blast. But this manipulation requires 
caution, where we have to deal with white anthracite 
iron, because this metal commonly works too fast, and, 
if this propensity is favored, bad iron results. Taking

*  B o ilin g  is  due to  the e sc a p e .o f  QO, the oxygen uniting with the 
•C to form  CO  and CO^ a cco rd in g  to condition  o f union.
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. care to prevent the iron from touching the tuyere, we 
should keep it in a pasty state as long as possible, to 
afford the impurities an opportunity of. combining with 
the ginder. When the bottom of the hearth is very 
cold, it is possible that the metal may be gray or fusible, 
though the part which touches the hearth may be hard 
and cold. l a  this case, the iron, whether in mass or in 
pieces, should be carefully brought above the tuyere, 
and once more melted down. In the meantime it is 
advisable to discontinue the cooling of the bottom-plate.

g. The tools required at the blomary fire are very 
simple. A few implements like crowbars; several pairs 
of tongs for lifting the bloom from the fire; and a 
couple of chisels shaped like hatchets, for cutting blooms, 
are all we require. Of the means employed to reduce ' 
the balls to a proper size, we shall speak elsewhere.

h. The results and the expense of this branch of iron 
manufacture of course vary greatly. One kind of metal 
will yield ninety or ninety-two per cent. o,f blooms; 
while another, kind will yield but eighty per cent., or_ 
even a less percentage than that. The same difference 
may be observed in relation to the quantity of fuel re
quired. The number of bushels of charcoal varies from 
150 to 250 per ton of blooms. A blomary fire, conducted 
night and day for a week, furnishes from four to seven 
tons of blooms. Wages of workmen from six to seven 
dollars per ton.

At various places, hot blast is applied with success ; 
but at other places, with but little advantage. In most 
instances it is not employed.

In Europe, the Varieties of blomary fires, or refineries, 
are innumerable.' These varieties depend, in a greater 
or less degree, on the nature .of the coal and iron used, 
and upon the habits of the people. Many arrangements 
produce better iron than that we Have described. But 
the advantages which these possess depend upon cir
cumstances which are hot available in the United States. 
The only ore which does not follow the general rule of 
the oxides and hydrates is the magnetic ore of the dif
ferent States. This ore might be made to produce as
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good iron as the best Swedish. But our furnace owners, 
in their inconsiderate eagerness to realize every possible 
advantage, often produce a metal whose quality cannot 
be at all relied on. Our forge owners, therefore, jrhen 
they desire a good article, are generally compelled to 
do the best they can in relation to economy of fuel.

IV. Finery Fire.

We shall now describe a-process intermediate between 
the blast furnace and the] forge; that is, the finery or 
run-oiLt fire. A description of this should have followed 
that of the blast furnace; but as it is of a later origin, 
and will, besides, be better understood after the expla- 

■ nation of the German finery, we thought it advisable to 
delay our notice of it. This invention is the result of 
necessity. The introduction of stonecoal, coke, and hot 
blast occasioned so much bad pig iron, that some means 
which should remove a portion of the impurities in the 
metal before its removal to the charcoal forge or to the 
puddling furnace were eagerly sought. The necessity 
of an intermediate process will be readily admitted: but 
a more awkward and Unprofitable invention than that 
W’e are considering could not have originated from the 
most unskilful intellect. The apparatus is so worthless 
as scarcely to deserve notice. In fact, when we see the 
large amount of iron which is converted into slag; when 
we see the best charcoal, iron wasted by the Western 
manufacturers, we are justified, we think, in wishing 
that the apparatus had never been invented. But the 
invention exists, and there is no immediate prospect of 
getting rid of i t ; therefore it is our duty to record its 
existence, and to exhibit its construction.

Fig. 156 represents a vertical section, and Fig. 157 a 
ground-plan of a finery. I t  is erected on a platform of 
brick, about twenty inches in height, in the middle of 
which is the hearth or fireplace A. At each of the four 
corners an iron column is erected, upon which a brick 
chimney, two feet in width inside, is built. This fire 
generally works with four tuyeres, that is, two on oppo-
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site sides; or with itour nozzles, and but two tuyeres, on 
the same side. When the latter is the case, two currents 
of blast are conducted into each tuyere, that the whole 
surface of the metal may be exposed to the action of the

Fig. 156.

F inery , o r rn n -o u t fire.

blast. The sides of the hearth are formed of hollow 
cast-iron plates, through which a current of cold water 
is constantly running, to prevent their melting. The 
hearth is generally from three to three and a half 
feet in length, twenty-four inches in width, and twenty- 
four or thirty inches in depth. Around the fire are 
sheet-iron doors, fastened to the columns; these are 
alternately used to prevent the disturbance occasioned 
by strong draughts of wind. Such fires produce a great 
deal of dust, heat, and rubbish, and are generally re
moved from the main buildings. The bottom of the
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hearth is formed of coarse sand, and often df coke dust. 
The nozzles a a are from an inch to 'i|an inch and a quar
ter wide. The blast, of which abou t 400 cubic feet per 
minute are required, is produced in Iron cylinders. In

Fig. 157.

G ro u n d -p la n  o f a  finery .

a prolongation of the tapping hole 5, is the chill mould; 
this is a heavy cast-iron trough, sufficiently large to re
ceive the contents of the hearth. It is commonly ten 
feet in length, thirty inches in width, and four inches in 
depth. A current of water is led around it to keep it 
cool. Pipes, sufficiently large for throwing a strong 
current of water upon the hot iron, should be at our 
disposal at all times.

When the hearth is ready for operation, fire may be

    
 



MANlTFACTUBE OP MALLEABLE, IRON. 655

placed on it, and coke, or, as in many instances,charcoal 
thrown on; the blast is then applied, and pig iron, to the 
amount of five or six hundred pounds, charged at once.
If the iron is very gray, a„ greater dip of the nozzles and 
of the tuyere is given; this secures stronger blast upon 
the metal, which, after being charged, soon comes down. 
When the iron disappeai's from the top, another charge 
is given, and melted down, care being taken that the ' 
coke is duly supplied. In this way, twenty pigs, o r, 
generally one ton of iron, are melted. Some time is 
required, where the iron is gray, before the metal can i 
be let out; and when sparks of burning iron appear to 
be thrown off froni the top of the coke, this time is sup
posed by the workmen to have arrived. After the lapse 
of about two hours, the time required for one heat, the 
tapping hole is opened, and the iron runs into the chill 
mill mould, or» as it is called by the workmen, the pit. 
This mould has been previously washed with a thin clay 
solution, to prevent adhesion of the refined metal to its 
surface. Cinder also flows off with the iron. As soon 
as the metal becomes solid, a strong current of cold 
water is permitted to flow upon it, the reason for which 
we shall explain in anotfier place. In the meanwhile, 
fresh coke and pig iron are charged, and the process 
continued as before.

a. The quality of the reflned iron depends principally 
• upon that of the pig metal; while the quality of the 
latter depends upon the previous manipulation in the 
blast furnace. Good soft gray or white iron generally 
furnishes metal of excellent quality; but white, har'd, 
and brittle pig is very lUtle improved in the finery. 
There have been cases in which 2300 pounds of pig • 
produced a ton of metal; and we have known instances 
in which 3000 pounds of coke iron were used to produce 
the same amount. It is beyond human skill to suggest 
any method by  which a waste of iron, to-a greater or less 
degree, can be prevented.

To what extent this kind of work answers its purpose 
as a forerunner,of the finery forge and puddling fur
nace, we shall investigate at the close of this chapter.
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Some years ago, Mr. Detmold, of New York, introduced 
an improvement upon this mode of refining. He con
structed a reverberatory furnace, resembling in form 
the puddling furnace. The pig iron was melted on a 
large hearth, and the blast thrown upon its surface to 
whiten it. But there is little merit in either of these 
refineries.

V. Puddling Furnaces.
The reverberatory or puddling furnace is. unquestion

ably, of all arrangements, the best adapted to convert 
cast iron into bar iron. The imperfect i*esults which have 
hitherto been obtained with respect to the quality of 
iron, have, as might have been expected, depended upon 
a variety of circumstances. We shall endeavor to give 
a clear and comprehensive insight into the whole mani
pulation, practically and theoretically.

a. At Pittsburg, and throughout the West, the single 
furnace, and on the eastern side of the Alleghany Moun
tains the double furnace, are generally employed. The 
former is the most ancient form of the puddling furnace. 
Fig. 158 exhibits a side elevation of such a furnace, in
cluding the stack. I t  represents the work side at that 
point of view from which the door to the interior can be 
seen. The stack, or chimney, is generally from thirty 
to forty feet in height, and erected upon a solid founda
tion of stones ; this foundation is covered with four, or, 
in many cases, with but two castjiron plates; upon these 
plates, four, columns of cast iron are erected, forming 
four corners of the chimney. A square frame, formed 
of four cast-iron plates, is laid upon these columns; and 
upon this frame the chimney is erected. The exterior 
or rough wall of the chimney, width nine inches, is 
made of common brick, and well secured by iron binders, 
which' are generally flat hoops, from one-ei^th to three- 
sixteenths of an inch thick. These hoops occupy no 
more space than a layer of mortar; and they should be 
placed at intervals of two or three feet, or sometimes of
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even three or four feet, while laying the brick. The 
binders, into which an oblong hole should be made,

Fig. 158.

E le v a tio n  of a  p u d d lin g  fu rnace .

should overlap the brick about two and a half inches; 
through this hole a bar three-fourths of an inch square 
may be pushed. Two of these upright bars, which 
should extend the whole height of the stack, are required 
at each corner. The top of tl^ chimney is covered with 
a cast-iron plate; but this is sometimes dispensed with. 
Such a top-plate is a useful appendage, for it secures the 
bricks; but, if  not properly made, it is troublesome; it 
is apt to break into halves, and fall down, under the in
fluence of heat. To prevent this accident, it is advisable 
that the top-plate should be formed of four pieces screwed 
together; the points in the corners should be left open, 

42
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to give room for expansion from the centre of the plate. 
Fig. 159 represents such a plate from above, and Fig.

160 in a vertical section, with a 
F ig . 159. portion of the brickwork of the

chimney. The interior of the 
stack, should be built of good fire
brick ; for single furnaces sixteen, 
and for double furnaces from eigh
teen to twenty, irtches square. 
The frequent expansion and con
traction of this lining under a 
high heat affect its durability. A 
space of an inch or an inch and a 
half,Teft between the rough wall 

and the in-wall, with a brick occasionally projecting, 
will, to a great degree, prevent contraction. Fig. 160 
exhibits the arrangement of the in-wall and rough wall 
distinctly. A wire reaches from the damper on the top 
to the side of the furnace, the most convenient place for 
the workmen.

P la n  of a  ch im n e y  top .

Fig. 160.

Chimney top.

h. The exterior of the furnace, eleven or twelve feet 
in length, about five feet in height, is composed of cast- 
iron plates. Into the small square hole, coal is thrown. 
The large one is a sliding door for̂  the charge and dis-̂
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Fig. 161.

Door of a puddling furnace.

charge of the iron; the hole in this door is designed for 
the introduction of the tools. The door is suspended on 
a chain, fastened to a lever, 
which is above the head of 
the workman. Fig. 161 re- 
presentp the door on a large 
scale, in which a front view, 
a vertical and horizontal 
section, are shown. The 
•average size of this door is 
twenty-two inches in width, 
and twenty-seven inches in 
height. Its inside towards 
the fire is filled with fire
brick, tightly wedged in.
The .square work hole is 
very much sloped inside, to enable the workman to reach 
every part of the furnace hearth.

Fig. 162 exhibits a vertical section of the furnace and 
the stack. The whole arrangement is a judicious one. 
The structure is built of fire-brick and common brick; 
the former is indicated by the lighter, and the latter by 
the darker, shade of lining. The fireplace on the right 
hand is a separate chamber, designed for nothing else 
than the combustion of fuel. Behind the fireplace, i. e., 
to the left of the fireplace, is the hearth, where the iron 
is charged, melted, and puddled; The hearth is heated 
in part directly by the flame, but chiefly indirectly by 
the reflected heat from the roof, for which reason this 
furnace is called a reverberatory furnace. For western 
bituminous coal, a grate measuring three by two feet is 
sufficiently large; but for anthracite coal, a much larger 
grate is required. The hearth is five feet, sometimes six 
feet in length, and three and a half or four feet in width, 
and of an irregular form. Its bottom and sides are made 
of cast iron, and prevented from melting by a constant 
current of cold air. Formerly, where this was not suffi
ciently strong, a dish of water was sometimes thrown 
under the bottom. By care on the part of the workman, 
the application of water was unnecessary. If the bottom
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plates are so thin as to be in danger of bending, they 
should be supported by props made of iron rods.

Fig. 162.

Vertical section of a puddling furnace.

After heating the hearth, the flame is conducted 
through the inclined flue into the stack. The size of 
the flue depends on that of the hearth, and upon the 
interior dimensions and height of the stack. A flue ten 
by twelve inches square is considered to be sufficiently 
large for a single furnace. A large hearth with a nar
row and low stack requires a larger flue than a small 
hearth with a high or wide chimney. The dimensions 
of the grate increase with the incombustible, and de
crease with the inflammable, nature of the fuel we em
ploy. A grate measuring one square foot is large enough 
for dry wood; while for anthracite coal a grate of twenty
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square feet is required. Behind the furnace, on one 
side of the stack, a small fire is seen burning. This fire 
is to be kept up at those furnaces where the fire-bricks 
produce cinders, or where the slag from the furnace 
heurth passes the flue bridge. The accumulation of cin
der obstructs the passage of the flame; and a small fire 
at the flue, with a slight draught into the chimney, 
keeps that part of the furnace sufficiently warm to pre
vent such accidents. Fig. 163‘represents a section of a

Fig. 163.

Vertical section of a single puddling furnace.

furnace on a larger scale than the above; the furnace 
also is shown more distinctly. The ground plan of this 
furnace is exhibited by Fig. 164, in which the form of 
the hearth, the plan of the fire chamber, grate, and the 
fire bridge, are clearly shown. In these illustrations, the 
cast-iron plates which inclose the hearth are also clearly 
shown. These plates, about ten or twelve inches high, 
are made to cross the bridges, as well as to secure what
ever else needs security.

c. The process consists of puddling and boiling. 
Puddling is very nearly the same thing as boiling, with 
slight differences in manipulation. In puddling, metal
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from the run-out fire* is worked, and sometimes mixed 
with good white charcoal metal from the blast furnace.

Fig. 164.

Ground-plan of a single puddling furnace.

•In boiling, the gray or mottled pig iron is brought di
rectly to the furnace, and refined by means of slag; this 
iron, in the course of the manipulation, rises along with 
the cinder, and its motion is like that of boiling water. 
The latter process would, of course, be the more profita
ble, if generally effected ; but on account of cinder, there 
is a limit to the boiling operation. Therefore, in a rolling 
mill forge, half the furnaces are sometimes employed for 
boiling, and half for puddling; the latter supplies cinder 
for the former.

d. The process of operation, in these furnaces, is as 
follows; A new furnace is dried slowly; that is, a small 
fire is put in the grate, not quite filled with coal. This 
fire is usually kept up for three or four days. After the 
furnace is dry, which is indicated by the cessation of 
vapors from the brickwork, the grate is cleared from 
clinkers. A good stonecoal fire is then kindled, which, 
in the course of four or five hours, will bring the fur
nace to a heat proper for charging the metal. Previous 
to this, the iron bottom of the hearth is covered with 
finely pounded cinders from a charcoal forge, or from 
another puddling furnace, or from a reheating furnace. 
If  none can be obtained, cinder from a blast furnace 
will answer. This cinder is broken into uniform pieces

* M etal ran m elted  into the puddling furnace.
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of about an inch in size. A portion of it is thrown 
around the sides and bridges, and covers the bottom to 
the height of three or four inches. Fire should then be 
applied to the cinder for about five hours. By poundiug 
it, when it gets soft, so as to 611 all the Crevices, -the 
cinder will not only melt more readily, but the furnace 
will become more thoroughly heated. A perfect fusion 
of the cinder is required before iron is charged, other
wise, it will not form a solid liriing over the irop plates 
and bottom. But for this object alone it is employed. 
If crevices are left in the cinder, drops of melted iron 
will find them, and penetrate to the irpn bottom of the 
hearth. Thus the thickness of the bottom is not only 
unnecessarily increased, but it is made rough, and occa
sions troublesome manipulation; besides, a portion of 
the iron is lost. Whep the cinder is melted, and the 
bottom and sides properly protected, the door is lifted, 
and cold cinder mixed with the melted mass. When 
the bottom is so far cooled that the tools make no im
pression On it, the metal is thrown in, the door shut, and 
the fire brought to good order. The door, which, as 
shown in the drawing moves in a frame, is fastened by. 
two wedges. One on each side. These wedges are driven 
in between the frame and the door; for which reason, 
the door is.about an inch smaller than the frame. Fine 
cinder, or hammer-slag, is thrown around the door, to 
prevent a draught of cool air through the crevices. In 
the work hole a piece of coal is laid, covered by a small 
plate of sheet iron. Meanwhile the door is secured hy 
the puddler, and the helper charges coal, cleans the 
grate, and heats the furnace as strongly as possible. 
Within a quarter of an hour, the iron, in some places, 
begins to get red; the helper then takes a bar, intro
duces it through the hole in the door and turns the iron, 
that is, he "moves the warm iron to a cold, and the cold 
iron to a warm place; after which a fresh charge of coal 
is supplied. Within half an hour, if everything is in 
good order, the metal becomes white, and ready to melt, 
when the helper, by means of a hook, breaks the pieces, 
and mixes the iron with the half liquid cinder; at the
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same time, the puddler stirs the grate, with the object 
of augmenting the heat. In  forty-five minutes the iron 
jnay be brought under the protection of the cinder. At 
this point, the divergence in the manipulations of pud
dling and boiling commences. W e shall first speak of 
puddling; but, preliminary to this, we shall describe the 
tools applicable to this process.

e. Most of the tools consist of iron bars and hooks. 
Five or six are required at each furnace. Fig. 165 rep
resents a bar from five to six feet in length. One end 
of it is sharpened and square ; the other end terminates 
in a round knob, which enables the workman to handle 
it with facility. The lengthier portion of the bar and

Fig. 165.

Puddling bar.

ho6k is eight-sided, for a bar of this shape is held more 
firmly than one that is round. These tools suffer greatly

Fig. 166.

Puddling hook, or rabble.

from the heat of the furnace, particularly when used for 
too long a time at once by careless workmen. The heat is 
apt to slit and break the iron. For this reason, charcoal 
foi’ge iron is preferable to puddled iron for tools. A 
watentrough, six feet in length, twelve inches in depth, 
and fifteen inches in width, is attached to each furnace. 
This trough should be constantly supplied by a stream 
of cold water, to cool the heated tools. A Ikrge. pair of 
tongs is also required to grasp the hot balls in the fur
nace. These balls are either, dragged on iron slopes to 
the hammer or squeezer, or, as is more commonly the 
case, they are loaded on iron wheelbarrows, or carriages, 
made expressly for the purpose, and wheeled by the
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helper to their appropriate destination. A flat bar, with 
a round handle, for stirring the fire, and cleaning' the 
grate; a coal shovel; a small hammer; and an oblong, 
sheet iron dish for throwing water or hammer-slag .in 
the furnace, complete the list of implements requisite at 
a puddling furnace, '

f .  When the metal is heated to such a degree that a 
blow from a hook will break it, the damper should be 
lowered, If, the iron as not of the best quality, the 
damper should be very nearly, closed, so as to prevent 
the access of oxygen until the metal is thoroughly mixed 
with the cinder.' By this means the iron is protected; 
time is given to the workman to break it, and an oppor
tunity afforded for a combination of the impurities with 
the cinder. Where the metal is of good quality, so 
much attention is not required at this stage of the pro
cess. W hen the iron *is well worked into the cinder, 
the dainper may be slightly raised; and if but little 
flame is in the furnace, a Small quantity of coal may be 
thrown into the , grate, and the fire stirred. At this 
point the duties of the assistant Workman cease. The 
puddler, then, with a good sharp bar, frees the bottom 
and sides of the furnace of any lumps of metal, or lumps 
of iron already refined; and in case the .bottom is not 
perfectly smooth, he takes away the projecting parts, 
which are generally metal, adhering to the cinder. 
Gradually, the mixture of iron and cinder rises sponta
neously, and exhibits a kind of fermentation. This may 
be kept down by raising the damper; dr, by stirring the 
fire, it may be permitted to rise still higher. If  all th^ 
iron is melted, and the furnace in good order, the rising 
must be prevented; but if the furnace is not quite clean, 
it is preferable to iqaintain a low temperature until all 
the iron is mixed in small particles with the cinder. 
When this is fairly accomplished, the damper may be 
slightly raised, so that, in addition to the heat, a small 
quantity of oxygen may pass through the iron. Should 
the metal have been of good quality, but little time is 
required to separate the iron and cinder; this stage of 
the operation is called coming to nature^ and is charac-
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terized by the iron forming at first small, and to all ap
pearances round particles of the size of peas, which swim 
in the cinder. W hen'these particles of refined iron be
gin to grow larger, by adhering one to another, *the 
daniper may be raised, and the heat in the furnace 
brought, by degrees, to the highest point. The accumu
lation of the particle then proceeds rapidly. Active 
manipulation is required to prevent the formation of too 
large masses. By breaking up. and turning, the whole 
mass is uniformly heated. After a short time, by squeez
ing the small lumps, by means of the bar or hook, round 
balls, twelve or fifteen inches in diameter, or seventy or 
eighty pounds in weight, are formed. After all the balls 
are finished, the work is shut for a few minutes, that a 
final and thorough heat may be given to tbe iron. When 
this is accomplished, the wedges at the door are loosened, 
the door is lifted by the helper, and the puddler takes 
one ball after another to the hammer or squeezer, or 
loads it on an iron hand-cart, which the helper wheels 
to its place of destination.

g. I f  the metal charged is gray or mottled, a some
what different method of working it is pursued. So far 
as the heating of the iron is concerned, but little differ
ence in the treatment is required, though the heat, be
fore commencing operations, must be stronger than in 
the puddling process. I t requires some skill to hit the 
proper timfe for commencing operations. If we com
mence too soon, the iron will divide into small particles, 
and assume a somewhat sandy appearance; in this case 

•the work will not o;aly proceed slowly, but the iron will 
be of inferior quality. If, on the other hand, the metal 
is melted perfectly, the result will be rapid woi’k, and an 
excellent quality of iron. Melting of the metal may be 
accomplished by leaving the damper open until the iron 
and cinder have become sufllciently liquid, after which 
it .must be shut to exclude atmospheric air. At this time 
the interior of the furflace appears dark and smoky, and 
black fumes issue from the almost closed top of the stack, 
The melted mass is continually stirred, and at intervals 
of a few minutes,-fluxes, consisting of hammer-slag, or
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pounded ore and water, are applied. If  these act their 
part well, the surface of the mass will be covered, €o a 
greater or less extent, with blue flames. Within twenty 
minutes the cinder commences to rise; a kind of fermen
tation takes place beneath its surface; and the mass, at 
first but two inches high, rises to a height of ten or twelve 
inches. W hilst the cinder and iron are.thu% rising, con
stant stirring is required to prevent the settling of the 
iron on the bottom, which is now deprived of the direct 
influence of heat. If the process goes on well, no iron 
is yet visible. Wheil the cinder rises to its proper 
height, the duties of the helper cease. The puddler 
then commences, by means of a sharp bar, to free the 
bottom and sides of the furnace of lumps of metal. At 
this point the damper may be slightly raised; aa<l, by 
the addition of a small quantity of coal, a bright flame 
may be produced. Soon after this,' the iron is seen in 
small, bright spots at the surface of the cinder, and then 
alternately appears and disappears. Brisk stirring at 
the bottom and at the sides is now requisite to prevent 
the iron from remaining at the cold bottom, after having 
once been at the surface. The iron and cinder, when in 
lively motion, have a striking resemblance to the boiling 
of corn; from this resemblance the term boiling is der 
rived. At a well-managed furnace, the boiling lasts 
about a quarter of an hour; the cinder gradually sinkS:; 
and the iron appears in the form of pOrous, spongy 
masses, of irregular size, which are to be stirred, to pre?- 
vent their adhering together in lumps too large :to be 
formed into balls. At this stage of the process the heat 
should be raised as high as practicable. The iron, even 
in its spongy form, will be quite hard, and a good heat 
is required to soften it sufficiently for welding. If  the 
heat is not strong, the iron is not apt to stick; and if 
put together by squeezing, it will not bear shingling; 
besides, the balls are likely to break under the hammer, 
or in the squeezer.

The method of removing the balls .js the same as that 
before described. ,

Puddling and boiling differ mainly in the method of
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bringing the iron to nature; that is, producing that 
transformation of metal which constitutes bar iron. 
The difference between white and gray iron does not 
produce the difference in the work, but the degree of 
fusibility of the iron, and the time required to crystallize 
it. The description we have given of boiling and pud
dling applies only to cases in which good wrought iron 
is produced. Instances occur in which both processes 
are applied in the same case; and we think we shall but 
slightly err if  We state that the puddling operation is 
generally conducted, to a greater or less degree, to a 
state of boiling.

, h. The construction of boiling and puddling furnaces 
does not vary materially except in the depth of the 
hearth; that is, in the distance from the work-plate 
below the door to the bottom plate. In the latter, a 
depth of six inches is sufficient; while in the former, a 
depth of eleven or twelve inches is required. In the 
puddling furnace, the distance between the bottom and 
top seldom exceeds twenty inches; in the boiling fur
nace, it varies from tvventy to thirty inches. In the 
former, the iron boshes do not always reach all round 
the hearth, but are frequently confined to both bridges; 
in addition to which the sloping sides are of fire-brick.

i. In  puddling, the furnace is charged with metal 
alone; but in boiling, cinder is charged along with the 
metal. When the balls are removed from the boiling 
furnace, a large mass of fused cinder remains in the 
bottom, a part of which is let off, through the tap-hole 
below the work door, into a two-wheeled iron hand-cart. 
A small portion of the liquid cinder is left in the fur
nace. A large quantity of cold cinder, from the hammer 
or squeezer, is now thrown upon the pasty cinder; and 
upon this cinder the pig metal is placed. The cinder 
which results from boiling is of inferior quality, but it 
is improved when mixed with that from the puddling 
furnace. For this reason, puddling furnaces are used at 
the western puddling establishments. Charcoal forge 
cinder, added to the above hammer cinder, is still better 
than that from the puddling furnace.
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At the Pittsburg works, it is customary for the pud- 
dlers to make six, and the boilers to make five heats in 
a turn, of a charge weighing 350 pounds. This is ac
complished in eight or nine hours. The workmen make 
but two turns in twenty-four hours; therefore an inter- 
A'al of six to seven* hours, during the night, is left, in 
which the furnaces are stopped up. The workmen 
change every day at twelve o’clock; the first set begin 
at three or four o’clock in the morning, and the second 
cease at about ten at night.

k. The construction of the western puddling furnaces 
does not differ’materially from that of the single furnace 
generally in use in England; but they are distinguished 
by ii'on boshes, by which the hearth is lined all around, 
which is not the case anywhere else in single furnaces.

In the Eastern States, there are single puddling fur
naces in use. Where anthracite is employed, the con
struction of the fireplaces is modified. The following 
illustrations will serve the purpose of description: Fig. 
167 represents an anthracite furnace dissected vertically

Fig. 167.

Puddling furnace for anthracite coal.

through the grate, hearth, and chimney. The arrange
ment varies but slightly from that of the single furnace 
we have already, described, with the exception that the 
grate is deeper. In this furnace, coal can be filled to the 
depth of twenty to twenty-four inches; while, in the
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bituminous coal furnace, a depth of ten or twelve inches 
is sufficient. The cross binders, which Ave omitted to 
mention in our description of the single furnace, are 
marked a a. These binders are a necessary element in 
the construction of a furnace. They are wrought-iron 
square bars, either with screw and hut, or with a key, 
and serve to bind together the cast-iron plates of the in
closure. They prevent the sinking of the roof caused 
by the expansion and contraction of the fire-brick. , The 
two holes below the grate serve for the passage of the 
blast. For this purpose, one orifice is usually deemed 
sufficient. The blast machines are fans; arid, as pressure 
of the blast is unnecessary, they sferve every purpose. 
W e have spoken of these in another place.

The incombustibility of anthracite coal makes the ap
plication of blast necessary. A chimney cannot draAV 
through a high column of coal an amount of air sufficient 
to give it the requisite heat. I f  the column of coal in 
the grate is left low, all of the oxygen of the air is not 
absorbed, and the quality of the heat is impaired. An
thracite can be most successfully burnt, when blast is 
applied to it.

Fig. 168 exhibits a horizontal section of the double 
furnace. The hearth and grate are seen from above.

Fig. 168.

I T  I T

Anthracite double puddling furnace, horizontal section.

In a double furnace, the grate commonly measures three 
by five, and in a single furnace, three by four feet. The 
width of the furnace externally is from five and a half to 
six feet. Some furnaces measure even seven feet; but
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tMs is rare. The hearth is generally dx feet in length, 
and its width accords with that of the furnace. The flue 
ought to measure at least 150 square inches; and W o re  
than that, if the chimney is narrow. However, a flue 
tvventy.four inches in width, and seven inches in height, 
may be considered of good size. The chimtiey H some
times of larger dimensions than necessary. A lining 
sixteen inches square is sufficiently wide for a double or 
single furnace. A chimney high.enough to carry the 
hot gases out of the furnace is, under all circumstances, 
sufficient. The draught, and consequently the heat, 
depend upon the blast, for which reason it matters very. 
little what kind of chimney is employed.

The main difference between the double and the single 
furnace is, that in the former there are two work doors, 
one directly opposite the other. Therefore, two sets of 
workmen are required at the same time. In this fur
nace, double the quantity of metal is charged, and of 
course the yieW is twice that of a single apparatus. The 
advantages of this arrangement are obvious. Rooms, 
building expenses, and fuel are economized, and Whch 
of the labor of the workmen saved. Besides, but one 
good puddler is required for managing the operation; 
while at a single furnace two are needed. Of course, no 
more repairs are required for one furnace than for the 
other.

The arrangement of the hearth in a double furnace 
Varies considerably. In Pennsylvania and the anthracite 
region, the boshes are made of soapstone, a I’efractory 
material found in Eastern Pennsylvania and New Jersey. 
In some places, they are made of p refract6ry ore, mag
netic oxide, mixed with soapstone. In the State of 
New York, and the New England States, the fuimaces 
are provided, with hollow iron boshes; and where an
thracite is employed, the blast is led through these 
boshes, and the air, thus heated, applied to the coal. In 
many cases, where the boshes are of iron, iron ore is 
used, partly to. protect the boshes and partly to flux the 
iron. Oh the Hudson River, the crystalline magnetic 
ore from Lake Champlain, an excellent article, is em-
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ployed for this purpose. The following illustration 
(Fig. 169) of the cast iron hollow boshes will be under
stood without any description. Their height is usually

Fig. 169.

Double furnace with air boshes and heating stove.

from twelve to fifteen inches; their width at the bottom 
six, and at the top from three to four inches ; the inside 
slopes toward the centre. These plates are generally so 
arranged that the whole is cast in two parts, and divided 
at the doors. Each part forms a bridge, and its two 
wings serve to form the" sides.

There is no difference between the manipulations at 
this, and those at the single furnace. It can be used 
either for puddling or for boiling; or, at least, a process 
analogous to boiling. That is to say, the fermentation 
is carried to half the extent of that usual in regular 
boiling. At one time; this furnace labored under a 
serious disadvantage. The quantity of iron it would 
prepare at once, sometimes amounted to 900 pounds. 
Therefore, the time necessary for shingling so large an 
amount at the hammer, or the old-fashioned squeezer, 
was not only injurious to the iron, but occasioned a loss 
of time to the workmen. This difficulty is at present 
effectually removed by Burden’s rotary squeezer.

1. At some Eastern establishments, the heating stove 
is applied to the puddling furnace. I t forms an append
age or prolongation of the hearth. Its location is gen
erally between the pillars of the stack. It is charged
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from behind, and on this account is very convenient. 
Fig. 169 shows the arrangement of this stove. With 
experienced workmen, it affords facilities for econo
mizing fuel and time; but with awkward workmen, it 
is of doubtful utility.

Before we give the general practical rules which should 
guide us in our manipulations, we shall present two very 
interesting illustrations of puddling.

m. Fig. 170 represents a section of a single furnace in 
operation at Hyanges, France. The general appearance

Fig. 170.

S ing le  p a d d lin g  fu rnace  a t  H yanges.

of this resembles that of any other puddling furnace, 
with the exception of the manner in which the heating 
stove is applied. In this instance, it forms a prolonga
tion of the hearth, while the flue is behind it, leading 
to the stack. Bituminous coal is used, and the grate is 
constructed in accordance with this circumstance. Thus 
far there is nothing unusual in this furnace. Its char
acteristic feature is, that its bottom is of cast iron, which 
is from four to five inches thick. The fire bridge is 
about six inches high; the flue bridge, formed by the 
stove, is of the same height. At the centre, the bottom 
is four inches deeper than at the sides, and is about four 
and a half feet in width by five in length. It is secured 
from below by iron props, and therefore, when burnt 
or cracked, may be replaced by a new one.

In this furnace, the worst kind of coke iron is con
verted into fibi’ous bar iron of very fine appearance; but 
for the blacksmith’s use, this article is of poor quality. 

43
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To those manufacturers who desire to produce cheap 
iron, with no special regard to quality, tliis furnace is 
worthy of imitation. The pig iron of Hyanges is smelted 
from a brown, fossiliferous ore resembling the fossiliferous 
ore of Eastern Pennsylvania. I t  is run into large chills, 
directly from the blast furnace, and coole^ off as at a • 
running-out fire.

After being properly heated, the furnace is charged 
with a small wheelbarrowful of hammer cinder, mixed 
with pounded feldspar. The metal in the stove, previ
ously char*ged and red-hot, is drawn by the puddler upon 
the cinder. The furnace is then closed, and a good fire 
prepared. 'Within a quarter of an hour, the metal will 
be sufficiently heated for working; that is, it wifi be 
red-hot, though not melted. The puddler commences to 
break up the iron, and mix it with the cinder; the mass 
is gradually fused and the cinder" and iron exhibit a 
tendency to rise. At this stage of the process the tap 
hole is opened, and the main body of cinder let out. 
Only a suflicient amount is retained to work the iron. 
In  the mean time, a good fire is prepared; and the 
puddler drawe the damper rod as soon as the cinder has 
flowed out. The refuse cinder is then covered with 
ashes, and the operations vigorously prosecuted. If well 
conducted-^and this consists only in quick work, for the 
iron comes to nature when the surplus cinder is gone— 
the whole process will be completed in an hour. When 
the balls are finished, and the door closed up for a final 
heat, the motal is charged into the stove,, after which it 
is drawn and shingled. The process is then again com
menced, and continued as before.

At this furnace, but one workman is required at a 
time. A heat is commenced and finished by one man, 
without any help; the next heat is worked by another 
puddler. Some workmen employ a boy for stirring the 
fire ; but this is not always the case, for the boy must be 
paid from their own earnings. A t the time we visited 
the works at Hyanges, 260 kilogrammes (equal to 550 
pounds) forrhed a charge; and nine or ten heats were 
made in twelve hours, the workmen changing, however.
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at every six heats. With four workmen, a single fur* 
nace furnishe3 from twenty to twenty-five tons of iron 

, per week; a great deal of which time was consumed in 
shingling the balls. By the use of BurdOn’s squeezer, 
thirty tons per week could be produced. The manipula
tion at the Pyanges furnaces diffei'S from that at conjraon 
furnaces in the feet t)iat the puddling is done on a red- 
hot iron bottom, as well as in the fact that a feldspar 
dux is added to the cinder. In another place, we shall 
investigate the reasons why this process differs so ma
terially froni the common puddling operations, j 
. n. During a period of three ot four years, we were 

placed in a position which required the highest degree 
of perseverance. We engaged in> the most difficult en
terprises, with the object of improving the puddling 
Operations; sometimes with success, and at other times 
failing to accomplish what we had proposed to ourselves 
as the result of our labOrs. The results of the experience 
thus acquired, it is our purpose to relate, with the hope 
that they may prove useful to those, engaged in this dif
ficult department of labor.

In the years intervening between 1882 and 1836, great 
exertions were made by iron mSnufacturers to improve 
the .quality, and to increase the quantity, of iron, by 
means of artificial fluxes, I t was already a matter of 
conviction * amongst educated metallurgists, that the 
quality of the metal in the furnace depended upon the 
accompanying cinder. The conclusion very naturally 
followed, that, if we could prepare a cinder of given 
quality, the desired metal might be obtained with Com
parative ease. However true the fundamental premise 
may be, the sequel proved either that the conclusion was 
only measurably true, or that a cinder answering, in 
every respect, our wishes, remained y^t a desideratum. 
In the investigation of this subject, numerous experi
ments were made, in which we participated. In apply
ing the artificial composition of cinder to the puddling 
furnace, subsilicates of such,remarkable fusibility re
sulted, that the best fire-brick was, after a few heats, 
entirely destroyed. But a settled conviction was arrived
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at, that the injurious admixtures of a metal no longer 
formed an obstacle in furnace operations; for phosphorus, 
sulphur, and silex were so completely removed from the 
iron, that no • difference appeared to exist between the 
best and the worst metal. On the contrary, there was 
reason to believe that the advantage was on the side of 
the inferior metals. How far. the latter conclusion is 
true, we shall hereafter see. In consequence of the de
struction of the hearth, we lined the furnaces with cast 
iron, wrought iron, and other refractory materials; but 
all to no purpose. The uniform result was that the 
cinder was either too fusible, or that the iron manufac
tured was so hard and tough as to require a heat which 
no lining could withstand. x\fter innumerable, experi
ments, we succeeded in constructing a double furnace 
with water boshes. At first, this answered every pur
pose ; but how it succeeded where we had to deal with 
different metals, we shall relate in another place. Never
theless, from the construction of that furnace, the prin
ciple was established which, with proper modifications, 
is applicable in all cases. As this principle was the basis 
of all subsequent modifications, and as it was extensively 
adopted throughout the Continent of Europe, we shall 
present an engraving of the furnace, and notice in an
other place the alterations which it has since received.

Fig. 171 represents a vertical section of the double

Fig. 171.

Double furnace with water boshes.

furnace. The boshes are heavy cast-iron plates, ten inches 
high, five inches thick, and with a small passage of about
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an inch or an inch and a half bore. They extend all 
around the hearth, being coupled at one door. . \ t  the

Fig. 172.

Ground-plan of a puddling furnace with water boshes.

other, the water has entrance and exit. But very little 
water is required to keep these boshes cool. The bot
tom of the furnace is formed of small cast-iron plates, 
about twelve inches in width; their length correspond
ing w'ith the width of the furnace. The grate measures 
three feet in width by two fe'et in length; length of 
hearth six feet, and width between the doors five feet. 
Stack forty feet in height, and diameter of lining eighteen 
inches. W idth of flue twenty-four inches; height six. 
Distance between the iron bottom of the furnace and the 
brick roof twenty-eight inches. The lower parts of the 
furnace are open, so as to permit a free circulation of air 
to cool the bottom.

This furnace works exceedingly well in all cases in 
which inferior cold or hot-short iron, smelted by heavy 
bui'den, is puddled. From any fusible metal, that is, from 
any metal srnelted from a heavy burden, or by low tem
perature, very superior iron may be puddled by the ap- 
■plication of artificial fluxes. Iron equal to the best 
charcoal iron may be manufactured from cold-short, or 
from any very fusible metal. But for gray metal of 
small burden, particularly for all coke, stone coal, or hot- 
blast iron, these furnaces are of questionable utility. 
For white metal they are perfectly useless. We failed 
invariably in our attempts to work white metal of small 
bui'den, whether it belonged to the best quality, or 
whether it was smelted by coke or anthracite, or hot 
blast.
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o. The manipulation in this furnace does not differ 
from that previously described; but, as the application 
of artificial fluxes is not practically so well understood, 
we shall briefly describe it. This furnace is not adapted 
for puddling, or for the working of white metal, but for 
boiling alone. I t  is heated in the same manner as any 
other furnace. Cinder is filled and melted as described 
heretofore. At the close of every heat, a portion of 
cinder is let off, in case too much exists at the bottom. 
But this is not likely to be the case, if due care is ob
served. When the cinder at the bottom is cooled off, 
the metal is charged in the middle of the furnace. This 
may be taken from the heating stove, in case one is con
nected with the furnace. Should there be a good fire, 
it will be ready for work in half an hour, when it may 
be broken up, and mixed with the cinder. When the 
pig iron is bad, that is; cold-short or hot-short; or where 
it contains sulphur, phosphorus, and silex, besides car
bon, the fire should be w'ell stirred, without charging 
fresh coal, and the tern jterature raised sufficiently high to 
melt the iron perfectly; otherwise we cannot produce a 
good article. W hether the iron is melted, and not 
merely mixed with the cinder, may be known by the 
formation of bright streaks in it. When the mass is 
thoroughly liquid, the damper may be almost completely 
shut; still, the interior of the furnace should be bright, 
though the flame is not visible. The artificial flux is 
now thrown into the furnace, at intervals of one minute. 
Assuming this flux to be divided into ten or twelve por
tions, all of it may be applied in fifteen minutes. During 
this application, iron of good quality rises; hut that 
which is bad, or very liquid, rises only by means of 
hammer slag or water. Before the cinder rises, blue 
flames, in many cases, literally cover the surfa.ce; but 
cease when the iron domes to nature, that is, shows itself 
at the surface in little specks. One hour is sufficient 
for this part of the process, that is, from the charging 
till the appearance of the refined iron. Some metals 
work slowly; but this difficulty may be remedied by the 
construction of the furnace. When the iron is refined,
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that is, when it  boils strongly, and begins to rise, the 
damper may be raised, and fresh coal applied. The boil
ing will thus be brought to a stop. By gradually increas
ing the heat, working fast, and turning the finished iron, 
which is now in spongy, open lumps, the cinder rapidly 
sinks, and the iron is left bare, veady for balling. If  the 
.depth of the boiling cinder, at its highest point, is five 
or six inches, ope turning will be sufficient; but if ten 
or twelve inches, the iron generally becomes so cold in 
the bottom, that a turning back and forward several 
times is required. If  this kind of boiled iron is balled 
up cold, it will break under the hammer or squeezer, of 
whatever quality it may be. The responsibility of this 
department rests upon the pUddler, This process differs 
from other processes principally in the melting-in of the 
metal. The more inferior the metal, the more carefully, 
should this be performed.

If the metal is of poor quality, a charge should never 
exceed 700 pounds; but if otherwise, it may be increased 
to 800, and ‘even 900  ̂pounds. Bad pig iron, though 
inclined to work slowly, may be virorked quite as fast as 
that which is good, if the charges are small. The quality 
of puddled iron may be made equally good under all cir
cumstances. Pig iron may contain phosphorus, sulphur, • 
or any injurious admixture except copper. Puddled 
iron may be completely freed of them. Par iron manu
factured from the most cold-short gray pig iron which 
contains phosphorus, may be made superior, in every 
respect, to that manufactured from the best metal.]
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C H A P T E R  I I .

RECENT IMPROVEMENTS IN THE CONSTRUCTION OP PUD-- 
DLING FURNACES—-PRESENT PROCESSES AND METHODS 
OF REPINING.'

At Catasauqlia on the Lehigh, Pa., a water bosh has 
been added to the furnace and placed immediately at 
the inner angle formed by the stack and the top of the 
furnace in the outside. I t has been found that there is 
a V ery  great consumption of the material on inside cor 
responding with this part of the furnace on the outside 
and much delay is caused by the repairing of this part 
W e are informed by Mr. Oliver Williams, the Superin 
tendent, that since the introduction of this water bosh 
at this pointi a very large saving has been effected in 
brick and in the time consumed in repairing.

There is no doubt much practical common sense, and 
considerable science, to be exercised in the application 
of water boshes of any kind, as absorbents of heat from 
these furnaces. Too many and too large boshes of this 
kind, while they prevent the sensation of heat externally 
and waste by heat internally, lessen the efficiency of the 
furnace heat, cause increased expenditure of coal, and 
delay the proper operation, or destroy the proper effect 
of heat upon the charge. In all these improvements, 
therefore, these results are carefully to be guarded against. 
A very important form of outside lining has beeh adopted 
at the Cambria Rolling Mill, Johnstown; at Scranton, 
Pa., and elsewhere, of semicircular headings of about 2 j  
inches diameter, resembling a contiguous series of long 
half cylinders with alternate concavities and convexities. 
These semi-cylinders running up and down immediately 
against the outside lining of the furnace, have a tendency 
to disperse the radiated heat, making it less disagreeable 
to the workmen. I t appears to us, however,“that a better
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form might he adopted in a series of vertically and 
angularly placed Slats, whereby the heat might be more 
effectually deflected from a radiating line immediately in 
front of the working-door, or better yet, a temporary 
thin* casing raised half a foot from the ground, and two 
inches off the wall of the furnace lined, if necessary, with 
a thin coating of fire-clay. This,, while it does not lessen 
the heat in the furnace at all, would, by an ascending 
current and because of non-conduction, very materially 
lessen the radiant heat. Experiments upon our sugges
tion of angiilar casing’ (a plan-section being like a series 
of the letter W, with angles joined thus, WW'WW) 
have given satisfaction, but the other plan might be 
satisfactory. (See Plate' at end of this volume )

The utilization o f the waste gases of the puddling fur
naces, is a. subject of great importance, and one attiong 
the most complete plans of construction, taking into con
sideration all things connected, with the furnace, and 
involving this utilization, may be found at Oxford Fur* 
nace, on the Delaware and Lackawanna Railroad, in 
Warren Co„ N. J. Some French engineers, on a visit 
to this country, expressed themselves .so exceedingly 
well pleased with the plans, that we have given an illus- 
tration at the close of this volume from drawings fur
nished us by Mr. Wm. Scranton, of the Works. We 
understand that many parts are from suggestions of the 
able superintendent, Mr. Henry. The furnaces are all 
single puddling furnaces, and the boilers are flue boilers. 
Generally that part of the flue which receives the flame is 
lined a short distance with fire-brick. Plates IIL , IV. 
The semi-cylindrical casings are seen represented. A 
fan is used for blast. We have given these furnaces in 
detail, as we know of no furnaces in the country superior 
to these. Mr. Wilhelm, formerly of the Company of 
Evans & Co.’s Rolling Mill, Phillipsburg, N. J., informs 
us that from a personal examination of a lining of pud
dling furnaces, lately invented and applied by a mechanic 
in New York city, he is persuaded that a great improve
ment* is about to be effected in this important point. 
The lining, from what we can learn, not having examined
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it sufficiently to give our own opinion, is a composition of 
fire-clay of tlie best sort, somewhat improved by addition 
of some other material, perhaps a magnesian silicate, and 
is put in after the furnace walls are complete. It is 
made tO adhere to the walls by some mechanical ex
pedient which seems quite effective. There is no doubt 
that entire solidity of lining would be an advantage, and 
if anything more durable than fire-clay can be had, the 
additional benefit may'easily be imagined and readily 
appreciated.

Double puddling furnaces are an advantage where 
the puddlers can be induced to work together. If one 
waits for the other the disadvantages make the saving 
on the whole a doubtful matter, double the quantity of 
pig is charged, and where the running-in process is * 
adopted, one half the coal is saved (fully or more) when 
compared with the single furnaces working cold iron. 
But the loss' of iron where the workmen do not bring 
their heats up at the same time, more than causes loss 
equal to the saving of coal.

Truran makes a distinction between the boiling fur
nace and the puddling furnace, principally confined to 
the lowering of the fiue-bridge and raising the bottom 
to within eight inches of the door. In boiling the 
crude iron it is usual to withdraw the balls before 
charging afresh, but in puddling, the pigs are introduced 
so that the decreased heat is due to the absorption of 
heat by the pigs, introduced back by the flue for the 
next heat.

For the protection o f the sides o f the furnace^ which, 
because tho cinder did not cover tlxem, have been rapidly 
burned away by the iron, the Welsh use fire-clay, but 
calcined forge cinders, calcined so far as to make a re
fractory silicate of iron, are very successfully used. 
Cinders containing much iron, and little silica and 
alumina, are not so good as leaner cinders. Limestone 
seems to be preferred in some places.

Protecting Puddling Furnaces with Water.—Metal 
troughs, protected with thin layers of fire-brick,' have 
been used, and air or Water passed through constantly.

    
 



c o n s t r u c t io n  9 f  p u d d l i n g  Fu r n a c e s . 683

But the water being obstructed has Caused explosions, 
and beside, it has been foiind that the absorption of beat 
has rendered it doubtful whether any advantage has ac
crued, and in some cases it was plain that the plan Was 
air injury. The theory of the furnace! in its reverberatory 
arch and in even the glaze of the brick, is to obtain the 
highest amount of heat and expend all upon the metal, 
,and by ascertaining the temperature, of the water on 
entrance and of that water on its exit, and the quantity 
heated per day, the whole loss can be easily calculated. 
With a wall eight or nine inches thick of fire-claiy brick 
little heat is conducted off; and this brick lasts generally 
from three to four months, according to the intensity of 
heat and the nature and quality of brick.

The horizontal area o f chimney flue, at the juncture 
with the furnace, is determined from the nature of the 
coal used; a* very bituminous coal requiring a larger 
area than-one less. This area, called by furnace makers 
“ the take up” with very bituminous coal and with a 
grate measuring two feet eight by three feet nine, is 
eighteen inches square,’or thirty-two inches of flue area 
for each superficial foot of grate. When the coal is 
semi-anthracite the take up is seventeen inches by teh 
inches for the grates; two feet four inches by three feet 
five, or twenty-one inches of flue-area, for onef foot of 
grate. Uniformity in the quality of the iron requires, 
with good puddling, uniformity in the size of the take 
up, and the constant wear or corrosion of the take up 
causes the restoration of that part necessary, else, the 
waste of iron becomes very great.

Dampers to the flue stacks have been built at tke 
bottom of the flue stack, and so arranged as to fall into 
the side of the stack upon and across the draft, but the 
sudden cooling and expansion of that part of the stack 
above this flue, renders it of great disadvantage.

Cast Iron Bottoms.—In the early puddling furnaces 
the body or hearth was composed of cinders, or other 
material, only covered with sand. The yield was great, 
but the iron was silicious and inferior, but the use 
of heavy hammers caused the exudation of much of the
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Silicate, but with consequent loss of iron, the ton of 
puddle bars calling for thirty cwts. of refined metal, and 
often as high as thirty-six cwts. But the 'plate of cast 
iron for the bottom introduced, and which caused much 
surprise at the hardihood of such a suggestion, in later 
times, has been attended with great results, second only 
“ in importance to the invention of puddling itself.” The 
same results, in quantity of puddled iron, are reached 
with only expenditure of twenty-one cwts. of the ton of 
refined metal.

An objection to the utilization o f waste heat was made 
by Truran, on the ground that the draught was checked, 
iron wasted, and coal consumed, and that by experiments 
at Dowlais ; but later experiments have shown, in this 
particular, the practical mistake on the part of a practical 
man, and now utilization is adopted where once it was 
thought impossible.

The 'Mechanical Processes in Puddling.

In the most carefully conducted process the bottom, 
or hearth, is covered with broken cinders and iron scales 
(hammer slag). When, after ten to twelve hours (in 
new), and five to six (in old) furnaces, from the time of 
lighting the fire, the white heat point is reached with a 
good fire in the grate, the slag and scales melt, and flow 
over cracks and protect the hearth; then checking the 
draught, about thirty to forty pounds (in single furnaces) 
of cinders are'charged, and three and'three-fourth to 
four and a half cwt, (in thirty or forty pound pieces) of 
pig iron to the “ charge” are put in. These are evenly 
distributed, and all access of air prevented, all holes are 
stopped, not excepting that in the door, by pieces of coke 
and cinder—the draught is cleared both in the grate and 
in the stack—more coal put on and highest heat pro
duced.

In about twenty minutes, sixty - to eighty pounds 
“ mill” cinder from. the bars called “ mill bars,” are 
thrown in (these cinders drop from the rolls); the cin
der from the puddled rolls, or that falling from rolled
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puddled iron, contains more silica, and being less fluid is 
supposed to give rise to pooVer iron.

The pigs when red-hot are changed and subjected to 
the heat in various positions. The edges of the pigs 
begin to melt, they are lifted to prevent adhering, and 
presently (in about five or six minutes) melt more fully.

Fuel must be added every few minutes, draft of grate 
kept open, and pigs lifted and changed.

In about thirty minutes all are melted, and the rabble 
introduced, and constant raking from below and around 
must begin. Boiling commences—bubbling, and spirt
ing, and frothing through, and in, the half fluid super
natant cinder. In five or six minutes the damper is 
lowered—the eflfect is seen in the less liquid condition 
of the mass—the iron is more pasty—and if it adheres , 
to the rabble, must be struck off by hitting the hand end 
with a hammer, which disengages the iron from the fur
nace end. The iron now must be raked up so that, if 
possible, every part may be exposed to the decarbonizing 
influence of the passing draft—while a kind of fermenta
tion, called “ coming to nature,” is in process—and the 
more constant and consecutive the effort at working the 
mass, the better, in order that the iron may be kept from 
being oxidized while the impurities alone take up the 
oxygen. The scale and slag, or cinder, subside around 
the pasty iron and toward the bottom, apparently as 
liquid as water, and then the iron is ready for balling.

Ferhaps nothing can give a clearer idea of the process, 
than the following minute description by Dr. Percy, of 
a wprking by a good puddler, remembering-that the 
time must be modified by fuel and iron.

“ I k n o w  sc a r c e ly  a n y  m etallu rg ica l op eration  m ore in te re s tin g  
to w atch  th an  p u d d lin g . I  will now p resen t a  d e ta iled  d e sc r ip 
tion  o f  it, a s  I  sa w  i t  p ractised  by  on e o f  th e  b e st  p u d d le r s  in 
S o u th  S ta ffo r d s h ir e ,  a t  the B rom ford  Iro n  W o rk s , in  1 8 5 9 . 
D r. B e d d o e s  p re se n te d  to  the R o y al S o c ie ty , M arch 2 4 , 1 7 9 1 , a  
d e sc rip tio n , o f  th e  p ro ce ss  o f  p u d d lin g  gray  p ig  iro n  fro m  his 
own o b s e rv a t io n s . T h e  ch arge  w as tw o a n d  a  h a lf  cw ts. T h e  
furnace h a d  tw o  ch im n eys, one a t  the en d  a s  a t  p re sen t, an d  
an o th er o v e r  th e  firep lace . B o th  h ad  d a m p e rs . W h en  the 
dam per o f  o n e  was* up, that o f  th e o th e r w a s dow n, so  th a t  the
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flam e m ig h t  b e  m a d e  to  p a s s  o v e r  th e  b e d , o r  d irect into the 
ch im n e y  o v e r  th e  f ir e p la c e ?  D r .  B e d d o e s ’ a c c o u n t is very cir
c u m s ta n t ia l  a n d  c o r re c t . H e  e s p e c ia l ly  d w e l l s  on the ‘ fermen
ta t io n ’ a n d  th e  e v o lu t io n  o f  b lu e  j e t s  o f  f la m e  o v e r  the surface. 
H e  h a s  re co rd e d  o n e  o b s e r v a t io n  o f  in te r e s t ,  n am ely , that the 
m e ta l a t  o n e  s t a g e  b e c a m e  d e c id e d ly  h o tte r  a fte r  the flame had 
b e e n  tu rn e d  o f f  fro m  th e  b e d . H e  d id  n o t  r ig h t ly  in terpret the 
fa c t , w h ich  i s  d u e  to  t h e  h e a t  d e v e lo p e d  b y  th e  com bustion of 
th e  iron .

T h e  s id e  p la te s  a r e  l in e d  e ith e r  w ith  ‘ p u d d lin g  m ine’ (roasted 
r e d  m in e , a  b la c k  b n n d  fro m  N o r th  S ta ffo rd sh ire , see table of 
ir o n  o re s ) , o r  * b u l l - d o g ’ ( r o a s te d  ta p - c in d e r ) , o r  w ith  both, and 
t h e  b o tto m  is  c o v e r e d , a s  p r e v i o u s l y  s t a te d , w ith a  layer of 
o x id e  o f  iro n . T h e  b u ll - d o g  i s  c r u s h e d  b e tw e e n  r o l l s ;  the large 
p ie c e s  a r e  f ir s t  p u t  in  a n d  th e n  c o v e r e d  w ith  c ru sh e d  mine or 
b u ll  d o g ;  a n d  th e  w h o le  i s  p la s te r e d  o v e r  w ith  red  hematite 
( o f  th e  u n c tu o u s  o r  s o f t  v a r ie t y )  m a d e  in to  a  p a s te  w ith water, 
a n d  a f te r w a r d s  r a m m e d  w e ll in . T h e  b r ic k w o r k  a t  the sides is, 
a s  sh o w n  in  th e  e n g r a v in g s ,  b u i l t  to  o v e r h a n g  th e bed , whereby 
a  sp a c e  i s  le ft  u n d e rn e a th  fo r  r a m m in g  in  t h e  m ix tu re  above 
m e n tio n e d . I n  e v e r y  tu r n  o r  sh if t  o f  tw e lv e  h ou rs, abou t one 
c w t. o f  sc ra p  w r o u g h t  iro n  is  in tro d u c e d  in to  th e furnace and 
w o r k e d  in to  a  b a ll ,  in  o r d e r  to  su p p ly  a  c o a t in g  o f  o x id e  o f iron 
o v e r  th e  b o tto m .

J u l y  2 1 , 1 8 5 9 . T h e  c in d e r  h a v in g  b e e n  ta p p e d  off, and the 
fu r n a c e  b e in g  s u p p o s e d  to  b e  r e a d y  f o r  th e  n e x t  heat. The 
c h a r g e  c o n s is te d  o f  a  m ix t u r e  o f  o n e  cw t. o f  re fin ed  iron and 
th re e  cw ts. o f  fo rg e  p i g  iro n  ( lo n g  w e ig h t  a s  u su a l) , an d  about 
o n e  cWt. o f  h a m m e r *$ la g  a n d  iro n  sc a le .

l h .6 m .  H a m m e r - s la g  w a s  p u t  in , a n d  s p r e a d  o v e r  the bed 
a n d  ro u n d  th e s id e s . T h i s  c h a r g in g  w a s  e ffected  in about 3m., 
th e  d a m p e r  b e in g  u p  a l l  th e  w h ile . T h e  d o o r  w as le t  down and 
w e d g e d , a s  b e fo re  d e sc r ib e d , a n d  th e  w o r k in g  hole, or, as it is 
te r m e d , th e  s to p p e r  h o le , a t  th e  b o tto m  o f  it  w a s c lo sed  up with 
k b it  o f  b a r  iron . T h e  t a p  h o le  w a s  s to p p e d  u p  with '^sand. 
C o a l  w as in tro d u c e d , a n d  th e  f ire  “ .fe tt le d .”  S m o k e  and flame 
is s u e d  from  th e  to p  o f  th e  s t a c k .  N o t h in g  m ore w as done 
u n til  2h . 9m . '

2 h . 9m . T h e  p u d d le r ’s  a sssistan t o r  ‘.u n d erh an d ’ p u t  in coal. 
T h e  p u d d le r  lifte d  o f  m o v e d  a b o u t  th e  p ig  iro n  th rough  the 
sto p p e r-h o le  w ith  h is  p a d d le , w h ich  re q u ir e d  a b o u t  2m .

2 h . 15m . T h e  u n d e r h a n d  repeate< l th e  la s t  o p era tio n  o f lifting 
o r  m o v in g  a b o u t  th e  p i g  iro n , d e ta c h in g  a n y  p ie c e s  which stuck  
to  th e  b o tto m . T h is  i s  d o n e  in  o r d e r  to  a llo w  th e flam e to p lay  
o n  a ll  p a r t s  o f  th e  iro n , th e  b o tto m  o f  th e  fu rn a c e  b ein g  the 
c o ld e s t  p a r t . B e fo re  w ith d r a w in g  th e  p a d d le , it  w as stru ck
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with a hammer in order to knock off any iron adhering to it, 
Stirring and rabbling were constanlily practised by the under  ̂
hand.

2h . 1 6 m . T h e  w h ole o f  th e p ig  iron  w as not y e t  q u ite  m e lte d . 
T h e *m o lte n . p o rtio n  ‘ fr iz z le d ,’ a s  th o u g h  jn  in c ip ie n t e b u ll i
tion . W h e p  n e a r  i ts  m e ltin g  p o in t the p ig  iron  m a y  b e  p a s ily  
b ro k e n  u p .

2h . 25 tn . T h e  f ire  w as re p len ish e d . T h e  p n d d ler r a b b le d  con 
s ta n tly . A l l  th e  p ig  iron  w as co m p le te ly  m elted. U p  t *  tb is  
tim e  th e  d a m p e r  h a d  rem ain ed  u p , b u t it  w as let dow n a fte r  th e 
p ig  iro n  h a d  m elted . T h e  le tt in g  dow n o f  the d a in p e r  w ill 
d e p e n d  u p o n  th e  te m p e ra tu re  o f  the furnace . I f  th e fu rn a ce  i s  
‘ v e ry  c o ld ,’ th e  m e ta l w ill ‘ com e Up’ w ithout. [T h e  m e a n in g  
o f  th is  te rm  w ill b e  u n d ersto o d  from  w hat fo llow s.] T h e  u n d e r
han d  s t ir re d  in c e ssa n t ly ,

2b. 36m. The fire was made Up by the puddler, the stirring 
by the Underhand having continued withmft interruption. The 
damper was raised. •

2h. 40m. The- puddler, naked to his waist, took the rabbling 
in hand., Tli® molten metal presented the appearance of full 
ebullition, technically termed ‘ boiling,’ and 'was swelling up 
and rising rapidly, jets o f blue flame escaping everywhere from 
its surface, and the metal being spirted up with considerable 
force, thus showing that the formation of carbonic oxide must 
take place deep below the surface, owing to the oxidation of 
the carbon in the metal by the oxygen of the hammer-slag or 
other oxidized products of iron. TJie paddle received a swing
ing movement from side to side, as Well as backwards and 
forwards.

2h . 4 3 m . T h e  m olten  m etal Was a lm o st white-hot, an d  had 
risen  n e a r ly  to  th e  s to p p e d  hole.

2h . 4 5 m . T h e  m e ta l h ad  not risen  h igh er, b u t h ad  b ecom e 
w h iter an d  h o tte r  b y  s t ir r in g . T h e  d am p e r had been  u p  a b o u t  
10m . C o a l w a s  th row n  in  th rough  th e s ta f f  hole.

2 h ?5 3 m . T h e  u n d erh an d  to o k  the p a d d le ; the p u d d ler  h a v in g  
do n e th e w o rk  s in c e  th e tim e o f  the la s t  o b serv ation . M u ch  o f  
the iro n  h a d  ‘ c o m e  to  n atu re ,’ p ro d u c in g  p asty  m a sse s  in  the 
liq u id  c in d e r . I t  i s  b eau tifu l to w itn ess th is  sep ara tio n  o f  the 
m alleab le  iro n .

2h . 6 6 m , T h e  p u d d le r  w orked aga in .
2h.58ra. The underhand now worked.
2 h .5 y m . T h e  p u d d le r  resu m ed  w ork , th e d am p er s t i l l  co n 

tin u in g  u p .
3h . 5m . T h e  f ir s t  b a ll  w as taken  out, the d am p er w a s  p a r t ia l ly  

let dow n, a n d  th e  sto p p e r  hole closed . T h e  reason  o f  th is  is 
o b v io u s ; fo r  a s  so on  a s  the iron  h as ‘ com e to  n atu re ,’ o x id a t io n
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must cause unnecessary vaste. 'rtie bnxJy of tlie furnace should 
be full of smoky or reducing dame to prevent this «flect.

3h. 6m. The second ball was taken out.
3h.9m. The third ball was taken out.
3h. 1 1m. The fourth ball was taken out by the underhand, 

the preceding ones having been withdrawn by the puddler.
3h. 13m. The fifth ball was taken out.
3h. 14m. The sixth and last ball was taken out, immediately 

after'whieh the cinder was tapped off. A ball weighs about 
eighty pounds.

The puddler was one of the most, if not the most, skilful in 
the forge. He was about thirty-eight years of age, and about 
fiive feet ten inches in stature. He complained that the'work 
was much harder now-a-days than formerly, when not more 
than two cwts. or three cwts. of pig iron were puddled at one 
heat; but Mr. Arkinstall assures me that this is entirely untrue, 
and that during the’last thirty years the charge has never been 
less than four cwts. He, however, admits that the work is 
harder noW than formerly in consequence of the pig iron being 
more impure.”

Gray varieties o f iron require from twenty to twenty- 
five minutes more work in “ coming to nature” (as the 
workman styles that condition which admits of the iron 
being balled tip).

The difficulties in regard to time and labor in the me
chanical process are found as follows:—

1. In irpn containing large per cent, of carbon—as,
e. g., those smelted from carbonaceous ores—they fuse 
at low temperatures, and contain much carbon, hence 
are oxidized easily, the impurities are not extracted, and 
the iron is burned, for they cannot be stirred up suffi
ciently and for a time long enough for the object intended..

2. Absence of a . good cinder for protecting the iron 
(and absorbing, or neutralizing “silica). •

3. Presence of sulphur.
4. Presence of several metals, including copper, lead, 

zinc. If  these exist in considerable quantities, the balling 
up is prevented, and a granular and non-adherent condi
tion exists, despite all efforts of the puddler.

5. Inferior coals, especially slaty anthracites, when 
used with a simple air-stack, and even when a blower is 
used. The above difficulties cause waste, loss of time,
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and inferior quality..""Th# jarodwec is'improved, diming 
the process? by conversion, by a’ddition or a mixture of 
ground magnetic oxide, or a rich hematite, caustic lime, 
and minimum dose of manganese, five or six per cent, by 
weight of the charge. The oxygen of these ingredients 
probably combines with the carbon, thus purifying the 
•iron thus far; and it may combine with other bases form
ing oxides, perhaps with sulphur as well as carbon. .

Puddling from blast furnace iron run into the pud- ■ 
dling furnace has been tried nearly a half century ago, 
(Truran p. 8, ed. 1850), but the crude iron was run 
into the puddling furnace from the refining furnace. 
The difficulty was found in separating the cinder from 
the metal, and if they escaped together into the puddling 
furnace the quality of iron was injured. Puddling crude 
iron direct from the blast furnace is practised with the 
advantages that one-third coal is saved, thorough melt
ing is insured and more uniform iron obtained. The 
disadvantages, are too close proximity of blast and pud
dling furnaces, causing inconvenience in moving about 
and uncomfortable heat.

Puddling with Steam.—'This method was tried at the 
Dowlais Works, originally, some years anterior to 1850. 
It ^as considered a great improvement in time, quality, 
quantity and economy generally, the steam was con
ducted down, vertically, through telescopic tuyeres, 
which could be depressed and elevated under the direo 
tion of the puddler, and which passed through the roof 

*of the furnace. After the heat was removed the steam 
. was directed upon the fluid cinder which when it was 
cooled down to the pasty condition, was raked up against 
the back and sides of the furnace, and, taking the place 
of clay and limestone formerly used, was considei'ed a 
great help as repairing of the openings of the furnace 
thus executed, prevented the injury done to the quality 
of the iron resulting from additional earthy impurities 
resulting from fresh addition of clay and limestone.

The disadvantages were, ih-At in the large wag the ex
pense attending the generation of steam exceeded the 
gain, and the experiments seemed to have been made, 

44
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and the test approved, before any patent was taken out. 
Otherwise, than as aforesaid, the advantages seemed in 
all respects great, but Truran supposes .that the work
men were to be credited with any superiority which was 
actually discovered, and remarks that workmen will 
make in the “ bring out” a nearly equal quantity with 
the charge, “ and obtain from a furnace twenty or thirty 
tons weekly, where others are working with a loss of 
one and a- half cwt. to the ton, and unable to make 
twenty tons of inferior bars in the same time.” Hence 
in published reports allowance must be considered and 
made for the skill of workmen.

A steaming apparatus combined with a blast and rapid 
deearbonization of the metal by heated blast was attempt
ed (1855), but the waste of the iron caused its aban
donment.

Methods o f Refining.

The following is the refining process adopted in making 
the finer irons, in Wales and some parts of England, 
not, however, in the inferior irons (Truran). The fur
nace is generally about four feet square and the hearth 
about eighteen inches deep, provided with two tuyeres 
to the side, with nozzles varying in opening from one and 
a half to one and five-eighths inches, at the smaller and 
three and a half to four at the larger end. Flattening 
the nozzle at the hearth end is thought to be preferable.

The metal, either cold, or, run in molten from the 
blast furnace, is commingled with charcoal, coke or raw 
coal, remelted by the blasts turned on and afterward 
directed (best) at an angle to the surface of the molten 
metal, equal to 38° and to each other (on,each side) 
equal to 105° and thus refined, by deoxidation (by the 
heated contact coal absorbing oxygen) or subsidization 
of some impure matter.

I t  is then drawn off and cast in moulds into pigs 
generally of flat form and rectangular, called plates. 
The moulds are of Cast iron suspended in water troughs.

Iron smelted with caustic lime in place of limestone
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is not so fluid either in the furnace, or refinery, and in 
the latter requires, therefore, a longer blowing before 
the tenacity is such that the specifically lighter matter 
may rise, hence more difficult to work. Yet this iron, 
thus fluxed with caustic lime, is preferable in the rolling 
mill, and the.quality in the end is superior. The addi
tion of either caustic lime or limestone, broken into 
small pieces, to the iron during the process of refining 
is of advantage to the quality of the metal. Proportions 
from twenty to thirty pounds per ton. The coke may be 
impregnated with caustic lime in proportion of twelve to 
eighteen pounds per tOn. Thus treated, the improvement 
is “ very marked,” but an excess over the above seems 
to produce red shortness, and it is said that the above 
treatment is applicable to the lean carbonates of the 
coal formations.

Even six pounds potash to the ton seemed to injure 
the quality of the iron increasing the tendency (whether 
or not existing originally) to red, or cold-shortness.

The effect of the refining process upon crude iron 
“ run in” molten from the blast; or after one and three- 
quarters of a hour melting, may be seen by the following 
comparative analyses after the two conditions.

Ctad0 iron. Refined plate metal.
Iro n  .
C arbon
S ilico n
A lu m in u m
P h osp h oru s
S u lp h u r

95.26
2.63
1.38
.73

trace.
trace,

100.00

98.33
.87
,63
.26

trace.
trace.

99.99

Cinder produced in the operation of refining this iron.
P ro to x id e  for iron . . . 70.3
S ilic a  . . . . . . 21.5
A l u m i n a ........................................... 7 .8

99.6

All the crude irons smelted with the hot blast are re
fined with greater loss than occurs in similar refining of
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crude iron smelted with cold blast. The difference per 
ton is equal *to thirty-six pounds average.

Crude iron is refined with greater waste in cases when 
the cinder is in excess, for while the proper amount 
protects the surface of the molten iron, the excess causes 
waste in -the refinery. I f  the coke is of a weak and 
friable kind and not dense, the consumption is not only 
greater, but it is followed by a loss of iron (crude).

The consumption o f blast, according to Truran, in re
fining “ forge” iron is about 94,000 cubic feet per ton of 
metal produced, in .weight 7076 lbs. [7110 at 13.22 
cubic feet to a pound] and of purer oxygen 1684 pounds 
[more accurately 1627 lbs. as atmosphere =  230.+ 77 N 
in 100 parts] distributed thus :—

C om bustion o f  4 3 0  lbs. carbon in th e  co k e  
D ecarb on ization  o f  th e crud e iron  
F orm ation  o f  th e  F e  O o f  the c in d er  . 
F orm ation  o f  s ilic a  from  s ilico n  . 
Form ation  o f  a lu m in a  from  alum inu m  
W asted  durin g  p rocess (17  p er cen t.) .

1146.4
122.4

51.8
24.8
11.9 

290.7

The aboye is* asserted of “ running-in”*fires in contra
distinction to “ melting down” fires. In the latter the 
consumption of blast is equal to 136,000 cubic feet with 
“ forge” qualities and with gray iron 153,000 cubic feet. 
The density of the blast being about equal to that of the 
blast furnace. Refineries are worked with about one 
and a half pounds to the square inch (minimum) to two 
and two and a half, the more common. The lighter 
cokes require less blast. The reason of difference being 
that, in the refinery, the blast is directed upon the sur
face of the molten iron, and hence a high pressure 
would lead to combustion of iron, whereas in the blast 
furnace the air does not impinge upon the iron.

Refining hg Mixtures.—W e have frequently been shown 
patented powders for improving iron, some of which are 
undoubtedly beneficial, others are not. The following 
ingredients are most commonly used: Salt, prussiaite 
potash, saltpetre,-manganese (black oxide), litharge, per
manganate of potash, nitrate of soda, fluor spar, cryolite,
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pulverized Jersey red zinc ore, and caustic lime; any of 
these may be of service under certain conditions of the 
iron to be puddled, but the quantities, mixing, the 
economy as well as the choice are all, dependent upon 
the judgment of the manager and the nature of the iron. 
All sulphates of iron, of copper, of baryta, &c., create 
red-shortness in iron, but may be used to correct con
trary qualities. Fluor spar and cryolite have beep found 
to produce excellent results in eliminating both sulphur 
and phosphorus.

Incorporation o f other iron material with the iron to 
be puddled may improve it in some one or two proper
ties, but sometimes at the sacrifice of others equally 
desirable. Certain pig irons puddled With pigs of other 
qualities, judiciously selected, may greatly improved the 
strength, hardness, or quality in other respects. This 

■ mixing is practised at one or two puddling furnaces with
in our own personal knowledge with singular success.

C H A P T E R  I I I .

P R A C T IC A L  R E M A R K S ON C H A R CO A L FO RGES, PU D D LIN G  ■ 
A N D  R E P IN IN G .

[a. I t is undeniable that charcoal forge iron is, in mapy 
respects,- superior to puddled iron. For all the purposes 
for which wrought iron is applied, it is more malleable, 
compact, and durable. The charcoal forge will be needed 
so long as the puddling process does not furnish a qual
ity of iron equal to it.

It is questionable whether the charcoal forges of the 
West, and even in the heart of the anthracite and bitu
minous basin, do not yield larger profits than the 
puddling forges and rolling mills; at least, an invest
ment in charcoal establishments may be considered 
quite as safe as in those of stonecoal, at the present time.

The location of charcoal forges should depend upon
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the supply of ore and wood. Inferior ore, and the 
metal smelted from it, are less useful to the charcoal 
fire than to the puddling furnace. The success of the 
former depends upon the quality of the metal with 
which it is supplied. I t  is thus evident that the best is 
always the cheapest metal. This rule is not applicable 
to puddling establishments. In addition to this, the 
charcoal forge requires good coal. But rich ore, or ex
cellent metal, may counterbalance expensive coal; while 
poor metal and expensive coal will yield only unprofita
ble results. Where the metal is good, a ton of iron 
requires only 150, and sometimes only 120 bushels of 
charcoal; and seven tons can be produced in a week, 
with but one fire. But where it is poor, a ton will 
require from 200 to 300 bushels; which only two or 
three tons of iron per week will be produced. We refer 
to blooms, not to drawn iron. Consequently, should the 
iron resulting from the smelting of good or bad metal 
be equally valuable, which is not a fact, the expenses of 
manipulation are so decidedly in favor of the former, 
that .the question which to choose will never arise,

b. The magnetic ores of the States of New York, 
Vermont, New Jersey, and Missouri, afford an excellent 
article for the charcoal forge. The spathic carbonate,, 
the specular ore, and the red aluminous ores, also con
stitute an excellent article for-the charcoal forge; but 
these are not so generally distributed as the magnetic 
ore. The rich hematites of Tennessee and Alabama 
are adapted to the Catalan forge. The same reasons 
which may be assigned against the working of poor ores 
in this forge, apply against their use in the charcoal blast 
furnace. Inferior metal is, at present, employed in the 
coal regions for the manufacture of charcoal blooms; 
but we predict that these efforts will, in a short time, 
be abandoned, because poor charcoal iron cannot suc
cessfully compete against puddled iron. Metals which 
contain phosphorus, or sulphur, are not adapted to the 
charcoal forge, because of the inferior iron they produce 
and because of the amount of time consumed in con
verting them into bar iron. All metals derived from
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impure bpg ores, sulphurets, silicious ore, and ores 
containing phosphorus; all the gray metals smelted 
from poor ores, particularly those of silicious origin; 
and all white metal resulting from small burden, inferior 
ore, and bad management in the blast furnace, are im
proper for the charcoal forge.

c. The necessity of good metal in the forge is illus
trated by the following fact: An instance is recorded 
in which a ton of blooms, from white metal of excel
lent quality, was produced, with the consumption of 
only ninety bushels gf coal; while, on the other hand, 
when gray pig iron was used, 400 bushels of coal were 
consumed in producing the same amount.

d. The site of a forge is generally selected in relation 
to facilities for obtaining water power; but it is prob
able that steam may. prove to be the preferable power, 
because the waste heat of the forge fire is sufiicient to 
generate it. ■ I t  is also probable that the first outlay in 
erecting the works is, at least in a majority of instances, 
in favor of the steam-engine.

e. The application of hot blas’t to the charcoal forge 
is of questionable advantage. I t will save fifteen or 
twenty per cent, of coal; but labor is increased, and 
the iron depreciated.

General Remarks on Puddling.

This method of converting cast iron into malleable 
iron is designed to supersede every other method by 
which that result is effected. But, thus fat, the quality 
of puddled iron has been such that we have been unable 
entirely to dispense with the charcoal forge. Still, this 
quality would be much improved if better metal was 
generally employed. The nature of the puddling pro
cess is such, as we have elsewhere stated, that we arfe 
enabled by it to employ, inferior metals to a great degree. 
Thus, blast furnaces have been erected at places where 
charcoal forges would not have fiourished. Inferior pig 
iron answers tolerably well for the puddling furnace. 
Metal perfectly useless in the charcoal fire will, in this
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furnace, produce a very good article. In  fact, every kind 
of pig iron, however bad in quality, may, by the pud
dling process, be advantageously worked.

a. In the Western States, where charcoal pig is pud
dled and boiled in single furnaces, iron of very good 
quality is made. A great deal of inferior iron is also 
produced, which according to the metal used, should be 
of better quality. The puddling furnaces of the West 
work well; but it is doubtful whether due amount of 
labor is spent in working the iron. The puddlers gen
erally finish a heat in less than an hour and a half, 
including shingling; and the boilers in less than two 
hours. At other places, this is considered an insuffi
cient time to do full justice to the work. At some 
well-regulated Eastern establishments, twelve hours are 
consumed for five boiling, heats, and the same time for 
six puddling heats. This may be considered fair time 
for industrious and judicious manipulation. Where the 
metal is qf superior quality, less attention is required. 
But throughout the United States the tendency of most 
blast furnaces is to produce gray m etal; consequently, 
the manufacture of good bar iron' requires great in
dustry, however good may be the ore from which it is 
smelted.

h. As previously remarked, at Pittsburg and the 
Western Works, boiling was formerly carried on in about 
one-half of the puddling furnaces. Those used exclu
sively for puddling were regarded as necessary evils, and 
were employed merely to make cinder for the boiling fur
naces. Excellent cinder is produced from metal of good 
quality, carefully puddled; but, on account of the refin
ing of the grude iron before it is taken to the furnace, 
this operation is expensive. All the .advantages which 

•the process includes are realized at . the Western esta
blishments. But, unless other methods are adopted by 
the W estern manufacturers in working pig metal, com
petition will gradually exhaust all the profits of this busi
ness. This, let us observe, is a more important matter 
than it seems to be, for, if puddling is replaced altog.ether 
by boiling, the question meets us, whence is the neces-
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sary supply of cinder to be obtained ? Charcoal forge 
cinder, at present frequently applied, cannot be obtained 
in sufficient quantity. Artificial fluxes, then,- are the 
only resource of the Western manufacturers. Good iron 
ore will serve as an excellent flux; but this cannot be 
found either in the Western or in the Eastern coal re
gions. In the State of New York, the magnetic ore from 
Lake Champlain is employed ; and the furnaces of this 
State not only produce excellent iron, but furnish a more 
abundant yield than any we have ever seen. At Sau- 
gerties, on the Hudson River, 2000 pounds of rough bars * 
have been made from an amount'of pig iron varying from 
2075 to 2100 pounds. Loss only from three to five per 
cent. Amount of anthracite coal consumed from 1600 
to 1700 pounds. Furnaces double, with iron air boshes ; 
charge 750 pounds, and five heats in twelve hours. The 
magnetic ores of Missouri, and the red oxides of Arkan
sas afford a good material for the Western mills; but 
ores of the coal formation are not sufficiently pure. The 
amount of good ore required per ton of inferior pig iron 
is sometimes from 400 to 500 pounds; but for excellent ‘ 
metal, rarely beyond 200 pounds.

c. We have stated that most puddling furnaces are* 
provided with iron boshes. But in those which work 
anthracite iron, soapstone is employed for keeping the 
boshes in order. I t  is evident, that if iron boshes were 
proved in all cases to be advantageous, they would be 
adopted. But in the present case, they are of doubtful 
utility, as we shall explain.

The necessity of enlarging the hearth, so that a smaller 
surface of the boshes, in proportion to a given amount 
of metal would become cool, originated the double fur
nace. I t  was found that the cooling influence of the iron 
lining, in small or single furnaces, was so great that in
ferior pig iron could not receive that improvement which 
otherwise might be effected with comparative ease. The 
extension of the area of the hearth, to a great extent, 
removed this difficulty.. There is no doubt that the qual
ity. of .iron might be improved to an inconceivable de
gree, if a hearth could be constructed of materials adapted
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to resist the action of strong alkalies; but the necessity 
of cooling the boshes is so strong a counteracting ele
ment, that the beautiful theory of improving iron by 
means of artificial cinder is but of limited application. 
In  this respect, double furnaces present greater advan
tages than single furnaces ; and boshes cooled by air are 
superior to those cooled by water.

In the improvement of bad pig iron, by puddling, our 
primary object should be to melt it perfectly, and then 
to remove its impurities by means of cinder. If, there- 

’ fore, a hearth is so cold as to prevent the melting of the 
metal, the most essential condition of improvement is not 
realized. If  the iron contains impurities firmly and in
timately combined—as that from coke, anthracite, or 
even from charcoal furnaces, smelted with small burden 
— a perfect remelting is necessary. Such iron requires 
a sttong "heat; and this heat cannot be produced in a 
furnace with cooled boshes. Hence the failure of ex
periments, made to improve such iron. Anthracite iron 

.contains a large amount of silex, in addition to carbon; 
and a furnace with water boshes is unable to produce a 
heat sufficient to melt it perfectly. Fibrous bar iron is 
•preferable, as an article of commerce, to that which i| 
cold-short; and to prevent it from becoming cold-short, 
the intimate connection between the impurities and the 
iron must be destroyed. Therefore, a furnace with soap
stone, or what is still better, good fire-brick, will pro
duce a better iron for the market than a furnace with 
cold boshes. A Uniform temperature of the lining and 
walls is required to produce a thorough solution of the 
pig iron. The presence of silex in large amount, as in 
a lining of soapstone or fire-brick, affords, by retarding 
the work,'every facility for producing this result. This 
latter circumstance should be viewed rather as the least 
of several evils than as a positive advantage.

From these considerations, it follows that pig iron from 
small burden, or made by a high temperature in the 
blast furnace, cannot be perfectly improved in a furnace 
with water boshes; and that the application of»these 
boshes should be limited to such iron as will thoroughly
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melt at a medium heat. Consequently, white metal con
taining a large amount of Carbon, anthracite, coke, and 
charcoal iron from small burden and hot blast, as well 
as all refined metal, are excluded. Pig iron from heavy 
burden, and from ores containing phosphorus ; gray char-' 
coal pig; and, in fact, all metal which readily melts, and 
keeps liquid for a considerable time, are, of all others, 
the most serviceable in the end.

d. Our own experience, which is somewhat extensive 
in this branch of the business, proves that white metal 
from the richest ores is unfit to be worked at all in a 
furnace with a cooled hearth; and produces far better 
iron in brick linings. Pig iron from small burden and 
coke, we never succeeded in improving. With white 
iron from charcoal furnaces and small burden we were 
equally unsuccessful. The most favorable pig iron is 
that which is made by a small quantity of coal and by 
low temperature in the blast furnace. The lower the 
temperature, the better the iron. Pig iron smelted from 
phosphates, is easily converted into the "best kind of bar 
iron, if the temperature of the furnace has been low, or 
the burden heavy ; but if smelted from the same ore, and 
by a high heat, whether charcoal, anthracite, or coke, it 
is improved with difficulty; sometimes total failure re
sults. The same rule is applicable to pig iron smelted 
from silicious and sulphurous ore. In fact, it may be 
laid down, as a general rule, that the smaller the amount 
of coal consumed, or the lower the temperature of the 
hearth in the blast furnace, the better will be the quality 
of the metal; that is, the more fit it will become for 
improvement in the puddling furnace. We thus see 
the advantage of heavy bnrden in the blast furnace, for 
it not only reduces the first cost of the metal, but makes, 
a far superior article for subsequent operations. We 
may safely say, that the worst cold-short or sulphurous 
metal, smelted by a low heat, is quite as good as the best 
metal from the best ore smelted by a high temperature. 
We will give a practical illustration.

Some years ago we were engaged in improving cold
short iron; that is, pig iron smelted from bog ore, which,
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before that time, possessed ho value whatever. Our 
manipulations were conducted in a double furnace, with 
water boshes. The puddling was carried on by means 
of artificial fluxes. W e succeeded, without difficulty, in 
producing a beautiful bar iron, in quality equal to the 
best in the market. W ith the object of testing its virtues,

. a portion of it was sent to a distant mill, and converted 
into wire. So successful was the result, that the puddled 
iron was preferred to the best charcoal iron. At the 
wire mills, where an extensive business was done, a 
large quantity of charcoal iron was needed. As this 
could not be obtained in consequence of its expensive
ness, puddling works were erected for the purpose of 
furnishing iron for the inferior qualities of wire. At this 
establishment, steel metal of the most superior kind was 
wrought, which of course, puddled in single furnaces, 
with good fire-brick lining, made an excellent bar iron. 
After using the iron of our cold-short metal, the owners 

' of the rolling mill entered into an engagement with us 
by which we bound ourselves to furnish as good an article 
from their superior plate metal as we had made from 
worthless phosphorous pig. A few heats made in one of 
their own puddling furnaces indicated that improvement 
was possible; but, owing to certain peculiarities of the 
new process, puddling could not be performed in a brick 
lining. We therefore concluded to erect a double fur- 

■ nace at once, and apply iron boshes. Until that time, 
our practice had been confined principally to the worst 
kind of pig iron, and accompanied with more or less 
success, according to the nature of the metal with which 
we had to deal. We entered upon the undertaking with 
great confidence. The idea of failure never entered our 

, mind. This confidence appeared to be justified on ac
count of the insignificance of the improvement required, 
compared to what we had already arrived at. The rdetal 
was the best which the Continent of Europe afforded; 
but, after all our exertions, the Ultimate result was a 
total failure. As this is one of the most remarkable as 
well as interesting cases which ever happened, we shall 
relate it somewhat in detail, and thus serve a useful pur-
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pose. The metal used was smelted from sparry carbon
ates ; it was almost crude steel, that is, white metal con
taining carbon in large amount. Being thoroughly 
acquainted with the most important part of the opera
tion, we took great care ttf have a furnace of good heat
ing capacity. The metal melted in a short time, and at 
a low temperature; but the least stirring with the tools 
made it crystallize, and worked it into nature; and 
sufficient time was not left to enable us to mix it pro
perly with the cinder. The result was a dry, hard iron 
which broke under the hammer. No effort was left 
untried to overcome this apparently trifling difficulty; 
and when we at last succeeded, a Very singular circum
stance put a stop to the experiments, The breaking of 
the balls under the hammer is in all cases, the result of 
too slow work. The workmen did their.best; but the 
iron worked too fast. This is generally the case with 
white iron containing a great deal of carbon. The • 

• application of fluxes retarded the process. At last the 
metal worked well, and became soft and tenacious iron. 
But, when piled and reheated, a number of the bars 
broke in the merchant rollers; and the iron, commonly 
of a silvery white appearance, exhibited in its fibres a 
dark color. On a second reheating, both in a black
smith’s fire and the reheating furnace, it broke up into 
small fragments. In fact, it was iron no longer, but 
black magnetic oxide. Rolled down to half inch rods, 
it broke into fragments on the first heat. Bars one and 
two inches square exhibited on their surface a high 
degree of oxidation, and appeared, internally, of a fibrous, 
dull yellowish color. On the application of the slightest 
heat, this color changed to black.

The above experiment is a highly interesting one. I t  
shows clearly the legitimate sCope of improvements, and 
the direction in which experiments should tend. The 
metal employed was, as we have stated, of the best qual
ity. It furnished excellent steel with the greatest fa
cility. In the charcoal forge, it furnished the strongest 
kind of bar iron—consuming per ton of iron only from 
110 to 130 bushels of charcoal. J n  the single puddling
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furnace, wi£h brick lining, it pi’oduced a firm, tenacious 
iron, but of too coarse fibre, and containing too much cin
der for the manufacture of w ire; while in the puddling 
furnace with iron boshes, it did not work at all, and ulti
mately returned to its primitive condition—that is, be
came oxidized to ore.

The establishment where our first operations were con
ducted was a very inferior one. The metal used, whether 
in castings, charcoal forge or puddled iron, was almost 
worthless; at least, it commanded a very low price in 
the market. The pig iron, smelted from phosphoric oresj 
was cold-short in the highest degree, perfectly useless in 
the charcoal forge, and a poor article in the common pud
dling furnace. Yet this worthless metal was converted 
with the utmost facility, into bar iron superior to any 
kind in a market where the first quality of charcoal iron 
was alone saleable. The amount of charcoal consumed 

-in the blast furnace was only from 80 to 100 bushels, not
withstanding the ore yielded but twenty per cent.; while 
from 180 to 200 bushels were required in producing a 
ton of the steel metal on which we experimented.

The experiments we have described are extreme cases; 
but they exhibit clearly the method by which we can 
arrive at the most favorable results. We always failed 
when we attempted to improve white iron from an over
heated blast furnace, even though the.ore and coal were 

’ of the best kind. W e failed with the best white metal 
of the Continent of Europe; with the steel metal of Sie- 
gen and Styria ; with white Scotch pig; with the white 
coke iron of the fossiliferous ore of France ; and with the 
coke iron of the Mount Savage Iron Works, Maryland. 
But we always succeeded in improving both the quality 
and yield of pig iron from a tolerably well-conducted 
blast furnace operation.

e. Experience thus shows what is required both for 
the charcoal forge and the puddling furnace. We will 
recapitulate the conclusions arrived at. Gray pig iron 
of a fusible nature is ill adapted for the former ; but is 
the best of all kinds for the latter. White metal con
taining carbon in small quantity, or smelted by heavy
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burden is good in either case ; but white metal from poor 
ores and light burden is in all cases inapplicable. White 
metal from rich ore and light burden is superior to all in 
the charcoal forge, but in the boiling furnace it is almost 
useless. W e may henc6 conclude that cold iron boshes 
are of great advantage where pig iron from a well-regu
lated blast furnace operation is wrought; but that, where 
white pig iron from small burden and a high tempera
ture—as in coke and anthracite furnaces, in which an ex
cess of limestone is used—is to be converted into bar iron, 
they are disadvantageous. In the latter Case, a fire-bride 
oj soapstone lining is preferable.

f .  Thus far we have considered simply the best means 
of making wrought iron. But if we wish to produce 
wrought iron for specific purposes, it is not a matter of 
indifference what kind of apparatus we employ. Mer
chant iron should be malleable, fibrous, and of good weld
ing properties. This, as well as very cohesive wire iron, 
is manufactured in great perfection in the charcoal forge, 
and in the double puddling furnace with iron boshes. 
But railroad iron should not be made in either of these 
furnaces. Easily welded iron is made by allowing • a 
small portion of carbon to remain in the metal, and by 
expelling, as far as possible, all foreign matter from it. 
But this, by destroying the fibre, will make iron of large 
dimensions cold-short. By reheating and rolling small 
rods, the carbon will evaporate. If, therefore, we want 
fibrous railroad or any heavy bar iron, we must employ 
a metal free from carbon, iron from which the carbon is 
easily expelled, as that from the run-out fires. This is to 
be puddled in a very warm furnace. A cooled puddling 
hearth produces a good welding iron; but the long ex
posure of large piles of this iron, such as are necessary 
for railroad, heavy bar iron, and boiler plate, to a weld
ing heat, occasions great waste. In all such cases a brick 
lining is preferable to cold boshes. Wire iron should bp 
of the best quality ; but the puddling process by which it 
is produced would be inapplicable for railroad iron, for 
the latter would thus become cold-short. Iron designed 
for small rods, hoops, gas-pipes, and wire, ought to ex-
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hibit a crystalline fracture, a steel-like grain, which is 
produced by carbon. But of all other foreign matter it 
should be free. Silex and phosphorus will not evapo
rate like carbon, on repeated exposure to heat; and iron 
which contains either in a non-vitrified state, will be 
cold-short under all circumstances, and will be useless for 
wire, or for any purpose for which strength is required.

Wire iron, or merchant iron, should be manufactured 
from gray pigj which, unless improved by artificial cin
der, must be of the best quality. By boiling with arti
ficial cinder, any kind of gray pig may be converted into 
good iron in the puddling furnace with iron boshes. In 

. a cooled hearth, all foreign admixtures can be expelled 
from the metal, and yet enough carbon retained to pre
serve its welding properties. This advantage is accom
panied with a disadvantage; for the carbon, as we have 
before stated, makes the iron, when in large masses, 
cold-short, and occasions waste in the reheating furnace. 
Piles of 700 or 800 pounds in weight, exposed to a strong 
heat in the reheating furnace, will melt at the surface, 
without becoming, in the interior, sufficiently hot for 
welding.

A specific kind of iron is required for nails, an import
ant article in pur iron works. I^ails cut from charcoal 
iron are generally supposed to be of good quality; still, 
this iron, whether from the charcoal forge or the pud
dling furnace, furnishes an abundance -of inferior nails. 
W ith respect to nails, the intrinsic value of the metal— 
that is, its absolute strength, and welding properties, as 
in the case of Wire iron— has no influence whatever upon 
the value of the manufactured article. All that is de
sired in a good nail is, that it shall cut smoothly, and 
bend to a given degree. Iron containing an amount of 
foreign matter that would make it useless for any other 
purpose, answers excellently. Such iron may be manu
factured from any kind of pig metal without difficulty, 
provided the reheating and heating are carefully per
formed. Two different methods of manufacturing nail , 
plates are now practised. In  the Eastern States, plates 
from five to twelve inches in width, but of no specific
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length, are drawn ; nails are obtained from cutting these 
lengthwise. In the Western States, it is customaty to 
roll sheet iron from twenty to twetity«-four inches in width, 
and six or seven feet in length ; and nails are obtained 
from strips cut crosswise! Which is the preferable 
method, it is not easy to decide; but the immense quan-' 
tity of nails manufactured will justify us in giving the 
subject a close examination.

To make a nail which cuts smoothly, and does not 
split, we require an iron of very close grain. Fot this 
purpose, cold-short answers better than fibrous, particu
larly coarse fibrous, iron. Iron is rendered cold-short by 
carbon, phosphorus, apd silex; the two latter cannot be 
removed by reheating the iron. But reheating will re
move carbon; and, therefore, when we take into con
sideration that iron which contains some carbon can b  ̂
welded with greater facility, and by a-lower heat, than 
that' which is free from it,’ it is evident that a small 
amount of carbon should exist in the iron before it is 
placed in the reheating furnace. From this it follows 
that, if we reheat the iron, and reduce the size of the 
nail-plate, the iron in the rough bar ought to be cold
short; it will be fibrous after it is reduced. So far as 
the principle of working it is concerned, this iron is ana
logous to wire iron. The latter is best Uianufactured in 
the charcoal forge, or in the puddling furnace with iron 
boshes. Consequently, nail iron should be boiled in this 
furnace, provided it is repeatedly exposed to a welding 
heat, and drawn out into small-sized plates. But if it is 
our design to make sheet iron, that is, by exposing the 
plates to the suffocating heat of a warming stove, the iron 
will not be freed from the carbon, and remain cold-short. 
We thus see that, in one case, small plates are advanta
geous, and in another case injurious. To make nailiron 
from white metal,, it is necessary to work the latter either 
in the charcoal forge, or in a puddling furnace without 
cooled boshes. From this metal good iron can be made 
in the charcoal forge without the-least difficulty; but in 
the puddling furnacb. with a soapstone or fire-brick 
hearth, we obtain an iron of coarse fibre, excellent for 
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many purposes, but not adapted for the manufacture of 
nails. If, in. such cases, we attempt to leave a portion 
of carbon in the iron, silex will remain along with it, 
should not the pig iron already have been free from it; 
of course, such iron and nails will be cold-short, no matter 
by what method the iron is treated after leaving the pud̂  
dling furnace. Good metah puddled in iron boshes, will 
produce fibrous iron ; but the danger is that it will lose 
all its cftrbon, and that,* by repeated heating, a fibrous, 
dirty, yellowish-colored, rotten iron, both cold-short and 
hot-short, will result. . To prevent this, and retain the 
fibrous texture of the puddled bar, it is preferable to heat 
in stoves, and to roll sheet iron.

Nail iron of satisfactory quality can be easily made, 
if we are well acquainted with the process of puddling. 

,Tp work cheaply, we must.resort to boiling. We may 
hence conclude that, in puddling for nail iron, we 
require gray or mottled pig iron, no matter of what 
quality, provided it is smelted by heavy burden.

To secure the presence of carbon, while we remove 
impurities from the iron, it is absolutely necessary to 
boil in iron boshes; and fine fibrous iron cannot be made, 
unless the pig metal is fusible, and remains fusible suffi
ciently lotJg for the workman to wash it properly in 
the cinder. Ail gray, iron of heavy burden—whether 
smelted by charcoal, anthracite, or coke, or whether the 
ores contain phosphorus, sulphur, or any other injurious 
element-^is adapted for this purpose. .

We thus see that the quality of bar iron may differ 
according to the different purposes for which it is em- 

• ployed. The blacksmith needs an iron ŵ hich can be 
easily Welded, which is neither cold-short nor hot-short. 
Wire iron must be strong, and very cohesive; it is of 
no consequence whether it can be easily welded, or 
w hether it is cold-short or hot-short. Nail iron may be 
hot-short, but its fibi*e must be fine. Railroad iron may 
be. anything but cold-short. The properties of the first 
three are produced by boiling .^lone. The latter, if 
manufactured in a cold hearth, will be imperfect.

g. The elements of pig iron are seldom of such a
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nature as to afford the exact quality of wrought ifori we 
require, and it need scarcely be mentioned that, when 
smelted from different ores, it will contain admixtures 
according to the nature of the foreign matter contained 
in each ore. A silicious ore will impart silicon to the 
iron; a phosphate, phosphorus; and sulphurets, sul
phur; but as, under the peculiarities of the blast fur
nace, silicon and carbon have the greatest affinity for 
iron, they are most constantly associated with pig metal. 
One kind of metal exerts more or less influence on 
another. The same principle which we have observed 
in relation to the blast furnace, is applicable to the pud
dling furnace; that is, metals of different quality, mixed 
together, work better in the puddling furnace than metal 
smelted from the same kind of ore. A metal from’cal
careous ore works far better, when mixed with a silicious 
metal, than when mixed with hon derived from limer 
stone o re ; and if to the first two we' add a metal 
smelted from clay ore, the result is still better. This 
peculiarity depends less upon the tendency of the foreign 
matter to form a fusible cinder, than upon the fusibility 
imparted indirectly to the metal by the foreign matter, 
and occasioned, by their mutual affinity. Carbon, occa
sions fusibility; and silicious and clay ores are more 
inclined than lime to give I’ise to a carburet of iron. 
An excess of lime not only excludes, carbon, but i t  
absorbs sulphur and phosphorus. Therefore, the least 
fusible iron is that smelted by an excess of lime. It 
frequently happens that a given iron is too fusible; that 
it works slowly, and yields badly. If to this we add a 
metal of a somewhat refractory character, which also 
works badly by itself, we shall find that a very advan
tageous mixture results. In this way, we are enabled 
to work the most unfavorable metals advantageously. 
For these reasons, it is advisable to work metals from 
different localities. In our attempts to wor’k, in a pud
dling furnace with iron boshes, coke or anthracite iron, 
or even some kinds of charcoal iron, we frequently meet 
with an unexpected disappointment; and this disappoint
ment results from the imperfect fusibility of the pig iron
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in the hearth of the furnace. In such cases, artificial 
cindets are useless, for the  ̂best cinder cannot reach the 
impurities. These are inclosed in the particles of iron, 
and toothing but a perfect solution of the metal will 
remove them. ; This solution may be most easily effected 
by mixing with the refractory iron an iron that is very 
fusible. Admixtures in themselves injurious cease to 
be so if the metal can be perfectly dissolved and kept 
liquid until the cinder has had sufficient time to act upon 
it. In proof of this, it may be remarked that phos
phorus or sulphur may be added as a flux to the half 
liquid iron; and, if the cinder of the furnace is of the 
proper kind, the metal manufactured will be neither hot- 
short nor cold-short. The application of sulphur or 
phosphorus as a flux is difficult and expensive; we 
should, therefore, have recourse to fusible metals. Gray 
iron frotoi phosphorus, sulphurous, silicious, and clay ores, 
is of this kind; as well as pig iron from the same ores, 
smelted by heavy burden. Cinder compositions will not 
improve metal obtained from calcareous ores, or that 
smelted by an excess of limestone, or by a too light bur
den, for,Though it should melt, and become apparently 
very liquid, it will “ come to nature” so soon that no 
time will be afforded for improving it.

In a previous chapter, we remarked that the best 
policy which the iron manufacturer can pursue, is to 
make cheap pig iron, and leave improvement in quality 
to the puddling furnace. This.is perfectly true within 
certain limits. But, if  we adopt the most economical 
plan of working the blast furnace, that is, by carefully 
preparing the material, and by carrying as heavy a 
burden as possible, these limits are very extensive. 
When these conditions ai-e observed, good iron may be 
produced with comparative ease. But pig iron, from 
furnaces where the manipulations aie carried on irregu
larly, and where change of ore, coal, burden, and work
men often occurs, is with difficulty improved. In most 
cases, it is better to run this iron through the finery, and 
make of it coarse bar or railroad iron, than to attempt 
to improve it in the puddling furnace. Careful manipu-
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lation in the blast fuTnace is the best security of success 
in the puddling furnace; in fact, success in the one is in 
exact proportion to the economy obs&rved in relation to 
the other. The truism that good work is always even
tually the cheapest is in this case amply confirmed.

We have also attempted to explain what kind of iron 
can be made from a certain kind o  ̂pig metal, and to 
show what kind is necessary for specific purposes. So 
long as the process of puddling is imperfectly under
stood, the qualities of bar iron may be said -to depend 
on metal, fuel, ahd lab o rfo r, practically, it is evident 
that the product will depend on the quality of the ma
terials we possess. At this, if at any stage, in the manu
facture of iron, scientific improvements are available. 
Industry and attention are sufficient, in most cases, to 
produce satisfactory results; but in puddling, something 
else is required. Every experienced iron manufacturer 
is convinced that the'quality and quantity of iron pro
duced depend upon the nature of the cinder employed. 
That, in blast furnace operations, cinder can be improved 
only, to a very limited degree, we have already shown. 
But, in the puddling furnace with iron boshes, this im
provement may be indefinitely extended.

It is of but little use to attempt to make scientific 
improvements at the charcoal forge. At this fire, the 
best and most easy method of piaking' excellent iron is 
by employing white metal of good quality. The same 
remark is applicable to the pudding furnace with brick 
or soapstone lining. Cinder compositions are, in these 
cases, unavailable. These are of advantage only in the 
puddling furnace with iron bottom and boshes; and it 
may be said that there would be no limit to improvement 
in the quality of iron, if the iron lining would permit of 
a heat sufficiently strong to melt the refractory metals. 
But because this is not so, we are confined to metals 
which melt at a given temperature; and for this reason, 
also, the irregular nature of the metal we employ pro
duces such unsatisfactory results. The following state
ments apply to furnaces with iron boshes; and deductions 
may be drawn from them relative to refining or puddling.
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h. In  puddling, the most simple method of improviriff 
iron is, as we have previously mentioned, by mixinji 
different kinds of metal on the same principle we have 
applied at the blast furnace. The obvious deduction is, 
the more kinds we mix, the better the result, whiph 
coincides exactly with experience. For this reason, it 
is advantageous to mix pig iron from the coal regions 
wdth iron smelted from primitive or transition ores, and 
to mix calcareous metal with a silicious or phosphorous 
pig iron. .Stonecpal or coke iron is greatly improved 
by being mi.xed with charcoal iron. Baltimore pig iron, 
in itself an excellent iron, would, if mixed with iron from 
Hanging Rock, Ohio, be made a still better article. The 
latter may be considered the best metal in the world for 
castings.; but. associated with the former, it would make 
a very superior wrought iron. In this matter, it is 
necessary to guard against the opinion entertained by. 
some, that the mixture of iron from different localities 
merely is Shflicient. This is by no means the case. 
‘Mixing is to be performed with due relation to the 
chemical composition of the ore, to the place at which 
the metal is smelted, and to the' fuel applied in smelting. 
Magnetic and bog ores w'ork well in the blast furnace, 
and their respective metals work well in the puddling 
forge. Calcareous ores and those containing manganese 
work best in the blast furnace, if smelted along with 
silicious or clay ores. The metals derived from each of 
these ores will make, when mixed, far better articles in 
the forge than each would produce, if wrought singly.

Another method of improving iron is by mixing the 
cinders produced by separate furnaces. This method is 
extensively practised at the Western establishments. 
The kind employed is puddling cinder from furnaces 
which work refined metal, and cinder from charcoal forge 
fires. Such cinder is charged along with the pig iron in 
the boiling fui-nace.“ After the iron is melted, hammer 
slag or roll scales are employed to excite fermentation, as 
well as for the purpose of accelerating the work, and 
improving the quality of the iron. The application of 
cinders, notwithstanding their unquestionable utility, is
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very limited. Inferior pig iron requires good'cindef in 
large quantity; the use of cinder, therefore, is restricted 
to charcoal iron; and even here it can be applied only 
in* a very. limited degree. In this respect, the Eastern 
do npt enjoy the advantages which the Western works 
possess, on account of the charcoal forges and charcoal 
iron of the latter, and the extensive use which the former 
make of anthracite pig iron. If the-cinder employed is 
of good quality, and in sufficient quantity, our labors , 
cannot fail to be successful. But in the stonecoal regions, 
good cinder is not abundant; and that obtained even from 
the best forges is only of medium quality. Where hot- 
blast iron is refined, it is so inferior as to cease to be of 
any use. The cinder we require should be obtained from 
pig iron from the richest ores; and we,may work to the 
best advantage by observing the same rule in relation to 
it which we gave relative to the mixing of pig iron and 
iron ores.

A better method of irnproving iron than the applica
tion of cinders is by the addition of ore to the iron 
charges. This is extensively practised at the Eastern 
works. The ore is either put in large pieces around the 
inside of the furnace to protect the boshes, or charged 
in small fragments with the metal, like the additions of 
cinder. W hat kind of ore is best adapted for this pur
pose is in some degree a scientific question; but expe
rience shows that none answers so well as magnetic ore; 
and this is generally employed. If  magnetic ores cannot 
be obtained, and if it is necessary to employ oxides, or 
hydrates, it is advisable to burn the latter hard, and to 
convert them into a black magnetic oxide, before, we use 
them. The leading principle which guides us in the 
selection of an ore is its amount of iron and its purity. 
Sulphurous, phosphorous, and calcareous ores will of 
course be rejected. Unless the amount of iron in the ore 
is greater than that in the cinder we are making in the 
furnace, we shall fail to realize the advantage we expect. 
If there is more foreign matter in the ore than the cin
der generally contains, we shall obtain iron in smaller 
amount, and of worse quality, than though no ore had
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been added. The best cinder from charcoal forge iron 
contains scarcely more than eight or ten per cent, of 
foreign or silicious matter; the residue is iron and alka
line substances. The amount of silex varies from ten 
to thirty per cent, and even more; and its increase*be
yond ten per cent, is inversely proportional to the quality 
of the iron. This shows cleaidy what is required for the 
improvement of iron; that is, alkalies and metallic ox
ides. Alkaline earths, such as lime, magnesia, and 
baryta are not adapted for this composition, because the 
temperature of the puddling furnace is so low that they 
will not combine with the silicious matter; and they in
jure the cinder, by stiffening it. An ore serviceable for 
puddling may contain manganese, clay, soda, potash, and 
silex; but if it contains lime, magnesia, baryta, sulphur, 
phosphorus, copper, silver, and more than twelve per 
cent, of silex, it must be rejected. The native magnetic 
ores are, under all circumstances, preferable. At Lake 
Champlain, and in Essex County, New York, an abund
ance of suitable ore exists. New Jensey contains a 
quantity of ore which, though very silicious, is well 
adapted for our purpose. In Missouri, Wisconsin, and 
in other States, such an ore appears to exist in abund
ance. But, in the anthracite and bituminous coal re
gions, the iron master is placed in a somewhat difficult 
position. The richest hydrates of Huntingdon or Leba
non County, in Eastern Pennsylvania, or those from the 
Cumberland River, Tennessee, may serve as fluxes; but 
they must be converted, by roasting, into magnetic ox
ides, before they will serve for the improvement of iron. 
Magnetic ore of good quality will, of course, serve as 
well as hammer-slag for boiling, that is, for raising the 
cinder.

Though the application of cinder and iron ore rests 
upon sound principles, it is still limited to certain quali
ties of metal, and never produces anything beyond a 
certain kind of bar iron belonging to the cinder we are 
able to generate from ore. We are thus sometimes left 
in a difficulty, i f  we expect a kind of bar iron which it 
is beyond the capacity of our cinder or ore to furnish
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US. In nearly every instance, artificial fluxes are the 
safest and cheapest of all fluxes, and, when intelliR;ently 
applied, produce results which we have yet failed to de- 
rive from any cinder or ore.

The materials suitable for these artificial compositions 
are very limited; and their application requires expe
rience. The kind of material used is of less conse
quence, in the results obtained, than the manner in which 
it is employed. Caustic potash, caustic soda, manga
nese, iron, and day  may be employed with advantage. 
All other matter, even carbonates of potash, is useless; 
lime and magnesia are injurious. lS0da is preferable to 
potash*. W e are, therefore, reducedi to soda, manganese, 
and clay, as the only available substances not already 
contained in the ore} except additions already noticed.. 
[In many instances, pig iron contains an amount of man
ganese which renders the application of any additional 
quantity superfluous. The materials, then, at our dis
posal—in fact, the only ones we need—are soda and 
clay. In some cases, common salt or borax is useful. 
But, under all circumstances, whatever matter v(e em
ploy should be mixed and ground as fine as possible. 
Our own experience has taught us that* unless this is 
carefully attended to, success is somewhat problematical. 
For this, purpose, rotary iron barrels, like those employed 
in foundries for grinding charcoal, are employed. The 
materials are mixed in definite proportions. A small 
fire is kept under them to dry the clay, and mix the 
soda intimately with it. The contents are then ground 
into an impalpable powder, which must then be placed 
in a dry, warm place for preservation. When moist, 
even though under the influence of a dry atmosphere, 
its virtues are greatly diminished. To illustrate the 
operation of artificial fluxes, we shall relate our own ex
perience in regard to the different kinds of pig iron for 
which they were employed, and indicate, as we proceed, 
the various compositions which we tested. We shall 
present, at first, the most simple cases, and gradually 
ascend to those which are more complex.

1. Metals smelted by charcoal from phosphurets. It
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is immaterial to what degree this iron may be cold-short, 
provided it is mottled or gray pig, or the result of heavy 
burden. By a judicious application of Shafhautl’s 
compound—that is, five parts of common salt, three of 
manganese, and two of clay—it will produce an excel
lent bar iron, equal to any iron from the best, charcoal 
metal. The clay alluded to is not a silicious, sandy, 
white matter, or common loam ; but the finest white 
plastic clay, which, when wet, is very tough, and when 
dry, of smooth appearance; it forms an impalpable pow
der. The pig iron is heated as in common operations. 
I t  is melted down by a rapid heat; the damper is closed; 
and the cinder and metal diligently stirred. Ifi the. 
meantime, the above mixture, in small parcels of about 
half a pound, is introduced in the proportion of one per 
cent, of the iron enyployed. If, after this, the cinder 
does not risb, hammer-slag may be applied. Where 
competent workmen are employed, a good furnace will 
make a heat in two hours, and furnish highly satisfactory 
results. .Where the operation is well conducted, there 
will.be neither too much nor too little cinder in the* 
furnace. From a rolling mill of which, we have per
sonal knowledge, containing six double furnaces, not 
even a wheelbarrowful of cinder was carried away, 
while no cinder, in addition to the roll scales, and the 
cinder supplied by the furnaces, was added.

2. Pig iron, from sulphurous ore and heavy burden, 
smelted by charcoal. The appearance of this metal is 
very black. Under ordinai'y circumstarices, it produces 
very red-hot iron. I t  was melted and wrought by the 
same method as No. 1, with this difference, that, instead 
of clay, chalk was emploj'ed. In the furnace, it worked 
somewhat faster than the above^ but always produced an 
iron inferior to it.

3. Gray charcoal iron, of any cast or mottled iron, 
will produce with great facility, by working it in the 
same way as No. 1, a superior fibrous iron; but great 
industry is required to make as fine and strong an article 
No. 1.

4. Gray anthracite iron, if free of sulphur, requires
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the mixture of No. 1; but if it contains any trace of 
sulphur, Nbi 2 will answer better. This remark also 
applies to gray coke iron. But coke iron is less easily, 
wrought into a good article than anthracite iron. Net* 
ther works so well as charcoal pig. The main difficulty 
in working them consists in melting-in. But, by careful 
and industrious manipulation, we shall arrive at as sat
isfactory results as with charcoal iron.

5. From, white iron of small burden, or from an excess 
of limestone or manganese, it is useless to attempt to 
produce a good article. A small amount of such iron, 
containing phosphorus or sulphur, will make a whole 
charge cold-short, or hot-shert, and it  is impossible tp 
remove silex from it. By the addition of a very small 
portion of soda and clay, the better kinds of such iron 
may be advantageously puddled. If caustic soda is not 
too expensive, it may be considered preferable to com
mon salt. One pound of soda and one pound of clay 
are sufficient for 500 pounds of iron: or, if caustic soda 
is not applied, two pounds of common 'salt. All inferior 
and irregular metals. Whether charcoal, anthracite, or 
coke iron, should be Sent to the refinery, melted into 
finery metals, and puddled in furnaces with brick or soap
stone lining, in which operation a small addition of clay 
and soda will be found advantageous. From these de
monstrations, we see of what importance pig iron, which 
melts and keeps liquid for a given length of time, is to 
puddling establishments. Such iron is produced only by 
blast furnaces which carry heavy burden and consume 
a very limited amount qf fuel.

i  In puddling manipulations, we must be careful that 
the furnace hearth is kept tight, and that the cinder 
does not leak through the bottom even in the strongest 
heat. A heat which loses its cinder is spoiled. The 
quality and quantity of the metal are injuriously affected. 
The amount of cinder required in the furnace depends 
upon the metal we use, upon the competency of the 
workmen, and upon the iron we design to make, Good 
puddlers will work to advantage with a small quantity; 
butpoor workmen require an. abundant supply. With
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a small qulintity, the work is accelerated. Inferior re
quires more cinder than good pig iron, and gray more 
than white.' I f  we desire strong iron, of fine fibre, we 
must employ gray pig of a fusible nature. By diligent 
work, without adding any scales or hammer-slag to the 
mixture, No". 1 will furnish an iron of unsurpassable 
absolute strength.

If we desire to make wire iron, it is necessary to 
employ gray pig containing a large amount of carbon, 
and flux it by means of caustic soda and clay. If 
expense is no object, borax may be employed with even 
greater advantage. In this instance, a fine-grained iron, 
of steel fracture, but softer than steel and harder than 
fibrous iron, is required. Fibrous iron is not adapted 
for the manufacture of wire. I t  does not draw well, and 
is not so strong as iron of a fine-grained nature. Such 
iron should be free from impurities and cinder; for these 
not only weaken it, but make the wire short and unclean, 
besides working hard on the draw-plate. To remove 
these impurities, we require a very alkaline, but at the 
same time very fusible cinder. Such a cinder will make 
a fine compact iron, exhibiting no fibres in the rod or 
billet, but only in small wire.

k. The height of the furnace top, or arch, from the 
bottom, varies, according to circumstances, from eighteen 
to thirty inches. In puddling furnaces, from eighteen 
to twenty-four inches; and in boiling furnaces, from 
twenty-tw'o to thirty. The latter is the extreme, and 
seldom applied. Inferior pig iron which melts easily, 
and keeps liquid, requires a higher arch than pig iron 
of good quality. Gray metal produces better iron by a 
high than by a low top. W hite metal of any kind 
works more favorably by a low arch, for which reason it 
is puddled, and not boiled. A high arch works more 
slowly and consumes more fuel than a low arch, but the 
yield is superior both in quantity and quality. Wire 
iron requires a strong heat, but a high top. Good pud- 
dlers will’work with a low arch; but such an arch can
not be intrusted to inferior workmen.

L The depth of the bottom, that is, the iron bottom
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below the door-plate o r ' cinder-plate, is as ValTable as. 
the roof. From four to six inches Is snfficient in a pud
dling, and from six to twelve in a boiling furnace. In 
some cases, the latter is rather too great a depth and 
even eleven inches may be considered the extreme., A 
deeper hearth is required for bad than for good pig iron. 
A deep bottom consumes more fuel, and requires greater 
attention, than a flat bottom, but it niakes better iron, 
and yields in larger quantity, A large body of cinder 
does not make very fibrous, but very clean iron.

m. The dimensions of the grate of a puddling furnace 
depend upon the size of the hearth, and upon the kind 
of fuel employed. For wood, in small chips, a grate 
whose size is in the ratio of one foot to twelve feet of 
hearth, is sufficiently large ; for bituminous coal like 
that of the Pittsburg vein, one foot to four. For hard and 
impure coal, it may be extended to half the size of the 
hearth. But where blast is applied, as In the case of 
Pennsylvania anthracite, these rules must, in some 
measure, be modified. However, if we have any doubt 
about the matter, it is better to make the grate too large 
than too small. The only disadvantage of a large grate 
is that it consumes h greater amount of fuel than one of 
the proper size.

n. The influence of fuel upon the quality of the iron 
manufactured is not remarkable; but, in some instances, 
it is important. Sulphur and phosphorus do not appear 
to have any influence whatever upon the iron in the fur
nace, for we have experienced no difficulty in puddling 
with sulphurous coal or turf, the latter of which gen
erally contains phosphorus in admixture. Wood un
doubtedly affects the process very fawrable. We have 
observed very closely two establishments in which the 
same kind of metal was puddled by wood and by in
ferior anthracite; the abilities of the workmen about 
equal.- The iron puddled by wood was strong, white, and 
of fine fibre. That puddled by anthraeite was equally 
-strong, but dark in the fracture, and of coarse fibre. In 
the blacksmith’s fire, the superiority of the former was 
still more apparent. The only reason which can be as-
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signed for this difference is the difference in the compo
sition of the ashes of the wood and anthracite.. Wood 
ashes are of an alkaline, the ashes of anthracite are of 
an acid, nature. W ith wood or bituminous coal no dif
ficulty is experienced in puddling, on account of the 
ashes; but with anthracite, the ashes have at times 
proved a serious obstacle. The application of blast, and 
the use of large grates in the modern anthracite furnace, 
have, in a great measui'e, removed this obstacle. An
thracite iron, though sufficiently strong and malleable, is 
frequently of so dark a color as to be unfavorable for 
blacksmith’s use. This color is imparted by the ashes 
carried over from the grate upon the hearth. These 
ashes, which are not pure earth and silex, contain a 
large amount of carbon. I f  they cover the surface of 
the exposed iron, carbon will be inclosed in the balls. 
The sileX is then absorbed by the protoxide of iron, and 
a black cinder is formed; when, to this, black carbon is 
added, it is not strange that the iron becomes dark in the 
fracture. The most effectual preventives of this are 
quick wotk, and an abundance of "very fusible cinder. 
Still, it may be stated, as a general rule, that iron pud
dled by a small amount of cinder,.and by the applica
tion of stonecoal, no matter of what kind, is of dark 
fracture. I f  more cinder is, applied, the same pig iron 
will exhibit a brighter fracture.

a. Heating stoves attached to puddling furnaces are, 
where fuel is expensive, and where competent workmen 
are employed, a valuable appendage. By their, use, a 
quarter of an hour or more is saved each heat. Where 
they are used, it is advisable to give the metal only a 
cherry-red heat, and to keep it in the stove as short a 
time as possible, The best situation for a stove is be- ■ 
tween the pillars of the stack. Stoves designed to heat 
the pig iron beyond a cherry-red heat,-or even to melt it, 
are not advantageous in the way of appendages.

p. The yield depends very much on the nature of the 
rnetal and upon the mode of working it. In pud
dling good white metal, there is a loss of four or five per 
cent. W'ith bad white metal the loss is twenty per cent.,
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and even more where we seek to improve its quality. 
Gray pig metal, of whatever quality, may, by a judicious 
application of ore and artificial fluxes, be made to yield 
from ninety-five to ninety-eight per cent, of rough bars 
per XOO cent, of metal.

General Remarhs on Refining..

The run-out fire—finery-^is, as we have previously 
remarked, an imperfect apparatus. Its design is to'im
prove the quality of pig metal, and to diminish the labor 
of converting it into wrought iron, This design is partly 
accomplished ; but the apparatus is still far from being 
complete. I t  is not oUr object, at present, to suggest 
any improvement upon it, but simply to define its pur
pose, and to exhibit its imperfections.

At the time coke iron was first made, alarge quantity 
of bad iron was, as might have been expected, produced 
in the blast furnace. Such metal, of course, worked 
well neither in the charcoal forge nor in the puddling 
furnace. In  such a case, but little could be' expected 
from the run*oUt fire; because then the nature of the 
charcoal forge and of the puddling and blast furnaces 
was not well understood. But this offset to imperfect 
results canriot no\V be so successfully pleaded by the 
manufacturer. Gray pig iron from a well-conducted 
blast furnace operation can be puddled to the best ad
vantage, without refining; and it is generally admitted 
that such iron is of superior quality. In addition to this, 
experience shows that it  is cheaper than refined iron. 
Therefore, the only iron left forrefiningisthat which re
sults fi'om badly-conducted blast furnace operations. 
That the run-out fire is not the best apparatus for effect
ing that result, is sufficiently proved by experience ; but 
theoretically, the fact may easily be demonstrated.

If ore is once reduced to iron,, the result may be a very 
imperfect metal. Still, the largest amount of matter in 
it is iron. In the crude metal, it is seldom less than 
ninety per cent. This element is, in all instances, the 
same; it is as favorable in bad as in the finest metal.
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with the exception of being adulterated by some admix
tures which, under certain circumstances, are injurious.

If  stfch metal has been properly treated in the blast 
furnace, we find no difficulty in producing from it a good 
wrought iron. But if badly managed, it is almost im
possible to obtain this result. The abundance of bad 
iron in the market is a proof that the finery accomplishes 
but a slight improvement. The main diffioiilty in work- 
ing pig metal smelted by a high heat in the blast fur
nace consists, as we have before explained, in the im
possibility of so completely dissolving it as to enable the 
cinder to act upon the foreign matter in it to advantage. 
In most instances, it readily dissolves by a tolerable heat; 
but the cohesion of its particles is so great, and its 
affinity for oxygen so strong, that it does not remain 
liquid sufficiently long for the removal of its impurities. 
The objections made against cold boshes in the puddling 
furnace apply with greater force against the finery fire, 
for in the latter cold boshes not only exist, but are in a 
less advantageous form than in the double puddling fur
nace. Therefore, the finery fire effects scarcely any im
provement in the quality of ii*on, and is, of course, not 

. adapted to produce cheap work.
The chief purpose of the run-out fire is the manufac

ture of a more uniform metal than is produced by the blast 
furnace. By bringing the metal to a somewhat uniform 
quality, we are enabled to secure more regular manipu
lation both in the forge and in the mill. But this ad
vantage can be arrived a | in a more perfect manner by 
very different methods. Another advantage it is said to 
possess is, that it does not consume so much iron, in neu- 

* tralizing the silex of • the pig n^etal, as the puddling fur
nace. This is t ru e ; but if the run-out fire works by 
coke, whieh is generally the case, all the ashes of the fuel 
are saturated by iron, and a large quantity of the sand 
which forms the bottom of the fire. These objections 
are of a practical nature. We know that it is vain to 
attempt to improve radically bad metal by running it 
through the finery. W e know, further, that this is not 
the method of making cheap iron. The finery fire will
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waste from six to fifteen, ana even twenty per cent, of 
metal. W e may say that ten per cent, of this is, on an 
average, uselessly lost ;• for, in the puddling furnace, we 
fcan produce a yield equal to that in the finery, whether 
the metal is refined or not. This losS'—without con
sidering the wages of workmen, from one dollar to one 
dollar and fifty cents, and the expense of fuel, which for 
coke is seventy-five cents, and for charcoal two dollars 
and fifty cents—amounts to four dollars per ton of iron, 
that is, if we estimate the iron at but two cents per 
pound. The expenses of refining therefore, in the most 
favorable case, amouiit to at least five dollars and a half 
per ton.

In the following pages, we shall endeavor to point out 
still more completely than heretofore the deficiencies of 
the run-out fire ; and for the purpose of assisting invent
ive genius, we shall add the different methods of refining 
at present practised in various parts of the world:—

a. 1. By charging to excess, in the blastfurnace, ores 
containing phosphorus; these will produce white metal 
with the least injurious admixtures. 2, By casting the 
pig iron directly from the blast furnace in iron moulds  ̂
and cooling it suddenly by a current of cold water. $. 
By running the melted iron into a mass of cold water. 
4. By the making, of rosettes, practised in Styria, and 
already described, an effectual method, unless the metal 
is very bad. 5. J3y tempering the metal; this is done 
by exposing it for twelve or twenty-four hours to a cherry- 
red heat. 6. By refining th§ iron in the blast furnace 
before tapping; this is effected by turning the blast 
Upon the hot iron, and in this way burning impurities 
and carbon, 7. By feeding good ore, hammer-slag, pr 
wash iron at the tuyere. Wash iron is the fine grains 
of iron gathered by pounding the furnace cinder, and 
washing it in a current of water; the water carries off 
the sand of the cinder, and the grains of iron left amount, 
in many instances, to six or seven, seldotft less than three 
or four per cent, of the cinder. This method is exten
sively practised in Western Germany, where poor sili- 
cious ores are smelted. 8. By melting the pig iron in the 

46
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Common charcoal forge, and by chilling it in water, pre- 
parihg it for the following operation. A division of 

' labor is thus practised in the same apparatus. 9. By 
melting the pig iron in a reverberatory furnace, and by 
blowing upon it, as practised in this country and else
where ; or by “ washing” the melted metal with ore, ham
mer-slag, or other ingredients, to make it white. Of all 
the methods described, of all that are knowg, none is so 
well adapted .to' improve iron as the puddling furnace. 
The most useful in the above enumeration is the refin
ing of the iron in the blast furnace before it is let out; 
but this method is not generally applicable, and it would 
not answer at all in an anthracite furnace.

A method of improving iron, commonly employed, is 
hy immediately'^ cooling the hot metal in iron moulds, 
or by the application of water.' Generally, both means 
are resorted to in the same case. As far as the removal 
of impurities is concerned, no improvement is effected; 
for the. iton contains as much silex, carbon, and sulphur 
after it is chilled, as before. Still, the manipulation is 
productive of great advantage. W e shall endeavor, in 
a future page, to explain the nature of this curious pro
cess. Metal designed for the forge should be cast in 
iron moulds, if for no other purpose than to keep it free 
from sand.

Of late years attempts have been made to remove im
purities by galvanizing iron; but such experiments have 
not as yet been productive of any practical utility. 
What may be done, is not always profitable in business.

Theory o f  defining and Puddling.

We now proceed to the examination of a subject 
which is no^less difficult than interesting. It unfolds to 
us the nature of the material with which we have to 
deal, and shows us to what extent we can succeed in 
improving the quality of metal by converting it into 
wrought iron. W e shall probably succeed in conveying 
a better understanding of this subject, by pointing out 
the natm-e of pig iron and wrought iron.
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a. The ehemical difference between cast iron and 
wrought iron consists, principally in the difference of 
degree in which foreign matter is present in each; which 
is in larger amount in the former than in the latter. We 
should be cautious not to infer that this rule' is univer
sally true j that is, by applying it to icon from different 
sources. • This rule is applicable only to a given cast 
iron, and f?) the wrought or bar iron which is made from 
it. There Rre many cases in which wronght iron con
tains a larger amount of impurities than cast iron, and 
yet is malleable; while cast iron of the same composi
tion may be very hard and brittle. Berzelius, a  cele
brated Swedish chemist, tells U s that he detected, in a 
certain kind of bar. irpn, eighteen per *cent. of silex; 
and that this iron was still malleable and useful. One- 
tenth of-that amount of silex will make cast iron brittle. 
The foreign matters generally combined with pig iron 
are carbon, silicon, silex, sulphur, phosphorus, arsenic, 
zinc, manganese, titanium, chrome, aluminum, magne
sium, and calcium. Each of these tends to make iron 
brittle. Therefore, in converting cast into wrought iron, 
it is necessary, as far as possible, to remove them. Car
bon, and, as far as we can judge, all other foreign matter, 
divide the crude iron into two very distinct classes.' In 
the one, carbon is only an accidental mechanical admix
ture ; in the other, it is in definite chemical combination 
with the iron. To the former belongs gray and mote 
fusible iron; to the latter the white iron. Judging from 
the behavior of the different metals in the refining and 
puddling process, we are inclined to believe that the 
presence of silicon and silex has a similar influence, for 
it is almost impossible to remove silex from white metal 
with which carbon is chemically combined. The silex 
is present very probably in the form of silicon. This 
accounts for the great difficulty of improving such metal 
by any refining process. The same remarks apply to 
phosphorus and sulphur. White metal of small burden 
may contain from five tO nearly six per cent, of carbon]

, as in the case of spiegeleisen smelted from spathic ores of 
certain character, and from our New Jersey Frauklinite
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ore; [and if smelted from poor ore, almost an equal 
amount of other foreign matter, puch aS silicon. Upon 
the presence and form of these, its white color and crystal
lization, in a great degree, depend. Gray pig iron seldom 
contains more than 4.75 per cent, of carbon, and gene
rally only .from 3.50 to 4 per cent. .When carbon is 
present to the amount of but two to three per cent., it 
becomes white. .We know, from experience, that white 
iron of heavy burden behaves well, and that it can be 
greatly improved in the puddling furnace; but with less 
facility in the charcoal forge. W e also know that it is 
almost impossible to improve white iron of poor origin, 
and light burden, containing carbon in large amount, by 
any method of manipulation. I f  the presence of carbon 
were the only difficulty to be overcome, we should not de
spair of working i t  advantageously. In fact, the better 
kinds of this metal are worked with success in the charcoal 
forge; but in this forge the poorer kinds will not work 
at all. In  the puddling furnace, the former will produce 
a good article, though not equal to gray metal from the 
same pre; but the latter will yield a very inferior iron. 
Hence, we conclude that, in this‘metal, silex is present 
in the form of silicon, and that it is chemically combined 
with the metal as an alloy. This remark also applies to 
calciutti and phosphorus. By these combinations, the 
difficulties encountered in pur attempts to remove impu
rities from metal are explained. Were carbon the only 
difficulty against which we have to contend, the metal 
could be made to ’work ŵ ell in any apparatus. Were 
the protoxide of ii'on the only base in the cinder, this of 
itself would absorb any amount of oxidized silicon or 
silex. But, in consequence of the change of .silicon to 
silex,: the former must firsf absorb oxygen; and this it 
can absorb only from the protoxide of iron in the cinder. 
The silex, thu^ forming, will attract three atoms of iron 
in absorbing oxygen. The oxygen, in turn, will form 
very adhesive white iron, which crystallizes rapidly. Its 
crystals include carbon, silicon, and even silex. In this 
instance, we require a far larger amount of oxygen to 
remove impurities than in the case of gray iron; and
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this oxygen can be derived only from the oxygen of the 
cinder, or, from the protoxide of irop which the cinder 
contains; or, where the cinder is very alkaline, from 
magnetic oxide of iron. Hence, it follows that, to satu
rate the silex formed, an immense (Quantity of iron is 
taken fropa the metal itself, to be oxidized by. the atmos
pheric air. This oxidation raises the temperature of the 
metal, and* separates the carbon before the remaining 
impurities can be effectually removed, ^he only method 
of improving such metal is to melt it by a very high 
heat, and under cover of a. very strong alkaline cinder. 
But this is not feasible either in the charcoal forge or in 
the puddling furnace.

h. In  composition, wrought iron is frequently inferior 
to the metal from which it is made; that is, if we apply 
the term inferior tO the preponderance of foreign matter 
which it contdins. Wrought iron Containing a large., 
amount of silex and carbon, especially the first, and even 
a given proportion of phosphorus, may Still be a good 
bar iron. The main difference between pig and wrought 

, iron consists in their mechanical structure or aggregate 
form. Pig iron is a homogeneous mixture of impurities 
and metal, in which, by affinity, atom is brought close to 
atom, and in which a transformation from the mechanical 
to a chemical admixture is easily effected, as in the case 
of gray and white metal.' Wrought or bar iron is a mix
ture of iron more or less pure with a mass of homogeneous 
impurities, or cinder—the latterj filling the crevices be
tween the crystals of the iron. If  we remember that 
iron is fusible in proportion to the. Carbon it contains, 
we shall arrive at a very comprehensive conclusion. If  
we melt pig iron, and expose the cinder which surrounds 
it to the influence of oxygen, the carbon will evaporate, 
and iron of greater or less purity will remain. This iron, 
to be kept liquid, requires a higher temperature than at 
first; consequently, unless the temperature is raised, it 
will solidify or become granular. In this state of meta
morphosis, its infusibility \Vill increase, and after the' 
expulsion*of the carbon, it will contract into a solid mass 
under the highest possible heat. By stirring and mixing
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the pasty iron, small grains are formed ; at first, on ac
count of the partial fusing of the iron, in small particles;, 
hut, as the fusibility diminishes, these particles unite by 
force of cohesion; and the bodies thus formed may, by 
exposure to a higher heat, be welded together. The 
mixing of cinder and iron will prevent the latter froift 
forming large grains. This result, of course, will be more 
easily prevented by diligent than by tardy manipulation. 
Where the pig iron is of such a nature as to keep liquid 
while the work goes on slowly, still better results will be • 
afforded. This process is analogous to that of salt-boil
ing, in which, by stirring the brine, the formation of 
large crystals is prevented. I f  the “ crystals” of iron thus 
formed cohere, they form, under the influence of motion, 
a porotis, spongy mass, whose crevices are, if not filled, 
at least coated, with cinder. I f  these masses, which are 
the loups or balls at the charcoal forge and puddling fur
naces, are shingled or squeezed, the crystals of iron will 
not unite, but form coated cells with a film of cinder, of 
greater or less thickness, according to the fusibility of 
the cinder. Iron in a connected form, and cinder in .* 
separate cells, ai’e thus blended in  a homogeneous mass. , 
The more this iron is stretched, the more it forms fibres. i 
Fibrous bar iron resembles hickory wood, in the fact 
that it is a combination of fibres and spaces. In bar 
iron, these spaces are filled with cinder. When other 
circumstances are equal, the strength of the iron will be 
proportional to the hneness of the fibres. That portion 
of the iron which is not melted, which crystallizes too 
fast, or whose premature crystallization the workman 
cannot prevent, is in the condition of cast metal, and 
Cannot be converted into fibrous wrought iron. In the 
puddling furnace, it is necessary to prevent crystalliza
tion by manual. labor. This result, whether in the 
Catalan forge^the wiilf’s oven, or the German forge, is 
partly accomplished by the blast.

If the characteristic difference jpetween wrought and 
pig iron] carbon excepted [consists in nothing else than 
such a well-regulated mechanical mixture, of cftider and 
iron, we ought to be enabled to produce fibrous wrought
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iron from any cast iron, whether it is or is not purified 
by the process we have described. This is actually 
the case. Very fibrous bar iron, which is strong and 
malleable, IS made from very inferior metal in which no 
removal of its impurities is effected. Among other in
stances, which, we may observe, are very frequent, in 
which this result is accomplished, we ,may mention 
that, at Hyanges, France, very inferior metal is con
verted. by a cheap and skilful puddling process, into 
a very fibrous bar iron, of great strength and ductility. 
But this iron is puddled and reheated by the lowest 
possible heat; it is then rolled, and ready for market. 
For hoops, rails, and nails, it is a very useful article; 
but it is of no use to the blacksmith. Heated by 
any temperature beyond that of the puddling and re
heating furnaces, it returns to its primitive state, in 
which condition it becomes worse than the cast iron from 
which it was originally made. None but a very skilful 
blacksmith can weld it; for, when slightly reheated, it 
falls to coarse, sandy pieces, or melts like pig iron. That 
which thus loses its fibrous texture in heating, the smith 
calls “ burnt iron.”

c. W rought iron of a white color, fine fibre, attd 
yielding when struck, a dead sound, is not liable to these 
alterations. I t  remains fibrous under all conditions, and 
is altered neither by heat nor water; that is, provided 
the heat is not excessive,or of too long duration. Such 
iron must be free of all carbon or elementary impurities, 
or its cinder be of such a nature as not to’be altered by 
carbon or silicon. In Styria and Carinthia, iron of good 
welding properties, Very fibrous, and remaining fibrous, 
however often it is heated or cooled, and very tenacious 
—in fact, a perfect sample of excellent iron—‘is manu
factured from carbonaceous, spathic ores, which contain 
a large amount of manganese. Bar iron, from whatever 
source, if manufactured from metal smelted by a well- 
conducted process from ore containing manganese, is 
generally of the same character; at least, it is always 
the best for blacksmith’s use. These facts show conclu
sively that, manganese has a favorable inftuence upon
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iron. Manganese has greater affinity for oxygen than 
iron; and its oxides are powerful bases, stronger even 
than the oxides of iron.

d. Iron, carbon, and silicon have a great affinity for 
each other, but, so far as we can judge, it requires a 
given temperature and certain conditions to develop a 
polarity sufficiently strong to’ blend them so intimately 
together that the specific quality of each is lost in that 
of the other. This is actually the case between carbon 
and iron ; and it is rational to expect that it is the case 
between silicon and iron, as well as between iron, phos
phorus, and sulphur. The latter two combine with.iron 
at a low temperature. I f  such a chemical connection 
between silicon and carbon happens to exist in metal, 
it is evident that their separation must be a matter of 
extreme difficulty. Silicon has a stronger affinity for 
oxygen than either carbon or iron,; for this reason, as 
well as, for the large amount of oxygen required to 
oxidize the silicbn, it is so difficult to remove it from 
the iron. •

The amount of carbon may be very large in Some 
kinds of metal, particularly those smelted from poor 
silicious ore, or those smelted by coke and anthracite, or 
as the result of light burden. I f  such metal is remelted 
in a puddling furnace, or in any apparatus in which there 
is access of atmospheric air, the silicon will absorb oxy
gen, should it exit. If, perchance', atmospheric oxygen, 
or, what is still Worse, watery vapors "have access to the 
metal, the temperature of the particles of iron is raised 
to such a height that a  portion of carbon will evapo
rate. The. metal, thus transformed,‘will, by its infusi
bility, inclose portions of metal which are brittle. The 
fibres of such iron**̂  we , cannot expect to retain. If 
present in the rough bars, they will disappear when the 
iron is reheated. This result theoretically deduced, 
coincides with practical observations. The fast working 
of such metal, when it is to be wrought in the charcoal 
forge, may be retarded by throwing sand on the par
tially refined irop. Sand dissolves a part of the iron 
which incloses the injurious particles, by forming with
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it cinder; and gives the inclosed iron a fusible protec
tion. It also retards, in the mean time, the too rapid 
absorption of oxygen. Such irbn, of course, yields 
badly in the forge fire; the wrought iron which is pro
duced from it will be inferior. . Metal so impure should 
never be taken to the charcoal forge. In the puddling 
furnace, it is worked ^ith but little advantage, though 
with greater success than in the charcoal forge. As pre
viously remarked, puddling furnaces with cooled boshes 
are, in this case, of no use; for this metal requires a 
high heat, and a large quantity of cinder, to make it 
work slowly, to protect the iron and carbon, and grad
ually to oxidize the silicon. When it is worked by the 
addition of oxidizing cinders, or of water; or when it 
is melted slowly; or when oxygen has access to it, which 
happens if there is too small an amount of coal in the 
grate, the result is a bad article, and a poor yield.

In our investigations, we have invariably given pre
ference to the white metal containing carbon in large 
amount. But when we consider its bad qualities, the 
fact that it originates. from an imperfect blast furnace 
manipulation, and, finally, its relation to hot blast, we 
shall be justified in treating it as inferior to other pigs 
for this purpose.

Besides the white metal, composed of iron, carbon, 
and silicon, which may result from the very best ores, 
as is.the case in the magnetic ore regions, there is white 
iron, with an admixture of phosphorus and sulphur. 
The latter is inferior even to 'the former, if the result 
of light burden. Buf the worst of all metals is that 
smelted from bad ores, and from an excess of limestone, 
and hot blast. In addition to carbon, silicon, phospho
rus, and sulphur, which may be removed, this metal cc 
tains calcium and magnesium, the element of 
which destroy every prospect of improvement witi 
ordinary means at presmit at our disposal. As w'^ 
meet with this m etal; as its quality is of such a 
as, thus far, to have baffled the most acute ingjj 
and as it contains at least eighty-five or ninety 
of good iron, we shall suggest a method of
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it, or of preventing the production of so large an amount 
of it as heretofore. j

e. All metal smelted beyond a certain temperature, 
and produced under specific conditions, is white; often 
of a bluish color, if it contains the elements of the 
alkaline earths. We suppose that the earthy matters, , 
silex, lime, and magnesia, are reduced to metals, and 
chemically combined with the iron. If we melt such iron 
with access- of oxygen, it will of course be transformed 
into a pasty mass, because a part of it is not fusible, that 
is, it is already deprived of carbon, for this is the only 
element which can effectually secure fusibility. Silicon 
and calcium increase the fusibility of metal; but these 
are oxidized by the slightest exposure, and thus serve to 
diminish its fusibility, and in this way, as well as by the 

' increase of temperature resulting from oxidation in the 
metal itself, destroy the carbon. I f  the carbon could 
be retained, it would tend to keep the metal liquid; it 
would thus offer a chance of acting ’upon the impurities. 
For these reasons such metal will work fast, unless we 
are desirous of iinproving its quality, which, with the 
better kinds of charcoal metal from rich ore and judi
cious blast furnace manipulations, is generally our object. 
But when we attempt to improve its quality, the metal 
works slowly, yields very poorly, and is seldom or never 
made to produpe an article of tolerable value. We 
know, practically, the difficulties connected with such 
metal, and fronx facts we have presented, have deduced 
a rational theory, which, if judiciously applied, ought 
to show in what direction Our attempts at improvement 
should tend. If, in consequence of oxidation, the metal 
becomes less fusible, and thus incloses impurities, a me- 

^ ^ n ic a l  separation—that is, fast work and the applica- 
\  of strong cinder, the latter of which will keep the 

i**^j^separate—ought to be a i^eaUs of improvement. 
Su”h V application of strong
cindeA"'^®*’® predominates, a dark fibrous bar iron 
is prod\®®^’ which, when reheated, returns to a more or 
less s tr^ S  *̂*o*̂> that is, a cold-short bar iron of a 
crystallitill granular fracture. This kind of puddling
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is very frequently practised, especi^ly in our anthracite 
region; but that which most clearly illustrates such 
work is the puddliug process at Hyanges, to which we 
have so often referred. At that place, the piĝ  iron is 
melted-in with a mixture of feldspar and squeezer 
cinder; in this the iron keeps pasty for a loUg time. 
By means of the feldspar, cinder Of a silicious composi- 
tion is formed which is very fusible ; before the feld* 
spar is melted, it is almost sandy. Its fusibility in
creases as the' furnace becomes warmer, and as the work 
progresses. When its fusibiUty arrives at a point at 
which its utility appears questionable, the cinder is let 
off, and the iron, by this time ready for shingling, is 
quickly balled up, and taken to the hammer. Inferior 
pig iron may thus be worked to advantage; but its 
quality cannot be much improved. In this case, we see 
by what means a fibrous iron can be produced from a 
metal which, to all appearances, it is impossible to 
improve. But at the same time, it suggests the method 
by which improvements may be effected. It shows that 
an alkaline cinder is of no advantage in working such 
iron. As the removal of silicon or silex is the prin
cipal object; at which we aim, the correctness of the 
method pursued in working white iron is somewhat 
doubtful; nevertheless, it is the best with which we are 
acquainted.

/ . Metal whose quality is such as either to produce, 
if worked on a cheap plan, bad iron, or to produce i t  in 
such limited quantity as to make its application unpro
fitable, is said to be the result of too much heat in the 
blast furnace, or the effect of, hot blast. Low tempera
ture and cold blast do not make such iron, or, at least, 
not very frequently. Therefore, the cause of the diffi
culty lies chiefly in the conditions of the blast furnace. 
Before hot blast was introduced, such pig iron was 
generally the consequence of too wide a hearth. When 
it happened to be smelted, the furnace was blown out, 
and a new hearth put in. In this case, the cause of bad 
iron must be attributed to the absence of free oxygen in 
the hearth, as well as to Rn excess of fuel. Where cold
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blast is employed, gray iron is made in a high, narrow 
hearth, and ilat boshes; but where hot blast is used, it 
can be made in a low hearth, and steep boshes. Conse- 
quentlyi in the latter case, the heat is high up in the 
stack, for which reason the pig iron will contain a large 
amount of chemically combined impurities, and will be
come hard and brittle. Therefore, hot blast does not 
affect the iron in any other way than it is affected by 
cold blast and too wide a hearth. I t  is thus evident that 
the conclusion which most writers on this subject have 
arrived at, that a too high temperature is the only cause 
of the inferiority of the metal, needs qualification. That 
is to say, if, where the hearth is too wide, and the boshes 
too sloping, the same kind of metal is produced by cold 
blast which, under other conditions, is produced by hot 
blast, the conclusion that an excessive temperature occa
sions the bad metal referred to, is obviously erroneous.

g. The rule, that cinders are the criterion of the 
quality of the iron made, is in no instance more correct 
than in the present case. The removal of impurities, of 
which silex and silicon are the most injurious, is the 
main object in the refining of iron. Inasmuch as the 
principles of refining are the same, whatever is the sub
stance with which we may be engaged, we shall confine 
our attention principally to silex. To remove silex, 
which is an acid, we require an alkali with which to 
combine it, and thus to form a vitrified, fusible slag. 
The greater the afllnity in the slag for silex, the greater 
the amount of silex which will be removed. Therefore, 
in a forge cinder, we need as much alkali as we can 
possibly obtain, for upon d;he quantity and quality of 
this will depend the quality of the iron. Forge cinder 
from a charcoal fire contains more alkali than cinder 
from the pudling furnace. This accounts, in "some mea
sure, for the difference in the quality of iron which each 
produces. On close examination, we shall find, in this 
circumstance, the reason why the charcoal forge will not 
work inferior metals to advantage, and why the puddling 
furnace does not produce from good metal an article 
equal to that from the charcoal forge. The reason k
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eyident. Metals containing a large amount of silex, 
must, if we desire a good article, necessarily be partially 
converted into cinder; because good cinder requires a 
given amount of prbtoxide of iron to neutralize the silex 
which it contains. If  the silex is not thus neutralized, 
the iron will be worse than the same metal from the 
puddling furnace; because,in addition to silex,we leave 
mbre carbon in the iron, on account of the presence and 
contact of charcoal. This makes the iron in the char
coal forge more cold-short than that in the paddling fur
nace. *Iptrinsically, it may be purer, but it is not  ̂
generally more useful. In consequence of its bricks and 
coal ashes, consisting almost exclusively of silex, the 
puddling furnace cannot produce so good a cinder as the 
charcoal.forge, in which everything can be kept free of 
silex. Therefore, the puddling furnace makes better 
iron from poor metal than the charcoal forge; but the 
latter makes better iron than the former from good 
metal.

To what extent the qualities of iron are connected 
with the composition of cinder may be understood by 
comparing one cinder with another. From a rolling mill 
in Firmy, France, a puddling contained 31.2 silex, 60.6 
protoxide of. iron and manganese, and 1.7 phosphorus. 
In this case W e observe an immense quantity of pro
toxide of iron compared to that contained in blast fur
nace cinder. We alsC observe a diminution of silex, 
besides a large portion of phosphorus. Puddling cinder 
from Dowlais, Wales, consisted of 36.8 silex, 61.0 pro
toxide of iron, and 1.5 alumina. The first cinder is 
from charcoal pig iron; *the latter from coke iron. Re
heating furnace cinder contains about 40 or 50 pen cent, 
of silex, and often clay, in proportion to the sand used 
in making the hearth.

Charcoal forge cinder from a forge where good iron, 
though on a cheap plan, is manufactured—Hartz Moun
tain, Germany—contained 32.3 silex, 62.0 protoxide of 
iron, 1.4 magnesia, 2.6 protoxide of magnesia, and 0.28 
potash.

The amount of protoxide of iron increases, and that
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of silex decreases, in proportion to the quality of the 
iron. A cinder from a good iron in France consisted of 
16.4 silex, 79.0 protoxide of iron, 3.0 lime, 1.2 alumina, 
and 0.6 protoxide of manganese. A Swedish cinder, 
from the softest kind of iron, was composed of 7.60 
silex, 82.10 protoxide of iron, 2.80 magnesia, 1.10  alu
mina, and 6.80 protoxide of manganese. And a cinder 
from a strong kind of Swedish bar iron was composed 
of 38.5 silex, 44.4 protoxide of iron, 3.1 lime, 3.1 alu
mina, and 11.0  protoxide of manganese. .

From these analyses of cinder, we deduce a feading 
principle which will , guide us in directing the refining 
operations. The increase of alkalies in the cinder shows 
the method by which we must arrive at a good result. 
But it is necessary to guard against the Very natural 
conclusion that the iron will be improved in proportion 
to the increase of alkali in the cinder. This is not the 
case, at least so far as the strength of the iron is con
cerned. ' .

Pure iron, which is always soft, may be required for 
various purposes-—as, for example,,in the manufacture of 
cast-steel; but, in most cases, an impure, but fibrous 
iron is preferable. In  making wrought iron, the main 
difficulty consists, not in producing fibres in the first 
stages of the operation, for this m |y be accomplished by 
almost every experiefiqed manufacturer, but in retaining 
these fibres through every subsequent stage of the ope
ration.

h. To form bar iron of a permanent fibrous structure, 
the cinder employed must be of such a nature as to re
sist the reducing influence of fiarbon and other unoxi- 
dized«compounds of iron. Forge cinder is chiefly com
posed of protoxide of iron. One reason of this is that 
it is the nearest base at hand. Another is that the 
protoxide of iron, and the silex separated from the iron, 
are approximate at the moment of liberation, and, ac
cording to general laws, combine more, readily than they 
would if once separated*. Protoxide of iron is, under 
ordinary circumstances, with difficulty reduced to iron, 
particularly if once in chemical connection with silex;
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but its reduction is possible, as is proved by the redac
tion of forge cinder in the charcoal forge, and puddling 
cinder in the tlast furnace. We may expect that car
bon, and in a still greater degree, silicon, contained in 
bar iron, will reduce the protoxide of iron in the cinder, 
and leave pure silex, or other matter; that it will, at 
any rate, destroy the vitrified texture of the cinder in 
the pores of the iron. A good cinder, of general appli
cation; would be one whose vitreous nature cpuld not be 
destroyed by the influence of the impurities of the iron. 
A gray, glassy tough blast furnace cinder would be the 
best of all materials for this purpose; but it may be im
possible to mix such matter properly with iron, or to 
mix with iron any glass which contains no -metallic 
oxides, and which is not acted upon by reducing agents. 
The development of the nature nf cinder will thus be 
the surest means of arriving at a correct understanding 
of the nature of bar iron. Carbon will reduce protoxide 
of iron from its combination. Therefore, for poor metal, 
the latter will not form a satisfactory cinder until all the 
carbon of the metal is destroyed. Where carbon re
mains in wrought iron, reheating will restore the gran- 
ula* texture of the metal, Any metallic oxide, forming 
glasses, which, can be reduced to metal by carbon, is 
useless in the formation of forge cinders, for it would 
not serve to retain the vitrified character of the inclosed 
cinder. Protoxide of manganese is better than that of 
iron; it is only slightly affected by carbon; but silicon 
will reduce one part, and combine with another part of 
it. I t forms an excellent glass, which resists the de
structive agency of carbon. Iron manufactured by 
means of a rich mangapese cinder is very strong, of 
goCd welding properties, and retains its fibres in almost 
any heat, and even when suddenly cooled in cold water. 
Besides manganese, the alkaline earths and the alkalies 
proper are the only substances at our service. Alkaline 
earths are of no use in the forge, for the temperature of 
the hearth is low, and stifficient time is not afforded 
for their combination with silex; they serve merely to 
stiffen the cinder, and add impurities that are injurious
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to the iron. When present in large quantity, they fre
quently prevent the formation of fibrous iron. The 
alkalies proper, Such as soda and potash, ought to be the 
best agents in forming a good cinder; still, experiments 
have not confirmed the conclusions which, theoretically, 
have been arrived at. Until the present time, no benefit 
has been derived from so apparently practicable a theory.

Bad pig iron contains carbon, silicon, and calcium, 
which should be partially removed; or, if not removed— 
which, in some instances, is unnecessary—we should 
employ a cinder which, mixed with any metal is not 
affected by the reviving properties of the impurities. If 
we melt such pig iron, and add to it carbonate of potash 
or of soda, it  cannot effectually remove protoxide of 
iron from, the cinder; it serves the purpose of simply 
making the cinder more fusible; it dissolves the oxides 
of metals, but it does not dissolve silex, lime, and tnag- 
nesia; it will augment the fusibility of a strong alkalilie 
cinder, and to this extent promote vitrification, but it 
cannot prevent the formation of protoxide of iron. 
Caustic-potash or caustic soda is evaporated in the heat 
of a puddling furnace, before any union with silex can 
be eflfected. Potash and soda, mixed, are of greate»ad- 
vantage, for they offer a stronger resistance to the action 
of the heat; but our own experiments have convinced 
us that even these are inapplicable*, because the greater 
part of the alkalies is lost in evaporation. Were it prac
tically possible to make a cinder composed of potash, 
soda, and silex, and mix it with any kind of metal, how
ever bad it may be in our estimation, the bar iron result
ing would be strong, its fibres durable, and it could be 
welded with ease. But it would lose its strength, in 
proportion to the oxidation of its foreign matter, that 
is, the matter originally combined with the metal.

From these statements, we infer that the application 
of manganese is the best means of improving the quality 
of wrought iron. To what extent this improvement may 
be applied, has been already explained It will, we 
hope, be more clearly understood from the following 
considerations deduced from eXperience:-r=-
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^•>When a heat is drawn and shingled, the furnace 
must be so uniformly charged as to prevent the re
melting of any portion before the melting of the vest. 
This is accomplished by a repeated turning and mov
ing of the iron. The melting of the cinder before 
the iron becomes soft is a disadvantage, for -vyhen the 
cinder covers the fragments of iron, the difBculties of 
breaking the iron and mixing it svilh the cinder are 
augmented. The most favorable results follow when 
the iron and cinder melt together, that is, when both 
become pasty at the same time, I t is of less consequence 
when pig iron is the more fusible than when the reverse 
is the case. To produce this state of things is sometimes 
a difficult matter; still, upon its accomplishment, success 
mainly depends. This difficulty is augmented by the 
fact that the composition of the cinder is not a matter of 
indifference. We can increase or diminish the fusibility 
of a cinder by adding to it an alkali, or silex; but this 
may injuriously affect the iron in the furnace. White 
metal is very apt t<ynake a strong alkaline cinder, rich 
in protoxide of iron; this cinder will not melt sooner 
than the iron melts.' In such cinder, poor white metal 
works too fast; sufficient time is not afforded for. the 
metal to dissolve. Besides, it contains too large an 
amount of oxygen, or protoxide of iron; and the nietal, 
by means of silicon and carbon, is converted into an 
infusible white iron. In such cases, a cinder which 
contains just so much silex that its fusibility will be 
increased by the application of an alkali is preferable, 
and therefore it is advisable the lining of the furnaces 
should be of fire-brick of stone. Such cinder will 
increase in toughness, at first, because the first matter 
liberated from the metal is silex; and the addition of 
silex to a silicious cinder will retard its fusibility, and 
afford more time to work the metal. In this, also, we 
perceive the utility of Charging the iron along with the- 

. cold cinder. Any rich cinder will afford oxygen to the 
melting metal, but the application of it in too large- 
amount will accelerate tne work beyond the limits, 
of prudence. W hite metal, especially that which is. 

47
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not to be improved^ ought to be melted-in without any 
cinder; but the grayer the metal is, the longer it remains 
fusible, and the greater may be the amount of cinder 
which can be charged along with the cold iron.

When the irpn is properly melted down, that is, when 
it does not rise, or exhibit crystallized particles, we may 
accelerate the work by throwing in good iron ore finely 
powdered, roll-scales, hammer-slag, chemical compounds, 
water, or, in fact, anything which experience has shown 
tends' to Consummate the desired result. The matter 
thrown into the furnace, at this stage of the operation, 
will determine the quality of the iron which is made. If 
w'e desire to make hard iron, we should leave a certain 
amount of silicon and carbon in the iron; and if, at the 
same time, we desire to produce fibrous ir@n, we must 
be very cautious in relation to applying anything of an 
oxidizing nature. Neither hammer-slag, manganese, 
water, nor any kind of iron ore is applicable. Active 
manipulation, and a furnace that is not too warm, will 

•produce a hatd, strong, fibrous iron, of a dark color, but 
not adapted for blacksmith’s use. By the introduction 
of hammer-slag, rolUscales, or magnetic iron ore, a purer 
iron may be made. Of these, magnetic ore is the pre
ferable. ■ . Hattimer-slag and cinder always contain the 
greater part of the impurities of the iron from which they 
are derived, especially sulphur and phosphorus. Cinder 
is the very element which removes impurities; hence, 
if we introduce an impure material, we cannot expect 
a pure article of iron. Cinder has only a limited capa
city for sulphur or phosphorus ; but this increases pro
portionally to the amount of alkali added to it. There
fore, even though we introduce a very alkaline cinder, 
such as hammer-slag, roll-scales, and forge cinder, which 
may have been obtained from a very good iron, still, 
in a puddling furnace, its capacity for impurities is di
minished, because a large portion of the alkali is absorbed 
by silex. In this way, we may spoil our iron in the fur
nace with the very material we employ for its improve
ment. This unfortunately too often happens. Magnetic 
iron ore serves all the purposes of hammer-slag; and if
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it Can be obtained in purity, free from sulphurets, it is 
by far the safest of all means for improving iron. To 
the manufacturers of the East, vast quantities, of mag
netic ore from Lake Champlain, or New Jersey, are at 
all times available. By the application of good ore, and 
by the observance of sound principles of manipulation, 
we may obtain iron applicable to all our common wants. 
In this way, merchant iron of the finest quality may be 
made.'

I f  it is our intention to make a very superior iron, nei
ther m a^etic  ore nor hammerrslag will be of nluch ser
vice j iu fuct, they are, in a greater or less degree, inju
rious. The reason of this is that,in a,very alkaline cin
der, the solvent power, for the magnetic oxide, is rather 
small; he»ce, a given portion of the flux is left undis
solved ; this, as an isolated matter, will be visible in 
black spots and grains, darkening the fracture, and add
ing nothing at all to the strength of the iron. In addi
tion to this, it produces coarse pores, whichj for fine pol
ished work, "are injurious. A fine, superior iron, of great 
cohesive properties, requires a very alkaline, well-fluxed 
but not too fusible cinder—a cinder free fromi all me
chanical admixture, or imperfectly dissolved matter. An 
alkaline Citoder is required, to remove impurities from 

, the iron, and a well-fluxed cinder to form fine fibres. 
These Conditions are fulfilled in the charcoal forge only 
with the best kinds of metal; in the puddling furnace 
only where the lining is of iron, and where very fusible 
gray pig is employed. Carbonates of the alkaline earths 
require the heat and tiifie which a blast furnace affords 
to be of any service; und the carbonates of potash and 
soda are not only expensive, but they are weak solvents. 
Borates are, of all fluxes, the most perfect, but of a car
bonizing, reducing character; therefore, borax is a most 
powerful reducing agent. In the puddling furnace, it 
produces a very pure, but carbonized iron. Phosphates 
may be considered the most perfect of fluxes in puddling. 
The fear which prevents some iron manufacturers from 
placing phosphorus in connection with iron is without 
foundation in theory or practice. Our own experience
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and that of others prove that there is not the least ditfi- 
culty in removing phosphorus from iron, or even in smelt
ing iron ore coHtaining phosphorus, without' injury to 
the metal, that is to say, provided carbon has not been 
present in So large an amount as to leave phosphoric acid 
undecompoSed. Much carbon is required to decompose 
phosphoric acid. In the puddling furnace, phosphates 
cannot be decomposed, and they remain as a solvent for 
cinder of a very alkaline nature. Any free alkali, in the 
presence of carbon, will abstract phosphorus from iron; 
so, also, will the stronger alkalies, such as baryta, soda, 
and potash, without the presence of carbon. Phosphates 
are soluble in any silicate; and if silex increases, so that 
no alkali is left with which the phosphoric acid can com
bine, the latter, unless carbon and a portion«)f the pro
toxide of iron in the cinder are present to reduce it, will 
evaporate, or form phosphuret of iroii,- which, of course, 
will then remain in combination with the iron. Where 
there is a large amount of phosphorus in pig iron, we re
quire an equivalent amount of free alkali for its removal. 
The latter, in the course of the puddling process, which 
is an oxidizing process, will become a phosphate, even 
though its first compound was a phosphuret. As a phos
phate, it cannot be of iigury to the iron, if the latter is 
free, from carbon or silicon. Therefore, the wish to ex
clude phosphorus containing ores js an unfounded pre
judice. In  the charcoal forge, iron containing phospho
rus cannot be wrought to advantage., As fluxes, phos
phates occupy a position between borates and chlorides ; 
they are not so much of a reducing agent as the former, 
nor so much of an oxidizing agent as the latter.- Chlo
rides, such as common salt, are vory powerful oxidizing 
agents, therefore, in the blast furnace, they are not in 
their legitimate place; for to make gray iron, when a 
considerable amount of chlorine or a chloride is present, 
is impossible. But under certain conditions, chlorides 
are the best materials to improve, iron in the refining 
process; they are fkr superior to the strongest alkalies. 
They are more permanent than borates, phosphates, or 
sulphates. But, in the presence of carbon in excess, they
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are very Volatile. When in the condition of neutral com
pounds, they are but little inclined to associate with 
other salts; if the latter are well heated, they evaporate. 
Chlorides possess great power of dissolving alkalies in a . 
heated condition; and before chlorine is moved by silex, 
it will drive off every other acid. The employment of 
common salt in. the refining of iron, thus shown to be un
questionably useful, is of very limited application, Owing' 
to the difficulties involved in its use. Where carbon is 
present, chlorides are useless, for, in a given heat, they 
will evaporate without leaving a trace behind: Where, 
the heat of a puddling furnace is quite high, as in the 
melting of some kinds of pig iron is necessary, any chlo
ride introduced into it will immediately evaporate ; apd 
thus time is not afforded for its combination with the 
alkali of a cinder, even though an abundance of it is pre
sent. No element is so well adapted to improve iron as 
common salt. But, in consequence of imperfect know
ledge, its application, thus far, has been extremely limited. 
In fact, because it has failed to produce certain results, 
which a knowledge of its nature and constitution ought 
to teach us we have no reason to expect, many ignorant 
persons have refused to employ it at all; In puddling, 
the furnace ought to be as cold as possible, if salt, or any 
chlorides, are applied. Therefore, iron which melts, at 
a low heat is preferable ; the chlorides must be very dry, 
and finely ground ; and a large quantity of cinder is re-̂  
quired to prevent, as far as possible, the immediate con
tact of the chlorides and iron, before the solution of the 
latter takes plape. If  chlorides are brought in direct 
contact with the iron, the chlorine and a port.ion of the 
iron will evaporate, and consequently, no benefit will re- ̂ 
suit from the oxidizing nature of the cinder. A  cinder 
containing chlorine is a powerful oxidizing agent. Nei
ther silex, phosphorus, sulphur, manganese, nor iron can 
withstand its influence, even though it exists in small 
amount. I t  will Oxidize phosphorus, sulphur, and car
bon, and cause their destruction ; and of these elements 
it aids to form acids, which are either combined with the 
alkali of the cinder, if any are free, or are ejected in the
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form of sulphurous and phosphorous acids, and carbonic 
oxide. For these reasons, an excess of salt is very in
jurious, for it will evaporate, and oxidize a large portion 
of iron, and the iron which is produced will be dark and 
weak ; but by applying it in proper quantity, we shall 
obtain an iron which, in strength and color, cannot be 
surpassed.

The above are the only elements which are servicea
ble for the improvement of iron. But, as this statement 
may seem to require some explanation, we shall enter 
jnpon a brief consideration of those materials which 
might possibly be made to serve the desired purpose. We 
shall only enumerate oxidizing agents, for these alone at 
present interest us. . ^

The sulphates are almost superior to chlorides as oxi
dizing agents; but the danger of decomposition, by 
which sulphurets would be left in the iron, precludes 
their use, The decomposition of the acid would at once 
deprive the cinder of its oxidizing power, and the sul- 
phuret left in the metal will remain in the bar iron, 
unless the cinder contains a great excess of alkali.

Black manganese gives olf its oxygen too soon; it 
does not serve a much better purpose than any alkali. 
I.t possesses greater strength than the protoxide of iron, 
but it is inferior to soda or potash. Iron refined under 
its influence is generally hard, fibrous, and strong.

Soda and potash are excellent alkalies; but, when 
applied in sirch quantity as to remove sulphur or phos
phorus, they are too fusible to make strong iron. In 
small quantities, they are serviceable where the iron is 
of good quality; but in large quantities, they increase 
the fusibility of the cinder to such a degree that the iron 
cannot become strong and fibrous. Besides, so strong is 
the heat of a puddling furnace, that the greatest part 
even of the carbonates will evaporate before a combina
tion of the alkali and the cinder is effected.

Oxide of lead is perfectly useless, because of the 
shortness of the time in which it loses its oxygen, but 
we have applied the basic chloride of lead with success. 
This chloride is obtained from a mixture of litharge and
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common salt, in the proportion of four pounds of the 
former to one of the latter. _The mixture is moistened 
with water, and left to stand for twenty-four hours. We 
were induced to make this experiment from having ob
served a metal which produced the most beautiful bar 
iron we had ever seen. The metal was white, of a red
dish flesh-colored cast i it was smelted from an iron ore 
containing lead in admixture. The lead separated front 
the iron in the lower part of the crucible. This metal, 
white as any metal can possibly be, though with 'a red
dish cast, melted as thin as any gray iron coUtaining 
phosphorus. I t  kept liquid for an unusual length of 
time. From an inferior pig iron, we obtained, by the 
application of the chloride of lead, an excellent quality 
of iron, thbugh not equal to the white metal smelted 
from the lead containing ores.

To the following material we wish to call special 
attention; Hot on account of its quality as a dux, but 
because of the facility with which it can be applied. 
Its chemical composition is remarkable; and we are 
therefore induced to reflect upon the primary condition 
of those materials designed for the improvement of iron 
in tlj^ puddling furnace. We refer to the magnetic ox
ide of iron. Experience has proved that hammer-slag, 
roll-scales, and finely-powdered magnetic oxide are the 
best means of prompting the process of puddling. They 
do not produce the best iron, nor the fastest work;‘Still, 
it is unquestionable that they are the most available 
materials at our service. Black magnetic ore, hammer- 
slag, and roll-scales constitute the magnetic oxide of 
iron. This is a combination of one atom of protoxide 
and one atom of peroxide of iron, forming a neutral 
compound which is less easily decomposed than the per
oxide, and which resists the influence of carbon for a 
shorter time than the protoxide. If  such a compound 
is brought jn contact with cindei’, it will bu* neutral, 
because it melts only at a very high teiftperature; and, 
unless carbon of some other reducing agent is present, 
it will remain in the cinder in its original integrity; at 
least, it will resist decomposition for a great length of
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time. At first, it stiffens the cinder. This is just what 
is required ; for a strong qinder enables us to separate 
the iron properly; at least, this is the object which we 
always aim to realize. In the progress of the Work, the 
uncombihed particles of the magnetic oxide will come 
in contact with the melted iron. If  the iron is of good 
quality, and carbon alone requires removal, the compound 
oxide will be decomposed by the carbon; carbonic pxide 
will escape with a blue flame on the surface of the cin
der; and the protoxide which results will combine, 
should it comb in contact with silex, or divide the silex 
of the cinder with the other alkalies. With respect to 
the removal of carbon, many other materials may be em
ployed with even greater advantage; but with regard to 
silex this is not the case. Any alkali will Temove silex 
from the iron, but for the removal of silicon, the black 
magnetic oxide is preferable to even the best alkalies. 
If  silicon exists in the pig iron-—in which case oxygen 
is required to form an • acid—and the melted iron is 
brought in contact with the magnetic oxide, the peroxide 
of the compound is decomposed; oxygen is thus im
parted to the silicon; the newly-formed silex and the 
newly-formed protoxide of iroh will then combinf in
stantly. A more perfect compound than the sesquioxide 
of iron can scarcely be imagined; still, in the progress 
of knowledge, some more advantageous method may yet 
be found for the removal of silicon. Sulphurets and 
phosphurets are decomposed with facility by the mag
netic oxide; but the resulting sulphates and phosphates 
are, in turn, decomposed by carbon; and as no wrj)ught 
iron is entirely free from carbon, the magnetic oxide is 
not the best material at our service for the removal of 
sulphur and phosphorus.

Great attention is therefore required so to arrange 
matters in the puddling furnace that we shall have a 
cinder slightly less fusible than the iron. .With white 
metal, it should be less fusible for want of alkali; and 
with gray iron, by virtue of the absence of silex or acid. 
But in most cases, it is advantageous to have a some
what alkaline cinder, because a better yield is produced.
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After the iron is melted, and flitxeS are applied, the 
cinder begins to thicken, long blue flames escape at the 
surface, and the whole mass begins to ferment Blue 
flames appear only when the work goes on well; in 
which Case carbonic oxide is formed below the cinder. 
If the cinder is too alkaline, that is, if it contains too 
much iron, no such flames appear; but a lively ebulli
tion is visible on the surface of the cinder. The same 
result occurs, if we throw in oxygen in too large amount, 
or that which is too loosely fixed. The reason of this is 
the formation of carbonic acid, instead of carbonic oxide, 
below the cinder; and it requires very good metal indeed 
to make valuable iron by such manipulation. To pro
duce blue flames, and to prevent the formation of car
bonic acid, the most effective means we possess are a 
cold hearth at the commencement of thP operation, dili
gent manipulation, and the application of the smallest 
quantity of fluxes that is commensurate with success.

After the iron has risen, and the mass has begun to 
ferment, the quality of the iron is fixed. Nothing but 
industry is now required, to obtain as large a yield as 
possible, and to make the iron work well at the squeezer. 
To an unphilosophical mind, the fermentation of the 
'metal appears to be a singular phenomenon. In fact, 
few sights are more beautiful than that of a mass of iron 
from 700 to 1000 pounds weight, occupying at first 
scarcely the depth of an inch in the hearth of the fur
nace, gradually rising, fermenting, and boiling while 
small particles of iron, in apparently spontaneous motion, 
suddenly appear on the surface in small clusters like 
brilliant stars, and then as suddenly disappear. This 
fermentation happens only with metal that contains a 
given amount of carbon. White metal, which contains 
little or no carbon, does not ferment. Not only the 
amount of carbon, but the composition of cinder, influ
ences fermentation. The cause of the boiling is nothing 
else than the evolution of gas, generated by the combina
tion of oxygen and carbon. If the cinder which covers 
the liquid iron is very fusible, the gas escapes in bubbles 
on its surface, and the metal does not rise. If  the cinder
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possess a  certain tenacity, if  it is slimy like soap ivater, 
it will resist the escape of the gas, and rise until its sur
face is close to the flame of the furnace, when, becoming 
warmer and more liquid, its power of resistance is 
diminished. The slimy consistency of the cinder is pro
duced by silex, but more perfectly by c l a y t h e  latter 
nlay be derived from the pig iron, or it can be charged 
with the fluxes. I f  we reflect upon this quality of clay, 
which is the same under all circumstances, we shall arrive 
at the cause of its beneficial influence upon iron. Our 
exertions are chiefly directed towards obtaining a well- 
defined cinder; neither too acid nor too alkaline. Clay 
fulfils these Conditions. I t  serves both as an acid and as 
dn alkali. I t  fluxes, and in the mean time will strengthen 
the body of the cinder. I t  is very serviceable in remov
ing phosphorus, for with phosphoric acid it forms a fusible 
compound of great solvent power. Though experience 
were not in its favor, a consideration of its quality ought 
to convince us of its great utility in the puddling fur
nace. I f  the above explanation of the causes of fer- 
mentation is correct, it follows that the process depends 
upon the quality of the metal, and upon the nature of 
the ciuder. Nevertheless, an experienced and skilful 
workman will make almost any metal boil, provided it 
contains but little carbon.

As the fermentation proceeds, . the .iron coagulates, 
that is, becomes granular below the cinder. As the 
small particles formed still contain a portion of carbon, 
which combines with oxygen derived from the cinder,' 
the newly-formed carbonic oxide rises, and, in its .ascent, 
draws along with it a small crystal of iron, which, com
ing to the surface, burns for a moment with* a vivid 
light, and then disappears, because, after it loses its 
bubble of gaS, there is nothing to counteract its gravity, 
This motion of the particles of the iron continues until 
the carbon of the metal is exhausted, or until the oxy
gen of the cinder is so diminished that no more gas can 
be formed; after which the cinder gradually contracts, 
and sinks to the bottom of the furnace, leaving the iron, 
to a greater .of less degree, unprotected, and exposed to
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the heat. Metal containing $ilex,'silicon, phosphorus, 
sulphur, but no carbon, will not fertneUt, for no gas is 
libetated to cause fermentation. Therefore, such metal 
is greatly exposed to the heat and oxygen of the fur
nace, and works too quickly; hence the ' difficulty of 
improving it, even though it is very fusible. We thus 
see the advantage of fermentation in working inferior 
pig iron. As boiled iron is .preferable for Small iron 
rods, wire iron, blacksmiths’ iron, and nails, we should 
always seek to obtain gray pig for the boiling process.

After the fermentation is finished, the oxidation of 
the iron commences; for, if the process has been pro
perly conducted, all the previous operations will have 
tended only to remove impurities. The time at which 
this takes place depends upon the time occupied in fin
ishing the heat, and upon the amount of silex the cinder 
contains. The oxidation of the iron serves to fiux the 
slag, which becomes more and *more liquid, as the tem
perature of the hearth increases. A t this stage, of the 
process, the utility of the iron boshes is e.videUt, for, 
should the furnace have been lined with bricks or stones, 
all the alkalies we have applied, and all the iron which 
has been burnt, would have been wasted in their de
struction. Besides, the main object Of our skill and 
industry is to increase the amount of alkali in the cin
der; but this object is directly counteracted by brick 
and stone boshes,

1. Having delineated, though by no means having 
exhausted, the various matters which relate- to puddling, 
we shall take a critical view of the present mode of 
refining. W e shall also investigate the cause of the 
improvement which results from the sudden cooling of 
metal, and shall Conclude the chapter by a few general 
remarks on wrought iron.

The run-oUt fire, which is generally employed for 
refining iron, is based upon principles derived from the 
charcoal forge. Before hot blast was introduced into 
blast furnace operations, this was doubtless a useful 
apparatus. Pig metal which, fifteen years ago, would 
have been considered worthless for the forge, is now
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employed in the manufacture of iron. The Tun-out fire 
labors under the same difficulties which exist in relation 
to the puddling furnace with iron fioshes. For iron 
which contains carbon in small amount, or in.chemical 
combination, its hearth is too cold. From gray charcoal 
pig iron, of good quality, the run-out produces a tolera
bly useful article. But we do not need it for this pur
pose. Cold blast gray pig may be worked to advantage 
in the puddling furnace without difficulty. Since the 
introduction of hot blast—that is, since the use of an
thracite and stonecoal—quite a revolution has taken 
place in the chemical constitution of pig iron: the 
amount of chemically combined carbon has increased; 
silicon and other reduced matters are more generally 
present; and even the grayest specimens of inetal are 
not free from unoxidized elements. To these causes, the 
difficulty of refining hot blast iron may be mainly attri
buted. Our previous investigations have proved that a 
high heat is required for the removal of silicon; but a 
still more npcessary element is a cinder which does not 
too freely yield its oxygen. To what extent does the 
run-out fire fulfil these conditions'? With respect to 
heat, it is but little better than the puddling furnace; 
and with respect to cinder, it answers scarcely a better 
purpose. Analysis has shown that the cinder of the 
run-out fire contains as much protoxide of iron as the 
cinder of a puddling furnace. A finery cinder from 
Dudley, England, contained silex 27.6, protoxide of iron 
61.2, alumina 0.4, and phosphoric acid. If  we smelt 
very impure pig iron in such a cinder, we cannot pro
duce iron of good quality; this is especially the case 
should the iron have been smelted by hot blast. For 
the melting*of sUch iron, we require a ‘cinder containing 
less alkali. Less alkali is required to make good iron 
in puddling. From the amount of iron in this cinder, 
it is evident that the run-out fire cannot improve bad 
pig iron in any high degree, unless there is a serious 
loss in metal.

Since the introduction of coke, anthracite, poor ores, 
and hot blast, the iron business has undergone a change.
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At the present time, we cannot avoid producing pig 
iron, which, a few years ago, would have been considered 
^yorthless. This metal it is now our object to bring to 
as high a standard as the best iron of the ancients. In 
the accomplishment of this object, it is evident that 
cautious manipulation and scientific knowledge are 
required.

The finery is considered, a link between the blast fur
nace and the puddling furnace; that is, it is believed to 
occupy the same Relative position between these furnaces 
that the blast furnace occupies between the ore and the 
finery. The blast fhrnace is an apparatus designed for 
the removal of impurities with the leaist possible loss of 
iron. I t  answers the purpose of its construction excel
lently. But what is the fact with respect to the finery 1 
Simply this: the cinder from the finery contains more 
iron than that from the puddling furnace; and, when 
we consider that the contact pf coke or anthracite in
creases the amount of silex in the former, we find that 
there is a far greater loss of metal in the run-out fire 
than would result from the same pig iron in the puddling 
furnace. I f  this is the only advantage derivable from 
the finery, it is surely far preferable to take the worst 
kind of pig iron directly to the puddling furnace.

m: The philosophy of the improvement of metal.con
sists in the circumstance that a part of its impurities, 
which are originally in chemical combination,’ are con
verted into mechanical adniixtures. Iron containing a 
small amount of carbon, silicon, or phosphorus is always 
more hard and strong than pure iron. Pure iron is quite 
soft. Impure iron assumes a crystalline structure on 
being suddenly cooled. The largeness of this structure 
is proportional to the amount of carbon the iron con
tains in chemical combinationj and in proportion to 
other matter. Between the crystals, minute spaces are 
left, which serve for the absorption of oxygen. By this 
means, silicon and calcium may be oxidized; but such 
is not the case with carbon, phosphorus, and sulphur. 
Therefore, the metal improves in quality in proportion 
as oxygen finds access to its impurities. For this reason.
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the habit of running metal, or any kind of pig iron de
signed for the forge, into iron chills, is a good one, and 
is tvorthy of imitation wherever it is applicable. By 
this means, the absence of sand and the cleanliness of 
the metal are secured; For the same reason, the metal 
is tempered; that is, the plates of metal, or, as in some 
parts of Austria, rosettes of metal, are piied up with 
small charcoal, braise, and exposed to a lower tempera
ture than a cherry-red heat, for twenty-four or forty- 
eight hours,, in a kind of large bake oven. By this 
method, the value of the metal is improved for the 
manufacture of soft and fibrous iron. I t  is not applica
ble to plates from which steel is to be made.

n. w rought iron, if of good quality, is silvery white, 
and fibrous^ carbon imparts to it a bluish, and often a 
gray color; sulphur a dark dead color without a tinge 
of blue ; silicon, phosphorus, and carbon a bright color, 
which is the more beautiful the more the first two elements 
preponderate. The lustre of iron does not depend prin
cipally upon its color; for pure iron, though silvery 
white, reflects little light. A small quantity of carbon 
in chemical combination, phosphorus, or silicon in
creases the brilliancy of its lustre. Its lustre is dimi
nished by silejc, carbon in mechanical admixture, cinder,, 
lime, sulphur, or magnesia. Good iron should appear 
fresh, somewhat reflexed in its fibres, and silky. A 
dead color indicates a weak iron, even though it is 
perfectly white. Dark, but very lustrous iron is always 
superior to that which has a bright color and feeble 
lustre. Coarse fibres indicate a strong, but, if the iron 
is dark, an inferior article, unfit for the merchant or 
blacksmith. But, where the iron is of a white, bright 
color, they indicate an article of superior quality for 
sheet iron and boiler-plate, though too soft for rail
road iron. For the latter purpose, a coarse, fibrous, 
slightly bluish iron is required. Iron of short fibre is 
too pure; it is generally hot-short, and, when cold, not 
strong. This kind of iron is apt to result from the 
application of an excess of lime. Its weakness is the 
result of the absence of all impurities. The best quali-
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ties of bar iron always contain a sMall amount of impuri
ties. Steel ceases to be hard and strong i^we deprive. 

‘it of tbe small amount of silicon it  contains, or if by 
repeated heating, that silicon is oxidized. This is the 
case with bar iron. If we deprive it of all foreign ad
mixtures, it ceases to be strong, tenacious, and beautiful 
iron, and becomes a pale, soft metal, of feeble strength 
and lustre. Good bar or wrought iron is always fibrous ; 
it loses its fibres neither by heat nor cold. Time may 
change its aggregate form, but its fibrous quality should 
always be considered the guarantee of its Strength. Iron 
of good quality will bear cold hammering to any extent. 
A bar an inch square, which cannot be hammered down 
to a quarter of an inch on a cold anvil withottt showing 
any traces of splitting,'is an inferior iron.^

Oi In the above remarks it is plain that Mr, Overman 
does not coincide with Dr. Percy in the supposition of 
the latter that calcium and iron will not combine. The 
light which haS been thrown upon the conditions of car
bon in iron, in late days, would slightly modify some of 
the expressions in the foregoing pages; but the views in 
respect to pure iron have been corroborated in "Various 
ways in later years. In other respects the remarks are 
of great practical value.

Special Process o f Blooming Pig Iron.
A modification of the bloomary process, as hitherto 

described, may be found at the Logan Iron Works, 
Bellefonte, Pa., which is extremely simple and direct, 
resulting in the forming, commercially speaking, of an 
almost absolutely pure iron. The furnace is a few 
inches above the general floor of the forge house, and 
the size about large enough to make one bloom of 200 or 
225 pounds. I t  is about three by four feet, the lohg way 
running back from the workman. The instrument used 
for turning, lifting, and aggregating the iron, is called 
a furgeon, and answers to the rabble of the ordinary 
puddling * furnace. The waste heat passes up and 
through a chamber immediately over the forge hearth
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where'the pigs are placed, which become red hot before 
they are r^ d y  to be drawn down upon the bed of char
coal, previously prepared. The pigs thus drawn down 
upon the charcoal bed are covered and the blast turned 
on into both tuyeres right and left. After a few minutes 
the iron begins to melt; it is decarbonized by the blast, 
is worked into shape by the “ furgeon,” and then lifted 
up clear of the bed, and laid upon the top of the same 
bed, ag^in, some additional charcoal put around, and the 
blast turned on. The iron is now melted in what is 
called the “ sinking” process, wherein the iron drops 
through the coal until entirely passed into the hearth; 
it is now cooled and again agglomerated Into the ball 
or “ loup” by the furgeon (pronounced furgun), the 
blast having been turned on fully previously; it is then 
lifted out a balled loup and carried to the hammer. The 
cinder is tapped off through a hole in the front iron 
plate, and is rich in iron and with so much silex that it 
easily emits sparks when the pen-knife blade is struck 
against it. Of course, this process is attended by a large 
loss of iron, whil^ the loup, which gives rise to the cin
der, is not thereby improved as in the puddling furnace. 
But in this particular instance the iron is singularly 
pure, and the blooms command |85  per ton at the forge. 
One ton and a half of pig yield 2464 pounds of bloom. 
The charcoal furnace yielding the iron is nearly adjoin
ing the bloomary. This furnace is only 32 feet high, 
about 26 inches across the tunnel-head opening, 81 feet 
bosh, and the slag is allowed to flow out from the hearth 
w'henever it rises above the forehearth. The breast is 
covered with a simple plate of iron; the cinder is always 
in sight; as soon as the iron appears, the crucible, or 
tapping hole is opened, and the iron is tapped off into 
iron moulds. There are three casts per twenty-four 
hours, two tons per cast, 160 bushels hard coal (18 
pounds to the bushel) to the ton made. Charges: 700 
to 750 pipe ore (brown hematite), 27 bushels charcoal, 
80 pounds gray limestone of good quality, pressure 1 
to I pound per inch, nozzle 21, two woodeai blowing 
cylinders worked by water-wheel. Some finery cinders.
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about 30 to 40 pounds, are added to the charges and 
said to improve the iron  ̂which at present, May 26th, 
1869, is all forge iron, and used at Stewart & Coi’s Wire 
factory, Easton, Pa., and reported as a very fine iron.

This bloomary process is interiesting as an example of 
blooming from pig iron in a peculiar process.

C H A P T E R  IV.
FORGING AND ROLLING.

W e have thought it best to introduce any modern im
provements in that department which forms the sub
ject of this chapter by using the text of Mr. Overman’s 
chapter upon this subject, emended by certain neces
sary alterations. To these remarks, which very properly 
introduce the whole subject, we shall add ’descriptions 
and further remarks upon late inventions and improve
ments.

t'orge Hammers,,
[a. The most simple machine by which iroil is forged 

is the forge-hammer, often called the tilt-hammer. The 
leading principle which we seek to secure in its con
struction is solidity; and every variety of form has been 
invented simply to give permanency to the structure, 
which is mainly endangered by the action and reaction 
of the strokes. The ‘common form of a forge-hammer 
with a wooden frame is represented in Fig, 173. a. The 
cast-iron hammer, which varies in weight, according to 
the purpose s .wh ich  it is designed, from 50 to 400< 
pounds. For drawing small iron and nail rods, a ham- 
mer of the former size, is sufficiently heavy; but for 
forging blooms of from 60 to 100 pounds in weight,, a 
hammer weighing 300 or 400 pounds is emplftyed,. 
Such a hammer is represented by Fig. 174, in detail It.

48 •
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s h o u l d  b e  c a s t  f r o m  t h e  s t r o n g e s t  g r a y  i r o n ,  a n d  secured 
b y  w o o d e n  h e d g e s  t o  t h e  h e l v e  h. T h e  f a s t e n i n g  o f  th'e .

Fig. 173.

T ilt-h a m m e r .
*

'hammer to its helve is, in many cases, effected with dif- 
'ficuiity, especially if the cast is weak; and to this weak
ness attention must be paid. If  the hammer is of good 
•cast iron, or, as in many instances, of wrought iron, there 
is no difficulty in wedging it. I f  wooden wedges are 
properly applied, and well tightened, long iron wedges 
may be driven in between them; but these must be so 
placj|d as not to injure the helve, or lie too close to the 
iron of the hammer. These iron wedges are then se- 
.cured by a sledge, W'eighing thirty or forty pounds, with
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a long handle. This is suspended on a rope, or, what is 
better, a small iron rod or chain, adjusted upon the head

Fig. 1 7 4 .

Hammer,

of the wedge, by which means a hoi'izontal stroke is se
cured. The face of the hammer is polished, and in case 
long bar iron is to be drawn, it is frequently twisted 
with the helve, c The anvil, a cast-iron block, about 
the weight of the hammer; but it may be of less weight 
if the iron stopk d is employed, e A log of wood from 
six to eight feet in length, and frequently four feet in 
diameter. This log is secured at its base and top by 
iron hoops. I t  rests upon timber laid across piles very 
stoutly driven in the ground. Such a foundation for the 
log, or hammer-stock, is requisite, because rock, or the 
most solid ground, forms at best but an insufficient base. 
The two standards—sometimes of wood, sometimes of 
iron—in which the hammer has its fulcrum, need no de
scription; neither does the mode of fastening them. 
All that is required here is strength, no amount of which 
is superfluous. The helve h is of sound, dry hickory, or 
more commonly, of white oak. The fulcrum g, a cast
iron ring. IS represented by Fig. 175; this must be
tightly wedged upon the helve, i A wrought-iron ring, 
■fastened to the helve; on its upper side it receives the 
taps of the cams; on the lower side it strikes against a 
vibrating piece of timber for the purpose of increasing, 
by recoil, the force of the hammer. I t  is easily under
stood that if the hammer is thrown up with for§e, the 
reaction upon the fulcrum and framework must be im
mense. This is especially the case where a high stroke
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of the hammer is required, as in forging blooms. The 
destructive power of this reaction increases with the'

Fig. 1 7 5 .

Helve-ring.

ratio of the weight, and according to the square of the 
speed. That is to say, if the hammer strikes with 100 
pounds force against h, when seventy strokes per minute 
are made, it will, when 140 strokes per minute are made, 
strike with a force of 400 pounds. The same rule is 
applicable in relation to the space described by the ham
mer. I f  the hammer, lifted ten inches, sti'ikes with a 
force of 1000 pounds, it will, when lifted twenty inches, 
strike with a force of 4000 pounds. This shows the, 
great increase of power which follows that of speed, and 
imparts some idea of the reaction which machinery of 
this kind sustains. I f  the length of the shorter part of 
the helve, from  ̂ to g, is very small proportionately to 
that of the longer part, the reaction of course increases, 
in a high degree, upon the vibi’ating beam. This latter 
circumstance, and the reaction upon the fulcrum, made 
it necessary that the recoil should be brought more upon 
the hammer itself. In the attempt to efiect this result, 
a great variety of forms of the hammer was produced. 
The shaft k is commonly made of wood. If  the motive 
power is water, the waterwheel is directly fastened upon 
i t ; if it is steam, a flywheel is attached, and the power 
applied by leather straps or belts. The cast-iron wheel 
m, which is often of an octagonal form, but generally 
round, must be strong; in it the cams I are fastened.

Th#se hammers are troublesome implements. For 
shingling blooms, they can be replaced by squeezers; 
but they are required for drawing bar iron, and making
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-pattern iron, such as sledge moulds. The steam hammer 
is a fine implement, and is well adapted for forging 
steam-engine shafts: but the smaller kind of these 
steam hammers work so slowly that they do not answer 
for drawing iron; at least, they make hut eighty or 
100 strokes per minute; while it is necessary 'that a 
hammer suitable for drawing iron should make at least' 
ISO strokes, and smaller hammers from ISO to 300, and 
even 400 strokes per minute. The hammer should be 
an independent machine, with an independent power. 
It cannot be connected with other machinery, for the 
speed of the hammer should be perfectly under the con
trol of the hammerman, who should be enabled to make 
twenty, or 400 strokes, at pleasure. Steam is the cheapest 
motive power in iron works, because surplus heat for 
its generation is always available.

b. For the shingling of blooms, and slabs for boiler
plate and sheet iron, the iron T hammer is generally 
employed. Fig. 176 represents a side view, and in some 
parts a secticn of the hammer, flywheel shaft, and the 
stock of the anvil. The whole machinery is constructed 
of cast iron, with the exception of the foundation below 
ground, which is built of timber. The weight of the 
whole amounts to more than from thirty to forty tons. 
The hammer a generally- Weighs from four to five, the 
anvil stock b from five to eight, and the cam ring c 
from three to four, tons. This machine is now super
seded by better machinery; and as no one, at present, 
thinks of erecting a new T hammer, a full description 
of it is unnecessary.

c. A hammer designed for the same purpose as the 
above T  hanimer, and quite as heavily and clumsily 
constructed, is used in some parts of Europe, though 
not, to our knowledge, in the United States. In  this 
machine, the power is applied between the anvil and 
the standards.

d. As many T hammers are yet in use, and will 
doubtless remain in use for the shingling of sllbs, it 
will probably be of advantage to mention an ingenious 
jack. W ith the common jack, the catching is difficult,
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if the resting-place is worn out, or if an inexperienced 
workman takes hold of i t ;  so much so, indeed, that the

Fig. 176.

Large forge hammer—T hammer.

life and limbs of those around the hammer are in danger. 
In the illustration, a lever, f, made of wrought iron, is 
represented; this turns round a pin placed near it, and 
rests on the avil stock. ^  is a handle to a small iron 
rod, fastened to the lever f .  By moving this lever, a 
small boy sitting at g, and protected from the sparks by 
a board, has it in his power to arrest the hammer at 
any moment without difficulty. This simple machine 
is infallible^ and deserves to be employed. Besides, it 
is cheaper than the old jack.

e. The steam hammer before mentioned, is a highly 
useful* machine for shingling blooms or slabs, in an 
establishment where a heavy hammer is necessary. Fig. 
177 is a representation of the general form of the machine.
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f. The shingling of bloom from balls is generally per
formed by welding a rod of about an inch square, pre-

Fig. 177.

Steam hammer.

viously heated, to the ball. This rod serves as a handle 
to move the bloom under the hammer, and, when the 
bloom passes the rollers, as is the case in puddling 
forges, or when it is to be sent to another place, it is cut 
off. In the charcoal forge, such bars are to be welded 
to every small lump of iron designed to be drawn into 
any specific form. In puddling establishments, these 
bars are troublesome, and occasion loss of iron, such as 
that wasted in heating the bars; this heating is gen
erally done in the fire grate of the puddling furnace, 
and not unfrequently in the back of the flue. In well- 
conducted, establishments, this iron is rolled directly 
from the blooms in the roughing rollers, in which a 
couple of grooves are expressly made for that purpose 
The puddlers are required to make their own rods. The
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disadvantages connected with this system gave rise to 
many attempts to shingle with tongs; but these were 
attended with little success at the T hammer. At the 
steam hammer, tongs may be used without difficulty; 
the hammer is perfectly in the power of the hanlmer- 
man. At the T hammer, this is the main difficulty to 
be overcome.

g. The faces of hammers and anvils are of various 
shapes ; but the principle on which they are constructed 
is, that they should be more or less broad, according to 
the width of the hammer. Too small a face cuts the 
iron too much, and a very broad face works too' slowly. 
In small hammers the face varies from one and a half 
to four inches in width; and the face of the T or steam 
hammer should be at least five inches broad. The 
anvil and hammer face of a steam or T hammer is 
almost a square plate, twenty inches in length, and six
teen in width. For shingling this would be too large; 
therefore, a face an inch in height is raised in the mid
dle of the plate, and runs across the plate in a direction 
opposite to the workman. In addition to this,'a second 
face is raised on the half of the anvil, running at right 
angles to the first. This serves for stretching or draw
ing, Fig. 178 shows the arrangement for shingling

Fig. 178.

Hammer faces to a T hammer.

blooms. The cross face b is generally extended to both 
sides when the machine iron is forged.] The upper cut 
shows the side view corresponding to the lower cut.
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which is that of a plan; the projection seen in the upper 
view is the iron base which runs into the anvil block.

[Many manufacturers prefer hammers to other means 
of forging iron. Experience does not establish the 
wisdom of this preference. Grood iron is good every
where, and under all circumstances; and the hammer 
does not make it better. Nevertheless, the hammer has 
one advantage. Inferior workmen dread it, because it 
breaks badly worked iron more readily than any other 
machine. In the charcoal forge, it smashes raw iron; 
and in the pnddling works it crumbles those balls which 
have been carelessly put together. Honest workmen^ 
who do their duty, and work their iron well, are not 
afraid of i t ; nor is their iron, compressed by any method, 
inferior to that shingled by the hammer.

Sgueem's:
a. Squeezers, or machines which condense a ball by 

pressure, have been employed, and, in most instances, 
have fulfilled the design of their construction. From 
experiments made, it is evident that good squeezers 
work as well as the best hammers. No difference in the 
quality of the iron subjected to the action of either is 
perceptible. In  preference to other forms, we present 
a drawing of a lever squeezer, which is of simple 
Construction. Fig. 179 exhibits it in vertical section. 
This machine is cheap and durable, and will squeeze 100 
tons of iron per week. The illustration so clearly 
represents the whole machine, that a specific description 
of it is unnecessary. The bed plate a iS cast in one 
piece; it is six feet long, fifteen inches wide, and twelve 
inches high. The .whole is screwed down on a soljd 
foundation of stone, brick„or timber; the first is pre
ferable. b is the movable part, which makes from eighty 
to ninety motions per minute. The motion is imparted 
by the crank c, which in turn is driven by means of a 
strap and pulley by the elementary power. The diam
eter of the fly-wheel is from three to four feet. The. 
anvil is about two feet in length, and from twelve to
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fourteen inches in w idth; it is a movable plate, at least 
three inches thick, which, if injured, can be exchanged

Fig. 179.

Squeezer. •
for another. The face of the working part of the lever 
exactly fits the anvil, and consists of plates attached by 
means of screws. I t is desirable to have all these face 
plates in small parts of eight or ten inches in width. 
By this means they are secured against breaking by ex
pansion and contraction. The whole machine including 
the crank and everything, is made of cast iron, and will 
weigh four or five tons.

For the compression of puddled balls, these squeezers 
are* as we have stated, quite as serviceable as the best 
T hammer, or any other hammer. But for the reduction 
of charcoal iron, they have either not been tried, or 
they are insufficient. I f  the former, we would advise 
the experiment, confident that no difficulty will occur, 
provided the machine is sufficiently strong to resist the 
reaction of the hard and cold bloom. Charcoal iron is 
generally harder than puddled iron, and a stronger 
machine, therefore, is required to compress it. Still, 
there is no doubt that the squeezer will answer excel
lently, so far as the shingling of blooms is concerned.
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Whether it is applicable to the drawing of.’bars is a 
question w'hich experiment alone can decide.. Should 
its adaptation be proved, and should the squeezer sup
plant the hammers of tho charcoal forge, we believe that 
it would be the most useful improvement which could 
be added to the machines for forging iron. The imper
fection of the lever squeezer is its liahility to wear out 
at the fulcrum, and in the brass boxes of the crank shaft 
atid connecting rod. The motion o f the outer points of 
the working part seldom extends beyond four inches, 
and frequently less. If  a separate place for upsetting* 
the blooms is made at the face, but little stroke is. 
neede'd; but if  no such offset is appended, a higher lift 
is necessary.

h. One of the most useful machines—labor-saving 
machines—with which we are acquainted, is Burden’s 
rotary squeezer. This is an American invention. I t  
includes the fundamental, distinctive element of a per
fect machine, that is, rotary motion. Experience has 
proved this to be a highly useful squeezer, and it is now 
in a fair way of supplanting all those machines by which 

 ̂puddled balls are condensed into blooms. Many of the 
Eastern manufacturers employ it, and at the Western 
mills it appears to be quite a favorite. Fig. 130 exhibits 
it in vertical, and Fig.* 181 in horizontal, section. The 
whole apparatus is of cast iron, and very strong and 
heavy, which, as a matter of course, is indispensable. 
Our illustrations are designed simply to convey a gen
eral idea of the machine. The stationary part of the 
apparatus is marked a, a, a ; this consists chiefly of a 
cast-iron cloak, which incloses the movable parts,A, 6, 6. 
Am eccentric space between the two main parts is thus 
left, in which the ball is formed into a bloom. The ball 
is inserted at c, moves round, and appears at d, a well- 
formed bloom. A few seconds are suflicient to accom
plish this condensation. When the machine first 
appeared, a doubt was entertained whether it Could duly 
accomplish the upsetting, that is, squeeze the bloom

* Signifies squeezing at the end of a bloom, or roll of iron.
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Fig. 180.

Rotary squeezer.

lengthwise; but no difficulty appears to exist where the 
balls are, as nearly as possible of equal size. Besides,

Fig. 181.

Ground-plan of the rotary squeezer.

the top e is movable, sliding up and down; but this motion 
is very slight.

At the double puddling furnace, this squeezer at once 
enables us to overcome a serious difficulty, namely, the 
loss of time and iron occasioned by the slower work of
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the T hammer aild the lever squeezer. If the roughing 
fohers are in such condition as to draw as fast as, the 
squeezer forms hlooms, a few minutes are sufficient to 
work off a heat of 800 pounds. This is one great ad
vantage. The other advantages are that two workmen 
less are needed, and a great deal of repair and frequent 
disturbances obviated. In the vrorking of the iron, 
hammers are unnecessary, because they do not improve 
it directly. Well-worked iron, put directly into the 
rough rollers, without shingling, is not in the least de
gree inferior to that shingled by the T hammer. Ham
mers are but imperfect machines, the remains of an 
elementary knowledge of engineering; and' the sooner 
they are superseded by better implements of workman* 
ship, the better.

Roughing Rollers.

The shingled hlooms are conveyed directly from the 
squeezer or hammer to the rollers, commonly called 
rough rollers. In  some parts of Europe, no hammers 
or squeezers are employed; but the balls are taken 

' directly from the puddling furnace to the rollers, which 
have large grooves, and in the first and second groove 
projecting ribs, for catching. We do not find any dif
ference in .the quality of the iron, whether shingled or 
put through the rollers directly from the furnaces, except 
that arising from the inability of the, latter to effect the 
compression of the bloom lengthwise; this causes a 
waste of iron in the reheating furnace, because the 
rough bars are never so sound at the edges and the ends 
as those made from shingled or squeezed blooms. For 
this reason, it is preferable t(  ̂shingle the balls, or to 
form sound blooms by some method before the iron is 
taken to the rollers.

The limited size of the engraving does not permit us 
to give such detailed views of the, machinery as we 
would desire to give; still, we shall endeavor to make 
the* subject as clear and comprehensible' as possible. 
Fig. 182 shows a side view of a roughing train. * Any
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row, or more than one set of rollers, is called a ti’ain. 
The upper part above the sill a, is all made of cast iron. 
The part below a is the foundation below ground, and 
is here assumed to be a framework of timber. In most

Fig. 182.

Roughing rollers, and foundation of timber.

of our rolling mills, the foundation of a train is made of 
timber, and answers well enough for a temporary pur
pose. Timber lasts but a short time. G ^ d  substantial 
works ought to have stone or brick foundations; these 
are not only more dui-able, but preserve the machinery 
by their greater stability: the machinery works more 
quietly, and does not make so much noise as when built 
upon a wooden frame. At h are two standards, carry
ing two cogwheels. These wheels are nearest to the 
steam-engine and the flysvheel. They have the diameter 
of the rollers, in the dividing line, and serve to conduct. 
the motion from the moving power to the rollers, giving 
the top Bpllers a motion independent of the bottom 
rollers. They are sometimes put close to the first set of 
rollers, forming, at the same time, the coupling boxes 
c; or they are fastened to the rollers at d, and concJuct 
the motion back. Such arrangements are very imper-
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feet; the first is troublesome, because the wheels do not 
stick to tlie rollers—the expansion and contraction 
caused by the heat of the rollers unfasten all filling be
tween the wheel and the roller, or, if too close fitted, 
break the wheel. Fastening the wheel at is equally • 
bad, for then the coupling boxes between the top rollers 
break so frequently as to cause disturbance. The mo
tion from the wheels h is conducted, by means of the 
coupling rods e e. to the rollers f \  e e are cast-iron 
spindles two or two and a half feet in length, joined to 
the rollers by the coupling boxes c. The coupling boxes 
(/ are frequently cast in one piece with the rod, to make 
it stronger, f  exhibits the roughing rollers ; these take 
the bloom, and draw or reduce it into billets of greater 
or less size, according to the size of the flat bars intended 
to be di’aw'n. For the making of hoops, nail-rods, and 
fancy rods less than half an inch square, the billets are 
reduced to an inch or an inch and a half square, and 
taken to the reheating furnace, to be directly converted 
into merchant iron.

a. Billets from the roughing rollers have to serve for 
square, round, and flat iron; in fact, the condensation 
and drawing‘of the iron are principally effected by the 
roughing rollers. For this reason, the grooves are not

Fig. 183.

Grooves in rougliing rollers.

square, but their form is that of a section between a 
circle and a square. This form is shown by Fig. 183.
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The grooves are a little shorter in the vertical than in the 
horizontal direction; that is, the vertical is shorter than 
the horizontal diagonal. The hot iron, in being worked 
through these rollers, is turned one quarter at each 

•groove, which secures sound edges in the billets. The 
bloom, in this first operation, is never so reduced as to 
become less than an inch or an inch and a quarter billet. 
The first groove, which receives the bloom, is to be suf
ficiently large to catch, for which purpose six inches are 
in most cases a good size ; at least, a larger sizq is seldom 
required for forge and puddled blooms. The degree of 
condensation, in these rollers, from one gi’oove to the 
other (the decrement), is in the pi'oportion of the squares 
of eleven to fifteen, or nearly one-half; that is to say, the 
original length of the bar is nearly doubled in each 
groove. To redi^ce a bar from six inches to one inch 
square, we requii’e seven grooves, measuring respectively 

' 6, 4 |, 3 | ,  2 |  inches, and 1 | ,  If , 1 inch; a roller forty 
inches long will thus be needed, if one inch between 
each groove is left. This proportion of decrement an
swers well for soft atid puddled iron, and good, strong 
rollers; but for hard and sound puddled iron, it con
denses too rapidly* Charcoal iron it will work with 
difficulty. In these cases, it is advantageous to condense 
less and talie more grooves. Fifteen to tivelve is a good 
proportion; condensation less than that is seldom re
quired. For this' purposes, nine grooves.—measuring 
respectively 6, 4 |, 3, 2 f inches, and l iV  li5 H ’ 1
inch, requiring a I'ollet forty-six inches long—are needed. 
Boughing rollers, if made of good strong cast iron, can 
be seven feet long; the remaining three feet ten inches 
may serve for flat grooves. But for castings from an
thracite or coke iron, it is not advantageous to use rollers 
of such length. Where the first cost is no object, it is 
advisable to make two sets of rollers for roughing; to 
take one set for billets, the other for flat bars. In large 
and well-organized establishments, this plan is generally 
pursued; it has the advantage that, should any accident 
happen, which is mostly with the flat rollers, the works
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need not necessarily be stopped, fot it very seldom 
happens that anything goes wrong at the billet rollers,

b. Where two sets of roughing rollers are used, the 
second set, see Fig. 182, is generally as long as the first, 
and coupled by spindles and boxes to the first. These 
rollers have flat grooves only, and make flat bars from 
one-half to three-quarters of an inch thick, and from two 
to six inches wide. Grooves of these dimensions cannot 
be cut into one pair of rollers: and, if a variety of width 
in the rough bars is required, two or more sets of flat 
rollers are generally required. Rough bars six inches 
in width, and those two inches in width, are Seldom 
needed; but where certain dimensions of rod iron of 
greater or less width are constantly made, such as rail
road iron or hoops, rough bars are. of advantage. But 
this is of little consequence, and rough bars 3 |, 4, or 4 | 
inches wide, and from f , to i  of an inch thick, are
most commonly used. The first groove which receives 
the square bloom is the narrowest and highest; as the 
grooves diminish in height, they increase in \vidth. The 
last would not be actually needed, were it not for the 
catching of the bar by the rollers; but it is advisable to 
make it as small as possible. The edges of a flat bar 
become less sound and fibrous, if the breadth of the 
grooves increases too fast. For the better comprehen
sion of the subject, we will furnish a practical illustration, 
and anne.x a set of rollers, forty-six inches long, with 
grooves for bars four inches wide. The thickness can 
be altered by screwing the top roller upward or down- 

' ward. Fig. 184 represents a set of rollers, which, if of 
good cast metal, are fourteen inches in diameter, that is, 
from centre to centre, which, of course, in this case, 
makes the buttom roller very strong. In the .billet 
rollers, both diameters are the same. The first groove, 
marked a, is the finishing groove; therefore, it is four 
inches wide, and three-fourths of an inch thick. If  now 
we increase in the ratio of from 12® to 15®, which is nearly 
2: 3, the next groove is to be 11 inch, or a little less, 
high, and at least j\th , better -|th, of an inch narrower. 
The next groove will be 1 | by 31; then 2 | by 3 |;  then 

* 49
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3 | by 3 |. The last groove is unnecessary, for it is a 
square, and will not take a billet of larger size than 3|

Fig, 184.

Flat rollers.

inches. Here we have four grooves, which, if we leave 
l i  inch collar between them, and two inches for the 
end collar, will take 2 + 4 + 1^ + 3 | ^ + H  + 3 l  + l i  + 
3 | + l i  =  23^ inches. This is not more than half the 
length of the roller; and the other half may be arranged 
for a wider or a narrower bar. The bottom or ground of 
the grooves in the bottom roller is not quite square; the 
corners in .both sides are left standing; instead of cutting 
the collar square down to the ground of the groove, it is 
somewhat slanted, and a quarter of an inch in the corner 
is left remaining. These round corners in the bottom 
roller squeeze the corners of the rough bars, whereby 
they become more sound, and diminish, in consequence, 
the waste of iron in the reheating furnace. Rough rollers 
generally make from thirty to forty revolutions per 
minute; this motion is sufficient where single furnaces 
and T hammers are in use, but it is too slow for double 
furnaces and rotary squeezers.

c. Fig. 185 shows a vertical section through the rollers 
and foundation, and a view of the housing frames, in 
which the roller's are supported. The housing a is a 
heavy frame of cast iron, being frequently ten by twelve 
inches square in the pillars, if designed for heavy bar
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or sheet iron. For merchant bar eight by ten, for small 
bar six by eight, and for wire five by six inches is suffi-

Fig. 185.

View of a housing, and section of rollers and foundation.

ciently strong, even though the metal is not of the very 
best quality. The width between the two pillars must 
correspond to the diameter of the rollersi Short rollers 
of good metal are, when of fifteen or sixteen inches in 
diameter, sufficiently strong; but long rollers, or rollers 
of weak metal, must be at least seventeen or eighteen 
inches. If  the roughing rollers are eighteen inches in 
diameter, then the lowermost of the flat rollers will be 
at least three inches larger, which will bring the hous
ings to twenty-two inches; adding one inch space, 
twenty-three inches will be the distance between the 
uprights. In common cases, five feet are a sufficient 
height for housings, and for railroad iron or sheet iron 
alone are a few inches more required. The wrought
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Fig. 186.

iron screws is generally four and a half inches in diam
eter, and moves in a brass box, which is hexagonal and 
a little tapered, so as to fit very tight into the cast-iron 
top. The thread of the screw is a square from one-fourth 
to three-eighths of an inch in size, so that one revolu
tion of the screw amounts to one-half or three-fourths 
of an inch. The screw presses upon the cast-iron safety- 
cap c, which is calculated to break before any other part 
of the machinery; and the rollers, housings, &c., are 
thus secured against accidents. The cap d is of cast 
iron, lined with brass boxes, and these brass boxes are 
frequently lined with hard lead or type metal. This 
cap, as well as its bottom part e, slides on both sides in 
the housing, either in triangular or square grooves. 
Housings for roughing rollers are frequently found to 
be of a simple construction, and the sliding motion of 
the boxes is guided by a triangular prism, which gives

to the cap, the form shown in 
Fig. 186; this however is not 
the very best, and does not work 
well enough for square and 
round merchant bar. The two 
screws, / ,  f .  Fig. 185, regulate 
the height of the top roller by 
means of the plummer block e. 
These screw-bolts pass through 
the cap d. The wrench g serves 

to lower and raise the top roller, so as to increase or 
diminish the space bet>veen the two rollers. A is a cast- 
iron plate, called an apron, on the side where the hot 
iron enters the rollers; it is simply a plate filling the 
space between the housings, and joining the bottom 
roller, so as to form a bench on which the iron may rest. 
On the opposite side, A, is a similar apron, if roughing 
rollers; it is somewhat lower than the other, and its 
inner edge fits into the triangular grooves of the bottom 
roller, so as to scrape off any pieces of iron which fall 
loose from the bloom, or which stick to the roller. The 
fitting of this apron to the roller is somewhat difiicult, 
and it is a preferable plan, instead of casting the scra-

Triangular prism and cap.
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pers to the plate, to form a straight edge, the apron 
somewhat smaller, and screw the scrapers to the plate, 
which then may be made of wrought iron. The screw 
bolts ,̂ *, serve to steady the housings, and secure the 
close fitting of the boxes to the rollers.

If flat bar rollers, railroad, or fancy iron rollers are in 
the housings, a different arrangement with respect to 
scrapers must be followed. Fig. 187 shows a section of

Fig. 187.

'IIIHIHUfHN
Section of rollers and foundations.

a set of flat bar or rail-rollers. Instead of the apron, 
there is only a square bar of wrought or cast iron, upon 
which wrought-iron scrapers, h, having the form of wedges, 
rest. These wedges are of the size of the grooves in the 
roller, and fit loosely into the grooves with their edges. 
Besides the scrapers, there is a second set below, 6, called
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guards. These guards, marked e, are wrought-iron 
wedges, resting in a strong cast-iron grooved bar d. In 
this drawing we see a different arrangement, with re
spect to the screw bolts f  f ,  from that shown in Fig. 
185. The nuts of the screws, instead of resting on the 
top of the housings, rest on a plate of wrought iron e e, 
which plate is fitted upon a.round collar and the neck 
of the screw, and follows the scj-ew in its upward and 
downward motion. This plan is preferable to any 
other, for it keeps the top roller always closely fitted in 
the plummer blocks, whereas, by the method shown in 
Fig. 185. the top roller is loose, and frequently liable to 
break. The arrangement hei'e exhibited is well adapted 
for flat bar, rail, and heavy sheet-iron rollers, or in all 
cases where the top roller is moved by pinions. We 
find, in Fig. 187, also a different arrangement with re
spect to fastening the housings upon the foundation; 
this is effected by screwing the housings to the bed
plate g, which bed-plate is fastened to the foundation by 
separate screws. On the bed-plate are two projecting, 
prismatic ribs, which fit in corresponding notches in the 
housings. By these means the latter are kept in a 
straight line, and there is no difficulty in keeping a 
train in good order. The foundation is assumed to be 
of stones or brick, at least from eight to nine feet deep. 
In our illustration this proportional depth is not ex
hibited.

d. The connection between the motive power and the 
rollers is effected simply by a strong coupling box, that 
is, if the train is always connected with the engine; 
but if the motive power serves for different trains, ot 
different machinery, another connection, which permits 
the stopping of the train, is to be made use of. Such a 
joint or cam box is represented by Fig. 188; the part a 
is a box movable upon the junction shaft b, by means of 
an iron fork resting on the collar c, or a simple lever bar, 
playing in the groove. The form or section of the junction 
shaft b and junction shafts generally varies. Some mariu- 
facturers employ simply square rods, others round. This 
is an object of some importance; because, if the junction
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shafts are not of the right form or strength, the rollers are 
very soon made useless; the junction is so far injured as to 
break the coupling boxes, and occasion other accidents.

Fig. 188.

Cam box, coupling box.

A simply square section of the junction is not the best 
form. Experience has determined that the cross section, 
represented by Fig. 189, is, of all others, the most practical. 
The coupling boxes, on the junction shafts, between the 
rollers, are kept in their places by four wooden sticks ; 
these, filling the four corners of the shaft, are kept to
gether by leather straps, as represented in Fig. 190.

Fig. 189. Fig. 199.

Section of a junction 
shaft, wood-filling 
and leather strap.

Junction shaft and coupling boxes.

The strength of these junction shafts varies according to 
the size of the rollers to which they are to be applied. 
We find them from ten to twelve inches in diameter for 
sheet-iron rollers, in which cases hard rollers with pol
ished surfaces are at work; from eight to ten inches for 
common sheet-iron and railroad iron rollers; five to six 
inches for merchant iron rollers; and from three to four 
inches for wire and small rod. The quality or strength 
of the metal from which rollers, boxes and shafts are cast.
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must of course determine the dimensions of the junction 
shafts. ■

e. Doubts have been expressed as to the propriety 
of working several trains of rollers by one flywheel. 
But nevertheless one flywheel is commonly employed, 
namely, the flywheel belonging to the steam-engine, 
which is generally somewhat heavier than the ordinary 
wflyheel. This plan works well. Some of the Eastern 
works employ a flywheel at each train, but with what ad
vantage we cannot see. This much is certain, that seve
ral flywheels attached to the same power, and moving in 
opposite directions, cause more breakage than one fly
wheel will cause. There is no necessity whatever for 
more than one flywheel, where there is but one engine, 
and the excuse for employing such is only to be found in 
a deflciency of power, which, in iron works, is one of the 
greatest faults that can be committed. We shall speak 
of this subject hereafter.

Merchant ItolUng Mill.

a. For the making of wire, or small bar iron less than 
one inch square, or round, small hoops less than two 
inches wide, three rollers, one over the other, forming a 
set, and generally three sets a train, are required. Fig. 
191 shows a section of such a train through a brick

Fig. 191. •

Merchant rollers for small iron.

foundation and a view of the rollers, a shows the union 
standards and pinions, of which there are three; the
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power is connected with the lower wheel: h the rough
ing rollers, c the merchant rollers, and d hard rollers. 
The rollers h are never changed, and contain such 
grooves as will take the heaviest pack or pile necessary 
for small iron, which is seldom more than forty or fifty 
pounds. Rough bars three and a half inches wide, and 
twelve inches long, forming a square pile, will make 
such pack. The first groove must be three inches 
square, which makes a roller of ten inches in diameter 
necessary. Commonly, rollers but eight or nine inches 
wide are used for this train, in which of course, nothing 
heavier than one inch bars can be made; the first groove 
then measures two or two and a half inches, for which 
reason small rough bars, or billets, are required. The 
length of the rollers is seldom more than three feet, even

Fig. 192.

Section of merchant rollers.

if they are of large diameter; in the present case, it is 
of no use to have long rollers. The merchant rollers c
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are arranged either for square, round, or flat bars. A 
construction of the housings is shown in Fig. 192, in 
which the necessary screws for adjusting the rollers may 
be seen. As the pressure from the rollers upon the 
housing is not very strong, the cap a is cast as a sepa
rate piece, and screwed on by bolts; it affords the ad
vantage of lifting the rollers out by means of a crane, 
to effect which would be otherwise very difficult. The 
plummer blocks c, c, c, c, are fitted in a square groove in 
the housing, and screws pressing from behind keep 
blocks, and consequently rollers, in their proper place, 
which is necessary, if round or square iron is to be made. 
This arrangement is more clearly shown in Fig, 193,

Fig. 193.

R o llin g  g u a rd s .

where c, c, ai’e the screws pressing behind the plummer 
block, and of course move the roller length wise, if turned 
on both ends in opposite directions. In this figure, flat 
rollers are shown, with a view of the scrapers from 
above. Upon these rollers, a current of cold water is 
directed, divided into small streams. This cooling tends 
to preserve the rollers ; but it is applied mainly for the 
purpose of preventing the hot iron from sticking to them, 
which is not only very troublesome, but causes breakage, 
and ought, therefore, by all means to be avoided’.

h. I f  square or round iron is to be made, then, instead 
of the common aprons, guides, e, e, 192, are set before 
the rollers. These are not so much required for square
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or flat iron ; but they are very much needed in making 
round iron. A piece of iron, of the form of a frame, is 
fitted in between the two housings, as shown in Fig. 
191, e, and in this frame the cast-iron guides slide, being" 
kept in their places by wedges or screws. These guides 
serve to direct the bar to that groove-at which it is re
quired, and in the mean time, to prevent the turning of 
the rod. The guides and frame are made of cast iron.

c. Smooth hard rollers, twelve, frequently twenty 
inches long, which serve for polishing hoops, are shown 
at d, Fig. 191. I t  is not customary in this country to 
make polished rod; but such rod is frequently made in 
the Old World. In  this case, grooves, according to the size 
of the rod iron to be made, are cut into the rollers. Such 
iron very much resembles hammered, or charcoal iron, 
and is manufactured in imitation of it. These hard 
rollers must be kept cool by an abundant supply of cold 
water, else their surface soon becomes rough, in which 
case it no longer polishes. Hoops must be smooth, and, 
when possible, of a uniform blue color. The smoothness 
and color are increased by removing the coating of scales, 
or hammer-slag, which has accumulated in the pre
paratory rolls: this is done by a polisher or scraper, re
presented in Fig. 194, which is an iron frame, a, turning

Fig. 194.

For cleaning hoops.

in two necks at both ends, which are attached to the 
housings. A ti’ank b, with a handle, is at one end, and 
serves to turn the frame. If a hoop is pushed through 
this frame, when turned and opened to the rollers, it 
passes freely, but when turned more or less, back, accord-
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ing to its thickness, it  is bent in different directions, as 
the dark line which represents it indicates. . The pur
pose of bending the iron round such short corners is to 
break off the scales, or hammer-slag. These scales are 
an impure magnetic oxide, very brittle when cold, but 
fusible in a moderate heat; this oxide separates easily 
Trom iron, which is not too hot. Therefore, the polishing 
will be the more perfect the cooler the iron is, when 
passed through the hard rollers. A bright blue color is 
generally preferred for hoops. To produce such a color, 
a very pure but carbonaceous iron, or iron rendered cold
short by carbon, is required. If  the iron, or even the 
cinder in which it has been puddled, contains any phos
phorus or sulphlir, the surface of the hoops will be found 
cloudy, and inclined to oxidize more highly, and turn 
red. A large quantity of silicious cinder in the iron 
produces the same effect. Good hoop iron is best made 
in boiling furnaces, from gray pig; this pig iron is rolled 
into rough billets, and then drawn directly into hoops. 
Hoops made from highly refined iron, such as fibrous 
charcoal iron, or that puddled from very good plate metal, 
are very apt to turn red, and are generally weak. The 
frame a is made as long as the rollers, so as to shift the 
working place of the rmlers, and use gradually the whole 
surface.

d. Where there are three rollers in the housings, the 
moving them up and down is not so easily effected as 
where there are but two, and this motion cannot be 
effected at all while at work. The best plan we can 
adopt is to fit the plummer blocks well in the housings, 
one upon the other, and to adjust the distance between 
the rollers by means of scraps from hoops or sheet iron; 
or of pieces purposely forged. The bottom roller rests 
in the housings; the second or middle one turns in a 
movable plummer block resting upon the bottom of the 
housing. The top roller rests in a movable plummer 
block, and is covered with a strong cap. The whole is 
safety kept together by the top-screw pressing upon the 
cap, as represented in I^ig. 192.

e. The roughing-rollers are three in number, and are
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always of the same diameter; as also are the rollers for 
square and round bar; but. for flat iron or hoops the 
diameters of the rollers are, of course, different. The 
middle roller is the largest in diameter, and occupies the 
place which the bottom roller occupies in cases where 
but two rollers are used. Fig. 195 shows the arrange-

Fig. 195.

G rooves for fla t iron .

ment. The top and bottom rollers are of the same size. 
The middle roller alone has collars. The grooves in the 
bottom roller are throughout larger than the grooves in 
the upper roller. I t is so arranged that, if the first 
groove in the series is a, the second is in h, the third c, 
fourth d, &c. I t  is apparent that the use of three rollers 
not only augments their durability, but save| time, fuel, 
and iron. The garniture of scrapers and guards, de
scribed before, is to be doubled, and applied to different 
sides on the middle and bottom rollers.

f .  For the making of wire and small hoops, or rods 
less than half an inch, and hoops less than one inch wide, 
the same number of rollers is employed, with this differ
ence, that the rollers are but four and a half or five inches 
in diameter. The speed of rollers for merchant iron is 
generally from seven to eight feet per second on the sur
face, so that the iron with that speed will pass through 
them. This makes, for twelve inch rollers, 150 revolu
tions per minute, and for four inch wire rollers, 450 
revolutions.
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Heavy Bar 'and Railroad Iron Rollers.

Iron heavier than that one inch square is made by 
rollers of larger size than the foregoing, with but two in 
the housings. For this kind of work—to which heavy 
bar, locomotive wheel tires, rails, and nail plates belong— 
rollers from fifteen to twenty inches in diameter are used, 
Their size depends. upon the kind of iron to be made; 
upon the quality of the iron used, whether hard or soft; 
and upon the quality of the castings of which the roller 
is made. A particular description of the making of 
heavy iron is Unnecessary, because it difi'ers but slightly 
from the manipulations and principles with which we 
are already familiar. This may be applied particularly 
to the reheating furnace. But, as the making of railroad 
iron is a matter of particular interest, and as a descrip
tion of this would include all that need be said concerning 
the making of heavy bar, we shall describe the process 
in preference to any other.

a. The weight of railroad bars varies considerably,, 
according to section and length. There are sections 
of forty pounds per yard, and sections of eighty pounds 
per yard. < In our own county, rails heavier than seventy- 
five pounds per yard are not at present in use; the most 
common are from sixty to sixty-five pounds, A rail 
eight yards long, which is the common size, requires, 
therefore a, pack or pile of from 300 to 500 pounds of 
iron. Almost every railroad company employs bars of 
a different section. I t  is not our province to enter upon 
an investigation of the construction of rail sections, for 
the purpose of testing their respective merits; but we 
will make a few remarks relative to the manufacture of 
different sections, so far as this subject bears upon the 
quality and price of the product. Flat rails do not differ 
in the least from common flat iron; but if we wish to make 
the best article from the same material, it is advisable 
to turn the bar in such a way into the rollers that the 
joints of the pile shall be vertical upon the base of the 
rail; that is, to run the welding joints of the rough bars 
through the small section of the rail bar. Very coarse
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or porous iron does not make a good rail in this or jn 
any other way; it is apt to split Such fibrous iron may 
be greatly improved hy rolling the rough bars above five- 
eighths of an inch thick, and mixing it with cold-short 
iron. That is, pile a bar of cold-short upon fibi’ous 
iron, and thus continue until the pile is complete; the 
top and bottom courses must be of fibrous iron. In 
this way it Works ’ exceedingly well, and makes the 
best and cheapest kind of rails that can be made from 
the same material. The last or finishing groove of flat 
rails is generally provided with a series of warts, in the 
circumference of the top roller, giving impressions deep 
enough for the heads of spikes. The remaining thick
ness of the iron is punched through after the bar is. 
cold.

Besides flat rails, which are, and will yet be for a 
time in use, we find bridge rails employed, which have 
the form of a reversed U. We find these with parallel 
sides like the f)̂ , or with sides contracted towards the 
bottom, in which case they are called dove-tail rails. 
These 0  rails are easily manufactured, far more so than 
the generally employed T rail. The difficulty of filling 
the flanges is not so great as in the latter rail; and if 
the railroad companies understood their own interest, 
we doubt not that they would much prefer the 0  to the 
T rail; the iron works also would find the former more 
profitable. In making H rails, almost any kind of iron, 
even the strongest, can be employed, and a good article 
of course manufactured. But for the cheap manufacture 
of T rails, the iron must be of a particular quality. The 
weakest iron works generally the best. Strong and very 
good iron will not fill the flanges, even though it is 
made hot enough to work well. Therefore, it follows 
that a great deal of weak iron is used in making the T 
rails, which would not be employed if £[ rails were in as 
much demand by the railroad companies. If .there is 
a special advantage in the T section, we arc ignorant of 
it. We know that, if the section W’ere employed 
instead of it, there would be a prospect of having better 
material in the rail. There is but little difficulty in
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manufacturing a bridge rail, and as the principle in
volved in rolling this or the T rail is the same, we will 
describe the latter.

h. Rollers for shape rails ought to be at least twenty- 
two inches in diameter, and make from sixty-five to 
seventy-five revolutions per minute. This diameter is 
required oh account of the deep grooves in the rough
ing as well as finishing rollers. A pile for a rail eight 
yards in length, sixty-five pounds per yard, must be 
thirty-two inches long by ten or eleven inches square; a 
large groove in the roughing rollers is thus needed to 
catch the pile. One of the worst of speculations is to 
make the grooves in the rough rollers too narrow, for 

. delay is thus occasioned. Heavy packs are too porous 
and too hard to catch the rollers easily, if the grooves 
are too narrow to make the rollers bite. Cutting the 
grooves or throwing on sand is of doubtful advantage, 
for this occasions a loss of time in all instances. At 
least it  is not advisable to make the first groove too 
narrow, in anticipation of the advantage obtained from 
cutting it. The rollers, may be cut, and made rough in 
any way we choose; but that ought to have no hearing 
W'hatever upon their size, or upon that of the grooves. 
The loss at the roughing rollers, caused by the iron 
getting too cold, is, of all others, the most disagreeable, 
because the iron is generally too long to be reheated, 
and too thick to be cut through with ease. It is un
necessary to furnish a drawing of the roughing rollers, 
for they do not vary, except in size, from those already 
described. We annex, however, an illustration of a pair 
of finishing rollers for T  rails, as the most common. 
The form of the grooves represented here may be con
sidered as not generally applicable. Different kinds of 
iron, and the hardness of iron and texture, make a slight 
difference in the form of the grooves necessary. Fig. 
.19^ shows the gradual transformation of the square bil
let.' I t  is received by the grooves No. 1 , No. 2, and No.
3. These work out both flanges to a certain degree, as 
wide in the base as actually necessary, but leaving the 
bottom flange somewhat thicker. No. 4 presses the
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bottom and top smooth, and works the bottom flange 
down to its proper thickness, and somewhat broader.

Fig. 196.

Grooves for T rails.

No. 5 and No. 6 are almost of equal form and size, 
giving the finishing touch to the rail. The decrement 
of the grooves is very limited, and there is'no difficulty 
whatever in making a straight rail, even with one groove 
less. The first groove is cut entirely in the bottom 
roller, and the form of it is calculated to fill the bottom 
flanges of the rail with sound iron. The width of the 
flanges is often kept s'maller in this first groove than it is 
to be when finished; but we think thi^ a wrong proceed
ing, and only admissible with weak and cold-short iron. 
Strong, tenacious iron will not fill the flange, if once too 
small, or, at best, it will make but broken edges, which 
require a great deal of patching. The proper shape of 
No. 1 is that in which the bottom of the rail is brought 
to such a size as to afford sufficient iron to the grooves 
Nos. 2 and 3 to work both flanges equally down. For 
doing this, a greater breadth of the groove is needed 
than the rail will have when finished; and an excess in 
this direction is, in no instance, disadvantageous. If 
the breadth is increased in this first groove, the thick
ness may be diminished, which is very advantageous, 
particularly with thin flanges and strong iron. The re
duction of a square billet to the size of No. 1 is too 
much for one groove, arid a more triangular groove may 
precede that size. If  the rollers are more than forty-two 

50
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inches long, and the metal in the rollers good, the 
grooves may be so arranged as to admit one more in 
that length. I f  they are short, or if the casting is weak, 
a triangular groove may be cut in the rough rollers, 
where room can generally be spared. Groove No. 1 is. 
better in the finishing rolls, for it bears relation to the 
final form of the rail, and must vary in shape according 
to that of the rail. The grooves Nos. 2 and 3 work the 
rail very nearly to its ultimate size ; but they make the 
rail somewhat too high. This surplus height is reduced 
in No. 4, where the bottom and top are smoothed, and 
the bottom flanges reduced to the proper thickness, 
making the base a little broader than the final measure 
is to be. Grooves Nos. 5 and 6 serve merely for finish
ing ; they are of the form of the rail when finishedr—No. 
5 somewhat larger than No. 6. In  these grooves, the 
rail receives a uniform reduction in every part, except 
in the thickness of the bottom flange, and in the height 
of the rail, which cannot be reduced.

The castings for this kind of rollers are to be of good 
metal, of strong, feut not very gray cast iron. Boilers 
for flat iron must generally be good castings, on account 
of the flanges or collars; these are mostly high, and 
liable to be affected by pressure and sudden change of 
temperature, which frequently injure a roller so much 
as to make it, in a comparatively short time, unfit for 
service. The collars on rail iron rollers, and all heavy 
flat iron, must be strong, and with the best iron not less 
than two inches th ick; this thickness is to be increased, 
if the length of the roller will .admit of it.

c. The. heavy packs or piles of railroad iron are, in 
many establishments of England and Wales, brought 
from the first heat to the T hammer for welding. This 
practice is not common in this country, nor anywhere 
else; it is necessary \vhere iron is employed which is too 
weak to bear a strong heat, A heavy pack of weak iron, 
if heated to a welding heat, will split in being roughened 
down. To prevent this, such piles are to be brought to 
the hammer, which will give the iron a small compres
sion, and an imperfect welding, making -it less liable to
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open in the I'ollers* Well-worked iron, which will bear 
a welding heat, is not very liable to open in the rollers, 
thus saving the expenses of shingling. Instead then of 
shingling the pile, it is pushed through the roughing 
rollers and reduced to a six or seven inch billet, which 
is returned to the reheating furnace. This is a very ad
vantageous way of working, in case the iron is of good 
quality. The carrying of heavy piles from the reheating 
furnace to the rollers is performed by means of iron 
cars, just high enough to reach the furnace door, and 
not too high to reach the' rollers. In case the rollers 
will not bite, this car is made use of to strike the end of 
the pile, and force it into them. Such a car must be 
Very strong, and entirely made of wi’ought iron; it should 
have^on the top a series of friction rollei's, two inches 
round; these receive and discharge the heavy piles moi-e 
easily than traverse binders. At the roughing rollers, 
two workmen before and two behind are needed, one on 
each side using the tongs and the other catching with a 
suspended hook, close to the tongs, in order to help, or, 
in fact, to carry the whole weight of the end of the bar; 
the roller and catcher before and behind the rollers, 
using their tongs merely to turn the billet. At the 
finishing rollers, there should be at least two workmen 
before, and three behind the rollers; and, if the rails are 
long or weak, three before and three behind having each 
a hook suspended on long rods; these hooks follow the 
rail in its motion, and support it against bending by its 
own weight.] The following method of raising the 
heavy shingled masses to the rollers is stated to be used 
with success in an English rolling mill. A single 
acting steam cylinder is mounted in a frame at the top 
of the roll standards ; and the piston rod, which passes 
up vertically through an adjustible bearing is connected 
to a cross piece which can be moved up and down in 
two Vertical slides. Outside of the guides the cross bar 
has attached to its ends a series of connecting, links, to 
which the two inclined feed plates or tables, one at each 
side of the rolls, are coupled by means of wrought-iron 
rods, so as to be firmly connected with the cross bar, and
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to follow its movements in a vertical line. The cross 
bar being connected to the piston rod, is lifted by the 
pressure of steam in the cylinder when admitted below 
the piston. The effect of this movement is that the 
guide plates at both sides of the mill are raised simulta
neously to the height required for passing the article 
back over the top roll, and the revolution of the top roll 
itself—its upper side being, of course, moving in an 
opposite direction to its under side—takes the article 
back to the front of the rolls by friction.*

[After a rail is finished in the rollers, it is carried to 
the saws, to be cut square at the ends while hot. These 
are circular saws, with coarse teeth, and about three feet 
in diameter, made of sheet iron, or, as in some cases, of 
steel. They move with great rapidity, and cut « rail 
through in a second or two, making from 1200 to 1500 
revolutions per minute. Fig. 197 represents a sawing

Fig. 197.

Saw machine for squaring the ends of railroad and heavy bar iron.

machine for cutting off the ends of rails and other heavy 
iron. There are two saws moving at the same time, and 
kept in motion by the straps a, a. The distance be
tween these saws is in some mills somewhat greater than 
the length of the rail, so that but one end will be cut at 
a time, after which the rail is moved longitudinally, and 
the other end cut off. Equal lengths in rails are rarely 
insisted on by the railroad companies, and almost any 
length is suitable which is within given limits. With

* Engineering, March, 1867.
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good iron, and by proper car^ the soundness of the bar 
to the very ends will ^  secured; and only a few inches 
are lost in squaring. Ill-worked iron frequently loses 
from one to one and a half feet at each end, which is 
equal to froni twelve to twenty per cent. The hot rail 
is placed and moved towards the saws on an iron bench, 
which slides in the parallel prisms, c, c, c. I t  is moved 
by a long horizontal shaft, lying between the saws. On 
this shaft—which is turned by an iron handwheel of the 
shape of a light flywheel—are two small pinions, one on 
each end, which work in corresponding racks d, d, fast
ened to the bench, and moving it to and from the saws; 
The cutting of a heavy bar of hot iron is a beautiful 
sight—the rapidly moving saw throwing off a profusion 
of small particles of iron, which burn, in darting through 
the air, with a vivid and brilliant light. They would 
injure the workmen engaged at this business, if the saw 
were not covered by a protecting screen. The Tower 
part of the saw runs, at many establishments, in cold 
water, to prevent its getting hot, in consequence of the 
heat and rapid motion.

From the saws, the rail is put Upon the straightening- 
bench, which is a long, straight, cast-iron plate, ten or 
twenty inches wide, having on one edge a projecting rib. 
This bench is used" for common flat and square iron, for 
flat rails, and rails whose top and bottom are of equal 
size; but for bridge rails or T rails, such a bench will 
not answer. Any iron, or rails, the one part of whose 
section is composed of thinner parts than the other, will 
not remain straight after it has been straightened when 
warm. The thin parts will become cold sooner than the 
thick parts; this produces an unequal contraction, and 
gives a curvature to the formerly straight bar. A fl or 
T rail is generally broad and thin, in its lower part or 
base, in proportion to its top, and, consequently, if 
straightened on a straight bench, it will gradually as
sume a curvature concave at the top of the rail. To 
prevent this, convex straightening benches are employed, 
whereupon the rail is bent, by means of heavy wooden 
mallets, into a convex form, which will straighten as the
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rail gradually cools off. The convexity of such a bench 
depends on the section of the rail and the quality of the 
iron; it is generally from an inch to an inch and a half 
to every yard of the rail. As the rail gradually cools 
off, and straightens itself, it is removed from the bench 
to large platforms, provided with two parallel rails dis
tant from each other nearly the length of the rail, along 
which the rails easily move. Three or four such plat
forms it! succession are required under one shed; their 
form must be nearly square—that is to say, their extent, 
lengthwise and crosswise, should be equal to that of a 
rail. On the first platform, the rails are overhauled by 
means of coarse files, and any imperfection or unsound
ness of iron exposed. Those which cannot well be im
proved by patching are removed. Between the first and 
second platform a very heavy cast-iron anvil is placed, 
on which the final straightening of the rails is performed; 
for that purpose, heavy iron sledges weighing from 
twenty to thirty pounds are used. Between the second 
and third, fourth and fifth scaffold, the rails are patched. 
This consists in fitting in small pieces of iron into the 
defective parts. In the rolling of T rails, there is some
times difficulty in bringing out their flanges; in this 
case,, we succeed far better with cold-short, or impure, 
dirty iron, than with pure, strong, and fibrous iron. 
This difficulty increases with the diminished thickness 
of the flanges, and cannot be, avoided if the iron is very 
strong, or free from cinder. Weak iron, or cold-short 
iron can be worked to great perfection, if the pile is 
turned in such a way that the joints of the mill bars 
fall perpendicularly upon the bases of the rail. If taken 
in the opposite direction, even the weakest iron will not 
make full, broad, and thin flanges. To what extent the 
quality of a rail is impaired, in consequence of these 
practical difficulties, it is not our province to investigate. 
But we may say that the quality of rails might, in 
most cases, be made, from the Same materials, far supe
rior to what it now is. I f  the cotistructing engineer of 
a railroad would reflect upon the best practical form of 
k rail, and alter its section accordingly, there is no doubt
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that great advantages might be realized. With respect 
to Q rails, or rails with equally thick flanges, the above 
difficulty does not exist, at least not to so great an extent.

Sheet Iran.

The making of sheet iron is a branch full of intricacies 
and difficulties; but once thoroughly understood, it is 
very simple. The main difficulty we encounter depends 
upon the quality of iron from which it is made. Char
coal iron generally works well; but some kinds of pud
dled iron do not make good sheet iron. Sheet iron was 
made in ancient times by means of forge hammers; it 
was flattened down by broad-faced hammers on large 
anvils. This method is. still practised in the eastern 
parts of Europe. At the present day, and ip our own 
country, sheet iron is rolled. I t  is made partly from 
charcoal blooms, and in some places from puddled iron.

a. In all cases in which thin sheet iron is to be made, 
the iron must first be converted into flat mill bars. 
Charcoal blooms, as well as puddled iron, undergo the 
same treatment, with this difference, however, that good 
charcoal blooms do not require a welding heat.

Puddled iron is to be piled, and a pack of rough bars 
welded and rolled down into flat mill bars. These bars 
are from four, to six inches wide, varying in thickness, 
according to the number of sheets to be made from 
them. Heavy sheet iron and boiler-plate are to be made 
from mill bars, if we want a good article. $heet iron 
is principally made from pharcoal blooms shingled down 
into slabs; sometimes from puddled rough bars, piled, 
welded, and shingled by the T hammer into slabs. By 
neither method is good boiler-plate made; a second re
heating is, in all cases, to be resorted to, if we want the 
best article the material is capable of producing. In the 
manufacture of sheet iron, our main attention must be 
concentrated upon the quality of the iron, and the power 
at our service. All other matters are of subordinate 
importance, and have little bearing upon the success of 
our operations. Clean, white, fibrous iron, and a sur-
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plus of power, are the most essential elements in making 
good and cheap sheet iron.

h. The machinery for making sheet iron does not 
materially vary, except as regards strength, from that 
used in making bar iron. The housings are generally 
heavier, in Europe often made of wrought iron; the 
junction shafts and coupling boxes stronger; the fly
wheels heavier. The length of the rollers is, in most 
cases, but three feet between the gudgeons; seldom 
three and a half feet for thin sheet. For the rolling of 
boiler-plate, we find rollers four and even five feet long 
in use. The diameter varies according to the length. 
A short roller may be of a smaller diameter than a long 
one; and weak cast iron, of course, will make a larger 
diameter necessary than strong castings. In Fig. 198.

Fig. 198.

R o lle rs  a n d  p in io n s  for sh e e t  iro n .

a set of sheet rollers is represented. The pinions and 
pinion standards are not generally employed ; they are 
unnecessary, and even disadvantageous, for making thin 
sheet. But for roughing down, when the plates are 
thick, or for making boiler-plate they are advantageous, 
and save a great deal of breakage. Slabs which are one 
and a half, or two or more inches thick, lift the top
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roller very high, and suddenly drop it; this, of course, 
produces a heavy shock all through the mafchinery. To 
avoid this shock, the top otfght not to touch the bottom 
roller; but then the pinions are necessary; without them 
the top roller will not move, and unless this moves, the 
rollers will not bite. In cases where the top moves. 
independently of the bottom roller, the first is generally 
balanced by counter iVeights, applied either below or 
above the rollers; these weights keep the top and bottom 
rollers apart. W e think that the arrangement indicated 
in Fig. 187, for keeping the top roller up, is far prefer
able to any other. Wrenches on the top of the screws 
forming a cross, so as at any time to expose a handle to 
the workmen before the rollers are to be used. The 
distance between the rollers must be perfectly controlled 
by the foreman, because he regulates the thickness of 
the sheet by these screws. Of all the improvements 
made relative to the regulation of the distance between 
the rollers, none is preferable to the above simple mode.

c. For making very thin and polished sheet iron, cast 
iron housings are not sufficiently strong, unless very 
heavy, and of the best kind of iron. In this case, 
wrought-iron standards are preferable; and, as there is 
no difficulty in obta^iniug heavy and good wrought 
iron, at reasonable prices, in Eastern Pennsylvania, it 
may, in many instances, be advantageous to employ 
such standards. In Fig. 199, a, a, represent wrought- 
iron pillars; these are fastened by being cast into the 
bottom plate. Each of these pillars is provided with a 
screw and n u t ; the advantage of taking small, very 
minute grades of pressure, or decrement, upon the top 
roller is thus secured. For the making of thin sheet iron, 
this is a very convenient and essential arrangement. The 
aprons are broader than at bar-iron rollers, which is in
dispensable. I f  heavy plates are'to be rolled, even small 
friction rollers in the apron are to be added on the work 
side. The friction of heavy iron upon the apron is great, 
and the employment of additional hands would be ne
cessary, if this friction were not diminished by the
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above friction roller. Sheet rollers move with various 
speed, and the foreman ought to have it in his power

Fig. 199.

to give to them just the degree of speed required. The 
speed necessary for these rollers is from twenty to forty 
revolutions. In  a well-conducted establishment, there 
are roughing rollers, finishing rollers, and hard or chilled 
rollers. W e generally find only the first two, but in 
some establishments the last.

d. For making boiler-plate, but one pair of rollers is 
needed, and the slab rolled down in one heat. The slab, 
as received from the T hammer, is generally from twelve 
to eighteen inches long, from seven to ten inches wide, 
and from two to three inches thick. I t  is heated, in a 
reheating furnace, to a bright red, but not welding heat. 
The dimensions of the sheet to be rolled from a given 
slab are produced by turning the slab more or less, and 
increasing in one direction. The surface of the iron is 
repeatedly chilled by sprinkling cold water on it by 
means of a broom; this loosens the adhering scales.
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which may then be removed by turning the plate, or by 
the broom. This operation must be particularly at
tended to when the plate is nearly finished. Polish and 
great smoothness are not required for boiler-plate. Uni
form thickness and good quality of iron are the main 
requisites.

e. Sheet iron, thinner than boiler-plate is generally 
rolled from platines, or from cuttings of flat merchant 
bars'. That which is heavier may be made from one 
length of the flat mill bar; and two, or even three thick
nesses, when sufficiently heated, are welded together in 
the sheet rollers. Uemmon sheet iron, as No. 15 and 
higher numbers, is made from one thickness of the mill 
bars, which, heated to a cherry-red. heat, is run through 
the rollers in single sheets. At subsequent'heats, two 
or even three may be rolled together. When heated, 
the mill bars or platines are brought from the oven in 
pairs, which are pushed singly through the rollers. This 
keeps the workmen actively employed; for, while one 
plate is between the rollers, the other is returned over 
the top roller, the one thus closely following the other. 
If three plates are at once in motion still more active 
manipulation is required, for, while one plate is between 
the rollers, the two other plates are in the tongs on each 
side of them. In  the first heat, the iron is reduced as 
much as possible ; and to what extent it may be brought 
to the desired form, depends on the power of the engine, 
and the dexterity .of the workmen. In this heat, the 
breadth of the sheet is determined, in case the platines 
are not already cut to the proper length.

After this operation, the iron, which already assumes 
the appearance of sheet iron, is returned to the heating 
oven, or, as in Well-conducted establishments, it is heated 
anew in a more advantageous oven. From this second 
heat, two sheets are taken and rolled together, with the 
caution that after passing them two or three times 
through the rollers, they are separated, and their sides 
reversed, partly to prevent the adhesion of the plates, 
and partly to impart a smooth surface to both sides of 
the sheets. Sheet iron for the manufacture of nails, and
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other common purposes, is in this heat generally finished; 
but a deficiency of power, or want of skill on the part of 
the workmen, frequently makes it necessary to give it 
an additional heat.

Sheet iron of less thickness and of higher polish, such 
as that used for stove pipes, requires another heat, and 
sometimes several additional heats. An ordinary, smooth 
surface will be produced by passing sheets, two by two, 
through rollers of tolerable hardness. But if, in this 
heat, the sheets are passed singly through the rollers, 
before which a scraper is put to clean the surface from 
the coarsest part of the adhering scales, a finer surface 
is produced. For this purpose, common rollers of good 
close castings are sufficient. But if a still finer surface 
is required, hard and highly polikhed rollers are neces
sary. To such thin sheet iron a high degree of power 
must be applied, because the iron when passing through 
the rollers, is very nearly cold. For this reason the 
rollers are made only from twenty-two to twenty-four 
inches in length, while their diameter is sixteen or eigh
teen inches; the housings of great strength, and the 
power applied greater than in any other case. Highly 
polished sheet iron of larger size than twenty inches in 
width, and four or five feet in length, is seldom made.

In  making sheet iron, i  ̂is sometimes difficult to obtain 
the precise color which the manufacturer desires. Such 
a color is a bright, light blue, or that of Russian sheet 
iron. Experience proves that from impure iron we can
not obtain a bright, silvery-looking surface. But the 
color of the best and purest iron may be destroyed by 
the influence of the fuel. To give a bright surface to 
sheet iron, we require, in addition to hard and well- 
polished rollers, the removal of the scales, as far as possi
ble, from the surface of the white or pure iron, which 
ought to shine through the thin coating of magnetic 
oxide. The brighest colors are received from the whitest 
iron. I t  is thus seen that the color has no relation to 
the purity of the metal. We have seen very beautiful 
sheet iron made from very cold-short iron containing 
phosphorus, and very cloudy-*looking black sheets from
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the best and toughest charcoal iron* I f  we wish to make 
a light, fine-looking sheet iron, a portion of carbon, ot 
even of phosphorus and silicon, will be advantageous. 
In very thin sheets, the most cold-short iron is malleable; 
and, therefore, in this instance, it is useful. White iron 
—whether the whiteness arises from impurities, or from 
remarkable purity—separates easily from its scales, and 
is on that account preferable to metal of any other 
color.

f .  The color of sheet iron is aifecled not only by the 
quality of the iron, but also by fuel, and by construction 
of the heating ovens. Sulphur imparts a black color to 
iron if present only in very minute quantity; and it 
may be regarded as an impossibility to make a fine-look
ing sheet ii'on in cases in which sulphurous coal is em
ployed. Though the iron in such cases, may be of the 
best quality, the sheet will appear of a cloudy, black, or 
of a dirty, dark blue color. Pure carbon will not injure 
the color; but when present in connection with sulphur, 
the color of the iron will be entirely spoiled. Therefore, 
if the sheets are well cleaned in the third heat, all our 
attention should be concentrated upon the endeavor to 
protect them against the influence of sulphur, pure air, 
and against the silicious dust which is thrown out by 
anthracite coal. This can be effected by high arched 
ovens, which will prevent the flame from playing on the 
oven. We should select fuel free from sulphur; and, if 
we employ anthracite, we should secure so weak a draft 
in the oven that no silicious dust shall be carried over 
from the grate to the furnace. Charcoal is the best fuel. 
In fine, by employing charcoal, clear iron, a high oven, 
well-polished rollers, and a sufficiently strong power, we 
shall experience no difiiculty in making the finest kind 
of sheet iron. In  most kinds of sheet iron cleaning the 
iron by means of acids is a waste of time, and an un
necessary expense. I t  may be cleaned by means of a 
scraper, on the principle applicable to the cleaning of 
hoops, without difficulty.]
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Russia Sheeting. ■.
The peculiar gloss and beautifully finished black sur

face upon Russia sheets have been the subjects of much 
discussion and research. Some years ago we paid some 
attention to the discovery of the cause. There can be no 
doubt that a graphitic surface, superinduced, will bring 
about a similar gloss. Some have supposed that a phos- 
phuret of iton created upon the surface will produce the 
same effect, but while a. glaze may be thus produced, it 
is not that of the Russia sheet iron. From what we 
have learned from a friend who travelled in Russia, and 
made the manufacture of this iron an object of inquiry 
and research while there, it seems a well-settled fact 
that a great degree of the beauty of the surface is due 
to the exceedingly fine iron which is used. We have in 
our possession a piece of Russia iron which is so . brittle 
that it will not bear shearing. This may give grounds 
for believing that a phosphide enters into the constitu
tion of. the sheet; but we have good reasons to believe 
from the exceedingly rare occurrence of any such sheets, 
that nothing of a decisive character can be deduced from 
such an instance. We have in our possession a sheet- 
iron stove cylinder Vhich was made some four years 
ago, by.a patent method, which as we are permitted by 
the owner, who is a professional gentleman, we shall give 
in proof of the supposition we have presented, that the 
surface in the Russia iron may pi'actically be produced 
by the Superficial formation of graphitic iron. The fol
lowing is in brief the complete process:—

The sheets are of a thickness equal to No. 22. Equal 
parts, by weight, of chalk, porcelain day and graphite, 
ground in paint mill to the consistency of molasses. Put 
the plates in while still warm; withdraw them as soon 
as dipped, and put aside to dry. When dry, pack eight 
to ten in a bundle; heat to dark red—continue rolling, 
and temper in annealing furnace.

Prepare three strong wooden boxes to receive plates 
edgewise.

Rox 1. 1 part concentrated sulphuric acid, and 3
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parts water. Keep the sheets in until entirely free from 
scales. (Short tiihe.)

Box 2, with.lye. 1 part potash, diluted with 20 parts 
water, and filtered. Plates remain till testing strip indi
cates greenish-blue glossy tint; then remove them to 
box 3, with clear running water—‘thoroughly wash the 
sheets.

Dry the plates by application of saw dust.
Put them in oven—vertically—two inches apart. Oven 

to be heated with light, dry wood (hemlock or pine) and 
provided with a crown of fire-bricks over the furnace, 
separating heating chamber from furnace^ and perforated 
with numerous small holes for distribution from below. 
The fire is lighted after the oven has been charged with 
plates to its full dapacity. The first result consists in 
the deposit of a light skin, or layer of condensed smoke, 
over the entire surface of the plates. With the increase 
of heat and the consumption of the smoke, this is car
ried off, and the plates assume a bluish-black, glistening 
surface. For the purpose of closely watching and con* 
trolling the operation, one or more sides of the oven are 
provided with suitable openings for the insertion of 
trying strips. A careful examination of these testing 
strips will show the gradual production, of a carburet 
on the surface, which, at first, appears scaly, and may be 
scraped off with a knife. Soon, however, the carburet 
will be found to have embodied itself firmly with the 
iron, and is no longer removable in the above manner. 
From this period, the heat must be checked, and the 
plates allowed gradually to cool. When the plates are 
removed from the oven, their surface will be very sen
sitive to the action of a blow With a polished hammer, 
or to the pressure between polished rolls, such as are 
used for rolling out copper, silvei*, or sheet steel. The 
hammering is best accomplished by means of a first, or 
fore hammer, and a polishing hammer, both of which 
should be light—say, thirty to forty pounds.

After hammering, or rolling, temper. Tempering 
chamber lined with plates of fire-bricks. Tightly closed 
to exclude a ir ; fire kept up till heat of iron approaches
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the point at which it changes from black to dark red. 
Opening for insertion of trying strips. Be careful not 
to overheat the plates. Plates will lose very little of the 
smoothness and polish—now ready for market—but final 
treatment with light hammer, or polished rolls, makes 
them better.

For « Silver Gray Tinge.—^Immediately polish plates 
after removal from water—and, afterwards temper—like 
black; only at the beginning of the tempering process 
inject small quantities of rosin into the tempering 
chamber. This, by forming a heavy layer of condensed 
smoke on the plates, much preserves their former color, 
besides producing a lustrous surface.

The stove cylinder we have has been exposed under 
the same conditions under which the genuine Russia 
iron has been exposed and has resisted rusting where 
the other has been attacked. Immediately after finish
ing, the sheet may be rubbed over with a white cloth 
with all the perseverance and pressure possible to give 
it with the hand, and no signs of soil will appear any 
more than from polished steel.

I t  is to be hoped that this patent, which hitherto has 
been more an object of experiment than of commercial 
value may be put to the test in the large way, as there 
is no grade of Russia iron superior to that which has 
been made by this process.

There have been a large number of patents taken out 
for different methods of making imitation Russia sheet 
iron, but none of them have equalled the article as im
ported, unless we except the one just described.

BucJcling, is the term used by the sheet-iron workers, 
where the sheets become convex or concave in various 
places upon the same sheet after annealing. This has 
been remedied, or prevented, by piling the sheets one, 
upon another and placing a heavy weight upon the pile 
just before pushing them into the heating or annealing 
oven.

Swallow-Tail., is the term used to describe that condi
tion of the roll where the ends are higher than the 
centre, thus running the sheets out longer at the sides
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and corners. This may be due to an extrenlely small 
increase in the diameter of the rolls at the ends, and this 
may be remedied by cooling the roll by water or steam, 
in that part needing contraction or elevation. This fact 
is taken advantage of by the workman, who can, by the 
simple application of water, alter the shape of the roller 
to suit his wants exactly.

Later Improvements in Hammers and Rolls.

In 1842, Mr. Nasmyth visited Creusot (250 miles 
southeast of Paris), and saw the primitive single-acting 
steam hammer of Bourdon in operation, realizing the 
fact that it is quite possible for two inventors to elaborate 
the same idea independently of each other, and almost 
simultaneously. W e understand that the French patent 
of Messrs. Schneider bears d a te » e  I9th of April, 1842, 
and the English one of Nasmytnmhe 9th of June in the 
same year.*  ̂ ^

Since the first year of the application of steani by 
Nasmyth to the hammer, nothing very important in the 
principle of this application of steam to this purpose 
has been invented. Some practical modifications, how
ever, rendering the hammer more enduring in its parts 
and more exactly under the control of the hammer-man, 
have been induced. The following have been presented 
to the American public as improvements.

David Joy's Hammer.— peculiarity of this hammer 
consists in its simplicity of parts, the valves being part 
of the ram, as may be seen by the following cuts. Figs. 
201 and 202. The action will be plainly understood by an 
examination of the cuts. . The admission of steam and 
consequent speed of the hammer are regulated and 
governed by the foot of the forger, as plainly shown in 
Fig. 200. A hand-gate may also be placed on the steam 
pipe, if desired. . Thus a slow and a light blow, or a 
rapid and a heavy one, can be obtained at pleasure. In  
Fig. 201, the ram is down, and steam being admitted a|;

51
* The Engineer, Feb. 1, 1867.
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Fig. 200.

I

David Joy’s hammer.
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A, and passing as indicated by the arrow nearest A, 
around to B, throws C up. When up Fig. 202 shows the 
connection between B and the exhaust for the steam

Fig. 201. Fig. 202.

under C, at the same time the steam entering A along 
D is admitted to the upper side of the piston, and it is 
then thrown down again as in Fig. 201.

We supposed that the absence of so great a part of 
the piston rod for the purposes of steam channels would 
weaken the resistance or “ thrust” of the hammer rod, 
and considering it in the light of an objection, we 
received the following in answer from the patentees 
Messrs. Merrick & Sons, of Philadelphia, Pa. “ 1. The 
ram is a forging of Bessemer steel. 2. The amount of 
metal taken out of the rod, compared to its mass, as will 
be evident by a glance at the cross section, cannot pos
sibly so weaken as to make the objection of any weight.” 
The hammer is certainly desirable in view of its simplicity, 
and appears to be used in Brooklyn, N. Y., with great
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efficiency requiring, however, some good degree of skill 
on the part of the operator.

Dudgeon’s Steam Hammer.—This is supposed to be an 
improvement in that “ a wider range of efficiency is 
secured than can be obtained on the usual form, an 
arrangement is made whereby the ram is prevented from

Fig. 203.

tearing off the cyliu(Jer cover*, an accident which not un- 
requen y occurs with steam hammers constructed after
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the usual plan. The rams are all made of wrought iron, 
with Bessemer steel dies on the two smallest sizes.” This 
hammer is used in several important establishments in

Fig. 204.

Philadelphia, Boston, Trenton, and at Washington. The 
accompanying cuts. Figs. 203 and 204, sufficiently exhibit
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the working of the parts and the manner in which the 
piston in returning may “ cushion” itself by steam from 
the steam chest. Two sizes are given in the engravings, 
although in either the principle is the same.

A  very neat improvement by J. I. Kinsey, the superin
tendent of the Lehigh Valley Kailroad Machine Shop, 
at South Easton, Pa., works very easily and satisfactorily, 
as we have frequently had opportunity to notice. It 
consists in a third valve which accomplishes one object of 
Dudgeon’s hammer, by checking the scape of exhausted 
steam, and thus forming a cushion for the piston. It 
requires a third handle, but works readily and is under 
perfect command. A serious objection to soine forms of 
hammers is found in the attachment of the hammer 
block or anvil to the main frame or standard. The jar 
upon the anvil, when thus forming one casting, has a‘ 
strong tendency to cause a fracture. •

I t  is scarcely necessary to say that in all cases the' 
skilful use of any steam hammer requires considerable 
practice, aUd this may be had by the use of the hammer 
upon a block of wood, until the" learner has acquired skill 
enough to practise upon the hot iron.

Complete and powerful hammers for forging may be 
found at the Penn. Iron Works, Danville, Pa., also at 
Cold Spring, N. Y., and at Trenton, N. J., in the rolling 
mill at the latter place.

Compressed Air Hammers.—Hammers of this description 
have been in use for some years, but only for light work, 
such as planishing or ordinary smithwork, but the 
principles may allow of larger kinds and yet not for very 
heayy service. The only good representation we have 
seen has been that of a hammer of Dawes’s, of Wolver
hampton, which struck with the small weight of forty 
pounds, running, however, from 200 to 300 strokes per 
minute. An eccentric upon a shaft with a band wheel 
works the piston rod, which condenses air into the ham
mer shaft cylinder with sufficient force to raise the ham
mer shaft or rod vertically. The piston of this hammer 
shaft then in its turn condenses the air in its own cylinder 
with such force as to cause it to react as a powerful
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spring, acting, with gravity, to throw the hammer down 
with considerable force.*

The Gunpowder Hammer.—The following description 
will convey a good understanding of a hammer which, 
while it was in this instance used for pile-driving, had 
been used for more than two years, antecedently, for 
forging, and attempts have been, and are now being 
made, with a view of introducing it into metallurgical 
practice. Thus far, however, adaptation to forge pur
poses has not been satisfactory:—

On T u e s d a y , J u n e  1 5 th , S h a w ’s  G u n p o w d er H am noer w a s  e x 
hibited in  d r iv in g  p ile s , to  a  n u m e ro u s a sse m b la g e  o f  ge n tlem en , 
a t  L y n n ’s  s h ip y a r d , on  th e  D e law are . A  co m m ittee  o f  e n g i
neers, c o n s is t in g  o f  M r. W . W . W o o d , C h ie f E n g in e e r  TJ. S .  N . ; 
F .  P . L o v e g r o v e , In sp e c to r  o f  steam  b o i le r s  in  P h ila d e lp h ia , a n d  
M r. H . L . Hofif, o f  th e  E a g le  I r o n  W o r k s  o f  P h ilad e lp h ia , w h o  
w itnessed th e  p e r fo r m a n c e  o f  th e  h am m er, h a v e  m ade a  re p o rt , 
from  w h ich  th e  fo llo w in g  e x tr a c t  i s  ta k e n . T h e y  s a y -

“ T h a t  th e m a c h in e  i s  o p e ra te d  an d  co n tro lled  b y  a  m an  a n d  
boy , an d  th a t  i t  c a n  b e  m a d e  to  s t r ik e  forty-eigh t b lo w s p e r  
m in u te ; a lso  s in g le  b lo w s a t  th e  w ill o f  th e  o p era to r .. A n d  th a t  
a lth ou gh  th e  p i le  w a s  d r iv e n  in  to u g h  so il , i t  w as n o t h o o p ed , 
and w as d r iv e n  th ir ty  fee t w ith o u t in  a n y  w ay  in ju rin g  o r  sp l in 
terin g it , sh o w in g  th e  .e x tr a o rd in a r y  p U sh in g *c h a ra c te r  o f  t l i is  
m ethod o f  p o u n d in g ; a n d  th a t on e-th ird  o f  an  ounce o f  p o w d er 
throw s th e  h a m m e r  a  d is ta n ce  o f  e ig h t  f e e t ; an d  th at the h a m 
m er w as a llo w e d  tb  fa ll  a  d is ta n c e  o f  e ig h t  fee t on a  so lid  b lo c k  
o f  w ood, p la c e d  o n  to p  o f  th e  C ylinder, a n d  i t  forced  th e p ile  
only 1 3 .1 6  in  th e  g r o u n d ; a n d  th a t th e n e x t  b low  p o w d er w a s 
used , th e  h a m m e r  a llo w e d  to  fa ll th e sa m e  d istan ce , a n d  i t  
forced th e  p i le  fo u r  in c h e s  in  th e  g ro u n d , sh o w in g  c o n c lu s iv e ly  
that the b lo w s  a r e  n o t  on ly  m ad e  ra p id ly , b u t  th at each b low  is  f iv e  
tim es a s  e ffe c tiv e  a s  b y  th e  fa llin g  o f  the w e ig h t alon e . I t  i s  a d d e d , 
in co n c lu sio n , t h a t - t h i s  n o v e l ap p lic a tio n  o f  g u n p o w d e r  i s  a n  
u n q u alified  s u c c e s s  fo r  th e  p u rp o se  o f  d r iv in g  p ile s , p ro m is in g  
as it d o es a  S a v in g  b o th  o f  tim e and la b o r , w hich sh o u ld  c o m 
m end i t s  u se  t o  a l l  w h o  re q u ire  m ach in es o f  th is  ch arac ter .”

A  la r g e  n u m b e r  o f  o th e rs  w ho w itn essed  th e  e x p e r im e n ts  a t  
the tim e, h a v e  a l s o  u n ite d  in  a  sta tem en t th a t i t  i s  th e ir  c o n c lu 
sion  th at th is  m e th o d  o f  o p e ra tin g  h a m m ers i s  the co rre c t o n e  
for a ll h e a v y  w o r k , a n d  th a t  it  i s  o f  s im p le  co n stru ctio n , e a s y  
m an agem en t, a n d  w ill p ro v e  i ts  u se fu ln e ss  to  the m e ch an ic a l 
world, c o m p a t ib le  w ith  th e w an t in  g r e a t  en g in e erin g .

*  A  goo d  d raw in g  m ay be seen in The En gineer, N ov. 3 0 ,1 8 6 6 .
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Shingling hy Compression.—This has been attempted 
and, so far as effects are concerned, with entire success. 
The welding is complete, the expulsion of finder the- 
rough and the resulting bloom very satisfactory. But the 
difficulty thus far has existed in the mechanical method 
of producing the effect. Mr. Player, of English cele
brity, has invented a method which appears to be in 
some degree practicable. W e give the whole method 
as sent us by his partner, Mr. Henderson, reserving our 
remarks till the close. The following is the specifica
tion:—

T h is  in v e n tio n  h a s  f o r  i t s  o b je c t  to  fa c i li ta te  the form ing a 
b a l l ,  b lo o m , o r  S lab , o f  i r o n  o r  ste e l, a f te r  i t  h a s  been  deprived 
o f  a  p o r t io n  o f  i t s  c a r b o n  a n d  im p u r it ie s  b y  th e  puddling ope
r a t io n , a n d  c o n s is t s  in  t r a n s f e r r in g  th e  se m i-flu id  m alleable iron 
o r  s te e l, in to  a  fo rm  o r  m o u ld  o u ts id e  th e  fu r n a c e  in which the 
ir o n  o p e ra te d  o n  h a s  b e e n  c o n v e r te d , a n d  su b je c t in g  the metal 
to  a  h e a v y  p r e s s u r e  in  th e  fo rm  o r  m o u ld , th u s  cau sin g  it to* 
a g g lu t in a t e  o r  w e ld  to g e th e r  in to  a  b a ll ,  b lo o m , o r  s la b — instead 
o f  “  b a l l in g  it  u p ”  b y  h a n d  in  th e  fu rn a c e  in  w hich it has been 
c o n v e r te d , w h ich  i s  th e  m e th o d  a t  p re se n t  a d o p te d  with pud
d le d  iro n  o r  s te e l.

F o r  th is  p u rp o se , th e  c r u d e  o r  p ig  iro n  to  b e  m ad e into malle
a b le  iro n  o r  ste e l, i s  m e lte d  in  a  c u p o la  o r  re v e rb e ra to ry  furnace, 
a n d  th e  f lu id  i jie ta l  i s  th e r e  a g ita te d , e ith e r  in  th e sam e furnace 
in  w h ich  i t  i s  n je lted , o r  o th e rw ise , e ith e r  b y  m an u al labor o r 
s te a m  p o w e r, o r  b o th , in  c o n ta c t  w ith  f iu id  o x id e  o f  iron and 
o th e r  m a tte r s  ( a s  i s  u s u a l  w h e n  p u d d lin g  ir o n ) , u n til the m ix
tu r e  b o i ls  o r  f ro th s  u p  a n d  th e  iro n  b ec o m e s m alleab le ;, or, as 
i t  i s  te rm ed , i s  “ b r o u g h t  to  n a tu re .”  W h e n  in  th is state, the 
sem i-flu id  m a ss  i s  fo rc e d  o r  d r a w n  o u t  o f  th e  fu rn ace  in which 
i t  h a s  b ee n  a g ita te d , in to  a  c a s t ,  o r  w r o u g h t  iro n  receiver, form, 
o r  m o u ld . I n  th is  r e c e p ta c le  i t  i s  th e n  c o m p ressed  to such 
d e g re e  o f  d e n s ity , th a t  i t  c a n  b e  re m o v e d  fro m  the m ould and 
fo rg e d  o r  ro lle d  to  th e  s i z e  th a t  i s  r e q u ir e d .

W h e th e r  th e  p ig  o r  c r u d e  ir o n  o p e ra te d  o n  b e  converted  into 
m a lle a b le  iro n  or s te e l  b y  m a c h in e r y  o r  m a n u a l la b o r , the pro
c e s s  w ill b e  th e  sa m e  a f t e r  th e  m e ta l h a s  b e e n  b rou gh t “ to 
n a tu re ,”  o r , in  o th e r  w o rd s , m a d e  m a lle a b le . I  w ill suppose a 
co m m o n  p u d d lin g  fu r n a c e  to  b e  u se d .

F ig u r e  2 0 5 , o f  th e  a n n e x e d  d r a w in g s , i s  a  fro n t  elevaljon  o f 
a  c o m m o n  p u d d lin g  fu r n a c e  in  w h ich  s l i g h t  a lte ra t io n s  have 
b een  m a d e  to  a d a p t  it  to  m y  p r o c e s s ;  F ig u r e  2 0 6 , a  b ack  ele
v a t io n  ; F ig u r e  2 0 7 ,  -a c r o s s  y p r t ic a l  s e c t io n ; a n d  F ig u re  208,
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Fig. 207.

B
__ K

Fig. 208.
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Fig. 211.

I  prefeR to  h a v e  tw o  d o o rs  o p p o site  each  o th e r ; one, th e  
w orking d o or, i s  o f  th e  u su a l c o n s tru c tio n ; th e  o th e r  d o o r  
opens to th e  le v e l  o f  th e  h e a r th ; i t  m a y  b e 'c o n stru c te d  a n d  
opened w ith  a  le v e r  in  th e  u su a l w ay . B e fo re  th e  fu rn ace  i s  
charged, th is  d o o r  i s  s h u t  an d  w e d ge d  c lo se , an d  fe ttlin g  o f  r e d  
iron ore o r  o th e r  m a te r ia l  i s  ram m ed  fro m  the w o rk in g  d o o r  
against th e lo w e r  p a r t  o f  it, so  th a t  th e  f lu id  m ass, when m elted  
in, or, b y  p re fe re n ce , p o u r e d  in to  th e  fu rn a ce , can n o t ru n  U nder 
the door.

The o p era tio n  o f  p u d d l in g  i s  th en  oO m m eneed,’an d  the c h a rg e  
worked in  th e  u s u a l  m an n e r, u n til  th e  m e ta l fa l ls  an d  is  fit to  
ball u p ; i t  i s  th e n  tu r n e d  o v e r  in  th e  s l a g  an d  e x p o se d  r e g u 
larly to  the f la m e  fo r  a  sh o rt  tim e . I n  m a k in g  steel, th e  
operation is  h a s te n e d  to w a rd s  th e  en d . T h e  s la g  i s  then p a r t ly  
run o lf  in  th e  u s u a l  w a y , th e  lo w e r dOor i s  then  open ed , a n y  
fettling in  fro n t  o f  i t  re m o v e d , an d  th e  w h ole  o r  p a r t  o f  th e  
charge, a s  m a y  b e  re q u ir e d , i s  p u sh e d  o r  forbed w ith  a  r a b b le  
or tu p  (w hich  i s  in tr o d u c e d  a t  th e  w o rk in g  d o o r) o u t a t  w h at 
is term ed th e  b a c k  d o o r , in to  a  fo rm  o r  m o u ld  h ereafter d e 
scribed. A s  so o n  a s  th e  fu rn a ce  i s  c le ar , w h ich  o n ly  ta k e s  tw o  
or three m in u te s , th e  b a c k  d o o r is  sh u t  an d  the furn ace re fe ttle d  
and ch arged  a g a in  w ith  m e ta l, ru n  in  b y  p referen ce  in  a  m e lted  
state from  a  c u p o la  fu rn a c e . T h e  s a v in g  o f  tim e in  p u d d lin g  
one ch arge  b y  t h is  m e th o d  i s  ab o u t tw en ty-five  o r  th ir ty  m in 
utes. T h a t i s  th e  t im e  th e  p ig  ta k e s  to  m elt, a n d  the tim e  th e  
charge ta k e s  to  b a l l  u p .

The m o u ld  in to  w h ich  th e p u d d led  m etal i s  fa llen , is , b y  
preference, m a d e  o f  v e r t ic a l  b a rs  o f  sq u a re  iro n , I t  m a y  b e  
constructed, a s  sh o w n  a t  a  a  o f  sq u a re  b a r s  r iv e te d  in sid e  tw o  
strong h o o p s o f  iro n , th e  h e a d s o f  the r iv e ts  b e in g  flu sh  o n  th e 
in s id e ; th is  fo r m s  a  re c e p ta c le  w ith open  to p  a n d  bottom .

Th e m o u ld  i s  p la c e d  o n  a  low  b og ie , s o  th a t th e  to p  o f  th e
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m o u ld  ca n  b e  b r o u g h t  u n d e r  th e  le v e l  o f  th e  s il l  o f  the back 
d o o r  o f  th e  fu rn a c e , to  r e c e iv e  th e  p u d d le d  m e ta l when pushed 
th r o u g h  th e  b a c k  d o o r . I f  th e  m e ta l h a s  n o t been  sufliciently 
w o r k ^  in  th e  p u d d l in g  fu rn a c e , j e t s  o f  b la s t  from  tuyeres 
s u i t a b ly  p la c e d  m a y  b e  c a u se d  to  im p in g e  o n  it  du rin g  the 
t im e  i t  i s  d is c h a rg e d  fro m  th e  fu r n a c e ; a ir  th u s  applied  im 
p r o v e s  th e  q u a l i t y  o f  th e  iro n , th o u g h  i t  c a u se s  m ore waste. 
O le fia n t  g a s  m a y  b e  u s e d  w ith  a d v a n ta g e  w h en  “  puddled  steel" 
i s  b e in g  m a d e , a s  i t  w il l  p r e v e n t  th e  ca rb o n  from  b e in g  burned 
o u t  d u r in g  th e  t im e  th e  c h a r g e  i s  b e in g  p u sh e d  ou t o f  the fur
n a c e . T h e  b o g ie  s h o u ld ,  a f t e r  th e  p u d d le d  m etal is  on it, be 
r e m o v e d  a s  q u ic k ly  a s  p o s s ib le  to  th e  p ress, w hich b y  prefer
en ce , sh o u ld  b e  a  h y d r a u l ic  r a m  w o rk e d  b y  an  accum ulator.

T h e  a r ra n g e m e n t  I  p re fe r  i s  sh o w n  a t  2 0 9 , 2 1 0 ,2 i l  and 212. 
T h e  b o g ie  f its  o n  th e  t o p  o f  th e  ra m  an d  i s  c a rr ie d  upw ards by 
i t .  O v e r  th e  m o u ld  i s  a  b lo c k  o f  c a s t  iro n  w h ich  fits into it, 
w h e n  th e  ra m  r a ise s  th e  m o u ld  an d  th e b lo c k  com es in contact 
w ith  th e  p u d d le d  m e ta l, w h ich  is  th u s  p re s se d  into a  bloom. 
O n  th e  to p  o f  th e  b lo c k ,  w h ich  fits  in to  th e  m ould , is  another 
r a m , f ix e d  to  w h ich  i s  a  c r o s sh e a d  a n d  h o o k s so  a rran ged  that 
i t  m a y  b e  fa ste n e d  to  th e  h o o p s  su r ro u n d in g  th e  m o u ld ; then 
b y  g iv in g  an  u p w a r d  m o tio n  to  th e  u p p e r  ram , the mould is 
r a i s e d  u p  th e  s id e  o f  th e  b lo ck , th u s  le a v in g  th e  bloom  o f  iron 
o r  s te e l  o n  th e  b o g ie , w h ich  is  th en  lo w ered  an d  the bloom 
ta k e n  to  a  h a m m e r  o r  ro lls , o r  o th e rw ise  d isp o se d  of. The
m o u ld  i s  lo w e re d  o n  a  b o g ie  a n d  u sed  a s  b e fo re .

»

We have given this apparatus and process in full, as 
it appears to be the best of the kind of which we have 
any knowledge. But, without any observation of its 

. working, we should say, that certain difficulties appear 
in the mechanical structure of the shingling apparatus, 
in the “ wrought iron receiver, form, or mould,” a pow
erful pressure upon which would force the iron in 
between the bars; and in the manner and amount of 
application of “ hydraulic pressure,” as some regulation 
must be adopted to suit the “ upsetting” of blooms of 
different sizes. The principle and object, however, are 
valuable, and the apparatus indicates what is needed, 
and it may have practically succeeded in England. A 
perfect apparatus for shingling by compression would be 
of great value in the process of wrought iron metallurgy, 
but in this country it seems, as yet, a desideratum not 
quite accomplished, although efforts are at present being

    
 



FORGING AND ROLLING. 813

made to make practicable this method which we con
ceive to be the most perfect; of all processes of shingling 
the hot blooms.

General Review and Practical Remarks upon Shingling.

Shingling is the next process after balling, and is 
performed by the “ squeezer.” As we have seen in pre
vious pages, the blooms were formerly made by the 
action of large hammers, and the balls were run under 
the hammers and watched, so that any defectively pud
dled part might be expelled, and the rapid and sudden 
impact of the hammer drove out a larger proportion of 
silicates than the more modem squeezer of American 
invention, which rolls and compresses, or than the other 
plan of somewhat similar nature which simply presses. 
Another advantage in the hammer was that the blooms 
were made into cylindrical form, were turned on end and 
hammered; this was termed “ upsetting.” This upset
ting is considered necessary to the quality of the iron in 
the bloom. So far as the quality is concerned, it is 
thought that no method takes the place of hammering. 
In the item of amount made, however, the modern* 
squeezer is the superior instrument.

The squeezer has almost superseded the hammer, be
cause the first cost is less, and the cost of maintaining 
power is also less, while the yield is greater. Some are 
made reciprocating, or double-ended, and the power is 
obtained by attaching the squeezer either directly to the 
roughing roller, or by intervention *of a “ spindle” shaft 
as recommended by Truran. .

The hammer and the anvil, are made to work twice 
the usual quantity of iron before renewal by passing a 
wrought iron tube through each and inducting water 
during the process of hammering. The pipes run from 
the hammerhead along the helve to the fulcrum point 
where there is least motion, and thence are connected 
by flexible tubes to the corresponding outside pipes.

A substitution for the common lever squeezer is found 
. in the American invention, consisting of a circular cast-

    
 



8U THE METALLURGY OF IRON.

iron well, ©ccentrically centred within; being another 
cylinder whose least departure from the well was equal 
to the diameter of the bloom formed by tumbling in the 
ball into the widest departure. The centre cylinder is ' 
geared heavily, else it is likely to break, and is lined with 
teeth or grooves, to catch the ball, and thus by combined 
rolling and squeezing delivers the bloom at the opposite 
end of the circular tunnel or canal-way of the squeezer. 
The only serious objection is found in the fact that no 
arrangement is made for “ upsetting” the blooms, which 
lessens the good quality of the iron by not properly ex
cluding the cinder and silicates from the ends of the 
blooms. Other substitutes for the common lever squeez
ers have been oiFered, but the features of the difficulty 
have been about the same in all, namely, cost in con
struction ; turned and carefully fitting parts, rendering 
it difficult to supply brealcages in short times, and heavy 
demand of power, or incomplete exclusion of cinder with 
inability to upset the blooms. When all the workmen 
are good puddlers and the iron well and uniformly 
worked, the crude iron being of good quality, and the 
incorporated substances (either from the coal or other
wise) favorable, Truran thinks the advantages are in 
favor of the modern squeezer, otherwise they are on the 
side of the common lever, at least for quality. He 
asserts that “ if the crude iron is bad and the puddler 
an indifferent hand, no squeezer, or other machine ever 
invented, can improve the quality of his work.” No 
squeezers, therefore, according to Truran, can, by the 
simple effect of compression, determine the quality of 
the iron—this was said in view of the assertion on the 
part of some one that a certain squeezer of his own in
vention improved the quality of the iron. But it is 
plain that no such effect could follow except in the sense 
that the cinder might be more effectually excluded by 
one machine than by another. “ Hammering certainly 
improves the quality of most bar -iron.” The rapid 
compression causes the cinders and silicates to exude 
while the iron is soft enough to allow of it, dtherwise 
the cinders become wrapped up in the iron. The steam
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hammer is superior only where a great range in the force 
of the hammer is required, but, otherwise, it is of little 
use, and is obtained at a cost of about five times that of 
the common mill hammer.

Improvements and Further Remarks on Rolls and Rolling.

The Rolling is the next procedure in order after the 
blooms have been delivered to the rolls in proper size 
and shape. I t  is passed through the larger groove in 
the roughing rolls and through the lesser, until ready 
for the finishing rolls, and there passed until delivered 
a finished puddled bar.

Cinder-plates are used to increase the durability of 
the necks of rolls, and they consist of thin wrought- 
iron plates let into a groove near the end of the rolls 
before these rolls are let down, thus preventing the 
cinders from getting into the joining of the rolls.

The standards must be strong to resist the pressure 
in rolling coniparatively cold iron plates, and it is re
commended that the area (sectional) of the standards to 
each pair of rolls be not less than 230 inches in the 
weakest place.

The velocity of the puddling rolls ranges from about 
35 to 80 revolutions per minute in Staffordshire and 
Derbyshire (1855) and in Wales, from 50 to 80, 56 be
ing the speed preferred, except where the metal is very 
red-short, a higher speed, in that case, causing less waste.

The diameter of the top rolls for squares and bolts is 
as 61 to 60; this is necessary to throw the iron down 
on the guides. In the roughing pair the diameter is as 
51 to,50.

The speed of rolls varies in different districts, and 
with the character of the iron; if of a red-short nature, 
the maximum velocity is necessary. There is a limit how
ever due to the difficulty of seizing the bars by the 
workmen.

The rolls are generally driven in the same direction ; 
in some cases the rolls have been reversed, and the bar

    
 



816 THE METALLURGY OF IRON.

passed through the succeeding or adjoining groove, but. 
the time lost in reversing, under high rates of revolution, 
makes it of doubtful economy, especially as complica
tion in the gearing is increased.

A  consecutive series o f rolls was formerly tried, but 
a difficulty was found to result in this, that as the bar 
decreases in sectional area, the velocity of rolls needed 
to be increased, and the adjustment of time between 
each roller required such nicety that Mr. Truran and 
others considered that the advantage was not only 
doubtful, but a practical impossibility. But in 1867 
we find the following;* Messrs, Johnson and nephew, 
of Manchester, have for some time had in successful 
operation what they term a “ continuous mill” for rolling 
wire, invented and patented by Mr, George Bedson, the 
manager of their works. The mill Consists of a long 
series of rollers placed in pairs alternately, horizontally 
and vertically, each pair of rollers having one groove, 
through which the wire passes, and is delivered to the 
next pair of rollers, reduced in section and extended 
proportionally in length. The gearing of the rollers is 
arranged so as to give a higher speed to each Successive 
pair of rolls, in order to pass the increasing length of 
wire through as quickly as it iS produced. In the course 
of the operation there is, of course, one part of the 
billet within the furnace whilst another part is being 
coiled up at the other end of the mill in the form of 
wire. ' ' ■

There are seven machines of this kind at the works 
in question, and their power of production is estimated 
at about 250 tons of wire per week.

Wagner^s Universal Rolling Mill.—W e illustrate Mr.
, Wagner’s rolling mill for bars and flats of variable" sizes, 
which has obtained the name for universal mill on ac
count of the facility which it affords for rolling different 
widths and thicknesses with the same set of rolls. The 
mill consists of two horizontal rolls, mounted and geared

*  Engineering, January 25, 186t.
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in the usual way. To these is added a pair of vertical 
rolls, fixed in bearings which can be traversed on slides 
in a horizontal direction by means of a pair of right 
and left screws. The simultaneous movement of the

Fig. 213.

Elevation.

two screws is obtained by a hand-wheel geared to a ver
tical spindle carrying two worms—Fig. 213. These 
worms act upon wheels, shown as keyed on to the screw 

52
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spindles. By turning these spindles the two vertical 
are brought closer together or removed from each other, 
and by these means the width of the bars to be produced 
in the mill can be fixed at will. The vertical rolls ob
tain their revolving motion from the driving pinion by

Fig. 214.

Plan.

means of a pair of bevel wheels geared into other bevel 
w’heels (Figs. 214, 215) which slide on their shaft, fol
lowing the movements of the vertical rolls. Each of 
these last-named bevel wheels is cast in one with a spur- 
wheel gearing into a pinion of sufficient width to allow 
for its movement in the different positions given to the 
vertical rolls (Fig. 216). The horizontal top roll is held 
up in its bearings by a pair of counterweights (Fig. 213), 
and its distance from the bottom roll is regulated in the 
usual way by a pair of screws. There are several rolling 
mills of that kind in operation in Austria, and they have 
proved very useful and convenient in practice.*

*■ May 24, 1867, Engineering.
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An experiment, in the nse of rollers 
purpose, was made several years ago, at 
under the direction, as we understand, 
the inventor of the three high rolls, 
not succeed to satisfaction, we were told 
and skilful operator that the only cause

for the same 
Reading, Pa., 

of Mr. Routh, 
While it did 
by a pi'actical 
was found in

Fig. 215.

Vertical section.

the crudeness of the machinery which had no complete
ness of finished plan and mechanism, and for this reason 
alone it was discarded.
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Fig. 216.

Vertical section nearer the centre than Fig. 215.

Wrought-iron Screws for Housings.— Mr. Wilhelm, 
formerly of Phillipsburgh, N. J. sheet-iron rolling-mlH, 
adopted a very efficient method in making his regulating 
screws of the usual wrought iron, but finishing them with 
large square faces upon the bolsters over the bearings 
of the rolls and not in points. These faces are flat and 
finished with a steel band or cup, which always keeps 
the screw end faii'ly square upon the bolsters immediately 
over the necks of the rolls. Thus, when the iron first
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strikes the roll the “ bump” is far less likely to injure 
the regulating screws. In the rolling-mill above referred 
to these screws have been long in service, and have never 
given way, nor are they at all battered. In one large 
rolling-mill, with which we >are acquainted, cast-iron 
screws were used, as it was thought an entirely useless 
expenditure even to use wrought iron, until upon a sud
den bump the threads were stripped and the screw 
ruined. When the screws are small, convex, or pointed, 
they are very apt to turn toward one side or anothei*, 
producing an exceeding strain or leverage in the block 
or bolster immediately over the roll-neck.

Mending Cast-iron Rolls.—“ Burning on” is the phrase 
used to express a  practice lately introduced into some of 
our foundries, whereby broken rolls and other cast-iron 
parts of housings, shears, &c., are mended. The practice, 
as it has been executed in several places, Bethlehem, Pa., 
Philadelphia, and elsewhere, is to lay the roll in the 
sand and form a concavity, pr hollow, answering to the 
shape of the part to be “ burned on.” When every
thing is ready and the channel, for conducting the 
molten iron to the spot, ready, the cupola is tapped, and 
highly heated molten iron allowed to pass into the 
hollow which is bounded by the bare and clean iron sur
face sprinkled well with borax, glass, and fine dust char
coal. The molten iron flows until by a rod or other 
instrument the founder feels that the broken surfaces of 
the roll are semi-fused to a pasty condition. The flow
ing is then stopped, the iron allowed to settle and 
remain in the sand-hdle until cool. The iron will then 
be found to be thoroughly welded, if the operation has 
been executed skilfully. In England and in France the 
same* operation has been performed frequently during 
the past thirty-five years, a writer * stating that he per
formed the operation with perfect success in 1833.
• Cold Rolling.—This process is now accepted as a de
cided improvement upon the best forged iron rods. The

*In the Practical Mechanic’s Journal, June 1, 1869.
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method is that of powerfully compressing malleable iron 
in suitably strengthened rollers and housings.

Messrs. Jones & Laughlin, of Pittsburg, Pa., are the 
American proprietors of patents for cold rolling, which 
have been so fully indorsed and highly approved by the 
Messrs. Baldwin & Co., Merrick & Sons^ of Philadelphia, 
and many other practical men, that we do not hesitate 
in presenting their own views. In a recent communica
tion they remark that they are manufacturing, by a pro
cess discovered in their works, “ cold-rolled iron.” The 
ii*on, after being rolled in the ordinary manner, is put 
thi ough an acid bath for the purpose of cleansing, after 
which it is I’olled cold in rolls of very great strength, by 
which process the fibre of the iron is compressed and a 
perfectly smooth, and bright surface given to it. The 
iron is increased very greatly in strength and elasticity, 
and is now admitted on all hands to* be much superior 
for shafting, piston Tods, &c., to turned iron, and has for 
many uses taken the place of steel.

Grooved Chill Rolls.—We have read a notice in the 
Pittsbnrg Daily Commercial of this invention as made 
by Messrs. Totten & Co., of Fulton Foundry, Pittsburg, 
as follows:—

T h e  g ro o v e d  c b ill  r o l l  i s  th e  in v e n tio n  o f  M r. T o tten , and is 
a  s t e p  in  a d v a n c e  o f  a n y t h in g  y e t  a tte m p te d  e ith e r in Am erica 
o r  E u r o p e .  T h e  m e r its  o f  th is  in v e n tio n  m u s t  b e  apparent to 
e v e r y  m ill m an . G r o o v e d  c h il l  ro lls , a s  th e ir  n am e indicates, 
a r e  r o lls  c a s t  to  sh a p e  f o r  ro u n d s , sq u a r e s , a n d  irre g u la r  sizes. 
F o r m e r ly  th e ro ll  w a s  c a s t  p la in , a n d  th e  g r o o v e s  cu t out after
w a r d s  in  th e  la th e .

B y  m a k in g  th e  c h ill  g r o o v e d  ro ll to  sh a p e , the following 
p o in ts  a re  g a in e d : 1. I n  th e  weight o f  th e  r o lls  in  the ro u g h : no 
t r i f l in g  item . 2 . I n  th e  t im e  c o n su m e d  in  turning the rq lls ; a 
s t i l l  m o re  im p o r ta n t  ite m . 3 . A  u n ifo rm ly  h a rd  surface is ob
ta in e d  a t  th e b o tto m , a s  w e ll a s  o n  th e  s id e s  o f  the groove. 
W h e n  a ro ll i s  c a s t  p la in , a n d  th e  g r o o v e s  tu rn e d  out, the deeper 
y o u  g o  in to  th e ch ill, th e  softer th e  c h ill  is . A s  a  natural con
se q u e n c e , th e  o b je c t  a im e d  a t  in  c h il l in g  th e  iron  is partially 
d e fea ted , fo r  th a t p o r t io n  o f  th e  r o ll  re lie d  u p o n  to  do  the work, 
v iz ., th e  b o tto m  o f  th e  g r o o v e ,  i s  th e  so fte st . T h is  difficulty it 
w ill r e a d ily  be seen  is  w h o lly  o v e rc o m e  b y  c a s t in g  the groove. 
4 . The entire first cost o f  th e  r o lls  is  s a v e d  in  a  v e ry  sh ort time
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in d re ssin g . T w e lv e  h u n d red  to n s o f  o r d in a ry  ro u n d s, fro m  o n e 
to two in ch es, h a v e  been  ro lled  on  One p a ir  o f  th e se  r o l l s  w ith 
out d re ss in g . O n e  h u n d re d  ton s, w e m a y  add , is  c o n s id e re d  
very fa ir  w o rk  fo r  so ft  ro lls . 5 . A s  th e  ro lls  d o  n o t w e a r  o u t  
o f shape, u n ifo r m ity  i s  secu red  in  th e  s iz e  o f  th e  iro n  ro lle d  
upon th e m — a  m a tte r  b ecom in g  d a i ly  m ore im p o rta n t , o n  
account o f  th e  u r g e n t  d em an d  b y  ra ilro a d  co m pan ies, m a c h in ists  
and a g r ic u l tu r a l  im p le m e n t m a k e rs fo r  a  m ore u n ifo rm  s iz e  o f  
iron. 6 . T h e  iro n  i s  m o re  m erch an tab le , b e in g  ro lled  fre e  fro m  
scales. T h e  a d v a n t a g e s  w e h a v e  e n u m erate d  a re  e q u a l ly  c o m 
m endable to  m a n u fa c tu re r s  o f  stee l.

Mr. Totten has Succeeded in casting, as we under
stand, for Messrs. Mathews & Moore, of Philadelphia, 
for the steel works at Lewistown, Pa., rolls Of the follow
ing dimensions:—

Diameter, thirty and a half inches; length of body, 
ninety-six inches. Fifteen and a half tons of metal were 
required to make each casting.

Mr. Hewitt, in his report upon the Paris tTniversal 
Exposition of 1867, speaks of rolls at Petin, Graudet & 
Co.’s works, which he saw, of the diameter three feet six 
inches, and of those a t John Brown & Co., Sheffield, roll
ing plate iron six feet wide, requiring rolls three feet 
in “ size,” by which latter word W e suppose is meant 
diameter.

Mr. Thomas D. Lewis, of Knoxville Iron Co., Knox
ville, Tenn., however, succeeded in 1846 in casting 
grooved chill rolls at Danville, Pa. Mr. Lewis writes 
us that he made them in 1845 and 1846, and thinks he 
was the first to cast “ sweep grooved rolls,” and in 1863 
he renewed the machinery, and cast both merchant and 
rail chill groove rolls. At present we know of no rolls 
superior to those of the Fulton Foundry, of which Mr. 
Robert C. Totten is the principal manager.

Puddling-Ball Bolls.—These rolls are intended to do 
away with the necessity of squeezers altogether. We 
have seen the puddled balls taken directly from the 
puddling furnace, and carried to a kind of muck bar 
rolls, and there rolled out ready for the finishing rolls. 
Mr. Robert C. Totten, of the firm referred to above, in 
whose inventive and indomitable energy we have con-
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fidence enough to believe that he will succeed in making 
the rolls perfect, has attempted to complete this inven
tion of Mr. Jacob Reese, of Pittsburg. I t is automatic 
in its invention, and does away with all labor in the pro
duction of muck bar, as it takes the puddled ball directly 
from the boiling furnace and converts it into muck'bart 
Although we do not feel, that, practically speaking, it is 
quite yet a success, it has sufficiently progressed to show , 
that this desideratum will certainly be reached, and, for 
many reasons, it will be a great improvement.

C H A P T E R  V.

EEHEATING FtfBNACES, SHEARING, PILING, ko.

T he reheating furnace is intended to perform the 
work which the puddling furnace was not able to com
plete, hi that the iron of the ball in passing through the 
various processes of shingling and rolling into thd first' 
rough, or muck bar, had become-too cold to be further 
shaped neatly and smoothly, and needed another heat 
for further rolling or welding, after being cut into short 
pieces and piled together. Such being the object of the 
reheating furnace, we shall describe it before proceeding.

Reheating Furnaces.

[Reheating furnaces are those which serve to give a 
welding heat to the iron. In  these furnaces, either 'piles 
of flat rough bars, or, single billets are heated, scraps are 
welded, and the first heat to sheet iron is given. A re
heating furnace may be a little longer, but it differs but 
little from a puddling furnace. The same kind of chim
ney, with the same dimensions, is employed, and the 
outward form of the furnace is the same as that of the 
puddling apparatus. Fig. 217 exhibits a reheating fur-
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nacp, with the exception of the chimney, which it is not 
necessary to represent. The whole interior, with the

Fig. 217.

Section of a reheating furnace.

exception of the hearth a, is made of fire-hrick. The 
hearth is constructed of sand. For this purpose, a purely 
silicious sand is required; the coarser the better. Peb
bles of about half an inch in size are the very best article 
we can select. I f  no sand of sufficiently good quality 
can be conveniently obtained, white river-pebbles, or 
white sandstones, burnt and pounded into a coarse sand, 
will answer for making the bottom of the hearth. The 
hearth slopes very much towards the flue; and this 
inclination tends to keep it dry and hard. Provided 
the sand is not carried off by the flowing cinder, the 
slope cannot be excessive. The iron wasted in reheating 
is combined with the silex of the hearth, and forms a 
very fusible cinder, which flows off through the opening 
b, at which there is a small fire to keep the cinder liquid! 
The sand bottom, from six to twelve inches thick, rests 
on fire-brick. After two or three heats, it is generally 
injured by the melting cinder, when some additional 
sand is required to fill up the cavities that are made. 
The height of the fii'e-brick arch, or its distance from the 
sand bottom, is seldom more than twelve inches; and.
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for common purposes, it can be reduced to eight inches, 
without injurious results.

a. In these furnaces, the grate is very large in propor
tion to the size of the hearth ; and, with respect to the 
rules laid down for the construction of puddling furnaces, 
extremely large. The grate is frequently as large as the 
hearth, and seldom of less size than half its area. The 
mean for general practical application lies between these 
dimensions. Nevertheless, we should be guided by local 
circumstances,-for a size that would be appropriate in 
one case would not be suitable in another. The rules 
which govern us in proportioning the size of the grate 
and hearth depend, as in the case of the puddling furnace, 
upon the quality of fuel we employ. That is to say, a 
larger grate is required for anthracite than for bituminous 
coal, and a larger one for the latter than for wood. We 
should also be influenced by considerations of economy. 
A large grate produces a greater yield than a small one, 
provided the rollers take the iron fast. A large grate 
works faster than a small one, and consumes less fuel. 
Hence, the advantages ajfpear to be in favor of the 
former. But, in cases of slow work, and iron of small 
dimensions, the reverse is the fact. The hearth of a re
heating furnace ought never to be longer than five feet, 
and it may, with advantage, be reduced to three or three 
and a half feet. A long hearth will produce but an im
perfect welding heat; it Works too cold either at the 
bridge or at the *flue. The flue should be as wide as the 
hearth, and contract gradually towards the chimney. 
This produces a uniform heat throughout the hearth. 
Where a hearth is to be made larger for special purposes, 
such as for heating rail piles, or any other heavy piles, 
it is more advantageous to extend its breadth than its 
length. The width of the furnace is generally five feet, 
but these dimensions may be extended to eight and even 
more feet, without inconvenience.

h. The quantity of iron reheated in a good furnace 
depends on circumstances. Much depends on the cha
racter of the mill, and upon the kind of iron we design 
to produce. A good furnace will produce in twenty-
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four hours, from eight to ten tons of iron employed for 
coarse bars and hoops, and an equal amount of railroad 
aud other heavy iron; But it will not produce more 
than from two to four tons of iron designed for small 
rods, hoops, and wire. Where small iron requiring Ho 
welding heat is made from mill bars, large furnaces may 
be employed. By this means, we may obtain twice the 
amount just stated, if such an extension is deemed ad
vantageous. By so managing the furnace as to make 
a heat in the shortest possible time, we shall, in all in
stances, arrive at the most favorable results. The time 
required will, of course, vary according to the size of 
the iron. Still, i t  is evident that both iron and fuel 
will be economized in proportion to the shortness of the 
time consumed in welding a given amount of iron. 
Another good rule is, to work slowly from the com
mencement of each heat, to charge the exact amount of 
fuel required to finish a heat, to keep the temperature 
as long as possible below a welding heat, and then, after 
suddenly raising the temperature to that standard, to 
draw as fast as the rollers will receive the iron. Small 
charges of iron generally produce a better yield than 
large charges, but consume niore fuel. Where fuel is 
cheap, and iron expensive^ it is better to charge only a 
small amount of iron at a time, and to make a propor
tionate increase in the number of heats.

c. Reheating furnaces are employed for Welding 
wrought iron scraps. For this purpose, a variation in 
the height of the arch from the bottom of the furnace, 
and in the form of the hearth, is required. The height 
of the arch, in such cases, is generally from eighteen to 
twenty inches ; and the hearth is somewhat more level 
than usual. In  some establishments, scraps are assorted, 
and put up in bundles of from forty to fifty pounds each. 
Due care is taken to have the pieces of iron in each 
bundle of equal size; that is, sheet iron and bar iron 
scraps should not be bound' up together. These bundles, 
well secured by binders, after receiving a Welding heat, 
are either shingled or rblled. This course is also pur
sued at charcoal forge fires. At these fires, the bundles
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are reheated singly, and drawn out into bar iron, accord
ing to the method commonly practised. At some places, 
another uiethod is pursued. This consists in charging 
the reheating furnace with loose scraps, applying to 
them a welding heat, and forming balls in the same man
ner that they are formed in the puddling furnace. 
These balls are brought to the T hammer, or squeezer, 
formed into blooms, and roughened down into bars, as 
puddled iron. Scraps make a very fine bar iron, particu
larly in the charcoal fire, and such iron is highly valued 
by the blacksmith. Where good iron is generally manu
factured, there is no special demand for scrap iron rods. 
Iron made from these scraps cannot be cheap; therefore, 
there is no advantage in seeking to make specific quali
ties of it. Where scraps can be bought at reasonable 
prices, the most profitable 'way of using them is to cut 
them into small pieces, about the size of one’s hand, and 
to charge the puddling furnace with them. This 
should be done at the time the iron in the furnace is 
so far worked as to be nearly ready for balling. From 
fifty to seventy-five pounds may be thrown in at one 
time. By this application, the puddled iron, instead of 
being injured, will be benefited. Thus, large quanti
ties of scraps may be worked to advantage. Wages at 
the puddling furnace are not only economized, but the 
excessive waste of iron in the reheating furnace and the 
forge fire is obviated. The cinder of the puddling fur
nace protects the scrap iron.]

The iron slabs or bars are introduced in piles the sizes 
of which are regulated by the order—-the seetional area 
of 3 in. square being small, to 12 in. square large, with 
a length of 3 to 4 i ft. Si ft. long, 7 in. wide, and 8 in. 
high, is a common English railroad iron size. Of these, 
4 may be charged at a hbat upon an instrument termed 
the “ peeler,” slid carefully in and watched after heating, 
so that a uniform welding heat is obtained. After the 
heat is up, the cinder or earthy matter in the bars melts, 
flows over the bars and protects the iron from oxidiza
tion for a short time; but if the heat is kept up too 
long, oxidization takes place, more or less injuring the
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operation and the quality of the resulting bar, so far 
as tenacity and homogeneousness are concerned.

The loss of weight is dependent upon the puddler 
and the quality of the iron. When both are fair, the loss 
should not much exceed 80. lbs. per ton on the large 
piles, on some iron as high as 210  lbs., and may be 
higher; but sound (i. e., welded) bar iron may be pro
duced with only this loss. (Truran.)

Heating Ovens.

[Iron which . is sufficiently soft and malleable to be 
wrought into any shape by the hammer or roller doe^ 
require a welding heat. For such iron, a cherry-red 
heat will suffice. This hent is produced by ovens or 
stoves. In these ovens, all sheet iron’ and tods which 
require an extra polish, or tempering, are heated. Char
coal billets, from the forge, are also heated in them, to be 
rolled into rod iron of small size.

a. These ovens may be heated by a variety of methods, 
and with almost any kind of fuel; still, every caution is 
requisite to prevent, as far as possible, the access of free 
oxygen and steam, for both steam and oxygen occasion 
waste of iron. For these reasons, our statement must 
be received with some qualification. Wood, peat, and 
brown coal are, so far as their capacity for generating 
heat is concerned, an excellent fuel; but, unless they are 
very dry, the steam generated from their hygroscopic 
water will oxidize, and thus destroy an amount of iron 
whose expense will not be counterbalanced by the 
entire profits derived from the fuel employed* There
fore, instead of using the raw material, it will be found 
advantageous to use only the charcoal derived from 
charring it.

The same objections which apply against any fuel 
containing water—which of course excludes the use of 
all kinds of heating, reheating, and puddling furnaces 
—̂ apply against waste flame, for this contains a large 
amount of steam, or free oxygen.

b. The ancient form of a heating oven was that of a
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common bake oven, with this difference, that the bottom 
was formed of iron bars. Upon these bars, placed in the 
form of a grate, coal from ten to fifteen inches in depth 
was laid. The iron was placed upon the coal, after the 
oven was heated. In  some establishments, such ovens 
are still employed. I t  is evident that a portion of the 
iron in contact with the fuel—particularly raw fuel, 
such as peat, brown coal,- and bituminous and anthracite 
coal—-must^e wasted. The only instance in which such 
an arrangement may be considered profitable is where 
wood charcoal is employed. Even the best coke or peat 
coal is not sufficiently pure to guarantee success. Stone

-coal, coke, and peat or turf are never free from sulphur, 
and this sulphur will of course combine with the iron. 
A waste of iron is thus occasioned exactly proportionate 
to the amount of sulphur the fuel contains. In addition 
to this, sulphur blackens the metal, which, in the case 
of sheet iron and nail plates, gives rise to very disagree
able consequences. Fuel burned in this way, even 
though spread in a high column upon the grate, never 

. combines with all the oxygen which passes through the 
coal; the result is a waste of iron. Therefore, there is 
every reason why such ovens are not serviceable.

c. Heating over of a superior kind are at present con
structed on the principle of the reverberatory furnace. 
In these, the fuel and iron are property separated, and 
all contact between them obviated. Fig. 218 represents 
a vertical section of a heating oven for sheet iron; a is 
the hearth, h' the fire grate, and c the chimney. The 
height of the furnace is often thirty inches. The object 
of this is partly to prevent the contact of the flame and 
iron, but principally to gain room for setting the sheet 
edgewise; they are thus set on both sides of the furnace; 
besides, in the middle of the hearth, sufficient room is 
left for laying a sheet or two flatwise, d is a cast-iron 
plate, forming a. sliding door. The chimney has two 
flues, the one inside, the other outside of the oven. Its 
draft is weak, and the smoke or flame frequently issues 
from the mouth, in which case it is carried off by the
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Fig. 218.

Heating oven for sheet iron. 

Fig. 219.

Front elevation of a heating oven.
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s e c o n d  o r  o u t s i d e  f l u e .  F i g .  2 1 9  r e p r e s e n t s  a  v ertica l 
s e c t i o n  a c r o s s  t h e  f u r n a c e  a n d  t h e  f l u e s  ; a n d  F i g .  22U a 
g r o u n d - p l a n  o f  t h e  f u r n a c e ,  h e a r t h ,  a n d  f ir e p la c e . T h e 
c a s t  i r o n  p l a t e  e  i s  h e r e  s h o w n  m o r e  d is t in c t ly . Its

Fig. 220,

Ground-plan of heating oven.

o b je c t  i s  t o  p r o t e c t  t h e  b r i c k s  o r  s t o n e s  f r o m  th e  d e stru c
t i v e  a g e n c y  o f  t h e  t o n g s  a n d  i r o n .  L i k e  p u d d l in g  and 
r e h e a t i n g  f u r n a c e s ,  t h e s e  o v e n s  a r e  b u i l t  o f  fire-b rick s, 
i n c l o s e d  w i t h  c a s t - i r o n  p l a t e s ,  a n d  p r e s e r v e d  from  the 
e f f e c t s  o f  e x p a n s i o n  a n d  c o n t r a c t i o n  b y  w ro u g h t-iro n  
c r o s s  b i n d e r s .  A  s l i g h t  v a r i a t i o n  f r o m  t h e  fo rm  o f  the 
o v e n  w e  h a v e  d e s c r i b e d ,  o c c a s i o n e d  a s  w e l l  b y  in d iv id u a l 
t a s t e  a s  b y  l o c a l i t y ,  i s  s o m e t i m e s  o b s e r v e d  ; s t i l l ,  th e one 
w e  h a v e  p r e s e n t e d  i s  t h e  o n e  g e n e r a l l y  e m p lo y e d  for the 

.m a n u f a c t u r e  o f  s h e e t  i r o n .  I f  i t  i s  d e s i r a b l e  th a t  the 
s u r f a c e  o f  t h e  i r o n  s h o u l d  b e  k e p t  v e r y  c le a n , th e fire 
b r i d g e  a n d  t h e  i n s i d e  f l u e  m a y  b e  r a i s e d ;  b u t ,  in  all 
s u c h  c a s e s ,  p u r e  f u e l  i s  o u r  s a f e s t  r e l i a n c e .

S h ea rin g .

M o va b le  h a n d-sh ears a re  the sh ears required in a mill 
f o r  c u t t i n g  s m a l l  r o d  a n d  h o o p  i r o n ,  a n d  force-shears  con
n e c t e d  w i t h  a  w a t e r w h e e l  o r  s t e a m - e n g in e ,  fo r  c u tt in g  
c o m m o n  b a r ,  r o u g h  b a r ,  a n d  s h e e t  i r o n .  T h e  fir s t  are 
s m a l l  l e v e r  s h e a r s ,  f a s t e n e d  u p o n  a  t w o  in c h  p la n k , as 
r e p r e s e n t e d  in  F i g .  2 2 1 .  T h e  l e n g t h  o f  th e  w h ole  is 
a b o u t  t w o  f e e t  o r  t h i r t y  in c h e s .  T h e  s h e a r s  a r e  p laced
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a t  e a c h  e n d  o f  a  p i l e  w h e r e  s m a l l  b a r  o r  h o o p s  a r e  d e p o s i 
ted . T h e  b o y s ,  w h o  c a t c h  b e h in d  t h e  r o l l e r s ,  c u t  o t f  t h e  
b a d  e n d s , b e f o r e  a  r o d  o r  h o o p  i s  l a i d  d o w n .

Fig. 221.

P o rta b le  h a n d -sh e a r .

c. F i g .  2 2 2  r e p r e s e n t s  the common force-shear. I t  i s  a  
p o w e r fu l  c a s t - i r o n  l e v e r ,  v a r y i n g ,  a c c o r d i n g  to  l o c a l i t y

Fig, 222.

S h e a r  m oved h y  an  eccen tric .

an d  p u r p o s e ,  f r o m  s e v e n  to- tw e lv e  f e e t  in  l e n g t h .  T h e  
e c c e n tr ic  a  i s  g e n e r a l l y  f a s t e n e d  u p o n  th e  m a in  s h a f t ,  o r ,  
i f  su c h  i s  n o t  a c c e s s i b l e ,  u p o n  a n y  o t h e r  s t r o n g  a n d  w e ll-  
su p p o r te d  s h a f t .  T h e  f o u n d a t io n  m u s t  b e  v e r y  f ir m , a n d  
n ot i n f e r io r  i n  s o l i d i t y  to  th e  r o l l e r  t r a i n s .  T h e  s t e e l  
b la d e s  a r e  m a d e  o f  g o o d  s h e a r  o r  c a s t  s t e e l ,  t i g h t l y  f i t t e d  
in to  th e  c a s t - i r o n  l e v e r  a n d  s t a n d a r d ,  a n d  s c r e w e d  o n  
w ith  s c r e w  b o l t s .  F o r  t h e  c u t t i n g  o f  h e a v y  b a r  a n d  

6 3
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rough bar, the standard block is generally placed very 
low, about a foot above ground; but for cutting common' 
bar and sheet iron, it is raised from two feet to thirty 
inches above ground. I f  sheet iron is principally brought 
to the shears, an iron frame 6, b, as high as the lower 
cutter, is to be fastened to the standard. Upon this 
frame, the sheet is moved. In working sheet iron, shears 
of this construction are attended with some disadvan
tage. The acute angle at the points, and the obtuse 
angle close to the fulcrum which they form, in addition 
to the dilRculty of adjusting them accurately, make them 
somewhat objectionable. To obviate these disadvan
tages, various plans have been devised, of which the fol
lowing, Fig. 223, appears to be the most practicable.

Fig. 223.

These shears are generally used for cutting nail plates, 
and for trimming sheet iron. The cutters J, h are shown 
in section, and are frequently from sixteen to twenty, 
inches in length, so as to cut over the entire breadth of 
a sheet; the same length is required where sheet iron is 
used for making nails. In case small nail plates are 
used, shorter cutters can be employed. The lower or 
fixed cutter is horizontal, but the upper is screwed to 
the cast-iron lever in such a manner as to form an angle 
with the lower cutter seldom greater than fifteen de
grees. The motion of the lever can be produced by an 
eccentric, as in Fig. 222, or by a crank, as in the present 
case.

I t  frequently happens that shears are wanted where
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we c a n n o t  r e a c h  d i r e c t ly  to  a n  e c c e n t r i c  w it h  a  l e v e r ,  
nor in  a  s h o r t  w a y  w it h  a  c r a n k .  I n  s u c h  c a s e s ,  a  c r a n k  
m o tio n  f r o m  s o m e  s h a f t  i s  c o n d u c t e d  b e lo w  g r o u n d  to  
the d e s i r e d  p o i n t  b y  m e a n s  o f  a n  i r o n  c o n n e c t i n g  r o d  
T h is  a r r a n g e m e n t ,  w h ic h  m a y  b e  m o d i f ie d  a c c o r d i n g  to  
c i r c u m s t a n c e s ,  i s  e x h i b i t e d  b y  F i g .  2 2 4 .  T h e  t a i l  m a y  
be tu r n e d  a b o v e  o r  b e lo w  g r o u n d ,  f o r w a r d  o r  b a c k ; b u t

Fig. 224.

Shear moved by a crank.

care  s h o u ld  b e  t a k e n  t h a t  t h e  c o n n e c t i n g  ro d  i s  a l w a y s  
on th e  p u l l  s i d e ,  a s  s h o w n  in  th e  d r a w i n g ,  fo r  a  l o n g  c o n 
n e c t in g  r o d  i s  n o t  a d a p t e d  t o  p u s h  t h e  le v e r .  T h i s  a r 
ra n g e m e n t— i n  w h ic h  t h e  s h e a r s  a r e  d i r e c t ly  c o n n e c t e d  
w ith  th e  e l e m e n t a r y  p o w e r — is  n e c e s s a r y  w h e r e  h e a v y  
b ar iro n  a n d  b o i l e r - p l a t e  a r e  to  h e  c u t ,  f o r  t h e s e  r e q u i r e  
a  s t r o n g  f o u n d a t i o n .  P o r t a b le  s h e a r s ,  w it h  t h e i r  o w n  
in d e p e n d e n t  f l y w h e e l ,  p r o p e l le d  b y  m e a n s  o f  a  b e l t  a n d  
p u lle y , a r e  p r e f e r a b l e  f o r  l i g h t  i r o n ,  s h e e t  ir o n ,  o r  n a i l  
p la te s . B a r  i r o n  m o r e  t h a n  tw o  in c h e s  s q u a r e  c a n n o t  b e  
c o n v e n ie n t ly  c u t  b y  s h e a r s ; l ik e  r a i l r o a d  i r o n ,  t h i s  i s  to  
be t r im m e d  b y  c i r c u l a r  sa w s .
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d. The method of fastening the steel cutters to the 
castings by means of screw bolts passing through the 
steel blades, is exposed to several serious objections. In 
this way, the blades are weakened, and screws and 
cutters frequently broken. Strong blades would meet 
the emergency, but cannot be successfully fastened by 
screw bolts. I f  designed for heavy work, the cutter 
should be very strong, and formed of a solid piece of 
steel, from an inch and a quarter to an inch and a half 
thick, four inches wide, and eight inches long. By fit
ting such a piece of steel carefully into the cast iron, 
and holding it by means of steel screw bolts, as repre
sented by Fig. 225, it may be conveniently and securely 
fastened.]

Fig. 225.

Screwing in the cutters.

Cold shearing of bars is done with one advantage, 
namely^ retaining a uniform length, unaffected by heat 
at different temperatures. Powerful shears with eccen
tric cam descend vertically with power sufficient to cut 
bars 5 inches square with greatest facility.

The use o f saws in cutting bolts is made important 
when a square end is ddsirable, and a notch in the shears 
when flattening of the rods cut is to be avoided; these 
notches are semi-circular and triang.ular, according to the 
shape of the rod or bar received into the jaws of the 
shears. The steel edges or knives have to be changed 
every few hours from softening. The saws may be 
driven to 1300 revolutions per minute without disad-
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vantage. Sometimes a single bench with a saw at either 
end cuts off the bar at right lengths at once. When 
great nicety in the length is requisite allowance must be 
made for contracting on cooling.

If the benches work freely and steadily, and the saws 
are truly set, revolving at a high speed, the end of rail 
cut will be Smooth as though cut with a file, otherwise 
it must be smoothed by file. Steel saws will cut from 600 
to 700 bars, and work from 12 to 24 horn’s, according to 
cuts made, and then must be resharpened, which in some 
places is beautifully done by punching out a tiaangular 
piece by a powerful punch. The saw may be kept cool 
and free from loss of. temper by revolving in a bosh of 
cool water at the bottom. (Truran.) Saws are used also 
for cutting in steely iron. (See Homogeneous Metal 
under S t e e l .)

Piling is important in respect to the arrangement, 
the weight, the nature and size of the pieces, also as re
spects the object for which the future bar is to be used. 
In flange irons, great care has to be exercised, as the 
strength of the body is such that, unless care and skill 
are used, the body will tear off the flange when fin
ished in the finishing rolls. A rail pile for common 
qualities is generally piled (Truran) thus: a No. 2 iron,
i. e., iron heated after refining (the 2d time) 6 or 7 inches 
wide by 1 inch thick, is placed at the bottom; upon*this 
18 or 20 pieces of puddled iron 3 to 3 | inches wide by 
I thick, are placed and capped by a piece of No. 2, 
again of the same size as the first. If it is to be a 
flange bar, two square, bars of soft iron are placed upon 
the base. No. 2 iron for the flanges. Hematite, or re
finery cinder, is carefully avoided in the iron used for 
this purpose, and overheating is carefully avoided.

A dense fibrous character is given to the bars by piling 
in short and thick sets, and thus rolling out more ex- 
tendedly; but difficulty is found in heating the centre 
bars to welding heat. So, also, in the form of radiated 
bars, or bars placed longitudinally around a centre bar, 
and thus rolled, as for piston rods. In several cases 
where the rods broke, it has been found that the centre
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rod was not properly welded to the others. In scrap 
iron, fagotted, hammering before it is rolled greatly ira- 
provos “ the quality” of the iron. Cross piling also 
greatly improves the iron in respect to its ability to bear 
a strain. Boiler plate invariably, if made from best iron, 
is rolled with alternate layers laid crosswise. A cheaper 
way is adopted in Staffordshire, of rolling, two blooms 
together after slabbing them in the rollers—yet this is 
not so good as No. 2 iron, and it should never be less 
refined than No. 3. Truran is of opinion that piling is 
of advantage in railway bars, in proportion to the mate
rial and manner of piling; and an attention to the man
ner of piling, crossing the piles, caused the iron in 
fracture to appear much as cast steel; and a particular 
kind of piling caused one set of bars to be soft and 
fibrous on one side, and crystalline on the other.

The fibrous character o f iron is heightened by rolling 
in the grooves, and, again, by piling and rolling again. 
“ If  the bloom from the shingle is slabbed down between 
cylindrical rolls, varying the. direction each time, there 
will be no fibre, but a scaly appearance. Reheating and 
rolling into a thin plate, the fibre is still absent, but the 
scale is finer. This cross-piling and rolling increase the 
tenacity and hardness. But the fibre is produced while 
the iron is in a plastic condition. Rolling, hammering, 
or other pressure,' when cold, injures the fibre nf iron.” 
(Truran.) The advantage in rolling long bars is in the 
saving of the crop ends.

Mr. Benjamin Haywood, Superintendent of Pottsville, 
Pa., Rolling Mill, takes great pains to separate the 
members of the rail pile, so that the heat may tho
roughly permeate the pile. His pile is generally com
posed of 13 pieces, the top and two bottom of one 
piece 7 inches wide, the rest each of two pieces—the top 
of best reheated iron, and the bottom of best puddled 
iron, seven-eighths thick. But the greatest care is 
taken in the weldirig. Some of Mr. Heywood’̂s rails 
have been put to a very trying test, and have shown a 
remarkable solidity and homogeneousness. Mr. Fritz, of 
Bethlehem, Pa., Rolling Mill, as we have been told.
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makes a very efficient use of red-short iron in certain 
parts of the pile. . .

In Austria, a remarkably tough rail and a hard one is 
formed from piles containing not only flats, but irregular 
pieces, whose cross section is like rails of various pat
terns. Some of these piles contain as many aŝ  twenty- 
seven pieces. After all, the greatest advantage ia to be 
gained from-thorough welding.

The average yield of puddled bars in two furnaces (large) 
of Monkland, Dandyran, was one ton to 23 cwts. 3 qrs. 19 
lbs, of pigs. This was from carbonaceous ores .and the 
Worst of those irons converted. But with goodL coal and 
a fair pig and average workmen, it is set down that very 
favorable results make the average of 2 1^ cwts. pigs to 
the ton of bars produced.

From refined mcteZ the yield of bars requires Somewhat 
less of refined metal, say 20|  cwts. of refined to the ton 
of bars, but the difference between the yield of bars from 
crude and from refined, is not much.

The following table exhibits both the form of keeping 
accounts and the facts as associated with the work of one 
of our most successful American rolling mills, the coal 
being anthracite.

STOCKS TOED. PRODUCT. WASTE. REMARKS.
•

COAL. PIG IBOK. PUULLB BAR.

Ton«. Tons. t*on8. Cwt.

Puddle Mill No. 1 319 329 296 0
« tt «  2 226 196 164 0

Totals • • • • 54& 525 460 0

COAL. RAILS.

Tons. Tons. ' Cwt.

Rail Mill , . . 413 480 13
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Consumption o f coal varies in the same degree. With 
a very flaming bituminous coal and good workmen, U 
cwts. to the ton of puddled bars is the average, with less 
inflammable coal 18 cwts. and with these coals edginsi; 
upon the anthracite, as high as 22 cwts. per ton. Good 
puddlers will make a difference, saving from 4 to 5 cwts. 
per ton. In double furnaces about ^ of coal is saved, 
where the workmen work together. An improvement, 
whereby some saving in coal was effected, was made by 
inclosing the ash pit and passing hot air both below and 
above the grate, thus consuming the gas more effectually, 
but whero the irons used were harder to melt, the loss in 
iron was greater than the saving in coal.

TAe Cost o f Making Rails.
Mr. Morrell, of Wood, Morrell & Co., of the Cambria 

Iron Works, at Johnstown, Pennsylvania, sent Engi
neering a statement of the cost of making rails, per ton, 
at his worts, the items having been taken from his own* 
pay-rolls-in October, 1866,* which was as follows:— 

(Gold is taken at $4.84 for the English pound, which, 
in American currency, was |6.45, premium being 331 
per cent, at the time the estimates were made.)

Pig iron, per to n ...........................................................
Waste in puddling, 12 per cent.................................
Piling, breaking, and delivering metal to puddlers
Removing ashes, cinders, &o......................................
Puddling . ............................................................
Repairs, &c. of puddling furnaces 
Squeezing puddle blooms and rolling puddle, bars 
Repairs of puddle rolls, engines, &c. .
Coal per ton of puddle bars . . . .
Reworking tops and bottoms of rails . . .  
Reworking rail end3 and defective rails 
Piling, heating, and rolling rails 
Straightening and finishing . . . .  
Repairs of engines, rolls, &o. at rail and top and bot

tom m ill...........................................................  .
Repairs of furnaces for rail and top and bottom mill
Coal for reheating, per ton of rails
Brick masons . . .  . . .

A m ericao. EDglish
Cttrrency. goM aod silrer. i 

S. d.
$43  00 6 13

5 16 0 16 0
24 0 0 9
2 4 0 0 9

6 83 1 1 2
1 00 0 3 1
1 06 0 6 1

15 0 0
1 51 0 4 8

75 0 2 4
64 0 2 0

2  05 0 6 5
86 0 2 8

'  58 0 1 n
15 0 0

1 25 0 3 101
23 0 0

* Engineering, March 15, 1867, p. 286.
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AinerieAn
currency.

Engliikh 
gold 04^4

Bar iron, steel castings, smith-work, machine-work, 
boiler repairs, fire-brick, kindling wood, timber, car
penter’s work, fire-clay, &c. &c. . . . .

Carter’s wages' ................................................
Oil, grease, brass, Babbett’s metal, belting, packing, &c.
Handling rails, and miscellaneous labor . .
Waste of iron from puddle bars to rails, 15 per cent, 

on 60 dollars (value of puddle bars per ton) .
Insurance, clerk’s, managers, and general office ex

penses ................................................ ..........  . ^

£ d .

2 50 0 7 9
60 0 1
38 0 1 2
43 0 1 4

9 00 I 1 11
1 00 0 3 1̂

80 41 12 9 2iTotal per ton . . . . .

The editor of Engineering says, that English manu
facturers wonder how American railway companies can 
afford to pay ^£12 9s. 2hd., when rails of equal quality 
may be had in Staffordshire or Middlesboro* at from £5  
15s. to £6  15s. per ton. One pound per ton is freight 
cost to New York, and duty payable in gold, £3 4s. 9id. 
per ton added. With commission, &c., at 3s. &^d. per 
ton, the total cost of importation was $62.39, currency,, 
(at the time specified), or £9 13s. 4̂ d. in gold. W ithout 
this duty, amounting to 60 per cent, upon the English 
market price, American iron masters could never compete 
at all. ‘

lOs. 6d. 
1 8 
1 2 
0 6 
1 4 
1 0

0

Cost of Bail Making in the Cleveland District, October, 1866.
£  S. d .

26̂  cwt. of pigs . . . .
62 “ of coal . .
Settling materials for repair of furnaces, stoves, oil &c.
Fuddling per ton of paddle bars .
Shingling
Rolling puddle bars . .
Repairing paddling furnaces 
Wheeling, fettling, tipping, &c. •.

-Main hammer and engine drivers, &o.

3 6 0
0 17 0 

8 0

Add J for waste of puddle bars- to ra il.
16
4

2
01

Mill fumaoing and ball furnaoing ..........................................
Rolling . . . ’ . . ‘ ................................................
Cutting down . ............................................................................
Sawing, straightening, and punching . . . . . .
Repairing-mill f u r n a c e s ............................................... .' .
Wages in coal tipping, ash wheeling, sand wheeling, helpers, 

chargers, loaders, smiths, fitters, joiners, stablemen, general 
laborers, weighers . . .̂........................................................

6 ■ 
6 
0 
0 
6

7 n
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Total £Q 85., and beyond these are the costs of man
agement, clerks, agents, discounts, commissions, risks, 
wear and tear, rates, water^ &c. In the Welsh district 
the prime cost is less.

Tools.

[The tools required in a rolling-mill are of some im
portance, and absorb considerable means in their outfit 
and repair. The principal tools are tongs, which, in an 
extensive establishment, are very numerous. A set of 
tongs belongs to each reheating furnace, comprising long 
tongs for the catching of small billets, and tongs for 
heavy piles.. A set is placed before and behind each 
set of rollers, which are shorter than those at the reheat
ing furnace. A different kind from the above, from 
three to four feet long, belong to the heating ovens, and 
short, narrow tongs are necessary at the sheet rollers. 
The tongs of a rolling mill, and the manner in which 
they are kept, show in a great measure the character of 
the establishment. Light, well-made tongs, calculated 
to answer their different purposes as well as possible, 
kept in good repair, and in sufficient number, indicate 
a well-managed mill. Clumsy, heavy tongs,' roughly 
made, in bad repair and in insufficient number, are a 
sure sign that something is wrong in the management 
of the mill; and, by close investigation, we shall find 
similar deficiencies in all the jother departments of the 
establishment. To make good and light tongs, sound and 
strong iron is required. Strong shear steel is the best ma
terial for making light and elegant tools. But where the 
steel is short, it is advisable to pile steel and good charcoal 
iron alternately. The resulting metal, drawn into bars, 
will make a kind of Damascus steel, of great cohesive
ness, from which light tongs of the most elegant form 
may be wrought. A number of hammers, sledges, and 
wrenches are also required. At each reheating furnace, 
there must be a water trough, supplied constantly by a 
current of cold water, for the purpose of cooling the tools. 
From ‘three to four hooks, five or six feet long, and
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lighter than those at the puddling furnaces, belong to a 
reheating furnace; also a couple of pointed bars for 
turning the piles. Piles composed of bars are to be 
turned as soon as the heat of the furnace is sufficiently 
strong to make them adhere.

Small rod iron, hoops, and some kind of wire, are put 
up in bundles of fifty or one hundred pounds weight 
each, on a bench constructed for the purpose.. The rods 
of small iron are first weighed; a parcel of the desired 
weight is then put upon the bench, into iron standards, 
and these tied together by iron hoops. The bench is a 
table eighteen or twenty feet long; two or three feet 
wide, and made of plank three inches thick. Wrought 
iron stands, in the form of a V, are fastened at such 
distances from each other as to suit the convenience of 
the binders, say from two to -four feet. To one leg of 
the stand, a small lever about a foot or a foot and a half 
long is fastened; it is pressed upon the bundle of iron, 
forced down and locked. A binder of small square or 
round iron is then fastened in that place. These binders 
are generally tied when heated; but, in many establish
ments, they are .tied cold around the bundle. Generally 
three binders, seldom four, are fastened to one bundle; 
Hoops, and small, well-polished rod iron ought to be 
handled by the workmen in gloves, particularly in sum
mer; for clean iron has a fine appearance.

General Remarks.
a Where the country is settled and densely populated, 

there is generally a large demand for iron, and competi
tion and large establishments have so reduced its price 
that a profitable employment of Catalan fires cannot be 
expected. But, in less settled countries, where wrought 
iron for farming purposes is in demand, and where 
rich ores are accessible, the Catalan forge is profitable 
from the fact that but a small capital is required to start 
it. The machinery can be made very cheaply, if a water 
power is at our disposal; and even a steam engine costs 
but little. A hammer 150 or 200 pounds in weight is
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sufficient to do a ^reat deal of work, at least work for 
two fires, and will draw, every week, from five to six 
tons of iron, if  the rods jye not smaller than horseshoe 
bars or wagon-tires. From good ore, the iron made in 
the Catalan forge is preferable, for agricultural purposes, 
to any other kind of iron. The expenses of erecting 
this forge cannot be stated with precision ; but they de
pend on locality, industry, and the kind of iron wanted. 
A Catalan forge may be put in operation at an expense 
of 500 dollars; but ten times that amount may be laid 
out to advantage. , As the main body of materials re
quired are timber and stones, its erection, in a new 
country, where timber is abundant, cannot cost a great 
deal. Hardly any stock of coal or ore is needed} and 
the ore and coal worked to-day may be turned into iron 
and cash to-morrow.

b. Very little bar iron is drawn in the charcoal forges, 
and that which is made is horseshoe, tire, or heavy bar 
and pattern iron. For all these purposes, cast-iron 
hammers and anvils, if made of good cast metal, are suf
ficiently hard and smooth. But if we want to draw 
fine iron or steel, wrought-iron hammers and anvils, 
furnished with well-hardened and polished steel faces, are 
necessary. I t is difficult to weld steel to a large piece 
of iron, without spoiling the steel; it is, therefore, 
more profitable to insert the steel, in a separate piece, 
into a groove made in the hammer face, and in the 
anvil, and to fasten it by means of wedges. Such a 
piece may be of the best kind of cast steel, and very 
highly polished, without running the risk of breakage 
or loss of lustre. The more strokes a hammer makes 
in a miiiute, and^the lighter the hammer and the more 
polished the faces, the greater lustre the surface of the 
rod will show. The exclusion of oxygen from the heat
ing-oven, and water from the anvil, will impart a uni
form blue, or dark violet color to the iron. If we want 
a fine, polished surface, and a good color, the iron must 
be heated in an oven,, upon charcoal, by a low heat, with 
the utmost exclusion possible of atmospheric air; the 
coals, burning in a very suffocated fire, will form only
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carb on ic  o x i d e ;  t h e  su r 'fece  o f  t h e  ir o n  o r  S te e l w i l l  t h u s  
be p r e v e n te d  f r o m  o x id iz in g ,

c. In rolling-mills, iron is •rolled and drawn to one- 
fourth of an inch in diameter, whether round or square. 
Smaller iron is drawn from the above in the wire mills, 
by passing the rods through ‘holes made in steel plates. 
Hoop iron is made as small as five-eighths of an inch 
wide, and one thirty-sixth of an inch thick. In former 
pages, we halve spoken of the quality of iron required 
to manufacture small iron to advantage; it is only neces
sary to remark here, that the rollers and reheating fur
naces are to work in such perfect harmony, that the 
least loss of time in taking out the iron from the fire 
must be obviated. The quantity of the iron not only 
suffers, but its quality also, if it is too long exposed to 
the influence of the flame in the reheating furnace. The 
iron loses, with its carbon, its strength andHustre; it 
looks dull, and is more or less rotten or cold-short. 
We would repeat here the remark formerly made, that, 
if we want the iron to have finely polished surfaces, 
we must employ hard and well-polished rollers ; for the 
lustre of the manufactured article cannot be greater 
than the polish of the rollers from which it receives its 
impression, A train of five-inch rollers ought to make, 
in a week, from twenty to twenty-five tons of small iron, 
with a loss of not more than ten per cent, of iron if made 
directly from rough billets, and of not more thart seven or 
eight per cent, if rolled from merchant bars. The 
amount of coal consumed, whether anthracite or bitu
minous, does not exceed half a ton to each ton of iron.

d. Iron of first rate quality is not required for the 
manufacture of hoop and small rod iron; any cold-short 
iron will answer. Tor particular purposes, such as the 
making of small chain rods, a fine-grained, yet cold-short,' 
iron is preferable, unless we design the rods to be fibrous. 
Cold-short iron is to be preferred for small articles made 
by the blacksmith, on account of its welding properties. 
We do not mean to say that an excess of silicon or 
phosphorus is not hurtful to small iron; on the contrary, 
we wish it to be understood that such matter is very

    
 



846 THE METALLURGY OF IROX.

injurious. Iron containing a small amount of silicon 
ot phosphorus, and sufficient carbon to make it cold- 
short, is the most profitable for the manufacture of small 
iron, as well as for blacksmiths’ use. The kind of iron 
needed, in this case, may be considered the connecting 
link between the quality necessary for making heavy 
iron, and that for making wire.

e. Wire iron should be strong, hard, and tough. That 
which is fibrous, but not strong, is of no use; the wire 
niade from it'w ill be rotten, and without lustre. Where 
fibrous iron is employed for this purpose, the fibres 
must be very fine, and the color of the iron white. If 
the iron is bright, coarse fibres make rough, scaly wire ; 
but if it is fibrous, and of a dull color, the wire will be 
both rough and rotten. Iron rendered cold-short by 
silex or phosphorus is not adapted for wire manufacture; 
but, when rendered cold-short by carbon, it will form, 
for this purpose, the most advantageous material availa
ble. Iron which is hot-short on account of sulphur is 
very apt to break in drawing. That which is hot-short 
in consequence of a deficiency of impurities is a still 
worse article. Very pure iron is so weak that wire 
cannot be made from it. The strongest kind of wire is 
made from an iron which contains just sufficient copper 
to make it decidedly hot-short. W ire iron must be very 
uniform in its aggregate form; that is, the billets from 
which wire is to be drawn must have a uniform texture 
throughout. I t  must not be a conglomeration of fi
brous iron, cast iron, and steel. I t  requires dextrous 
workmen to make a good article even from excellent 
metal. The Catalan forge is not adapted for this pur
pose, everr though the iron should be the product of the 
best of all materials; it does not work with sufficient 
regularity. W hite coke or anthracite metal will not 
make wire iron, even with the greatest attention, and 
in the best charcoal forge. Very nearly the same may 
be said of hot blast and white charcoal metal smelted 
from the poorer ores of the coal formation, and bog 
ores. White metal from the rich magnetic ores of New 
York, New Jersey, and Missouri, answers excellently,
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if carefully worked in a charcoal forge. The best wire 
iron is made, in the puddling furnace, from cold-short 
gray charcoal pig, or from any gray pig iron, whether 
charcoal or anthracite, provided the metal is of such a 
quality that no difficulty results from boiling it. Nei
ther the best nor the inferior qualities of white metal 
will make good wire iron in the puddling furnace. Iron 
of fine grain, or fine fibre, of uniform texture, great 
lustre, and of a somewhat bluish color, and soft as well 
as very tenacious, is that upon which our principal 
reliance must be placed. From this, it is evident that 
wire iron may be most profitably made in puddling 
works where boiling is well managed. In such estab
lishments, the, finest and strongest rough bars may be 
reserved for Wire iron. A selection may be more safely 
made from billets fhan flat bars; and ccfid-short is to be 
preferred to fibrous iron.

/. Iron for the manufacture of railroad, coarse bar, 
boiler-plate, and common sheet iron, is to be of a dif
ferent texture from wire iron, merchant bar, and thin 
sheet iron. That which is designed for these purposes 
is exposed to the heat of the reheating furnace in large 
piles, blooms, or slabs, to prevent the oxygen of the 
flame from abstracting the carbon from the interior of 
the pile So soon as would otherwise be the case. I t  
should be white and fibrous in the rough bars; other
wise, it will be very cold-short by the time it is trans
formed into the proper shape. Another reason why 
such iron should be fibrous and white is that cold-short 
iron, reheated in heavy piles, is liable to great loss in 
the furnace. Before the interior of the pile can be 
heated to a welding heat, the exterior is melted and 
wasted. The iron most liable to loss in the reheating 
furnace is the very best and finest. To avoid this waste, 
and at the same time to secure a perfect heat, heavy 
piles are composed of different qualities of irOn. The 
top and bottom bars are generally refined mill bars or a 
superior quality of rough bars. Mill bars will resist a 
higher and a more prolonged heat than rough or puddled 
bars, and are, therefore, commonly employed. A pile
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thus formed—that is, composed inside of iron which can 
be welded by a lower, and outside of iron which requires 
a higher heat— will answer best with respect to quantity. 
Of quality we shall speak hereafter. For heavy work, 
the iron must resist a high heat, and often a heat of 
long duratiori. For these reasons, we require white, 
fibrous iron. Iron which, in consequence of the absence 
of carbon or other matter, is not cold-short,'is advanta
geous. Such iron requires, and will bear, a higher heat 
for welding than that which is less white and less fibrous. 
At the same time, it will yield better, and not waste 
away so fast. Therefore, in selecting.qualities of rough 
bars for the different, purposes of the merchant mill, 
iron of fine grain or fine fibre must be chosen for the 
lightest kind of rod iron, such as wire and small rod; 
coarser, though not fibrous, iron, for hoops and all kinds 
of flat iron; fibrous iron of a dark color for square and 
round merchant b a r; and white fibrous iron for heavy 
bar, boiler-plate, and railroad iron.

g. The piling of iron for the reheating furnace is, as 
far as quality and quantity are concerned, an object of 
the utmost importance, and too much attention cannot 
be paid to it. In  a ,well-managed rolling mill, every 
rough bar is tested, and classified according to its tex
ture. All the iron may be equally good, the grained 
equal to the fibrous ; but the -texture of the rough bars 
has an influence upon the quality and quantity of the 
article made from them. These bars must be straight, 
to admit of close packing, and they are to be sound and 
smooth on all sides, to offer a compact and close surface 
to the influence’of the flame. Cold-short is more easily 
welded than fibrous iron; and dark iron will adhere to
gether at a lower temperature than white iron. This, of 
course, is to be applied to iron made from the same metal, 
and in the same forge. Accordingly, the puddfed iron, 
or rough bars, are to be classified into grained or cold
short, dull or dark fibrous, and bright or white fibrous 
ii'on. The second is the worst class; the first is designed 
for small, and the latter for heavy iron. These classes 
ought to be kept sepjwate, and mixed at the reheating
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furnace according to the kind of pile made, or the com
mercial iron which is to he manufactured from it.

It is easily 'understood that, on the piling of the rough 
bars, success in a great measure depends. If it should 
happen that cold-short or dark iron were put at the out
side; or bottom, or top of a pile, it is very clear that the 
outside would be melted and wasted before the inside 
could be welded. The same happens if, accidentally, all 
the bad iron is on one side of the pile, and all the good 
on the other. This matter ought never to be left to ac
cident', but it should be regulated with reference to the 
quality of the iron. Heavy piles of rough bars for re
heating are to be composed, in the centre, of the weakest 
iron; at the bottom, of that next in quality; dnd on the 
top, of the best. Or, if there are but two classes, then 
the weaker at the bottom, and the stronger on the top, 
Where bar iron, weighing from 50 to 150 pounds, is to 
be made, it is most advantageous to mix the metal alter
nately, that is, to change with each single bar, so that not 
more than one bar of each class is joined by that of the 
next class. A uniform mixture will thus be made, and 
the best iron produced which can be made from the 
quality in question. If  we reflect upon the difference 
which exists in iron of the same quality, but of difierent 
form of aggregation, with respect to welding at a high of 
a low heat; the cold-short iron, made from the same 
metal, will waste away, while the fibrous iron is not yet 
sufficiently hot for welding; .if we further reflect upon 
the accidental'running together of one or the other class 
of iron, in the same pile or the same heat, irregularly, 
which cannof be avoided where the rough bars are not 
tested and classified, we must not wonder when we see 
one pile yield ninety-five per cent., while the other makes 
but eighty ; or when we see the splitting of blooms or 
the falling off of pieces in the roughing rollers. . If  each 
pile, as we have stated, is thus composed of a systemati
cal range and quality of rough bars, the yield is uniform 
in the single piles, and of course better in the whole. 
There is then no splitting of piles, or waste in the rollers. 
This is always true, whether the manufactured iron be of 
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the wor^t or the ibest kind, the weakest or the strongest; 
All iron, if uniform, no matter what its quality may be, 
yields better and woi'ks better than ifc would under otTier 
pircumstances, A .pile of dull, weak, fibrous iron willb̂  
wasted away in a temperature scarcely strong enough to, 
heat a' good charcoal bloom sufficient for drawing, niuch 
less for ‘welding. How imprudent would it be to put ‘ 
such different kinds of iron together in the *same heat! 
We can very easily conceive the result of an attemptiito 
weld a flat rough bar of w6ak puddled iron into â bloo\n''t 

''of good white charcoal iron, without making thefexperĵ : 
ment. The weak iron will, of course, be wasted.before 
a heat sufficient for welding is raised. It is unprofitable' 
to weld weak iron to strong iron. I t  is a generally known 
fact that we can unite iron of the same texture, whether 
weak OT strong, with the smallest possible lolls.' * These 
remarks we deem sufficient to awaken more geriet̂ ra't- 
tention to the classification of rough bars than Is paid to 
it at present. W here iron is puddled from white'er re
fined plate iron, the difference is not so striking a| in ’ 
establishments where gray pig is boiled. The diflerehce 
is most apparent where boiling and puddling are carried' 
on in the same mill, as at Pittsburg, and at almost all tfte 
Western puddling establishments.

A. An object of considerable importance is the manu
facture of sheet iron; this, as well as bar iron, is generally 
made in the same establishment. So long as charcoal 
iron is used in the manufacture of sheet iron, which is 
commonly the case, it does not make much, difference 
where the latter is made. But, if it is to be manufac
tured from puddled iron, it is of some consequence td 
use iron of a particular quality. A fine, fibrous, tenacious 
iron, of a bluish color, though not too .white, is requhed. 
Hot-short iron is, of all kinds, the very worst, because it 
splits, and gets porous and scaly in the progress of the 
manipulation. Cold-short is not good for heavy, but 
answers well for very light sheet iron, such as stove 
pipe; it makes a smooth and polished surface. Here, 
as well as in the manufacture of bar iron, tb,e iro'n is to 
be classified according to the purposes for which It is
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designed! Classification is, in fac% of more irtipoi:tante 
in the one case than in the other. ■» Th'e price .of sheet 
iron justifies the" application of better pig metal,” and 
more careful and expensive wotk in the forge, thdn 
w’Quld be prudent with bar iron.lThe price of the latter 
is, generally, so low, that a scrupulous adherence to 
quality is scarcely admissible. Badly worked iron, 
whether from the charcoal forge or the puddling fur- 
jlace, is not adapted for the manufacture of sheet iron. 
For thesfe,* and many other reasons, sheet and bar iron 
■pughf not to be made in the same establishment, and 
■̂ roRf the same kind of iron. That which is most pro
fitable'for bar iron will make neither good nor cheap 
sheet ii'on; and that which makes the best and cheapest 
sheet trop is too expensive to be used for making bar 
,iron.*» Blooms for sheet iron should be of the purest and 
^ s t kipd' of iron, and of that which is most free from 
<stilp,hHr, silex, and phosphorus, and rendered cold-short 
by nothing else than carbon. For light sheet irqn, cold- 
sljort irbn is preferable, because it works easily, and 
takes a brilliant and durable polish. It does not oxidize 
j;o‘ the same extent as a more pure and fibrous iron, and 
for this reason takes a more uniform color, and does not 
scale. ' On light sheet iron, we always look for a rich, 
bluish color and high polish. Well-polished, hard rollers 
and clean iron secure any degree of polish; but, to suc
ceed well in this case, a particular kind of iron is 
required, which separates easily from the scales, or 
hammer-slag. The purest iron is that made cold-short 
by combination with a little carbon. White, fibrous iron 
is apt to form thick and heavy scales of hammer-slag, 
wjiich adhere strongly to the iron, and are deeply im+ 
pressed in its surface. These scales are removed with 
difficulty; acids are our only reliance, because many 
small particles of hammer-slag are so deeply squeezed 
into the iron, that nothing short of solution can remove 
them. After their removal, such sheet iron looks rugged 
and .uneven. Good iron, of a steel-like grain, if properly 
"treated itf the heating oven, does not form these thick 
dnd uneven scales.
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To make heavy sheet from cold-short iron is an unsafe 
policy, for, if we leave the quality of the former out of 
the question, its quantity is unfavorable. Cold-short, or 
weak iron, if rolled from heavy slabs or piles into boiler
plate, is very apt to split or open in the centre; this is a 
great loss, for, in most cases, the whole sheet is turned 

' into scraps. Besides the loss caused in the rollers, we 
always find the Central part of such plates very weak, 
scarcely better than cast iron, though the edges may be 
good. Heavy sheet iron and boiler-plate should be 
made from a coarse, fibrous, white iron, which will 
stand a high heat in welding. Boiled iron, and iron 
from hot blast worked in the charcoal forge, are unpro
fitable. Such iron will either spoil the“ sheet, or make 
it of such bad quality that it would be dangerous to put 
it in steam-boilers, and thus run the risk of destroying 
human life and property by explosion. Heavy sheet 
iron should be made from blooms which are manufac
tured, in the charcoal forge or the puddling furnace, 
from white, and the very best kind of plate iron; or, if 

' not made from plate iron, the blooms must be rolled 
into flat bars, piled, reheated, and then rolled into flat 
mill bars, to be again reheated; this is repeated until 
the iron assumes a strong, fibrous texture and a bright 
color. If  the latter cannot be produced, it is necessary 
to reject the iron altogether, at least for the manufacture 
of boiler-plate. This method of refining iron, which is 
frequently practised in England, is too expensive in 
this country; and, in addition to being expensive, it is 
ill adapted to make iron of proper quality, that is, strong 
in every direction. I t  will be strong in the longitudinal 
direction of the fibre and bars, but Very weak in the 
transverse, that is, across the fibres,. Coarse, weak, 
fibrous iron is to be considered in the same light with 
respect to the making of sheet iron, as to the making of 
wire. The sheet from such material will be porous, 
scaly, and weak, and will not answer the purposes for 
which it is designed.

In the erection ,of works for the manufacture of sheet 
iron, too much attention cannot be paid to the solidity
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and strength of the machinery, and to a surplus of 
power. Success depends as much on an uUfailiUg power 
and well-constructed machinery as on the well-trained 
intellect which manages the daily operations.

i. Nails are an important article of commerce, and an 
item in our factories which must be regarded with due 
attention. For these, good iron is unnecessary; they 
require neither strength nor the quality, of welding, 
which are two requisites of iron the most difficult, at 
least the most expensive, to produce. Nail iron must 
be malleable, that is, in one direction, and as cheap as 
possible. Sheet iron; which is now most generally em
ployed in the making of nail plates, is ill adapted to 
make a cheap, and, at the same time, a good' nail. So 
long as good charcoal iron is used, the quality of sheet 
iron is secured ; but, if an inferior quality of charcoal 
blooms, or puddled iron, is employed, the form of the 
sheet iron does not answer so well; the nails will be 
cold-short, though made from an article which, for the 
manufacture of bar iron, would be highly useful. In 
New England, nail plates from foup to sis; inches wide, 
and from ten to thirty feet long, are made. These are 
preferable to sheet iron; that is, where the quality of 
iron is the same, a far better nail can be made from 
these plates than from broad plates or sheet iron. As 
previously stated, we are enabled to make fibrous and 
very malleable iron from almost any kind of pig iron, 
whatever its quality may be, provided there is no neces
sity of making the iron Very cohesive, or of giving it 
the property of welding in the blacksmith’s forge. 
Such iron is made in the puddling furnace by a very 
low heat, and it must be reheated at the lowest possible 
temperature; otherwise, it will lose its fibres and mal- 
leability, and become cold-short. I t  cannot be trans
formed into sheet iron at all; but it will make a hoop 
Very malleable lengthwise, though not transversely to 
the fibres. I t  cannot resist a long-continued red heat, 
which is frequently applied to the nail machines, with
out altering its fibrous into a cold-short texture. Such 
iron, if well worked, is generally very soft; it may be
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cut when cold, and then tempered so as to give color 
after,the cutting of the nails. This is a proposition, 
however, not based upon practice, and requires confir
mation. Iron of this kind can be made from pig iron, 
no matter how bad its quality may be. Puddling does 
not at all improve its purity; it only alters its texture 
from' a granulated into a fibrous aggregation. Of all 
kinds of iron it is the cheapest, for it is worked fast, 
with but little loss, and little fuel; no skill is required 
to manufacture it. Industrious work and the lowest 
possible heat are the best means of sucqess in puddling. 
Such iron is of but little use for other purposes, but we 
verily believe it will make a nail f^r superior to most of 
the nails at present in market. To make nails from 
white, coarse, fibrous iron, however strong it may be, is 
unprofitable, for the nails will split, and cut badly. 
Such iron is of too good a quality, and is better adapted 
for making coarse bar or heavy sheet iron. Whatever 
may be the kind of iron used for making nails, it is 

, always better to draw it into long and small nail plates ; 
these are to be cut into strips crosswise, so that the nail 
can be cut parallel with the length of the plate and 
fibres. The piles for making nail plates are to be put 
together with due regard to the production of the most 
perfect fibres. All cross piling is to be avoided; and if 
cold-short iron- is to be worked at all, it must be mixed 
regularly in alternate courses with fibrous iron. Such 
piles may be very heavy; the greater the number of 
cuttings of rough bar, the better will be the result. 
The rolling of these piles is to be performed in. such a 
manner as to make the welding joints parallel with the 
surface of the nail plate. In the reheating furnace, the 
lowest heat commensurate .with the performance of the 
operations is the most profitable. Any heat relativefy 
too high will transform most kinds of fibrous iron, par
ticularly this, into cold-short iron, or iron of a crystal
line texture. In the technical management of a rolling 
mill, we cannot pay too much attention to the classifica
tion of the puddled bai’s, and the composition of the 
piles, before they enter the reheating furnace.]
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Siemens' Regenerative Gas Furnace.
This furnace is the joint production of the Siemens 

brothers, and operates upon the principle of the hydro
oxygen flame. The hydrogen is replaced by carburetted 
hydrogen of coke gas, and the oxygen by the atmos
pheric air. But added to this statement it must also be 
said that the gases, before they are Combined, are heated 
in the following manner; The flame passing away from 
the puddling furnace is extremely hot. I t has com
pleted its work, and then, in the ordinary furnace, has 
passed off into the chimney and air as wasted heat. In 
this new furnace, this hitherto wasted heat passes 
through a chamber, imparting its heat in great measure 
to that chamber, and then by a valve the air gas which 

, otherwise would come to the puddling furnace cold is 
suddenly passed through tlmt heated chamber and comes 
into the furnace hot. So that the principle of the 
Siemens’ Regenerative Gas Furnace ‘is a double one, the 
principle of heating the iron in a puddling furnace by . 
combining, in proper proportion, heated currents of 
atmospheric air and coke gas. As these furnaces are 
coming into use very extensively, we shall enter more 
into detail. • The advantages claimed are, use 6f slack 
coal and inferior coal, even lignite and peat; unlimited 
command of heat; purity of flame ; increased durability 
of furnace, owing to uniformity of heat; command of the 
flame, rendering it carbonizing, dr oxydizing, by adding 
atmosphere, or carburetted hydrogen; complete absence 
of smoke from the chimney stack; cleanliness in the 
furnace room, as the gas is made outside the building.

They have been introduced in Pittsburg, Pa., at An- 
dgrson & Woods, also at two steel furnaces at Messrs. 
Singer, Minnick & Co., nearly completed; at Trenton, 
N. J .; Troy, N. Y .; Lenox, Worcester and Nashua, in 
New England, and in various other localities.

The late Professor Faraday, in his last public Lecture 
at the Royal Institution, on the 20th June, 1862, de
scribed these furnaces in the following terms:—
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“ T h e  g a se o u s  fu e l  i s 'o b ta in e d  b y  th e  m u tu a l action of coal, 
a ir , an d  w ater , a t  a  m o d e r a te  r e d  h e a t. A  b rick  chamber, per
h a p s  6  fee t b y  1 2  fee t, a n d  a b o u t  1 9  fee t  h igh , has one of its 
e n d  w a lls  c o n v e r te d  in to  a  fire -g ra te , i. e., a b o u t half-way down 
it  is  a  so lid  p la te , a n d  fo r  th e  r e s t  o f  th e  d istan ce consists of 
s t r o n g  h o r iz o n ta l p la te  b a r s  w h ere  a ir  en ters , the w hok being 
a t  a n  in c lin a t io n  s u c h  a s  th a t  w h ich  th e  s id e  o f  a Heap of coals 
w o u ld  n a tu r a l ly  t a k e .  C o a ls  a re  p o u r e d , through  openings 
a b o v e , u p o n  th is  c o m b in a t io n  o f  w a ll a n d  grate , and being fired 
a t  th e  u n d e r  su r fa c e , th e y  b u rn  a t  th e  p la c e  where the air en
te r s  ; b u t  a s  th e  l a y e r  o f  c o a l  i s  fro m  2  to  3  feet thick, various 
o p e ra t io n s  g o  o n  in  th o se  p a r t s  o f  th e  fu e l which cannot burn 
fo r  w an t o f  a ir . T h u s  th e  u p p e r  a n d  co o le r  part of the eoal 
p ro d u c e s  a  l a r g e  b o d y  o f  h y d ro - c a rb o n s ; the cinders or coke 
w h ic h  a re  n o t  v o la t i l iz e d , a p p ro a c h , in  de scen d in g , towards the 
g r a t e ; th a t  p a r t  w h ic h  i s  q e a re s t  th e  g ra te  b u rn s with the 
e n te r in g  a ir  in to  c a r b o n ic  ac id , a n d  th e  h eat evolved ignites 
th e  m a ss  a b o v e  i t ;  th e  c a rb o n ic  a c id , p a s s in g  slow ly through 
th e  ig n ite d  c a rb o n , b e c o m e s  con v jerted  in to  carbonic oxide, and 
m in g le s  in  th e  u p p e r  p a r t  o f  the c h a m b e r  ( o f  g a s  producer) with 
th e  h y d ro -c a rb o n s . T h e  w ater , w h ich  i s  p u rp ose ly  introduced 
a t  th e  b o tto m  o f  th e  a rra n g e m e n t, i s  f ir s t  vaporized by the 
h e a t, an d  th en  d e c o m p o se d  b y  th e  ig n ite d  fuel, and re-arranged 
a s  h y d ro g e n , a n d  c a r b o n ic  o x i d e ; a n d  o n ly  the ashes o f  the 
co a l a re  re m o v e d  a s  so lid  m a t te r  fro m  th e  ch am ber at the bot
tom  o f  th e f ir e -b a r s .

“  T h e s e  m ixesd g a s e s  fo rm  th e  g a s e o u s  fuel. .The nitrogen, 
w h igh  e n te re d  w ith  th e  a i r  a t  th e  g ra te , i s  m ingled  with them, 
c o n s t itu t in g  a b o u t  a  th ird  o f  th e  w h ole  vo lu m e . The gas rises 
u p  a  la r g e  v e r t ic a l  tu b e  fo r  12  o r  1 5  fe e t , after which it pro
ce e d s  h o r iz o n ta lly  f o r  a t jy  r e q u ir e d  d is ta n c e , and then descends 
to  th e  h e a t-re g e n e ra to r , th ro u g h  w h ich  it  p a sse s  before it enters 
th e  fu rn a c e s . A  r e g e n e r a to r  i s  a  c h a m b e r  packed with fire
b r ic k s ,  se p a ra te d  s o  a s  to  a llo w  o f  th e  fre e  p assage  o f air or 
g a s  betw een  th em . T h e r e  a r e  fo u r  p la c e d  under a furnace. 
T h e .g a s  a sc e n d s  th r o u g h  o n e  o f  th e se  ch am b ers, whilst air as
c e n d s  th ro u g h  th e  n e ig h b o r in g  c h a m b e r , a n d  both are conducted 
th ro u g h  p a s sa g e  o u t le t s  a t  o n e  e n d  o f  th e  furnace, where min
g l in g , th ey  b u rn , p r o d u c in g  th e  h e a t  d u e  to  th e ir  chemical action. 
P a s s in g  o n w a rd s  to  th e  o th e r  e n d  o f  th e  furn ace , they (t.e.,the 
co m b in e d  g a se s )  f in d  p r e c is e ly  s im ila r  o u tle ts  down which they 
p a s s ; an d  t r a v e r s in g  th e  tw o  re m a in in g  regen erato rs from above 
d o w n w ard s, h ea t th e m  in te n se ly , e sp e c ia lly  the upper part, 
a n d  s o  t r a v e l  on  in  t h e ir  c o o le d  s ta te  to  th e  sh aft or chimney. 
N o w  th e  p a s s a g e s  b e tw e e n  th e  fo u r  re g en era to rs  and the gas 
a n d  a i r  a re  su p p lie d  w ith  v a lv e s  a n d  d e flec tin g  plates, which
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are lik e  fo u r-w ay  c o c k s  in  th e ir  ac tio n  ; so  th a t  b y  th e  u se  o f  a  
lever those re g e n e r a to r s  an d  a ir-w a y s , w h ich  w ere  c a r r y in g  off. 
the ex p en d e d  fu e l, c a n  in  a  m om en t b e  u se d  fo r c o n d u c t in g  a ir  
and g a s  in to  th e  fu rn a c e  ; an d  th o se  w h ich  ju s t  b e fo re  h a d  s e r v e d  
to carry  a ir  a n d  g a s  in to  th e fu rn ace , n ow  ta k e  th e  b u r n t  fu e l  
aw aj fvb th e s t a c k . I t  i s  to  b e  o b se rv e d , th a t th e  in te n se ly -  
heated flam e w h ich  le a v e s  th e  fu rn a c e  fo r  the s t a c k  a lw a y s  
proceeds d o w n w a rd s  th ro u g h  the re g e n e ra to r s , so  th a t  th e  u p p e r  
part o f  them  i s  m o st in te n se ly  ig n ited , k e e p in g  b a c k , a s  it d o e s ,  
the intense h e a t ; a n d  s o  e ffectu al a r e  th ey  in  th is  ac tio n , th a t  
the g a se s  w h ich  e n te r  th e  s ta c k  to  b e  c a s t  in to  th e  a ir  a r e  n o t  
usually  a b o v e  3 0 0 °  F a h r .  o f  h eat. O n th e  o th er h an d , th e  re 
entering g a s  a n d  a ir  a lw a y s  p a s s  u p w a rd s  th ro u gh  th e  r e g e n e r a 
tors, so  th at th e y  a t ta in  a  te m p e ra tu re  e q u a l to  a  w hite h e a t b e fo re  
they m eet in  th e  fu rn a c e , an d  th ere  a d d  to th e  c a rr ie d  h e a t, th a t  
due to  th e ir  m u tu a l  ch em ica l ac tio n , I t  is co n sid ere d  th a t  
when the fu rn a c e  is  in  fu ll o rd e r , th e  h e a t carr ie d  fo rw ard  to  b e  
involved b y  th e  ch e m ic a l a c tio n  o f  co m b u stio n  is  a b o u t  4 0 0 0 ° ,  
whilst th at c a r r ie d  b a c k  b y  th e  re g e n e r a to r  i s  a b o u t 3 0 0 0 ° ,  
m aking an  in te n s ity  o f  p o w e r  w h ich , u n le s s  m o derated  o n  p u r 
pose, w ould  fu s e  fu r n a c e  an d  a l l  e x p o s e d  to  its  action .

“ T h u s the re g e n e r a to r s  a r e  a lte rn a te ly  h e a te d  an d  co o led  b y  
the o u tg o in g  a n d  e n te r in g  g a s  atid  a ir ,  a n d  th e tim e fo r  a l t e r a 
tion i s  fro m  h a l f  a n  h o u r  to  a n  h o u r , a s  o b serv atio n  m a y  
indicate. T h e  m o tiv e  p o w e r o n  th e  g a s  i s  o f  tw o  k iu d s « ~ a  
slight e x c e s s  o f  p r e s su r e  w ith in  i s  k e p t  u p  fro m  th e g a s-  
producer to  th e  b o tto m  o f  th e re g e n e r a to r  to  p rev e n t a ir  e n te r 
ing and m in g lin g  w ith  th e  fu e l b e fo re  i t  is  b u r n t ;  b u t fro m  th e 
furnace, d o w n w a rd  th ro u g h  th e  re g e n e ra to r s , the a d v a n c e  o f  th e  
heated m ed iu rp ^ is g o v e rn e d  m a in ly  b y  th e  d ra u g h t in  th e  ta ll  
stack o r  c h im n e y .

“ G reat fa c i l i ty  i s  a ffo rd ed  in  th e  m a n a g em en t o f  th e se  
furnaces. I f ,  w h ils t  g l a s s  is  in the c o u rse  o f  m an u fac tu re , an  
intense h ea t i s  r e q u ir e d , an  a b u n d a n t su p p ly  o f  g a s  a n d  a i r  i s  
g iv en ; w h en  th e  g l a s s  i s  tnade, a n d  th e  co n d ition  h a s  to  b e  
reduced to  w o r k in g  tem p e ra tu re ; th e  q u a n t ity  o f  fu e l an d  a i r  i s  
reduced. I f  th e -c o m b u st io n  in  the fu rn a c e  i s  r e q u ir e d 'to  b e  
gradual fro m  e n d  to  en d , th e in le ts o f  a ir  a n d  g a s  a re  p la c e d  
more o r  le s s  a p a r t  th e  o n e  from  the o th e r . T h e  g a s  i s  l ig h te r  
than the a i r ;  a n d  i f  a  r a p id  e v o lu tio n  o f  h e a t i s  re q u ired , a s  in  
a sh ort p u d d l in g  fu rn a ce , th e  m outh  o f  th e  g a s  in le t  i s  p la c e d  
below th at o f  th e  a ir  in le t ;  i f  th e  re v e r se  i s  re q u ire d , a s  in  th e  
long tu b e  w e ld in g  fu rn a ce , th e  c o n tra ry  a r ra n g e m e n t  i s  u se d . 
Som etim es, a s  in  th e  e n aro e lle r ’s  fu rn ace , w h ich  is  a  lo n g  m u ffle , 
it is re q u is ite  t h a t  th e  h e a t  be g re a te r  a t  th e  d o o r  en d  b e c a u se  
the goo ds, b e in g  p u t  in  an d  tak e n  o u t  a t  th e  sa m e  en d , t h o s e
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w h ich  e n te r  la s t , a n d  a r e  w ith d ra w n  f ir s t , rem ain , o f coarse for 
a  sh o rte r  t im e  in  th e  h e a t  a t  th a t  e n d ;  a n d  th ou gh  the fuel and 
a ir  e n te r  f ir s t  a t  o n e  e n d  a n d  th e n  a t  th e  o th er alternately, still 
th e  n e c e ssa r y  d i f f e r e n c e  o f  te m p e r a tu r e  i s  p reseved  by the ad
ju s t m e n t  o f  th e  a p e r t u r e s  a t  th e  e n d s .

“ N o t  m e re ly  c a n  th e  s u p p ly  o f  g a s  a n d  a ir  to the furnace 
b e  g o v e rn e d  b y  v a l v e s  in  th e  p a s s a g e s ,  b u t  th e very production 
o f  th e  g a s  fu e l  i t s e l f  c a n  b e  d im in is lie d , o r  even  stopped, by 
c u t t in g  o f f  th e  s u p p l y  o f  a i r  to  th e  g r a t e  o f  the g a s  producer; 
a n d  th is  is  im p o r ta n t , in a sm u c h  a s  th e re  i s  n q  gasom eter to re
c e iv e  a n d  p r e s e r v e  th e  a e r ifo r m  fu e l, fo r  i t  p roceed s at once to 
th e  fu rn a ce s.

“ S o m e  o f  tb e  f u r n a c e s  h a v e  th e ir  c o n te n ts  open  to the fuel 
a n d  c o m b u s t io n , a s  in  th e  p u d d l in g  a n d  m etal-m elting arrange
m e n ts  ; o th e rs  a f e  in c lo se d , a s  in  th e  m u ffle  furnaces and flint- 
g l a s s  fu rn a c e s . ,

“  T h e  e c o n o m y  in  th e  fu e l  i s  e s t im a te d  p rac tic a lly  as one-half, 
e v e n  w h en  th e  s a m e  k in d  o f  c o a l i s  u se d  e ith e r  directly for the 
fu r n a c e  o r  fo r  th e  g a s  p r o d u c e r ;  b u t, a s  in  th e  latter case, the 
m o st  w o rth le s s  k in d  c a n  b e  e m p lo y e d — su c h  a s  slack , &c., which 
c a n  b e  c o n v e r te d  in t o  a  c le a n  g a s e o u s  fu e l a t  a  distance from 
th e  p la c e  o f  th e  fu r n a c e , so , m a n y  a d v a n ta g e s  seem  to present 
th e m se lv e s  in  t h is  p a r t  o f  th e  a r ra n g e m e n t .”

P io f e s s o r  F a r a d a y  c o n c lu d e s  h is  le c tu re  w ith the following 
c o n c lu s iv e  f ig u r e s

“ C a r b o n  b u r n t  p e r fe c t ly  in to  c a r b o n ic  a c id  in  a  gas-producer 
w o u ld  e v o lv e  a b o u t  4 0 0 0 *  o f  h e a t ;  b u t, i f  bu rn t into carbonic 
o x id e , i t  w o u ld  o n ly  e v o lv e  1 2 0 0 ° .  T h e  carb o n ic  .oxide, in its 
fu e l fo rm , c a r r ie s  o n  w ith  i t  th e  2 8 0 0 °  in  ch em ical force, which 
i t  e v o lv e s  w h en  b u r n in g  in  th e  re a l fu r n a c e  v^th a  sufficient 
s u p p ly  o f  a ir .  T h e  re m a in in g  1 2 0 0 °  a r e  em ploy ed  in the gas- 
p ro d u c e r  in  d i s t i l l in g  h y d ro -c a rb o n s , d e co m p o sin g  water, &c. 
T h e  w h ole  m ix e d * g a s e o u s  fu e l  c a n  e v o lv e  a b o u t 4000° in the 
fu rn a c e , to  w h ich  th e  r e g e n e r a to r  c a n  re tu rn  about 8000°
m o re .»

The first regenerative puddling furnace in England 
upon Mr. Siemens’ plan is working at the Bolton (Eng
land) Iron and Steel W orks; making three shifts of eight 
hours each, daily, and taking out upwards of 7500 lbs. 
of iron in eighteen heats with a very low consunaption 
of coal. It is said the saving in waste is two cwt. per 
ton, and that the quality turned out is superior to that of
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ordinary furnaces.* I t  seems that the water foi'raerly used 
at the bottom of the gas-making coke, as mentioned in 
Dr. Percy’s description, was not found to be economically 
conducive to additional heat, as, although its decomposi
tion would be the occasion of more hydrogen, in prac
tice, it absorbed more heat than it generated, and in many 
furnaces it is abandoned.

It is obvious that the Siemens furnace competes only 
with other reverberating or air furnaces for all purposes 
for which the latter are required. Whenever, therefore, 
it is necessary, or thought to be so, to melt pig iron in 
an air furnace, in order not to contaminate it With the 
impurities of the coal, the Siemens furnace will provS suc
cessful and economical; but the moment it is. found out 
that the iron can be melted with good coke in the cupola, 
without being materially injured in its quality, the supe
rior economy of the- latter furnace must decide in its 
favor. In a cupola we may count upon melting ten tons 
of iron with one ton of coke, while in the best air furnaces 
one ton of coal will melt only about two tons of iron. 
Even supposing that the Siemens furnace could do more 
than that (which, with intermittent working, is doubtful) 
the economy would still be on the side of the enpola.f-

Mr. Bauerman, in his treatise,+ describes the Carinth- 
ian gas-puddling furnace, the principle of which is so 
tiearly allied to that of the Siemens furnape, that it may 
be here noticed, and the use of air-dried wood arid lignite 
is interesting, but much more so the use of peat, any 
ordinary grade of which, we think, might be equally 
efficient both in this and in the Siemens furnace.

The fuel i s  a ir -d r ie d  w o od , w hich is  c o n v e r te d  in to  c o m b u s t i
ble gas in  th e g e n e r a to r , a  re c tan g u lar  c h a m b e r , lin ed  w ith  f ir e 
brick, o f  a  c a p a c i ty  o f  a b o u t 14  c u b ic  feet, b y  a  s tre a m  o f  a i r  
introduced a t  a  p r e s s u r e  o f  h a lf an  inch  o f  m e rcu ry , th ro u g h  a  
lower bran ch  o f  th e  b la s t  m ain, e n te r in g  b e lo w  th e  g r a te  o f  th e  
fire cham ber. T h e  co m b u stio n  o f  th e  g a s e s  i s  e ffected  b y  a

♦ Engineering, June 2 1 ,186T. 
f  Engineering, April 5 , 186T. 
j  p. 281, Eng. ed.
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se c o n d  b la s t , in t r o d u c e d  im m e d ia te ly  a b o v e  the fire-bridge, 
th ro u g h  an  in c lin e d  tu y e r e , w h ich  i s  o f  a n  o b lo n g  form, extend
in g  th ro u g h  th e  r o o f  o f  th e  fu r n a c e  a n d  com pletely  across the 
b r id g e , w ith  an  a p e r t u r e  o f  7  in c h e s  in  d e p th . B y  previously 
c ir c u la t in g  th r o u g h  th e  h o llo w  s p a c e  in  th e  cast-iron side plates 
o f  th e  bed , th e  a i r  i s  h e a te d  to  a  te m p e r a tu r e  o f  2 0 0 °, producing 
a  m u ch  m o re  a c t iv e  c o m b u s t io n  th a n  is  th e  case  when the gases 
a r e  b u rn t  w ith  c o ld  a i r .  A  se c o n d  b e d  is  u sed  for heating up 
th e  m e ta l fo r  th e  fo l lo w in g  c h a r g e  b y  th e  w aste flame during 
th e  p e r io d  o f  b a l l in g ,  a n  a r ra n g e m e n t  th a t , a s  has already been 
sta te d , is  fo u n d  to  s a v e  b o th  t im e  a n d  fu e l . T h e  remaining de
ta il s  d o  n o t c a ll  fo r  a n y  p a r t ic u la r  r e m a r k ? , b e in g  o f the ordi
n a r y  k in d  a d o p te d  e ls e w h e re .

In  S t y r ia ,  w h ere  l ig n i t e  i s  u se d  f o r  p u d d lin g , the consump
tio n  i s  fro m  2 2  to  2 4  cw t, p e r  to n  o f  b lo o m s, a  result that is 
h ig h ly  favorjab le , n o t  e x c e e d in g  th e  a v e r a g e  o f  furnaces where 
c o a l  i s  b u rn t, a l lo w a n c e  b e in g  m a d e  fo r  th e  difference in calo
r if ic  v a lu e  o f  th e  tw o  c la s s e s  o f  fu e l. T h is  is in great part due 
to  th e  h ig h  q u a l ity  a n d  sm a ll  a m o u n t o f  Q arbon and silicon in the 
p ig  iro n  o p e r a te d  u p o n . T h e  h e a t o f  4  cw t. is w orked off in an 
h o u r , h a v in g  b e e n  b r o u g h t  to  an  o ra n g e -re d  h eat before melting 
b y  e x p o s u r e  in  a  se c o n d  h e arth , d u r in g  th e  b a llin g  o f the pre
c e d in g  c h a rg e . T h e  lo s s  o f  w e ig h t  on  th e  m etal is from 6 to 
1 0  p e r  cen t. W h e n  p e a t  i s  u se d , fro m  2 4 0  to  360  cubic feet are 
r e q u ir e d  in  th e  p ro d u c t io n  o f  a  to n  o f  b loom s, o r from 200 to 
2 8 0  c u b ic  fe e t  o f  w o o d . F r o m  th e  p u b lish e d  accounts of the 
w o r k in g  o f  fu r n a c e s  u s in g  th e se  fu e ls , th e re  d o es not appear 
to  b e  m u ch  d if fe re n c e  w h eth e r th e y  a r e  b u rn t on a  grate, or 
p r e v io u s ly  c o n v e r te d  in to  g a s , in  th e  m a n n e r described above. 
T h e  m o st e c o n o m ic a l w o r k  a p p e a r s  to  b e  a t  N ew berg, in Styria, 
w h ere  o n ly  1 0 0  c u b ic  fee t o f  a ir -d r ie d  w ood a re  consumed in the 
p ro d u c tio n  o f  a  to n  o f  b lo o m s. T h e  m etal, o f  a  white or strongly 
m o ttle d  ch a ra c te r , sm e lte d  w ith  c h a rc o a l from  spathic ore, is 
p u d d le d  in  a  d o u b le  fu rn a e e , in c h a r g e s  o f  8  cwt.; the heat lasts 
tw o  h o u rs, th e  lo s s  o f  w e ig h t  b e in g  from  5  to 6 per cent. At- 
L ip p itz b a c h  in  T y r o l ,  o n e  to n  o f  b lo o m s is  produced from 
1 .0 4 7  to n s o f  p ig  iro n , w ith  a  c o n su m p tio n  o f  1.011 tons of 
w ood  sc o rc h e d  o r  to r r e f ie d .

The Ellershausen Process.—This process of making 
malleable iron, which has attracted considerable attention 
for a .year past, has been so well described in a com
munication to the New York Times, that we shall extract 
the important parts as follows :—
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Th e p ro c e ss  c o n s is t s  in  the c o n v e rs io n  o f  c ru d e  c a s t  iro n , a s  
it runs fro m  th e  sm e ltin g  furnace , in to  w ro u g h t iro n  b y  th e  
simple a d m ix tu r e  o f  g ra n u la te d  iro n  o re . I t  i s  c a rr ie d  o u t  a t  
the w ork s o f  th e  M e ssrs . S h o e n b e rg e r  &  Co., a t  P it t sb u r g , in  th e  
follow ing m a n n e r : O n  the c a s tin g  flo o r o f  the sm e lt in g  fu r n a c e  
a cast-iron tu rn ta b le , a b o u t  e igh teen  fe e t  in  d iam eter, i s  r e v o lv e d  
on ro llers b y  a  sm a ll  ste a m  en gin e . U p o n  th e o u tsid e  e d g e  o f  
the tab le s ta n d s  a  ro w  o f  cast-iron  p artit io n s , fo rm in g  b o x e s  s a y  
twenty in ch es w id e  a n d  ten  in ch es h ig h , o p en  a t  th e  to p . J u s t  
above the c ir c le  o f  b o x e s  s ta n d s  a  s ta tio n a ry  w id e-m o u th ed  
spout, te r m in a t in g  in  th e  tap -h o le  o f  th e  fu rn ace . W h e n  th e  
furnace is ta p p e d  th e  l iq u id  iro n  ru n s  d o w n  th is  sp o u t, a n d  f a l l s  
out o f  it  in  a  th in  s t r e a m  in to  .the b o x e s  a s  they  s lo w ly  r e v o lv e  
under it, d e p o s it in g  in  each  a  film  o f  iro n  s a y  on e-eigh th  o f  a n  
inch th ick . B u t  b e fo re  th e fa ll o f  m e lte d  iron  reach es th e  b o x e s  
it is in te rcep ted , o r  r a th e r  c ro sse d  a t  r ig h t  an g le s, b y  a  th in  fa l l  
of pu lverized iro n  o re , w h ich  a lso  ru n s  o u t  o f  a  w ide sp o u t  fro m  
a reservoir a b o v e . T h e s e  tw o  stre a m s o r  fa lls  a re  o f  a b o u t  e q u a l  
volume, sa y  o n e - q u a r te r  o f  an  in ch  d e e p  an d  tw en ty  in c h e s  
wide. A  w o rk m a n , w ith  a  b a r  in  th e  tap-hole, re g u la te s  th e  
stream o f  iron , a n d  th e  iro n  sp o u t  fro m  w h ich  the l iq u id  m e ta l 
falls into th e  b o x e s  i s  re m o v ab le , o th e r  sp o u ts , p rev io u sly  co a te d  
with loam  an d  d r ie d , b e in g  a tta c h e d  to  a  com m on r e v o lv in g  
frame, so  a s  to  b e  r e a d y  fo r u se  w h en  th e  loam  co v erin g  o f  th e  
first becom es c r o o k e d  o r  re m o v e d . T h e  th in  la y e r s  o f  iron  a n d  
ore soon ch ill a n d  so lid ify , so  th a t  b y  ta k in g  a w ay  th e  o u te r  
partition o f  th e b o x e s  (w h ich  fo rm  th e r im  o f  the tu rn ta b le ) th e y  
may be re m o v e d  in  c a k e s  th e s iz e  o f  th e  b o x e s  and w e ig h in g  
about tw o h u n d re d  p o u n d s  each . P o u r  o f  th ese  ca k es o r  b lo o m s 
are put in to a  r e v e r b e r a to r y  p u d d lin g  o r  h e a tin g  fu rn ace  a n d  
raised to  a  b r ig h t  y e llo w  heat. T h e y  w ill n o t  m elt a t  th is, b u t  
become so fte n e d  s o  a s  to  b e  e a s ily  b ro k e n  u p  w ith  a  b ar . T h e  
four b loom s a r e  fo rm e d  in  the fu rn a c e  b y  th e ra b b le  o f  th e  
workman, a s  in  o r d in a r y  p u d d lin g  op eratio n s, in to e ig h t  b a lls . 
The b a lls  a re  b r o u g h t  o u t  o n e  a fte r  an o th er, sq u e e z e d  in  th e  o r 
dinary sq u e e z e r s  t o  e x p e l  the c in d er a n d  su p e rflu o u s o re , a n d  
then ro lle d  in to  w ro u g h t-iro n  b ars , w h ich  a re  now  r e a d y  fo r  
market, o r fo r  fu r th e r  red u ctio n  in to  sm a lle r  fin ish ed  fo rm s. 
The ch em istry  o f  th e  o p era tio n  is  a s  fo l lo w s : T h e  c r u d e  c a s t  
iron co n ta in s s a y  f iv e  p e r  cent, o f  c a rb o n  an d  tw o p er  cen t, o f  
silicon, an d  m o r e  o r  le s s  su lp h u r, p h o sp h o ru s , an d  o th e r  im p u 
rities. In  th e  B e s s e m e r  p ro cess the o x y g e n  o f  th e a ir , b lo w n  
into the l iq u id  ir o n , c o m b in e s  w ith  th is  c a rb o n  an d  th e se  o th e r *  
im purities, a n d  n o t  o n ly  re n o v a te s  th em , b u t  le a v e s  th e  p u r e  
iron in a  l iq u id  s ta te , fro m  w hich i t  can  b e  c a s t  in to  h o m o g e n e 
ous m asses o f  a n y  s iz e . I n  the p u d d lin g  p ro c e ss  the o x y g e n  o f
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th e  a ir  a n d  o f  th e  o re , o r  o th e r  fe t t l in g , p u t into the furnace 
w ith -th e  iro n , c o m b in e s  w ith  an d  e lim in a te s  the impurities which 
a r e  a fte rw a rd s  s q u e e z e d  o u t  o f  th e  p a s ty  m ass by  the squeezers 
a n d  ro lls . T h is  p r o c e s s  i s  lo n g  a n d  co m p arativ e ly  expensive, 
b e c a u se  th e  m ix t u r e  o f  o x y g e n  o r  o x y g e n -b e a r in g  substances is 
n o t m a d e  in t im a te  w ith  th e  iro n  e x c e p t  b y  lon g  stirring, which 
is  n o t  o n ly  s k i l fu l  b u t  e x h a u s t in g  w o rk . In  the Ellershausen 
p r o c e s s  th e  o x y g e n  o f  th e  ore , o r  o x id e  o f  iron (magnetic oxide 
i s  p re fe rre d ) , c o m b in e s  w ith  th e  c a r b o n  an d  impurities, elimi
n a t in g  th e m  a s  in  th e  p u d d l in g  p r o c e s s ; a n d  the iron of the ore 
in c re a se s  th e  p r o d u e t .  T h e  c h e m ic a l  com bination  o f the ore 
a n d  th e  l iq u id  c r u d e  ir o n  a p p e a r s  to  t a k e  p lace  partly at the 
t im e  o f  th e ir  c o n ta c t , w h en  fa l l in g  a n d  ly in g  upon  the turntable, 
a n d  p a r t ly  w h en  th e  re h e a t in g  o c c u r s  in  th e furnace. It seems 
im p o s s ib le  th a t  a  re a c t io n  w h ich  i s  so  v io le n t in the Bessemer 
p ro c e ss , a n d  s o  p ro lo n g e d  in  p u d d lin g , sh ou ld  take place so 
q u ic k ly  a n d  q u ie t ly  in  th e  n ew  p r o c e s s ; b u t the fact that the 
c a k e s  o f  iro n  a n d  o r e  d o  n o t  m e lt  b y  su b se q u e n t heating, as cast 
iro n  w o u ld , p r o v e s  t h a t  i t s  n a tu re  i s  c h a n g e d  by  the first contact 
o f  th e  o re . T h e  re m o v a l  o f  s u lp h u r  a n d  o f  phosphorus also 
s e e m s  m o re  th o r o u g h  th an  in  th e  o th e r  p ro ce sses. Analyses at 
d iffe re n t s t a g e s  o f  th e  o p e ra t io n  w ill th ro w  m ore light on this 
q u e s t io n . T h e  r e m a r k a b le  fe a tu re  o f  th e  E llersh au sen  process 
i s  th a t  a b so lu te ly  n o  s k i l l  i s  r e q u ir e d  to  c a rry  it out. The pro
p o r t io n  o f  o r e  m ix e d  is  in te n d e d  to  b e  a b o u t thirty per cent., 
b u t  i f  to o  m u ch  is  a d d e d  i t  i s  r e a d ily  sq u e e z e d  ou t with the slag, 
a n d  se e m s to  d q  n o  h a rm . T h e  su b se q u e n t  heating occupies 
a b o u t  h a lf  an  h o u r . “  P u d d le  b a r ,”  th e  p ro d u ct obtained from 
th e  f ir s t  r o ll in g  o f  th e  p ro d u c t  o f  th e  p u d d lin g  furnace, is never 
m a rk e ta b le  o r  f in ish e d  iro n . I t  i s  u su a l ly  very  ragged and un
so u n d , a n d  r e q u ir e s  su b se q u e n t  p ilin g , reh eatin g , and re-rolling, 
to  e x p e l  th e  im p u r it ie s ,  a n d  to  g iv e  it  so u n d n ess  and solidity. 
T h e  n ew  p r o c e s s  a p p e a r s  to  p ro d u c e  m erch an tab le  iron at the 
f ir s t  ro llin g , a t  P i t t s b u r g ,  fro m  a  v e r y  in fe r io r  p ig  iron, made of 
o n e -h a lf  su lp h u r o u s  C a n a d a  o r e s  a n d  o n e-q u arte r  L ak e  Superior 
a n d  o n e -q u a r te r  I r o n  M o u n ta in  o re s . T h e  thoroughness and 
ra p id ity  o f  th e p u r if ic a t io n  b y  th is  p r o c e s s  ev iden tly  depend on 
th e  in tim a c y  o f  th e  m ix t u r e  o f  iro n  a n d  o re . T h is  intimate mix
tu r e  i s  a lso  th e  e s se n c e  o f  th e  B e s s e m e r  process. In  fact, to 
M r. B e s s e m e r ’s  a p p r e h e n s io n  o f  th is  id e a  o f  in tim ate mechanical 
m ix tu r e  th e  g r e a t e s t  m o d e rn  im p ro v e m e n ts  in  iron manufacture 
a r e  d u e .

T h e  E l le r sh a u se n  p r o c e s s  i s  s a id  to  decrease  the cost of 
w ro u g h t iron  fro m  $ 1 0  to  $ 2 0 , o r  $ 2 0  p e r  ton  according to the 
m a te r ia ls  u se d  a n d  th e  fo rm  o f  p ro d u c t  r e q u ir e d ; its success is 
s a id  to b e  a m p ly  p r o v e d  b y  r e g u la r  w o r k in g  a t  P ittsburg and
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many e x p e r im e n ts  e lse w h e re ; an d  i f  a n y th in g  lik e  th is  e c o n o m y  
can be re a lized , i t s  v a lu e  to  the p u b lic  w ill o n ly  b e  e x c e e d e d  b y  
that o f the B e s s e m e r  p ro ce ss . T h e  la tte r  p ro ce ss , h o w ev er , p r o 
duces steel w h ich  is  a b so lu te ly  h o m o ge n e o u s, an d  o f  r e g u la te d  
hardness a c c o rd in g  to  the w ear a n d  se rv ic e  req u ired , a n d  h en ce  
ind ispensab le f o r  r a ils , ty res , an d  V ario u s m ach in ery  p u rp o se s . 
A ny iron p ro d u c t  th a t i s  n ot ca st fro m  a  liq u id  sta te  i s  s u b je c t  
to all the s t r u c tu r a l  d e fe c ts  o f  w ro u g h t iro n .

1. The philosophy of this process is found in the fact, 
that any substance having an affinity for carbon will take 
that carbon away from the cast iron which is a com
pound of iron with more than two per cent, carbon. 
Anything which will sufficiently abstract the carbon, will 
reduce the cast iron to malleable iron. Now the oxygen 
of the ore combining, under great heat, with the carbon 
of the cast iron abstracts the carbon from the cast iron, 
forms the CO^ which, as previously shown, disappears 
in the atmosphere and leaves the iron malleable, or with
out qarbon.

2. The novelty of using ore for this purpose consists 
in the machinery used and in the application of the ore 
to the melted cast iron. In these respects the process is 
novel. Any one may see, by consulting the Franklin 
Journal so far back as July, 1826, the following quotation 
from the London Journal

“ On page 185 of above Journal it is said of making 
malleable cast iron, that castings thus made were put in 
pots along with and surrounded by a soft red ore, and a 
regular heat kept up for seven days or two weeks, 
depending on the thickness or weight of the casting. 
Cast horse shoes, after being worn out, are converted 
into penknives and other cutlery; they are made from 
pig iron containing the smallest amount of carbon.”

The principle involved, namely, of using rich ores to 
decarbonize cast iron into malleable iron, is not dis
covered, but applied in a much more efficient and inter
esting manner as the molten pig, instead of the simply 
red hot pig, expedites the operation.

3. Unless the cast iron is of the purest quality, and 
the ore used is a fine, pure magnetic, or red hematite.
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entirely free from sulphur, phosphorus, and silex, we 
cannot scv> how the hurtful ingredients can be elimi- 
hated. If  the ore were entirely free from sulphur and 
phosphorus, we think that the tendencies would be tp 
cold-short iron, because of the thorough and minute 
intermixture in the iron of the silex from the* ore.

In March, 1869, we received the following communi
cation from the Messrs. Shoenberger & Co., of Pitts
burg, Pa.

“ W e  h a v e  m a n u fa c tu r e d  o v e r  th re e  th o u san d  tons of the pig 
b lo o m  in to  h o r se - sh o e s , sh e e t  iro n , a n d  n a ils , an d  we are much 
b e t te r  p le a se d  w ith  i t  to -d a y  th a n  w e w ere  three months ago. 
I n  m a n u fa c tu r in g  h o rse -^ h o es , w e h a d  fo rm e rly  to  m ake them 
e n t ir e ly  o f  s c r a p  ir o n  ; n ow  w e a r e  m a k in g  fu lly  a s  good a shoe 
fro m  b i l le t s  ro lle d  d i r e c t  fro m  tb e  p u d d le d  b a ll a s  it comes from 
th e  b o il in g  fu rn a c e , a n d  fro m  a  co m m o n  a r t ic le  o f  coke pig iron. 
O u r  n a ils  a n d  s h e e t  ir o n  a r e  m u ch  im p ro v e d , and we have 
r o lle d  H o . 3 6  s h e e t  ,iro n  fre e  fro m  h o le s  a n d  b reak s, direct from 
th e  m u c k  b a r  m a d e  b y  th e  E l le r s h a o s e n  p ro ce ss . The cost of 
tu rn ta b le , etc ., to  m a k e  th e  p ig  b lo o m  i s  a b o u t  tw elve hundred 
d o l la r s  w ith o u t  t h e  p o w e r . I t  i s  n o t n e c e ^ a r y  to change any 
o f  the. o th e r  a r r a n g e m e n ts  o f  th e  m ill, b u t  i f  y o u  increase the 
s i z e  o f  th e  p u d d l in g  fu r n a c e s  y o u  w ill la r g e ly  increase the yield 
a n d  th e  q u a n t ity .

“ W e  a r e  n o w  W o rk in g  o u r  fu r n a c e  a  fo o t  and a h a lf’ larger 
th a n ,th e  o ld  fu r n a c e s ,  a n d  it  i s  p r o d u c in g  from  6000 to 6300 
p o u n d s  p e r  s in g le  tu r n  o f  s i x  h e a t s ;  a n d  the lo ss  on the pig 
b lo o m  (w h ich  i s  t h i r t y  p e r  ce n t, o re  a n d  se v e n ty  per cent, pig 
iro n )  in  o n ly  6 fte e n  p e r  c e n t , in  p u t t in g  i t  in to  m uck bar. We 
h a v e  tr ie d  m a n y  d if fe re n t  k in d s  o f  o re , a n d  they all work well, 
b u t  th e p u r e r  th e  o r e  th e  le s s  w ill b e  th e  lo ss  in the after-treat
m en t. I f  th e re  i s  a  v e r y  la r g e  a m o u n t  o f  su lp h u r in the ore it 
w ill so m e tim e s  sh o w  in  a  s l ig h t ly  re d - sh o r t  tendency, but any 
re a so n a b le  a m o u n t  w il l  b e  d r iv e n  oflf. T h e  first great point is 
to  h a v e  a  th o r o u g h  m ix t u r e  o f  th e  iro n  a n d  o re  (about one-third 
o r e ) ; it  w ill th en  n o t  b o il  in  th e  fo rn a c e * w ill not melt down, 
a n d  w ill g r e a t ly  im p r o v e  th e  q u a l i t y  o f  the iron. The pig 
b lo o m  sh o u ld  b e  in  m e d iu m -s i^ e  p ie c e s  (n o t scrap), so that it 
w ill g e t  J ie a te d  th r o u g h  t h o r o u g h ly ; i f  th e y  a re  too large, the 
o u ts id e  w ill b e  h e a te d  u p  a n d  co m e  to  n atu re , an d  the centre 
w ill b e  raw .

{See Frontispiece^ “  T h e  tu r n ta b le , o r  c irc u la r  trough, turns 
fro m  fo u r  to  s ix  r e v o lu t io n s  p e r  m in u te . T h e  right-hand trough 
le a d s  th e  m o lten  iro n  fro m  th e  b la s t  fu rn a c e  to  the receiver,
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which is as wide as the turntable, and spreads the metal so as 
to flow the width of the table. The left-hand spout deliVe/s the 
ore (any ore containing plenty of oxygen, crushed into small 
grains) at the same place and the full width of the tab le; it 
mixes then, and one layer after another is built up as the table 
turns round, each revolution making a layer, and all matted 
together. Cast-iron plates are placed across the table to cut up 
the mixture into pieces fit for handling.”

Finding that the process required still more accurate 
and scientific examination, Jas. P. Speer, Esq., of Pitts
burg, engaged the Services of Dri Wurth, who, after 
considerable care, has furnished us with the following 
extended report:—

The p ig  b lo o m  fo rm e d  b y  th e B lle r sh a u se n  p ro cess c o n s is ts  
o f a co n g lo m era te  o f  p a r t ia l ly  d e c a rb o n iz e d  p ig  iron  a n d  g r a n u 
lated iron  o re  (1 0 0  p ig  m etal, th ir ty  o re ). T h is  c o n g lo m e ra te  
properly m a d e — a n d  a  v e ry  sh o rt  e x p e r ie n c e  o f  th e w o rk m en  
will en ab le  th e m  to  o b ta in  a lw a y  a  g o o d  mixture^— w hen w o rk e d  
in the p u d d lin g  fu rn a c e  a lm o st re ta in s  i t s  o r ig in a l sh ap e . T h e  
great difiBculty o f  b r h ig in g  th e  iro n  a n d  th e  o x id e s  in  co n ta c t 
iu order to  d e c a rb o n iz e  th e  m e lte d  p ig  iron , a s  ex p e r ie n c e d  in  
the b o ilin g  p ro c e s s , i s  b y  th e E l le r sh a u se n  m ethod o v e rc o m e .

The im m en se  su r fa c e  o ffered  to  th e ac tio n  o f  th e in te r m ix e d  
ore, cau ses th e  p ig  iro n  to  b e  d e c a rb o n iz e d  w ithout b e c o m in g  
liquid 'first, a s  i t  d o e s  in  the p u d d lin g  fu rn ace . T h e  c a rb o n ic  
oxide w hose e s c a p e  th ro u g h  th e  l iq u id  m ass o f  iro n  an d  s la g  
causes the b o i l in g  in  th e  p u d d lin g  p ro c e ss , p a s se s  o f f  th ro u g h  
the porous c o n g lo m e ra te  w ith o u t b e in g  n o ticed . T h e  w rrought 
iron m an u fac tu red  b y  th e  E l le r sh a u se n  p rocess, i s  o f  b e t te r  
quality th an  th a t  m a d e  b y  th e p u d d lin g  p ro cess . I  h a v e  t h e  
most p o sit iv e  a s s u r a n c e  o f  d iffe re n t iro n  m aste rs , w h o h a v e  
experim ented w ith  th e  p ro c e ss  an d  h a v e  o ften  seen  th e p ra c t ic a l 
results m y s d f .  ( I r o n  e.x trem ely  red -sh o rt w hen p a d d le d  b e 
comes n eu tra l b y  th e  E lle r sh a u se n  p r o c e s s ;  th ese  e x p e r im e n ts  
were tried  w ith  th e  sa m e  re su lts  w ith d ifferen t k in d s  o f  iro n .)  
The a n a ly se s  s h o w  th a t  the su lp h u r  i s  e lim in ated  to  a ' f a r  
greater e x te n t  t h a n  b y  th e  p u d d lin g  p ro cess , a lso  th e  s ’h c o n  
while th e p h o s p h o r u s  i s  rem o v ed  a t  le a s t  a s  w ell a s  c a n  b e  
done by the m o st  c a r e fu l  p u d d lin g . (S e e  a n a ly se s .)

T h e iro n  p r o d u c e d  fro m  a  p ig  co n ta in in g  c o n s id e ra b le  q u a n 
tity o f co pp er, t r e a te d  w ith  C o rn w all o re  (L a n c a s te r  Co., P a ,) ,  
of 0.15 p e r  ce n t, o f  c o p p e r , w as v e ry  re d -sh o rt, b u t  i t  i s  tfie  
same when p u d d le d .

A t the w o rk s  o f  M e ssr s . S h o e n b e rg e r  & C o ,  n e a r ly  4 0 0 0  ton s. 
6 5
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o f  w r o u g h t  iro n  ’ L a v e  b ee n  m a n u fa c tu re d  b y  the Ellershansen 
p ro c e ss , l it t le  oV er tw e n ty -e ig h t  p e r  c e n t, o f  iron ore (magnetic 
a n d  iro n  m o u n ta in , M o.), h a v e  b e e n  u se d  in form ing the con
g lo m e r a te , a n d  th e  in c r e a se  o v e r  th e  w e ig h t o f  pig metal in 
m u c k  b a r  w a s  n e a r ly  f iv e  p e r  c e n t . T a k in g  this figure and 
p u t t in g  th e  lo s s  in  p u d d l in g  o n ly  a t  fiv e  per cent., there is a 
g a in  o f  te n  p e r  c e n t , o v e r  th e  o ld  m e th o d . W hile as a  general 
ru le , in  th e  p u d d l in g  p r o c e s s  th e re  a re  a t  le a s t  100 lbs. of scrap 
iro n  n eed ed  p e r  to n  o f  m u c k  b a r  to  f ix  th e bed of the furnace, 
a lso  a  c o n s id e r a b le  v a r y in g  q u a n t i ty  o f  o re  and cinder, nothing 
i s  w an ted  w h en  w o r k in g  th e  E l le r s h a u s e n  p ig  bloom with the 
e x c e p t io n  o f  a b o u t  4 0  lb s .  o f  o r e  p e r  ton  o f  iron. The time 
r e q u ir e d  ,to  w o rk  8 0 0  lb s .  o f  c o n g lo m e ra te , which yields about 
6 0 0  lb s . m u c k  b a r ,  is  not over o n e  h o u r  a n d  a  quarter in a well 
c o n s tr u c te d  o r d in a r y  s in g le  p u d d l in g  furn ace , and as there is 
n o  t im e  re q u ir e d  to  “ f i x ”  th e  fu r n a c e  a fte r  every  five or six 
c h a rg e s , se v e n  c h a r g e s  ca n  e a s i ly  b e  m a d e  p er  shift, the pro
d u c tio n  o f  th e  fu r n a c e  b e in g  4 2 0 0  lb s . a g a in s t  2400 lbs. in the 
p u d d lin g  p r o c e s s .  T h e  a m o u n t  o f  c o a l bu rn ed  per ton of iron 
c a n n o t b e  m u ch  m o r e  th a n  o n e -h a lf  o f  th a t  used  in puddling; 
in  fa c t  n u m e ro u s  e x p e r im e n ts  tr ie d  b y  M r. W m . M. Lyon, of 
th is  c ity , h a v e  p r o v e d  i t  to  b e  so . T h e  atnoun t of tools in use , 
p e r  to n  o f  ir o n  m a n u fa c tu re d  i s  o f  c o u r s e  m uch smaller, and 
n o t  m u ch  o v e r  o n e - h a lf  o f  th e n u m b e r  o f  fu rn aces are required, 
a n d  h a v e  to  b e  k e p t  u n d e r  r e p a ir s .  A s  th e puddler with less 
l a b o r  ca n  a lm o s t  m a k e  tw ice  th e  w e ig h t  o f  w rought iron which 
h e  e o u jd  fo rm e r ly  b y  b o ilin g , h e  e a n n o t reason ab ly  expect to 
b e  p a id  th e  sa m e  w a g e s  a s  b e fo re  (p e r  to n ) . W hile pig metal 
i s  u se d  fo r  th e  m a n u fa c tu re  o f  w r o u g h t  iro n , the production of 
i t  d ire c t ly  fro m  th e  o re  b e in g  so  fa r  o f  little  importance, you 
can  re s t  a s s u r e d  t h a t  th e  E l le r s h a u s e n  p ro ce ss  will take the 
p la c e  o f  p u d d l in g  u n iv e r sa l ly  a s  s u r e ly  a s  p ud d lin g  has suc
ceed ed  th e  c h a rc o a l  fo rg e s .

T h e  o re  u sed  fo r  m ix in g  a t  th e  w o r k s  o f  M essrs. Shoenberger 
& C o . a re  m a g n e t ic  o f  6 5  p e r  ce n t, iro n  w ith no sulphur and 
o n ly  a  t ra c e  o f  p h o s b o r u s , a n d  iron  m o u n tain  red hematite of 
th e sa m e  p e r c e n ta g e  o f  iro n . T h e  o re  u sed  by  M essrs. Lyon, 
S h o r b  & C o . i s  a  b ro w n  h e m a tite , c o n ta in in g  0.21 phosphoric 
ac id , 6 0  p e r  cen t, p e r o x id e  o f  iro n , 1 3  p e r  cent, water, balance 
a lm o s t  e n tire ly  s i l ic a  a n d  a lu m in a .

Analyses a
C a rb o n  ch em . c o m b . . 2 .8 7  
G ra p h ite  . . . 1 .84
S ilic o n  . . . 1 .02
S u lp h u r  . . . 0 .1 4
P h o sp h o r u s  . . 0 .6 8
Ir o n  . . 9 2 .4 6

0 .43

0.20
0.011
0.12

•0.89

0.09
0.006
0.14
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C opper, c o b a lt , c a lc ia m , a lu m in u m , a n d  s la g  n o t d e te rm in e d .
(«). P ig  m e ta l from  S h o e n b e rg e r  & C o ., co k e  m etal sm e lte d  fro m  

Lake S u p e r io r , S t e r l in g  & M a rm o ra  o r e s  (o n ly  sm a ll a m o u n t  o f  
the tw o la tte r  o n e s).

(b) . P u d d le d  ir o n  fro m  the sam e.
(c) . W r o u g h t  iro n  o f  the sa m e  m e ta l b y  th e E U e rsh a u se n  

process.
A  p ig  m e ta l sm e lte d  from  v e ry  su lp h u ry  sto c k  a t  th e  w o r k s  

of M essrs. S h o e n b e r g e r &  Co. co n ta in ed  0 .4 2  su lp h u r ; th e w ro u g h t 
iron from  th e  sa m e , p u d d led , co n ta in ed  0 .027 , w hen w o rk e d  b y  
the E U e rsh a u sen  p ro c e s s  o n ly  0 .012 .

d e / a h t
Iron . . . . . 93.01 94.45 — ~i -..T ur

Manganese . . . 0.21 trace cob. —^ 1 , r— r. -
Silicon . . . . 0.93 0.41 0.17 0.16 0.07 0.(>5
Phosphorus . . . 0.57 0.22 0.25 0.22 0.16 045
Sulphur 0.03 0.009 trace trace trace trace
Carbon comb. . 
Graphite

1.05 
. 3.86

1 .34) 
3.18 f 0.34 0.29 0.31 0.24

Slag and trace CuAlCoCa 6.34 6.40 -— — —— ——
i d ) .  Pi^ metal from Sligo furnace (Messrs. Lyon, Shorb & Co.).
(«). “ P enna. “ “ "
i f )  . Wrought iron frbm d  puddled
i g )  . “ “ “ EUershausen process

i t ) . ’ «  «  ( e )  “  “  “

Silicic acid . . . . .
k

14.02
1

.8.95
Peroxide of iron . . . . 17.71 16.01
Protoxide of iron 66.31 68.88
Lime . . . . . 2.08 1.74
M a g n esia ....................................... 0.84 0.85
A lu m in a ....................................... 1.44 1 31
Phosphoric acid . . . . 2.54 1.74
Snlphnret of iron . . * 0.88 0.72
(1) Puddled slag from a.
(l) Slag produced by the EUershausen process.

The iron  d  w a s  pu<ld led  w ith  c in d er  from  th e p u d d lin g  fu r 
naces, w h ile w h en  w o rk e d  b y  the E U e rsh au sen  p ro c e ss  it  f u r 
nished its  ow n  c in d e r , an d  it  i s  fo r  th a t reason  that ^ c o n ta in s  a  
larger am o u n t o f  p h o sp h o r ic  ac id  a n d  su lp h u r  than  1.

This process is being introduced on a large scale at 
Burden’s Iron Works, Troy, N. Y., in direct connection 
with the blast furnace. The turntable is twenty-six 
feet diameter and the mechanical arrangements are ex
cellent. Prof. Maynard of the Rensselaer Polytechnic 
Institute, of that city, is engaged in making thorough
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analyses of the ores and the finished products. Experi- 
ments have already been made with the Champlain 
magnetites, Vermont brown hematites, with mixtures of 
magnetites and black oxide of manganese, black oxide 
alone, and with the magnetic iron sands from the St. 
Lawrence sent by Dr. Sherry Hunt. Prof. Maynard 
writes us, that when the magnetite was used, the evolu
tion of CO was quite plentiful, although by no means 
sufficient, as he supposed, for the complete elimination 
of the carbon, but in the balling the principal chemical 
action will probably take place. When the hematite 
was used there was no evolution of gas, the pig blooms 
from this treatment showed that the mixtute is not by 
any means so complete as with the magnetic oxide 
(Fe* O*)'. Experiments have been tried under the direc
tion of Mr. A. L. Holley, who has large experience in 
the American Bessemer 'process and is thoroughly com- 
petent to judge of the value of the iron; and with the 
established skill of Prof. Maynard, who has the direction 
of the analyses, results of very important scientific and 
economic value may be expected.

This process has been introduced into Sharon, Pa,, at 
the.Westerman Mill, where the success is claimed to be 
decided; but in no place is the process so thoroughly and 
extensively attempted as at the works in Troy, N. Y.

Johnson's Furnace.—We shall only describe this fur
nace briefly, and yet sulEciently, to represent all the 
claims of success which, thus far, may justly be made 
for this furnace. I t  was only in Jan. 22, 1868, that Mr. 
Johnson received letters patent for this invention, which 
claims entirely ta  dispense with the costly blast furnace 
hitherto employed. The construction of the furnace is 
simply that of an ordinary blast furnace wherein are 
placed, vertically, a number, say twelve or more, refrac
tory crucibles opening outside at the top of thê furnace. 
These crucibles are perforated in the bottom, and into 
them are put the charges of ore and flux, with or with
out charcoal.- The heat from the hearth, or Siemens 
gas generator, passing among these crucibles, melts the 
ore and flux, which flowing down run together out upon
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the hearth which is inclined downward from the right 
and from the left to the middle of the furnace, where 
the iron settles covered with flux. At this lowest part, 
or angle, the tapping-hole is put.

Much is claimed for this furnace, hut we presume that 
the advantages, as well as the disadvantages, niay be 
readily seen by any one acquainted with the practical 
workings of the blast furnace. The main advantage 
would be found in the shielding of the iron,. when 
dropping down through the flux, from the effects of 
sulphur and other impurities in the coal or fuel. This 
muld be an advantage, and apparently the only one of 
much practical importance. The disadvantages would 
be the incessant destruction of the crucibles, .and the 
small amount of iron made by this furnace when Com
pared with the ordinary high furnaces. The’ purity of 
the iron made with the use of cheaper and more impure 
fuels is the most important element in the advantage for 
the decreased expense, due to the fact that smaller blast 
engines.are called for ip this than in the ordinary fur
naces, would not be so important an item as to call for 
much attention. This furnace, however, needs consider- 
able modification', as does the process of makipg malleable 
iron and steel, which is associated, in theory, with its 
operations in the general; we think, therefore, that it 
needs no further notice at this time.*

* T h e  P rac tic a l M echanic’s  Jo u rn al, Ju n e  1, 1869.

    
 



PART IV.

STEEL.

IN TRO DU CTIO N.

A l t h o u g h  t h e r e  h a s  b e e n  n o  d if f ic u lty  experienced for 
a g e s  p a s t ,  in  m a k i n g  s t e e l  a s  s u c h ,  th e r e  ex ist many 
m y s te r ie s  c o n n e c t e d  w i t h  t h e  m a n u fa c tu r e  which have 
n e v e r  y e t  b e e n  s a t i s f a c t o r i ly  e x p la in e d .  T h e  generally 
a c c e p te d  m e th o d  o f  p r o d u c in g  s t e e l ,  o r  rather o f trans
fo r m in g  m a l le a b le  ir o n  in t o  s t e e l ,  i s  b y  th e  addition of 
c a r b o n , o r  t h e  c o m b in in g  o f  c a r b o n  a n d  m alleable iron 
in  c e r ta in  p r o p o r t io n s ,  w h ic h  w e  h a v e  ind icated  Upon 
a  p r e v io u s  p a g e . B u t  w h y  c a r b o n  sh o u ld  produce this 
r e s u l t  i s  a  m y s t e r y — w h y  c a r b o n , th u s  in trod u ced , should 
c a u s e  ir o n  to  r e ta in  i t s  m a g n e t is m  is  a  m ystery— why it 
s h o u ld  a d m it  o f  t e m p e r in g  i s  a  m y s te r y , aUd y et these 
a re  th e  w e l l - k n o w n  d is t in c t io n s  o f  s te e l from iron, 
m a lle a b le  o r  c a s t .  O th e r  in g r e d ie n t s  th a n  carbon will 
a ls o  in f lu e n c e ,  fa v o r a b ly ,  t h e  fo r m a tio n  o f  s tee l, or a metal 
a n s w e r in g  a ll  t h e  c o n d it io n s  o f  c a r b o n  s te e l either with 
ca r b o n  o r  w i t h o u t  a n y  p o r t io n  o f  c a r b o n , as w e shall see. 
S n ia ll  p r o p o r t io n s  o f  a lu m in u m , a n d  esp ec ia lly  o f  chro
m iu m , s e e m , w i t h  o th e r  a l lo y s ,  to  p r o d u c e , w ith ou t any 
p o r t io n  o f  c a r b o n , s t e e l  o f  s u p e r io r  q u a lity , answ ering all 
th e  c o n d it io n s  ( o f  a , c o m m e r c ia l  v a lu e )  o f  steel from 
c a r b o n . S m a ll  p o r t io n s  o f  s u lp h u r , p h osp h oru s, silicon, 
se e m  in  s o m e  c a s e s  t o  in ju r e  a n d  in  others only to 
m o d ify  w it h o u t  in j u r in g  t h e  q u a l i t ie s  o f  steel. Small 
p o r t io n s  o f  n it r o g e n  s e e m  to  b e  e s s e n t ia l  in  som e cases, 
a n d  y e t ,  s u c h  i s  t h e  u n c e r t a in ty  in  o th e r  cases, that some 
o f  o u r  b e s t  a n a ly s t s  a r e  a t  v a r ia n c e  e i th e r  as respects its 
e x i s t e n c e  or i t s  q u a n t i t y .
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Carbon Steel,

Steel by Direct Process :—from the Ore.-—It is plain 
if malleable iron (combined with proportions of car
bon ranging from 0.5 to 2.00 per Cent.) becomes steel, 
that it matters not whether cast iron be decarbonized to 
these proportions, or malleable iron be carbonized to the 
same proportions—-steel will result.

The earliest methods of making steel were, acciden
tally, the latter. When the rich ores were deoxidized 
by heating with charcoal, they became malleable iron—a 
little more heating with charcoal, carbonized them into 
steel. This was an eaj-ly method of making steel, and 
perhaps adopted in the earliest ages, long before Cast 
iron was known. Such is the method adopted in the 
Hindoo furnaces, in Burmah, at the present day, and 
in the Catalan forges of Italy and Spain. With skill a 
nearly uniform metal is the result; without it, a mingled 
mass of iron and steel, the latter more or less carbonized 
and therefore more or less steely.

In 1791 the patent granted to Samuel Lucas for 
making steel from rich ores in crucibles with carboniz
ing material, was nothing more or less than making 
steel upon the same principle. So, also in the case of 
David Mushet’s patent in 1800, and still later 1836, in 
the case of John Isaac Hawkins. In 1854 the convert
ing furnace, in principle similar to that now in use, was 
adopted for interstratifying iron bars with ore and car
boniferous material, wherein, the ore seemed to be of no 
direct use in transforming the bar iron into steel, that 
result being due to the carboniferous material. In 1856, 
Wm. Edward Newton obtained a patent involving the 
very same principle worked out previously, in which the 
ore was deoxydized and then carbonized by being heated 
to whiteness with charcoal. And Dr. Percy says, the 
same experiments were tried by Mr. E. Kiley, at the 
Dowlais Works a little later.

The process called Ghenot’s process is nothing'more 
than another method of performing the same work of 
carbonizing the porous malleable iron obtained by
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deoxidizing rich ores. This deoxidization leaves ihe 
ore porous and gives rise to the name of “ metallic sponge” 
as applied to such ore. Such a state of poroSit'y is 
easily understood when we remember that a pure sesqui- 
oxideofiroi, —(brown, red hematite)—contains of oxygen 
twenty-four parts in every eighty of the oxide. This 
metallic sponge was ^saturated with hydro-carburetted 
liquids, as resins, oils, &c., and compressed to two-thirds 
its size into cylindrical moulds, and melted in crucibles. 
The steel resulting has not been considered equal to 
first class English steel. After the above mentioned 
instances it may not be surprising that the same class of 
efforts are being continued, or that we have manufacto
ries in various places, where the same principle is applied 
to rich ores from Lake Champlain and elsewhere, but 
the resulting steels, which we have examined, seem to 
exhibit more or less lack of homogeneousness.

Earnest efibrts have been made at Clifton, on the Kome, 
Watertown, and Ogdensburg B..R., N.Y. The process 
employed is the patent of Dr. George Hand Smith, of 
Rochester, and is as follows: The ore being crushed 
to about one-eighth inch size, is mixed with about half 
its bulk of fine charcoal, and charged two tons at a time 
into a reverberatory furnace with a hollpw bridge 
through which petroleum is passed. The carburetted 
hydrogen aids directly in reducing the ore. In about 
five hours the ore is deoxidized and carbonized into 
steel. The process in this instance does not seem to 
have been very successful. Another plan adopted at 
Ringgold, Schuylkill County, Pa., is by drawing the ore 
down from shelf to shelf to meet an ascending column 
of ignited charcoal particles and thus deoxidizing the 
lore. To these we might add other places, as in Mott 
Haven, N.Y. City, Massachusetts and in the West, none 
of them, however, differing in principle nor in economical 
results. These works, however, have not been in operation 
for a time sufficiently long to test what may yet be done. 
I t scarcely need be added that ardent hopes are had that 
these attempts will succeed, and some good results are
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exhibited. All the above processes may be classed 
under the head of carbon steel by the direct process.

Carbon ^ee l by Indirect Process:—̂ from hm’ or malle
able Iron ; Steel o f Cementation, bar or blistered Steel.—  
■It is said that the iron imported from Mac as, Sweden, 
and Kussia into Great Britain, is of such a quality that 
it is capable of beina: converted .into steel of quality 
superior to any manufactured from*British iron, except
ing the charcoal iron of the Ulverstone.

Swedish iron is the first in rank and commanded the 
highest price, formerly 86?. 10s. per ton, against excellent 
English coke-iron at 7?. 65, per ton. (tJre.) It is supposed 
that this superior quality of the Swedish iron is due to 
the peculiar nature .of the ore from which it is smelted. 
This is stated to show that the operation known as 
cementation is successful in proportion to the purity of 
the iron-used.

In the following diagram is represented a ground 
plan, Fig. 236, and cross section. Fig. 227, of the Sheffield 
furnace for making bar or blisteted steel, which is about 
the same in form with that which has been used for 
more than a half century, and is now used in our best 
furnaces at Pittsburg and elsewhere. I t is called the 
furnace of cementation.

The hearth of this quadrangular furnace is divided by 
a grate into two parts, upon each side of which there is 
a chest a, called a trough, made of fire-clay or fire tiles. 
The breadth of the grate varies according to the quality 
of the fuel. 6, 6, are air-holes; c, c, flues leading to the 
chimney, d, d. To aid the draught of the smoke and the 
flame, an opening e, is made in the middle of the flat 
arch of the fuimace. In one of the shorter sides fends), 
there are orifices f , f ,  through which the long bars of 
iron may be put in and taken out; g, is the door by 
which the steel-maker enters, in filling or emptying the 
troughs; h, is a proof-hole, at which small trial' samples 
of the steel in the act of its conversion may be drawn 
out. The furnace is built under a conical hood or 
chimney, from thirty to fifty feet high, for aiding the 
draught and carrying off the smoke. The two chests are
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Fig. 226.
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built of fire-stone grit, they are eight, ten, or even fifteen 
feet long, and from twenty-six to thirty-six inches in 
width and depth; the lower and smaller they are, the 
more uniform will the quantity of steel be.

A great breadth and height of trough are incompatible 
with equability of the cementing temperature. The 
sides are a few inches thick. The width between them 
is at least a foo t; they should never rest directly upon 
the sole of the furnace, but must have their bottom 
freely played upon by the flame, as Avell as the sides and 
top. The degree of heat is regulated by openings in the 
arch, or upon the long sides of the furnace, which lead 
to the chimney ; as also by the greater or less quantity 
of air admitted below the grate, as in glass-house 
furnaces.

The so called “ Cement^' used in place of pure hard 
charcoal, now prepared by steel makers, was a mixture of 
ground charcoal, common salt, and one-tenth of ashes. 
The salt it was thought united with the silica in the 
charcoal, and formed glass or slag, and thus prevented 
the silica from uniting with the steel, which would
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render it hard ; the use of the ash is unknown, but we 
may Say that the potassa in the ash will al?o unite 
with the silica and form slag. W e have said that the 
Use of the ash is unknown, for its presence is not 
thought necessary to the manufacture of good steel.

Upon the bottom of the trough about two-inches of 
this cement is placed, and the bars are laid in it one-half 
to three-fourths of an inch apart, and one inch from the 
side, then half inch cement on these bars, and bars on 
the charcoal or cement again, and so on alternating 
cement and bars till the trough is filled within six inches 
of the top, which is filled with damp sand or old cement 
and fire-tiles. Some lute the top with clay. The object is 
to prevent all access to air. In the time of Ueaumur, 
1722, many recipes for cement were given and important 
secrets made of cements, hence the name “ cementation.”

As to the fire, this must be carefully urged from two 
to four days till it acquires the temperature of 100° 
Wedgewood; and this temperature must be maintained 
from four to ten days according to the size of the fur
nace and the harness of steel desired. At Pittsburg the 
time is generally eight or nine days. In the front or 
remote end of the furnace, Fig. 227, a door is left in the 
outer building, corresponding to a similar, one in the 
end of the interior vault, through which the Workman 
enters for .charging the furnace with charcoal and iron 
bars, as also for taking out the steel after the conversion. 
In the end of the chests, called also converters, small 

. openings are also made through which the ends of a 
few bars are left projecting, to be pulled out and ex
amined at different times. The tap holes, as they are 
Called, should be placed near the centre of the end stones 
of the chests, that the bars may indicate the average 
state of the process. The joinings of the fire-stones are 
secured with a finely ground Stourbridge clay, or by any 
material preventing the entrance of air. The interval be
tween the two chests being covered with an iron platform, 
the workman stands on it, and sifts a layer of charcoal 
on the bottom of the chest evenly, about half an inch 
thick. . He then lays a row of bars, cut to the proper
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length, over the charcoal, about an inch from each 
other; he next sifts on a second stratum of charcoal 
dust, which, as it must serve for the bars above as well 
as below, is made an inch thick; thus, he continues to 
stratify, till the chest is filled within two inches of the 
top; and he.covers this with any convenient fire loam. 
The bars should be so placed that those of the second 
series cover the interstices between the bars of the first 
and the third, those of the second, and so on in succes
sion. The trial rods being longer than the others, their 
projecting ends are incrusted with fire-clay or imbedded 
in sand. The iron platform being removed, and all the 
openings into the' vault closed, the fire is lighted, and 
very gradually increased, to avoid every risk of cracking 
the grit stone by too sudden a change of temperature; 
and the ignition being finally raised to about 100° 
Wedgewood, but not higher, for fear of melting the 
metal, must be maintained at a uniform pitch, till the 
iron has absorbed the desired quantity of carbon, and 
has been converted as highly, that is, the steel made is 
hard as the manufacturer intends for his peculiar object. 
The charcoal preferred at Sheffield is good white ash 
coal, and fresh coal is alway Used with the spent coal of 
the last charge. (lire.)

From six to eight days is considered a sufficient 
period for the production of steel of moderate hardness, 
and fit for tilting into shear steel. I f  the steel is to be 
soft-t-for saws, springs, &c., the time is less than six 
days—if harder, for chisels for cutting iron, will need 
longer exposure to the ignited charcoal. In some cases 
when exceedingly hard steel is desired the bars are ex
posed to two or three successive* processes of cementa
tion. The higher the heat of the furnace, the quicker 
is the process of conversion. The furnace being suffered 
to cool, the workman enters it again, and hands out,the 
steel bars, which are covered with blisters, from the 
formation and bursting of vesicles while the steel was 
soft, on the surface filled with gaseous carbon, some say 
carburetted hydrogen, Dr. Percy thinks CO from reduc
tion of proto-silicate of irpn, or from escape of sulphur
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in the iron in shape of bisulphide of carbon. It is 
therefore called blistered steel. This steel is very irregu
lar in its interior texture, has a white color, like frosted 
silver; and displays crystalline angles and facettes, which 
are larger the further the cementation has been urged, 
or the greater the dose of carbon. The central particles 
are always smaller than those near the surface of the 
bar.

When the iron is only to be case-hardened, the 
tnaterial used is composed of about ninety per cent, of 
charcoal, the remainder consisting of the carbonates of 
lime and potash. The articles are packed in this ma
terial in the usual manner, any parts which it is desired 
to prevent from becoming case-hardened being coated 
with clay. The time the articles are allowed to remain 
in the furnace Varies from nine hours to forty-eight 
hours, according to their size and the depth to which it 
is desired the steeling shall penetrate.^

In a furnace of this size twelve tons of bar iron may 
be converted at a charge. In those prepared at Sheffield, 
seventeen feet by four feet, sixteen to eighteen tons are 
converted..

I t  is said that smaller furnaces will consume more 
fuel proportionally than larger ones. Such sjteel often 
contains fissures and cavities occasioned by the absorp
tion and action of carbonaceous matter; if, therefore, 
these bars are desired for tools they must be made uni
form and compact by means of a tilt hammer.

Shear Steel, so named because it is used for the manu
facture of shears. I t  is made by taking five bars of 
blistered steel, four of which are about eighteen inches 
long and the fifth double this length to serve as a handle ; 
these bars are bound into a fagot by means of a thin 
steel rod. This fagot is now placed in a forge hearth, 
and subjected to a good welding-heat, sprinkled over 
with sand so as to form a thin film of iron slag over it,

* See drawing of Dodd’s case-hardening furnace, Engineering, Feb. 
15, 1867, not however materially differing from that we have drawn 
above.
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which serves for a protection. The bars are then notched 
and fiTmly united under the tilt hammer. I t is then 
heated again and drawn out in rods of the size required.

Cast Steel.—This is made from blistered steel, broken 
into small pieces and melted in the be^t fire-clay, plum
bago, or blacklead crucibles. Not any of the various 
methods of hammering and of compressing will produce 
perfect homogeneity of metal so well as re-fusion and 
casting. Hence, the following form of furnace is resorted 
to as adapted to the end had in view of obtaining suffi
cient heat for melting converted bar steel. This foi'm is

Fig. 228.

Cast steel air furnace.

that, without any material alteration, adopted at the 
Pittsburg, pa , steel works, and at other places. The 
chimney stacks are usually about forty-five feet high.
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and the draught is taken from outside the building 
through a subterranean gallery immediately under the 
floor. The drawing will sufficiently explain itself.

The furnace is a square prismatic cavity lined with fire
bricks, in some cases only twelve inches each side, and 
twenty-four inches deep, with a flue immediately under 
the cover three and a half inches by six, for conducting 
the smoke into an adjoining chimney. The ash pits end 
in a subterraneous passage which serves two purposes, 
an ingress for. the cold air and an egress for the ashes. 
The crucible is placed on a piece of baked fire-clay or 
bottom of old crucible, and well covered with a lid. 
The fuel used is coke; the crucible is taken out by 
means of tongs, and the steel poured into cast-iron 
rectangular or octagonal moulds, previously heated and 
smoked. This steel is harder than shear, and cannot be 
subjected to a heat greater than cherry red without be
coming brittle and useless; it is also less easily welded. 
I t  is said that if iron is well polished it can be elegantly 
plated by, or welded into, this steel. ' The process is 
simple, viz., by pouring over the polished iron the 
molten steel from the crucible. Thus by such combi
nation, we have a metal which has the toughness of iron 
and the hardness of steel, and is well adapted to the 
purpose for which it is used; i. e., for the manufacture of 
chisels. When the metal is unequally carbonized, that 
is, when the metal nearer the surface contains more 
carbon than the interior, it can readily be equalized by 
means of manganese (M11O2). Heating the steel, thus 
unequally carbonized, in connectioix with manganese, the 
manganese parts witli its oxygen which unites with the 
carbon of the steel and forms carbonic oxide (CO), or 
carbonic acid (CO^) which escapes, and the steel be
comes homogeneous and softer.

Indian Steel, or Wools,—The ores are generally mag
netic oxide, silex about forty-two per cent., and magnetic 
oxide fifty-eight per cent. The ore is pounded and se
parated from the stony matrix, preliminary to smelting, 
and the bar iron made from these ores is cemented. 
This steel is said to be the finest steel known, and is
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used for the manufacture of the celebrated Damascus 
sword-blades of the East. English manufacturers, with 
all their experience and advantages, are unable to pro
duce steel of an equal quality to this Indian Wootz. 
Prof. Faraday attributed its peculiar excellence to the 
presence in its composition of a small quantity of alumi
num. In corroboration of the supposition that the 
wootz steel contains aluminum, it is a fact that in the 
manufacture of steel good clay is mixed with an equal 
quantity of charcoal made from paddy husks, and hav
ing been well moistened with water, is thorougly mixed 
by being trodden under the feet of oxen, it i§ then 
picked clean and made into cupels (crucibles), which are 
dried one day in the shade and next day in the sun. A 
fireplace is then built up composed of clay and stones, 
and furnished with two bellows. Each of the cupels is 
now loaded with a small piece of iron, from ten to four
teen ounces in weight, together with five small pieces of 
the Tangaree wood. Three rows of the loaded cupels 
are placed one above the other so as to occupy the whole 
area of the furnace, the room of one cupel being left 
empty opposite the nozzle of the furnace. They are then 
covered with two bushels of charcoal and burned for six 
hours, a third bushel of charcoal having been added as the 
former two are consumed.* The furnace in which theore is 
smelted is a small and simple affair, in form is pear-shaped,, 
and only four to five feet high, and about two feet wide at 
the bottom, and one foot at the top, made entirely of 
clay. A few men, it is said, can make one in several 
hours. The opening in front, which is about a foot in 
height, is built up with clay at the commencement, and 
broken down at the eve, of each smelting operation. 
The bellows are made of a goat’s skin. This skin is 
taken from the animal without opening the part cover
ing the belly. The apertures at the legs are tied up, 
and a nozzle of bamboo is fastened in the opening formed ' 
in the heck. The orifice of the tail through which the 
air is admitted is closed while the stroke is made, and

66
* Engineering, March. E,186t.
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opened afterwards so as to admit a fresh portion of air, 
and by this means a constant blast is kept up. The 
nozzle of the bellows is inserted into tubes of clay, 
which are put into the furnace at the bottom corners of 
the temporary wall in front; the furnace is filled with 
chaiKJoal and ignited at the entrance of the nozzle, the 
ore is then placed on the charcoal and covered with the 
latter. Ore and fuel are thus supplied, and the bellows 
are urged for three or four hours, when the process is 
stopped—the temporary wall in front is then broken 
down, and the bloom is removed from the bottom of the 
furnace. This then is beaten by a wooden mallet so as 
to separate from it all the scoriae; while still hot it is cut 
through the middle so as to present the interior of the 
mass. This is now iron, and, in order that it may be con
verted into steel, the natives cut it into such pieces as 
may be conveniently packed into the crucibles, which are 
made of refractory clay, mixed with a large quantity of 
charred husk of rice. I t is charged with one pound of 
iron, one pound of wood, covered with a few green leaves. 
The mouth of the crucible is then closed with tempered 
clay so as to exclude the air. The wood used is Cassia 
auriculata, and the leaf that of Asclepias gigantea, or the 
Convolvulus laurifolius. Twenty to twenty-four of the 
crucibles, as soon as the clay plugs are dry, are built up 
in the foym of an arch in a small blast furnace. These 
are covered with charcoal and subjected to a heat urged 
by a blast for two and a half hours. The crucibles are 
now taken out and'allowed to cool, after which they are 
broken apd the steel is found in the form of a cake, 
rounded by the bottom of the crucible.

The following is an analysis of the wootz, or Indian 
steel, taken from Percy’s work on Iron and Steel:—

Carbon com b in ed 1.333
Carbon u ncom b in ed  . - .312
S ilicon  . . .045
Sulp hu r . . . . , . .181
A rsen ic  . . . . ■ . .037
Iron  by d ifference . 98.092

100.00
Specific g r a v ity  o f  the above, 7 .727  at 62° F.
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e following observations on the 
were made by Dr. Pearson:—

specific gravity of

1. W o o tz  . . . . 7.181
2. A n o th e r  specim en o f Wootz . 7.403
3. T h e  sam e, forged . ' 7.647
4. A n o th e r  specim en, forged 7.503
5. W o o tz  w hich had been m elted 7 .200
6. W o o tz  which had been quenched

w h ile  w h ite hot . . . 7 .166

The following may be interesting in this connection:—

On the Indian Method o f Working Iron and Steel for the 
Damascus Gun Barrels and Sword Blades.

B y  C a p t . M ic h a e i. B . B agno ld , of B ombay.

(Prom the Transactions of the Society for the Bncouragemeut of Arts, 
Hanufactures, and Commerce.)

On the Damascus Gun Barrels.—Those made at Bom
bay, in imitation of. Damascus, so much valued by the 
Orientals for the beauty of their twist, are manufactured 
of iron hoops, obtained from European casks, mostly Brit
ish. If not rusted, they are exposed to moisture until 
they are sufficiently prepared for welding. They are 
piled in lengths of about twelve inches, one or one and 
a half inches high, laying the edges straight, so as not to 
overlap each other; a longer piece is then so fitted as to 
return over each end and hold the whole together in the 
fire; it is then heated to a welding heat, and drawn out 
to one inch wide and one-third of an inch thick; it is then 
doubled up in three or more lengths, and again welded 
and drawn out as before, and this repeated to the third 
or fourth time, according to the degree of fineness of 
of twist desired. The bar is then to be heated one-third 
of its length at a time, and, being struck on its end, is 
flattened the contrary way to that of the stratification; 
this brings the wire or vein outwards upon the strap. 
The barrel is forged as usual, but much more jumping 
(or upsetting endways) by stinking the barrel againt the 
sideof the anvil, when at a welding heat, to render the twist 
finer. The most careful workmen always make a practice

    
 



894 T H E  M ETA LLU RG Y OF IRON.

of covering the part exposed to the fire with a lute com
posed of mild clay and the dung of cows or horses, in 
order to guard against any unnecessary oxidation of the 
metah When the barrel is completed, the twist is raised 
by laying the barrel, from one to five days, either in 
vinegar or. a solution of the sulphate of iron, until the 
twist is raised— this process is called the wire twist.

To produce the curl, the bars or scraps are drawn about 
three-fourths of an inch square, and twisted some to the 
right and some to the left; one of each sort is then welded 
together, doubled up, and drawn out, as before described 
—and according to the skill of the workmen will be the 
intricacy of the twist.

Sometimes to save time an artist will rough file an 
English barrel, and spirally wrap a piece of Damascus 
iron around it and along it, and then weld.

A native artist never works with pit coal under any 
consideration ; charcoal from light wood forms his only 
fuel.

Damascus Sword Blades.

Some make a pile of alternate layers of softer and 
harder cast steel, with powdered cast iron mixed with 
borax sprinkled between each layer (the soldering steel 
or iron with cast iron and borax, and welding after- 
wards, seems to be an Eastern practice). These are 
drawn out to one-third more than the length of the in
tended blade, doubled up, heated, twisted and reforged 
several times (the twist is brought out as in gun barrels).

Some swords are forged out of two broad plates of 
steel, with a narrow plate of good iron welded between 
them, towards the back, and thus leaving solid steel for 
the edge, of a considerable depth.. Others prefer to 
make them of one plate of steel with a lamina of iron 
on each side of it to give strength and toughness.

Swords of this kind were tempered with the following 
compound, and with considerable effect:—

The Hardening Composition.— T\ie blade was covered 
with a paste formed of equal parts of barilla, powdered

    
 



STEEL. 885

egg shells, borax, common salt, and crude soda heated to 
a moderate red Jieat, and just as the red was changing to 
a black heat, quenched in spring water.

From information from the workmen it appears that 
Damascus obtains all its steel from the upper part of the 
Deccon, where it is called Indian steel.'

Steel from Malleable Iron, Melted. Mushefs Steel.— 
David Mushet obtained a patent in 1800 for a process 
of manufacturing cast steel I t  consists in fusing malle
able iron in the form of bar or scrap, or iron ore, when 
sufficiently rich and pure, in crucibles with a certain 
amount of carbonaceous matter. The quality of the 
steel will vary according to the amount of carbon— 
less carbon will make softer steel and more carbon will 
make it harder.

It is said that if to the weight of iron in
charcoal be fused with the iron, a product will be obtained 
between malleable iron and steel. This can be welded 
and slightly tempered.

It possesses’great strength and tenacity, and admits 
of a high polish. If the above amount of carbon is 
diminished, the iron becomes more and more red-sh6rt, 
and loses its weldability. When ^^^th of the weight 
of iron is cai’bon, it appears to have little or no effect 
on the iron.

This method has been attempted at various places in 
country and elsewhere. Mr. Jas. Park, of Pittsburg, 
of the firm of Park, Brother & Co., Black Diamond Steel 
Works, whose experience is practical .and thorough, 
writes us upon this method, which we suggested some 
time ago as an experiment, as follows : “ I have tried 
the melting of good malleable iron and good charcoal 
pig with unsatisfactory result, the production being a very 
poor unmerchantable quality of cast steel. Good cast 
steel cannot be made without first producing from good 
quality of pig iron (charcoal) good malleable iron, in the 
production of which, unless the iron is carefully and 
well worked with the use of charcoal fuel, the resulting 
cast steel will be bad. I  find by cai*eful experiments, 
that the importance of carefully working the charcoal

    
 



886 THE METALLUEGT OP IRON.

pig into malleable iron, with the use of charcoal fuel, 
cannot be overrated. A very small piece of the best 
quality of ch^ircoal pig iron (even an ounce) dropped 
into the Steel in the crucible will destroy the quality. 
•To melt malleable iron alone would take about 4200 de
grees, and be very expensive, as it would be too high a 
heat to allow the furnaces or crucibles to last for any 
reasonable time. Steel melts at 2800 degrees, and this 
we find as high as crucibles and furnaces should be sub
jected to.”

This presents the difficulty which at the time we did 
not fully realize, nor can we yet, in so bread a sense as 
that communicated to us in the above, as we shall see 
further on in treating of the new steel la,tely made with 
chromate of iron.

Another experiment, which we may as well state here, 
in some considerable measure elucidating the rationale 
of the formation of steel, is connected with the cementa
tion process. W e Suggested that, perhaps, the ham
mering of the bar before cementation »might have a 
tendency to modify the hardening, by increasing the 
closeness of texture and thus increasing the hardness. 
Mr. Park writes as follows:—

“ I tried the experinient with no good result. The 
bars, after being hammered, resist taking up carbon in 
the converting furnace, and are not, in that condition, as 
good for melting as rolled bars of iron.

One experiment made, was to heat the bars, before 
being hammered, in a charcoal fire—the experiment sat
isfied me that nothing was gained by this expensive 
treatment.”

There is a metal lately introduced under the title of 
“ homogeneous metal.” As this metal is of importance 
in some of the parts of important machinery, and is a 
steel of’ a low amount of carbon, we shall speak of it in 
this place. The homogeneousness of the metal is due 
to fusion. A specimen contained ,23 per cent, carbon. 
The relation between the iron and cqrbon ( i e„ exclusive 
of O .334 per cent, of Si, S, P, and Mn), is 99.206 : 0.230, 
or about i^^^rths of carbon and less than the smallest ■
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proportion of carbon given by Mr. Mushet; but his pro
portion was theoretical, and only a direction of proce
dure, and not an actual found amount. The term was 
used for it in a patent granted Jos. B, Howell, for 
making steel from mixture of iron scale in addition to 
the ingredients in common use for making cast steel,” 
which is practically “ meagre and unsatisfactory.”* 
Dr. Percy considers that, in principle, there is no dif
ference between the ancient Hindoo method of making 
wootz and Mushet’s process.

American Uses o f this Metal.

■ The following remarks will appropriately be made 
upon the uses and the qualities of this metal as made 
in, our own county, and, as Pittsburg, Pa., is the great 
Sheffield of America, we shall notice some experiments 
made in the use of this low grade of steel. Last Jan., 
1868, we wereshownby Mr. James park, of theCompany, 
hereafter mentioned, a steel tube, or pipe, about two and 
a half inches calibre and of about three-sixteenth thick
ness, in a section of five inches, which was by one blow 
of the hammer reduced in length to about seven-eighths 
inch without the slighest crack. This same experiment 
was tried by the side of some excellent English homo
geneous or steely iron, perhaps, not Of the best reputation 
at home but of good reputation here. The latter sec
tion, of the same size in all respects, suffered several 
small ruptures by the same blow. Both pieces were 
placed upon the same block and struck by the same 
blow. This iron is of great importance in the formation 
of locomotive. engine fire-boxes and in other exposed 
parts of the engines. The following, under the form 
of an editorial in the Pittsburg Gazette, May 28, 1868, 
gives a sufficiently satisfactory history of late attempts 
to make and use the above-mentioned kind of steel.

Within a few years the manufacture of steel has become one 
of the most important in this city, the annual product now

*Dr. Percy, P- TIT.
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re a c h in g  fiv e  m ill io n s , w ith o u t in c lu d in g  the value added to 
m u ch  o f  H b y  b e in g  w r o u g h t  in to  t o o ls ,  agricu ltural imple
m en ts, a n d  o th e r  u se fu l  fo rm s. B e s id e s  the rap id ly  increasing 
d e m a n d  fo r th e  m a n y  p u r p o s e s  fo r  w h ic h  it h as already been 
u sed , it  is  c o n s ta n t ly  b e in g  a p p lie d  to  n ew  u s e s ; and while iron 
i s  S u p p la n tin g  o th e r  m a te r ia ls  o f  c o n stru c tio n , steel is encroach
in g  on  th e  d o m a in  o f  iro n . I t s  g r e a t e r  strength  has always 
a ffo rd ed  h o p e s o f  i t s  p r o v in g  f it te r  th an  iron  to resist heavy 
s t r a in s ;  b u t  th e  s u p p o s e d  d iffic u lty  o f  p ro d u c in g  uniformity of 
q u a lity , lo n g  p r e v e n te d  i t s  b e in g  t r u s te d  b y  engineers. Latterly 
th is  d iffic u lty  h a s  b ee n  s o  c o m p le te ly  overcom e, that our best 
m a n u fa c tu re r s  a r e  a b le  to  v a r y  th e  q u a l ity  o f  their steel to suit 
a n y  p u rp o se  fo r  w h ic h  i t  m a y  b e  re q u ir e d , so  that quite a vo
c a b u la r y  o f  t e r m s  i s  u se d  to  d e n o te  th e  num erous varieties. 
O n e o f  th e se , u s u a l ly  c a lle d  “ h o m o g e n e o u s  m etal,”  contains 
m u c h  le s s  c a r b o n  th a n  o th e r  s te e l, a n d  so  occupies a  middle 
p o sit io n  b e tw een  w r o u g h t  iro n  a n d  cast-stee l, partak ing of the 
q u a l it ie s  o f  b o th . T h is  i s  s o ’ e v e n  in  th e process o f manu
fa c tu re . I t  i s  m e lte d  w ith  m u ch  m o re  d ifficu lty  than steel, but 
w ith  le s s  th an  iro n , th e  fu s ib i l ity  o f  s te e l  depending upon the 
a m o u n t  o f  c a rb o n  i t  co n ta in s . F o r  th is  reason  its  production 
r e q u ir e s  m o re  s k i l l  th an  h ig h e r  g r a d e s  o f  cast-steel, and is at- 
te 'n ded  w ith  g r e a t e r  e x p e n s e ; c r u c ib le s  w hich would last for 
■ several h e a ts  w ith  th e  o n e  a re  o ften  d e stro y e d  b y  a  single charge 
o f  t jie  o th er. I n  m a lle a b ility  a n d  d u c t i l ity  homogeneous metal 

.^ i s s q u a l  to  i r o n ;  i t  w e ld s n e a r ly  a s  w e ll; is  tougher both hot 
■ *and c o ld ;  h a s  m u c h  g r e a te r  te n sile  s t r e n g th  than iron ; and is 

f re e  fro m  th e  b r i t t le n e s s  o f  h ig h ly  carb o n iz ed  steel. These 
q u a l it ie s  re n d e r  i t  s o  su p e r io r  to  iro n  th a t  it  is now substituted 
fo r  m an y  p u r p o s e s  fo r  w h ich  th e  h ig h e r  g ra d e s  o f  steel are ut
te r ly  u n fit.

I t s  u se  in  th e  c o n s tru c tio n  o f  b o i le r s  sh ou ld  he especially 
in te re s tin g  to  th e  p u b lic ,  w h ere  i t  s o  in v o lv e s  the security of 
life . F o r  th is  p u r p o s e  i t  m ig h t  a p p e a r  a t  first sigh t as i f  great 
s t re n g th  w ere th e  m o st  n e c e ssa r y  q u a l ity , an d  such, indeed, was 
th e  b e lie f  w hen i t  w a s  f ir s t  u se d  fo r  b o ile r s . S tee l boiler plates 
w ere  then  re q u ir e d  to  h a v e  a  h ig h  te n s ile  strength, and-this 
w a s  o b ta in e d  in  th e  re a d ie s t  m a n n e r  b y  m ak in g  them hard; 
a n d  in v a r ia b ly  w h e re  th is  w a s d o n e  f a i lu r e s  resulted, the plates 
o ften  c r a c k in g  in  p u n c h in g , r iv e tin g , o r  ca lk in g , and thus pre
v e n t in g  a  w o rse  c a ta s tro p h e . J o h n  B r o w n  & Co., o f  the Atlas 
W o r k s ,  Sh e ffie ld , o n e  o f  th e  m o st  n o te d  firm s in England, for 
a  tim e  s ig n a lly  fa ile d  in  th is  w a y , s o  th a t  now their manager, 
W ill ia m  B r a g g ,  w h o se  re p u ta tio n  a s  a n  en gin eer gives great 
w e ig h t to  h is  o p in io n , s ta te s  th a t n o  ste e l o f  m ore that 76,000 
p o u n d s  te n sile  s t r e n g th  sh o u ld  b e  u se d  fo r  boilers, and in this
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opinion h e  i s  su sta in e d  b y  the L o n d o n  Engineer a n d  o th e r  
high au th oritie s. O n the o th e r  h an d , th e B r it ish  A d m ir a l t y  
retain th eir o r ig in a l  sp ec ifica tio n  re q u ir in g  a  m in im u m  te n s i le  
strength o f  80,X)00 p o u n d s o f  steel u se d  fo r a rm o r  p la te s  a n d  
for steel v e sse ls , a n d  m a k e  no sp ec ific  re q u irem e n t o f  a  c e r ta in  
degree o f  d u c t i l ity . T h e  d isa s tro u s  re su lts  o f  th is  a d h e re n c e  
to exploded n o tio n s  h a v e  been  d e p reca te d  b y  E n g lish  e n g in e e rs , 
but, as yet, to  n o  p u rp o se ! S te e l-m a k e rs  e a s ily  fu lfil th e  r e 
quirem ents o f  th e  g o v e rn m e n t sp ec ifica tio n  b y  fu r n ish in g  a  
highly ca rb o n iz ed , a n d  th ere fo re  h a rd  an d  b r it tle  ste e l, fo r  p u r 
poses w here th e  o p p o s ite  q u a lit ie s  a re  im p e ra tiv e ly  n eces.sary . 
V essels so  m a d e  w o u ld  q u ic k ly  b r e a k  to  p ieces u p o n  r o c k s , 
where th ose  m a d e  o f  so ft, d u ctile , a n d  fle x ib le  p la te s^ m ig b t b e  
battered o u t o f  sh a p e  b e fo re  r u p tu r in g  the p la te s o r  s t a r t in g  a  
serious le a k . S o , to o , lo co m o tiv e s w ith  b o ile rs  m ad e o f  su c h  
plates h ave p lu n g e d  o v e r  p re c ip ic e s  o r  in to  each o th e r  w ith o u t 
explosion, b e c a u se  th e m a ter ia l y ie ld e d  to  th e  V iolent s t r a in s —  
stretching o r  b e n d in g , b u t  n e v e r  b re a k in g .

Now for th e  ra t io n a le  o f  a l l  th is. T o  m a k e  it o b v io u s  .to a ll, 
let us tak e  th e in s ta n c e  o f  tw o  ste e l sp r in g s , on e tem p e red  so  
hard as to b e  b rittle , th e  o th e r  so f t  a n d  elastic . T h e  f ir s t  iq . 
more r ig id  a n d  w ill su p p o r t  a  m u ch  h e a v ie r  w eight th an  th e  
other. In  th is  s e n s e  it  i s  s t ro n g e r . V a r y  the te st b y  s t r ik in g  
a heavy b lo w  o n  each . T h e  s t r o n g , r ig id , h ig h ly  te m p e re d  
spring sn a p s  off, w h ile  th e m o re  m ild  tem p e red  y ie ld s  to  th e  
blow, and then , b y  i t s  e la s t ic ity , r e tu r n s  u n in ju re d  to  i ts  fo rm e r  
shape. A g a in , b e n d  b o th , a n d  th e  s t i f f  sp r in g  b r e a k s  be fo re  th e  
other is a t  a ll  s t r a in e d . T h e  sa m e  d iffe re n c e  o b ta in s in  b o ile r s , 
and is a g g r a v a te d  b y  o th e r  ca u se s . A m o n g  these a re  the u n e 
qual stra in s p r o d u c e d  b y  ir r e g u la r i t ie s  o f  r iv e tin g . T h e  so ft, 
ductile steel, y i e l d s  to  th e se  w ith o u t b e in g  u n d u ly  s tr a in e d . 
The hard r e s is t s  u n t i l  i t  is  b ro k e n , o r  the o ffen d in g  r iv e t  i s  to rn  
away. U n e q u a l e x p r e s s io n  an d  co n tra c tio n  a lso  o p e ra te  d e 
structively u p o n  th e  m o re  r ig id  b o ile r , w h ile  th a t o f  so f te r  
material i s  not e n d a n g e r e d . M an y  m y ste r io u s  e x p lo s io n s  h a v e  
been so cau se d . W h e n  co ld  w ater i s  r a p id ly  in jected  in to  a  
highly h eated  b o i le r  i t  te n d s  to  the bottom , co o lin g  th a t p a r t  
while the top  i s  k e p t  h o t b y  th e steam . I n  a  b o ile r  th ir ty  fe e t  
long a red u ctio n  o f  o n e  h u n d re d  d e g re e s  o f  b ea t a t  th e  b o tto m  
will cause it  to  -co n trac t n e a r ly  on e-fou rth  o f  an  in ch  in  le n g t h ; 
but the t o i le r  h e a d s  b e in g  k e p t  a p a r t  b y  th e S till e x p a n d e d  
portion ab ove , th e  b o tto m  p la tes a re  d is te n d ed , so  a s  to  r u p tu r e  
them if  too h ard , o r  to  e lo n g a te  them  w ith o u t d a n g e r  i f  su f f i
ciently d u ctile . T h u s  in e v e ry  w ay  th e h ig h ly  c a rb o n iz e d  s t e e l  
is at a d isa d v a n ta g e . H e r e  th e b a ttle  i s  not to  the s t r o n g , u n le s s  
that strength c o e x is t s  w ith  a  m ild  a n d  fle x ib le  dispo^sition,
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N o t  th a t  w e d e c r y  g r e a t  te n s i le  s t r e n g th  a s  in itself a fault. 
I n  th is  We a g r e e  w ith  th e  o p in io n  o f  a n  E n g lish  authority, J. 
E .  S m ith , E s q . ,  C . E . ,  m anager;, o f  th e  B a rro w  Iron and Steel 
C o m p a n y ’s  w o r k s .  H e  s a y s :  “ A  h ig h e r  coefficient o f rupture 
th an  fo r ty  to n s  i s  u tta d v isa b le  in  th e  p resen t state of manufac
tu re , a s , a l th o u g h  th a t  o r  a  f a r  h ig h e r  coefficient may be pro
cu re d , i t  i s  so  a t  a  m o re  th a n  p ro p o rt io n a te  loss o f elongation,
i .  e., to u g h n e s s  in  th e  s te e l.”  A n d  h e  r ig h tly  considers a mod
e r a te  u lt im a te  l im it  o f  s t r e n g th , w ith  a  la rg e  elongation, as that 
w h ich  sh o u ld  b e  s o u g h t  b y  th e  e n g in e e r  em ploying steel in his 
s t ru c tu re s .

C o m m e n tin g  o n  th is  th e  Mechanics' Journals&ys: “ In this we 
o u r se lv e s  q u ite  A gree , a l th o u g h  a t  th e  sam e  tim e urging upon 
th e  s te e l m a k e r  th a t  h is  b u s in e s s  i s  to  e x a lt  the breaking stan
d a r d  to  th e  h ig h e s t  p o in t  h e  ca n , w h ile  k eep in g  it combined 
w ith  a  la r g e , a t  le a s t  a  su ff ic ie n tly  sa fe , coefficient o f elongation. 
W e  sa w  w ith  so m e  s u r p r ise ,  sp e c im e n s  o f  b o lt steel which had 
b e e n  p u lle d  a s u n d e r  u n d e r  a  s t r a in  o f  th irty -tw o  tons per square 
in ch , a n d  th e u lt im a te  e lo n g a t io n  o f  w h ich  w as as much as one- 
s ix th  th e  Unit, o r  tw o  in c h e s  to  th e  foot, a  degree of toughness 
w h ich  We d id  n o t  p r e v io u s ly  b e lie v e  p ro cu ra b le  with Bessemer, 
or* in d eed , a n y  o th e r  s t e e l  b f  th a t  te n sile  strength .” -

N o w  w e h a v e  re c e n tly  se en  se v e r a l  p ieces o f  Pittsburg steel 
te s te d , w h ich  b o r e  a  m u ch  h ig h e r  s tr a in  than  this, and were 
e lo n g a te d  th re e  in c h e s  to  th e  fo o t. T h e se  w ere made by Park, 
B r o t h e r  & C o., o f  ih e  ̂ l a c k  D ia m o n d  S te e l  W o r& , Yesterday 
w e n o tic e d  th e  te s t in g  o f  a  b o ile r  m a d e  o f  th at variety of their 
s te e l c a lle d  “  h o m o g e n e o u s  m e ta l,”  w h ich  bore more than 720 
p o u n d s , p r e s s s u r e  p e r  sq u a r e  in ch , e q u iv a le n t  to 74,000 pounds, 
te n s ile  s t r a in , w ith o u t  b u r s t in g ;  w h ile  the plates stretched 
e n o u g h  to  in c r e a s e  th e  c irc u m fe re n c e  n early  three inches. By 
th is  t r ia l  th e  q u a l i t ie s  o f  s te e l  reco m m en d ed  fo r boilers, by the 
b e s t  e n g in e e r in g  a u th o r it ie s , w e re  sh o w n  to  h ave  been combined 
in  th a t w h ich  w a s  su b je c te d  to  it.

T h e  e x p e r i m e n t s  a l l u d e d  t o  a r e  m o r e  p ar tic u la r ly  de> 
s c r i b e d  in  t h e  f o l l o w i n g  r e m a r k s  f u r n i s h e d  u s  by  a gen
t l e m a n  w h o  i s  w e l l  a c q u a i n t e d  w i t h  s t e e l  m anufacture, 
a n d  w a s  p r e s e n t  a t  t h i s  t r i a l .  T h e y  w e re  g iv e n  in the 
E v e n in g  C hronicle, b u t  in  s o m e w h a t  d if fe re n t  fo rm :—

T h e  p la te s  a r e  o n e-fo u rth  o f  an  in ch  th ick , and the boiler is 
se v e n  fee t in  le n g th  a n d  th ir ty -e ig h t  in ch es in  diameter. The 
f ir s t  te s t  to  w h ich  th e  b o ile r  w as su b je c te d ,, w as witnessed by a 
n u m b e r  o f  p e r so n s  in te re ste d  in  su ch  m atters, including the 
g o v e rn m e n t in sp e c to r s . T h e  te s t  w a s  m ad e  in  the manner pre
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scribed by the government regulations, hydrostatic, pressure, 
and was satisfactory in every respect. On that occasion a pres
sure of 685 pounds to the square inch was applied, and on a 
subsequent trial a pressure of 820 was gained. Under such 
strain the joints leaked to a Considerable extent, and the experi
ments were suspended for the purpose of closing qp the leaks 
that the full strength of the plates could be definitely deter
mined, * ,

Since that tim e  c a n v a s  w as p la ce d  in s id e  th e  b o iler , a n d  s u c h  
other arran gem en ts m a d e  to  p re v e n t  l e a k a g e  a s  s u g g e s te d  th e m 
selves, p rep arato ry  to  an o th er  te st, w h ic h  w a s  m ad e y e s t e r d a y .  
The experim en ts y e s te rd a y  a ftern o o n  w ore co n d u c te d  a t  M e ss r s . 
Carroll & S n y d e r ’s  e stab lish m en t, an d  a ttr a c te d  a  la r g e  n u m b e r  
of machinists, m an u fac tu rers, a n d  o th e rs . A t  th ree  o ’c lo c k  th e  
pumps were se t in  m o tion , an d  th e  w a te r  fo rc e d  in to  th e  b o i le r  
with great ra p id ity . G ra d u a lly  th e  in d ic a t io n s  on th e  g a u g e  in 
creased, u ntil 4 0 0  w a s a tta in ed . T h e  s e a m s  n ow  b e g a n  to  l e a k  
slightly, and w hen 5 0 0  w a s re a ch e d  th e  le a k a g e  h ad  b e e n  in 
creased co n sid erab ly , th ere  b e in g  n o  s i g n s  y e t , h o w ev er , th a t  
the boiler w as a b o u t  b u rs t in g , o r  a n y  o f  i t s  p la te s  g iv in g  w a y . 
At 540 it w as fo u n d  n ece ssary  to  ta k e  o f f  th e  p r e s su re  a n d  r e 
pack the seam s, w hen the p u m p s w e re  a g a in  se t  to  w o rk , a n d  a  
pressure o f  5 6 0  p o u n d s  to  th e s q u a r e ,  in c h  w a s  a p p lie d . T h i s  
was the u tm ost th a t  co u ld  b e  a t ta in e d  a t  th e  tim e , a n d  c o n s e 
quently a t  th is p o in t the e x p e r im e n t  w a s  a b a n d o n e d , to  b e  r e 
sumed when b e tte r  fa c ilit ie s  fo r  m a k in g  th e  t e x t  sh a ll  h a v e  b ee n  
procured.

These tests, w h ile  th e y  le a v e  th e  d e f in ite  s t re n g th  o f  th e  
plates undeterm ined, d e m o n stra te  th e  fa c t  th a t  ste e l, su c h  a s  th a t  
made at the B la c k  p ia m o n d  W o r k s , c a n  b e  u se d  fo r  th e  c o n -  
structiou o f  b o ile rs , an d  th a t b o ile r s  m a d e  fro m  su c h  m a te r ia l  
will withstand a lm o st a n y  p r e s su re  th a t  c a n  b e  a p p lie d . T h e  
importance o f  th is  fac t is  too  o b v io u s  to  r e q u ir e  a n y  a r g u m e n t , 
and we cannot b u t  c o n g ra tu la te  th e  M e ss r s .  P a r k , .  B r o t h e r  &  
Co., on the su ccess w h ich  h a s  cro w n ed  th e ir  e f fo r ts  in  t h is  d ir e c 
tion. The M essrs. C a rro ll  an d  S n y d e r  a r e  a l s o  e n tit le d  to  c r e d i t  
for the superior s k i l l  w h ich  th ey  h a v e  e x h ib i t e d  in  th e  c o n s t r u c 
tion of the boiler. A n o th e r  te s t  w ill b e  m a d e  in  a  few  d a y s , b y  
which time it  i s  e x p e c te d  th a t  p u m p s  c a n  b e  p r o c u r e d  o f  su f f i
cient capacity to  b u r s t  th e  p la te s .

Tm sik Strength o f  Cast Steel B oiler P lates.

■ The follow ing is  an  o ffic ia l c o p y  sh o w in g  th e  te n s i le  s t r e n g th  
of cast-steel b o ile r  p la te , fro m  th e  w o r k s  o f  H u s se y , W e l l s  &
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O o., P i t t s b u r g ,  P a . ,  a s  d e te rm in e d  J u n e  1 6 ,1 8 6 8 , at the Navy 
Y a r d ,  W a sh in g to n , D . 0 . ,  fo r  th e  T r e a s u r y  Departm ent—
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1 1 .5 X .2 6 .39 35.700 91.628

1 2  3 2 1 .5 X -2 6 .39 35.850 91.923

3 1 .5 X .2 6 .39 36.925 94.679

4 1 .5 X .2 6 .39 36.575 92.782

5 1 .5 X -2 6 .39 36.900 94.615

5  6

6 1 .5 X .2 6 .39 38.000 97.435

Mean, 93.995
0

The flanging qualities of this plate were tested and proved to 
be very superior.

B enj. Craweord,
Special Agent Treasury Department.%

I t  must not be supposed from the above that the use 
of steel for this purpose and for associated purposes 
is entirely novel, for we are assured* that there have 
now been at work for some years on the Maryport and 
Carlisle Railway several locomotives having steel boilers, 
steel fire bokes, and steel tubes. Steel is also largely 
used in the construction of the remaining parts of the 
engines, the tyres, piston-rods, motion bars, &c., being 
of that material. The boilers were built by Messrs. Dan
iel Adamson* & Co.,, of the Newton Moor Iron Works 
of Hyde, England, and the plates composing them are 
connected, when necessary, by angle-irons. The same 
firm is making some very large Bessemer steel boilers for 
a sugar bakery in London. They are intended to'work 
at 100 lbs. steam pressure, and are 8 feet in diameter, 
and formed of plates. Each ring is formed of
a single plate, 26 feet 6 inches long and 3 feet 6 inches

* Colburn’s Engineering, 1867.
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wide, giving but a single longitudinal seam. The rivet 
holes are drilled. The plates are made by the Bolton 
Iron and Steel Company. The 6 feet 6 inches Bessemer 
steel boilers made by Mr. Adamson in 1861 for Messrs. 
Platt, Brothers & Co., of Oldham, are working at a pres
sure of T5 pounds, the plates being but |  inch thick.

After Mr. Bamsbottom started his thirty-ton duplex 
hammer (1867), he made in a few weeks about 20 steel 
cranks each from a plain flat slab, the “ throws” being 
sawn out by a circular saw, and the middle portion of the 
shaft then twisted. The crank is then nearly finished by 
circular cutters, instead of entirely by a fixed tool in the 
ordinary manner.*

Steel from Cast Iron, Melted.—I. Fining with char
coal. II. Puddling. III. Decarbonizing by forced air 
or vapor. ,

I. F i n i n g  w 'i t h  C h a r c o a l .—In this case, the hearths 
are similar in shape to the puddling hearths, generally 
smaller, surrounded with Cast-iron plates. A blast is used 
aud less inclined than in making malleable iron. The 
cake or lump of metal is kept covered with liquid cin
der, Skilful work is required, but regularity of forma
tion is considered impossible—steel being made at one 
time, and iron at another. The first cake is called raw 
steel, and is refined by being heated in charcoal, in the 
furnace again, and with a blast carefully regulated. The 
botton̂  of the hearth is laid vVith fine-grained sandstone. 
There are various modifications, but all are radically the 
Same.

I I . P u d d l i n g .—The general principle upon which 
this depends is the decarbonization of cast iron and the 
stoppage of that decarbonization at the proper point. 
While, however, this is the general principle, there are 
important accessories to the practice which we shall 
mention.

Puddled steel has been attempted and successfully 
made as far back as 1835, by Schlegel and others, who 
obtained a patent, but it was not successfully brought

♦ 'E n g io g e rin g , 1867.
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into use until 1850, and during the writer’s visit to the 
International Exhibition in London, 1851, a large vari
ety of specimens were on exhibition made from charcoal 
iron and from Welsh pig.

The important accessories to the principle above 
stated may be found in Riepe’s process. In this process 
the ordinary puddling furnace is charged as usual, heated 
till fusing begins; damper lowered to temper the heat, 
and then from 12 to 16 shovelsful of iron cinders, dis
charged from the rolls or squeezer, are added to say 280 
lbs. pig iron. The whole is melted down—puddled uni
formly, with a mixture of black oxide of manganese 
(Mn O2), common salt and dry clay, mixed and ground 
together previously. After some minutes the danaperis 
opened—40 pounds of pig arranged near the fire*bridge 
on a bed of cindef previously prepared, and when these 
pigs begin to trickle down and the blue spirts appear 
on the 'other melted metal, these pigs are raked down, 
and the whole thoroughly mixed.- The mass begins to 
swell, and the grains’̂  appear penetrating upwards 
through the melted cinders. The damper is -three- 
fourths shut, and all puddled under the cinder. During 
this process the air part of the furnace should barely ex
ceed in temperature that necessary for welding; the blue 
jets gradually disappear, and the grains unite, and all 
appears of a “ cherry redness.” I f  these precautions are 
not attended to strictly, the iron becomes only malleable, 
or there is steel of irregular character. At this stage 
the fire is stirred, that heat be kept up for subsequent 
operation; damper is then closed, and a part made into 
a ball, the rest kept covered with cinder. This is worked 
up in the roll, and then another balled, which is taken 
out, and so on to the close. When pig, made from 
sparry iron, is used, only 20 pounds, instead of the 40, are 
used. Very good puddled steel has been made by this 
process. But the whole art is in working out the carbon 
only to a certain point under a lower temperature than 
in puddling iron, and with great care in the manipula
tion. . The iron to be used appears best when of a bright 
even gray, or low dark gray, melted at a moderately
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strong heat; afterwards the temperature is immediately 
reduced, keeping the iron in a low fused state. I t is 
then rabbled, carefully mixing the ordinary puddling 
amount of cinder previously thrown in. A special point 
is the rabbling under as low a state as the iron will per
mit, as a high melted state prevents the escape of CO 
formed at the expense of the O of the iron-oxide of the 
cinder, and a too low state prevents the mixing bf the 
cinder, and the homogeneousness of the steel.

Mr. Clay states that the tensile strength of puddled 
bar steel is 43 tons to the square inch, while that of the 
puddled iron bar is only about 20 tons.*

Spiegeleison is largely used in the process, as it ren
ders the cinder more fusible in the’ balling process, so 
that it can be the more readily expelled iu the aggluti
nation of the process, and in the shingling. • Kefined 
metal (pig) loses in the process of refining from |  to 1 
per cent, of its carbon, and therefore requires a higher 
temperature in the puddling process, and hence it is ex
ceedingly difficult to run it successfully in puddling for 
steel. Common "Welsh pig iron, containing a large per 
cent, of sulphur, cannot be used in making puddled 
steel. , •

A difficulty experienced in puddled steel is thb lack 
of easy weldability; but this has been remedied by fu
sion, and this subsequent fusion has been carried out 
on a very large scale by Krupp, of Essen. No amount 
of pressure has as yet effected homogeneity in the mass 
equal to that which follows upon subsequent fusion.

The rationale of the process is well exhibited in the 
following analyses given by Dr. Percy from Mr. Parry’s 
paper upon the subject.!

C arb on
Paddled Steel.

0.501
Pig Iron. 
2.680

S ilico n 0.106 2 .2 1 2
Sulphur 0 .0 0 2 0.125
Phosphorus . 0.096 0.426
M a n g a n e se  . 0.144 1.280
Iro n  (b y  d iffe re n c e ) . 99.151 93.327

Dr. Percy, p . 794.

1 0 0 .0 0 0  1 0 0 .0 0 0  

f  D r. Percy, p . 797
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‘ The large proportion of silicon in the pig iron indicates 
that the carbon must have existed almost wholly as 
graphite. (Percy.)

Composition of the cinder produced by puddling steel:

Silica
Protoxide iron 
Protoxide manganese 
Alumina  
Lime

I.
2 6 .0
55.9
10.5

6.8
0.6

99 .8

n .

23.5
68.0

8.4
3.3

101.2
I, B y  S c h n a b e l ,  fro m  th e  L o h b iit te , n e a r  S iegen ,sp ec .grav . 3.643
I I .  B y  th e  sa m e  a n d  fro m  sa m e  lo c a lity , spec. gray . 4.127

A number of what are called, in this country,: 
cines, or in England, according to Dr. Percy, nostrums 
and “ patent powders,” have been used both in making 
malleable iron and steel. They are generally composed 
of manganese, common salt, prussiate of potash (ferro- 
cyanide of potassium), and sometimes of soda and lime, 
when of any real use—-sometimes litharge is also used 
—and we have found some decided benefit resulting 
from the use of permanganate of potash and nitrate of 
soda. The mixture is divided off into paper parcels, and 
thrown in consecutively, and puddled into the iron, some
times with good effect, and sometimes with no effect. 
Chloride of sodium, manganese, and nitrate of soda seem 
to eliminate much of the sulphur and even of phos
phorus, and thus prepare the iron more fully for the pur
pose of making good steel.

fMr. Heaton, of Langley Mills, places nitrate of soda 
at tire bottom of the crucible, covering it with a per
forated iron plate. The iron to be purified is placed 
above this, the melted nitrate diffusing itself through 
the melted metal, completely desulphurizing and de
phosphorizing. Experiments at this place, with cinder 
iron which was utterly useless for the Bessemer pro
cess has produced steel-iron of the finest quality. It
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is said that a large Staffordshire firm is preparing to 
B lake the experiment on a large scale,*

Many nostrums are of no apparent usO, and therefore 
care and science are required to form a proper judgment 
as to the benefits to be expected from such mixtures.

Under the general head of puddling cast iron into steel, 
may be mentioned the TJchatius Process, patented in 
1855, The fused pig iron is granulated into uniform 
shot, by being poured upon a large stone or circular 
plate, turning rapidly horizontally (2000 revolutions per 
minute) under, water. The centrifugal force sends the 
melted metal off from the wheel, and in uniform sizes of 
so-called shot, and this is melted in crucible or in the 
puddling furnace, with pulverized sesquioxide ore, “ or 
with other substances capable of yielding oxygen.” The. 
quantities of pig iron and of oxide of iron must be care-, 
fully adjusted, and the sizes of the shot must be uniform, 
else the steel becomes uneven and irregular in quality.

Malleable cast iron is the result of a process of decarbon
izing cast iron by a process of cementation by means of 
hematite (sesquioxide), whereby the hematite, by impart
ing a part of its oxygen to the carbon in the cast iron, at 
a red heat, forms CO, and thus extracts the carbon from 
the castings. When this decarbonization is carried for
ward at just such a degree as to leave the proportion of 
carbon necessary for steel, and nothing more or less, steel 
is the result. The invention is attributed to Lucas in 
1759.

“Early in the last century, Reaumur published the 
fact that he had been very successful in making steel, by 
melting cast iron and introducing pieces of wrought 
iron into the cast iron, until the mass thus resulting hadt 
been reduced from cast iron to steel. He writes, “ I  have 
mixed sometimes a quarter, and sometiihes a thir^ of 
iron with pig iron.”f  I t is interesting that a patent was 
taken out in the year 1867, for this identical process, bjr 
a steel manufacturer in our own State.

* Quarterly Journal or Sciences, London, July, 1867. 
t  L’Art de Converter le Fer Forge eu Acier, 1722, p, 256, 

67 '
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i n .  D e c a r b o n i z a t i o n  b y  f o r c e d  A ir  or V apok. Pro
cess by J. Gilbert Martien, o f Newark, N. J.—I'his gen
tleman received a patent while in England in 1855, for 
the invention of improvements in the manufacture of 
iron and steel. His process is closely related to the cele
brated Bessemer process. According to this method it 
is claimed that the iron can be purified by means of 
atmospheric air, or steam, or vapor of water, \diile the 
iron is in a liquid state, in a blast or refinery furnace, 
the atmospheric air, steam, or vapor of water is intro
duced from below, so that it may penetrate and search 
every part of the metal before it congeals; the impure 
particles, such as silicon, sulphur, and phosphorus, are 
carried oflf in the forin of gases. According to Percy, 
the essence of this patent seems to consist in exposing 
a stream of molten pig iron, in its course, to the action 
of jets of atmospheric air, of speam, or of a mixture of 
both, introduced at the bottom, or below, the surface of 
the liquid metal. I t  is objected to the synonymous use 
of the terms atmospheric air, steam, or vapor of water, 
implying, as they do, like efi'ects, that there is thereby 
.conveyed a wrong impression. Air, by oxidizing both 
carbon and the iron of the molten metal, not only main
tains, but increases the temperature, while, on the con
trary, steam will decrease the temperature and tend to 
solidify the molten metal.

Bessemefs Process.—In October or November, 1855, 
about three months later than Mr. M^artien’s discovery, 
Mr, Bessemer received his first patent The invention 
consists in “ forcing currents of air or of steam, or of air 
and steam, into and among the particles of molten crude 
iron, or of remelted pig or refined iron, until the metal, 
so treated, is thereby rendered malleable, and has ac
quired other properties common to cast steel, and still 
retaining the fluid state of such metal, and pouring or 
running the same into suitable moulds. The molten 
metal is run into crucibles previously heated, which are 
contained in a rectangular furnace. Each crucible has 
a tap-hole through which the metal is tapped into 
moulds. Steam, with air, or separately, and by prefer-

    
 



STEEL, 899

ence raised to a high temperature, is forced downwards 
through a pipe which descends to the bottom of each 
crucible. Steam, as stated before, cools the metal, but air 
causes a rapid increase in its temperature, so that the 
metal passes from a red to an intense white heat, and 
when sufficiently decarbonized is tapped off. The esr 
sence of this invention is the increase o f temperature by 
me .of common air.

The second patent of Bessemer, which was for the 
reducing vessel, was obtained in December, 1855. I t  
was of a spherical or egg form, and was made of cast or 
wrought iron lined with fire-brick. The vessel is suspended 
on axes so that it may be turned and the metal poured 
through a lid into aft iron mould so as to form ingots 
mitame for puddling. •

Another patent was granted Mr. Bessemer, Feb. 12, 
1856, According to this, crude iron, or remelted pig 
or refined iron was converted “ into steel or into mallea
ble iron without the use o f fuel for reheating or continuing 
to heat the crude, molten metal. This was effected by 
forcing into and among the particles of a mass of molten 
iron, currents of air or gaseous matter, containing or 
capable of revolving sufficient oxygen to keep up the 
combustion of the carbon contained in the iron till the 
conversion is accomplished.” In this patent, steam was 
not claimed as a substitute for atmospheric air. There 
were a number of other patents granted to - Mr. Besse
mer, but the most important have been mentioned, and 
we need not refer to them now, if we except one, that 
of Mr. Robert Mushet, dated i^ptember 22d, 1856, to 
whom Mr, Bessemer is deeply indebted.

It consists in adding spiegeleisen to Bessemer’s de
carbonized metal, while still in a state of liquidity. ,The 
advantage gained by this patent is to decarbonize the 
iron to any extent, or, in other words, have perfect coni- 
trol over decarbonization of iron. The carbon being a 
fixed quantity in the spiegeleisen by its addition to the 
Bessemer’s decarbonized metal, the amount of carbon 
can always be known with certainty.

In the Bessemer process, the iron before being convertedi
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into steel must be almost entirely free from phosphorus 
and sulphur, for a very small quantity will prevent the 
formation of steel. Nearly all our ores contain more or 
less of these foreign elements, and hence the iron will 
not be |ree from them. So that, until by other means 
the iron, which is to be converted into steel, is freed 
from these substances, the Bessemer process is practi
cally worthless in this country, except in special regions.

The following is an analysis of a specimen of Besse
mer iron, by Mr. Abel, showing its freedom from these 
foreign elements .♦—

Per cent.
Carbon, graphitic . , , 0.00
Carbon, combined 
Silicon 
Sulphur , 
Phosphorus 
Manganese .

minute quantity 
0.00 
0.02 
trace 
trace

The following graphic description of the whole pro
cess through its consecutive steps and with all the col
lateral interests, we think will sufficiently present the 
general management of the Bessemer process:—

Two ten-ton converters, capable, on a push, of pouring a 
twenty-four-ton ingot, to which may be blown every two 
hours and a half, or as fast as the metal can be melted, anrl the 
ingots get out of the way—converters capable of turning out 
6000 tons of steel per month—take up really less room than is 
occupied by the cupolas in many a country iron foundry, and, 
when not in action, are hardly more pretentious in appearance. 
The hematite pigs are now melting in the large reverberatory 
furnaces behind the converters, and the spiegeleisen which has a 
little furnace to itself, is already on the boil. The casting-pit 
forms an amphitheatre and the hydraulic hoist is rising and 
falling as ingots from the last cast are lifted out to be sent 
away on trucks. The convetters wre being heated—the fore
man says warmed—by the combustion of half a hundred weight 
of coke [bituminous coal at Troy Works} under the action of 
the blowing engines, working at quarter speed, and.are shoot
ing forth a bright red column of dame up the chimney. Occa
sionally the hydraulic gear is turned on, and the great vessels 
which do not look half their real size, swing on their trunnions 
in a nmnner which suggests— ând the suggestion is heightened
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by their unwieldy and analogous form—’the genuflections of 
the performing elephants. Unlike nearly all other great me
tallurgical operations or those mechanical operations, hardly 
less formidable, which follow them, the Bessemer process 
appears to require but few attendants. There are less that! a 
dozen men about, and half of these to be sure are mere laborers, 
employed to get the ingots from the last cast out of the way. 
At last, however, the blowing engines, which work almost as 
silently as the ventilating apparatus of the houses <of Parlia
ment, or the chimney draft of the reverberatory furnaces just 
outside quicken their speed, and the blast rises on the gaugC 
from 5 lbs. to 15 or more per square inch. The converters are 
again turned completely over upon their trunnions and drop 
the glowing remnants of their breakfast of burning coke, and 
immediately and sfatelily rise to their proper positions. Half 
a minute later, and the furnaces behind are tapped. The metal 
comes pouring, ten tons together in a river of fire, with its 
banks deeply bedded in sand, and the huge converter drinks 
in the running stream. As the melted iron flows on it scintil
lates in a shower of yellow sparks each flashing its wings of 
consuming silicon and carbon—the characteristic spark of east 
iron, well known to every founder.

The converter now stands upright and the full blast is On. 
First Of all the rushing air seizes Upon the impurities of the iron 
[not all the impurities, as sulphur, phosphorus, &c., but carbon 
particularly] and carries them off in a blazing column of flame. 
The rush is tremendous. A pillar of fire more than two feet 
in diameter points straight up the chimney. Beyond its own 
dull roar is heard the beat of the non-condensing blowing en
gines which send a hundred blasts a minute of [exhaust] steam 
into the air through a pipe high aloft. The flame increases in 
brilliancy, and lights up the brick walls and the amphitheatre 
below with a glare well known to blast furnace men and to 
steel founders, although it is seldom or never seen in iron, 
foundries or rolling mills.

Now for the spectroscope, a little instrument in shape like a 
sea glass, and showing through its narrow aperture for light a 
beautiful field of iridescent colors. The whole column of flame 
seems changed into a short section of a glorious rainbow,- with 
red, bright orange, green and purple spread out upon a broad 
space apparently three feet wide, although the luminous aper
ture is hardly the breadth of a hair. There are dark lines 
across it, and these are streaks showing the impurities of the 
escaping silicon and carbon. One by one these bands disap
pear and a fine prismatic display remains. The blast continues 
but for a few minutes, and the flame changes to almost un-
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eartlily liglit. The last traces of carbon are flying away in the 
blasts, and it is not unlikely that the oxygen of the air is 
already at work upon the iron itself. The practised eye of the 
manager, without any aid from the spectroscope, shows him 
when the blast is to be turned off, for the “ blow” is not to be 
carried toO far, and then the huge converter bears upon its 
stout trunnions and under the invisible force of the hydraulic 
gear, to yeceive the finishing dose of spiegeleisen, the “looking 
glass iron” of the Germans, whose name it still bears in Eng
land, and which the Hull custom-house officer once stopped iq 
its importation as silver. This, we need hardly now explain, 
is merely pig iron changed with a proportion of manganese, a 
proportion less than on the extraordinary natural compound of 
iron, zinc, and manganese known as franklinite, and far less 
than in the artificial compound now known as ferroman
ganese. This dose of spiegeleisen accomplishes two ends. It 
restores a definite proportion of carbon to the charge of iron 
already completely decarbonized, and,its contained manganese, 
which is one of the most highly oxidizable of metals—ranking 
below sodium—searches out and takes up any oxygen which 
may have combined with the iron during the operation of 
blowing. In it goes, and the pig iron of this morning is now 
Bessemer steel. There is no blowing after the addition of the 
Spiegel. It mixes, by a natural process of diffusion, as rapidly 
as brandy mixes with water. This question of complete mix
ture was once thought to be the doubtful problem in the Bes
semer process. But the doubts were needless; for the mix
ture is evidently one ordained by nature, and wholly inde
pendent of the act or assistance of man. The proof is that, after 
a few seconds have been allowed for complete mixture, the 
ingot, after pouring, is equally carbonized throughout. In 
other words, it may be cut up in any number of pieces, and 
each piece tested for carbon, will give the same fraction of one 
per cent., the proper proportion for steel rails being from 04 
to 0.5 per cent., the latter being that specified by Mr. Berkeley 
in his contract for rails for the great Indian Peninsular Kailway.

The converter tips again over a ladle, large enough for a. full 
grown man to swim in, and which has swung silently round 
upon- a radial arm, impelled by ah invisible force, to receive 
charge. Out comes the silvery steel. There are sparks now, 
and thousands of them, but bow different from those of a 
quarter of an hour ago! They are clear white globules of in
candescent steel, without trace of the yellow corruscating astral 
shower of melted iron when thrpwn into the air. The great 
ladle is now brimming, and the converter may rest. There is 
a semi-circulaq row of cast-iron ingot moulds and each receives
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its fill io turn, as the Tadle, counter-weighted at the opposite 
end of the hydraulic arm, swings to it,̂  and is tapped by means 
of a fire clay valve at the bottom. The ingots “ set” in a few 
minutes, and they might, indeed, be turned out and hammered 
at once, as is the case in Crewe.

How different is the converter of to-day from the clay colan
der with which Mr. Bessemer made his early and astonishing 
experiments in Baxter House, now, we believe, demolished, for 
the works of the Midland Bail way! Indeed, clay would not 
stand the tremendous heat of liquid steel, at any rate not 
beyond two or three rounds, as is the case With the fire clay 
crucibles still used in pot-steel melting. Canister, a siliceous 
stone found in abundance near Sheffield, where it is broken 
and used for road-metalling, was soon found to be the proper 
material for.liningi It is crushed to powder, and damped, and 
the converters are lined with it from six to nine inches in thipk- 
ness, the lining being rammed in around a wooden core, and 
then quickly glazed by a hot coke fire made in the converter, 
which fire is continued to complete baking. These linings 
stand, often, a hundred rounds, equal in the larger vessels to a 
make of a thousand tons of steel. The blast, which is led 
through the trunnions and down the side of the converter, 
enters through the bottom, through a series of fireclay tuyeres. ■ 
In'the larger vessel there are petmaps twenty of these tuyeres, 
each having a dozen holes. Sometimes the iron burns out a 
tuyere during the operation of blowing. The con verier, is 
tipped upon its side at the moment when a great rush of air 
and loss of blast show that this accident has happened, and the 
whole bottom of the converter is takeb off, a new tuyere put 
in, the bottom made good, and the blast turned on, all within a 
very few minutes, and without real injury to the charge from 
the interruption. We have been told that this has actually 
happened as often as three times during a single blow, and that 
sound ingots were nevertheless poured. The tipping Con
verters, and the admirable applications of hydraulic force for 
performing their every movement and those of the ladle, as 
well as for lifting the ingots out of the way, all show the ele
gant ingenuity of their inventor, Henry Bessemer, who^does 
everything differently from, and better than, any metallurgical 
engineer before him. The blowing engines are his, too,' with 
their “breathing valves,” simple rings of India-rubber suround- 
ing the blowing cylinders, near their ends, with air holes 
beneath; and they work silently, and are durable at all speeds, 
and under the great pressure of from 15 lbs. to 20 lbs. pef 
square inch, a pressure necessary to overcome the ferrostatic 
“ head” of a column of a melted iron 5 feet to 6 feet deep within
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t h e  c o n v e r te r . T h e  e n g in e s  a n d  th e  h y d rau lic  g e ar  are con
tro lle d  b y  an  a t te n d a n t  s t a n d in g  u p o n  a  rostrum , or wiAin a 
so r t  o f  ju d g e ’s  d e sk , c o m m a n d in g  th e  w h ole  scene o f operations. 
W o n d e r fu l  p r o c e s s !  I t  i s  g i v i n g  u s  stee l o f  extraordinary 
q u a lity  fo r  h a r d ly  m o re  th an  th e  p r ic e  o f  the better marks of 
iro n . H e r e  i s  a  s te e l  r a i l  w h ic h  h a s  sto o d  the wear of many 
m ill io n s  o f  to n s  o f  tra ffic , a n d  o n e  a t  C h a lk  F arm  is now wear
in g  o u t  th e  tw e n ty -fifth  fa ce  o f  iro n  r a i l s  ad jo in in g  it. In other 
w o rd s , tw e n ty -fo u r  fa c e s  o f  d o u b le -h e a d e d  ra ils  have been com
p le te ly  w o rn  o u t  in  fo u r  y e a r s  u n d e r  th e traffic which has not 
y e t  w orn  o u t  a  s te e l  r a i l  a t  th e  s a m e  p lace . B u t  this astonish
i n g  h a rd n e ss  i s  n o t  p u rc h a se d  a t  th e  exp en se  o f toughness. 
B o th  o f  th e  g r e a t  f ir m s  o f  s te e l  r a il-m a k e rs  in Sheffield tested 
fo r  u s, on  S a t u r d a y  a n d  M o n d a y  la s t , r a i l s  o f  like section, with 
th re e  b lo w s  o f  a  r a m  w e ig h in g  o n e  ton , an d  falling upon the 
h e a d  o f  th e  r a i l ,  su p p o r te d  u p o n  b e a r in g s  three feet apart in the 
c le ar , th e  r a m  s t r i k i n g  in  th e  m id d le . T h e  first blow was given 
w ith  a  fa l l  o f  tw e n ty  fee t, b e n d in g  th e  ra il  fo u r or five inches. 
I t  w as tu rn e d  a n d  to o k  a n o th e r  b lo w , w ith  the same fall, which 
stra ig h te n e d  i t  h o r iz o n ta l ly , a lth o u g h  i t  had a  twist sideways. 
A  th ird  b lo w  w a s  th en  g iv e n  w ith  a  fa ll  th irty  feet, which only 
b e n t  th e  ra il  o u t  o f  sh a p e  a s  i f  i t  h a d  b een  o f copper,

• F ro m  e v e r y  c h a r g e  o r  “  b lo w ”  a  sp o o n fu l o f  steel is taken for 
te s t in g  th e  p ro p o r t io n  o f  c a rb o n . A  co m p le te  chemical analysis 
i s  o u t o f  th e q u e s t io n , a n d  a  s ta n d a rd  p ie ce  o f  steel o f which the

• proportion of carbon has once been accurately determined may, 
if it is not too large, be worth many times its weight in gold. 
From any standard test piece of steel, however, an approximate 
test may be established for all steels. A few grains are drilled 
out into chips and accurately Weighed, and then dissolved in 
nitric acid of a specific gravity of 1.2 (pure nitric acid has a 
gravity of 1.522), and the color of the solution will be more or 
less broWn according to the proportion of carbon contained. 
With a given weight of nitric acid, every proportion of carbon 
gives a different shade of brown, and so gr̂ at is the range of 
color that the proportion may be ascertained with almost com
plete accuracy to the one-hundredth of one per cent., or to the 
ten-thousandth part of the total weight of the steel. Thus, if the 
standard steel be known to have 0.75 per cent, of carbon, and 
if an equal weight of the steel to be compared with it gives the 
same color of solution when dissolved in one-half the same 
weight of acid, the proportion of carbon is 0.375 per cent. 
After the complete solution is once made, water may be added 
to bring the solution to the standard color, and it is astonishing 
how nicely even the unpractised eye can judge of the difference 
of color between two test phials when placed side by side, and
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held to the light with a piece of thin white phper behind them. 
A solution of steel changes its color in time, and therefore 
when a definite solution has ever been made, another solution 
of burnt sugar of the same color is prepared and hermetically 
sealed up in a phial, as this is used as the standard. The solu
tion to be compared is brought to the same color by the addi
tion of water, and the quantity added, as it rises in a graduated 
tube, indicates on a scale the proportion of carbon when the 
right color is reached. It is obvious that the standard solution, 
from whatever steel it is made, should be lighted in color, and 
therefore have less carbon than the solution to be tested, as it 
would be tedious to concenrtrate the latter, and thus deepen its 
brown color by evaporation. This lightness is had, when the 
standard steel of known composition has more carbon than the 
steel to be tried, by dissolving the former in twice or three 
times or other exact and ascertained proportion of apid more 
than the lattef. In this way a steel known to contain 0.9 per 
cent, of carbon may represent, for the purposes of comparison, 
one containing only 0.45 or 0.3 per cent., and thus a steel with 
0.54 per cent, may be compared with it by the dilution requi
site to bring its own solution to the same shade of brown.*

It is the nature of the Bessemer process, and one of 
its greatest advantages and beauties, that its operations 
are always conducted and carried out on a very large 
scale. The melting pot, containing some fifty pounds 
of steel, has given place to the converter holding three 
or five tons and sometimes even ten tens of liquid metal; 
and a steel works of moderate size has one or two pairs 
of such vessels at its command; The Barrow steel works 
are the largest in Great Britain, the entire length of the 
sheds is 735 feet, the side walls Oarried up vertically 
twenty-eight feet. The pressfire of the blast in the con- 
vetters is twenty-one to twenty-two pounds per square 
■inch, and the average duration of a charge is twenty-five 
minutes. There is occasionally a quantity of Swedish 

' pig iroa added to the charge, and the usual charge of 
spiegeleisen beside. Some of the converters are con
structed for charges of seven* tons, being twelve feet, ten 
inches diameter outside, and eleven feet clear diameter 
inside. /Total height fifteen feet. This establishment*

* EIngineering, March 1st, 1867,.
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is furnished with the reversing roll train which we have 
described, and also Sieman’s gas regenerator and is 
rapidly enlarging its dimensions.

Spiegeleisen fo r  this Process.—One of the best sources 
for spiegeleisen and gray iron for the Bessemer process 
is the establishment of George Marienhiitte, near Asna- 
briick, in Prussia. I t  consists of some coal mines and 
mines of brown hematite and spathic ore.
• The furnaces produce only pig iron of the marks 
called “ high quality,” being those required for the pro
duction of best wrought iron and of steel. The marks 
are white iron for steel puddling, spiegeleisen and gray 
iron for the Bessemer process, and foundry iron. The 
present market for the produce of these works is the 
irnmediate neighborhood of its locality,,viz, the steel 
works of Rhenish Prussia and of Saxony. Its principal 
applications are to the production of wire, boilerplates, 
puddled steel, and Bessemer steel. The foundry iron 
bears a high price on account of its great strength. 
Trials have been made at the Bessemer steel works, 
Sheffield, with both gray and spiegel iron from these 
works, and the results have been very satisfactory, in 
consequence of which a rapidly growing trade with this 
country is now being established.

Bessemer Steel in Sweden.—In Sweden we have the 
earliest successful attempts to make Bessemer steel, and 
indeed the first successful attempts in England were 
made with Swedish iron. The Fagersta works produce 
their own pig iron from a mixture principally magnetic 
ore, and hot blast and charcoal. The iron is gray and 
the mixture presents the following analysis:—

• Carbonic acid . 8.00 Manganese . 3.35
Silica . . 17.35 Sesquioxide iron 32.15
Alumina . . 0.95 Peroxide . 27.40
Lime . . 6.50 Phosphoric acid 0.03

The gray iron produced from this ore is applied to 
the Bessemer process without any addition of spiegel or 
other manganesic compound, the process being inter
rupted at the moment the desired steel has been made.
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None bat an experienced workman can tell by the, flame 
when that time has arrived. Sometimes a little pig iron 
is added, but it is iron of the same character of the first

e. The analysis of this gray iron is as follows:
Combined carbon 1.012 2.138
Graphitic carbon 3.527 2.773
Silicon 0.854 0.641
Manganese 1.919 2.926
Phosphorus ■ . . 0.031 0.026
Sulphur . 0.010 0.015

There is another mark of iron produced at Fagersta, 
used for the Bessemer process and also without any 
addition of spiegel, which is called two-third mottled as 
the proportion of gray to white is as two to one. The 
second column gives its composition^

Mr, Aspelin has analyzed the slag produced in the 
converter with gray iron after a complete charge making 
soft steel, and also the slag from the gray iron itself in 
the blast furnace. No, 3 is the blast furnace slag. No. 4 
that of the converter.

Silica
No. 3.
53.80

No, 4. 
44.30

Alumina . • 8.00 10.86
Lime • 21.10 0.65
Magnesia , 13.95 0.15
Protoxide manganese 7.85 24.55

“ iron . 0.90 19.45

The oxygen in the silica of the blast furnace slag is 
27.56, that in the alumina 1.40, and that of the other 
bases 13.60. In the converter slag, the oxygen of the 
silica is 23.5, that of the alumina 5.10, and that of other 
bases 10.05. The magnesia in the converter slag may 
come from the clay lining. The steel is tested by 
Eggertz’s carbon test, which we have described, p. 904.

The Styrian iron has long held a place second only to 
the Swedish for its purity and freedom from phosphates.* 

Bessemer Process in Neuberg.—The Bessemer process 
having been introduced at Neuberg, with the intention.

*  E n gin eerin g , Ju n e  2 ? ,  186T.
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of forming a model establishment, and a school for other 
iron works, the various operations connected with this 
process have been made the subject of very careful 
scientific investigation. The Neuberg works added to 
their exhibition at Paris, a list of analyses made with 
the metal and its corresponding slags or cinders, at 
various stages of the process, v iz :—

Pig iron .

F irst stage 
after 

disap* 
pearance 

of the 
sparks.

Second 
stage aftot' 
the hoU,

Third 
stage and 
of change.

F in i s h e d  
s t e e l ,  w i th  

p ig  i r o n  
a d d e d  

in s t e a d  o f  
g p ie g e l.

Graphitic carbon . 
Combined carbon.

3 .1 8 0
0 .7 5 0 2 .4 6 5 0.949 0.087 0.234

SHicon . . 1 .9 6 0 0 .4 4 3 0.112 0.028 0.033
Pltosphoru  ̂ . .. 0 .0 4 0 0 .0 4 0 0.045 0.045 0.044
Sniphur . . 0 .0 1 8 , trace trace trace trace
Manganese , . 3 .4 6 0 1 .6 4 5 0.429 0.113 0.139
Copper. 0 .0 8 5 0 .0 9 1 0.095 0.120 0.105
Iron ; 9 0 .5 0 7 9 5 .3 1 6 98 .370 99.607 99.445

The above analyses show, in the first instance, the ex
cellent quality of the Neubei’g iron for the Bessemer pro
cess. There are indeed very few ev̂ en amongst the best 
Swedish marks of pig iron, the composition of which is 
so exactly suited for the requirements of this process, 
particularly with regard to the relative proportion of 
carbon and silicon. The absence, practically, of sul
phur and phosphorus' is of course one of the first condi
tions for success, and the analyses of the metal in 
various stages of conversion exactly correspond with the 
researches made on this point in England by Mr. Bes
semer himself. They show the increase of the percent
age of phosphorus in the refined product, as compared 
with the pig iron, an increase which is of course due 
only to the diminished quantity of the other impurities 
in the mixture with a constant quantity of phosphorus 
which remains present throughout all stages. It is 
interesting to find that copper fellows the same law in 
the Bessemer process as phosphorus, as this had not 
been established by direct experiments in England, as 
far as we are informed. The fact of copper being in-
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capable of removal by the Bessemer process makes the 
attention to its presence doubly necessary, and will ex
plain several instances of failure in the Bessemer process, 
which could not be ascribed to any of the usual causes 
generally met with in English practice. The analyses 
of the corresponding slags taken from the same charge 
show the following contents

B la s t S la g s  ta k e n S lag s  fro m S lag s  fro m S tag s
fa r n a c e fro m  v esse l n e a rly th i r d n l t t m a i e l y• c in d e rs . a t  th e  f ir s t second s ta g e . o b ta in e d .

s ta g e . s tag e .

Silica 40.95 46.78 51.75 46.75 ' 47.25
Aluminum . 8.70 4.65 2.98 2.80 3.45
Protoxide iron . . 0.60 6.78 5.50 16.86 15.43
Oxide of manganese. 2.18 37.00 37.90 32.23 31.89
Lime . * . 30.35 2.98 1.76 , 1.19 1.23
Magnesia . . 16.32 1.53 0.45 0.52 0.61
Potash . .
Soda . . .

0.181 
0.14 f trace trace trace trace

Sulphur . 0.34 0.04 trace trace trace
Phosphorus . . 0.01 0.03 0.02 0.01 0.01

There are some very striking points indicated by these 
analyses of slags. The sudden disappearance of lime and 
magnesia, for instance, compared with the much slower 
yet equally decisive decrease in the percentage of alumi
na in the slags. At first sight, it would appear that 
these substances must have been decomposed and carried 
away with the column of heated gases escaping.from the 
vessel—an assumption which, although it cannot be said 
to be impossible, appears highly improbable at least. As 
it is not known, however, what proportional quantity of 
blast furnace slags enters the converter along with the 
pig iron, as compared with the new slags formed within 
the converter itself, another explanation can be found, 
by considering the decreasing percentage of the compo
nents of the blast furnace slags as simply due to the 
admixture of larger quantities of new slags formed princi
pally by the oxidation of manganese, iron, and silicon. 
The quick disappearance of lime and magnesia, as com
pared with alumina, would still remain to be accounted 
for. In this respect it is possible that the blast furnace 
cinders, when tapped and run into the converter along
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with the pig iron, do not form a homogeneous mass 
amongst themselves, that the cinders containing a pre
dominance of lime and magnesia are less fluid than those 
formed by alumina and oxide of manganese, and that there
fore the latter more fluid materials enter the converter 
in a larger proportion than the rest of the slags which are 
held back and remain in the runners. In this case the 
decrease of percentage of the bases forming the blastfur
nace slags would be simply due to the formation of new 
cinders containing different elements. With respect to 
the latter, the rapidity with which manganese, is at
tacked by the oxygen in preference to all other compo
nents of the mixture is clearly shown by the appearance 
of 37 per cent, of oxide of manganese in the slags after 
the first stage of the process. The combustion of silicon 
is only apparently small, comparing the 40.95 per cent, 
silica of the blast furnace slags with 46.78 per cent, in the 
converter; but in reality allowance must be made for the 
silica left outside the converter, combined with lime and 
magnesia, and which must have been made up by the oxi
dation of fresh silicon contained in the iron before an 
increase in the percentage could take place. The slag ana
lysis also shows that during the time of oxidation of the 
manganese no iron enters into the combustion, since the 
percentage of protoxide of iron in the slags remains con
stant till the close of the second stage, when no furtheroxi- 
dation of manganese is to be traced. We then find a small 
quantity of iron combining with the oxygen and entering 
into the. slag. W hat influence the addition of fresh man
ganese in the spiegeleisen or pig iron added at the end 
of the process has upon the iron so oxidized, and whether 
any of this oxide is reduced at the expense of manganese, 
cannot be traced from the last two columns, since the 
effects of the admixture are obliterated by the addition 
of a fresh portion of blast furnace cinders carried into the 
vessel along with the pig iron added. We therefore lind 
a decrease in the percentage of both elements, only the 
percentage of iron is reduced about four times more in 
proportion than the percentage of manganese, which cer
tainly seems to indicate the reduction of a portion of iron
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from the slag by the addition of metallic manganese, the 
latter entering at once into the slag. The Neuberg works 
also add the results of tests made with regard to the ten
sile strength of their material, without, however, stating 
on what scale these trials have been made, and by whom 
they were conducted. The results found are given in 
the following table;—

^ 0 . o f  h a rd n e s s .

N o s: 1 & 2. No* 3. N o . 4 . N o . 5. Not. N o . 7 .

Percentage of com
bined carbon.

(1 .1 2  
^ to 
( l .5 8

0.88
to

1.12 .

0.62
to

0.88

0.38
to

0.62

0.15
to

0.38

0.05
to

0.15
Tensile strength in 
' tons per square 

inch.
1 not 
i  tested

63.13
to

74-61

57.65
to

63.13

40.17
to

51.65

34.43
to

40.17

28.69
to

34.43

The steel No. 5, corresponds to the material used in 
England for railway tyres, crank-shafts, and the working 
parts of machinery; the No. 6 is used for boiler-plate, 
bridge-w'ork, gun-barrels, &c., and the softest kind for 
sheet steel, wire and similar articles.*

HeatorCs Cast-Steel Process.

Next to blowing air directly into and through melted 
iron, another mode of its conversion is that of placing 
within the iron substances capable of evolving oxygen. 
Mr. Bessemer, in one of his patents. No. 1981, A. D. 
1856, proposed, indeed, to introduce, not merely air, but 
any gaseous matter containing, or “ capable of evolving 
oxygen' or hydrogen gas;” but there are some solid sub
stances, such as nitrate of soda (NaONO®) and saltpetre 
(KONO®) which are ready vehicles of oxygen, and from 
which it may be evolved on heating to redness. This 
mode of producing oxygen is very destructive to the 
ordinary vessels employed in the process, and even affects 
platinum. Gold and silver cupels withstand the action, 
as would, of course, be expected.

* EDgineerreg, May 3, 1867.
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About 1866, Mr. John Heaton, then of Widnes, 
but now of the Langley Mill Steel and Iron Works, at' 
Nottingham, patented a mode of treating melted iron 
with nitrate of soda or nitrate of potash (saltpetre) by 
placing either of these substances in pockets within the 
fire-clay lining of a revolving (or barrel churn) converter, 
where they might act upon the melted iron: Mr. Heaton 
had made experiments which indicated that about one 
cwt. of nitrate, worth perhaps 25s., sufficed to evolve 
enough oxygen for the conversion of one ton of iron. 
Mr, Heaton is now continuing his experiments in Not
tingham.*

■166 London Quarterly Journal o f Science for Janu
ary of this year (1869) gives the process as follows: 
Cast-iron of any quality is first melted in a common 
iron-foundry cupola with coke fuel. A known quantity 
of the liquid iron, irsually about a ton, is tapped out into 
an ordinaty crane ladle, which is swung round to the 
side of the converter. This latter is a tall cylinder of 
boiler-plate. Open at the bottom, between which and the 
floor a space is left. The converter has a fire-brick lin
ing and terminates in a conical covering, out of which 
an iron funnel opens to the atmosphere. In the bottom 
of the Converter a number of short cylindrical pots, 
lined with brick and fire-clay are adjusted. Into these 
pots a given weight of crude nitrate of soda of commerce 
is put. The surface of the powder is levelled and cov
ered by a thick circular plate of cast-iron. One of these 
pots thus prepared having been adjusted to the bot
tom of the cylinder, the converter is now ready for 
use. At one side of the cylinder is a hopper, covered 
by a loosely-hinged flap of boiler-plate. This plate is 
raised, and the ladle full of liquid cast iron is poured 
into the converter, and descends upon the top of the 
cold cast-iron plate. The plate does not float up nor be
come displaced, nor does any action become apparent 
for some minutes, while the plate is rapidly acquiring

*  E n gineerin g, M arch  29, 1867,.
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heat from the fluid iron above it, and the nitrate getting 
heated by contact with it.

Prof. Miller, of Cambridge, England, says, that* after 
a few minutes the brownish-red vapors of the nitric oxide 
are seen, and then a lively deflagi*ation ensues till all the 
carbon is burned out of the cast iron, after which a quiet 
follows, and the cast iron has become malleable, or steel 
according to the amount of carbon remaining.

Chrome Iron Steel.

Some experiments which have been made in our 
presence with this rensarkable steel, lead us to speak of 
it as a new process and as distinct from all those previ
ously ttientioned for making steel. «

About three years ago, or somewhat earlier, Mr. Baur 
undertook to experiment upon the effects of alloying 
malleable iron with aluminum. The results were excel
lent but not of an available nature. The lately imported 
mineral, cryolite, was then used with considerable suc
cess, but the corrosion of the crucibles rendered that 
method of obtaining aluminum, for the alloy, extremely 
expensive and uncertain. The next experiments were 
made with the, chromate of iron, from Bare Hills, near 
Baltimore, and resulted in complete success. The mal
leable iron, of proper purity, is melted in crucibles 
capable of sustaining great heat. Some four to five per 
cent, of the chromate ore is then added, according to the 
desired temper, being scattered carefully, or simply drop
ped into the crucible when the latter is used, the contents 
are then properly mixed and cast. Great care, we un
derstand, from the inventor, is taken to avoid all car
bonized irons whatever, so that the steel is, as nearly as 
can be obtained, free from carbon.

This steel is certainly remarkable. We have seen it 
welded in a short bar upon itself—drawn out, tempered, 
and used as a cold chisel upon cast iron without the 
slightest difficulty and entirely without the use of any 
flux whatever. But one excellence consists in the fact 
that, when heated to a bright red heat such as would 
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utterly destroy the excellence of cemented steel, causing 
it to be ‘̂burned,’* this steel is not injured, but when 
thrust into water, again heated to a cherry-red and tem
pered in water, it assumes a uniform finely granulated 
appeai*ance, and is immediately fitted for use. It has 
been lately tried in its welding powers, and makes a 
close wold upon cast iron. The only difficulty at present is 
its price. As the chromate of iron sells at present (July, 
1869) for ^55 to S60 per ton as an ©re, and.as the process 
is one wherein crucibles are largely used, that difficulty 
must continue for a while to exist. Eoll trais may 
yet be erected and furnaces prepared with a view of re
ducing the price, which is an objection; but of its 
excellence there can be no doubt.

Nothing will more truly exhibit the value of this 
steel than the following results taken at West' Point 
Foundry

T w e lv e  sp e c im e n s  fro m  th re e  b a r s  o f  1 |  inch octagon tool 
s te e l, N o s . 1, 2 , a n d  S . T w o  sp e c im e n s  were cut from each bar 
in  th e la th e , a n d  tw o  c u t  fro m  e a c h  b a r  a fter heating it. The 
la tte r  m a r k e d  “ H .”  T h e  sp ec im en  is  tu rn e d  down in the middle 
to  a b o u t  o n e -h a lf in ch  d iam eter, an d  th is  is  the part broken in 
tr ia ls , b e in g  th e  ce n tre  o f  th e  b ar, a n d  consequently the most 
l ia b le  to  im p e rfe c t io n s . R e su lt s

B a r  N o . X
D S N sn rY .^

. 7 .8 4 6 4
T B U SIIE  STRBKOTH.

181,830
U 1 .  . . 7 .B 4 5 0 179,020 ,
u 2 . 7 .8 3 3 9 176,920
a 2 .  7 .8 5 1 1 198,910
n 3 .  7 .8161 173,770
u 3 . 7 .8 5 5 6 163,760

1 H  . ,  7 .8 3 7 3 183,620
U 1 H  ,  . . 7 .8 4 8 8 174,750
i t 2  H  . .  7 .8 3 8 6 168,530
t f 2  I I  . . 7 .8401 193,210
<t 3  H  . .  7 .8 2 2 9 174,540
i t 3  H  , .  7 .8 1 9 4 190,910

H ig h e s t  s t r e n g th  o f 12  sp ec im en s, 198,910 lbs.
Low e.st “  “  163,760
A v e r a g e  o f  a l l  th e sp ec im en s, . 179,960 “

' ‘ O r sa y , 1 8 0 ,0 0 0  lb s. p e r  sq u a re  inch.

H ig h e st  s t r e n g th  o f  ste e l g iv e n  b y  P e rc y , is 132,909 lbs, per 
sq u a r e  inch .
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The only manufactory of thi$ steel is The American 
Tool Steel Co., Brooklyn, N. Y.

In this connection we give the following results, 
which, with what we have already given, cover all the 
steels hitherto spoken o f :^

Tenacity o f  Wnou^ht Ivm  and Steel.
M alleai>)«  iron* A u th o r i ty .

Wire, very strong (charcoal) . . . 114,000> Morin.
Wire, average . . . . . . 86,000.4 Telford.
Wire, W eak .......................................................... 71,000. Morin.

Effects of Reheating and Rolling,
Aathorliy.

Puddled bar . . . . . . 43,904.)
Tire same iron five times piled, reheated and I

rolled . , . . . . . 61,824. }• Clhy.
The same iron eleven times piled, reheated 

and lolled . . . . . . 43,904. j

Steel and Steely Ron.

Cast steel bars rolled and forged
f (  t (  a n

Blistered steel bars rolled and forged 
Shear steel bars rolled and forged 
Bessemer steel bars rolled and forged 

“ cast ingots 
“ hamm ered or rolled 

Spring steel bars hammered or rolled 
Uomogeneous m etal bars rolled .

'* forged . .
Puddled steel bars rolled and forged |

f from
( to

from
to

Cast steel plates . {from 
to

132,909. )
92.015.1 

130;000. 
104,298. 
fl8,468. 
111,460.
63,024.

152,912.
72,529.
90,647
93.000. 
89.724. 
71.484 1
62.768.1
90.000. 
94,752.

A o th o r ily .

B. Kapier & Sons. 
Rennie.
Kapier & Sons.* ■ «

U

Wilmot.
I t

Napier & Sons.
a

Fairbafrn.
Napier & Sons.

Fairbairn, 
Mallet.

75’sM. } Napier & Sons.

In the above Mr.Kirkaldy experimented for R. Napier 
& Sons.

Mushefs Steel,~~Some pieces of this steel have found 
their way into our shops. It is a titanic iron and has 
the pecnliarity of sufficient hardness after being heated 
red hot and forged, without any tempering. But it is 
not so tough as the last-mentioned steel, and upon a re
quest on our part for a piece at one of the machine shops, 
a small hammer proved quite sufficiently powerful to

    
 



9 1 6 THE METALLURGY OF IRON.

tap off a fragment. The steel is not white in fracture, 
but borders upon a tinge of straw-coJored light brown. 
Hr. Baur, of the American Tool Steel Company’s Works, 
Brooklyn, had a small ingot which bore very decidedly 
the above color and exhibited the comparative brittle 
characteristic just stated.

Remarks upon the Bessemer Metal

When Mr. Bessemer began to manufacture wrought 
iron from cast, by blowing air into the molten metal, it 
w’as objected to the pr-oduct that it had no fibre, as com
mon puddled iron had, and that iron without fibre must 
necessarily be weak. It is now well known that homo
geneous iron is much stronger than fibrous iron. But at 
the beginning of the manufacture, fibre was accounted 
as necessary in iron as in ropes or thread, a theory re
sulting merely from the accident of the production of 
fibre by the modes of manufacture then exclusively em
ployed. In the case of iron produced by the common 
process, any bubble or vacuity in the metal becomes filled 
with slag, which hinders the sides from being effectually 
welded under the hammer. But in the Bessemer iron, 
as the §lag is absent, the sides of the bubble cohere 
when the ingot is subjected to pi’essure while still hot. 
I t  is better to hammer the ingots while still hot, after 
having been poured, than to allow them to cool and to 
heat them afterwards. For in the one case the heart of 
the ingot is the hottest part, and in the other the coldest.

There is every probability that wrought iron will be 
soon almost wholly superseded in the arts by the mild 
steel of gi'eater cohesive strength, such as tire Bessemer 
process enables us to introduce. But the wrought iron 
made by the Bessemer process is stronger and better than 
other iron from its uniform and homogeneous character, 
and from the more complete extrusion of liquid impuri
ties. Iron containing sulphur and phosphorus, which 
render it either hot-short or cold-short, is unsuited for 
the Bessemer process. The phosphorus sometimes 
comes into the iron from the improper "selection of the
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lime used as flux, which may contain coprolites, bones, 
or other phosphates, and in all cases it will be proper to 
avoid such sources of contamination. Numerous plans 
have been tried to discharge the phosphorus and sulphur 
containt'd in many kinds of iron in the Bessemer con
verter by blowing chlorine and other substances in with 
the air, so as to render those irons suitable for the pro
cess. But all these plans have been ineffectual, and the 
discovery of a mode of making these irons available for 
the Bessemer converter by simultaneous puddling and 
purification, remains a desideratum,*

Rolling Steel Rails,

In rolling steel rails in Messrs. Cammell & Co.’s 
Works, at Sheffield, the rolls, which are 21 inches and 
22 inches in diameter* are run at about sixty revolutions 
per minute, and the hammered blooms are brought down 
to the finished section at one heat, the number of “ pass
es” required to accomplish this of course varying accord
ing to the section of rail to be produced. In the case 
of the flat-footed I'ails, the Uumber of passes required is 
fourteen, and the time occupied in rolling each rail is 
two and a half minutes. Of the fourteen sets of grooves 
through which the bloom is passed, the first and third 
are of a rectangular section, whilst the second, fourth, 
and fifth, through whiqh the bloom is passed on its side, 
commence the formation of the bottom flange by com
pressing the upper part of the rail. Through the sixth 
pair of grooves the rail is passed with its bottom flange 
Uppermost, and duriug its passage that flange is extend
ed laterally, and a depression formed along its centre. 
Through the seventh and all the remaining pairs of 
grooves, except the ninth, the rail is passed on its side, 
its section being further developed at each pass until the 
rail is completed. Through the ninth pair of grooves 
the rail is passed, with its bottom flange uppermost, this 
pass completing the extension of the lower flange, and

*  E n g in eer in g , M arch 15tb, 1 8 6 7 .
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removing the hollow formed in it by the sixth pair of 
grooves. After rolling, the rails, whilst still hot, are 
straightened by wooden mallets, and are then cut to length 
by a pair of circular saws. The two ends of the double
headed rails ore cut simultaneously, but those of the flat- 
footed rails are under-cut one-eighth of an inch, so that 
the heads meet closely when the rails are laid, and each 
end has consequently to be cut separately.*

In tbe United States, steel rails are already largely in- 
trodnced. They are upon the tracks of the Hudson River 
Railroad, Erie Railroad, Camden and Amboy Railroad, a 
few miles at Mauch Chunk and at Easton on the Lehigh 
Valley Railroad, the Pennsylvania Central, and on por
tions of other roads. The hardest, most homogeneous, and 
tbe best rail of those which we have noticed particularly, 
are upon the Lehigh and Susquehanna, running up the 
Lehigh from Eastqu, Pa., to Wilkesbarre, and beyond to 
Scranton. We have examined with particular care some 
parts of this road-rail compared with rails upon otlier 
tracks, and find that while upon Some of the latter rails 
there have been found evidences of unequal carbonization, 
there appears a remarkable homogeneity in those laid 
upon the Lehigh and Susquehanna track. The evidences 
of deficiency are slight concavities or depression’s of great
er or shorter length immediately upon the surface of the 
head. Sometimes, when walking upon the road, these 
concavities may be very easily detected after a rain, when 
the examination is aided by the change of the angles of 
reflection. At other places the evidence is so plain that 
it may be very readily seen and tried at the immediate 
spot. We have seen no places greater in length than 
from two to six inches, and in some cases not more than 
one inch. The large coal transportation upon this rail
road will make the ti’ial of these rails more satisfactory 
than upon mere ordinary freight and passenger roads. 
At pi'esent the unevenness is not so apparent upon l;his 
road as upon some others, perhaps owing to the fact that 
the road has not been in use for a sufficiently long period,

*  Engineerin'^, M arch 1st, 1867.
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but the transportation lias already arisen to an exceeding 
amount, and the engines used are of very groat tonnage, 
and the trial will eventually be a sufficient one.

Steel Capped There has been no long-continued
■trial on any roads of these rails so far as we know, but 
preparations are being made on such a scale as to put 
them soon to the test. In these rails the body, the base, 
and stem, or shank, are of iron, and the cap piece only 
of steel.

Messrs. John Brown & Co., of Sheffield, are now roll
ing rails from the crop ends of Bessemer steel, and their 
managers inform the editor of that these rails
weld quite soundly, and we have heard that steel-headed 
rails have been successfully made from these crop ends. 
In Europe such rails stand most thorough tests without 
separating.

W. M. Lyon, Esq., of the Sligo Iron Works, Pitts
burg, Pa., recently subjected a steel-headed rail, made at 
the Wyandotte Rolling Mills, under the patent of S. L. 
Potter; to some rather remarkable tests. The rail was 
cut five feet long, and a weight of 1600 lbs. was allowed 
to fall upon it as follows; For the first blow, the weight 
was raised fi ve feet; the second, ten feet. The rail w*as 
then turned over, and received the third blow with a 
fall of fifteen feet, and the fourth blow with a fall of 
twenty feet, bent the rail almost double. The rail was 
then taken to the steam hammer, whose weight was 
8800 lbs. and received ten or twelve blows. When the 
bar was nearly straightened out, it broke, but the iron 
and steel remained perfectly welded together. One of 
these piece ^vas then subjected to 100 blovvs from the 
8800 lbs. hammer on the head of the rail as follows: 
fifty blows at two feet fall, and fifty at three feet fall. 
This crushed the rail without breaking the weld of the 
iron and steel. Tests of iron rail of other make were 
made at the same time, but the results were so unsatis
factory, that it is not necessary to notice them.*

Perhaps the following from the American Hail Way

*  Engineering, A pril 19, 186T-
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Times, of September 8, 1868, may present the actual 
practical progress in this direction as well as anything 
which may be written in so brief an article.

M r. P e te r  A sh c r o ft ,  th e  e n g in e e r  o f  the South Eastern Eail- 
, w ay  o f  E n g la n d , c la im s  g r e a t  su c c e s s  fo r  an invention of his in 
w hich  b e  u s e s  a  sm a ll  q u a n t ity  o f  s te e l in the centre of the rail 
fo r th e  tre a d  to  ru n  u p o n . H e  in tro d u ces between a pair of 
iron  p la te s  a  s t e e l  r a i l ,  w h ich  fits in  betw een  the iron plates, the 
ste e l b e in g  t ig h t ly  se c u re d  b y  sc r e w in g  the iron plates up. The 
t r a in s  w o rk  o n ly  u p o n  th e  ste e l, a n d  when it is necessary to 
ren ew  it, i t  i s  d o n e  b y  s im p ly  u n scre w in g  the iron plates, 
t a k in g  the o ld  s te e l r a i l  o u t, a n d  p u t t in g  a  new one in. Although 
i t  i s  c la im ed  th a t  th is  r a i l  i s  w o rk in g  extrem ely  well on the 
C h a r in g -c ro ss  lin e , y e t  it  i s  o p e n  to  th e  objection that practice 
fo u n d  th e  c o m p o u n d  c o n tin u o u s  iro n  rail to  have: that the 
sc re w s w o rk ed  lo o se  v e ry  e a s ily  an d  req u ired  very close atten
tio n  to  k e e p  th e m  in  p la ce , th e  sa m e  trou b le  that is found in 
th e  iro n  fish  p la te s .  A  d e v ic e  m a y  frequ en tly  work well in a 
l im ite d  w ay , w h en  n u rse d  a n d  c a re d  fo r by friendly hands, but 
w h ich  le ft  to  th e  ro u g h  e v e ry  d a y  p ra c tic e  common in railway 
o p era tio n , w ill f a i l ; an d  th is  m u st  b e  taken  into account when 
w e re ad  o f  th e  su c c e s s  o f  m an y  p e t d e v ic e s  o f  inventors. While 
w e  co n fe ss  w e h a v e  so m e  fe a r s  r e g a rd in g  the continued success 
o f  a n y  c o m p o u n d  s te e l  and iro n  ra il, w e b y  no means discourage 
a tte m p ts to  m a k e  th e se  e ffo rts c e r ta in t ie s ; and, it is for this 
re a so n  th a t w e a lw a y s  a p p e a l to  ra ilw a y  m anagers to give all 
p ra c t ic a b le  a id  in  th e t r ia ls  so u g h t  b y  inventors. Another 
d e v ice  c a lle d  th e  D u p le x  S te e l  a n d  I r o n  E a i l  invented by Mr. 
J .  L .  B o o th , o f  R o c h e ste r , N .Y .,  h a s  b een  on trial on the New 
Y o r k  C e n tra l a n d  L a k e  S h o re  R o a d s  for the past eighteen 
m o n th s, a n d  a s  c la im e d  w ith  su c c e s sfu l resu lts. A  Rochester 
p a p e r  th u s d e sc r ib e s  th e  d e v ic e : “  M r. B o o th ’s rail is nearly in 
th e  fo rm  o f  a  co m m o n  T  ra il. T h e  bottom , upright standard 
an d  a  sm a ll h e a d  i s  m a d e  o f  i r o n ; o v e r  th is head is laid a cap 
of, o r tre ad -p iece  of, s te e l, w h ich  fo rm s th e face o f the rail, and 
i s  h e ld  in  i t s  p la c e  b y  c lin c h in g  th e  h e a d  under on either side. 
T h e se  stee l c a p s  a r e  ro fle d  in to  p la c e  w hen the iron rail is cold, 
an d  a re  a s  firm  a s  th o u g h  th e  ra il  w as on e so lid  piece instead 
o f  tw o. I f  th e c a p s  a re  la id  lo o se ly  u p on  the rail, experiment 
h a s  d e m o n stra te d  th a t  th e  tre a d  o f  th e  car  wheels will in a 
sh o r t  t im e  m a k e  th em  t ig h t . T h e  b a r s  a re  p u t into acid and 
th e  sc a le  re m o v ed  b e fo re  th e y  a r e  p u t  togeth er. The ends are 
then  g ro u n d  an d  m a d e  tru e , th u s  p ro d u c in g  a finished rail.” It 
is  sta ted  th a t a fte r  e ig h te en  m o n th s’ w e a r  in the Central track, 
in  an ex p o se d  co n d itio n , th e se  r a i l s  a r e  now  apparently as per-
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feet a s  w hen fir st  la id , w hile the iron  ra ils  la id  a lo n g s id e  o f  therp 
have been  fo u r  tim es renew ed. M r, B o o th  is  now  m a k in g  a 
q u an tity  o f  th e se  ra ils  to  fill a  co n trac t fo r the C e n tra l C o m p an y , 
the m a n a g e r s  se e m in g  to  be sa tisfied  w ith i t s  s u c c e s s .  T h e se  
ra ils c o s t  a b o u t  fifty  p er  cent, m o re  than  a  fir st  c la s s  iro n  ra il, 
sh o w in g  q u ite  a  sa v in g  in  first c o st  o v er  th ose  o f  so lid  s te e l. 
T h e q u e s t io n  o f  lo n g  co n tin u o u s w ear i s  still  to b e  se ttle d , h o w 
ever, in th is  a s  in  a ll o th er Q om pound r a i l s ;  an d  to  th e  en d  th at 
all A m e r ic a n  d e v ic e s  a t  least, o f  com poun d steel an d  iro n  r a i ls  
m ay h a v e  a  fa ir  co m p a ra t iv e  te s t  o f  w earin g  q u a l it ie s  in  the 
track , w e s u g g e s t  th a t a  lim ited  q u a n tity  o f  each  o f  th e se  r a i l s  
be fu rn ish ed  to  so m e  c o m p a n y  h a v in g  a la rg e  an d  h e a v y  traffic, 
and th at th e se  r a i l s  b e  la id  w h ere th ey  w ill be e q u a lly  e x p o se d , 
and a c c u ra te  a c c o u n ts  k e p t  o f  th e  re su lts  b y  som e c a re fu l p erso n . 
A s  we h a v e  b e fo re  sa id , a l l  the d e v ice s a re  c la im ed  to  be su c 
cesses, b u t  a s  a  m a tte r  o f  fact, it  i s  w ell k n ow n  th at stee l c a p p e d  
ra ils h a v e  fa ile d , th a t  th e  c a p s  h av e  p eeled  oftj an d  th a t th e y  
have show'n o th e r  d e fec ts  w hen e x p o se d  to th e h a rd  te s t  o f  
d r iv in g  w h e e ls  c a r r y in g  a  w e ig h t o f  from  five  to  se v e n  ton^ 
each, an d  g o i n g  a t  h igh  sp eed .

Steel capped rails have been made for considerable 
time and, apparently, with success by Waterman & 
Beaver, at Danville, Pa,, and, although we have seen no 
trials of the rail, we have reason to ci'edit the statement 
that “ the rails from this company have been laid where 
there is almost constant ‘shunting’ and passing of trains, 
and where iron rails of ordinary quality last but about 
six months, the steel heads have been on the track 
eleven months, and as yet show no signs of giving out.”

Weldless Steel Tyres.

Solid rolled tyres are becoming more and move gene- 
rally applied. This is one of the many great results 
due to the introduction of the Bessemer process, which 
brought steel tyres into competition with iron, almost at 
an equality of price. Weldless tyres have been for 
some years made from oast steel, and there are still 
many steel-makers producing and selling crucible steel 
tyres. The process consists in hammering a large ingot 
into a cylindrical form, from which a number of short, 
disk-shaped pieces are cut off under the steel hammer.
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Each of these disks is reheated and punched. A flat 
steel ting being thus obtained, the next operation is to 
widen the ring out under a steel hammer upon an anvil, 
•v̂ ith a projecting nose ot beak, which gives to the ring 
a conical section suitable to being afterwards trans
formed, by rolling, into the flanged conical shape of the 
finished tyre. With smaller tyres Mr. Allen does not 
go through the expensive process of punching from the 
solid, but casts the ingots in the shape of two or three 
superposed conical rings. The construction of the ingot 
moulds for that purpose is vei*y ingenious, and has been 
arrived at by a great number of experiments, surmount
ing gradually the numerous difficulties and obstacles 
which presented themselves. The conical rings, when 
cast in this manner, only require to be hammered once, 
and can at the second heat be finished in the rolling 
mill.

Mr. Rowan, in Glasgow, employs a double process of 
rolling in two mills, the first acting as a “breaking- 
down” mill and the second rnill finishing the tyre found 
the ring produced from the first. This saves a great 
part of the hammering process, for which it substitutes 
the action of the breaking-down mill. With the aid of 
a double rolling process, tyres can be entirely finished 
from cast rings without hammering, and it is only a 
question of opinion as to the quality of material pro
duced which leads to the application of either hammers 
or rolls.

The makers of pot steel tyres, as a rule, try to balance 
the greater prime cost of their material by casting it into 
such a form as to allow of its. being finished with little 
additional labor. The method of casting is kept strictly 
secret both at Bochum and at the Sheffield Works; but 
its main principle is said to consist in casting into highly 
heated moulds, which are allowed to cool down very 
gradually, so as to temper and anrieal the metal during 
the process of setting. The method by which Kvapp’s 
tyres are made is called in Germany “a public secret;” 
that is, it is known to everybody, yet not acknowledged 
by Mr. Krupp, or his authorized representatives. It is
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not likely to diffei* ffotn Mr. Bessemer’s mode of pro
duction, except in trifling details.

Railway tyres are now considered tke most profitable 
article of manufiictui’e in the Bessemer steel trade; they 
pay a royalty of three pounds per ton to Mr. Bessemer, 
and with the more economical modes of manufacture 
now in practice it is not difficult to show that their 
present market price of twenty-eight pounds per ton 
wHl come down, and be reduced considerably at no very 
remote date.'^

Trial o f Mails.

The engineer pf the permanent way of the Western 
Railway of France, sent the editor of Engineeringa 
copy of a template showing the exact wear of some cast 
steel rails put down on the Anteuil branch of that line in 
October, 1860, being a wear of si?c years and four months. 
These I'ails are double headed, and are made to be turned, 
and measure from cap, or top of head, to cap (the shank 
being the connection between two uniformed caps), 5.1 
inch, provided the copy of template in the above 
Journal be given in the exact size of template. The 
greatest wear in that time was 0.05 or of an inch, 
and is represented by an abrasion feathering.to nothing 
before it touches the outside of the cap of the I’ail, and 
gradually increases till the inside upper edge is touched 
where it is greatest. This was due to the fact that the 
rail was upon a curve of twelve chains radius, and this 
was the outside rail. There are from forty-five to 
fifty passenger trains passing over this road daily, the 
lines worked by thirty ton engines, and the rails being 
greatly subjected to the wear of brakes. These rails are 
made of “ pot” steel and not of Bessemer steel, but it is 
supposed that steel for this purpoSj  ̂ could be made by 
the Bessemer process equally hard and tougher, the ad
vantage of much less cost being had at the same time.

In the trials of these rails the sample is laid upon

*  E n gin eerin g , J a n .  18 ,1867 . tF eb. 22, 1867.
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supports three feet apart in the clear, and struck at tke 
middle of the span by a weight of one ton, having a 
striking edge at the bottom so fonned as to give the 
blow at one point only in the length of the rail. This 
weight or ram is raised between guide-posts, and falls 
freely throughout its range. At a trial of this kind at the 
works of Messrs. John Brown & Co., and Messrs. Charles 
Cammell & Co., Sheffield, two sections were taken, one 
double-headed rail weighing sixty-eight pounds to the 
yard, of which the above firms are making for the Great 
Indian Peninsular Kailway, each 11,0()0 tons, a sample 
from each firm was tested with about the same results. 
The first blow was given with a clear fall of twenty feet, 
and the rail was merely bent about five inches in the 
length of about four feet. No sign of cracking was ex
hibited. The rail was turned and struck with the same 
blow as before, and the same height less the curve of 
•the rail, and this blow straightened the rail with a twist 
sideways* Another blow was given of clear thirty feet, 
which bent the rail more than before, but no signs of 
cracking appeared* and very slight indentation, showing 
gi'eat hhrdness and toughness combined.

Analysis o f  Steel.

The following is perhaps the most complete method 
of procedure in the analysis of steel. (Landrin.)

Pulverize about 150 grammes of steel in a steel pestle 
mortar; sieve; reduce coarse particles again; separate 
into three poi'tions—r-No. 1 for carbon, No. 2 for sulphur 
and phosphorus. No. 3 for constituent principles, ex
cepting combined carbon.

No. 1. CarftoM.—Grind quartz sand with CuO, destroy 
organic matter by heating red (low); 30 to 40 grammes 
of this is mixed wit|i equal quantity of steel and tritu
rate in agate mortar; mix with six or eight times its 
weight of powdered chromate of lead. Introduce into 
a combustion tube, to be used with the ordinary precau
tions, putting into the end a few grammes of dry chlo
rate potash. Proceed as usual by heat. Pass CO-

    
 



STKEL. 925

through chloride of caleiuru, absorb, weigh in a solution 
of caustic potash of specific gravity 1,2 S.

Nitrogen.^Mxx some of assay with pure caustic soda, 
absorb the products of combustion in dilute hydi’ochloric 
acid in a vessel fitted for the reception; estimate in the 
usual way the chloride of ammonium formed.

No. 2. Sulphur and Phosphorus: Sulphur.'^Ti'eat with 
fuming NO5 at moderate heat. Nitrous vapors escape 
without US. Evaporate to dryness; treat with very 
dilute hydrochloric acid. Test with chloride barium in 
usual way. Filter after leaving vessel in a moderately 
warm place to settle perfectly. Precipitate excess of 
barium by SO3; filter.

Phosphorus.—Add sufficient quantity tartrate of am. 
monia to prevent precipitation of iron and add ammonia 
in great excess. Pass HS through several hours. Let 
the liquid stand several hours in a warm place till it 
requires a yellow color. Filter rapidly, washing with- 
NH4S. Dry and expel ammonia by heat. The residue 
is composed of POg with some CaO Al? O3 and alkalies 
with some iron. Melt all in platinum crucible with 
mixture of NaO, CO2 and KO COg. The melted mass 
is dissolved in HCl and POg estimated by Sulphate of 
soda. [This method of adding to the liquor previously 
supersaturated with ammonia—a solution of sulphate of 
magnesia is not accurate, and the liquor must be tested 
with molybdate of ammonia v. Kose.j Sulphur may be 
determined also by dissolving the pulverized steel in 
dilute HCl and passing H through the solution. The 
gas is received into an acid solution of acetate of lead, 
and the sulphide determined for the S which was in 
the steel. This analysis requires extreme slowness—the 
dissolving of steel requires not less than eight or nine 
days; pig iron ten to fifteen, and wrought iron four.

No, 8. Graphitic C, Si O3 Ca*0, &c., dissolve the same 
amount of steel in a long-necked matrass by gentle heat 
in dilute HCl—requires few hours, leaving dark, or black 
Hakes floating. Collect the latter, wash, dry at 212 Fahr., 
This denotes the graphitic C with some Fe O Si O3 and 
CaO. Fuse the whole with nitrate of potash, mixed

    
 



926 THE METALLURGY OF IRON.

with twice it$ weight of pure NaO C02. Determine 
iSiOs and CaO in the usual way. The difference is 
graphitic C, Proof: Dissolve an equal original portion 
of steel in dilute HCl. Collect flakes; dry upon an 
asbestus filter; mix with chromate of lead and CaO 
and proceed as previously directed. If right, the two 
analyses will exactly agree. Subtract graphitic carbon 
from carbon of original determination, and by difference 
we get combined carbon^ The liquid filter from the 
flakes must be evaporated to dryness—treat again with 
dilute HCl—*and the minute part of SiOj remains; add 
this to the Si O3 fi'om the flakes. If  HS makes a preci
pitate, test what metals are thereby indicated; if no
thing but white precipitate, then collect; peroxidizehy 
NOj and boil; add ammonia, and lest all FcjOj is not 
precipitated add natural benzoate Of ammonia, or, better, 
as producing less bulky precipitate, succinate of ammonia 
perfectly neutral. This gives the weight of metal (Fe.)

Traces of chromium or alumina: Dissolve the perox
ide last obtained in HCl precipitated by excess of caustic 
potash which, will dissolve those foreign Substances which 
are generally in small quantities. If an excess of am
monia was not used previously to the use of benzoate of 
ammonia, the precipitated iron will not contain a trace 
of manganese.

3Iafij^anese.-*^The solution and washings must be eva
porated to dryness; expel ammonia, then sulphide of 
ammonia. Collect MnS upon a filter after it has stood 
awhile and being slightly heated. Transform into Mn 
SD3, or redissolve with H C l; precipitate as carbonate. 
Calcine and Weigh as red oxide.

Calcium,—"Expel NHiS by boiling, and then add oxa
late ammonia. Calcine and weigh and the resultant 
CaO CO2 indicates lime or calcium.

Magnesium.—May be traced by testing the filtrate 
with phosphate of soda.

Alkalies.—Evaporate solution to dryness, calcine and 
weigh as chlorides ; then dissolve in a small quantity of 
water and separate the KO by a few drops of bichloride
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&f p la ii it i itn  aw« ŵ ê ĝ  ̂ .fehJm’M e «>f sed iia m  fcy d iffe f-
ence.

(Far same ne* Chemiedi Ned'n ^Ameriedn
Mepiint, Oet. anti 1S6T'. and April̂  aiwi May  ̂1868.J 

A methad o f determining Ute cdtf)on in steel i s ^ t i « e d  
very «ucGie$sfuJly il*̂ same places, fey catrtparisati tfee 
shades «F yel'loWTsfe-feveiWTt rCstol%it*g from dlssalvliig ifec 
steel iw m uriatic acid awd Gamuavlng the saldtiofe sfeades 
with' the shades of solutfems of steels whose earfetm has 
been already determiued. Î*hesic latter solutiamS, after 
determiHatiou, are hermetically sealed a»d serve as 
standard ctdtyrs. See mfele fully uuder fiessettter Sfeeh

    
 



    
 



APrENDIJ .

APPENDIX A. Pi«B 4t.

The knowledge of certain minerals js important to the metal
lurgist. The following is a list of those minerals in the order 
of their importance, together with their metanurgical signifi
cance

Calcite is  th e  g e n e r ic  term  fo r  a ll c a rb o n ates o f  lim e , b u t  
when a b so lu te ly  p u re  it  co n ta in s, in  100  lbs., 4 4  lb s . c a rb o n ic  
acid g a s  a n d  6 6  p a r t s  lim e a n d  no w ater. B u t  i t  i s  ra re ly  
found so  p u re , a n d  th e v a r ia t io n s  from  p u rity  a re  e x tre m e ly  
im portant in » th e  m a n u fa c tu re  o f  iron . T h e co lo r m a y  v a ry  
with m an y  sh a d e s  o f  y e llo w  an d  re d  d u e  to  iron, o r  p in k  d u e  to 
m anganese, o r  b lu e  an d  g re e n  d u e  to  c o p p er  an d  ehi’o m iu m , o r 
black an d  g r a y  d u e  to  o rg a n ic  m atter , o r  v a r io u s m ix e d  sh ad e s 
"due to m in g le d  e le m e n ts ; b u t  th e c h ie f  p rac tica l d ifficu lties 
arise from  m ix t u r e s  o f  m a g n e s ia  a n d  q u a r tz  an d  a lu m in a , a s  
fo llow s:—

1. ’Dolomite.— T h is  i s  a  m a g n e s ia n  ca lc ite  an d  is  m ad e  a  d is 
tinct m in era l sp e c ie s , b u t it  i s  a  m ix tu r e  o f  carb o n ate  o f  lim e  
with c a rb o n a te  o f  m a g n e s ia  in , g r e a t ly  v a ry in g  p ro p o rtio n s , 
from 10  p e r  ce n t, to  a s  h igh  .a s  67  p e r ‘ cent, o f  c a rb o n a te  o f  
m agnesia. V e in s  so m e tim e s  o c c u r  in lim eston e rock  w h ich  
contain a  h ig h  a m o u n t o f  m ag n esia , w h ereas the su rro u n d in g  
rock co n ta in s n o n e  w o rth  n otic in g . I t  i s  o f  g re a t  im p o rta n c e  
to d istin g u ish  b e tw e e n  th e se  v arie tie s  o f  do lom ite a s  g r e a t ly  
influencing th e  o p e r a t io n s  o f  the fu rn ace . I l lu s tra t io n s  o f  this- 
im portance w e h a v e  g iv e n  in  an o th er p ar t  o f  th is w ork..

2. Hydraulic  T h is  is  a  ca lc ite  w ith la r g e  a d m ix 
ture o f  th e  p r in c ip a l  in g red ie n t o f  c la y . C om m on  c la y  co n 
tains q u a r tz  a n d  a lu m in a , co lo red  y ellow , o r  re d  b y  th e  p re 
sence o f  iro n , o r  o th e rw ise  b y  oth er elem en ts, a s  w e  h a v e  sa id  
under ca lc ite . I t  i s  v e ry  im p o rtan t th a t th e se  v a r ia t io n s  in  th e  
quantity o f  a lu m in a  an d  q u a r tz  in  the lim esto n e  b e  k n o w n  
where th ey  e x c e e d  tw o  o r  th ree p e r  cen t. each . B e s id e  th e  
above, a c c id e n ta l e le m e n ts ap p ear , e sp e c ia lly  in  th e  cry sta llin e- 
limestones, a s  sm a ll  p o rt io n s  o f

3. Apatite.—-lihSa i s  the n am e o f  l im e  w h en  co m b in e d  with.
59 4
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p h o sp h o r ic  a c id , fo rm in g  p h o sp h a te  o f  lim e. It  occurs gene* 
r a l ly  in  sm a ll  g r a in s  o r  p a r tic le s  w h ic h  a r e  not bard enough to 
sc ra tc h  g la s s ,  a re  g re e n ish  o r  b lu ish -g ree n , sometimes violet 
g reen , an d  e s p e c ia lly  in  th e  m a g n e t ic  ore, Or granitic regions, 
an d  th e se  p a r t ic le s  o c c u r  fr e q u e n t ly  in  som e magnetic ores 
th e m se lv e s .

T e sfe .-~ T h e  re a d ie s t  te s t  fo r  c a lc i te s  is m uriatic or nitric acid 
in  a  l it t le  b o t t le  w ith  a  g l a s s  s to p p e r . Som etim es the stoppers 
a re  e x te n d e d  t o  a  p o in t  a n d  ca n  b e  u se d  conveniently to draw 
o n t  a  d r o p  o f  th e  m u r ia t ic  o r  n itr ic  acid . The use o f a small 
h alf-in ch  focufs m a g n ify in g  le n s  w ill en ab le  the analyst to 
d e te c t  th e  q u a n t i ty  o f  e ffe rv e sc e n c e  m ore readily in some 
sp ec im en s. I f  th e  sp e c im e n  e ffe rv e sc e s  read ily  and largely, the 
s ig n s  a r e  th a t  th e  l im e sto n e  i s  p ra c tic a lly  free  from magnesia, 
a lu m in a , a n d  q u a r tz , e s p e c ia l ly  i f  a  sm all particle broken off 
d is so lv e s  entirely in  a  d r o p  o f  th e  a e id , leav in g  nothing behind 
w h ich  c a n  b e  se e n  b y  th e  magnifying glass. Dolomites and 
h y d ra u lic  lin re sto n es w ill e ffe rv e sc e  le s s  an d  less in proportion 
to  th e  in c r e a s in g  a m o u n t  o f- im p u r it ie s  they  possess, and thus 
m a y  c e r ta in ly  b e  d e tec te d  b y  a  l i t t le  exp erien ce  hnd afterward 
su b m itte d  to  th e 'V a r io u s  te s ts  g iv e n  in  th is  work. The test 
fo r  a p a t i te  m a y  b e  fo u n d  a s  a b o v e  g iv e n , str ic tly  distinguishing 
q u a r tz  g r a in s  w hich  ^ r e  f re q u e n tly  co lo red , but may always bê  
d e te c te d  b y  t b e ir  h ard n e ss , a s  th e y  w ill scratch  ordinary white 
g l a s s — a p a t i te  w ill se ld o m , i f  e v e r , b e  m ade to scratch glass so 
a s  to  le a v e  a  l in e  in  th e  g la s s ,  i f  th e  g la s s  is  hard gla§s, but 
ev en  in  e x t r e m e  c a s e s  th e  sc ra tc h  i s  so  uncertain  as to cause no 
d iff ic u lty  a f te r  a  l itt le  p ra c t ic e . B r e a th in g  rapidly  and fully 
u p on  a  m in e ra l o r  o re , a n d  in s ta n tly  catch in g  the scent o f the 
sp o t  th u s  b re a th e d  up*on, w ill, in m a n y  eases, reveal the presence 
o f  a lu m in a ,b y  th e  d e g r e e  o f  i t s  s la ty  sm ell, an d  thus, in some, in
d ic a te  th e p re se n c e  o r  a b se n c e  o f  m a g n e s ia  o r alum ina. Mag
n esia n  l im e s  (d o lo m ite s ) , w h ich  w ill n ot sh ow  effervescence even 
u n d e r  th e  m a g n i fy in g  g la s s ,  w ill, w hen pojvdered, dissolve, 
e sp e c ia lly  w h en  w a fm M . A  l i t t l e  p ractice  will m ake such 
e x a m in a t io n s  v e ry  fin e  a p p ro x im a t io n s  an d  extrem ely conve
n ie n t an d  u se fu l w h en  c h o o s in g  lim esto n e s a t  tile quarry  and 
a w a y  from  th e  la b o ra to ry .

Qaartz i s  th e  m in e ra l n am e  o f  a ll  k in d s o f flint, whether 
c r y s ta ll iz e d  o r  m a ss iv e , c o lo re d  o r  lim pid , translucent or trans
p a re n t. I t s  b a se  is  s ilex ;  w hen p u r e  it  i s  sim ply  the oxide of 
s i l ic o n . I f  m u ch  o f  i t  o c c u r s  in  o r e s  o r  lim estones, it will ma
te r ia l ly  affect th e  s l a g s ,  a n d  m u st  b e  allow ed for in the charges, 
a s  w e h a v e  in d ic a te d  u n d e r  th a t h ead . Q u artz  som etim es re
se m b le s  ca lc ite , b u t  a s  i t  is  b a r d  eq o u gh  to  scratch glass, and
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calcite n e v e r  i s  so  h ard , and a s  it w ill not effervesce n or d is so lv e  
in acid s, i t  i s  e a s ily  d istin gu ish ed .

Hornblende is  the nam e form erly  g iv en , and now la r g e ly  used* 
to  in d ic ate  a  ro c k  which is very  to u g h -^ n o t so  h ard  a s  q u a rtz , 
a s  it  b a r e ly  sc ra tch e s g la s s— o f  a  v e ry  dark-green  o r  b la c k  a p 
pearan ce , a n d  the fresh ly-broken  p ieces reflecting lig h t  w ith  an  
a lm o st im p e rc e p tib le  an d  fin ely-g litterin g  o r tre m u lo u s lig h t. 
T h is  m in e ra l is found frequ en tly  in th e m agn etic ore, a n d  so m e
tim es in  th e  re d  hem atite , localities, b u t  i t  is  in the m agn etic  ores 
th at i ts  o c cu rren ce  i s  im po rtan t, a s  i t  frequen tly  d ece iv es even  
som e o f  th o se  w ho su p p o se  that th ey  a re  good  ju d g e s  o f  ore, an d  
w e h a v e  h a d  rep eated  occasion s to  k n o w  that ores w ith  a  h o rn 
b len de g a n g u e  se ll  b e tte r  than o re s o f  a  better q u a lity  and 
h ig h e r  p e r  cen t, w ith ou t th a t g a n g u e . H orn b len de c o n s is ts  o f  
s i le x  ch ie fly , an d  m uch m agn esia , liw e, and alum ina, w ith  from  
IQ to  2 0  p e r  cent, o x id e  o f  iron, b u t in  v e ty  in fu sib le  Com bi
n ation . S o m e  sp ecim en s v a ry  in  co lo r and h av e  v e ry  little  
p ro to x id e  o f  iron  and m o re  m agn esia  and lim e ; then  it  is 
w hite an d  m a y  be Called tre m o b te ; w ith a  little  m o re  iro n  it  
b eeo m es lig R t green , and i s  ca lled  actin o lite . T h e  n am e h o rn 
b len d e  h a s  been  ch an ged  into  am p h ib o le  in  D ana’s  la s t  ed ition , 
p e rh a p s  w ith  n o  v e ry  snfficient reason , a s  hornblende (sign ify- 

h in g  tough) w a s in genenal use.
Pyroxene is  a  ro o k  extrem ely  s i iq i la r  to  hornblende, b u t lim e 

i s  a  p ro m in e n t in gred ien t in  a ll  the Varieties o f  th is sp ec ie s, 
w h ereas it  i s  la c k in g  in som e o f  th e v arie tie s  o f hornblende.

Feldspar j s  a  m in eral freq u en tly  o ccu rrin g  with m agn etic  
o re s  a s  a  g a n g u e . I t  is-e v id e n tly  n ot so  hard a s  q u artz , and 
y e t  h a rd er  th an  the la st two. • j t  m ay  be d istin gu ish ed  from  
ca lc ite  in t h a t  it  w ill not effervesce, n or d isso lve re ad ily  even  
w hen p o w d e re d  and w arm ed. I t  i s  n su ally  cream -colored, bu t 
fre q u en tly  d a r k e r , w ith a  du ll, g la s sy  reflection, from  fre sh ly * 
brok en  su r fa c e s .

Kaolin i s  d eco m p o sed  fe ld spar an d  frequ en tly  a p p e a r s  in  
w hite s t r e a k s  in  the brow u hem atite bc^s. I t  m ay  b e  k n o w n  
by th e  g r e a s y  fe e lin g  fo llow in g upon ta k in g  a  little  betw een  the 
fore-fin ger a n d  th u m b  and ru b b in g  tbum  for a  few  secon d s 
togeth er. T h e  k a o lin  m ay  be colored y e llo w o r  even  b lu ish -b k e k .

T h ese  a r e  th e  m o st im portan t m in eral sp ec ie s  to  w hich the 
attention  o f  th e  m e ta llu rg is t  need be turn ed  a t  p resen t.

A P P E N D I X .  P a g S 84 .

T h is  is , w ith o u t  d o u b t, too high. T h e  b e st E n g lish  h a m 
m ered iron  in  b a r s  is  tak en  a t  2 5  to n s  p e r  sq u a re  inch  (F a ir -
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b a irn , 3d  ed ., E d in b u rg h , 1 8 6 9 , p . 8 3 0 )  which at 2240 lbs. to 
th e to n  w o u ld  b© b u t  5 6 ,0 0 0  lb s .  A  v e ry  excellent quality of 
iron  m ad e a t  th e  C a ta sa u q u a , P a .,  M an ufacturing Company, 
g a v e  u s, w h en  te s te d  a t  B e a d in g ,  P a ., 5 8 ,0 0 0  lbs.-, and another 
w h ich  w a s e x t r e m e ly  w ell p u d d le d  an d  reheated (welded) 
6 3 ,0 0 0  lb s . V e r y  few  p u d d le d  iro n  b a r s  are  equal to these. 
In s te a d  o f  7 1 ,6 0 0  th en  w e m a y  p u t  5 6 ,0 0 0  fo r the lowest ten* 
s i le  s t re n g th  o f  a  v e r y  g o o d  c o m m e rc ia l iron.

F o r  te n s ile  s t r e n g th  o f  s te e l  se e  a t  th e .en d  o f  Chrome Steel, 
P a r t l y .

T h e  fo llo w in g  i s  th e  s tre n g th  o f  c a s t  iron, extracted and 
c o n d e n se d ,fro m  th e  e x p e r im e n ts  o f  F a irb a irn  and Hodgkinson. 
A l l  th e  co e ffic ie n ts  a r e  in  p o u n d s  to  th e  sq u are  inch i—

^inds of Iron. Direct
tenacity.

Kesi«tftnce 
to direct 
crushing.

Modulus 
of rupture 
of ̂ uare 

hm.
Modulus 

of elaslicUy.

No. 1. Cold blast ; .  . 1 12,694
17,466

56,455
80,561

36,693
39,771

14,000,000
15,380,000

“ 1. Hot “ 4 . . 1 13,434
16,125

72,193
88t741

29,889
35,316

11.639.000
16.510.000

« 2. Cold “ . . .  1 13,348
18,865

68,532
102,408

33,453
39,609

12.586.000
17.036.000

« 2. Hot «  . . .  1 13,505
17,807

82,734
102,030

28,917
38,394

12.259.000
16.301.000

“ 3. Cold « . . .  { 14,200.
15,508

76,900
115,400

85,881
47,061

14.281.000
22.908.000

“ 3. Hot “ i . * 1 
“ 4- Smelted by coke yrithbai snl- i  

phuT . )
Toughened cast iron * .

15,278
23,468

' 23,461 
25,764

101,831
104,881

129,876
119,457

35,640
43,497
41,715

15.852.000
22.733.000

No. 3. Hot blast after 1st melting
»t a u «
« « « U (( Igjjj »

98,560
163,744
197,120

39,690
56,060
25,350

A P P E N D I X  A . P a g e s  9 2  a n d  177.

A lm o s t  a n y  iro n  m a s te r  p ta y  b ec o m e  exp ert, to a certain 
e x te n t , in  th e  u se  o f  th e b lo w p ip e  fo r  the determination of 
m an gan e se , iron , s i l ic a ,  lim e , a n d  so m e  few  other elements. But 
g e n e ra l s k i l l  d e m a n d s  p rac tic e , a  k een  appreciation  o f shades of 
co lo r  a n d  lo n g  e x p e r ie n c e : B y  E .  F .  w e m ean that part of the 
flam e w h ich  i s  b lu e  w h en  b lo w n  w ith  th e  introduction of the
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p o in t o f  the b low p ipe into th e flam e. I t  I s  c a lled  th e  re d n c in g  
flam e, from  the fact th a t su b sta n ces w hich a re  o x id e s  a re  
d e p r iv e d  o f  th e ir  o xy gen , o r  reduced  by  th is f la m e ; w h ereas 
the c o n tra ry  effect tak e s p lace  in the ou ter flam e (d r  0 .  F .), 
T h o se  w h o ch oose  to  practice m ay  easily  obtain  a  w o rk  on  the 
u se  o f  th e  b lo w p ip e . S u ch  elem ents, how ever, a s  s u l p h u r ^ S ,  
p h o s p h o r u s * *P ,  a r s e n ic * *A s , z in c ^ Z n , m ay  b e  d e term in ed  
v e ry  e a s i ly  b y  b u t l it t le  pare i f  we excep t P . F o r  d e tec tio n  e f  
S , tu r n in g  th e  b low p ipe flam e upon  a  sm all p iece o f  th e  ore o r 
su sp e c te d  su b stan ce  fo r a  few secon d s wilt g iv e  the sm e ll o f  S . 
F o r  A s ,  th e  sam e act w ill p ro d u ce  the g arlic  sm ell o f  A s .  , F o r  Zn  
the flam e u pon  ch arcoa l w ill g iv e  a  white lin in g  u p o n  the Coal, 
w h ich  h a s  a  tin ge  o f  yellow  w hile hot, and b eco m e s w hite 
w hen c o l d ; fo r  P , i f  the b a se  o f  the phosphoric ac id  g iv e s  no 
co lo r to  th e  flam e, th e n  the co lo r w ill be b lu ish -green , i f  th e 
m in era l b e  m oistened  w ith su lp h . acid before ign ition . B u n se n ’s 
p lan  i s , t o  h eat the su b stan ce  in  a  w id e  closed g la s s  tu b e , w ith  
th re e  p a r t s  dried  so d a , an d  a sm a ll  fragm ent o f  so d iu m ; fusion  
m a k e s  a  p h o sp h id e  w hich a fte r  co o lin g  y ie ld s p h o sp h u re tted  
h y d ro g e n  w hen m oistened w ith  w ater (D ana).

A P P E N D I X  A .  P a« e 128.

T h e  b e s t  m eth od  o f  d is so lv in g  the o re  or m in eral fo r  de ter
m in in g  tita n iu m  a n d  other s im ila r  m etals in  com bin ation  is  that 
p ro p o se d  b y  F . W ig g le sw o rth  C la rk e , in  S illim an ’s  Jo u rn a l , b y  
m ean s o f  f lu o r id e  o f  so d iu m , w hich la tte r  Salt is fo rm ed  b y  
b o ilin g  c r y o l ite  an d  c a u stic  so d a  togeth er in  an iron  V essel and 
p u r ify in g  b y  c ry sta lliz a t io n .

T h e  fo llo w in g  is  so  m uch o f  th e  p rocess a s  w ould b e  in terest
in g  to  th e  iro n  a n a ly s t :—

P u lv e r iz e  the m in era l to  8 0  o r flner to  the in c h ; w ash  an d  
d e te rm in e  w a te r ; on e p ar t  a s s a y  is  m ixed  with th re e  p a r ts  
F  o f  S  in  su ita b le  siz ed  p la tin u m  cru cib le ; on th e  T O P  o f  
th is p la c e  tw e lv e  p a r ts  b isu lp h a te  K O , either in  lu m p s  o r  
p ow d er, h e a t  carefully to  tran q u il fusion, k eep in g  th e cru cib le  
co vered . N e v e r  m ix  the b isu lp h ate  with the F . o f  S .  a n d  the 
m ineral. T h e  m a ss o b ta in ed  is'.d issolvqd either in w ater o r  H  
Cl. I f  v o lu m e tr ic  a ssa y  i s  to  b e  used, the b a s ic  n n d isso lv e d  
sa lts  m a y  b e  m ad e so lu b le  in w ater by co o lin g  the m a ss  in  the 
crucib le , a d d in g  s tro n g  SO^ an d  fu sin g  a g a in ; d e a rly  a lw a y s 
so lu b le  in  w ater  a fte r  th is. T h e  latter is called- se co n d  fu sion .

R u tile .— R a p id ly  an d  ea sily  d is so lv e s ; re sid u e  is  A y e llo w  
white f n a s s ;  d is so lv e s  en tirely  in  co ld  w ater, w ith ou t secon d
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fusion. From this solution alj the titanic acid may be thrown 
down by boilinp:.

lLMENiTE~like RDTiLE.—-rSome basic salts remain soluble 
in HCl by fusion No. 2; all soluble in cold water, and titanic 
acid is precipitated by boiling.

ChEomic Iron Ore.—Decomposed easily, in less than three 
minUtes f̂rom the time it is heated with ordinary Bunsen gas- 
burner; mass light green; partly soluble in water alone, and 
entirely soluble in HCl. Fusion No. 2 makes larger proportion 
soluble in water, but always some basic salt remains soluble in 
FICl.

HEMATiTE.'-̂ Hardest kind easily reduced ; soluble in water 
partially, entirely in HCl. By fusion 2  all becomes soluble.

L i Wo n it e  a n d  M a s n b t i t b .— L ik e  H em atite .
CaROMiDM IN OHRoMiTE.-r-After fusion, as‘directed, treat 

mass with HOI for ten minutes, then upon boiling with water 
all dissolves; neutralize the solution and add acetate of 
soda, and oxidize theohroinium to chromic aeid by a current of 
chlorine gas or by boiling with hypochloride of soda sohuiou. 
The chromium may then be separated from other substances 
by Prof. Gibb’s method {Journ. Jan. I 8 6 0 ). When chromite is 
fused as above, and Saltpetre added to the mass, as soon as 
the fusion ensues the chromium is nearly all oxydized to ChO'. 
If the mass be boiled with solution of NaOCO® and the liquid 
filtered, a filtrate is obtained which contains nearly all the 
chromium or alkaline chromates' free from iron or alumina,

' but the residue on”filter paper contains traces Of chromium.
Technical estimation of Iron in Orbs, Slags and Cinders.— 

After fusion, if Penny’s process with bichromate potass is used, 
or the ordinary method by precipitation by ammonia, the 
mass may be treated with HCl and thus brought into solution. 
If by permanganate of potass, it must be fused again with SOI 
The clear solution may be separated into three parts, under 
ordinary precautions, one for iron by volumetric assay or by 
precipitation, tbe 'other for titanium by boiling down, the 
third for lime, magnesia, alumina. Sulphur, phosphorus, and 
silica must be determined otherwise.

In all the above, cryolite (pure) may be used, but not when 
alumina is to be determined.

APPENDIX B. Page 36.

In addition, we may add that Prof. Bogers in his report gives 
analyses.of ma*gnetie ores, from other rrtines, as follows:—
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Perox.
iro o e

Protox.
iron.

Sillcia. A lti- 
m i lift.

M ag. L im e.

Near Isabella Furnace, Chester Co. 
Schmultz farm, Alsace, Berfcs Co. 
1 mile E. of Reading, Penn’s Mt.

5^10
36.50

76.86
24.50
16.25

12.10
24.17

4.15
6.20 7.10

Veo
‘5.67

P o ta s h .
TitABie

{aad
other

acids).

Water.
Meta^Uo 
iroh iu 

100 
parts.-

D oserip tion .

Near Isabella Furnace, Chester Co. .. 2.39
Schmultz farm, Alsace, Belks Cp.

> •

.75

Phos. & 
floor.

.2 8 5 8 .’96 Black, crys
talline, 
specks of 
hornblende 

Cryst. with 
hornblende, 
feldspar, 
quartz, 
apatite.

i  mile E. o f  Reading, Penn’s Mt. 3 .3 0

9>

.81 37 .00

In Pennsylvania there are^also other beds of magnetic ore, 
one south of Easton 2 | miles, a few rods northwest of the old 
Philadelphia road, but it ig abandoned {Rogers). Efforts are ht 
present being made to open near the same locality. TherO- is 
magnetic ore for miles along the top of the ridge, but it has not 
been removed in any large quantity. The mine, not far south 
of Durham Creek, about three miles southwest of Duriram 
furnace, near Riegelsville,'is a large mine, successfally Worked 
at present, July, 1869, and supplying the neighboring fitrqace.

At the Mount Pleasant mines, on border of Colebrodkdale 
and Hereford township, there was mined, formerly, a compact 
ore; also two miles northwest fromFriedensbnrg, a mixed ore; 
near Princeton, on Ranzbaun’s farm, said to be excellent 
magnetic (Rogers); also tvro'miles east of Pricetown. Around 
Bethlehem, and for many nriles Westwai  ̂and eastward, ore has 
been found and dug, but not extensively mined. The most 
inlerpsting beds in the State are found at Cornwall mines and 
Lebanon County, not far off the line of the Reading and Harris
burg Railroad. This ore abounds with sulphuret of iron, and 

‘some specimens contain Copper. We have seen an excellent 
magnetic ore taken from a mine not far from Allentown, 
between one and two miles from Millertown station, on the 
East Pennsylvania Railroad, called the Rock Ore mine.
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A P P E N D IX  C. P age  51.

Rogers gives as an analysis of one of these argillaceous ores 
the following: Specimen from Summit mine of Eebigh, Pa. 
perox. of iron 37.40;, silica and insoluble matter 45.65; alumina 
18.60; water 4.00; metallic iron 22.98. Remarks: slate blue, 
compact, nodular, conchoidal, rusty. Of another from Mount 
Eagle, Black Spring Gap, Dauphin County, the following is the 
analysis: Carbonate of iron 73.94; perox. of iron 10.36; carb. 
of Mn. 2.95; carb, of mag. 2.07; silica and insoluble matter 6.63; 
earboriaceons matter 1.64; water 1.99; metal, iron 42.22. Re
marks: nearly black, slaty. J’b.e ingredients of these coal 
measure ores are carbonate of iron chieiBy, next peroxide, with 
lar^e. amount of silica and insoluble matter, alumina, carbon
ates of lime, magnesia and manganese with carbonaceous 
matter and water. Their c^lor generally blue, sometimes 
brownisb and nearly black.

A P P E N D IX  D. Page 56.

In Penn.sylvat)ia, also in North American mines, Pottsville, 
near Wilkesbarre, in the LaCkaW'anna Valley, in Clearheld 
County, at Karthaus; Paint Creek, Cambria County; Bear 
Creek Hill, Blossbnrg, Tioga County j Blairsville and Lockport, 
Westmoreland County ; Phipps’ Furnace, Scrubgrass, Venango 
County; at Kutcber’s, Clarion County; and at Buffalo Creek, 
Armstrong County. All these ores are blue, slnte blue, or 
brownish-bipe.

APPENDIX P. P a g e s  ;t 29 AND 177,

According to experiments by Faraday and Stodart, steel 
and platinum will alloy in all proportions, and the platinum 
will fuse in contact with steel at a temperature which will not 
affect the steel at all.

•The following method, which is tlje most complete, has been 
fhrnished us by Ohas. P. Williams, A. M., late Professor in 
Polytechnic College, Philadelphia. ■,

Two portions of about two grammes each are weighed.
Portion A, Dissolve in sulphuric acid in a quarter litre flask 

i*to which a current of carbonic acid gas is passing. After 
solution, which is aided by beat, the liquid is diluted with dis
tilled 'Syater and brought up to the given standard (250 c. cs.)
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and the amotint of i?eOdetermined in several separate parts by 
means of a solution of permanganate potassa of known strength.

Portion B is carefully dried in an air-hath at a temperature 
of about 220° Pah. till it ceases t8  lose weight. The loss, =  
Ilygroscopid  M oishire,

it  is then ignited at a strong red heat in a current of dry 
carbonic acid. Loss in weight,*= W ater. • (Note I.)

The residue is now carefully mixed with about four times 
its weight of a mixture of carbonates of soda and potassa to 
which some little nitrate potassa is added (to oxidize the sul
phur) and fused in a platinum crucible. The filsed mass is e x 
tracted with water, =sresidue “ a” and filtrate “a”..

To filtrate “a” add hydrochloric acid and evaporate to dry
ness in af water bath; moisten with hydrochloric acid, add 
water and filter. The small amount of SiO, which is separated 
by this filtration is added to residue “a”. The filtrate is mea
sured and divided into two equal parts “b” and “c”.

To “c” add which is dried, burned and
weighed and the amount of S calculated and multiplied by 2, 
for the amount of S in the ore. .

To “ b” add NH.,Cl"t-NH  ̂ O-PMgO SOjiisprecipitate of 
NH 4 O 2 MgO POj+ 14Aq, which is ignited and weighed as 
2MgO POj from which the amount of PO, is calculated and 
doubled for the whole P O g  in the ore. (Note ll!)

* Residue “a” is dissolved in hydrochloric acid and evaporated 
to dryness in a water bath, treated with hydrochloric acid and 
waters residue

Filtrate from a' (which contains Pe, O3, Al̂  O3 , ^(nO CaO and 
MgQ) is carefully measured and an aliquot part taken for the 
separation and estimation of the bases. This is. dpne because 
the large amount taken and requisite for the estimation of the 
S and POj would give, at this stage of the analysis/ such large 
precipitates as to be difficult of washing, etc.

This portion is carefully neutralized by the carbonate soda 
and boiled with solution of acetate soda £See Fresenius’ “ Quan- 
titatiye Chemical Analysis,” page l95, fourth English edition] 
Precipitate=».Fej Oj-t-AZj O3 . (Note III.)

This precipitate is dried, burned and weighed and the weight 
of the mixed oxides noted. It is fused with K02SOj HO dis
solved in water, tartaric acid, and then ammonia and sulphide 
ammonium added, .The iron is precipitated as FeS whilst the 
alumina remains in solution. The FeS is dissolved in HGl, 
peroxidized by nitric acid and precipitated by ammonia in the 
usual way and weighed as Fe„0 3 . ^bis weight deducted .from 
the weight of the mixed oxides gives the Al̂ Oj.

To the filtrate from the FejOj-f-AljO, a few drops of acetic
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acid and then brom ine are added ; boiled  till there is n© longer 
an odor o f  brom ine. P r e c ip ita te = M n 0 2  which is ignited and 
w eighed as Mn^O^, (N o te  I V .)

O xalate am m onia and %inmonia are added to the filtrate. 
P recip ita te= C aO O  w hich  is  s tr o n g ly  ignited and weighed as 
C a O . ( N o t e V .) .

A  so ln tio it o f  phosphate sod a  added to the filtrate now pre
cipitates the m a g Nk s ia  as 2M gO  NH^ 0 °  P O j+ A q , which is 
weighed as 2M g^0’’ P O 5. (N o te  V I .)

The various precautions to  be o b serv ed  in the different filtra- 
tions are f«H y described  io  F resen iu s’ or Rose’s work on 
Q uantitative A n a ly s is , e ither o f  w h ich  can always be consulted 
with advantage, by th e an alyst. T h e only poitit of originality 
claim ed beyond th e detail o f  the arrangem ent is the use of bro
m ine in the separation  o f  m anganese. I t  is much less trouble
som e and far m ore satisfactory than  the employment of chlo
rine for the sam e purpose.

T he author has fo llow ed, in  th e m ain, thfis method for up
wards o f  e ig h t years, both foy th e  pUrpo.ses of ordinary com
m ercial an a lysis  and for instrnctiort o f  students. He has found 
it  exp ed itiou s in  its  results and. o f  easy comprehension by those 
w ho have n o t fo llow ed  a fu ll course o f  qualitative or quantita
t iv e  analysis.

From  the d a te  accum ulated b y  th e  analysis the following 
m ethod  o f  ex p re ss in g  the result is  u su a lly  employed:—

R e s u l t  o f  A n a ly s i s  S a m p le  I r o n  O re M a rk e d  ■

Moisture a t  2120 pabr. .
Combined W ater . . .
Peroxide Iron . . . .

Containing Metallic Iron ,
Protoxide Iron . • . .

Containing Metallic Iren 
Bi Sulphide Iron . . ,

Containing S u lp h u r; Metallic Iron 
Plio.spUoric Acid 

Containing Phosphorus .
Alumina . . . . .
Protoxide Manganese . <
Lime . . . . - .

Per cent.

M agne .s ia .......................................
Silicic Acid . . , .

The to ta l per cent. Metallic Iron sas ----

Should  CARBOSIO ACID b e on e o f  the comstituents of the ore 
it should be determ ined in a separate portion. Weighed at the 
satne tim e as A . and B., by m eans o f  the ordinary carbonic acid 
apparatus. A k s e s io , i f  present. Will be found in the form of 
arsenic acid in  th e w atery solution  w hich  contains the sulphuric
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and phosphoric acids. To separate and estim ate it, the half o f  
the solution  usetl for the phosphoric acid is  first treated with 
sulphurous acid (to produce A sO , to AsOj). and then a slow  
and long-continued current o f sulphydric apid g a s  is passed  
through. T lie arsenic is precipitated as A s S , which is sepa
rated b y  filtration. The filtrate is  boiled to ex p e l th e  sulplty- 
dric acid, and then treated as aboye described for phosphoric 
acid.

C o p p e r , occasionally present in small quantity in iron ores 
w ill be found in residue a,’* and may be separated, after the 
rem oval o f the SOj b y  filttalion, by means of sulphydric acitl. 
T he filtered sulphide copper is mixed with sulphur, burned in 
a current o f  hydrogen gas, and Weighed as Cu^S, T he filtpate 
is  boiled  to exp el thp sulphuretted hydrogen; peroxidyzed by 
m eans o f  nitric acid or chlorate of potassa, and the other bases 
separated as given in the method above*

T h ese substances, copper and arsenic, are o f  more frequent 
occurrence, especially in lim onite ores, than is  usuallysuppoSed. 
T hey are only to be found b y  a critical and searching analysis, 
and are consequently frequently overlooked. A . M uller {Annal 
d . G hem . u n d  P k a rm . 8 6 , 127), found in  an ore used at Carl- 
shiitte, w eighable amounts o f  arseuic and vanadio acids, and 
potassa, and traces o f chrom ium, copper, and molybdenum .

' NOTES TO THE ABOVE METHOD,

I. I f  the ore contains organic matters the loss in weight will 
exp ress  the jo in t w eight o f  tfce combined water and organic 
matter. A  separate estim ation o f  the water can be made, if  
considered necessary, by means o f  a chlor-ealcium apparatus.

I I . It is a lw ays safer to redissolve this precipitate in hydro
chloric acid, and reprecipitate by the addition o f  ammonia. 
B y  th is naeans the danger of' w eighing some o f  the carbonate 
of m agnesia, which always separates as phosphate and conse
quently  increasing the amount"of PO,, is avoided,

I I I . A ll  the iron is weighed here as sesquioxide. I t  is n e
cessary to  deduct the weight o f  iron existing as protoxide (ob
tained from  portion A.), the remaining Fe is  calculated to 
Fe,0„, airless an appropriate amount o f S  has been obtained, 
when th e F e  required by th is to fortn Fe ^  sh ou ld  also be 
deducted. - '

IV . T h e  MnOj requires strong ignition, which should be re
peated till  tw o successive w eighings agree.

V . T h e  conversion o f  oxalate lim e into lim e rather than into 
a carbonate is ranch less troublesom e and more certain.

V I . I t  is not necessary to redissolve this precipitate as there 
can be, o f  course, no separation o f  excess pf magnesia.
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A P P E N D I X  G .  P a g e  219.
(

The oxi(^e o f  copper process d ep en d s upon the power of this 
Oxide to  furnish o x y g e n  w hich , com b in in g  with the carboii, 
form s carbonic acid  gas. T h e la tter  passes through a solution 
o f  pure caustic potash, which, th u s b ecom in g carbonate of potash, 
furnishes the data  for d eterm in in g  the carbon. The substance 
to  be tested is p laced , w ith  p recautions, in a tube with the ox
id e and heated. A  m ost accurate m ethod o f procedure with 
the ox ide m ay be seen  in Prof. J o h n so n ’s report on coals.

APPENDIX H. P a g e  255.

Strip o f  s ilv e r  fo il w ith  a  sm all per cent, o f copper 
m a y b e  u s ^ ,  th e  t im ^ a n d  co lor decid ing, with practice, the 
am ount o f  su lp h ur. T h e nitro-prusside o f potassium may be 
used w ith con siderab le success in  th e follow ing manner: file, 
in to  powder, th e  su spected  iron, co v er  it upon charcoal, with 
carbonate o f  soda m ixed  w ith  a litt le  starch, turn the blowpipe 

.d am e cau tiou sly  upon it  t ill gath ered  in to  a mass by semi-fusion, 
then in stan tly  drop  the clean or w h ite  mass into a solution of 
th e  n itro-prusside o f  potassium  in  w ater in a watch crystal, 
and on th e  e d g e  w ill  appear a reddish-purple color or tinge ac
cording to the am oifht o f  su lphur. O nly  a fragment the size of a 
pin head sh ou ld  b e d isso lved  in on e drop o f  water, and a mag
n ify in g  g la ss  b e used. G enerally  ab ou t one grain of filings is 
sufficient. P ractice  w ith  th is process m akes very perfect.

P a g e  3 4 1 .— T h e se  “ costs” m ust be regulated by proximity 
to  the sou rces o f  su p p ly . M agnetic ore costs at the Lehigh 
from $ 6  to  $ 1 1 .5 0 , accord in g  to  th e  sou rce o f  the ore, Morris 
County, N . J ., o r  Cham plainj iN., Y . S o  w ith coal, if anthracite. 
On the L eh igh , iron  co.sts, in  so m e places, nearly one-third 
more than is  in d icated  in  th e tex t, in ordinary furnaces. 
S in ce the above w as w ritten , Mr. H enderson has .sent us the 
fo llow in g  estim a tes for  J u n e  Id , 1839  t-i—

2 tons hematite at $6 per ton a t furnace 
i  ton magnetic a t $7 “ • •
1 “ coal (they  now use 2 tons) 
Limestone . .  ' . .
Labor and repairs . ■ .
Freight to N. Y.

$12.00
3.50 
3.75' 
1.75 
3.00
2.50

$20.50
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Can be done on the H udson in k r g e  furnaces, at present rates, 
for th e follow ing cost:-^

1 ton (50 per cent.) hematite 
1 “ (50per cent.) njagnetie 
1 “ coal [?] .
liinaestone . . ,
Labor and repairs , .

$4.60
4 .80
4,50
1.00
3.00

$17.50

B u t w e are w ell assured that the above estim ates m ust be 
g rea tly  modified by conditions not expressed b y  these figures 
w h ich  are merely theoretical, especially in eoal and lim estone: 
ex trem ely  few furnaces use half hematite to half m agnetic.even  
on or near the Hudson, and none that we are aware o f  on  the  
B eh igh . N evertheless under some circumstances the above  
costs w ill be approxim ations modified as we have said by sk ill 
and p rox im ity  to the sources o f  supply.

A P P E N D IX  I. P ag e  286.

T h e firm name has becom e Shoenberger & Co. W e have 
g iven  th e process in full and the result of new experim ents and 
fu ller tr ia ls under Malleable Iron.
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I N D E X .

“  Let no book liK^pin A lphabetical A- Allibo n e , LL. D.
“  So essential did I  consider on  In d e x  to be to every book, th a t I  proposed to bring 

a  Bill in to  P arliam ent to deprive an author Who publishes a  book without an Index, 
of the privilege of copyright, and, moreover, to  subject him for his offence to a pe
cuniary  penalty .” —L okd Ca m pbelb . ‘ ‘ L i v e s  o f  t h e  C h i e f  J u s t i c e s , ”  veil, iii., pre
face.

A bel’s an a ly s is  o f steel, 900 
A berd are  iron  w orks ex perim en ts, 106 
A bsorp tion  of g as by cliarcoal, 228 

o f w a te r  b y  charcoal, 228 
A b s trac tio n  of silicon from  c a s t iro n , 

&c., 122
A cciden ts in  fu rnaces, 398 
A ccounts, keeping, 839 
A ccum ulation  o f  coal in  boshes, 8 7 8  
Acid, fe rr ic , 24, 95 

perm .anganic, 27 
phosphoric , 23 
silic ic , 25 
su lp h u ric , 23

from  p y rite s , 101 
su lp h u ro u s, 23 

Acids, 21
A cklam  fu rnaces, 342 

iron , analysis, 448 
Action o f  h ea t in iron, 84

of iro n  in  phosp h a te  o f lim e, 106 
of o res in th e  fu rnace, 415 
o f p hosphorus on iron  con ta in ing  

carbon  and  su lphur, 121 
of se a  w ate r on iron, 123 
of su lp h u ric  acid in  cas t irons, 123 
of su lp h u r  on iron  con ta in ing  c a r 

bon, 120
-Acre, wood to an , 182 
A cute angle , tuyeres, 590 
A durn , 275
A dvantage o f double puddling  fu rnace,

8«2
of ferm en ta tion , 747 
of finery , 749 
of puddling , 095 
of h ig h  fu rnaces, 337 

A dvantages o f chim neys Open a t  side, 
353-

of g a s  fu rnace, 85.5 
of Johnson’s fu rnace , 869 
o f Lurroann’s  im provem ent, 345 

Affinities, 728
Affinity for carbon, 412, 421 

of oxygen, 19 
o f silicon for iron , 498 
of till for ihoii, 127 

A frica, iron m anufacture , 276 
A i c h  m etal, 126
Aim of th e  iron  m anufacture r, 390 
A ir  cham ber for b las t fan, 579 

composition of, 18 
dried peat, 185 
engine ho ist, 605 
furnace, assaying in, 168 

cast steel. 879 
ham m ers, com pressed, 806 
heating  stoves, 488 
hoist, 602
in troduced  by b la s t, 368 
m oisture in , 632 
shafts, 76

A irdrie black band, 53 
A labam a, brown hem atite , 46 
Alcohol added to g reen  vitriol, 102 
A lden’s blower, 562 
A lexander on fuel consum ed, 425 
A lkalies, 026

dissolved by  ch lorides, 741 
fe rrites  of, 90 
proper, 427
tendency to dissolve m etallic oxides, 

428
,to form c inder, 736 

A lkali in  forge c in d er, 732 
in puddling, 748 
in  wood ashes, 186
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A lkali—
to remove silex , 732 

A lkatine cinder, 745 
ea rth s, 420, 427
silica tes w ith  protosuipbide of iron,

Allen’s steel ty res , 922 
Alloy of chrom ate of iron, 913 

o f  copper an d  zinc, 120 
o f  steel and  p latinum , 933 
o f  titan ium , 127 
w ith  alum inum , 129, 130, 913 

antim ony, 128" 
calcium , 183 
chrom ium , 180
geld, 129 
lead, 128 
m agnesium , 134 
nickel, 128 

■ palladium , 129 
p latinum , 129 
potassium,- 133 
rhodium , 129 
silver, 128 
tungsten , 133 
vanadium , 184

Alloys, chemical p roperties as, 89 
o f  iron, 124 '
m ake iron  fusib le , 423 

A lluvium , 63 
Alum ina, 20, 427

absorbs phosphorus, 428 
from  lim estone, 149 
in lim estone, 147 
in ore detected , 1?2 

A tam inous e re , how  detected, 139 
Alum iauni, 26 

in wootz, 881 
altoy, 129, 130

with m alleable iron , 913 
American Bessem er process, 8C8 

black-baud, 64 
coal, 246 •
elliptical siphons h o t b last, 510 
processes, 280
su b stitu te  fo r tJic squeezer, 813 
uses o f  steei, 887 

Ammonia in  iron , 82 
in ru s t ,  96
m agnesian  arsen ia te , 107 

Am ount o f b last, 482
of carbon in  iron , 115 
of fuel for a  charge , 388 

Amphibole, 931
A nalyses, com parative of iron , 091 

of an th rac ite , 207 
of aslies for b itum inous coat, 189 
of Bessem er steel of Neuberg, 908 
o f  bog o r e s ,  5 0  
of Cinder, 784

Analyses—
Of coal ashes, 187 
o f  fossil ores, 49 
o f furnace cinder, 431 
of iron, 114 
of N eu W g  sliig^ 909 
of ore, $66, 867 
of ores, 935, 930 
o f  puddled steel, 895 
o f  scotch black bands, 53 
of slags, 452, 453, 454 
Of wood ashes, 181 

AnOlysi^ e x p re s s '^  result of, 938 
o f  a' furnace fl^osit, 484 
of an ore, 479 
o f  Bessemer steel, 909, 900 
of black band ore, 52 " 
o f bomb ore, 463 
of Brighton ore. 434 . 
o f  cinder of rnn-Ont fire, 748 
of Cleveland slag, 441) 
o f  coal, 209

lessons from, 251 
of coals, remarks on, 249 
of coke, 448
» f  iron from Aokiam, 448 
of limestone, 148, 401 
o f  m arquettc ores, 37 
o f nodular hematite, 463 

. o f  ore, 483, 434
necessary, l35 

of ores, 279, 471. 472 
chemical, 171 

of peat, 226 
ashes, 184

o f relative Viihie of fuel. 243 
of slag, by Aspelin, 907 
of Spiegeleisen, 119 
of steel, 924 
of titaniferous ores, 475 
of wootz, 882 

Analyzing limestone, 140 
A ncient form of a heating oven, 829 
Anhydrates, 29 
A nhydrous, 29

oxide of iron, 90 
sesquioxidc, 31 
sesquioxide of iron, 39 

Annealed steel bar. l it)
A nthracite  coal, 186, 198. 204, 205

coal of Pennsylvania, com position 
Of, 207

furnaces, 310, 410 
iro n , 718
puddling furnace, 669, 670 
value of, 244 

.Antimony alloy, 128 
A ntw erp, N. Y., mines, 42 
A nvils, TOO 
.Apatite, 929, 930
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A p p a ra tu s , b o t  b la s t, 480, 502 
A ppendix , 029 
A p p lica tion  o f  b la s t, 307 

o f  f lu x es, 371 
o f  fan s , (565 

A rch, h e ig h t  of, 71G 
A rches o f  fu rn a c e , 350 
A rgil. 70
A rg illaceous c a rb o n a te  o f  lim e, 47 

iro n  o re s , 50 , 54 
o re , 9 3 6

ho w  de tec ted , 130 
of th e  coal form ation . Cl 

o res, 26
a s sa y  of, 141

A m stro n g ’s  h y d ra u lic  ho ists , 001 
A rseniate  o f  sesquioxide o f  iro n , 107 
Arsenic, 038

d etec ted  in  ore, 177 
e x tra c te d  from  iron , 107 
and  iro n , 107 
steel by, 109

A rsenical iro n  tak en  for silver, 108 
A rsenides o f  iro n , 107 
A rsenious ac id  in  g reen  v itrio l, 102 
A rsen iu re ts  o f  iron, 258 

’ Artificial cem ent, 154 
fluxes, 713 
p uzzo lanas, 155 
re fra c to ry  stones, 535 . 
sa n d sto n e , 536 
vo lcanoes, 97 

A sbestns, 486 
A shcro ft’s s te e l ra ils , 920 
A shes, 179

of p e a t, 183 
wood, 718

A sia tic  m eth o d  o f  m aking  iron, 638 
A spelin , a n a ly s is  o f slag, 907 
A ssay by  .Mushet', 139 .

classification  of ores, 166 
d ry , o f o res, 155 
v o lu m etric , 169 
w et, 169, 171
w ith  b ich ro m ate  o f potash , 169 
w ith  p erm an g an a te  of potash , l7 0  

A ssay ings, d ire c tio n s  for, 168 
A ssays, 140

w ith  ch a rco a l, 156 
w ith  f lax es , 160“

A tm o sp h eres , v ap o r o f w a te r  In , 18 
A ug u stin , cu b es o f iron , 83 
A u s tr ia n  b lo w in g  engine, 576 
A u s tr ia , p ilin g  in , 839 
A verage , 82

y ie ld  o f  p udd led  bars, 839

B ad  iro n , 143 . 720, 73.1 
cau ses  of, 497 

p ig  iro n , 736
60

B ag n o ld ’s  a c c o u n t o f  m a k in g  Damascra 
s te e l, 883'

B a lling , 808
w a te r  in  a  b la s t  fu rn a c e , 632 

B a ilio t’s  m ine, 45 
B araca ld o , p ro p o r tio n  of, 280 
B a r  iron , 727, 844, .847

a c q u ire s  c ry s ta llin e  form , 86 
o f  p e rm a n e n t f ib re , 734 

steel, 873 
stee l from , 873

B a rru e l on e lec tro -d ep o sited  iron , 82 
B arrow  for coal, 384 
B arrow -in -F urness, 449 
B ars , saw s fo r  c u ttin g , 837 
B a ry ta , fe rra te  of, 95

w ith  p rotosuipbide o f  iron, 99 
Base, forge cinder as a , 734 
B asic oh loride o f  lead  a s  <a tfnx, 742 
B auerm an on surface-hardening, 109 

on tlie Corintliian gas-puddling 
fu rnace, 859

B anerm an’s analysis o f blackbond, 53 
B aur on alloy w ith alum inum , 913 
Beds o f iron  o re, 31 
Bedson’s eontitnious mW, 816 
Belgian coke furnaces, 629 
Bellows, gasom eter, 557 

Indian, 881 
iron cylinder, 548 
Swedish, 544 
wooden cylinder, 544 
wooden, 543 

Bellside blackband, 53 
Benefit o f raw coal, 254 
Benefits of clay in iron-working, 746 
B erth ier on compounds o f  iron, 98

on silicates with protosulpfiide o f  
iron, 99

on value of fuels, 244 
B erth ier’s table of charcoals, 222

of refracto ry  products, 541 
Berzelius, foreign m atters in  bar iron . 

723
on phosphate of iron, 106 

Berzelius’ plan for pure iron , 81 
Bessem er m etal, rem arks on, 916 

process, 868
in Ncuberg, 907 

steel, analysis, 900* 906 
in Sweden, 966

Bessemer’s process fo r steel, 898 
royalty, 928

B est form for b last furnace, 815 
iron, 59

Bichrom ate "of potash, assay , 169 
B inder, end  of key of, 352 

eye of, 852
B inders o f furnace, 352 
B isulphide o f iron , 100
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B isu lp h id e  o f  i r o n —
in- th e  a ir , 103 .

B itum ioouh coal, 186, 188 
ch a rr in g , 227 

B lack 'bm id ,
ores, 50 ■

B lac k  cinders, 398,
c n s ta U ise d  carhoo , 22 
D iam ond W orks’ steel, 891 
iro n  sand , red u c tio n  of, 275 
oxide o f m anganese , 27 

M ack lead  Crucible, 168 
B lacksm iths, i ro n  fo r, 706 
B laseofen, 277, 628 
B last, 867, 629

consum ption  of, 628, 692 
engines in  U nited  S ta tes, 200 
fu rnace , 296

a t  H yanges, 810 
build ing , 847 
iron , puddling  from , 689 
to  rem ove im purities, 749 

furnaces, affected by rain , 682 
a t  P ennsy lvan ia  Iron  Works, 

471
b es t fo rm , 315 
com bustion in, 402 
difficulties in, 633 

■ d isorders in , 883 
fluxes fo r, 144 
inspecting , 629 
m anagem ent of, 373 
m oisture in , 681 , .
th eo ry  of, 402 
UtaiiMcrottS o res in, 474 

m aohines, 642, 647, 348, 655 
fan, 559 
rem arks on, 597 
xroe<)en, 547 

even, P la y e r s ,  616 
pipes, 681 

law  of, 694
pressure of, 561, 666, 595 
quan tity  of, 566  
s ta rtin g , 876 '
stopping the , 610 
theory  o f  hot, 494 

Blasting, 68 
tools, 66

• B lasts, calculations upon sizes, 620 
pressure an d  am ount, 482. 

B!au5fen, S tyrion , 628 
B listered st?el, 878, 878 
B listers on steel, how formed, 877 
Bloma, 293
Blomary fire, 640, 644

m anipu lation  a t, 648 
tools of, 6 5 l 

Bloom, 648
Blooming p ig Iron, 751

Blooms for sheet iron, 851 
origin o f word, 275 

Blossoms, 68 
Blowers, 662, 663 

pressure, 567 
Blowing in  a  furnace, 360 
B fow p^e to analyze ores, 177 

■use of, 932
B lue earbonato in Pennsyivania, 65 

oven, 298
Styrian, 628

Bodem ann’s combination, 451 
Bog ore, 258

furnace, 297 
ores, 56, 373

Boiled iron, when preferable, 747 
Boiler-iron furnaces, 383, 336 

-plate iron, 750, 838, 847' 
making, 794

plates, tensile strength, 891 
Boilers corroded by green- vitriol water, 

102
locomotives with steel, 892 
steel, 888 

Boiling, 661, 667 
cause of, 745 

“  Boiling” of iron, 650 
Bolts, saws for cutting, 836 
Bomb ore, analysis of, 463 

B o m b s , ”  4 6  

Bone ore, 57
Booth’s analysis o f  ore, 52 

steel and iron rail, 920 
B orates wiUi pretesulphides of iron, 99 
Borax flnx, 155 '

g lass for assaying, 161 
Boremeal, 66 
Bering salt wells, 69 
Borneo iron manufacture, 276 
Boshes, 295 •

for puddling furnaces, 097 
B o s h u n g ,  295
Bottoms of cast iron for puddling fur

naces, 683
Boxes for charging, 884 

fo r filling ore, 889 
B radbury, laminm of iron, 82 
Braise, 869 
B r u s q u e d  crucible, 156 
B reaking ore, 870

advantageous, 268 
“  B reath ing  valves,” 908 
B rendon Hills Mines, 47 
B rick  lining preferable, 7 0 S  

B ricks, composition of, 642 
B righton ore, 484 
B r i n g i n g  t o  n a t u r e ,  645, 650, 665 
B rittle  iron, 23 ♦
. how caused, 723 

Brom ine to separate manganese, 938
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Brown c lin rcoal in  E urope, 221 
coat, 18()

c liiirrin g  of, 227 
v a lu e  of, 244 

h e m a tite , 81, 48, 474 
iro n  o re, 48 
oxide, 2o8

o f m anganese , 28 
B row nish  c in d e rs , it‘J9 
B uckling , 800
Buff, in  iron  an d  n itro g en , 104 
B u h rsto n e  o re , 55 
B u ild ing  a  b la s t  fu rnace , 847 

a  r e h e a tin g  fu rn ace , 825 
m a te r ia l fo r fu rnaces, 607 

B ull-dog, 112 
B u rd en ’s iro n  w orks, 867

ro ta ry  squeezer, G72, 763, 764 
B urm ah  s te e l, 871 
B u rn in g  lim e, p ro portions for, 154 

o f  iro n , 89 
-on, 821

B u rn t iron , 87, 727 
steel, 88 

B y ram  m ine, 36 
,  B y rn e  on t in  alloy, 127

C adm ia, 485
C adm ium  w ith  g reen  v itrio l, 101 
C ag n ia rd e lle  b la s t  m achine, 555 
C alan ia , n e u tr a l  te rsu lp h a te  in , 103 
C alcareous ca rb o n a te s , 54 

ore, 414 , 419
b e s t  fo r  g ray  o r foundry  m etal, 

413
a s sa y  of, 141 

sp a r  f lu x , 144 
tu fa , 145

C alc ined lim esto n e , 447, 527 
C alc in ing  in  h e a p s , 205 
C alc ite , 929
C alc ites, te s ts  for, 930 •
C alcium , 926 

a lloy , 133
co m b in in g  w ith iron , 751 

C a lc u la tio n s  o f  Jo h n so n , 624
u p o n  th e  sizes o f  fu rn aces and 

b la s ts , 620
C a ld e rb an k  b la c k  ban d , 58 
C a lifo rn ia  m a rb le , 145 '
Cam  box , 775
C a m b ria  ro llin g -m ill, 680
C a n a d a  c a r  w h ee ls , 61
C an n e l coal, 189, 191
C annon  a n d  b a lls  in  sea  w ater, 123
C ap p ed  r a i ls ,  919, 921
C a rb id e , 22
C arb o n , 20, 924

affin ity  fo r, 412, 421
o f  .iro n -c lay  for, 413

C arbon—
am ount in iron, 115 
condensed by  clay, 421 
b u rn ing  of, 858 
chem ical com binations, 119 
crystallized , 22 
determ ining in steel, 927 
.free in  b last furnace, 400 
influences ferm entation , 745 
in  iion, 723, 724 
an d  iron, 112
on iron  with phosphorus, 106
q u a lity  o f m etal depends on, 896
reducing  iron, 735
rem oval of, 744
req u isite  in iron, 703
r u s t  of, 19
steel, 871

by indirect process, 878 
su lph ides heated  w ith, 464 
te s t, E ggertz’s, 904, 907 
to  determ ine, 117 
to  reduce silica, 109 
w ith  protosulphide o f iron , 98, 99 

C arbonate  of lime, determ in ing , 138 
o f  protoxide o f iron, 122 
ore furnaces, 298

C arbonates as solvents o f m etallic ox
ides, 428

o f  alkalies as fluxes, 155 
o f  iron, 258 
o f  lime, 27, 929 

C arbonic acid, 20, 938 
gas in air, 18 

oxide fo r steel, 113 
in roasting, 268 

C arbure tted  iron, 424 
C arburization, 114 
C are in preparation o f ores, 390 
C arin th ian  gas-puddling fu rnace, 859 
C arin th ia , oxidizing in air, 264 
C aron, on power o f m anganese, 122 

on steels, 119 
on sulphuretted iron , 121 

C ar wheels in Canada, 61 
Case-hardening, 104

iron, 109, 878 
C astings for rollers, 786 
C a s t iron, 112

bottoms for puddling  furnaces, 
683

columns fu rnace, 333 
contraction, 84 
from ore, 274 
from  the ores, 287 
m alleable, 897 
rolls, mending, 821 
steel from, 893 
strength, of, 932 
tu b u la r oven, 503

    
 



948 INDEX.

Cast iron—
• tuyeres, 587 

White and gray, 123 
oveh, 293 

Cast-steel, 879 
, air fnmaee, 879

process o f heating, 911 
tensile strength, 891 

Cast and wrought iron, difference, 723 
Catalan forge, 276, 639 

forges, 844 
process for iron, 276 
steel, 871

Catasauqua blast engine, 673 
furnace, 312, 680 

Cause of boiling, 745 
Causes of bad iron, 497

of different colored ircn, 406 
of scaffolding, 610 

Caustic linte 8nx, 155
lime, iron stnelted with, 690 

Caution in reduction « f ore, 160 
Cement, 641 
“ VeMent,” 875 

artificial, 164 
natural, 163 

Cementatioh, 113* 114 
"Cementation,” 876 

furnace, 818 
Steel, 873

Centre County, Charcoal furnaces, 619 
Chain rods, iron for, 846 

trompc, 556
Chains for lifting coal, 196 
Chalk, 146 
Chalybite, 47 
Chambers for miners, 77 
Champlain'Catalan process, 283 

ores, 32, 33
Change in ipon by Tibratiob, 87 
Characteristics of charcoal, 263 

of pig metal, 289 
Charcoal, 26

absorption of gas by, 223 
of water by, 223 

assays with, 166 ,
blooms for sheet iron, 791 
forge cinder, 733 
forges, 693

hot blast to, 499 
for steel, 877 
furnace, 305 

working, 871
furnaces of Centre County, 619 
superior to puddled iroh, 698 
with protosulpbide of iron, 99 
ancient way of making, 209 
charaoterisdes of, 233 
fining with, 893 
moisture in, 887

Charcoal—
value of 244 
working with, 377 

Charcoals, table of, 223 
Charge book, 446 

distributor, 6}4 
Charge, meaning of, 444 

measure, 334 
amount of fuel for, 388 

Charges at Bochester Works, 478 
distribution of, 481 
for brown hematite, 47.4 
for fossil ores, 467 
for magnetic sands, 474 
for red hematites, 471 
for titaniferons ores, 474 
number of, 392 
of coal, 888 
recording, 488 
remarks on, 478 

Charging after drawing, 737 
a furaaee, 376,470 
a good proportion for, 462 
at Barrow-in-Fnmess, 449 
bores, 384 

Char-oven, 217 
for peat, 226 

Charred peat, 185 
Charring in heaps, 210, 213 

in moulds, 214 
in Ovens, 216 
of bituminous coai, 227 
of brown coat, 227 
of wood, 209 
turf or peat, ?24 
wood, remarks on, 220 

Cheap iron, 674 
Cheever-mine, 33 
Chemical analysis of ore, 171 

of peat, 184
combinations of carbon, 119 
composition of anthracite, 200 

of coal, 189
difference between cast and 

wrought iron, 723 
knowledge of ores, 481 
properties ah alloys, 89 

Chemistry of iron, 17 
Cbenot’s process, 278 

process for steel, 871 
Chill casting, 109,118 

rolls, grooved, 822 
Chimney flue, horizontal area, 683 

of furnace, 353 • 
top, 658

China clay for assaying, 161 
Chlorides as oxidizers, 740 

dissolve alkalies, 741 
Chloride of lead as a flux, 742 
Chlorine, 258
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Chlorine— 
in ore, 174

Ciioice o f coal for iron , 255 
Choosing sam ples, 1G4 
Chrome iron , 28 

iron sand, 88 
steel, 913

Chromate o f  iron  alloy, 913 
Chromic iro n  ore, 934 
Chromium, 28 

alloy, 130 
in chrom ite , 934 

Cinder, an a ly ses of, 431 
com parison, 783 
in fu rn ace , 880 
of ch arco a l forge, 783 
p la te , h e ig h t, 377 
p la te s  in  rolling, 815 
p ro d u ced  by puddling  steel, 896 
re fra c to ry , 112 
refinery , 887
re la tiv e  deg ree  o f  fusib ility , 425 
too a lk a lin e , 745 
w h at c o n s titu te s  a  good, 428 

C inders, a  c r ite r io n  o f quality  o f iron , 
732

e s tim a tio n  of, 934 
from  h e m a tite  p ig  iron, 450 
in d ica tio n s  of, 398 
rem o v al of, 401

C ircu la r  ovens fo r ro astin g  ore, 262 
' saw s fo r  cu ttin g  iron, 835 
C larence  W orks ro astin g  fu rnace , 271 
C larke , F . W ., on dissolving ore, 933 
C lassifica tion , assay , o f ores, 106 
C lay , 20, 427

a s  a  flux , 151 
ban d  iro n  stones, 59 
benefits  on iron , 740 
cond en ses carbon , 421 
iro n -s to n e , 47, 50 
on re h e a tin g  a n d  rolling, 915 
o re, 410
o res a p t  to  c linker, 897 

te m p e ra tu re  fo r, 414 
s la te , 535
te n s ile  s tr e n g th  o f pudd led  steel, 

895
tu y e re s , 585, 587,

C layey  o re s , 26
C lay’s p ro cess  fo r  red u c in g  ore, 278 
C lean in g  h o o p s, 779

o f ro a s te d  ores, 26 5  
o re , 870

m ach in e  for, 206 
th e  h e a r th ,  381 

C leveland, co s t o f  ra ils , 841 
o re , 447
p ro p o rtio n s  a t ,  449 . 
slag , 449

Clifton, experim ents fo r steel, 872 
m ines, 83
W orks’ process, 280 

C linkers accum ulating, 872 
C linton ore, 48 
Coal, 186

an th racite , 186, 198 
barrow , 884 - 
bitum inous, 186 
brown, 186 
care  in choosing, 255 
charges, 888 
consum ption of, 840  
cubical, 190
distribu ted  in th e  w orld, 202
dry , 186
fat, 186
fields, 188
glance, 189, 191
lessons from a n a ^ s is  of, 251
m ines, green v itrio l In , 192
m ining of, 191
an d  ore yard , 869
price  a t  p its , 203
shafts , 75
sla te , 190
splin t, 189, 190
ta r ,  236

Coals, density  of, 204 
value of, 244 

C oaling , cords in , 182 
C ochrane’s method fo r w aste  gas, 512 
Coke, 208, 227

analysis of, 448 
barrow , 884
consumed a t  B arrow -in-Furness, 

449
fu rnace , gases of, 405 
furnaces, 800, 307, 410 

Belgian, 629 ' -
Stoppages of, 614 

value of, 244
Coking, general rem arks On, 238 

in  heaps, 227 
in  iron re to rts , 238 
in  ovens, 231 
in  rows, 229

Colburn on breaking of iron , 87 
Colcotiiar, 91

m anufacture, 102 
Cold b last tuyere, 690

ham m ering in ju rious, 838 
iron  boshes, w hen best, 703 
pressure in jurious, 838 
rolled iron, 822 
rolling, 821

injurious, 838 
shearing, 836 
sho rt iro n , 23, 738

improved, 700
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Colcl-r
shortness froln phospbonis, 105 
slags, 444 
steel bar, 119 

Colorado ores, 37 
Colorless crystallized carbon, 22 
Color of cinders, 398 

of sheet iron, 796 
Coloring sheet iron, 798 
Colors of solutions of metallic bjddes, 

428
Combination of Bodemann, 451 
Combinations, chemical, of carbon, l id  
Combined water, 937 .
Combustion in a blast furnace, 402 

results of, 402
Coming to nature, C45, 650, 665 
Commercial ores of iron, 80 
Common fan, 560 

force-shear, 883 
salt in refiniug, 741 
sheet-iron, 795, 847 

Compaet earthy carbonates, 61 
ores, objectionable, 411 

CompaaH, ore of, 279 
Comparative analyses of iron, 691 

economy of hot and Cold blast, 525 
effect of blast machines, 598 
value of coal, 251 

Comparison of cinder, 733 
Composition for hardening Damascus | 

steel, 884 
of air, 18

Construction of a wooden blast machine, 
547

of furnace hearth, 853 
of furnaces, 835
of puddling and boiling furnaces,'

608, 669
Consumption of blast, 692 

of coal, 840 
of fad, 495 

Continuons mill, 81ft 
Contraction of cast iron, 84 
Copake mines, 44 
Copiapo, ncutraHersalphate in, 103 
Copper, 939 

alloy, 124 
detected In ore, 175 
needle, 66 '
tuyeres, 585 
welding, 85 
and zinc alioy, 126 

Copperas, 101
mountain, 102

Correcting influence of sulphur, 255 
Cost of blast machines, 573 

of drifting, 76 
' of erecting furnaces, 615 

of furnace, 314 
of iron, 940, 941 
of making rails, 840, 841 
of shaft, 68 

sinking, 76 
i Coupling box, 775 
Covering iron to prevent rust, 96

of anthracite coal of Pennsylvania, : Covers for crUciUes, 160
207

of bricks, 642 ,
of brown coal, 188 
of Cleveland ore, 447 
of cuMent in furnace, 404 
of. forge cinder, 734 
of fuel, 402 
of limestone, 145 
of ores, determining, 136 
of Shurtliff ores, 478 
of Sterling ores, 471 

Compound fluxes, fusibility of, 426 
of Shafhauti, 714 

Compressed air hammers, 806 
Compression of puddled balls, 762 

shingling by, 808 
Concretions, 63 
Condition of slags, 475 
Conditions of success, 411 
Cone and cup furnace, o i l  

furnace, 824 
Conical valve, 594 
Converter, 900
Connection of iron and cinder, 733 
Consecutive series of rolls, 816 
Constitution of a good cinder, 428

. Cowper’s plan for hot blast, 520 
jOoxhoe furnace, 343 
Crane works, 312

hoisting stock, 886 
Crank, shear moved by,- 834, 835 
Cranks, steel, 893 
Cross piling, 838 
Crown Point beds, 34 
Crucible, how placed, 158 
Crucibles, 168, 540 
Cryolite, eflect on crucibles, 130 

for assaying, 162 
with malleable iron, 913 

Crystalline iron, 85 
' slags, 485 

system of iron, 8-3 
Crystals of iron, 726 
Crystallized carbonate of protoxide of 

iron, 47 
Cube ore, 107 
Cubes of iron, 83 
Cubical coal, 190 

iron pyrites, 100 
Cupola furnace, estimate of, 619 
Cupolas, steam jet, 570 
Curl in Damascus steel, 884
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C u rren ts  in  b la s t furnaces, 404 
C urved form  o f fu rnace , 324 
C u tte rs , 834

screw ing in , 830 
C u ttin g  bo lts, saw s for, 830 

iron , sh e a rs  for, 832 
C yanide o f  potassium  fo r  red u c tio n  o f  

ores, 100
C ylin d rica l b la s t cu rre n t, 508

D aily  h is to ry  of fu rnaces, 470
of B loom sburg  I ro n  

C om pany, 468
D am ascene stee l, 039 
D am askeen ing  silver w ith  gold, 85 
D am ascus g u n  barre ls , 883 

s te e l, 881 
sw ord  blades, 884 

D am ask  iro n , 40 
D am p ers to th e  flue stacks, 683 
D am stones, he igh t, 377 
D ’A rcet on flaxes, 134 
D avid J o y ’s ham m er, 801 
D avy’s sa fe ty  lam p, 76 
Dawe’s  ham m er, 806 
D ead w orkings, 71 
D ebray , pro tox ide o f  iron , 90 
D ecarbonization  by  forced a ir  o r vapor, 

898
c a s t  iro n , 893 

Deccon, s te e l from , 885 
D eceptive o re  deposits, 72 
D eductions from  aniriyses of cinder, 734 
Deficiencies o f  run -ou t fire, l21 
Deficiency o f  lime, 897 
D egrees fo r m elting, 429 
D elaw are bog ores, 56 
D elivering  stock, 869 
D ensity  o f chrom® iron  steel, 914 

of coals, 204 
D eoxidation o f iron, 872 
D eposits in  fu rnace , 484, 485, 486 
D epth  o f  fu rnace  bottom , 716 
D escrip tion  o f  gas furnaces, 856 

o f  puddling , 685 
D esu lphuriz ing , 99 
D etection  o f  arsen ic  in iron, 108 

g re e n  vitro], 102 
D ete rm in in g  carbon  in steel, 927 

com bined  carbon, 117 
com position  o f ores, 186 
c o n s titu e n ts  o f lim estone, 148 
tita n ic  ac id  in iron, 128 

D ctm old’s im provem ent in refining, 656 
D ense f ib ro u s bars, 837 
D eville on alum inum , 129 
D iagram s o f  shafts, 193 
D iam eter o f  top  rolls, 815 
D iam ond, 22 
D ickerson m ine, 86

Difference betw een ca 'st and w rought 
iron, 723

in  charcoal and  puddled  iwm, 733 
in  puddling an d  boiling, 668 
in  resu lts o f  stopp ing  the  blast, 611 
o f  ashos in  wood, 181 
of pine wood aslies, 181 

Difficulties in  M ast fu rnaces, 633 
in  furnaces, 399 
in  puddling, 688 
i n  m aking ho t b last, 502 
w ith fuels, 377 

D igging coal, price of. 196 
D ilatation o f  iro n  by h e a t, 84 

I Diluvium, 63
Dimensions o f b la s t engine, 200 

o f  gratCj 717 
Dimpfel’s blower, 563 
Diopside, 486
D i r e c t i o n  o f  m i n e r a l  d ^ a s H ,  63 
Directions for assaying, 168 
D irect method of iw u c in g , 280

process fo r reduction o f  iron , 274 
process, steel by, 871 

D isadvantagesof Jo h n so n ’s  furnace, 869 
o f  puddling with steam , 689 

Disaggregation o f iron, 87 
D isorders in a  b las t furnace, 383 
Dissolving ore, 933 
D istribution of ohaiges, 481, 514 

of coal in the  world, 202 
of coal in the  United States, 202 

D istributor, Escalle's, 514 
of Cochrane, 513 
P ren a t’s, 514 

Disulphide o f iron, 96 •
Division of iron m anufacture, 274 
Dixon on crucibles, 540 
Dodd’s case-hardening furnace, 878 
Dolomite, 929, 930 
Domes, 65
Door of a puddling fu rnace , 659 
Double (brnace, 670

w ith water boshes, 676 
puddling furnaces, 682 
working wooden tu b s, 546 

Dove-tail rails, 783 
Dowlais furnaces, 834 

iron  works, 632 
Draining, 72 

level, 192 
W ftin g , 72 

eost of, 76 
o f ore, 79 

Drifts, 71, 74, 75 
Dropping, 608
Dry a ir  necessary fo r b las t, 368 

assay, 168
assay of iron ores, 165 
b last receiver, 578
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D ry— Estim ates for building stack, 358
coal, 186 Estim ation of ores, slags, and cinders.

Dudgeon’s steam  ham m er, 804 934
D ufour on tensile s tren g th  of iron, 84 European furnaces, 364
D uplex steel and iron  rail, 920 Europe, blomar}^ fires, 651
D urab ility  of a  h ea rth , 354 iron, industry of, 626
D utchess County ore, 44 n a tu ra l magnets in, 38
Dyeing, green  vitrio l in," 102 E vaporative power of American fuel, 

245
E a rle ’s horizontal and upright a ir Excellence of chrome iron steel, 913

pum ps, 570 Excess of blast objectionable, 629
E arth y  carbonates, 50, 54 of lime, 897
E asily  w elded iron, 703 of sa lt injurious, 742
E aston, m ines near, 42 ■ Existence of carbon in iron, 117
E bbw  V ale furnace, 336 Exmon mines, 47
E ccentric  blower, 567 Expense of bellows, 546

shear moved by, 833 of building stack, 358
Econom ical w orking of ores, 420 of peat, 185
Economies of fu rnace practice, 605 Experim ents by Sefstrom, 116

of the gases, 526 for steel, 872
Economizing fuel, 366 on blast, 482
Econom y of fuel, 500 in  puddling, 702

of ho t b last, 501 on arm or plates, 87
E dsall’s mine, 44 on chrominm alloy, 131
Effects as alloys, 89 on iron free from carbon, 130

of m oist atm osphere, 631 on melting point, 429
of reheating  and rolling, 915 on strength of cast iron, 932

Efflorescence, green v itrio l in, 102 w ith chromium, 132
Eggertz on copper alloy, 124,125 with copper alloy, 125
E ggertz’s carbon test, 904, 907 ■with ores, 465
Eggshell furnace, 324 
E lsenerz furnace, 298

w ith platinum, 129
w ith steel, 887, 890

mines, 47 
E isensin ter, 107

Explcsions from hydrogen, 21
Exploring, 07

Ekihan, steel by arsenic, 109 Exposition, rolls in, 823
Elba, n a tu ra l m agnets in, 38 Exposure injures charcoal, 370
E lectro-negative elem ents in coal, 189 Expressing result of analysis, 938
Electro-deposited iron , 82 Extraction  of ores, 71
Electrolysis, 82
Electro-positive elem ents in  coal, 189

Eye of a  binder, 352

E lem ents in air, 18 Faces o f anvils, 760
of pig iron, 706 of hammers, 760

Elevation of a  puddling furnace, 657 Facts in b last furnaces, 409
of W agner’s ro lling  m ill, 817 F agersta  works, 900

E llershausen  process', 283, 860, 865 F airbairn  & Hodgkinson, experiments.
E llip tical siphons, ho t b las t, 610 932
Em ery quarries , 37 Fan b la s t machines, 559
Em ploym ent of reheating  furnaces, 827 blow ers, 202
E n d  of a  b inder, 352 Fans, applications of, 565
England, a rtic les  for m alleable iron , 114 F arad ay  on alloys, 129, 130

black ban d  ores, 50 on regenerating  gas furnaces, 855
English coke iron, 873 on wootz, 881

coke ovens, 235 F arm er’s blower, 563
round oven, 503 F aste n in g  steel cu tters, 836

E recting  furnaces, co s t of, 615 F a t coal, 186
E rection  of furnace, 605 lim e, 152

of w orks fo r m aking  sheet iron, 852 Feldspar, 931
E rzberg  m ines, 47 F erric  acid, 24, 95
E scalle’s d is trib u to r, 514 Ferm entation , advantage of, 747
E stim ate  o f a  cupola fu rnace, 619 of iron , 745
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•

F e rn  leaves in  ore, 51 Fluxes—
F e rra te s , 21 special notice of, 426
F e r ra te  of soda, 95 theory of, 134

o f b a ry ta , 95 varieties of, 144
F e r r i te s  of alkalies, 90 Fluxing, 647

. F e rru g in o u s  shale for fluxing, 152 m aterials, m ultiplying, 454
F e r ry  h ill furnace, 843 Fly  wheels, 776
F ib re  o f iron in ju red , 838 Forced air, deoarbonization by, 898
F ib ro u s  b a r  iron, 673 Force-shears, 832

c h a ra c ie r  o f iron, 837, 838 -shear, common, 833
iro n , 85, 751 Foreign m atter in ores, influence of, 412
ra ilro ad  iron, 703 m atters in iron, 723

F ille rs , 478 m atter in lim estone, 146
F illin g  a  fu rnace  regu larly , 383 Forge, c a ta la t |^ 7 6 , 639

furnaces, 387 cinder, 732
F in e ry , 719 contains alkali, 732

ad v an tag e  of, 749 German, 643
a  lin k  betw een b la s t and puddling fire, 639, 643, 644

furnace, 749 * Persian, 637
cinder, analysis of, 748 hammers, 753
fire, 652 Forges, Catalan, 844

F in in g  w ith  charcoal, 893 Forging, 753
F in lan d  iron  m anufacture , 277 Form s of b last m achines, 555
F ire -b r ic k , 533, 536 Form ula of Lindauer, 621

lining, when p refe rab le , 703 Fossil ore in Blossburg, 57
F ire -c la y , 426, 541 charges for, 467

fo r assa’ying, 161 ores, 48
F ire  in  s te e l fu rnace , 876 Foundations of furnaces, 606

k in d lin g  in furnace, 374 F o n t e  t r u i t e e ^  117
F ire -p la c e , 647 France, coke ovens in, 232
F ire -p ro o f  m ate ria l, 533, 534, 535 Franklinite, 38
F ish -e g g  o re, 42, 48 ore, 35
F lam e  o f  tunnel head  indications, 899 Frem y on alloys, 131
F lam es, ind ica tions of, 399 French coke oven, 238
F lan g e , iro n s 837 trou t iron, 117
F la t  iro n , grooves for, 781 Fresenius’ plan to analyze ore, 177

ra ils , 783 Fritz  & Moore blower, 570
ro lle rs , 770 Fritz’s red-short iron, 839
w a te r  tu y eres, 588 F ro n t view of furnace, 349

F la tte n in g  th e  tuyere , 690 Fuel, 160, 178
F lin t-g la s s  flux, 155 affects color of shee t iron, 797
F lu e  s ta ck s , dam pers to , 683 amount of, for a  charge, 388
F lu o rid e  o f  calcium  for assaying, 162 composition of, 402

o f calcium  and  iron, 106 consumption of, 425
F lu o r  s p a r  fo r assaying, 162 economizing, 366

on iron , 106 economy of, 500
F lu x , defin ition  of, 144 for heating ovens, 829

fo r a lum inous ore, 139 general rem arks on, 201
fo r ca lca reo u s ore. 419 heat liberated by, 242
fo r iro n , 85 influence of, 717
fo r silic ious ore, l3 9 in Styria, 704
lim e  as, 27 saved in an th rac ite  and coke fur-

F lu x es , 712, 742 naoes, 501
ap p lica tio n  of, 371 size of, 388
fo r assay in g , 160 Fum es of su lphur throw n off, 401
fo r b la s t  furnace, 144 of zinc, 484
o b jec t of, 162 Furgeon, 751
p h o sp h a te s  as, 739, 740 Furnace, 156
p ro p o rtio n  of, 165 arches, 850
re fra c to ry  n a tu re  of, 391 a t  C atasauqua, 312
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Farnace-^
at Cold Spring* 301 
at Middleboro, 271 
at'Reading, 8 i l  
best form, 3l5 
binders, 362 
blast, 206 
blowing in a, 360 
bog ore, 257 
building, 347 
cast steel, 879 
charcoal, 305 
charging, 875 
chimney, 353 
cone, 824
curved form of, 324 
d^osits, 484, 485, 480 
disorders in a blast, 383 
for rich ores, 422 
for steel, 440 
front view of, 849 
glass, 486 
Glendon, 323 
ground-plan -of, 348 
HarW mountains, 295 
hearth, 353 
hearth, of a blast, 874 
Hindoo, 276 
Indian, 881 
lining, 361 
Johnson’s, 868 

. keeping, 378 
lining of, 373 
location of, 348 
XonapOning, 306 

• Melapane, 296 
modm^ Marconi blast, 302 
mortar for, 350 
Of cementation, 873 
of Morgans’, 347 
operation in a, 407  
Penna. charcoal blast, S02  
pillars, 350
pracjke, econoHiies of, 605 
regenerative gas, 855 
regular filling of, 383 
salamander, 291 
Scranton, 320 
Sheffield, 873 
Silesia,. 296 
spathic ore, 297 
stack, 357 
stonecoal, 310 
Stuckofen, 277 
Sulphur in, 442 
theory of blast, 402 
throat 0^ 864 
tunnel hdhd of, 364 
t'lverstpne, 629

Furnace-**
with Cooled hearth, when disadvan

tageous, 699 
without a hearth, 422 
working a charcoal, 371 

Furnaces, Acklam, 342 
mithiweite, 310, 410 
at Barrow-io-Funiess, 450 
at Crane works, 312 
calculations upon sizes,' 620, C2G 
carbonate ore, 298 
casethardeoing, 878 
cast iron columns, 333 
coke, 306, 307, 410 
construction of, 335 
cost of erecting, 615 
Dowlais, 334 
Eisenerz, 298 
egg shell form, 324 
erection of, 605 
estimate of a cupola, 619 
ferry hill, 348 - . 
filling, 387 
fluxes for blast, 144 
for pig metal, 291 
high, 837 

• Hyanges, 308
inspecting blast, 629 
later forms of, 295 
mnQS^ment of blast, 373 
pfhoiler iron, 883 ' 
of Europe, 864 
of Honklaud, 839 
Ormsby, 341 
Phoenixville, 313 
positions of, 603 
puddling, 656 

'reheating, 824 
relative cost of, 314 
remarks on, 862 
reverberating'for roasting, 2C2 
roasting ore in, 259 
Sweden, 299 
variations in, 409, 410 

Fusibility, increased, 730
of cinder, relative degree of, 425 
of compounds, 426 

Fusible iron, 423, 707

Galleries, 71 ^
in coal veins,' 196 

Galvanizing, 126 
iron, 722

Garrett’s analysis of ore, 52 
Ganister, 903
Gases absorbed by charcoal, 223 

in a blast furnace, 404 
nature, &c., of the, 526 
waste, 487

utilization of, 681
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Gas furnace, regenerative, 855 
pipes, iron for, 708

■ puddisDg furnace, Corintliian, 
Gasometer bellows, 557 
Gathering coal tar for coke oven, 286 
Ganguc, 477

definition of, 161 
Gauniett’s pyrometer, 621, 524 
Geilivent tpountain, 31 
General remarks on blast maebine ,̂ 

597
on cylinder blast machines, 

551
ott refining, 719̂

' Geodes of snlpbide of iron, 57 
Geoio^cal teaching, 64 
Geology of black band ores, 50 

of brown hematite, 44 
of fossil ores, 49 
of frankiinite, 39 
of iron ores, 38 
of red hematite, 49 . 
of spathic ore, 47 

Georgia, brown hematite, 46 
ores, 86 ' •

German blast furnace, 301 
forge, 643 
iron, 115
method of firing, 70 
mixing of ores, 391 
steel, metal for, 439 

Germany, coke ovens in, 282 
Glass, 25, 184,135 . .

for assaying, ICO 
from blast fnmaco, 486 

Glassy cinder, 735 
Glance coal, 189, 191 
Glased cinders, indications •td’, 898 
Glcndon furnace, 326 
Gold alloy, 129

coheres with silver, 85 
• in iron pyrites, 97 

snlphide of, 97 
with pyrites, 191

■ Good blast furnace cinder, 161 
Gothite, 4o
Grade of iron varied, 143 
Grades of cast iron, 118 
Graham on ses^uioxide of Iroiij 93 
Granular magnetite, 36 
Graphite, 22, 117, 123, 486.
Graphitic carbon, 22 

surface on iron, 798 
Grate, dimensions of, 717 

of reheating furnace, 826 
Gray anthracite iron, 714 |  f' 

cai-bonate in Kentucky, 55 
cast iron, 115, 123 

, charcoal iron, 714’ 
cinders, 398

Gray—>■
iron, 117, 898
m e ts A k  4 9 0

calcareous nrC best for, 418 • 
pig iron best for puddling, 702 
varieties of iron, 688 

Great Meadoavs silver mine, 108 
Green cinders, 398 
Green vitriol, 101 
Grog, l69
Ground-plan of a wood-drying oven, 

220
of furnace foundation, 348 
of lieatingsoven, 832 
of interior of a mine, 78 

Grooved chill rolls, 822 
rolls, sweep, 823

Grooves in roughing rollers, 767, 769 
for plate iron, 781 
for f  rails, 78S ■

Guards, rolling, 778 .
Gun-barrels, Dama.sctts, 883 
Gunpowder hammer, 807 
Gurlt on white iron, 120 
Gypsgm, Its
Hall on preserving iron from rust, 96 
Hammers, compressed air, 806 

llavid Joy’s, 801 
forge, 758
improvements in, 801 

Hammer, gnnpowder, 807 
Nasmyth, 801 
Schneider, 801 
steam, 757, 759 
tilt, ?53, 754 

Hammeicid steels, 119 
Hammering does not destroy crystidiine 

form within, 86 
improves iron, 814 

Hammerslag, 94, 647 
Hand-drill, (i6 

•shears, 882
portable, 838 

Hard alloy, 131
and soft wood, 179 
charcoal, saving by. 501 

Hardening eompesition for Damascus 
steel, 184

of time under water, 153 
Harts Mountains’ furnace, 295 

natural magnets in, 88 
Hauling coal to mouth of pit, 197 

thewe^ to the hearth, 210 
I Hausmanntie, 28 
j Hawkins’ patent for steel, 871 
Haywood’S piling, 838 
Heaps, charring in, 210, 213 

coking in, 227 I roasting to, 263
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He.arth, 376
clcaniog, 381 
furnace without, 422 

• of a blast furnace, 374 
of furnace, 353 
of reheating furnace, 826 
-stones, 354 

Heat as fuel, 182 
definition of, 242 
from guns in sea water, 124 
liberated by fuel, 242 
waste, 487, 528, 529 

Heated blast for puddling, 690 
Heating of nitrogenous tbatters, 104 

OTen for sheet iron, 831 
ground-plan of, 832 

ovens,i 829, 880
stove applied to puddling furnace, 

672; . 
stoves, 718 
value of coal, 249 

Heaton’s cast steel process, 911 
method for steel, 896 

Heavy barliron, 703
squaring ends, 788 

bar rollers, 782 
blast reduces yield, 383 
sheet iron, 852

Height of a furnace stack, 864
of damstone and einder plafo, 

377; ~
of furnace top, 76 

Heinatite, 258, 837, 984 
clndws from, 4&0 '

Hematites, charges, 471 
Hematized outcrop, 46 
Hemp ropes for lifting coal, 196 
Henry, analysis of spiegeleisen, 119 
Hessian crucible, 158 
Hewitt, report on rolls, 823 
Hibernia mine, 36 
High bloomery furnace, 277 

furnaces, 337 
+oaide of iron, 19 
high temperature, utility of, 521 

Himalayan Mountains, iron manufac
ture, 276

Hindoo manufacture of iron, 276 
steel, 871

History of anthracite' coal in iroQ- 
working, 198 

of hot blast, 501 
Hoist,̂  air, 602 

air en^ne, 606 
steam, 666

Hoists, Armstrong’s hydraulic, 601 
on inclined planes, 601 |
Water, 601

H oisting  stock, 369, 3S6 |
Hokendauqua blast engine, 573 I

Homogeneous metal, 886, 888 
Hoop iron, 703, 780, 845 
Hoops, polishing, 779 
Horizontal area of chimney flue, 683 

blast engine, 574 
cylinder blast machine, 649 
gallery, 70 
pipes, 508
section of a furnace hearth, 357 

Hombiende, 931 
Horton’s Use of gOse?, 520 
Hot air in puddling, 500 

blast apparatns, 489 
economy of, 501 
for charcoal forge, 695 
history of, 501 
ovens, 487 
pyrometer, 603 
Scranton, 504 

, stoves, 339,340 
theory of, 494 
to charcoal forges, 499 

■ tuyere, 590 
IVasseralfingen, 508 

-shot iron, 60 
slags, 444

HOweirs patent for steel, 887 
Hyanges blast furnace, 310 

furnace, 308 
puddling furnace, 673 

Hydrated ores, 29 
oxide of iron, 60 
sesqnioxide of iron, 43, 92 

Hydrate oxide, 258 
Hydrochloric acid, solvent, 91 
Hydraulic hoists, 601 

times, 152 
limestone, 929, 930 

Hydrogen, 20 •
for steel, 113 
iron by, 81 
in aif, 18

. on protosulphide of iron, 97 
Hydro-oxygen furnace, 855 
Hydrous, 29

sesqnioxide, 31 
Hygroscopic moisture, 937

Ides, 21
Igneous rocks, 63 
ignition, spontaneous, of iron, 89 
lUustration of thetfry of blast furnace, 

402
llmenite, 934 
Imitating cinder, 432, 433 
Immediate cause of scaffolding, 61)9 
Importance of piling iron, 848, 849 
Improper building material for’ fur

naces, 807 I
Improved fan, 661
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Improvement in hot blast of Thomas 
and Laurens, 508 

of iron by puddling, 698 
of iron by salt, 741 
of Lurmann, 343 
of metal, philosophy of, 749 
of pig iron by cold water, 498 

Improvements in hammers and rolls, 
801

in hot blast, 501 
in puddling, 675 

furnaces, 680 
in rolls and rolling, 815 

Improving iron, 710, 711, 712, 722 
Impure carbon, 25 ,
Impurities complicate mairufactitre of 

iron, 274
in green vitriol  ̂102

Inelination o f  deposits, 63 
Inclined planes, hoists on, 601 

shafts, 75
Incorpotation of other iron in puddling,

693
India method of iron manufacture, 275 
Indiana earthy carbonates, 54 

bog ore ,̂ 56
Indian method of working steel for sound 

blades, &c., 883 
steel, 129, 880 

Indication from cinders, 398 
of flame, 399

Indirect extraction of iron, 287
process for reduction of iron, 274 

steel, 873
Inferior metals for puddling, 695 
Influence of foreign matter in ores, 412 

of fuel, 717
Ingots, steel, 902, 903.
Inkey taste from green vitriol, 102 
Insecure foundation of furnaces, 606 
Inspecting blast furnaces, 829 
Instruments for mining, 65 
Introduction to treatise on steel, 870 
Introductory practice of fluxes, 134 
Inventor of wafer tuyere, 592, 
Investigation of Weisse and Bcb, 632 
Iron, amount of carbon in, 115 

and arsenic, 107 
arsenides, 107 
burnt, 87 
by hydrogen, 81 
and carbon, 112 
chemistry of, 17 
chromate of, alloy, 913 
chrome, steel, 913 
clay, affinity for carbon, 413 
cold rolled, 822 
oold-sbort, 23, 733 
crystalline and fibrous, 85 

from heat, 86

Iron— '
cylinder Ijiast ttitiohines, 548 
decomposes water, 96 
dilatation by beat, 84 ’ 
for nails, 853
for polishing plate-glassj 91 
industry of Europe, 626 
magnetism pf, 84 •
melting point, 84 
mining, 62 ,
mottled, 117 
needle, 66 
and nitrogen, 104 
and fluorspar, 106 
in phosphate of lime, lOfl 
ores, 30 1

roftsting, 257 '
and nxygen, 89 
and phosphorus, 104 
powder, 81 
protosulphide, 97 
protoxide, 90 
pyrites, 100 
pyrophoric, 8!) 
rust, 19, 95 
scale, 94 
sesquioxide, 90 
smelting of, 99 |
special properties of, 81: 
specific heat Of, 84 
sulphides, 96 
and sulphur, 96 
tensile strength, 84 
theoretic metallurgy of, 17 
and water, 95 ;
wire burned, 104 ' 1
With carbon, action of sulphur on, 

120
Irondale, 35
Ironhill, 35 ;
Irontott mines, 44
Isle of Wight, b}ack-hand ores, 50
Istrian, broken plates from, 87

Jackson mountain tsrfnes, 42 !
Janoyer’s experiments with phosphorus 

and iron, &e., Igl 
Jayville Bed, 33
Jet cupolas, 570 • ,
Johnson on American coals, 241 
Johnson’s analyses of anthracite, 207 

calculations, 624 ^
continuous mill, 816 
furnace, 868

Johnstown (Pa.), coking at, 240 
Joy’s hammer, 801 
Junction shaft, 775

Kalium, 29 
Kaolin, 931
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Karsten, action of sulphur on iron, 120 
carbon iji iron, X15 
iron not affected by phosphorus, lOS 
on alloys, 128 
on aluminum in steel, 130 
on oast iron, 11$ 
on copper alloy,. 124 
on tin alloy, 126 

Keeping accounts, 839 
a  A>rnacc, 878 

Kennelbum hlaeh^band', o3 
Kent (Conn.) ores, 44 
Kentucky black*band ores, 51 

brown hematite, 46 . 
carbonates, 55 
ettrtliy carbonates, 54 
fossil ores, 49 
peculiar ore^SS 

Key of a binder, S52 
Kilns <or charcoal, 210 
Kindling fire in fuimacc,. 37$
Kinsey's improtemeiit op 

hammer, 806
Kirkress HoH, 49®
Kirkaldy’s experiments, 915 
Kirwan onfluxes, 185 
Knowledge important in making iron, 

445 ^
of composition of ores, 18o 

Kiinigshutte, 481 
Kramer, nitrogen in iron, 83 
Krauss & <)o.’s pyrometer, 523

labrador mines, 88 
KackajwanHa Comity, 4$8 
Lake Champlain mines, 38

natural magnets, 38 
ores, 28 ,

Superior peculia«*ores, 57 , 
Landrin, analysis of steel, 924 
Laplace, dilatation of iron by beat, 84 
Large forge hammer, 758 
Later forms of furnaces, 295'
Lavoisier, dilatation of iron by heat,'84 
Law of blast pipes, 694

meehiuiieat of blowers, 669 
Lead alloy, 128

with protoBulphlde of iron, 98 
Leaky Jtoyere, toss by, 800 
Lemery’s voloanoes* 97 
Lienticular ore, 42, 43 
Lessons from analysis of eoal, 251 
Level, to drive, TO 
Lever squeezer, 761 
Lewis’s cast roils, 823 
Liebig on alloys of nickel, 128 
Lifting coal in a shaft, 196 
Lignite, 186
Lime, 26 I

absorbs sulphut, 428

Lime**
as a flux, 27 
carbonates of, 929 
efaarge of, 527 
deficient, how known, 397 
flux, 144 
for assaying, 162 
in excess deteeted, 897 
in ora detected, 172 
in too great quantity produces white 

iron, 897
in Wood, ashes, 180 
to prevent iron rusting, 96 
varieties 152 
when objectionabte, 439 
with pretosuiphide of iron, 99 

Limestone a good flux, 430 
analysis of, 148, 461 
ealeiood, 447, 627 , 
hydraulic, 929, -930 
sampling, 480 
testing for, 135' 
varieties, 162 .

Limestones, 145 ' _
Limonite, 48, 934 
Lindaner's formula, 621 
Lining, 32

for crucibles, 159 
of furnace, 35l, 373 

Little Iron Mountain, -36 
Localities of chrome iron, 28 
Location of a furnace, 348 

of blast maehioc, 698 
of charcoal forges 894 

Locomotives, steel for, 892 
with steel boilers,.892 

Lodes, 6$
Logan iron works, 751 
Lommorostro, ore of, 279 
Lonaeoming furnace, 306 
Longest period of stopping the blast, 

613
Looking-glass iron, 88 
Loss by a leaky tuyere, 600 

in puddling, 718 
Louth’s three high roils, 819 
Lyon, testa of steel rails, 919 
Lueas’ malleable oast iron, 897 

patent for steel, 871 
Luimann’s improvement, 313

Machine, blast, 367 
for cleaning ore, 26G 

Machincry for sheet iron, 792 
Machines, blast, 542, 547, 548, 555 

fan blast, 559 
Maeintosh’s patent, 282 
Mackenzie’s eccentric blower, 567 
Madagascar iron manufacture, 27C 

j Madras iron, 878
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Magnesia detected in o te , 175 
jn ore detected, 173 
from limestone, 149 

• Slagnesian limes, 929, 930 
Magnesium, 926 

alloy, 184
Magnetic mines, 38

ore, 31, 33, 415, 935 
ores, 23

for charcoal forge, 694 
oxide of iron, 81, 59, 94, 257 
pyrites, 101 
sands, 474

maiteablo iron from, 275 
Magnetism of iron, 88 
Magnetite, 31, 934 
Magnets, natural, 38 
Magnes, reduction of iron, 89 
Main object of flares, 162 
Making boiler-plate, 794 

charcoal in heaps, 213 
iron, Persian mode, 637, 688 
malleable iron, 860, 864, 865 
rails, cost of, 840, 841 
sheet iron, 791 
steel, 876

Malleability affected by phosphorus, 105 
Malleable cast iron, 897 

iron, 114
direct from ore, 274 
from magnetic sand, '275 
making of, 860, 864, 865 
manafgcture of, 636 

' stcpl from, 873, 885 
with aluminum, 913 

Mallet, 65
Mallet’s process for tin on iron, 127 
Management of Bessemer process, 900 

of blast furnaces, 373 
Manganese, 27, 926 

as an oridizer, 742 
detected in ore, 176 
in iron, 727 
in ore detected, 172 
iron ore, 57

from Tennessee, 67 
apd phosphorus on irop, 106 
power to eliminate phosphorus, 122 
and sulphur ip slags, 117 
to extract sihcon, 122 
to improve iron, 786 
with protosulphide of iron, 99 

Manilla ropes for lifting coal, 196 
Manipulation at a blomary fire, 648 

in furnace with water boshes, 678 
for roasting, 259 
of forge fire, 641 

Manometer, 493, 595 
Manufacture of Indian and steel, 881 

of malleable iron, 636

Manufacture—
of sheet iron, 850 

Marble, 145
Hill mines, 42

Marquette ores, analysis, 37 
Mariazell, plan of roasting in, 269 
Martien’s process for steel, 898 
5jaryland, black band, 51 

brown hematite, 46 
carbonates, 66 

Masses, 63
of iron ore, 31

Material consumed for one ton of coal, 
815

for a hearth, 854 
for furnace buildipg, 607 
refractory, 583, 534, 635 

Materials for artificial fluxes, 713 
 ̂for hearths, 874 
for multiplyiug fluxing, 454 

MattOncci, magnetism of iron, 88 
Maynard, analyses, 867 
McGinnes’ vein, 51 
McIntyre on furnaces, 315 
Measure for charges, 384 

of blast, 595 ^
Measurement for Valuing coal, 197 

of copl by weight, 198 
of Coal in United States, 203 

Measurements, pypometrichl, 493 
Measuring charges, 887 
Mechanic’s Journal on steel, 890 
Mechanical taw of blowers, 569 

• processes in puddling, 684 
Medicines for making steel, 896 
Meidenger, ammonia iron in, 83 
Melapane fornpee, 296 
Melted iron too long in furnace, 896 
Melting degree, 429

of cinder too early, ?87 
point, 429 '

of iron, 84
Meqding cast iron tolls, 821 
Merchand, okide of iron, 89 
Merchant iron, 703, 704 

rollers, 776, 777 
rolling mill, 776

Merrich’s aeeonnt of the Joy hammer, 
808

Metal for German steel, 439 
for puddling, 696 
homogeneous, 886, 888 
quality depends on carbon, 396 
refined, yield of, 830 
remarks on Bessemer, 916 
tempering, 750 
yield of, 476 

Metallic carbon, 22
oxides, dissolved bj alkalies, 428 

by silicates, 428
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MetaKic—
spoi»g«, 278, 872 

Metalloid, definition of, 888 .
Metallurgy of Iron, 1.7 
Metals for oliat'coal foi’ge, 694 

melting point of, 439 
smelted b^eharcoal from phospliu- 

rets, 718
Metamorptic rocks, 68 
Meta-ses<^aioxide of iron, 93 
Metcorolites, iron in, 81 
Method, dry, .for assay of ores, 165 

of arranging hearthstones, 385 
of determining carbon in steel, 927 

constituents of limestone, 148 
titanic acid in iron, 128 

of dissolving ore, 983 
of redaction of ore, 160 
of running Lurmann’s improve

ment, 845
Methods in furnace ereetion, 696 

of refining, 690, 721 
of trorking coal veins, 194 

Micaceous iron ore, 90 
red hematite, 42 

Michigan bog otcs, 66 
ores, 87

Mill bars, 684, 847 
continuous, 816 
rolling, 776 
tools in a rolling, 842 
'Wagnei‘’s universal rolling, 816 

Miller, analyses of iron, 114 
cubes of iron, 83 
on conversion into steel, 913 , 

Mlllerite, 42
Mtlwawkec, mines near, 42 
Mine dust; 154 
3Iine of supposed sHver, 108 
Mineral fuel, 182 
Mineralogy, 63 
Mining, 70 

of coal, 191 
iron ore, 62 

tools, 65 
Mispickel, 108
Mississippi, pyrites and gold, 101 
Missouri, brovro hematite, 47 

peculiar ores, 57 
Mljdng iron, 710

of ores, German method, 891 
ores, 444
ores and fiuxes, 871 

Mixture of fluxes and ores, 891 
ore and flux, important, 897 
of ores, 414,415,416 
of ores, profitable, 422 

Mixtures, refining by, 692 
Mode, Persian, of making iron, 687, 

688

' Modem application of hot blast, 501 
charcoid blast furnace, 802 
practice of roasUng, 208 

Modes of existence of carbon In iron, 
117

of roasting ore, 259 
Modification of bloomary process, 751 
MoeUeri?tg, 393 ,
Moffat’s analysis of coal, 209 
Moist atmosphere, effects of, 631 

ores, 29
Moistpre, hygroscopic, 987 

in a blast furnace, 681 
in air, 18, 632 
in charcoal, 887 

MSlIer, 630
Monklamf furnaces, 839 
Monster blast furnace, 389 
Morgan bank ores, 36 
Morgan’s blast furnace, 847 .
Moriah beds, 34 
Morin on tenacity, 915 
Morrell, cost of rails, 840 
Morris County, K. J., ores, 34, 35 
Mortiu’ for furnace, 850 
Morveau on aluminum, 26 
Motive power for furnaces,' 867 
Mottled irop 117 
Mounds, obaTring in, 214 

roasting in, 262
Mouse covered with pyrites, 100 
Mouth-pieces of blastpipes, 583 
Mount Hope mine, 36 
Mount Pleasant mine, 86 ,
Mount Savage works, 307 
Movable hand shears, 832 
Mpek as a fuel, 226 
Miiller, analysis of ore, 939 
MuUica liili, vivianite, 106 
Multiplying fiuxing materials, 454 
Mttsliet, experiments on ores, 413 

on copper alloy, 124, 125 
on fluxes'; 185 
ou titanifferous sand, 128 
on vanadium, 134 
on wood charring, 222 
fluxes, 139 
patent for steel, 871 
steel, 885, 915 
table for fluxes, 142

Nail plates, manufacture of, 704 
shears for cutting, 834 

Nails, 853-
iron for, 704, 706 

Nasmyth hammer, 801 
Native refractory stones, 534 
Natrium, 29 
Natural cement, 158 

magnets, 38
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Nature of the gases, 526 
Necessity for roasting ore> 257 

of anaiyzing iimestone, 146 
of good ore for a charcoal forge,
. 695

of knowledge of ores, 135 
Needle of miner, 66 
Neilson’s improvement in hot blast, 501
Nests, 63
Neutralizing silex, 783 
Neutrai tersulphate of iron, 1®3 
Neuberg, Bessemer process in, 907 

steel, tensile strength, 911 
New England nail plates, 853 
New Jersey bog ores, 56 

mines, 35 
vivianite, 106

Newton’s patent for steel, 871 
New York bog ores, 56 .

mines, 83 
fossil ores, 48 
peculiar ores, 57 

Nickel alloy, 128 ‘
Nickeliferous magnetite, 36 

^Nitric oxide absorbed by green vitriol, 
lOi

Nitrogen, 26, 926 
in air, 18
in iron, 83 ' •

Nitrogenous matters heated with Iron, 
104

Nitrogen in iron, 104
Nodules, 63
Norway, roasting ore in, 262 
Nordhansen Sulphuric acid, 101 
North Carolina brown hematite, 46

mines, 36
Nose on tuyere, 879 
Nostrums for making steel, 896 
Nozzles of blast pipes, 583 
Number of charges, 892 

of tuyeres, 393, 482

Oak wood, best, 179 
Object desired in fluX, 142 

ofanaiysis, 136 
of fluxes, 162 

. , of refining iron, 732
of roasting ore, 267, 497 ^
of the iron manufacturer, 390 

Occasions of scaffolding, 610 ■ 
Octahedra of iron, 83 
Ogden mine, 86 
O!>io bog ores, 56

brown hematite in, 44 
brown hematite, 46 
carbonates, 55 
earth carbonates, 54 
peculiar ore, 58

Oker, sulphurife acid works, 103
61

Olive-greeu cinders, 398 
Oolite, ore in, 44 
Oolitic fossil ore, 48 .
Open air roasting, 263 7
Opening of galleries in #bal veins, 196 
Openness of tunnel bead, 512 
Operation in a furnace, 407 
Operation in puddling furnace, 662 

of artificial fluxes, 713 
Orchard mirie, 36 
Ore, analysis of, 433, 434, fl63, 867 

argillaceous, 936 i
at Barrow-ih-Furnessi 449 
boxes for filling, 889 i 
drifting of, 79 '
heap,265
necessary to be analyzed, 135 
quantity to be used, 163 
roasting, 257, 259 ■ ' 
simple test for, 174 
size of, 389 
steel from, 811 ■

Oregon mines, 37 ,
Ores always imperfect, 423 

analyses of, 936 ’ 
chemical knowledge 481 
dissolving, 933 t
dry assay of, 156 
economical working, ^20 
estimation of, 984 j 
experiments in mjxirig, 465 
for charcoal forge, 61M 
for special purposes, 711, 712 
fossil, 48 ■
in New Jersey, 32 ;
in Pennsylvania, 936 
magnetic, 23 
ipixing, 444 
of iron, 30
profitable when self-fluxing, 418 
refractory, 372 
theory of reduction, -405 
theory of roasting, 26f ■

Ormsby furnaces, .341 j
Osmund furnace, 277 J
Out-door coking, 240 
Outside lining of puddling furnace, 680 
Oven, blue, 293

English round, 503 
for sheet iron, 8111 
ground-plan of heating, 832 
Ptayer’s, 516 
Stuck, 291 
IVasseralfingen, 508 
cast, 293
cast-iron tubular, 503 
Wulf’s, 291

Ovens, charring in, 216 
coking in, 231 
heating, 829, 830’
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Ovens—.
.hot Mast, 487 
roasUng ave in, 2&9 

Overman oiffbailding farnaobs, 347 
on malleable iron,-63@ 
on 'vr^tenfl'amaces, 314.

Owen's analysis of ore, 37 
Oxford furnace, 85, 681 
Oxidation necessary, 267 

of iron, 747 ■ .
Oxide of slumiqum, 26 

of copper process, 940 
of lead as a flux, 742 
of silicon, 24 
of sine mandfltctare, 485 

Oxides of iron, 19 
of manganese,  ̂27 

Oxidizers, chlorides as, 740 
sulphates as, 742 

Oxidizing by «5r, 264 
Oxygen, 18, 19 

and iron, 89
introduced info iron, 9Il 

Oxygenated- iron, 148 ■
Oyster shefls as a flux, 145

Palladium alloy, 129 
Paraffine for steel, 118 
Park on methods for steel, 885 
Parry on silicon and pig iron, 111 

on sulphur in slags, 99 
Passaic County, N. J., ores, 35 
Patent powders for making steel, 896 
Patents for alloying iron, 128

for steel, 871, 872, 887, 898, 899 
Paxton on stopping the blast, 6l8  
Payen on preserving iron from rust, 96 
Peat ashes, 188

as a fuel, 226 •
hogs in United States, 201 
obarcoal, value of, 244 
char-.oven for, 225 
ehatring, 224 
in Europe, 201
prepared for iron-Working, 204 
value of, 244

Peculiar action of alnuiiaa, 427 
©res, 66 

Pele's hair, 486 
PeSigot’s plan for pure iron, 81 
Penetrating rock, 69 
Pennsylvania black-band ores, 50 

charcoal blast furnace, 302 
blomary fires, 644 
bog ores, 56

brown hematite in, 44, 46 
composition of anthracite coal, 207 
earthy carbonates, 55 
fossil ore, 57 
fossil ores, 48

Pennsylvania^
Iton beds, 85, 36 
Iron Works, 471 
o»es in, 936 
peculiar ores, 57 

Percy, carbon in iron, 116 
experiments for steel, 113 
heat of iron, 84 , 
iron by electrolysis, 82 

. octahedraofiron, 83 
on n|gil1aceons ores, 50 
on crucibles, 159
OB hydrated sesi^nioxide of iron, 93 
on iron and water, 95 
on magnetic oxide of iron, 94 
on mottled iyon, 117 
on Mnshet’s steel, 887 
on precipitated protosulphide, 97 
on preventing rust, 96 
on protosulphide, 98 
on pyrophoric iron, 89 
on silicate of lime, etc., 99 
on steel nostrums, 896 
proportion of fluxes, 165, 167 
steei by arsenic, 109 
strOngA of steel, 914 ‘

Percy’s experiments on cast iron, 116 
on chromium, 131 
with carbon and silica, 109 

* with spiegeleisen, 122 
plan for pure iron, 81 
solution of green vitriol, 102 

Perfect Ores impossible, 423 
Permanganic acid, 27 
Peroxide of iron, 19 

of manganese, 27
Permanganate of pota.sh, assay-, 170 
Persian forge fire, 637

mode of making iron, 687, 638 
Petroleum in reduction of ore, 282 
Philosophy of Ellershauscn process, 863 

of metal improvement, 749 
Phoenlxvillo furnaces, 818 
Phosphate of lime bed, 34 

* on iron, 106
with iton, 28 ,

Phosphates as fluxes, 789, 740 
Phosphide of iron, 104 
Phosphide in Russia sheeting, 798 
Phosphoric acid, 23, 980, 933, 937 

in limestone, 150 
Phosphorus, 23, 92-5

absorbed by alumina, 428 
detected in iron ore, 176, 177 
and iron, 104 
in ore detected, 172, 173 
on iron with carbon and sulphur, 

121
Phosphurets, metals from, 713 

of iron, 258
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Physical condidon of slags, 475 
Pick, 65 
Wckling, 126 
Pig iron, 749

bad, 736 
blooming, 751
from sulphurous ore smelted 

by charcoal, 714 
improved by cojd water, 498 
testing for sulphur, 255 

metal, definition of, 288 . 
rarieties of, 289

and wrought iron, dilFerenoe, 725 
Piling, 887

in Austria, 889 
iron, 848
wood for charring, 214 

Pillars for roof, 77 
of furnace, 850 

Pilot Knob mines, 36, 42 
Pine tree, ashes of, 181 
Pinions for sheet iron, 792 
Pipe ore, 00  
Pipes, blast, 581 
Piston spring packing, 577 ,

’ Pitch of rock, 63 
Pit coal, 188 
Pits, 71
Pittsburg coke ovens, 282 

seam, 190 
plan of a mine, 77

of Wagner’s rolling mill, 818 
plate for top of stack, 852

glass, inon for polishing, 01 
Platincs, 795 
Platinum alloy, 129

with steel, 936. 
weldable, 85

Plattner, appearances of iron, 92 
Player’s blast oven, 516

method of shingling by compres
sion, 808 

tuyere, 599 
Plumbago, 22 

crucible, 158
Plymouth C Vt.) mines, 47 
Point of melting, 429 
Points for consideration in blast fur

naces, 629
Poker for tuyere, 492 
Polaric ores, 38 
Polishing hoops, 779

plate-glass, iron for, 91 
Portable hand shears, 883 
Port Henry furnace, 33 
Positions of furnaces, 608 
Potash, 426, 427

Its a dux, 440, 742 
bichromate of, assay, 169 
in wood ashes, 180

Potash--
permanganate of. Assay, 170 
to prevent rust, 96 
with protosulphide of iron, 98 

Potassium alloy, 183 
Pot steel tyre^ 922 
Pouillet, melting point of iron, 84 
Powders for refining, 692 

powder of iron, 81 
Practical directions for assaying, 168 

lessons from analysis of coal, 251 
remarks on charge^. 478 

on furnaces, 362 
on ores, 68

Precautions before stopping the blas  ̂
611

Prenat’s distributor, 514 
Preparation of crucibles, 158 

of ores, care in, 390 
Preparatory workings, 71 
Present form of blowers, 562 
Pressure blowers, 567

of blast, 482, 661,566, 595 
Prevention of scaffolding, 619 
Price of chrome iron steel, 914 

of coal at pits, 208 
of digging coal, 196 

Primitive rocks, 63
4'HneipIe deduced from tmalyses of cin- 

. der, 734 
of gas furpace, 855 

Principles of chemistry of irouj 17 
of fluxes, 134

Process, Ellershausen, 860, 865 
for analyzing ores, 186 
for puddled steelj 894 
of Bessemer, 868 
of Heaton for cast steei, 911 
of glossing Russia sheeting, 798 
of Heaton to introduce oxygen into 

iron, 912
steel by direct, 861 
Uebatius, for steel, 897 

Processes for steel, 871, 872, 898 
Proling, experiments on iron, 82 
Proper mixture of ores, 424 
Proportion for ebar^ng^ 462 

of lime for charges, 627 
Proportions at Acklam furnaces, 342 

at Cleveland, 449 , 
for burning lime, t5S 
of fluxes, 142, 105 ^

Protecting puddling furnaces * with 
water, 682

Protection of sides of furnace, 682 
Protosulphide of iron, 97 

in the air, 103 
with lead, 98 
with potash, &c., 98 

with carbon, 98
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Protosulphide**-
witli sesquioxide of iron, 98 
witli snlplia^c, 98 

Prptoxide of iron, 90
carbonate of, 322 
andj silica. 111

paddled balls, compression of, 762 
bars, average yield, 839 
iron forjshects, 791 
steel, tebsile strength, 89§ 

Puddling ball rolls, 823 
bar, 664 
cinder, f33 
difficulties in, 688 
experincenta in, 702 
from blast furnace iron, 689 
furnace?, 656

construction of, 680 
double, 682
protecting witto water, 682 

furnace with water boshes, 676 
hoek, 664
iraprorements in, 675
loss in, n s
manipulations, care in, 715 
mechanical processes in, 684 
remarks on, 695 
steel, 893, 897 
theory of, 722 
with heijted blast, 690 
with steam, 689 

ihffeiron, 81, 734 
limc,'l52 
ores, 418 '

Purest iron, 851 
Purification of green vitriol, 102 
Purifyitig Kmeetone, 147 
Purpose of a run-out fire, 720 

of a.tUyere, 585 
Puzzolanas, 154 ■
Pyrites, iron, 100 

magnetic, 101 
with gold, 101 

Pyrolusite, 27
Pyrometer for hot blast, aOS 
Pyrometers, 521, 623 
Pyrometri^ measurement 498 
Pyrophoric iron, 89 
Pyroxene, 931

Qualitative? analysis 6f ore, 174 
Qualities of iron etumected with cinder, 

•  733
of wrought iron, 7S0 

Quality affects color of sheet iron, 796 
of iron, when fixed, 746 
of metal depends on carbon, 396 

Quantitative analysis of ofe, 983, 986 
Quartz flux, 155
Quantity of air required for a blast, 869

Quantity*—
of blast, 566, 628. 629 
o f heat from fuel, 2*13 
of iron reiicatcil, 826 
of ore to be Used, 163 

Quarrying, 70 
Quartz, 24, 980

Rabble, 664 
Babbling steel, 895 
Rail pile, 8^7
Railroad bars, weight of, 782 

for filling furnace, 385 
iron, 708, 706, 847 

rolkrs, 782
Ralls, cost of making, 840, 841 

rolling steel, 917 
sheet iron for, 795 
squaring ends of, 788 
steel capped, 919, 921 
Straightening, 789 
trial Of, 923 '

Railway bars, 838 
Rain affecting blast furnaces, 032 
Rakes for drawing coal, 369 
Ralston, longest period of stopping the* 

blast, 613
Raromclsberg’s analysis of Franklinite, 88
Rapid roasting, 481 
Rationale of puddling steel, 895 

of steel breaking, 889 
Raw coal, benefit of, 254 
Reading anthracite famace, 311 ■ 
Reasons why limestone is a good flux, 

430
Reaumur makes steel, 897 
Receivers of blast machines, 577 
Recent improvements in construction 

of puddling furnaces, C80 
Recording charges, 483 
Red clays, 39

fossiliferous limestone ore, 55 
hematite, 81, 39 
hematites, charges for, 471 
limestone Ore, 55 
ore, 89 
oxide, 39'

Reducing flame, 938 
Reduction of iron, 89, 274 

of ores, theory of, 405 
of silica by carbon, 109 

Reese’s invention for rolls, 824 
Reeves’ statement of material consumed, 

&c., 315
Refined metal, yield from, 839 
Refinery cinder, 837 
Refining, 747

by mixtures, 692 
' iron, object of, 782
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Defining—
methods Of, 690, 721 
remarks on, 719 
theory of, 722 

Eefractory cinder, 112
nature of fluxes, 391 '
ores, 372
products, table of, 541 
stones, 588, 534, 535 

Regenerative gas furnace, $55 
Eegenerators, 850

• Regnault on hydrogen and protosul
phide of iron, 98 

Regular filling of a furnace, 383 
Regulating screws, Wilhelm’s, 820 
Regulators of blast tuyeres, 577 
Reguli of crude iron, 141 ,
Reheating furnaces, 824

and rolling, effects of, 915 
Relative amount «f gases in a furnace, 

404
degree of fusibility of cinder, 425 
value of fuel, 248 

Remarks on analysis of coals, 249 
on anthracite, 200 
on ashes, 181 
on Bessemer metal, 916 
on blast macittnes, 597 
on charcoal forges, 69$ ’
on charges, 478 , 
on charring wood, 220 
on coal, 189
on construction of furnaces, 335
on cylinder blast machines, 561
on coking, 238
on fuel, 201
on furnaces, 362
on making iron, 842
on modem practice of roasting, 268
on peat as a fuel, 184
on puddling, 695
on refining, 719
on rolls and rolling, 815
upon shingling, 813

Remedy for scaffolding an<J dropping,
609

Removal of carbon, 744 
of cinder, 401
of impurities from iron, 732 

'ok^of iHlicon, 744 
Relaoving silex, 732 
Reniform ore. 41
Result of analysis, how expressed, 938 
Results of bloom working, 651 

of combustion, 402 
of Lackawanna furnaces, 458 

Retorts, coking in, 238 
Reverberatory furnaces for roasting, 262 
Review of ores, 58, 257 

of shingling, 813

Reviving of iron, 274 
Rhodium alloy, 129 
Rich lime, 152

ores require more fuel, 421 
Richmond (Mass.) ores, 44 
Riddling ores, 265
Riepe’s process for puddled steel, 894 
Riley’s steel, 871
Ringgold, expcrim«“ts for steel, 872 

process, 286
Rivot, analysis of ores, 87 
Roast oven, 260, 261 
Roasted ores, cleaning of, 265 
Roasting, 481

in a ir  w ith wood, 269 
in  heaps, 263 
in  mounds, 262 
iron ote, 257 
ore, 259

attention' to, 370 
object of, 497 

ores, theory of, 267 
Rolled steels, 119 
Rollers, castings for, 7 6̂

for railroad and heavy bar iron, 
782-

for shape rails, 784 
for sheet iron, 792 
roughing, 765, 766 

Rolling, 758 
cold, 821 
guards, 778 
improvements in, 815 
mill, universal, 816 

merchant, 770 
tools in, 842 

steel rails, 917
Rolls, consecutive series of, 816 

grooved chill, 822 
improvements In, 80l 
mending cast iron, 821 
pUddlit^ ball, 823 
sweep grooved, 823 

Rochester VVorks, 473 
Rock and kidney carbonate ores, 55 
Rogers, analyses of ore, 483 

of ores, 934, 936 
moisture In air, 632 

Roman’s method of charring wood, 216 
Roof, support of,, 77 
Rooms for miners, ^
Rosary, or chain tTOnpe, 656 
Rose on ma@oetic pyrkes, 101 

on protosulphide of iron, 97 
on quarts crystals, 85 

Rosin, to prevent rust, 96 
Rotary squeezer, 672, 768, 764 
Rouge, 91
RougWog Tollers, 766, 766 
Round w ater tuyere, 588

61*
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Eowan’s p w esa  of wiling, 9 2 2  

Rows, coltiDg in, 229 
Roxbury^Conn.) mines, 47 
Royalty of Mr. Bessemer, 928 

‘ Rnn -̂out fire, 652,<719, 747 
Russia furnaces, 363 

iron, 873 
sheeting, 798 

Rust of aluminum, 26 
of carbon, 19 
of iroiH 19, 21, 95 

Rullle, 933 i
alloy With, 128 '

Salaroand^, 291 
furnace, 291

Sal ammoniac mixture, 490 
Sallfbury iron, 44 
Salt in refining, 741 

wells, boring, 69 
Samples, choosing, W4 
Sampling limeetone, 480 

of ore, 479 
Sandage, 4159 
Sand in  iron, 728

magnetic, iron from, 275 
Sandstone, 534 

art^cial, 636 
Sand used in welding, 85 
Saucon'Iron Works, 836, 506 
Saving of fuel in yAthraeite coke fur

naces, 501
Saw machine for rails, 788 
Saws, circular, foy cutting iron, 835 

for cut^ng holts, 836 
Scaffold cinder, 635 
Scaffolding, 36, 608, 609 ,

in the boshes, 313 
near the tuyere, 898 

Scale iron, 94 
Scales fer iroo works, 483 
Schafhaiitl, spiegeleisen^ 119 

compound, 714
Sclaff on hydrated sesquioxide of iron,
. 98
Schlegcl’s puddled steel, 893 
Schneider hammer, 801 
Schu;ylki>l ooals, 208 
Schwarzkopf’s blower, 565 
Science of blast furnace, 409 
Scorodite, 107 ^
Scotch tuyere, 598 W 
Scotland, black band ores, 50 
Scranton furnace, 320 
Scranton hot blast, 504 
Scraper, 66 
Scrap iron, 838 
ScMips for welding, 827 
Screening ores, 265 
Screw blast machine, 555, 568

Screws, wrought iron, for housings, 820 
Sci'ewing in the cutters, 836 
Seams of coal, 190 
Sea water ott iron, 123 
Secondary rocks, 63 
Sediment from furnaces, 485 
Sefstrom’s experiments, 116 

furnaces, 157 
Selection of ore beds, 60 
Self-fluxing ores, profitable, 418 
Senarmont on hydrated sesquioxide of 

iron, 93
Series of rolls, 816 
Sesqni, 19
Sesquioxide ef iron, 19, 90 

hydrated, 92 
and lime, 93

with pretosuiphide of iron, 98 
Ses<|uisu1phide of iron, 100 '
Setting the wood for charring, 211 
Shaft, 68 
Shafts, 74

in coal mines, 193 .
Shale for assaying, 161 
Shape of the tuyere, 591 

rails, rollers for, 784 
Shapes of furnaces, 820 
Rhaw’s gunpowder hammer, 807 
Shearing, 832 

cold, 836
Shear, common force, 833

moved by a.crank, 834, 835 
moved by an eccentric, 838 
steel, 294, 878 

Shears, force, 832
portable hand, 838 

Sheeting, Russia, 798 
Sheet tin, 127 

iron, 750, 791 
blooms for, 851 
charging boxes, 384 
color of, 796 
for nails, 795 
for stove pipes, 796 
■heating oven for, 881 
manufacture, 850 

. shears for trimming, 834 
Sheffield furnace, 873 
Shingling blooms, 756, 758 

by compression, 808 
review of. 813

Shoeburyness, experiments on plates, 87 
Shoenberger & Co. on making mallea

ble iron, 864 
Shovel, 65 
Slirubs, ashes of, 181 
SlmrtUff ores, 472 
Siberia, natural magnets in, S8 
Siderum, 105
Siegen, plan of roasting in, 270
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Siemen’s fwrnace, 208 

pyrometer, 523 
regenerative gas furnace, 855 

Signs, 29
Silesia furnace, 296 
Silex, 25, 930 

as a flux, 151
as a foreign matter in ore, 49T 
in iron, 724, 728 
in limestone, 147 

Silica, 24 •
for assaying, 160 

. from'limestone, 148
and protoxide of iron. Ill, 
reduced toy carboti, 109 

. .  spiegeleisen heated with, 122 
with protosulphide of iron, 99 

Silicate, 25
of alumina, 26 

in coal, 209
o/ protoxide of iron reduced by 

Carbon, III
. Silioates as fluxes, 426

a? solvents of metallio oxides, 428 
from limestone, 150 
with protosulphide of iron, 99 

Silicious eftrbonate of lime, 47 
ore, 44, 189, 414, 415 

assay of, 141 
best for gray iron, 397 

Silicic acid, 25 i 
Silicide, 25 
Silicon, 24, 109

abstracted from cast iron, 122 
affinity for iron, 498 
removal nf, 744

Silver, arsenical iron taken for, 108 
alloy, 128
coheres With gold, 85 
gray tinge to sheet iron, 800 

Simple test for iron ore, 174 
Sinking a shaft, 68 
Sinope, shot and shell, 109 
Siphon pipes, 506 
Site of a charcoal forge, 695 
Size of fuel, 388 

of ore, 389
Sizes of furnaces and blasts, calcuia. 

tions upon, 620 , 626 
of scaffolding hnd droi)ping, 609 

Slag, analysis by Aspelln, 907 
analysis of Cleveland, 449 
hammer, 647 . 
at Kirkless Hall, 450 

Slags, 22
analyses of, 452, 453, 454, 909 
crystalline, 485 
estimation of, 934 

■ physical ct^dition of, 475 
Slate coal, 190

Sledge, 65 
Sliding valve, 694 
Slimy consistency of cinder, 746 
Slope in coal mine, 196 
Slopes, 75
Slow roasting best, 268 
Small rod iron, 845 
Smelting of iron, 99 

ore, 275
Sulphurous materials, 444 

Smith’s (G. H.) patent for steel, 872 
process, 281

Stnith (3. F,), on tensile strength of 
steel, 890

Soapstone, 426, 53S
lining, when preferable, 703 

Soda as a flux, 426, 440, 742 
ferrate, 95 
nitrate of, 896 
to prevent rust, 96 

‘ With protosulphide of iron, 98 
Soft chareoal, loss by, 501 

iron, 734 ,
Solvent of sesquioxide of iron, 91 
Solvents of titanium, 436 
South Carolina mines, 36 

Wales ores, 50 
Sow, the, 288 
Spalls, 350 
Sparks from h’on, 90 
Sparry carbonate of iron, 60 

iron ore, 47 
ore, 3l

Spathic carbonate  ̂47> 
ore, 81, 47 
ore furnace, 297

Special process of bloomingpig iron, 751 
properties of iron, 81 

Specific gravity of iron, 82 
• of wood, 179 
of wootz, 883 

' heat of iron, 84 
Spectroscope,-901 
Specular Cast iron, 119 

iron, 90
iron ore, 89, 60 

Speed of rolls, 815 
Spdlew, 350 
Spheerosiderite, 47 
Spiegeleisen, 36, 38, 119 

for Bessemer steel, 906 
for steel, 895 
heated with silica, 122 

Splint coal, 189, 190 
Sponge, metallic, 872 
Spbngy cinders, 398 
Spontaneous ignition of iron, 89 
Squaring ends of rails, 788 
Squeezers, 701 
Stack, furnace, 357
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Stack, height of, 864 
Stahtberg mines, 47 
Stalactites, 145 
Stalagmites, 145 
Standardizieg solutions, 102 
Standards for roHs, 815 
Starting the blast, 376 
Steam hammer, 757, 769 

hammer. Dudgeon's, 804 
hoist, 605 
jet cupolas, 570 
Ott protosulphide of ken, 97 
puddling wid>, 689 

Sleeken, 357 
Steel, 112, 870

alloy with platinum, 936
American uses of, 887
analysis of, 900, 924
Bessemer’s, 898
Mistered, 878, 878
boilers, 888, 892
burnt, 88
by arsenic, 109
by direct process, 871
by indirect process, 873
copped rails, 919, 921
carbon, 871
cast, 879
charcoal for, 877
cltrome iron, 913
cranks, 893
cutters, fastening, 836
deprived of silicon, 761
steel, determining carbon in, 927
experiments with, 890
for locomotives, 892
from cast iron, 893
frenr chromate of iron, 913
from malleabie Iron, 8 ^
furnace for, 450, 873
German metal fbr, 439
Indian, 880
-irons, ore fof, 47
Mushet’s, 885, 915
nitrogen i» manufacture, 104
of Biack Diamond Works, 891
of cementation, 878
ore, 47
patents for, 871,872, 898, 899 
plates, test for. 88 
puddling, 893. 897 
rails, rolling, 917 
shear, 878 
a»»d steely iron, 915’ 
tenacity of, 915 
tensile strength of, 889 
time required for, 877 
tyres, 921, 922 

Steely iron, 282
tenacity of, 916

Sterling (Mass.) iron, 47 
mines, 33 
ores, 471 ^  .

•St Stionne double coke oven, 237 
Stengel on copper alloy, 125 
Sticking in the boshes, 313 
Stockbridge (Mass.) ores, 44 
Stodart on alloys, 129, 130 
StoneCoal furnaces, 810 

value of. 244 
Stone furnaces, 836 '
Stoppage'of coke fumacos, 614 
Stopper, use of, 380 
Stopping tlie blast, 610
Storing charcoal, 370
Stove-pipes, sheet iron for, .*’6 
Stoves, air heating, 488 
Straightening rails, 789 
Streak, 82
Strength of cast iron, 932 

steel, 891
of iron affected by phosphorus, 

105
from mixtures, 465 

of tungsten alloy, 138 
Stripping for ore, 71 
Strike of rock, 63 
Stiiek oven, 291, 042 
Stuekofen furnace, 277 
Sturtevant’s blower, 503 
Styptic, tersulphate as, 103 
Styria, fuel in, 204 

gas furnace in, 860 
method of oxidizing, 264 
peat as a fuel, 226 

Stydan blauofen, 628 
Substitute for the squeezer, 813 
Subterranean workings, 71 
Success, conditions of, 411 
Sugar bakery, steel boilers of, 892 ■ 
Sulphate of protoxide of iron, 101 

with protostilphide, 98 
Sulphates as oxitfizers, 742 

of iron, 258 
Sulphide of gold, 97 

of nickm, 42
Sulphides heated with carbon, 464 

of iron, 96
roasted in }he air, 103 

with protosutphide of iron, 99 
Striphtir, 22, 925

absorbed by lime, 428 
evil influence of, 255 
in coal ashes, 187 
in ore detected, 172 
in ores, 174 
in slags, 99 

' in the furnace, 442 
and iron, -96 0
in iron containing carbon, 120
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Sulphur—
testing pig iron for, 255 

Sulphurets of irou, 258 
Sulphuric acid, 23

from pyrites, 101 
on cast iron, 123 

Sulphurous acid, 23 
fumes, 401
materials, how best «inelte<l, 444 

Superior iron, requisites for, 739 
Support of roof, 77 
Surface hardening, 109 
Suspension railroad for filling furnace, 

385
Sussex epunty, N. J., ores, 35 
Swallow ?.'.il, 800 
Sweden, Bessemer steel in, 906 

case hardening iron, 109 
furnaces, 299, 368 
roasting ore in, 262 

Swedish bar iron, 115 
bellows. 544 
iron, 873

Sweep grooved rolls, 823 
Sword bl.ides, Damascus, 884 
Symbols, 29

Table of accounts, 839 
of charcoals, 222
of probable consumption of charcoal 

per 100 parts of crude iron, with 
ores of different sorts, 425 

of proportions of fluxes, 142 
Talcott on cost of erecting furnaces, 615 
Talc^slate, 535 
Tamping bar, 66 
Tangaree wood, 881 
Tap cinder, 111 - 
Tapping, 371, 882

the gas from below the top, 532 
the iron, 393 

ITebo mine, 36
Teehnioai estimatioh of ores, &c., 934 
Telford on tenacity, 916 
Temperature, uniformity of, 521 

utility of high, 521 
Tempering Damascus Steel, 884 

of metal, 750
Tenacity affected by reheating and 

rolling, 915 
ef iron, 84
of tungsten alloy, 133 
of wrought iron and steel, 915 

Tenderness for hammering, 86 
Tennessee, black band, 51 

brown hematite, 46, 47 
■ fossil ores, 48 

peculiar ores, 57 '
Tensile strength of cast steel boiler 

plates, 891

Tensile strength—
• of cThroine iron and steel, 714 

of iron, 84 
of Neuberg steel, 911 
of puddled steel, 895 
of Steel, 889 
of titanized iron, 475 

Terne plate, 127 
TersWlpiiate of iron, 103 
Test, Eggertz*s carbon, 904, 907 

for arsenic in iron, 108 
for green vitriol, 102 
for iron ore, 174 
for steel plate, 88 

Testing pig iron for sulphur, 258 
Tests fbr cahSite  ̂ 980

for hydraulic limes, 153 
pf Neuberg steel, 911 
of steel, 890, 891

at West Point Foundry, 914 
T. hammer, 767, 758 
Theoretic metallurgy of iron, 17 
Theory of blast furnace, 402 

of fluxes, 134 
of hot blast, 494 
of reduction of ore, 405 
of refining and puddling, 722 
of roosting ores, 267 

Thickness of coal seams, 190 
Thomas’ experiments, 198, 482 

nse of gases, 520 
& Laurens’ improvement in hot 

blast, 508
Thomsen, heat of iron, 84 
Throat of a furnace, 364 
Tilt-hammer, 758 
Timber for shafts, 76 
Timbering a drift, 78, 75 

of shafts, 76
Time for charring in the woods, 224 

for tapping, 393 
required for roasting, 263 

for steel, 877 
Time to cut wood, 182 
Tin, alloy, 126

promotes rust of iron, 96 
Titanic acid alloy, 128 

in iron, 128 
in ore, 436 

iron, 916 
sand, 38

Titaniferous orts, 474 
Titanium, 485 

alloy, 127 
determining, 938 
in ore, 436 

Titaniaed iron, 475 
Tongs for rolling tiifll, 842 
Tools for mining, 05

good ones required, 378 ■
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Took^
in a rolling mill, 842 
of a blomar -̂ Sre, 651 
of puddling furnace, 664 

T o ttea  & C o.’s  rolls, 822 
T  rails, 783 
Transition rocks, 63 
Trial of rails, 923
Tribasic phosphate of protoxide of iron, 

106
silicate of protoside of iron, 111 

Trimming sheet iron, shears for, 834 
Trompe, 277, 556 
Tpouliron, 117 
Trundle ralre, 694
Truran on boiling and puddling furnaces, 

682
oh hot and cold biasti 526 
Ohjeefton Iw utiUaation of waste 

te d , 684
Ott tailway bars, 838 
ott the m^ern scpieeser, 814 

Tubs, double working wooden, 546 
Tubular oxen, cast iron, 563 
Tungsten ailoy, 133 
/  steel, 133
Tunnel head- of a furnace, 864 
Turf as fuel, 204 

charring, 224
Turkish shot and shell, 109 
Tuyere, 641, 647 ‘

holes, 856 
Iron, cure for, 379 
new form of 599 
nose on, 379 
poker, 492 
Stones, 866 

Tuyeres, 876, 585
number of, 393, 482 

Tytnp, 850 ■
Tympanum, 850 
Tyres, steel, 921, 922

tTcbatiua process for steel, 897 
Cttramarine, preparation of, 97 
UlrerstOBe furnace, 629 
Itfiaccountable diifieulties in blast fur- 

naees, 638
tincofced «oal, benefit of, 254 
t'nfauorable indfeations of cinders, 898 
United States blast engines, largest, 200 

o$4 in, 202
measurement of eoal, 208 
steel rails in, 918 

Universal rolling mill, 816 
Unusual furnace deposits, 484 
Upsettiug the blooms, 763 
U rails, 788 
V v4  on mining, 62 
Use of saws in cutting bolts,-836

Uses of steel, American, 887 
Using waste heat, 528, 629 
Utica, mines hear, 42 
Utiiity of high temperature, 621 
Utilization of waste gas, 512, 516, 520 

of waste gases, 681

Value of anthracite, 244 
of black band ore, 53 
of brown cOal, 244 
of charcoal, 244 
of chrome iron steel, 914 
of coke, 244 
of fuel, 248
of ojo at Bloomsburg furnaces, 470, 
of peat, 244

charcoal, 244 
of stonecoal 244 

Valuing coal, 197 
Valves, 594 
Vanadium alloy, 184 
Vapor, decarbonization by, 898 

in atmosphere, 18 
Variation in density of eonls, 204 
Variations in furnaces, 409,410 

of weight in coal, 204 
Variegated cinders, 398 >
Varieties of limestone and iime, 152 

of pig metal, 289 
Various chargings, 459

forms of biast machine,’, 5o5 
Varvacite, 28 
Veins, 64

of coal, 190
how worked, 193 

of iron ore, 31 
Velocity of puddling rolls, 815 
Ventilation, 76 
Vertical blast engine, 576 
Vibration produces change in iron, 87 
Vienna sterro metal, 126 
View of a housing and section of 

rollers and foundation, 771 
of eomposidon of anthracite coal 

of Pennsyivania, 207 
Virginia black band, 51 

bog ores, 56 
brown hematite, 46 
carbonates, 55 
fossil ores, 48 

, peculiar ore, 57 
' Viscid slag, 486 
Vitreous cinder best, 735 
Vitriol, green, 101 
Vivianite, 106

with bog ore, 106 
Volatile matters in ores, 268 
Volcanoes, artificial, 97 
Volumetric assay, 109

iron assay, solution for, 102

    
 



INDEX. 971

Wages for digging ore, 80 
in coal working, 106 

Wagner’s universal rolling mill, 816 
Wawajanda Lake mines, 35 .

* WasseraKiugen hot blast, 508 
Waste gas, 512, 510, 520 

* gases, 487
utilization of, 681 

heat, 487, 528, 529 
of finery fire, 721 

Water absorbed by charcoals, 223 
bosh, 680 
bushes, C76 
column machines, 557 
decomposed by iron, 96 
extraction of, 75 •
for protecting puddling furnaces, 
• 682 
hoists, 601 
in atmosphere. 18 
on protosulphide of iron, 97 
in wood, 178 
and iron, 95
necessary for oxidation, 268 
pounds of, heated by coal, 248 
trouble from, 76 
tuyeres, 585, 587, 592 
tytnp, 372

Waterman and Beaver’s rails, 921 
Weak blast injurious, 383 
Wedge, 65
Weighing charges, 386, 387 
Weight of railroad bars, 782 
AVeisse’s and Keb’s investigations, 632 
AVeldability o f platinum, 85 
Welding, 84

heat to iron, 824 
iron, 708, 727 
steel, 844
wrought iron scraps, 827 

Weldless steel tyres^'921 
Wells, boring salt, 69 
Welsh district, cost of rails, 842 
Westerman mill, 868 
Western States furnaces, 863 

works, 307
Westphalia, black-band ores, 57 
West Point Foundry, chrome iron steel, 

914
Wet assay, 169, 171

blast receiver, 578 ,
stock objectionable, 383 

White cast iron, 115, 123 
cinders, 398 
iron, 117

a good forge iron, 397. 
of small burden, 715 
produced %y a cold furnace,

397
pyrites, 100

White—
metal, 401

does not ferment, 745 
for chareoal forge, 702 
how produced, 730 
with carbon, 729 

Wheel tires, rollers for, 782 
AVidholm’s bellows, 543 >
Wilhelm’s regulating screws, 820 
Williams’ method for analysis, 937 
Wire iron, 763, 704, 706, 716, 846 

making, 781
ropes for lifting coal, 196 

Wisconsin, brown hematite, 47 
mines, 37, 43 

Wohler, cubes of iron, 83 
on titanium alloy, 128 
on iron in water, 96 

Wolfram steel, 133 
Wood, gshes of, 179, 718 

as a fuel, 178 
charring of, 209 

oven, 217, 218 
mound, 215 

-drying oven, 220 
effect on iron, 717 
hard and soft, 179 
hauling to hearth, 210 

■ specific gravity of, J79 
' to an acre, 182 

water in, 178
Wooden bellows of the common form, 

543
blast machine, 547 
cylinder bellows, 544 
tubs, double working, 546 

Woodward's jet Cnpolo, 570 
Wootz, 130, 680 

analysis of, 882 
of India, 40 
specific gravity, 883 

Work-shaft, 75
Working a charcoal furnace, 371

coal veins with pillars and rooms, 
194

with post and stall, 194 
estimated by color of cinders, 398 
furnace for steel, 876 
in open air for ore; 70 
of ooai veins, 193 
of ores, 420

■Works, erection of for making sheet 
irons, 852

Wrought iron, 112, 725, 727, 750 
and cast iron, difference, 723 
and pig iron, difference, 725 
-iron screws for housings, 820 
iron, tenacity of, 915 .

tuyeres, 585 
Wulf 8 oven, 291

    
 



912 INBEX.

Wurth, report on Etlershauseo pro
cess, 805

Yard, for coal and ore, 369 
Yates’ process, 380 
Yellow iron pyrites, 100 
Yield of a furnace, 7l8  

of coke, 341 
from refined metal, 839 
of metal, 476 
of puddled bars, 839

I Zaliski, peculiar ore, 58 
Zinc alloy, 120 .

and copper alloy, 126 
crystallizes, 86 
detected in ore, 176 
in ore, 484, 48n 
to protect iron from rust, 96 •  
with green vitriol, 101 

Zincing, 126

. E B U A T A .

Page 29, 
“ 41, 
“ 44,

49,
45,
56,

326,

342,
343, 
343,

15th line from top,/or “ unhydrated,” read "anhydrated.”
14th “ ” /or “ deep-bine,” road “ deep«blaod,”
alter text after 1st line te—Fibrous limonite appears under beautiful forms 

known by the names ptp« ore, pot ore, fhell ore, Ac.; when renifvrro it 
often consists of-alternate and concentric layers, Ac.

4th lino from top, fo r  ” and,” read and, sometimes,” Ac.
21st “ /or “ oarbonitic,” read “ carbonated.”
5th . “ “ read “ near, and southeast of, Helena,” Ac.
We are under obligations to Sir. Jos. Hunt, superintendent of the new fur

nace at Teagersville on the North Pa. E. K., for the carefully prepared 
outlines on pp. 325, 327, and 3.14.

1st line from top, fo r  “ Bolckon,” read *• Boickow,” Ac.
11th “ “ /or “ and across,” rear! “ diameter across,” Ac.
13th '* “ rearf 2500 tons, the 5 being indistinct.

THE END .,
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