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PREFACE.

————

ToE aim of the present work on Steel and Iron has
been to produce, within moderate limits, a comprehensive
Manual of practical information and of the scientific
principles upon which the practice rests. The author
hopes in this manner to render the book of service to the
general student of the branch of Technical Science of
which it treats, and also to offer to the intelligent work-
man a succinet statement of the scientific principles upon
which depends the success of the several processes con-
ducted or superintended by him, and upon which the
construction of his plant or machinery is based. The
book, therefore, is not intended to supersede the expe-
rience and practical knowledge that can be gained only
in the Works, but the author hopes it will be found a
useful adjunct to, and contribute to a clearer under-
standing of, these things. ;

The information has, as far as possible, been brought
up to date, and for this purpose numeroys articles in
English and Foreign Scientific Journals and Proceedings
of Societies have been consulted.

In elucidating the text, the author has preferred to
use practical drawings rather than mere pictures, and he
thinks that an elementary acquaintance with mechanical
drawings will enable the reader to fully understand

290



vi STEEL AND IRON.

them. Although a few of the woodcuts have been re-
produced from papers in the Proceedings of learned
Societies, &c., the great majority have been reduced from
original working drawings of existing furnaces and
plant, all drawn accurately to scale; and the author
takes this opportunity to acknowledge his obligations to
the numerous Ii‘onmasters, Engineers, and others who
have kindly furnished him with such drawings and
assistance.

Throughout the chemical portion the nomenclature,
atomic weights, and notation now universally employed
have been adopted; and here also only a preliminary
elementary knowledge of inorganic chemistry is required
of the reader.

Within the compass of this volume, it has been
impossible to enter with minute detail into the con-
sideration of all the particulars which are necessary to
make the student perfectly conversant with the whole
range of the metallurgical and mechanical treatments
between the iron ore and the production of the finished
bar, rail, or section, but typical examples of the various
operations have been described, and their details more
or less fully discussed so far as scientific principles are
involved.

WaHE G

Stretford Road, Manchester.
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STEEL AND IRON,
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CHAPTER 1.
EXPLANATION OF TERMS.

1. CrEMICALLY pure iron exists only as a curiosity
and has no practical application in the arts. It is void

" of commercial value as a constructive material, and cannot

be prepared upon a large scale. Yet in combination
with very small proportions of carbon, and almost infini-
tesimal proportions of other elementary bodies, as sulphur,
silicon, phosphorus, &c., it yields products such as Steel,
Malleable or Wrought-iron, and Cast or Pig-iron, which
possess properties rendering them by far the most impor-
tant factors in our metallurgical industries. It is with
the production and working of these commercial varieties
of iron that it is proposed to deal in this volume, but
before proceeding to the treatment of the subject proper
it may be well to offer a few remarks upon, and define
once for all, the interpretation which we shall place upor
certain words and phrases which are now universally
used to designate special physical qualities of the metals ;
and upon the names given to the products obtained, and
processes performed, in the metallurgical or mechanical
treatment of Iron and Steel.

2. Tenacity is the property of resisting fracture from
the application of a tensile or stretching force, and is
usually stated in England in terms of the number of
tons or hundredweights required to break a bar one
square inch in sectional area. In France, Germany, and

B



2 STEEL AND IRON. [Chap. I.

generally over the Continent, the force or weight is
expressed in kilogrammes (2:2046 lbs.), with the square
centimetre as the unit of area (the centimetre =-3937
inch), whilst in Russia the units often employed to
express the pressure and the sectional area are the
atmosphere (about 15 lbs.) and the square inch respec-

L 4 ) CSREIIE

Fig. 1.—Forms of Test-pieces ; a, before fracture, and b, after fracture.

tively. ‘00635 x number of tons per square inch=
number of kilogrammes per square centimetre.

This quality of tenacity is possessed by wrought or
malleable iron and by steel in a very marked degree, the
latter standing at the head of the metals in this respect ;
but, as will be mentioned subsequently, this quality is
- much affected, in steel especially, by its composition, by
its freedom from certain deleterious elements and foreign
matters, and also by the molecular condition arising either
from the mode of its preparation or from its previous
treatment, physical or mechanical, as by hammering,
rolling, annealing, hardening in water or oil, &ec., &c.
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Figs. 1 and 3 indicate the more general forms of test
pieces employed in testing the tenacity of bars, plates,
&e., of wrought iron or steel, together with their usual
mode of fracture ; and Fig. 2 shows the grip for holding
the test-piece in the machine. The length of the test-
pieces and the area of their cross section vary in different
works. Thus in testing bars, while some firms operate
upon samples of only two inches in length between the
points of measurement, and with half an inch of sectional
area (‘79 inch diameter), as in Fig. 1, a, others—and
their practice is the more general—operate upon pieces
of six, eight, or ten inches in dength. The shorter
lengths are employed in engineering establishments,

Fig. 2.—One Form of the Bridle and Grip for holding the Test-pieces in
the Testing Machine. (p.352).

for the testing of forgings, or finished work, whilst the

larger specimens are always employed by the manufac-

turer in testing rolled bars or plates.

3. Ductility is the property of being permanently
extended by a tensile force, or of being drawn into wire.
Like tenacity, it is powerfully influenced by the com-
position of the iron or steel, and is markedly affected by
each one-tenth per cent. of carbon that enters into the
composition of the metal, whilst silicon in very much
smaller proportions likewise sensibly affects it. Experi-
ments conducted at Woolwich indicate that this quality
varies also with the temperature; thus wrought-iron,
such as Yorkshire rods, 70 inch in diameter, which
possessed at 100° Fahr. a ductility represented by 25,
showed a ductility of only 15 at a temperature of 200°
Fahr., and of 13:75 at a temperature of 500° Fahr.
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4. Elasticity is represented by the length to which
a given rod, bar, or plate of metal may be extended by
a tensile force without remaining permanently Jengthened
on removal of the stretching force.

5, The limit of elasticity is an expression employed
to represent the force required to extend a given section
of metal to the limit of its elastic strength; or is the
greatest tensile stress registered before an appreciable
permanent set is produced in a given section of the
metal. Within certain limits the stretching of either
iron or steel beyond its original elastic limit increases the
strength and range of its elastic action ; cold-rolling and
wire-drawing afford examples of such an increase of
strength by the permanent extension of metallic rods
beyond their original elastic limit. Iron wire after this
treatment attains to a tensile strength of upwards of
100 tons to the square inch. Iron or steel rods which,
as received from the rolling mill ready for wire-drawing,
have a tensile strength of 57 tons to the square inch, after
drawing down as far as is practicable without annealing
will have acquired a tensile strength of 80 tons to the
inch, and the same wire, when finished to No. 14 gauge
(‘087 inch diameter), possesses a tensile strength of
upwards of 98 tons to the inch.* The wire employed
by Sir William Thomson in his deep-sea soundings sus-
tained 149 tons to the inch. Steel, which in bars of the
ordinary sizes used for bridge building has a tensile
strength of about thirty-two tons to the square inch,
with an elongation of 15 per cent. in samples of one foot
in length and an elastic limit of about seventeen tons
per square inch, will have, after drawing into wire, a
tensile strength of seventy-two tons to the square inch,
with an elongation of 4 per cent. in samples of one foot
in length.t+ In the same manner the links for Suspension -
Bridges have been purposely strained slightly beyond the
original limit of their elasticity before putting to work,

* ¢ Revue Tniverselle des Mines,” 1881,
+ Transactions of the American Society of Civil Engineers, 1880.
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whereby bars of somewhat altered dimensions are pro-
duced, but which possess also a little more rigidity than
the originals. Again, bridge or ship-plates of the same
quality will vary as much as two tons to the square inch
in their tensile strength, according as the rolling is
finished at a high heat or at a very low temperature, the
latter yielding the stronger plate, but after annealing
both plates will then have the same lower strength.

6. It is understood that to subject a test-piece to
repeated tensile stresses, each of which is just insufficient
to give a permanent set to the sample, will gradually in-
crease the tensile strength corresponding to the limit of
elasticity. In other words, to remove the stress after
each pull or elongation of the specimen caused by the
stress, gives a slightly higher figure as the limit of
elasticity than if the limit be determined by watching the
point where the elongation begins to increase in a marked
manner without removing the stretching weight after each
elongation ; so that these repeated pulls are attended with
the same result as an increased hammering of the specimen.

Mr. T. F. Barnaby, in a report to the Admiralty,
says that Bessemer steel heated to 400° Fahr. is ten
tons per square inch stronger than when at the normal
temperature, and loses at the same time but one-third
of its ductility, and this increase in strength appears to
hold up to 600° Fahr. In iron, again, there is an
increase, but only to the extent of one-third of the
above, and the increase in strength is attended by the
loss of from one-quarter to one-half of its ductility. At
a very dark-red heat there is a great fall m the tensile
strength of both iron and steel.*

7. The high range of the limit of elastlclty in steel,
compared with the ultimate strength of the metal,
together with the greater range of its elastic action, and
its superior tensile strength over iron, are the advantages
upon which the introduction of steel as a constructive
wmaterial largely depends.

* The Engineer, March 31st, 1882.
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8. Fatigue is the diminished resistance to fracture
which comes after repeated applications of stress,
especially after stresses varying within a wide range.

N7
Fig. 3.—Forge Tests of the Malleability and Ductility of Iron and Steel.-

9. Malleability is the quality of permanently ex-
tending in all directions by pressure, as by hammering
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or rolling, without rupture, and is essential in the metal
to be extended by rolling into thin sheets.

All malleabie metals are more or less ductile, whilst
iron and steel are amongst the most malleable. Russian
sheet-iron has been exhibited at Paris of a thickness
not exceeding 35 part of an inch, and Fig. 3 shows a
usual test of this quality as applied to steel rivets and
angle irons, which are first heated to redness, and then bent
or hammered into the forms shown without cracking at
the edges.

10. Welding is the quality whereby, if two clean
surfaces are presented at a suitable temperature, and
pressure applied as by hammering or squeezing by
hydraulic or other power, they will unite to form one
coherent mass. The conditions necessary for welding are
these : 1. that the surfaces shall be perfectly clean. 2.that
the iron or steel shall be at a temperature producing
a plastic, coherent, and amorphous, non-crystalline (but
not fluid) state. Under these conditions but moderate
pressure is required to ensure a perfect weld.

This property of welding is typically presented
by wrought-iron at a white heat, and in a scarcely
inferior degree by the milder qualities of steel, whilst
in cast-iron there is an entire absence of it. As above
mentioned, it is necessary that the surfaces to be welded
be quite clean and free from scale, and for this purpose
the smith throws upon the white-hot surface of iron
on his hearth a quantity of sand (silica), which forms a
readily fusible and fluid slag with the oxide of iron on
the welding surface, so that, when the two surfaces
are placed in contact and the mass is struck with the
hammer, the fluid slag is thrown out, leaving the metallic
surfaces in contact, clean and free from oxide or cinder.
When steel is the subject of operation, the smith often
prefers a mixture of ten parts of borax (Na,BO,) with
one of sal-ammoniac (NH,Cl), which powder he uses
instead of sand for cleansing the oxide from the surfaces
to be welded.
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Professor Ledebur concludes that the difficulty in
welding some varieties of malleable iron arises from the
presence of such foreign bodies as carbon, silicon, sulphur,
phosphorus, oxygen, manganese, copper, &c. : and he adds
that, up to 0-7 per cent.,, oxygen in compination 1s ics3
injurious to welding than a larger proportion of manga-
nese, silicon, or phosphorus, but if oxygen be present
beyond 1 per cent., then welding becomes impossible.
The above-mentioned elements harden malleable iron, and
probably affect its weldability by their ready oxidability.
All foreign substances present in the iron, except fluid
silicates, which remove the scale and so clean the surfaces
to be welded together, have an injurious influence upon
the welding quality, hence the purest iron can usually
be the more easily welded.

11. The temperatures employed in working iron and
steel are often expressed by such terms as -‘red-heat,”
“ white - heat,” &c., and the following figures indicate
approximately the temperatures so defined :—

Incipient redness correspoudgft:bs:)zcémpemture 526° C. (977° F.).
Dull red > » 700° C. (1292° F.).
Cherry red . o 900° C. (1652° F.)
Deep orange 12 - 1100° C. (2012° C.).
White-heat 5 » 1300° C. (2372° F.).

. : 1500° C. to 1600° C.
e A A » {(27320 F. to 2912° F.).

12. Toughness, in metals, is a relative expression of
the power of resisting fracture by bending or torsion,
and it is measured by the number of times to which a
definite section of the metal can be bent through a certain
angle on either side the perpendicular without any
fracture.

13. Softness is a relative term sometimes used to
express the quality of a metal whereby it easily perma-
nently yields to pressure without fracture.

14. Annealing, in the case of iron and steel, is the
name applied to the operation by which the metal is first
heated to bright redness, and is then allowed to cool down
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slowly, either in the open air, or, more usually, under a
layer of ashes or other materials having an inferior con-
ductivity for heat. Annealing s often prescribed as an
antidote for correction or prevention of the irregularities
in strength arising from unequal or irregular cooling in
steel and other castings, or in forgings the several parts
of which have been finished under the hammer at different
temperatures. By again re-heating such articles to a
uniform red-heat, and then allowing them to cool down
as slowly as possible, the molecules are enabled to assume
a more uniform and normal condition with respect to
each other, whereby the probability of any local tension
or strain existing at any point is minimised.

Sheet-iron, after rolling, is frequently annealed in
quantities of eighteen tons of plates at once, for which
purpose the plates are placed in boxes of about ten
feet in length, five feet six inches in depth, and three
feet six inches in width. The boxes, when charged, are
run into furnaces where they remain about twenty-four
hours, so as to become regularly and uniformly heated
throughout ; they are then withdrawn and allowed to cool
down during four days without the access of air, after
which the sheets come out quite clean and free from
scale.

The same term (annealing) is also applied to the
operation of slowly heating to redness of crucibles before
introducing them into the steel melting furnace, as
described on page 420.

15. Cold-short is the term employed to express the
condition of iron or steel, in which it cannot be worked by
hammering or rolling at or below a dull red-heat without
more or less fracturing or cracking at the edges, according
to the degree of the cold-shortness; though such metal
may, under the same conditions, be worked with the utmost
facility at a white or welding heat. Red-short, on
the other hand, is applied to such metals as do not permit of
being readily worked at a temperature at or above reduness,
although such metal frequently admits of being worked
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by hammering or rolling without fracture at a low red-
heat. Amongst the elements which, in small quantities,
induce cold-shortness in iron or steel, may be enumerated
phosphorus, silicon, arsenic, and antimony, of which the
first mentioned is the most common source of this defect ;
whilst red-shortness is often the result of the presence of
an undue proportion of sulphur in the metal, but copper,
antimony, silver, calcium, &c., also produce the same
effect.

16. Oreis the name applied to the metalliferous matter
in the state in which it is extracted from the mine by the
miner, and which in the case of iron is always either an
oxide or carbonate of the metal, accompanied by certain
extraneous matters, gangue, or wein stuf, essentlally
siliceous, calcareous, argillaceous, or bituminous in
character, as will be further noticed when speaking of the
several ores of iron. In Wales and some other districts
the term “mine” is used as synonymous with ore, the
same word being thus used to designate both the workings
and the metalliferous matter extracted from them.

17. Reduction, or Smelting, is the process or processes
employed for the separation or extraction on the large
scale of a metal from its ores, and the active element
used in effecting the reduction is known as the
“reducing agent,” which, in the case of iron or steel, is
invariably carbon or carbonic oxide (CO), aided by a very
high temperature.

18. Calcination is the process in which iron-ores are
heated in heaps, or kilns at a comparatively low tempera-
ture, for the expulsion of water, carbonic anhydride
(CO,), sulphur, and other volatile matters, with the
oxidation of the ferrous oxide and carbonate to the
condition of ferric oxide. The necessary heat 1s produced
either by the combustion of the bituminous matters in
the ore itself, as in certain Scotch Blackband Ironstones,
or by the addition of fuel which is mixed with the ore to
be calcined in the heaps or kilns, or by the waste heat
drawn from the blast furnaces.
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19. Fining is the term e}%p’loyed to designate the
stage of the process in the conversion of pig into malleable
iron, during which the decarburisation of the pig-iron is
mostly effected, either in the puddling and pig-boiling
processes, or in the charcoal finery working upon refined
metal.

20. Refining is the process sometimes employed to
effect the partial decarburisation and purification of pig-
iron, with its conversion thereby into white, refined, or
plate metal, as a preliminary to its conversion into
malleable iron by its subsequent treatment either in the
puddling furnace or in the charcoal finery.

21. Puddling and Pig-boiling are processes whereby
pig or refined iron is converted into malleable iron
either in fixed reverberatory or in revolving furnaces.

22. Shingling, or Nobbling, is the name applied to
the treatment to which the puddled ball is subjected
in the squeezer or under the hammer, for the welding
together of its particles into a solid bloom, with the
expulsion of slag, cinder, and scorie from the puddled
ball.

23. Cementation is the process by which the car-
burisation of malleable iron for the production of steel is
effected, by the prolonged exposure of it at a tempera-
ture below fusion, to the action of solid or gaseous
carbonaceous matters. The same term is also applied to
the converse class of operation, by which articles made
of cast-iron are rendered malleable by a process of
decarburisation, effected by exposing them to the pro-
longed influence of heat and oxidising materials, as
hxmatite, iron-ore, ete. 4

24. A Flux is a substance added to the furnace charge,
which, by combining with the siliceous and extraneous
matters or gangue of the ore, yields at the furnace tem-
perature a readily fusible substance known as a slag. In
the case of iron ores accompanied by a gangue of infusible
quartz, the ore might still be smelted without the addition
of any flux, but it would only be at the expense of a loss
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of iron ; since ferrous oxide (FeO) readily combines with
quartz or silica, producing a fusible ferrous silicate, which
is not reducible by carbon or carbonic oxide, the reducing
agents of the blast furnace, and which therefore would
pass away into the slag with a corresponding loss of iron.
A similar result follows if the gangue be argillaceous,
for the aluminous silicate (clay), which alone is
practically infusible, combines readily with a portion
of the ferrous oxide of the ore, producing thereby a
double silicate of alumina and iron, which is easily
fusible ; but to obviate the loss of iron which would thus
result it is usual to add a flux of limestone, which enters
into combination with the silica or siliceous clay, yielding
thereby fusible silicates, or slags of the double silicates of
lime and alumina. In the hematite districts, where the
ores are the rich oxides of iron (hematites), it becomes
necessary to add as the fluxing materials not only lime
but also argillaceous matters, in the form of shales or
argillaceous iron-ore. The conditions regulating the
quality and amount of materials added as fluxes will
be more fully discussed when treating of the blast-
furnace reactions.

25. Slags are the readily fusible compounds, resulting,
as above noted, from the combination in the furnace of
the siliceous and other matters of the ore with one
another, and with the materials added as fluxes, the re-
sulting slags in virtue of their lower specific gravity
floating above the molten metal in the furnace hearth.

Slags from the Blast-furnace, Bessemer Converter,
Siemens Hearth, or other iron- or steel-producing furnaces
or apparatus, are thus ankydrous silicates of lime, mognesia,
alumina, vron, and manganese, with smaller proportions
of other metallic bases derived, as just noted, from the
extraneous matters of the ore, the ashes of the fuel, the
flux added to the furnace charge, and, in a certain degree,
from the materials of which the furnace is constructed.
The slags are possessed of the most various physical, chemi-
cal, and mechanical properties, depending upon a variety of
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causes, such as a light or heavy burden, the former usually
yielding light-coloured, white, or grey slags, whilst
the latter ‘'has a tendency to yield slags containing iron
and which are thus either black or dark in colour. An
excess of lime generally produces a very friable slag of a
dull stony aspect ; but whilst a blast-furnace slag will be
dull and opaque if cooled slowly, a similar slag will be
lustrous and glassy if cooled quickly. Blocks of slag
from the blast-furnace frequently present layers of grey,
brown, blue, reddish-black, and white in the same block ;
further, as a rule, the slower the rate at which the slag
has cooled, the greater is the tendency to assume a crystal-
line structure ; also, if the slag be not a definite chemical
compound but a portion crystallised out during cooling,
leaving the residue as an amorphous mass, it is found that
the crystallised portion has often a definite chemical com-
position, whilst the amorphous portion cannot be formu-
lated. Again, a slag which usually cools so as to form a
highly-coloured vitreous body, will often swell up into
a white pumice-like body if allowed to flow in contact
with water when it is tapped from the furnace ; and, in
the same manner, hair-like masses or aggregations of fine
shreds are produced by the mechanical action of the
blast. meeting the pasty descending slag in the furnace.
Ferrous oxide increases the fusibility of the slag, whilst
magnesia decreases it, and thus a dolomitic (magnesian)
limestone added to the blast-furnace as a flux decreases
the fusibility of the slag, and has a tendency to whiten
the pig-iron.

Small quantities of the metallic silicates suffice to
impart their distinctive tints to the slags in which they
occur ; thus the dark green or greenish-black colour so
frequently observed in the slags produced in the iron manu-
facture is due to the presence of a ferrous sulphide ;
whilst the blue colour often seen in iron slags is by some
attributed to the presence of Titanic oxide, and by
others to ferrous oxide ; and the ainethyst-blue colour of
certain charcoal furnace slags appears to be due to the
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presence of manganese. Ferrous oxide when present
also materially lowers the melting-point of the slag.

26. Blast-furnace slags are regarded essentially as com-
binations of monobasic and sesquibasic silicates of lime
and alumina respectively, in the proportions represented
by the following formula—

3 (Ca0, 8i0,) + 2 AL O,, 3 8i0,;
whilst Dr. Percy considers the slag or cinder of the

refining furnace (tap or forge cinder) to be an ortho-
silicate of the formula—

2 Fe0, Si0,, or Fe, SiO,

CHAPTER II

REFRACTORY MATERIALS, CRUCIBLES, ETC.

27. THE refractory materials used in the metallurgical
treatment of iron and steel are usually fire-clays (impure
hydrated silicates of alumina) and a few natural rocks or
minerals, either alone or suitably mixed with other in-
gredients, as lime, graphite or plumbago, burnt-clay, &c.
The materials so prepared are then moulded into bricks
or crucibles of various forms, into pipes, tiles, tubes, &c.,
as may be required, or are rammed in position upon
furnace hearths, so as to form bottoms or linings in the
different ways to be subsequently noticed.

28. Rocks can rarely be used alone, owing to their want
of homogeneity, their great tendency to crack when exposed
to high temperatures, and their want of cohesion after
being once broken up prior to their being moulded into
the special shapes required in furnace construction.

29. Clays also can rarely be used singly or in their raw
state, but require admixture with other ingredients, as
well as some preliminary mechanical treatment, to adapt
them to the requirements of practice, since raw untem-
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pered clays when used alone invariably contract in
volume, and crack when exposed to a high temperature,
leaving thereby fissures and depressions which quickly
destroy the furnace in which they occur. Clays are re-
fractory in proportion to their basic character—that is, to
the alumina (Al,0,) which they contain—and are less
useful as fireclays, as they become acid (siliceous) in their
character ; whilst the presence of ferrous oxide (FeO) to
the extent of 2 or 3 per cent. renders most fire-bricks
useless at the temperature of the Siemens Steel-Melting
Furnace. The plasticity of clays, or their capacity to be
moulded into any required form without loss of cohesion,
is due to the chemically combined water which they con-
tain, and depends to some extent upon the amount of
alumina which enters into their composition, and upon the
degree of fineness of the structure of the clay ; the finer the
particles usually the more plastic is the clay. The Aygro-
scopicwater of clays may be expelled by heating them to 100°
C. (212° Fahr.), without thereby impairing their plastic
quality ; but at a higher temperature the combined water
is also expelled, and the clay then loses all plasticity, which
quality it does not recover, even when again mixed with
water, although the water so added is soaked up rapidly.
Alkalies, when present to the extent of from 1 to 2 per
cent., render fire-clays or fire-bricks fusible at high
temperatures. Lime and magnesia (both by themselves
very refractory materials) suffice, when in but small
portions, to make most fire-clays comparatively fusible.
30. Lime (CaO) and Magnesia (MgO) are very
refractory, and are both used in the manufacture of
certain crucibles employed in metallurgical *operations,
but it militates against the use of magnesia that it is
somewhat expensive and difficult to obtain, although
large quantities of an impure magnesian limestone have
latterly been found in the island of Eubcea. ZLime always
occurs native in the form of calcic carbonate, which, upon
the application of heat, loses its carbonic anhydride
(CO,) and becomes caustic, but on the withdrawal of
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the heat, and fresh exposure to atmospheric influences,
it rapidly re-absorbs carbonic anhydride and moisture,
partially slacks, and falls to powder ; hence it can only
be used in such furnaces as allow of a continuous, non-
intermittent heat, as in certain Styrian furnaces, where
it is sometimes employed. Owing to the facility with
which lime and silica combine to form a fusible silicate, it
is necessary to avoid contact of the two in any part of a
furnace exposed to a white heat.

31. Magnesite—the impure magnesia occurring at
Eubeea and elsewhere—contains a little lime besides silica,
serpentine, and ferrous silicates, which latter require
separation by hand either before or after calcination of
the mineral. Magnesia is used either in the form of bricks
or as crucibles, and, like lime, it first requires calcination at
a very strong heat to expel carbonic anhydride, and also
to prevent the contraction that would otherwise take
place upon heating. The calcined material is then mixed
with from 15 to 30 per cent. of the imperfectly calcined
or raw mineral, and from 10 to 15 per cent. of water is
added, when, after thoroughly mixing, it is then pressed
into iron moulds, dried, and burnt as with ordinary bricks.

32. Bauxite is a hydrated aluminous ferric oxide of
variable composition, containing usually about 60 per cent.
of alumina and only from 1 to 3 per cent. of silica, with
20 per cent. of ferric oxide (Fe,O;) and from 15 to 20 per
cent. of water, but other specimens contain much larger
proportions of silica with less ferric oxide. It is a very
refractory body, and affords an example of a substance
containing some 20 per cent. of oxide of iron, but being
yet practically infusible; whilst 4 or 5 per cent. of ferrous
oxide in most fire-clays renders them as fusible as ordinary
bricks, and 2 per cent. of ferrous oxide in Dinas-brick
renders it quite useless in the steel-melting furnace.

33. Bauxite Bricks are formed by mixing the calcined
bauxite with from 6 to 8 per cent. of some binding material
such as clay and plumbago, whereby, upon the application
of intense heat, the plumbago partially reduces the iron of
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the bauxite, and the brick so produced becomes practi-
cally infusible. 'Where such bricks can be applied, they
are much more durable than the best fire-bricks; they
resist the most intense heat, as also the action of basic
slags ; after heating for some time they become intensely
hard, and then also resist strongly the mechanical action
of wear or abrasion.

34. Fire-clays are such as will withstand exposure to
a high temperature without melting or sensibly softening.
As already noted, they are essentially hydrated aluminous
silicates, with more or less lime and magnesia in the form
of carbonates, iron as pyrites (FeS,), free silica (SiO,),
smaller quantities of potash (K,0) and soda (Na,0),
with water in both the combined and hygroscopic form,
as is shown by the following

AVERAGE ANALYSES OF VARIOUS WELL-KNOWN FIRE-CLAYS.

Con-
Stour- u tinental .
br?dge %&Jtel; Clay used ]()}1]:&5
Clay. Clay. | for Fire- e
bricks.
Silica % . . 5 63:30 67-12 66-10 9673
Alumina . > . . 23-30 21-18 19-80 1-39
Potash . 3 3 4 — 2:02 — 20
Soda 2 5 7 . — —_ —
Lime . s 3 : 73 32 —_ 19
Magnesia 4 — -84 — —
Ferrous Oxide (FeO) 3 1-80 — a— *48
Ferric Oxide (Fe,O. 3) : — 1-85 6-30 —
‘Water Combined . —_ 482 — 50
s Hygroscoplc . 2 10-30 1-39 7:50 —
Organic Matter — 90 - —

i 99-43 |100-44 99-70 99-49

The value of a fire-clay largely depends upon its free-
dom from such bodies as calcic carbonate (CaCO;), iron
pyrites (FeS,), and ferrous oxide (FeO), any of which at
high temperatures would readily combine with the free

c
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silica (Si0,) of the clay, with the formation of readily
fusible vitreous silicates. The presence of 3 or 4 per
cent. of foreign oxides in a siliceous clay—that is, such
as contains much free silica—will render it fusible ;
but if the clay be aluminous, then, owing to the in-
fusibility of most aluminates, even 6 or 7 per cent. of
ferrous oxide does not destroy its refractory quality ;
hence, wherever a scouring basic slag has to be en-
countered, an aluminous clay as free as possible from silica
is desirable. The presence of alkalies in sensible amount
—as 1 per cent. or upwards—materially impairs the refrac-
tory character of the clay. Oxide of iron also has a strong
fluxing effect, and 2 per ceut. or upwards affects the
fusibility of the clay, although if alkalies be absent, then
3 per cent. of ferrous oxide does not very seriously affect
fire-bricks, except at the very highest temperatures.

35. Fire-clays occur most largely in the Coal Measures
of the carboniferous strata ; also, though less frequently,
in various other geological formations. Clays obtained
from the same locality and apparently of the same kind are
found to differ widely in their degree of fusibility, arising
from variations in the proportions of the free and combined
silica, from the influence of free silica as explained in the
preceding paragraph, and also from the substitution of
small quantities of one metallic oxide for another ; thus a
clay containing magnesia (MgO) is rendered more fusible
if a little lime (CaO) be substituted for a certain proportion
of the magnesia. Further, the power to resist heat is influ-
enced by the molecular condition of the particles of the
clay in a manner but imperfectly understood, as also by
the presence of organic matter, and by the mechanical
arrangements of its particles—generally the coarser the
particles the more refractory will be the material.

36. Fire-bricks should withstand 1° continued exposure
to the highest temperatures of afurnace without decomposi-
tion, cracking, fusing, or sensibly softening; 2° they should
bear considerable pressure whilst heated without suffer-
ing fracture or distortion ; 3° they should be unaffected
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by considerable, and sometimes sudden, variations of tem-
perature; 4° for certain applications they require to be
unaffected by contact at a white heat with such metallic
oxides as those of iron and magnesia, or other basic slags
or scoriz ; 5° contact with heated fuel should be with-
out effect upon them ; 6° they should be able to resist at
one time an oxidising, and at another a reducing, action ;
7° for commercial considerations, fire-bricks are re-
quired to be regular in shape and uniform in quality.
Bricks combining all these qualities are rarely to be
met with; thus the Dinas and other silica bricks to be sub-
sequently described, whilst serving admirably for the con-
struction of reverberatory furnace-roofs, where the bricks
do not come into contact with metallic oxides or scoriz,
would be quite worthless (owing to the large proportion
of free silica entering into their composition) in the
bottom of a furnace upon which iron or steel was to
lie molten for any lengthened period.

37. In the manufacture of fire-bricks, their constituent
fire-clays cannot be used directly as they are found—that
is, in the raw state—since, although the clay may be
sufficiently refractory for the purpose intended, yet when
subjected to rapid alternations or changes of temperature,
or even in the drying of the bricks after being moulded,
they are found to split or crack. To obviate this
difficulty without also impairing the refractory nature of
the clay, the raw clay is first tempered or exposed
for some time to the action of the atmosphere before
moulding into bricks, and other materials also—such as
previously burnt fireclay, old bricks, graphite.in powder,
small coke, crushed quartz, or siliceous sand (as may
be required for the particular purpose to which the
bricks are to be applied),—are also mixed with the clay.
Where resistance to extreme heat only is required, then
an excess of silica is preferable in the clay, but if scouring
basic slags are also to be encountered, then graphite, coke,
or materials of that class, are added.

38. For brick-making, the fire-clay, as just noted, is
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first exposed under sheds to the atmosphere, but protected
from the weather,and is then, either alone or in admixture
with such substances as above named, ground between rolls
or under edge stones to a fine powder, which is then mixed
with water and thoroughly incorporated in a pug-mill;
after which the mixture is moulded into bricks by machine
or hand labour, as in the case of ordinary bricks. The
bricks are then laid out to dry, and, when sufficiently dry
and resisting are placed in kilns, each holding from 15,000
to 20,000, arranged so as to allow of the heated gases from
the combustion of the fuel burning on a grate at the end of
the kiln to circulate around and between them ; the bricks
after some six days’exposure in this manner are then suffi-
ciently burnt and ready for withdrawal, for which purpose
the fires are withdrawn,and the kilns allowed to cool down.
The shrinkage during the drying and burning of fire-bricks
is considerable, so that for the production of a 9-inch brick
the raw clay brick will require to be from half-an-inch to
three-quarters of an inch longer than the burnt brick;
the exact amount requiring determination for each mix-
ture of clay, since the amount of contraction varies for
almost every clay or mixture of clays.

39. Fire-bricks must be set in fire-clay and never in
lime mortar, otherwise at furnace temperatures the free
silica of the clay or brick would combine with the lime of
the mortar, to the production of a readily fusible silicate
of lime, and the consequent destruction of the furnace.

40. Dinas Brick is a highly refractory brick, made
from a fire-clay occurring in the Vale of Neath which con-
tains 97 per cent. of silica, with about 1} per cent. of lime,
and smaller proportions of alumina, ferrous oxide, alkalies,
and water. The brick presents on fracture a yellow
matrix, embedding fragments of quartz, giving the frac-
ture a rough, hackly appearance. These bricks are
employed in the roofs of reverberatory and heating
furnaces, where they will withstand a clear white heat,
but, as already mentioned, they become perfectly useless
whenever they come into contact with oxide of iron.
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41. Silica Bricks, as the name implies, are composed
largely of silica, the rock or stone from which they
are made by the Landore Siemens Steel Company
being the Dinas Rock of the Swansea Valley, yielding
98 per cent. of silica, the remaining 2 per cent. being
chiefly alkaline matter. For their manufacture the
stone is first broken up into a suitable size for
crushing under rolls weighing some three tons each,
and during the crushing under the rolls lime cream
(a thin paste of lime and water) is also added to
the pan for incorporation with the ground silica; and
in this manner about half-a-hundredweight of lime is
added to each ton of silica stone. The mixture so ob-
tained is pressed into moulds somewhat smaller than the
burnt bricks are required to be, the bricks being usually
hand-made to the various shapes and sizes needed in
furnace construction. The bricks, which are now very
tender, are carefully placed for drying upon a floor heated
by steam, when, after thirty-six hours’ exposure, they are
stacked in bee-hive ovens or kilns, each holding about
35,000 bricks, and are there heated or burnt during about
five days, from whence, after the cooling down of the kiln,
which occupies another five or six days, the kilns are
opened and the bricks withdrawn. The bricks are still
tender or brittle in comparison with ordinary bricks, and
require considerable care in transport, and need to be kept
from any lengthened exposure to rain or wet. They are
of a light yellowish-brown colour, with a coarse, irregular,
granular fracture, and are highly refractory ; they are used
most extensively for the roofs, ports, and other parts of
the Siemens Open Hearth steel-melting furnacé, where the
most intense heat occurs. For these | purposes the bricks
made by the afore-mentioned company are not only sup-
plied to the various English steel works, but are exported
largely to America, and elsewhere. Silica bricks expand
in burning, so that a brick about eight and three-quarter
inches long before burning comes out nine inches long after
burning, whilst a considerable further expansion occurs
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when the bricks are heated to high temperatures, followed
by a corresponding contraction on again cooling; and
hence it becomes necessary on first heating furnaces where
these bricks are used, to loosen the tie-rods, and to tighten
them up again as the furnace cools; or the same purpose is
effected by affixing powerful springs between the buck-
staves of the furnace and the nuts on the tierods, to
compensate and allow for the expansion and contraction of
the roof during its working. If the furnace castings and
tierods are sufficiently strong to resist the pressure pro-
duced by the expansion of the bricks, then the roof
itself rises and falls in the crown as it is heated
and cooled. These bricks cannot be set in a lime mortar,
but are set with the smallest possible quantity of a
paste of silica sand, or of silica cement and water. Silica
bricks, as already explained, are invaluable for resisting
the high temperature in the roof of the Siemens furnace,
but for the hearths of furnaces, cupola linings, &ec.,
exposed to the contact of metallic oxides, an aluminous
brick is preferable.

ANALYSES OF FIRE-BRICKS, SILICA-BRICKS, (GANISTER. *

Glenboig |Newcastle| Silica Sheffi
Fire- Fire- | Brick effield
brick., brick. | Dowlais. Ganister.

Silica 3 5 5 . 62-10 58:00 975 89:04
Alumina . 4 4 £ 3310 3650 14 544
Ferric Oxide . L i 3:00 1-67 0-55 2:65
Lime 5 3 5 5 0-90 050 0-15 0-31
Magnesia . 3 . 2 trace 0-90 0-10 0-17
Potash . L X " 0-90 2:12 — _

Soda " ‘ v - — 030 —_ —

Loss in Calcination . % - — —- 2:30

100-00 99-99 99-70 99-91

* Proceedings of the Iron and Steel Institute. Snelus: Refractory
Materials.
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42. Siliceous Sand is an exceedingly refractory
material, containing in some varieties as much as 97
per cent. of silica, the remainder consisting of a little
lime, alumina, oxides of iron and water. This sand
is used for mixing with fire-clays, &c., in the manu-
facture of fire-bricks, also as the principal ingredient
in the mortar used in the setting of silica bricks; it is
also employed in making the bottom or hearth of the
Siemens Melting Furnace. Sands less pure than the
above are also employed for making the pig-beds of blast
furnaces, and by the moulder in making his moulds for
castings in cast-iron. Though highly refractory, yet,
owing to the absence of all binding qualities, sands are
not available for most of the applications to which fire-
bricks are applied.

43. Firestones, sandstones, granites, millstone-grit,
serpentines, steatites, conglomerate, and other siliceous
or quartzose rocks, are sometimes highly refractory, and
will stand considerable changes of temperature without
cracking ; hence such rocks are frequently employed for
the hearth-stones of blast furnaces, the boxes of the
cementation furnace (see p. 407), and also in the con-
struction of reverberatory furnaces. But amongst the
causes which limit the use of the rocks in furnace con-
struction are the want of homogeneity in the rocks, the
frequent presence of notable quantities of lime, oxide of
iron, iron pyrites, &c.,—which decrease the infusibility
of the stone—and also the stratification in the sandstones,
which necessitates special care that the stones be bedded
in the planes of stratification, to prevent exfoliation on the
application of heat.

44. Ganister is a siliceous rock in which the silica
is cemented together by argillaceous matter, and, with-
out any admixture, the rock has wusually sufficient
cohesion to hold together after being simply rammed
around a wooden model of the interior of the furnace,
in the manner described when speaking of the crucible
steel-melting furnace, and of the ordinary Bessemer



24 STEEL AND IRON. [Chap. II.

Converter. The ganisters used for these purposes, also,
whilst binding fairly well together, do not shrink much
on heating.

45, Crucibles are open-mouthed vessels, which are
capable of being moved to and from the furnace by
means of tongs, and in which steel or other metals
may be exposed to the high temperatures required for
their fusion. It is necessary that crucibles should
possess in the highest degree .all the qualities required
of good fire-bricks, such as the power to resist a continued
exposure to the high temperature of the steel-melting fur-
nace without softening, or becoming tender, or suffering
any distortion of shape ; they should not crack or split by
sudden alternations of temperature ; they should not be
affected, save in the slightest possible degree, by contact
with incandescent fuel, as coal or coke, or by the slag and
ashes produced on their combustion. They should, further,
be capable of withstanding the corrosive action of the
manganous oxide (MnO) resulting from the oxidation of
the manganese in the spiegeleisen or ferromanganese,
added to the crucible charge in the production of crucible,
or, as it is commonly called, cast-steel; and moreover, the
crucibles should be sufficiently strong to support the weight
of the molten metal when lifted by tongs from the furnace.
Crucibles usually the better resist the corrosive action of
slags, according as they are more regular in texture, and
according to the fineness to which the constituents have
been ground, but under these same conditions the tend-
ency to crack is increased.

46. The smaller erucibles known, according to their
shape, as Cornish, London, Hessian, and French respec-
tively, are made from certain mixtures of fire-clay and sand
suitably prepared, then moulded to shape, dried, and kiln-
burnt ; but they are only used for laboratory experiments
by assayers and chemists. A brasqued crucible is one of the
above-named in which a lining or brasque of carbonaceous
matter has been introduced ;* the brasque of the larger-

* See the author’s ‘“ Manual of Metallurgy,” Vol. L.
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sized crucibles is formed of anthracite powder, powdered
gas-carbon, and gas-tar.

47. The crucibles employed by the steel melter are of
- the form and proportions shown at s, Fig. 4. They measure
from 16 to 19
inches in height,
are about 9 inches
in diameter at the |
widest part, and |!
from 6 or 8 inches |
in diameter at the
mouth; they are
capable of holding
charges of about
75 pounds of bar-
iron or blister-steel, previously sheared into small
pieces, and which when melted occupy a little more
than one-half of the capacity of the crucible. These
crucibles when in use are placed upon a conical foot
or stand (Fig. 4, d) for raising the pot above the fur-
nace bars, and also to enable the hole in the bottom of
hand-made crucibles to be stopped with sand * before
metal is charged into them. After the charge has been
introduced into the crucible the mouth is covered by a
loose lid, ¢ ; this and the stand d being made also of fire-
clay, but of a somewhat cheaper variety than the pots them-
selves. It is the practice on the Continent, where machine-
made pots with solid bottoms are employed, to provide
the lid ¢ with a loose stopper, @.  The charge is introduced
into these latter crucibles before they are insented into the
melting-hole or furnace, in which case the lid is placed
in position, and luted on after the charge has been intro-
duced, and then it is only necessary to remove the stopper,
a, instead of the whole lid, for the inspection of the con-
tents of the crucible during the melting process.

48. Steel-melting crucibles or pots, as they are called,
require a judicious and careful selection of the fire-clays

* See p. 420
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employed in their manufacture, the ingredients also
needing to be mixed only in their best proportions.
The materials usually employed are fire-clay, both burut
and raw, with graphite and powdered coke ; the burnt
clay being obtained by breaking up and grinding to
powder the old crucibles, which must, however, be cleared
from all adhering slag before being used for this purpose.

49. Many steel melters have their own mixture for
making their pots or crucibles, and also use different
mixtures according as the steel to be melted is hard like
tool steel, or of the milder quality such as is required for
structural purposes ; but all agree in using a mixture of
fireclays rather than a single clay, however celebrated
its refractory quality may be ; whilst the addition of coke-
dust and burnt clay lessens the tendency of the fire-clay to
contract in heating, but a sufficient amount of raw clay
is requisite to afford the plasticity necessary for moulding.
A usual crucible mixture employed in Sheffield consists of
Stourbridge clay, Blue clay, China clay (Kaolin), burnt
clay in the form of old crucibles broken up and freed from
adhering slag, together with plumbago, and coke-dust ; or,
if for melting specially hard steel, the plumbago is fre-
quently either omitted or introduced in much smaller
quantity. The proportions employed by Mushet in his
crucibles for melting steel were: 5 parts of Stourbridge
fire-clay, 5 parts China clay or Kaolin, 1 part of old pot,
and 1} part of coke dust. Crucibles made from such mix-
tures as the above are tough when hot, and many may be
hammered flat without breaking when at the temperature
of the steel-melting furnace.

50. Uniformity in fineness of the materials is ensured
by first grinding the dry ingredients to an almost impalp-
able powder, after which the clays are carefully weighed
and thoroughly mixed in the required proportions, either
upon the floor, or, as is now more general, in a suitable
mill. If the mixture be made upon the floor, water
is thrown over the clays, and the whole is thoroughly
kneaded together by men trampling or treading with
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their bare feet in a systematic manner over the
mass during several hours, the clay being period-
ically cut up and turned over with the spade
during the process; and it is still usually considered
that better results are obtained by treading the
mixture than by mixing in the mill. After thorough
incorporation by either method, the clay is then cut
up and weighed into portions called
balls, each sufficient for the produc-
tion of one crucible (pot); these
balls are further worked by hand
upon a table or bench before being ¢
introduced into the well-oiled and
smooth cast-iron mould, or flask, &
(Fig. 5), of the external shape of
the crucible; the plug, @, is either
a hollow casting or a solid plug of
lignum vite, with a pin at its lower
end of about five inches in length,
which passes through a correspond- A ;
ing hole in the B plate, 7, By o mﬁﬂi ]
of the flask and so serves to centre

the plug in the mould ; the plug is also made as smooth
as possible, and is well oiled before each insertion into the
clay in the flask, b.

51. In the manufacture qf crucibles by hand, the ball of
clay, thoroughly worked, accurately weighed, and prepared
in the manner just deseribed for the preparation of a
crucible, is then thrown into the flask, b, and the plug, a, is
forced into the mass of clay by alternately lifting it up and
pressing it down again, the concluding pressure being
obtained by striking the plug two or three smart blows
with a large wooden mallet. In this manner the clay
rises all around the plug, filling up accurately the
space between the inner surface of the mould or flask
and the body of the plug. Finally, by a dexterous
twisting movement of the plug, which is at the same time
lifted upwards by a pin passing through its eye-stud, d,
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it is withdrawn, leaving the clay in the form of the
crucible inside the flask. The small surplus clay which
rose above the mould as the plug was forced down
is then cut away by passing the knife around the top
edge of the mould, at the same time slightly inclining
it towards the centre as it passes around the cir-
cumference ; thus a clean upper edge is left, and the
mould is now lifted by the trunnions, ¢ ¢, and carefully
placed with its loose bottom plate upon a small post
fixed in the ground (Fig. 6 k), when by allowing the
flask to fall the crucible remains in
the position shown in Fig. 6. A
mould of tin-plate of the form of the
frustrum of a cone is then placed
around the mouth of the mould,
pressing it inwards to the form
shown in Fig. 4, and the crucible
is then removed by carefully lifting
it with the aid of a pair of sheet-
__ iron plates fitting around the sides
== of the crucible. The crucibles are
then placed by the workman upon
the shelves in the pot-house, where
they are allowed to dry slowly for
from twenty-fourtoforty-eight hours,
before they are removed to the
shelves around the steel-house
e against the furnace flues (see Fig.

Fiz. 6.—Form of Crucible 84, p.418), and where the cru-
o vithdrawalfrom the  cipley remain for a further period
of at least ten days or a fortnight

before they are sufficiently dry and seasoned to allow of
their being safely used for the purpose of steel melting.
It is, however, considered desirable, wherever possible,
that the crucibles should remain for five or six weeks in
the stoves, or on the shelves of the steel-house before being
used, the slower drying being favourable to the longer
duration and the production of a more refractory crucible.
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52. The operations last described vary somewhat in
different establishments ; thus, instead of drying the cru-
cibles upon the shelves of the steel-house, in some of the
larger works, especially upon the Continent, the crucibles
ave removed from the pot-house and arranged upon suitable
shelves in a series of chambers, where they remain
about a fortnight, heated air being in the meantime
propelled by a fan through the chambers, whereby the
temperature is gradually raised to between 75°C.
and 85°C. (167° F. to 185° F.). After drying in this
manner, the crucibles may then be removed and intro-
duced direct into the furnace without the intermediate
process of annealing as described on p. 427.

53. In machine-made crucibles the operations are the
same as those above described, except that the plug
for forming the inside of the crucible is driven into
the ball of clay thrown into the bottom of the
mould or flask, and withdrawn by a suitable me-
chanical arrangement instead of by hand labour. In
machine-made crucibles the centre pin, e (Fig. 5), in the
plug, which serves as the guide to centre the plug when
first introduced by hand into the mould, and which leaves
a hole through the bottom of the hand-made crucible, is
unnecessary in a machine in which flask and plug are
fixed quite vertical and concentric ; hence machine-made
pots or crucibles do not have this hole through the centre
of the bottom.

54. In the so-called plumbago crucibles the fire-
clays are only added in sufficient quantity to give the
cohesion and plasticity to the plumbago necessary to enable
it to be moulded into the required shapes. Plumbago
crucibles are usually much thicker than the ordinary
Stourbridge clay pots, their surface is also smoother, and
particles of metal do not therefore so readily cling or fix
themselves to the sides of the pot. Thus for the purposes
of melting alloys, such as brass, special mixtures of cast-
iron, and the like, they are much superior to the
ordinary clay crucibles; but for steel-melting purposes,
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considering their very much greater cost, their advantage
is not so decided, although they withstand a higher tem-
perature without softening, and greater alternations of
temperature without cracking ; when heated, however, to
the temperature of molten steel they are not so tough
as the clay crucibles, and are thus considered more
dangerous to the puller-out from their greater liability to
crush under the pressure of the tongs.

CHAPTER IIL
ORES OF IRON.

55. ALTHOUGH iron is an ingredient in greater or less
proportion of a vast number of minerals and metallurgical
products, yet its workable ores do not constitute
numerous classes of metalliferous minerals, varying
widely in their chemical composition and richness
in the metal for which they are to be smelted, like
the ores of many of the other metals employed in the
arts. But the minerals constituting the workable ores
of iron belong to a very limited class, which differ,
however, rather considerably in composition and in
their richness in metallic iron ; the only minerals worked
for the production of iron being such as contain either the
oxides or carbonates of iron, accompanied by a gangue, or
foreign matters, usually consisting largely of calcareous,
siliceous, argillaceous, or bituminous minerals ; and it is
upon the nature and quantity of the foreign matter associ-
ated with the pure mineral, that the practicability, or other-
wise, of profitably working the deposit of ore depends.
Thus a heematite iron ore, though rich in iron, if associated
with any considerable proportion of a mineral phosphate
(as calcic phosphate), or with ferrous sulphide (iron py-
rites), would be thereby much reduced in value, or probably
useless ; whilst 5, 10, or 15 per cent. of manganese in
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spathic ores, or of carbonaceous matters in a clay iron-
stone, would enhance the value of the ore.

56. The sulphides and silicates of iron occur very
abundantly as minerals and metallurgical products, but
for reasons to be subsequently explained are not
available as ores of iron; and of the oxides of iron used
in iron-smelting, the most important are the magnetites,
and the red and brown hematites, whilst the carbonates
embrace the spathic iron-ores, and the argillaceous car-
bonates known as clay ironstones.

57. The ores of iron also do not permit of the same
variety of treatment for the reduction of the metal as
is characteristic of many other metals, the only re-
ducing agents practically employed in iron-smelting being
carbon and carbonic oxide.

58. TIron-ores occur in almost the whole of the geo-
logical series, but most abundantly in the older formations,
as the Silurian, Devonian, and Carboniferous strata, al-
though the brown and argiilaceous heematites also occur
rather largely in the Oolites of Europe.

59. Native and meteoric iron, the former constituting
the hard fine-grained buttons known as “native steel,” is
sometimes found where coal seams have been ignited
in the vicinity of ferruginous deposits; but this and
“meteoric iron” are of such comparatively rare
occurrence, irregular distribution, and small weight, as
not to be considered amongst the ores or sources of iron,
as employed in the arts.

60. Magnetic iron-ore or “Magnetite ” is the richest
and one of the most widely distributed of,the ores of
iron. The pure mineral is iron-black or iron-grey in
colour, gives a black streak, is brittle, magnetic, and
sometimes distinctly polar; it occurs crystallised in the
cubic system as octahedra and dodecahedra, but is more
generally found in the massive form, yielding a crystal-
line or granular fracture ; and it is also found in the form
of grains or sand. The composition of magnetite is
represented by the formula Fe;O,, or Fe,0; FeO;
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when pure it yields 7241 per cent. of iron, but the ore
usually contains only from 80 to 90 per cent. of the
magnetic oxide of iron, accompanied with from 5 to
15 per cent. of silica; and it will be noted from the
appended analyses that the Swedish magnetites are
practically free from sulphur and phosphorus, whilst
some contain considerable proportions of manganese.
61. The following are

AnaLysEs oF MAcNETIC IRON-ORE.

Bisp- s
Danne- Devon- British
Qural . Pers- | berg

mora ore; shire Colum-
(Ward). ore. (Riley). berg. | (Aker- Fin

Ferric oxide (Fe,O;) [ 27-50 |68-98 (13:00 | 72-17 |68:8 | 67-31
Ferrous oxide (FeO) | 5680 | — 6660 | 2:20 |21-7 2833

Manganous °x‘de§ 024 | 037 | 056 | 27| 016 | trace

(MnO)
Alumina (AL,O,) v 1 | 586811 18:00| | 36.of et |05
Lime (CaO) . .| 180 121 | 056 | 342 | — -
Magnesia (MgO) . 80| — | 162 | 853 | — -
Silica (Si0y) . .| 13:20 {2476 | — [10-51 | — —

Phosphoric anhy-

dride (P,0,) — 0-03 | 0-57 *024/P. -008| 0-07

P i

Ferrous sulphide P : "
(FeS,) —_ — 0-04 029] — 0-09
Water (OH)) . .| — | — | 820 193| — [To;11
Insoluble residue .| — —_ 940 | — — 397
100-34 [99-16 [98-95 |99-433| — 99-88

Metallic iron . .|61'16%| — 56663 53:97%|63-84y —

62. Magnetic iron ore occurs in granite, gneiss, clay-
slate, hornblende-schist, and occasionally in limestone
formations, and it is also often accompanied by red and
brown hematites. It is from these ores (magnetites)
smelted with charcoal that much of the famed Dannemora
(Swedish) iron is obtained. The ore employed at Danne-
mora yields from 25 to 60 per cent. of metallic iron,
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but the average falls below 50 per cent.; the ore is
accompanied by a gangue, containing silica and lime, in
sufficient quantities to permit of its being smelted without
the addition of any further flux to the furnace charge.

63. This ore is found in considerable abundance in
Norway, Sweden, Piedmont, Saxony, Canada, the United
States, Mexico, the Ourals, Siberia, the Island of Elba,
in the West of England, in Devon, and in Cornwall.

64. Franklinite is less magnetic than magnetite,
which it otherwise closely resembles; it occurs in the
metamorphic Silurian limestones of New Jersey, United
States. In New Jersey it is first treated for the extrac-
tion of zinc, and the residues so obtained are afterwards
smelted for spiegeleisen. Franklinite is a mixture of
Jerric and manganic oxides (Fe, Mn);0, with ferrous,
manganous and zincic oxide (Fe, Mn, Zn) O, of which
Rammelsberg gives as the average of several analyses
45-16 per cent. of iron, 9:38 per cent. of manganese,
20-30 per cent. of zinc, with 25°16 per cent. of oxygen.

65. Red Hematite is the name applied to a most im-
portant class of the ores of iron, which consist essentially
of anhydrous ferric oxide Fe, O, and which occur of
various shades of colour, from deep red to steel-grey, with
a crystalline, fibrous, columnar, botryoidal, or amorphous
structure ; they occur further both in the earthy and
the compact form, as also soft or hard, &c. From the
variety of their physical characters the red heematites
have received special names; thus, the crystalline
variety as occurring at Elba, Brazil, &c., is known
to the mineralogist as specular-iron, or wron-glance,
and possesses a bluish or steel-grey colour ; it ‘crystallises
in the rhombohedral system, yielding a red streak,
and containing, when pure, 70 per cent. of metallic
iron. The scaly, micaceous, or foliated variety, which is
used as the basis of a paint for iron work, is known as
micaceous iron-ore ; and when red hematites assume the
form of dull, hard, compact masses, often reniform or
kidney-shaped, as occurring in Cumberland, they are then

D
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known as kidney ore. The soft and more earthy varieties
constitute red ochre, whilst puddler’s-mine or ore is the
soft, unctuous, compact, earthy form employed for the
making and repair of the bottoms of puddling furnaces ;
another form of hematite, occurring as small, hard,
flattened grains, is recognised as lenticular clay-iron ore.

66. The hematite iron ores, owing to their freedom
from sulphur and phosphorus, and to the large proportion
of silicon contained in the pig-iron smelted from them,
have been in large and increasing demand since the intro-
duction of the Bessemer process for the manufacture of
steel ; for until the recent discovery of the ¢ basic pro-
cess” of Bessemer conversion, only such pig-iron was
suitable for the process, and it is now estimated that the
gross output of the Furness district alone amounts to
nearly one million tons of hematite ore annually.

67. The following table shows the average composi-
tion of these ores :—

Anavyses oF Rep HzmATITE IRON ORES.

We
Ba.g? Ulver- Ulver-

Furnes! stone stone |Canadian.
mi‘tl.{,l;,.dsq) (Dick). | (Spiller).

Ferric oxide (Fe,0,) 94-88 | 86:50 | 9423 | 85037
Manganous oxide (MnO) 0-04 0-21 0-23 —
Alumina (ALO,) . . 0-07 -— 0-51 -
Lime (CaO) 4 > 0-34 2:77 0-05 —
Magnesia ( MgO) 3 3 trace 146 trace —
Silica (Si0,) 455 — — 5:130
Carbonic anhydnde (002) — 2:96 — —
Phosphoric |, (P,0;) 0-03 trace trace 0-032
Sulphuric S (S0,) — 011 0-09 —
Sulphur S) . g g - — — 0-075
Pyrites (FeS,) . ¥ 5 0-47 —_ 0-03 —
Water (OH,) . -~ . | — P2t 056 | —
Organic matter : 3 - — — —
Insoluble residue . R — 655 518 —

— 100°56 |100-88
Per-centage of iron . 5 66-427 | 60:56% | 65°98% | 59:526
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In the North Lonsdale district the ores average from
52 to 54 per cent. of metallic iron, the highest yielding
from 60 to 62 per cent., whilst the poorest contain about
40 per cent.

68. The most important deposits of red hematite are
found in the Cambrian, Silurian, Devonian, and Carbon-
iferous rocks ; the deposits of North Lancashire, Cumber-
land, and Flintshire occurring in véins in the mountain
limestones of the Carboniferous series, and although the
ore is not magnetic, the veins run more or less north
and south. Red hematite is often associated with the
brown oxides, and the ore is classed as hard or soff,
according as it contains free silica in excess or other-
wise. The more important Continental and foreign
deposits of these ores occur in Sweden, Norway, South
Germany, Canada, and the United States.

69. Brown hematite, or brown iron-ore, is when pure
a hydrated ferric oxide, represented by the formula
2 Fe, O, 3 OH,, and would thus yield 59-89 per cent.
of metallic iron. It has a dull lustre, and varies from
blackish- to yellowish-brown, but it affords an invariable
yellowish-brown streak. It occurs in irregular, compact,
more or less homogeneous masses, in the Carboniferous
limestone and lower Coal Measures of the Forest of Dean,
Gloucestershire, and Glamorganshire ; whilst a less pure
variety, containing more or less mechanically mixed sand,
occurs in the Lias, Oolites, and Lower Greensands of
Northamptonshire, Lincolnshire, Buckinghamshire, and
Oxfordshire ; brown hematites also form one of the most
important of the ores smelted in France and Germany.

70. The Spanish mines of Somorrostro, near Bilbao,
yield a brown hematite of Cretaceous age, which was
probably deposited from hot springs charged with ferrous
carbonate, FeCO,. This ore in t%xe undried state yields
from 50 to 64 per cent. of iron, with about 1 per cent.
of manganese, with only a little sulphur or phosphorus ;
and distributed throughout are blocks of unaltered
spathic ore.



36 STEEL AND IRON. [Chap. ITL

71. “ Bog-iron-ore” is an impure brown hwmatite,
smelted in Canada principally for foundry purposes.
Limomnate, again, is another form, as are also the so-
called ¢ Lake ores,” which occur in granular concretionary
masses, dredged during the winter months from the
bottom of certain shallow lakes of Norway, Sweden,
and Finland; whilst the mineral known as ¢ Gothite ”
is also a crystallised and rich variety of the brown
hzmatite ores.

72. As previously mentioned, brown hematites vary
much, both as regards the per-centage of metallic iron
which they contain, and also in their freedom from such
impurities as phosphorus and sulphur, whilst manganese
is almost always present in those ores, and they are
accompanied by more or less earthy matter.

73. As types of the several classes may be taken the
following

ANaLysEs oF BrowN HzaMATITE IRON-ORES.

Forest | Glamor- | North- | New | Somor-
of Dean | ganshire | ambton- | South | rostro Srgglt%.
(Dick). |(E. Riley). (Percy). ‘Wales. | (Baker).
Ferric oxide (Fe,0,) [90:05 | 59:05 |56-20 |60-72 | 7880 |80-75
Manganous oxide | | ,. 3 £ . :
(Vn0) j| 008 009 | 020 | — | 0651 815
Alumina (AL,O,) .| 014 | trace | 243 3-50 | 310
Lime (CaO) . .| 0°06 | 0-25 0-49 }|11:175| trace | 0-82
Magnesia (MgO) .| 020 [ 0-28 | 017 trace | 1-04
Silica (Si0,) . .| 092 [34+40 |29:09 (1266 | 665 | 3-24
Phosphoric anhy- . % ;
o (5.0 } 009 | 014 | 0-84 |trace | — |trace
Sulphuric anhy- ] 12
dride (SOy) Y 5 i e
Sulphur . 3 traces;, — - - 0075 — | trace
Pyrites (FeS,) = 0-09 AP £ I e
Water (combined) .| 9-22 | 6-14 10-90 13-77 {11-653] —
» (hygroscopic)| — | 0-24 160 | — | 290

Metallic iron . .|68:04% 41-347 | 39-34% | 42°57, 65'16%@6'527,
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74. Titaniferous iron ore, or Ilmenite, occurs
massive, but is found more generally as a dark-coloured
or black sand along the shores of the Bay of
Naples, the North-east coast of America, Labrador,
New Zealand, &c. In these districts certain ferru-
ginous erystalline rocks suffer disintegration, and the
lighter portions are washed away, whilst the heavier
titaniferous particles, or grains, constituting the bluish
iron sands, accumulate upon the shore in sufficient
quantity to be collected, and, after a preliminary
mechanical treatment, to be smelted in the American
Bloomery Furnace for the production of wrought-iron
direct from the ore. The titaniferous sands contain a
large proportion of magnetite, besides titaniferous iron-
ore, and these are usually accompanied by free silica,
with more or less magnesia. Titaniferous iron ore is a
most refractory mineral, and, on account of its fine state
of division, is difficult to treat in the blast furnace, but it
has been used with some success as a lining material for the
several forms of revolving puddling and other furnaces.

75. Spathic iron ores, Siderite, Clay ironstones,
Blackband, and Cleveland ironstone are the names given
to certain classes of the ores of iron, in which the metal
occurs as a ferrous carbonate (FeCO; of greater or less
purity, and from which nearly two-thirds of the total
weight of the pig-iron produced in Great Britain are
smelted. The purer varieties are described as spathic
ores, whilst the amorphous argillaceous ores of the Coal
Measures are known as clay ironstones, and when largely
impregnated with carbonaceous or bituminous matter
they constitute blackband ironstone. p

76. Spathic ore in its purest form constitutes the
crystallised mineral known as Siderite, which, when pure,
yields 48-27 per cent. of metallic iron. Siderite occurs
as a mineral having a pearly lustre, and varying from
yellow to brown in colour, but when it occurs in veins
exposed to water and atmospheric influences, it is
usually found to have suffered decomposition, and to
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have become converted into brown hematite to a
considerable depth from the surface. ~ Spathic ores often
contain considerable quantities of manganous oxide,
as is the case with the spathic ore of the Brendon
Hills, in Somersetshire, which ore has been in recent
years extensively transported to Ebbw Vale, South
Wales, to be smelted for the production of the
manganiferous pig-iron known as spiegeleisen. The
other more important associates of spathic ores are
calcic and magnesic carbonates, with occasionally also
quartz, with copper and lead in small proportion. This
ore occurs in the Carboniferous rocks of Durham, Corn-
wall, Devon, and Somersetshire, but more largely on the
Continent, as in the mountain masses of Siegen and
Musen, in Rhenish Prussia, where it is found in rocks
of Devonian age; at Thuringia, in Hungary, it occurs
in Permian rocks; whilst extensive deposits also are
present in Styria, Westphalia, Lolling, and Carinthia, in
Austria, as also in Hanover and in Russia.

77. Clay ironstone is the argillaceous, amorphous,
compact, or earthy variety of ferrous carbonate, occurring
either in detached nodules, or in layers of nodular concre-
tions, distributed through the shales and clays of the
Coal Measures, or in beds of considerable thickness in
Liassic rocks. When not discoloured by admixture with
carbonaceous matters or by atmospheric decomposition,
it ranges in colour from light grey or yellow to brown,
but the lighter-coloured varieties rapidly become brown on
exposure to the atmosphere ; and, like Siderite, it contains
besides ferrous carbonate, appreciable quantities of calcic,
magnesic, and manganous carbonates, along with clay
(aluminous silicate), phosphoric acid, iron pyrites (FeS,),
and occasionally also other minerals, as blende (ZnS)
and galena (Pb 8). The principal localities of its occur-
rence are the clays and shales of the Coal Measures of
North and South Staffordshire, Derbyshire, Yorkshire,
‘Warwickshire, Shropshire, North and South Wales,
Denbighshire, and in Scotland.
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78. Blackband ironstone is a clay ironstone, con-
taining from 15 to 25 per cent. of bituminous, coaly, or
other carbonaceous matter, which gives it almost the
appearance of coal; it occurs in beds most largely in
Lanarkshire and Linlithgowshire, to a smaller extent
in North Staffordshire, and also in South Wales. Owing
to the large amount of carbonaceous matter contained
in this ore, it can be calcined in heaps without the
addition of any further fuel, and the calcined product
will yield from 50 to 60 per cent. of metallic iron.

ANALYSES OF SPATHIC AND OTHER IRON-ORES.

Spathi s Black-

orel‘.-):l frc:g: s‘i%ﬁ%’; baaﬁcd, Cleveland

Somerset-| Dudley Scotland |Ironstone

(Spiien), | (Dicw). | (Lo | (Diew)
Ferrous oxide (FeO . | 4884 | 4586 | 40-77 | 39-92
Ferric oxide (Fe,04 0-81 0-40 2:72 3-60
Carbonic anhydnde (002) 38:86 | 31-02 | 2641 | 22:85
Manganous oxide (MnO) . | 12-64 0-96 — 0-95
Alumina (AL,Og) . . — 586 — 7-86
Lime (CaO) . e 0-28 1-37 0-90 7-44
Magnesia (MgO) . . 363 185 0-72 3-82
Potash (K,0) . 2 A i 027
Silica and insoluble residue 008 | 1068 — 876
Clay . 2 _ -— 10°10 =
Ph((i)sphonc anhydnde } ol 0-21 s 1-86
Pyntes (G e — 0-10 -— 011
Water (OH) . . . | 018 | 108 | 100 | 2:97
Organic matter . . —_ 0-90 17-38 iy

100-32 |100:29 |100°00 |[100-41

Metallic iron . . . | 3467%| 3599y | 3357% | 33-623

79. Cleveland ironstone is a less pure variety of the
argillaceous ferrous carbonate, taking its name from the
district of Cleveland, in the North R1dm'r of Yorkshire,
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where it is most largely found. It varies in colour
between dull bluish-yellow and dark blue, becoming in
some specimens almost black; but the darker varieties
often contain sensible proportions of ferrous silicate.
Owing to the large proportion of phosphates contained in
the Cleveland ironstone, it was, until the invention of
the Thomas-Gilchrist or basic process for the manufacture
of Bessemer steel, used solely for the production of
foundry and forge qualities of pig-iron; but it is now
possible, by means of that process, to largely eliminate
the phosphorus from the pig-iron during the Bessemer
conversion. This inferior class of ore has been rendered
available for the manufacture of pig-iron suitable for
conversion into Bessemer steel.

CHAPTER IV.

METALLURGICAL CHEMISTRY OF IRON.

80. PurE metallic iron, as already stated, is a body
difficult of preparation, especially in the compact state,
except by purely chemical methods only applicable to
laboratory operations, and the pure metal cannot there-
fore be considered as a substance of practical commercial
importance ; but in combination with variable but small
proportions of carbon, and other metallic and non-metallic
elements, such as sulphur, silicon, phosphorus, manganese,
&e., it constitutes the various qualities of pig-iron, steel,
and malleable iron.

81. Pure iron is prepared by the electrolysis of ferrous
chloride (Fe CL), by the reduction of ferric oxide (Fe, Oy),
or of ferrous chloride, by heating either of them to redness
in a tube through which a current of hydrogen gas is
passed; or in a nearly pure state it can be obtained by the
fusion under a layer of glass free from metallic oxides, of
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fine iron wire or iron filings, with artificially-prepared
magnetic oxide of iron. Iron as prepared by the last
method is a metal varying in colour from bluish-grey
to silver whiteness according to the state of its aggre-
gation ; as reduced from ferric oxide by hydrogen, it
forms a grey powder, which is pyrophoric (that is, takes
fire spontaneously on exposure to the atmosphere) if the
temperature employed in its production has not exceeded
dull redness ; but it no longer possesses this quality if the
temperature employed in its preparation has exceeded
this limit. Electro-deposited iron absorbs or occludes
hydrogen to the extent of from seventeen to twenty times
its own volume, and it appears probable, as will be
subsequently noted, that the combinations of iron with
carbon, such as cast-iron and steel, also possess this quality
when the metal is in its fused state. As obtained from
ferrous chloride (FeCl)), the metal yields well-defined
cubical crystals, and the metal is always crystalline after
fusion, although a fibrous structure is developed by
hammering or rolling. Iron is capable of receiving a
high polish, it is very tenacious, ductile, and malleable,
the last quality being unaffected by heating and subse-
quent rapid cooling, neither is it hardened by this treat-
ment. Pure iron is one of the best conductors of
electricity, but this property is impaired as the iron
becomes more and more impure. It can be magnetised
to a very high degree, but rapidly loses its magnetism.
Pure iron is softer than the commercial varieties of
malleable iron, and has a specific gravity of 7-87. Its
fusing point does not appear to have been accurately de-
termined, for whilst Pouillet estimates it at from 1500° C.
to 1600° C. (2732° Fahr. to 2912° Fahr.), Scheerer gives
it as 2100° C. (3812° F.), but the presence of small quan-
tities of carbon in combination with the metal rapidly
lowers the fusing point.

82. Iron is unaffected by dry air at ordinary tempera-
tures (except in the pyrophoric or spongy state already
described), or in perfectly pure water free from air, oxygen,
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or carbonic anhydride ; but if exposed to a moist atmos-
phere, then the oxidation commonly known as rusting
rapidly proceeds, especially if carbonic anhydride be also
present, as is usual, in the atmosphere. The presence
of carbonic anhydride appears essential to the oxidation
of the iron by moisture, since the metal may be kept bright
for almost any length of time in pure lime water, or in a
solution of soda. Under the joint influence of moisture,
oxygen, and carbonic anhydride, ferrous carbonate is
first produced on the surface of the iron, but this, by
absorbing a further proportion of water and oxygen,
becomes changed to a hydrated ferric oxide, with the
liberation of carbonic anhydride, which latter then
reacts upon a fresh portion of the iron in the presence
of water and oxygen, and a further quantity of ferrous
carbonate is produced, and so the cycle continues
to be repeated. Further, the hydrated oxide, or rust,
is electro-negative with respect to the metallic iron upon
which it is formed, and the electrical condition thus
resulting still further promotes the affinity of the metal
for oxygen; and the corrosion of the iron thus proceeds
rapidly, even to the extent of enabling the iron slowly to
decompose water with the evolution of hydrogen at
ordinary temperatures. Water holding carbonic anhy-
dride in solution, even though free oxygen may be absent,
rapidly attacks and oxidises metallic iron. Iron, when
heated to redness in contact with air or oxygen, is rapidly
oxidised, with the production of a black scaly oxide
readily detachable from the surface of the iron. This
. oxide constitutes, on the large scale, the hammer scale or
hammer slag of the forge. Iron at a red heat decom-
poses water with the liberation of hydrogen.

83. Hydrochloric acid attacks metallic iron with the
formation of ferrous chloride (Fe Cl,) and the liberation
of free hydrogen. Concentrated sulphuric acid (H,SO,)
also attacks the metal with the liberation of sulphurous
anhydride (SO,), whilst ferrous sulphate (Fe SO,) remains
in solution ; but if the diluted acid be employed, then
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hydrogen is liberated, and ferrous sulphate remains as in
solution as before. The action of nitric acid upon iron, at
the ordinary temperature, varies with the degree of con-
centration of the acid. Thus, ordinary nitric acid attacks
iron vigorously with the evolution of nitrous fumes in
abundance, but if the acid be dilute there is no sensible
escape of gas, but ferrous nitrate (Fe2NO;) and
ammoniac nitrate (NH,NO;) occur in solution ; thus
(10 HNO; + 4 Fe =4 (Fe, 2 NO,) + NH,NO, + 3 H,0)
strong-fuming nitric acid is without action upon the
metal, a bright surface of which may be introduced
into the cold concentrated acid without inducing any
chemical decomposition, in which case the surface of the
metal on immersion assumes a dull whitish appearance,
and no further action ensues, the metal having assumed
what is known as the passive condition. The atomic
weight of iron is 56, and its chemical symbol is Fe.

84. Oxides of iron.—As noted in section 82, iron
is not acted upon by exposure to dry air or oxygen
at ordinary temperatures, but if exposed to these gases
at a temperature approaching to redness, then oxida-
tion rapidly enues with the production of a scale or slag
known as “hammer scale,” which is not, however, uniform
in either composition or in physical characters. The
outer layer of scale is found to be strongly magnetic,
almost metallic in lustre, brittle, fusible only at the
highest temperatures, more highly oxidised, and some-
what redder in colour than the inner layers, which are
less lustrous, spongy, tougher, and less magnetic than
the outer layers.

85. Magnetic oxide (Fe;0,) is, as just noted, the
oxide of iron entering most largely into the composition
of hammer-scale or hammer-slag, but this scale contains
besides magnetic oxide, a variable excess of ferric oxide
(Fe,0,), and hence the varying physical qualities of
hammer-scale mentioned in the preceding section. Mag-
netic oxide of iron also results when iron is exposed at a
red heat to the action of aqueous vapour ; and this oxide
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also remains when ferrous carbonate (FeCOj) is heated
to redness in contact with the atmosphere; as also,
according to Kuhlman, when a mixture of ferrous sul-
phate (Fe SO,) and calcic chloride (Ca Cl) is heated
in a covered crucible; whilst Ebelmen states that it
results as one of the products obtained by exposing
ferrous silicate to the action of heat. Magnetic oxide
occurs native (p. 31) as a black lustrous mineral known
as magnetite.

86. Ferric oxide (Fe,0,) is a very stable and
practically fixed oxide of iron, decomposable however
at a white heat, with the liberation of oxygen and the
production of the magnetic oxide (3 Fe, O;=2 Fe; O, + O).
Ferric oxide is produced when ferrous sulphate is strongly
heated, the salt suffering decomposition with the elimina-
tion of sulphurous anhydride (SO,) and sulphuric anhy-
dride (SOj), whilst a bright red pulverulent powder,
forming the “rouge” or colcothar” of commerce, is
obtained, which has the composition of ferric oxide.
Ferric oxide is decomposed with the reduction of metallic
aron by heating it in a current of carbonic oxide (CO),
hydrogen, ammonia (NH), or cyanogen (CN), or by
heating it along with carbon. Ferric oxide after ignition
is only slowly acted upon by either hydrochloric, nitric,
or sulphuric acid, but previous to ignition it is readily
soluble in these acids with the production of stable ferric
salts ; if heated with an excess of sulphur, sulphurous
anhydride (SO,) is evolved, and ferrous sulphide (FeS) is
obtained.

87. Ferric oxide is prepared in the laboratory by
heating ferrous nitrate, oxalate or sulphate, or a mixture of
ferrous sulphate and sodic chloride; whilst it occurs in
nature in sufficient abundance to be worked as an ore of
iron under the forms of hamatite, iron-glance, specular-
iron, micaceous iron, &c., as previously described when
speaking of the ores of iron. This oxide is used in the
arts for giving the purple and orange-yellow tints re-
quired in the manufacture of glass and porcelain.
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88. The hydrated ferric oxide (Fe,0;,3H,0) is the
most stable of the hydrated oxides of iron, and occurs
native as brown hematite, Limonite, and Gothite. As the
freshly-precipitated oxide obtained by adding potash,
soda, or ammonia, to a solution of a ferric salt, it is an
amorphous, brownish-red body, readily soluble in acids,
and even slightly soluble in water containing carbonic
anhydride in solution. It has the composition indicated
by the above formula, but after remaining precipitated
for some time it loses a portion-of its water of com-
position ; or by boiling with water during six or seven
days, it loses two equivalents of its water of composition,
retaining but one equivalent, assuming thereby a more
brick-red colour, and becoming only slightly soluble in
the mineral acids.

89. Iron rust is essentially hydrated ferric oxide, pro-
duced on the exposure of metallic iron to the joint action
of air and water, but more rapidly if carbonic anhydride
be also present in the manner described (p. 42).

90. Ferrous oxide (FeO) constitutes the third oxide
of iron of any metallurgical importance, since, in com-
bination with carbonic anhydride, silica, or sulphuric
acid, it yields the more important salts of iron, and forms
also the base of several of the iron ores. Thus clay-
ironstone contains eighty per cent. of ferrous carbonate,
and it exists in a still larger proportion in the crystallized
ores such as Siderite or spathic iron ore, whilst in com-
bination with silica, constituting it ferrous silicate
(2 FeO, 8i0,), it enters largely into the composition of
the various slags, cmders, &c., produced in the metal-
lurgical treatment of iron.

91. Ferrous oxide, both in its anhydrous and hydrated
forms, is however a very unstable body, rapidly passing
to a higher state of oxidation by exposure to the atmos-
phere.  The hydrated oxide or ferrous hydrate is
precipitated as a white flocculent precipitate, when
potash or soda is added to a solution of a ferrous salt;
but the precipitate rapidly changes, however, from white
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to green and then to brown, owing to the absorption of
oxygen. The anhydrous oxide, according to Debray, may
be prepared by passing steam and hydrogen in definite
proportions, over heated ferric oxide (Fe,O,), when the
oxide in question is obtained as a black, amorphous, non-
magnetic, and very unstable body.

92. A fourth oxide constituting ferric anhydride,
which in combination with water is known as ferric acid
(H3FeO,), is not of metallurgical interest, since it has
never been obtained in the free state; and its alkaline
salts, which result in small proportion when nitre and
iron filings, or nitre and ferric oxide, are heated to dull
redness in suitable proportions, are very unstable salts,
rapidly and spontaneously decomposing with the libera-
tion of oxygen and the separation of ferric oxide.

93. Iron and carbon, by their union in various pro-
portions, modified by the presence of small quantities
of silicon, manganese, sulphur, phosphorus, &c., and by
the conditions as to combination or mechanical diffusion in
which the carbon exists in the iron, practically determine
the several grades of pig-iron, steel, and malleable iron.
The essential constituents, however, of these commercial
modifications of iron, are, as before stated, #ron and carbon.
Although iron does not combine with carbon at ordinary
temperatures, yet their union when brought into contact
at or above a red heat may be readily effected, both
directly and indirectly, with the formation of compounds
less highly carburised than pig-iron. Thus, by exposing
malleable iron for some days to a temperature at or above
a red heat, say 1,000° C. to 1,200° C. (1,832° Fahr. to
2,192° Fahr.), to the action of either carbon in powder, or
of other carbonaceous materials, in closed vessels, asin the
ordinary manufacture of blister or cement steel by the
process of cementation (p. 406), it is found that a union
of the carbon and iron gradually takes place, the iron
bars becoming more highly carburised than the original
metal ; the carburisation proceeding from the surface
towards the middle of the bar, and penetrating farther
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into the bar the longer the temperature and contact are
maintained.

94. Case-hardening, again, is another example of the
superficial carburisation of wroughtiron articles, by
heating them to redness for a short time, in contact with
leather, horn, or other highly carbonaceous, or some
cyanogen, compound. Further, at more elevated tempera-
tures, such as those attained in the blast furnace, carbonic
oxide (CO), coal gas, volatile hydro-carbons, cyanides,
&c., are decomposed by metallic iron, with the carburisa-
tion of the latter ; and again, the production of cast-steel
by the crucible process is an example of the direct union
of carbon and malleable iron, at the more elevated
temperature required to melt steel.

95. Cast or pig-iron, which forms the most highly car-
burised form of commercial iron, seldom if ever contains
more than 4-75 per cent. of carbon; whilst mild steel con-
taining not more than 0-10 per cent. of carbon is now in
daily production, and differs from wrought or malleable
iron having a similar content of carbon, rather in the
mode of its manufacture and superior tenacity than in its
chemical composition. Carbon occurs in pig- or cast-iron
under two distinet forms, viz., as dissolved or chemically-
combined carbon, and as mechanically-diffused crystalline
graphite, the latter being distributed with considerable
regularity throughout the mass of iron. The quality, as
well as the class, of pig-iron, as also its applicability to
the various purposes to which it can be put, are greatly
influenced both by the total amount of carbon present in
the iron, as well as by the relative proportions of the
combined to the graphitic carbon. Thus cast-iron contain-
ing a large proportion of graphitic carbon, with smaller
quantities of carbon in the combined form, is dark grey
in colour, breaks with a flaky, crystalline fracture, and is
hence known as grey pig-iron; but if the proportions are
reversed, and the carbon be largely or almost wholly
in solution or chemically combined with the iron, then
the pig- is much harder than grey pig-iron, is whiter in
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colour, and breaks with a coarse granular or crystalline
fracture, and such iron is designated as white-iron, a
special class of which, usually rich in manganese, being
known as spiegeleisen. The white irons are often also
the most highly carburised forms of pig-iron. Between the
two extreme limits in the relative proportions of graphitic
and combined carbon in cast-iron, the gradations are
numerous and almost imperceptible, but are attended
with a corresponding gradation in the colour and other
physical qualities of the metal; whilst in other
specimens the two forms of grey and white iron are
distinetly interspersed throughout the same mass, giving
the pig- the characteristic dappled appearance peculiar to
mottled iron ; and, as will be noted when speaking of the
commercial classification of pig-iron (p. 75), manufac-
turers are able to classify for the market the produce
of the blast furnace, according to its physical qualities,
under eight different heads or numbers, from the softest
grey to the hardest white iron, each of the numbers being
especially suitable for particular applications in the forge
or foundry.

96. Mr. G. J. Snelus has shown* that when very grey
pig-iron is reduced to powder, scales of graphite can be
detached from the crystalline faces of the iron, and also
that by sifting and levigating the fine borings of grey iron
the graphite can be mechanically separated more or less
perfectly. The action of acids upon pig-iron varies with
the state in which the carbon exists in the pig- ; thus, upon
treatment with hydrochloric acid the metal is dissolved,
and any combined or dissolved carbon unites with the
hydrogen of the acid to the formation of gaseous and
liquid hydrocarbons, of which the latter are very volatile,
of a brown colour, and possess a most disagreeable odour ;
at the same time the graphite or uncombined carbon re-
mains along with the silica, as an insoluble residue; hence,
when grey cast-iron is thus treated, a large proportion of
its carbon remains as graphite in the insoluble residue,

* Proceedings of the Iron and Steel Institute, 1871,
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whilst if white iron be similarly treated, only a small
proportion of its carbon remains in the insoluble residue,
the greater portion having combined with hydrogen, as
above mentioned, and escaped in the gaseous form during
the solution.

97. That white cast-iron is a definite carbide of iron of
the formula Fe,C, which would represent about 5:08 per
cent. of carbon, has been maintained by Karsten, but the
evidence advanced does not appear sufficient to warrant
the assumption of any such atomic combination occurring
in the commercial varieties of pig-iron. Grey pig-iron
can be rendered white by a variety of operations; thus
by rapid or sudden cooling, as by pouring the fluid metal
into cold metallic moulds, as in the familiar instance of
chill casting ; but under these circumstances the conver-
sion into white iron often extends but to a small deptL
into the body of the casting, and such castings, upon
breaking, present a white hard skin enveloping a grey soft
interior. When grey cast-iron in mass is allowed to cool
slowly from a state of fusion, as in the case of the
fluid metal standing in a foundry ladle, a large amount
of graphitic matter known as ‘“Kish” separates and
rises to the surface as the metal cools, whilst if this
same metal be run into moulds and cooled quickly, the
greater portion of this carbon remains unseparated from
the iron, thus indicating that the fluid cast-iron is
capable of holding in solution an amount of carbon
which separates if the metal be allowed to cool slowly.

98. Ferrous carbonate (Fe COy) is metallurgically
one of the most important salts of iron, since the anhy-
drous ferrous carbonate occurs crystallised as Siderite or
spathic iron ore, and in its amorphous form it is the
usual chemical combination under which a large pro-
portion of the iron occurs in the various clay ironstones.
When speaking of iron-rust (p. 42), it was explained how
ferrous carbonate was first produced when iron was ex-
posed to the joint action of atmospheric air or oxygen,
moisture and carbonic anhydride (CO,), and how by

E
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further exposure the ferrous carbonate was again decom-
posed, with the deposition of hydrated ferric oxide, or
iron-rust. Ferrous carbonate is slightly soluble in water,
but more so in water containing free carbonic anhydride,
and this solution on exposure to the atmosphere suffers
decomposition, with deposition of the hydrated ferrous
oxide as before mentioned. Ferrous carbonate is also
decomposed at a red heat in the absence of air or oxygen,
. with the production of magnetic oxide of iron (Fe,0O,), and
the liberation of carbonic oxide (CO) and carbonic anhy-
dride (CO,) gases, thus : 3 (Fe,CO;)=TFe, O, + 2 CO, + CO.

99. Sulphur and iron, by their union under special
chemical conditions, may be made to yield a considerable
number of sulphides of iron. The direct combination
of sulphur and iron results when these elements are
brought into contact under the influence of heat, the
combination being attended with a considerable further
evolution of heat ; and according to the proportions of the
elements present, and to the temperature employed,
ferrous sulphide (FeS), ferric sulphide (Fe.S;), ferric di-
sulphide (FeS,), or magnetic sulphide (Fe;S,), or a mixture
of these several sulphides, results. The higher the tem-
perature employed the lower is the degree of sulphurisa-
tion of the products ; also, since ferrous sulphide (FeS)
dissolves both iron and sulphur, if either be present in
excess, the composition of the body resulting from the
heating together of iron and sulphur is exceedingly
variable. Mr. Parry bas shown that pig-iron heated
in a tube filled with the vapour of sulphur absorbs
a portion of the sulphur, which it retains even after
heating in vacuo during several hours; and hence it
is inferred that sulphur may be in this manner imparted
to the metal in the blast furnace, or in other furnaces
where sulphurous ores and fuels are employed.

100. The effect of small quantities of sulphur in pig-
eron is to make the iron stronger and whiter, and its
presence may be thus advantageous in the metal to be
used in the foundry for special classes of castings, such as
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shot, &c. ; but the presence of very small quantities of
sulphur vn wrought-iron or steel is attended with the worst
results, 0-2 per cent. of sulphur sufficing to produce in iron
or steel a marked red-shortness, or impaired malleability at
a red heat; whilst the same metal may be hammered or
rolled in the cold state with perfect facility. Since iron
pyrites is a frequent impurity in the ores and coal used
in the production of iron, it becomes necessary when
such ores or fuels have been used to take special care
that ouly such processes are employed for the conver-
sion of the pig-iron into malleable iron or steel as will
eliminate the sulphur during the process of its con-
version, and so prevent the production of red-short mal-
leable iron or steel. Pig-iron produced from Cleveland
ores usually contains from 002 to 0-1 per cent. of sulphur;
but, when forge-cinder is added to the charge of ore in
the blast furnace, then it is found that the common forge-
pig resulting often contains as much as 0-7 per cent. of
sulphar.

101. Ferrous sulphide (FeS) is a usual constituent of
the ores of nickel and copper, as in nickel and copper
pyrites, but it never occurs free in nature. It can be
prepared artificially as previously mentioned by the
direct union of sulphur with iron at a red heat; by heat-
ing to redness ferrous sulphate in a charcoal-lined
crucible ; by the ignition of hammer-scale with sulphur;
or, by the precipitation of a ferrous salt by an alkaline
sulphide. ~As artificially prepared by the dry methods
above enumerated, it forms a very dark brown or black
body, having a semi-metallic lustre. It is net sensibly
affected by exposure to the atmosphere at ordinary tem-
peratures ; but, if heated slightly, as in the operation
of roasting, it suffers partial oxidation and ferrous
sulphate results, whilst, at a higher temperature, the
latter salt is decomposed with the production of ferric
oxide (Fe,0,) and the liberation of sulphurous and
sulphuric anhydrides; and, if the ferrous or ferric
sulphate and ferrous sulphide be present in the mixture
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in equivalent proportions, then, upon strongly heating
the mixture, the whole of the sulphur from both the
sulphide and the sulphate escapes as sulphurous anhy-
dride, and ferric oxide alone remains. When heated
with carbon, ferrous sulphide is but slightly acted upon ;
or, if ferric oxide be substituted for the carbon, then
a portion of the sulphur is eliminated as sulphurous
anhydride, but there is no reduction of metallic iron.
Ferrous sulphide is not affected by heating with silica
alone, but if carbon be also present then the ferrous
sulphide suffers decomposition largely.

102. Ferrous disulphide (FeS,) constitutes the familiar
brass-yellow mineral occurring in radiated fibrous masses,
having a strong metallic lustre, and known generally as
yellow iron pyrites, cubic pyrites, or mundic ; also, in its
softer and whiter form, as marcasite, or white iron pyrites.
Heated with access of air, iron pyrites is decomposed
with the evolution of sulphurous anhydride (SO,), in
which way it is commonly employed as the source of
sulphurous anhydride in the manufacture of sulphuric
acid, whilst the residues so obtained, and known as
“ Blue Billy,” are used as a fettling for the puddling
furnaces in the Cleveland district.

103. Magnetic pyrites or pyrrhotine occurs native,
associated like the other sulphides of iron with the
ores of nickel and copper, but it has no special metal-
lurgical importance.

104. Iron and phosphorus unite with the utmost
facility under the influence of heat, producing readily
fusible phosphides of a grey colour. A ferrous phos-
phide also results when ferrous phosphate is heated
to a high temperature along with carbon. Pig-iron
also absorbs phosphorus when heated in the vapour of
the latter.

105. The chemistry of the numerous definite phos-
phides of iron that can be prepared by purely chemical
methods is not of metallurgical importance, although the
presence of very small proportions of phosphorus in any
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of the commercial forms of iron, whether as pig-iron,
malleable iron, or steel, is attended by important and
usually most injurious results. In the blast furnace
almost the whole of the phosphorus present in the ores
and fuels of the furnace-charge passes into the pig-iron
produced, unless the furnace be working upon a highly
basic slag or scouring cinder containing much iron, when
a portion of the phosphorus will pass out in the slag,
probably in the form of a phosphate; but when the slag
is in its normal grey condition, almost the whole of the
phosphorus appears to pass into the pig-iron. Hence
ores containing a notable amount of phosphorus are only
available, unless the blast furnace be allowed to work
as before described upon a basic slag, for the production
of pig-iron of forge quality for puddling purposes; for
foundry purposes where castings of delicate forms but of
little strength are required; for the production of a
special pig available for the basic Bessemer process; or
for certain other special purposes.

106. The influence of phosphorus in pig-iron, malle-
able iron, and steel is more fully detailed at pp. 72, 207,
393, respectively; and it will suffice here to note generally,
that its presence in pig-iron renders the iron wmore fluid
when in the molten state, and thus well adapted for
casting light and delicate ornamental castings, but such
iron is also very weak, and not adapted to the production
of strong heavy castings.

107. In malleable iron and steel, small proportions
of phosphorus suffice to render the metal sensibly harder,
without materially affecting its tenacity, but it renders
the metal at the same time decidedly cold-short. Cold-
short metal cracks and breaks, especially at the edges,
when treated under the hammer, although such material
may be readily worked by hammering or rolling when
suitably heated ; but, if in malleable iron or steel the pro-
portion of phosphorus attains to 05 per cent. or upwards,
then, in addition to being cold-short, the metal also shows
a marked falling-off in tensile strength. The late Mr
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A. L. Holly, C.E, of the United States, concluded from
his experiments that the effect of phosphorus varied much
according to the proportion of the other impurities
present, so that, in iron containing not more than 0-15
per cent. of silicon, or 0:03 per cent. of carbon, phosphorus
up to 0-2 per cent. might be present without injury to
the metal.

108. Silicon is always present more or less in all
varieties of commercial iron, either in combination
with the metal, or, as in the ease of malleable iron,
it may possibly occur only as a constituent of the
intermixed cinder in such iron.

109. A compound of iron, silicon, and carbon results
when oxide of iron and silica in the form of sand are
simultaneously reduced by heating a mixture of these
bodies along with carbon, to the temperature of a wind-
furnace; or a like compound is obtained by heating silica,
iron, and carbon to the same high temperature; or by
treating such a mixture in a Siemens gas furnace. Mr.
Riley has prepared an alloy or pig-iron, containing as
much as 21 per cent. of silicon, which alloy presents a
bright grey or silvery-white colour, and is crystalline,
hard, and so brittle that it might be pulverised in a mortar.

110. Authorities differ as to the condition in which
silicon exists in pig-iron, some maintaining that in dark-
grey pig-iron, silicon, like carbon, exists both in the chemi-
cally combined and in the graphitic state ; whilst others
are of opinion that it never occurs except in the state of
chemical union with the iron ; and experimenters have
not yet been able to separate by mechanical means the
silicon from pig-iron in the same manner as graphite
has been separated.

111. Silica always suffers reduction in the blast fur-
nace, in amount proportionate to the quantity of carbon
present in the furnace, and to the increase in temperature
attained ; hence the pig-iron produced in the blast fur-
nace is, as already mentioned, always contaminated with
silicon, and with every increase in the temperature of the
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blast there is a corresponding increase in the proportion
of silicon reduced and entering the pig-iron ; so that hot-
blast pig is always more highly siliceous than cold-blast,
and grey iron, as requiring a higher temperature for its
production, is also more siliceous than the white iron pro-
duced in the same furnace. The excess of fuel employed
when first blowing in a furnace often results in the
metal first tapped being more highly siliceous than
that produced in subsequent workings, and, under
these conditions, the siliceous pig known as glazed or
blazed pig often results. Poor ores and smelting mate-
rials are also conditions favourable to the production
of a siliceous iron ; and further, siliceous pig is more
frequently produced when the furnace is working upon
very refractory ores.

The mechanical and chemical influence of silicon upon
pig-iron, malleable iron, and steel will be more fully spoken
of when treating of those metals (pp. 72, 207, 394).

112. Ferrous silicates of variable composition are
formed as the result of the union of oxygen with silicon
and iron; and thus the various slags and cinders pro-
duced in the blast furnace, the puddling, refining, re-heat-
ing, or other furnaces employed in the production or sub-
sequent manipulation of iron are essentially ferrous
silicates. Pure silica and oxide of iron unite at a white-
heat to the production of a fusible ferrous silicate, and
in this manner, during the ordinary operation of weld-
ing together two pieces of iron, the blacksmith removes
the oxide or scale, which during the process of heating
the iron in the smith’s fire forms upon the surfaces of
the bar to be welded, by throwing upon the heated
surface a quantity of siliceous sand, whereby a readily-
fusible ferrous silicate is produced, which flows away
under the pressure of the hammer or press employed
in welding together the two surfaces of the metal, and so
leaves the two surfaces to be united quite clean and in
the best condition for being successfully welded.

113. Ferrous silicate (2 FeO 8i0,) yields about 70 per
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cent. of ferrous oxide and 30 per cent. of silica; it melts
at a white heat, but if heated with access of air it suffers
partial decomposition, with the production of ferric oxide
and the separation of silica. Thus ¢tap-, forge-, or mill-cinder
—i.e., the slag of either the puddling or re-heating fur-
nace—which is essentially a ferrous silicate of the above
formula, yields, when roasted with access of air during
several days in suitable kilns or ovens, a highly refractory
dark grey and lustrous body, consisting essentially of
ferric or magnetic oxide, with small proportions only of
silica. The roasted tap-cinder is known as “bull-dog,” and
is used largely for making the bottom of the puddling fur-
naces ; and it may be noticed in passing that, during the
roasting of the tap- or forge-cinder from the puddling fur-
nace for the production of bull-dog, there liquates from
the mass two other products: the one which collects in
the bottom of the kiln, and is known as ¢ bull-dog slag,”
is more siliceous than ‘bull-dog,” and carries with it
much of the phosphorus contained in the cinder ; whilst
the other product is still more siliceous, and runs away
from suitable openings left in the kiln for the purpose,
carrying with it also the larger proportion of the phos-
phorus contained so largely in the slag or cinder of the
puddling furnace.

114. The inferior class of pig-iron occurring in the
market under the name of Cinder-pig in contradistinction
to all mine pig—i.e., pig smelted entirely from ore or mine
—is obtained by treating in the blast furnace these rich
slags or cinders, along with a certain proportion of other
inferior ores or mine; and Dr. Percy states that when
ferrous silicate of the composition 2 FeO SiO, is so
treated, or otherwise strongly heated with carbon, about
two-thirds of its iron is reduced, leaving behind a more
siliceous slag having a composition represented by the
formula 2 FeO 3 8iO,; but since, as will subsequently
appear, the phosphorus from the pig-iron passes out durin
the puddling process into the tap-cinder of the puddling
furnace, so the pig-iron (cinder-pig) produced by smelting
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such slags and cinders is also proportionately contami-
nated more largely with phosphorus, and is hence of
decidedly inferior quality.

115. Iron and Nitrogen are usually described in
chemical works as yielding two or more distinct nitrides
of iron, 'When iron-wire is heated to redness for some
hours in a current of dry ammoniacal gas, the wire so
treated is stated by Despretz, Fremy, Savart, and Dick to
gain slightly in weight, to be more brittle, and less alterable
by exposure to the atmosphere than pure iron, and to
become also whiter in colour ; whilst Savart adds, that
after attaining to this condition, if it be longer exposed to
the ammoniacal vapour, the metal assumes a dark-grey
colour, becomes soft, has a graphitic fracture, and will not
harden in water. The evidence as to the exact increase
in weight of the iron by the above treatment is very con-
tradictory, the statements ranging between 0-2 to 12 or
13 per cent., and from such evidence it is impossible to
state whether nitrogen does or does not play any import-
ant part, as is sometimes understood, in the process of
cementation for the conversion of bar-iron into blister-steel.

116. Bois and Boussingault have examined commercial
iron and steel for nitrogen, and state that they find from
0-005 to 0124 per cent. of nitrogen in all specimens.
The gases occluded by steel, and contained in the blow-
holes or honeycombs of steel ingots, have been analysed
by Mr. Parry, Mr. Stead, and others, and they find such
gases to yield from 10 to 15 per cent. of their volume of
nitrogen.

117. Iron and many of the other metals. unite with
great facility to form alloys; thus, for instance, when
the ores of iron and of a second metal are simultaneously
reduced, an alloy of the two metals often results, though
with but few exceptions these alloys are without com-
mercial importance ; and further, the alloys of pure
iron and the various metals hereinafter enumerated
are but little known, only the triple alloys of carbon,
iron, and other metals having been much studied.
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118. Manganese is a constant constituent of pig-iron
and of steel, but of the alloy of pure iron with manganese
very little is known, whilst with pig-iron its alloys are of
very considerable importance. As spiegeleisen, or white
iron containing from 8 to 15 per cent. of manganese, it is
a regular article of commerce ; whilst more latterly special
alloys known as ferromanganese, containing from 50 to
75 per cent. of manganese, have been the objects of a
regular manufacture for use in the production of mild
steel, principally by the Bessemer and Siemens processes.
The especial application of ferromanganese to these
processes will be subsequently referred to, as will also
the effects of manganese upon cast-iron (p. 74), upon
malleable iron (p.204), and upon steel (p.394). The
presence of manganese in iron ores is favourable to
the elimination of sulphur from the pig-iron produced
from such ores, but its influence, if any, is small in
diminishing the amount of phosphorus passing into the
pig-iron.

119. Tungsten and ironunite readily, when tungsten is
reduced from its compounds by carbon in the presence of
metallic iron, but a very elevated temperature is required
for the reduction. Thus, if grey pig-iron be heated to a
very high temperature in a closed crucible along with
tungstic oxide, the tungsten is reduced by the graphite of
the pig-iron, and then unites with the iron present, with
the production of a hard, fine-grained, almost silver-white
steel of great tenacity and considerable malleability ; if the
same experiment be repeated with white-iron or spiegel-
eisen containing only very small proportions of graphitic
carbon, it is found, the conditions being otherwise the
same, that little or no tungsten is reduced, indicating
that combined carbon in pig-iron does not effect the reduc-
tion of tungsten from tungstic oxide. For further infor-
mation respecting the effect of tungsten upon steel, refer
to p. 395.

120. Chromium, when alloyed with iron, decreases the
fusibility of the metal, and like tungsten is said also to
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increase the tenacity, malleability, and ductility of the
steel in which it occurs. Chromium appears to partially
replace carbon in steel.

- 121. Copper does not readily unite for the production
of a homogeneous alloy by the simple fusion of any mix-
ture of the two metals, but if iron be added in small
quantities to brass or bronze in a state of fusion it is
readily taken up, and the resulting alloy has a higher
tensile strength than the original brass. An apparently
homogeneous alloy of copper and iron seems to result
upon the simultaneous reduction of a mixture of the
oxides of copper and iron, the former being always main-
tained in excess. Copper in small quantities renders
malleable iron or steel red-short, and sensibly diminishes
its tenacity, while pig-irons containing copper are unfit
for conversion into malleable iron or steel

122. Aich-metal is a malleable, ductile, and tenacious
alloy of copper, zinc, and iron in the proportions of about
60 per cent. of the first mentioned, with 38 to 44 per cent.
of zine, and from 05 to 3 per cent. of iron. Sterro-metal
is a similar alloy containing from 2 to 4 per cent. of iron
introduced in the form of malleable iron, with from 1 to
2 per cent. of tin ; such an alloy is brass-yellow in colour,
and has been proposed on account of its high elasticity,
tensile strength, and the facility with which it may be
worked either hot or cold, as a material for the construc-
tion of ordnance, but its introduction has not, however,
been favourably received.

123. Zinc and iron yield, when heated together,
more or less crystalline, brittle, and friable alloys,
which, however, are without practical application to
the arts, and are more properly zinc alloys, since about
7 per cent. is the maximum amount of iron that
molten zine will take up; but the manufacture of
galvanised or zinced plates—that is, plates coated with
a thin layer of zine, or with an alloy of zinc and
iron—form an important branch of metallurgical industry.
Galvanised plates, whilst possessing the strength due to
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the iron, are not affected on exposure to atmospheric in-
fluences by rusting or corrosion, so long as the zinc
coating remains intact. The galvanising process is
effected by dipping the malleable iron plates, previously
cleansed from scale or rust by immersion in dilute
sulphuric acid, into a bath of molten zine the surface of
which is covered by sal-ammoniac (NH,Cl) ; under these
conditions the surface of the iron plate becomes coated
or alloyed with a thin protecting layer or coating of zinc,
or of a zinc alloy.

124. Tin and iron unite when heated together, with
the production of grey or white alloys, which are harder
than tin, and break with a crystalline or granular frac-
ture. In this manner alloys of the two metals in almost
any proportions may be obtained, but like the alloys of
zine, they are also without practical application to the
arts, although in the production of Zerne-plates the sur-
face of an iron plate is coated by dipping it when cleaned
into a bath of molten tin, whereby a firmly adherent
non-oxidisable coating of a stanniferous alloy covers the
surface of the iron. Small quantities of tin in mal-
leable iron or steel suffice to render the same cold-short ;
and also only workable with great care even at a red
heat, such metal being also brittle, and exceedingly diffi-
cult to weld.

125. Antimony can be readily alloyed with iron, but
its presence in wrought-iron, to the extent of only 0-2
or 0'3 per cent., is sufficient to render the iron both red-
short and cold-short.

126. Nickel also may be readily alloyed with iron, by
the direct fusion of the two metals, or by the simultaneous
reduction of their mixed oxides. The presence of nickel
in iron does not affect its malleability, but the alloy is
whiter in colour than pure iron, is not so easily
affected by exposure to air or moisture, and takes a
better polish than iron. A native alloy of nickel and
ron with other metals occurs in the meteoric musses
which are occasionally found.
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127. Cobalt, like nickel, readily alloys itself with
iron, producing similar alloys to those last described ;
and small quantities do not produce any material
alteration in the physical or working qualities of the iron
or steel.

128. Lead does not appear to unite with iron when
the two are melted together, and no satisfactory alloy has
been described of these metals.

129. Aluminum yields, with steel, alloys of various
composition, but they are without value or practical
application to the arts. The effect of aluminum upon
steel is to diminish the tensile strength of the latter.

130. Silver does not appear to unite with iron when
melted along with it, for the silver is found, upon soli-
dification of the fused mixture, to have separated through-
out the mass, and not to have produced any homo-
geneous alloy of the metals.

131. Gold alloys itself readily with iron, upon simple
fusion together of the two metals, the alloy being harder
than malleable iron. :

132. Platinum alloys with iron without difficulty, the
melting-point of the alloy being below that of steel.
Steel containing 1 per cent. of platinum is tough, fine-
grained, tenacious, and ductile. Similar alloys are also
obtainable by the substitution of small quantities of the
rarer metals palladium and rhodium.

CHAPTER V. :
CAST- OR PIG-IRON.

133. Pig-iron is the form in which the product of the
treatment of iron ores, with fuel and fluxes in the blast
furnace, occurs in commerce. It is a granular crystalline
compound of iron with carbon, silicon, sulphur, phos
phorus, and manganese, with oftentimes also smaller
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quantities of other metals, such as arsenic, titanium,
copper, chromium, &c. Owing to the very high tempera-
tures employed in the reduction of the ores of iron in the
modern blast furnace, the iron is never obtained free
from other elements, but in the first instance is always
combined with more or less of the reducing agent
(carbon), along with the other elements just enumerated
derived from the ores, fluxes, or fuels employed in the
smelting operation.

134. Pig-iron is thus essentially a combination of iron
with from 2 to 4-75 per cent. of carbon, existing partly
in a state of solution or chemical combination with the
iron, and partially as mechanically-distributed wncom-
bined or graphitic carbon. All pig-iron contains carbon
in the two forms, but the relative proportions of the
combined to the uncombined carbon vary in different
varieties of pig-iron, from the greyest iron where the
carbon is almost wholly in the uncombined form, to the
hardest white iron in which only a small proportion of
the carbon exists in the graphitic or uncombined form;
but the maximum amount of carbon in both forms never
exceeds, according to Riley, 475 per cent. Upon the
relative proportions of the two forms of carbon, modified
by the presence, mode of occurrence, and varying propor-
tions of the foreign elements above-mentioned, depend the
wide variations in the colour, hardness, strength, fusibility,
specific gravity, behaviour when treated with acids, and
adaptability of the metal to special purposes, in the
manner to be immediately described ; but in all its
varieties it differs from malleable iron and steel by an
almost total absence of ductility, in being unforgeable,
and it does not admit of being welded ; it is also more
brittle, not so tough, and is usually harder than malleable
iron.

135. As mentioned in the preceding section, pig-iron
represents iron in its maximum state of carburisation,
containing, as shown by the analyses tabulated on
p. 64, from 2 to 475 per ceit. of carbon. It is upon
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the mode of occurrence of this carbon, as to whether
it exists largely in the graphitic or uncombined form
with only small proportions of combined carbon, or
whether it exists principally as combined carbon with -
only small .proportions of graphite, that the well-marked
physical distinctions of grey, white, and mottled iron
respectively depend. The greyest iron corresponds to
the largest proportion of graphitic carbon, and the larger
the proportion of graphite in grey iron, the weaker and
more pliable does the metal become. The graphitic
carbon in grey pig-iron may be seen under a powerful
microscope to be distributed over the faces of the crystals
of the iron in the form of very thin plates. White iron,
again, corresponds to the condition of the largest pro-
portion of combined or dissolved carbon, with smaller
proportions only existing in the uncombined or graphitic
state ; and between the two extremes of grey and white
iron the gradation is more or less gradual, although at
certain intermediate stages the metal exhibits white iron
dispersed through a matrix of grey, giving to such metal
a decidedly mottled appearance, and such pig is accord-
ingly described as mottled pig-iron. Since much of the
carbon in white iron is either dissolved or chemically
combined with the iron, it has been suggested that such
iron might possibly be a definite carbide of iron, but
there is no conclusive evidence of the existence of any
such well-defined carbide, although spiegeleisen may
perhaps be a double carbide of iron and manganese of
the formula (FeMn),C.

136. Pig-iron, in cooling from a state of fusion, erys-
tallises either in rhomboidal prisms or in octahedral
crystals, and in most varieties one or other form is
predominant ; thus the dominating form of crystals in
grey iron is the octahedral. The specific gravity of pig-
iron varies also from 7°1 in grey to 7-5 in white iron.

137. Pig-iron is usually found in commerce in the form
of oblong blocks or pigs of @ section, ahout three feet
in length, the metal being run direct from the blast-
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furnace into open grooves, or channels of the above
section, formed in the damp sand of the pig-bed (see
p. 129) in front of the furnace. Such pigs, when
broken by the hammer, or by dropping them across a A
shaped block, present, if grey iron be the subject of opera-
tion, a dark grey, granular, crystalline or scaly fracture,
with a strong metallic lustre ; whilst the colour will be
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of a lighter grey, lesslustrous, and themetal harderand more
brittle, as the proportion of combined carbon increases,
and the uncombined or graphitic carbon becomes less.
138. The mottled warietics stand intermediate
between the two extremes of grey and white iron and
exhibit a decidedly veined or mottled fracture, as though
the white iron were distributed in small detached portions,
or in veins, throughout a matrix of grey iron; and accord- .
ing as the proportion of white iron increases or otherwise,
the pig-iron is described as strongly or weakly mottled.
Grey iron is more fluid when melted than white iron, but
it requires a much higher temperature for its fusion ; thus,
whilst grey iron only melts at a temperature of about
1,600°C. or 1,700° C. (2,912° Fahr. to 3,452° Fahr.), white
iron melts at a temperature of from 1,400° C. to 1,500¢ C.
(2,532° Fahr. to 2,732° Fahr)). White iron con-
tracts in passing from the liquid to the solid state,
and it passes through a soft pasty condition before com-
plete fusion occurs, as also through a similar condition in
assuming the solid state after fusion ; and these qualities
are, as will subsequently appear, the best adapted for the
better carrying on of the processes of puddling and of
refining of pig-iron for its conversion into malleable iron,
for which purposes white iron is largely applied. Grey
iron, on the other hand, passes during fusion directly
from the solid to the fluid state, and wice versd, and it
also expands at the moment of its solidification from the
fluid state, thus insinuating itself into the finest lines of
the moulds in which it is contained, whilst white iron,
as just stated, contracts under these circumstances. Hence
grey pigiron is in request for foundry purposes, and
more especially for the production of the light ornamental
and intricate castings of every-day production, so that it
has thus become usual to speak of the softer grades of pig-
iron as foundry ptg, in contradistinction to the harder and
whiter varieties, which are described as forge qualities.
139. Mallet, * however, argues that the fine copies of
* Proceedings of the Royal Society, 1875.
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the moulds obtained with cast-iron are not necessarily
the result of any such expansion of the metal as that just
spoken of as taking place at the moment of its solidifica-
tion, but that the phenomenon is otherwise explicable ;
and he sums up the favourable position held by cast-iron
over other metals for taking accurate copies of the moulds
as follows, viz. : That its density is sufticient to force it
when liquid effectually into the corners of the mould; its
capillarity is not very large, and so it does not require so
great a force to press it into the angular cavities of the
mould ; its range of viscosity is small, and confined to a
small range of temperature ; and further, that any oxide
formed during the casting process is precluded by the
silicon and carbon of the metal from distributing itself
throughout the mass.

140. Silicon is an almost invariable constituent of
pig-iron, as are also sulphur and manganese. Cast-iron
expands in length by heating and then cooling suddenly
in water, or also by gradually cooling in the air.* Like
steel, cast-iron appears to have the power whilst in its
fused state of occluding certain gases, and especially
hydrogen ; but the gases are to a certain degree again
liberated as the metal assumes the solid state, and hence
one of the causes to which the honeycombed or unsound
structure so frequently observed in cast-iron or steel
castings is attributable. 'When atmospheric air (as in the
Bessemer process for the conversion of pig-iron into
steel) is blown or forced through molten grey pig-iron,
it is attended with the production of an intense heat,
whilst the carbon, silicon, and manganese of the pig-iron
are largely oxidised and removed in the manner to be
more fully described when speaking of the Bessemer
process. Cold solid cast-iron floats upon the surface of
the molten metal, and it has been usual to ascribe this
result to the superior density of the fluid over the solid
metal, but it is observed that with the larger pieces of
solid cast-iron, they first sink and then rise again to the

* Mr. Wrightson : Proceedings of Iron and Steel Institute, 1879,
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surface * of the molten metal; and hence it is now con-
sidered probable that the buoyancy is due to a decrease
in its density, owing to the sudden expansion of the
solid metal from contact with the much larger body of
molten iron into which the cold metal is introduced.
Pig- or cast-iron suffers decomposition when exposed to
the action of sea-water, or more rapidly when exposed
to the joint action of sea-water and of the atmosphere, so
that if the exposure be sufficiently prolonged it will be left
as a soft porous mass having the form of the original
specimen, and which in some instances, after careful
drying, becomes spontaneously inflammable.

141. Grey cast- or pig-iron is converted into white iron
by rapid or sudden cooling, as in the familiar process of
chill casting, where the fluid metal is poured into
metallic moulds, and the heat is thus rapidly withdrawn
from the surface, whereby the surface of the casting is
converted into hard white iron, whilst the body of the
castings usually retain the soft character of grey iron; but
the dep’ch and degree of the chilling or whitening depend
upon the thlckness &c., of the mould. In like manner, it
is not unusual to find that the flat plates or pigs of Swedish
pig-iron present on fracture a white skin, with a grey
interior, produced by the Swedish practice of running the
pig metal into cast-iron open moulds. In white iron pro-
duced by the chilling of grey iron, the carbon in the chilled
surface has largely assumed the combined form instead of
the graphitic form previously existing in the grey metal ;
also the white portion of such castings is found to be
poorer+ in silicon than the body of the casting. From
these and similar reasonings, it is sometimes inferred {
that molten pig-iron may be a solution of various solid
and gaseous substances in liquid iron, and that the form
they assume in the solidified metal depends upon the

88‘ W. J. Millar, C.E. : Proceedings of Royal Society of Edinburgh,

+ Crooke’s and Rohrig’s ““ Metallurgy.”
1 Zeitschrift des Vereines deutscher Ingenieure, Vol XXIV.,

p. 397.
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manner of cooling, both before and after solidification ;
since even after solidification, but whilst the mass is still
at a red heat, it is possible to alter the nature of the
metal, as by tempering, cementation, or by decarburisation.

142. When a mass of grey iron is allowed to cool slowly
from a state of fusion, as in the case of the molten metal
standing in a foundry ladle, a scum or %ish rises to the sur-
face, which consists largely of graphitic matter ; whilst, as
above stated, if the same metal be run into chilled moulds,
and so cooled suddenly, then no separation of the graphite
occurs, but the whole of the earbon remains in the metal, a
portion of it assuming the combined form with the produc-
tion of a harder or white metal; hence fluid and also chilled
cast-iron appear to be capable of holding a larger amount
of carbon in solution than metal cooled more slowly from
a state of fusion. The scum or kish produced in the
manner just described is also notably rich in sulphur and
manganese, containing cccasionally as much as 022 per
cent. of sulphur and 5:19 per cent. of manganese, the
relative proportions of these elements in the pig-iron being
at the same time 005 and 2-62 per cent. respectively.*

143. Hot-blast pig-iron, owing to the higher tempera-
ture of the furnace during its production, is always more
siliceous than cold-blast pig, smelted from the same or a
similar mixture of ores, and from the same cause also
grey pig-iron is more siliceous than white iron.

144. White iron, as already stated, has a higher
specific gravity than grey iron, and hence, when both
classes of iron are made in the same furnace in the in-
terval between two taps, the white iron will descend,
separate, and form the lower stratum in the hearth of
the furnace, so that on tapping the furnace the white
iron is the first to run out, throwing off its characteristic
showers of sparks, and flowing in a thick sluggish stream,
and this is succeeded by the grey iron flowing in a per-
fectly fluid current devoid of all sparks or splashes.

145. Pig-ironis largely soluble in acids, leaving only a

* Professor A. Ledebur, Freiberg School of Mines.
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small proportion of insoluble residue, of silicon, graphite,
&c., the latter forming a considerable part of such
residue when grey pig-iron is the subject of operation;
but if white iron be the subject of treatment, then only
a small proportion of graphitic carbon is separated in
the insoluble residue, since the whole of the combined
carbon in the iron escapes in the form of liquid or
gaseous hydrocarbons, produced by its combination with
the hydrogen of the acid. The liquid hydrocarbons so
produced are highly volatile, brown in colour, soluble in
alkalies, and possess a most disagreeable odour.

146. The strength of cast-iron varies much according to
its chemical composition, the mode of its production,
whether by hot-blast or cold-blast, mode of treatment after
leaving the blast furnace, &ec.; thus cold-blast iron is
stronger than hot-blast from the same ores. Annealing
diminishes the strength of cast-iron; the presence of
silicon likewise impairs its tensile strength, whilst sul-
phur in small quantities increases the strength ; but
phosphorus, again, if present in any considerable amount,
decidedly weakens cast-iron. Repeated re-melting is some-
times considered to improve the quality and strength of
cast-iron, but this is now generally questioned. Grey
cast-iron, if not contaminated with other bases derived
from the fuel or the flux employed in the melting
of it (which conditions are improbable in practice),
is, for a certain number of meltings, rendered stronger
after each re-melting, since at each melting it approaches
nearer to the character of white iron, but like white iron,
the re-melted pig is not so tough as the original, and is
thus not so well adapted for structural work. The tensile
strength of pig-iron varies between 4 and 14 tons to the
square inch of section, but the average of good cast-iron
is about 8 tons. The ¢ransverse and torsional strength of
pig-iron is low, each varying between 15 and 45 ton per
square inch ; and it has an average shearing strength of
12 tons to the square inch ; whilst its crushing strength
ranges from 25 te 60 tons per square inch of section,



Chayp. V.] SULPHUR IN PIG-IRON. 71

the average strength of good sound specimens being from
40 to 45 tons per square inch ; but these figures vary
with the length of the test-piece employed, the higher
figures for the crushing strength being obtained with
short test-pieces. Owing to the high strength of cast-iron
under a crushing or compressive stress, this metal is
usually employed in the constructive arts for columns,
struts, &c., and but rarely in such members of a structure
as are subject to torsional, tensional, or transverse stresses.
Cast-iron is thus stronger than wrought-iron in compres-
sion, but much weaker in tension ; and within a limited
range of stress it is tougher, or permits of a greater degree
of deformation than wrought-iron, but its range of defor-
mation is not large ; hence it is not so safe as wrought-
iron when subject to suddenly-applied or impulsive force.
The strength of bars of cast-iron under loads suspended
from their centre is further spoken of at p. 77.

147. Sulphuris most frequently present in pig-iron to
the extent of a few hundredths per cent. only; thus the
pig-iron smelted from clay ironstones without any admix-
ture of cinder usually contains from 0:02 to 01 per cent.
of sulphur; but in smelting for common forge-pig in South
‘Wales, cinder is sometimes added to the furnace charge,
and the sulphur then often reaches as much as 0-7 per
cent., and it is notable that the per-centage of sulphur in
Welsh pig-iron generally increases with the number or
grade of the metal. Pig-iron containing upwards of 0-03
per cent. of sulphur is undesirable for conversion into steel
either by the Bessemer or the Siemens process, the steel
produced from pig-iron more sulphurous than this being,
as previously noted, invariably red-short; but for foun-
dry purposes small per-centages of sulphur increase the
tensile strength of the metal ; and hence the practice in
Sweden of occasionally adding small quantities of pyrites
to the furnace charge when smelting pig-iron for ordnance
purposes, the pig-iron thereby produced presenting in
fracture a slightly mottled appearsuce.

148. The effect of sulphur upon pig-iron is generally
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to whiten it; and when grey pig is fused with about
2 per cent. of its weight of sulphur, a considerable
quantity of carbon is separated in the form of soot, and
a hard white iron is produced; or if smaller quantities
of sulphur be employed then the iron is less hard, and is
mottled in appearance.

149. Phosphorus is a constituent of most pig-irons, its
tendency being to make the fracture more largely
crystalline, and if present in great quantities it reduces
the tensile strength of the iron; but in proportions up to
05 or 075 per cent. it is doubtful whether it has any
decided influence upon the strength of cast-iron, whilst
1:5 per cent. of phosphorus produces a pig-iron which is
decidedly tender. Phosphorus hardens pig-iron and in-
creases its fluidity when melted, and such pig is therefore
well adapted for the manufacture of light castings not
requiring great strength. The pig-iron smelted from clay
ironstone without admixture with cinder usually contains
from 025 to 15 per cent. of phosphorus ; whilst common
white iron smelted with a heavy burden of cinder
sometimes contains as much as 2 per cent. of phosphorus,
and usually presents a honeycombed structure along the
upper surface of the pig, whilst generally such metal con-
tains not only phosphorus but also considerable propor-
tions of sulphur. When the blast furnace is working satis-
factorily and producing a good grey slag, then the whole
of the phosphorus in ore, fuel, and fluxes is reduced
and passes into the pig-iron ; whilst if the furnace be
running on a basic scouring slag or cinder, rich in iron,
then a portion of the phosphorus in the charge passes out
into such slags.

150. Silicon appears to have a similar effect upon pig-
iron to that produced by carbon, and, like the latter, it
exists in soft grey iron smelted with hot-blast from
refractory ores, both in the combined and the graphitic
condition; although the mechanical separation of graphitic
silicon from pig-iron has not yet been effected ; but in
white iron or in highly manganiferous iron silicon
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appears to exist only in the combined state. Siliceous
pig-iron is weak, also somewhat brittle and hard, and
thus hot-blast pig being more siliceous than cold-blast
metal is also not so strong as the cold-blast iron smelted
from the same or a similar mixture of ores. The product
of charcoal furnaces such as those of Sweden, owing to
the lower temperature attained in them, is less highly
siliceous than the pig-iron produced in coke furnaces.
Mr. Riley has succeeded in producing a hard, silvery-
white alloy of pig-iren and silicon containing 21 per cent.
of the last-mentioned element ; but silicon is only present
in the ordinary product of the blast furnace in amounts
varying from 0-1 to as much as 5 per cent.; the higher
per-centages occurring when siliceous ores, iron-sand, or
ores containing free silica are being smelted, or when the
furnace is working with an insufficient supply of lime as
a flux. Siliceous and weak pig-iron also generally results
from the working of poor ores and smelting materials, or
when the furnace is working upon charges containing
large proportions of fuel to ore—that is, upon light
burdens ; and thus such iron occurs on first blowing in
a furnace, when the proportion of fuel to oreis large, and
the first metal is, accordingly, usually poor in quality,
highly siliceous, and is known as glazed or blazed pig-iron.

151. In hematite pig-iron for use in the ordinary
Bessemer process for the manufacture of steel, about 1
per cent. of silicon is considered the minimum of what
is desirable for the successful and most profitable work-
ing of the process ; but large excesses of silicon are here
again objectionable owing %o their yielding a hard and
brittle steel, as will be fully detailed when speaking
of the Bessemer process.

1562. Tutanium frequently occurs in grey pig-iron, but
in white iron it has always escaped detection, even when
ores containing it have been added to the furnace charge.

153. Copper has been detected in pig-iron from the
blast furnaces of the south Oural mountains, and although
such metal would be unfit for conversion into malleable



74 STEEL AND IRON. [Chap. V.

iron or steel, yet small proportions up to 0-2 per cent. of
copper in pig-iron are said not to affect its quality for
foundry purposes.

154. T'n renders pig-iron hard and more readily
fusible ; but stanniferous pig, after treatment in the
puddling furnace, yields a malleable iron which is
exceedingly cold-short and inferior in quality.

155. Manganese is a common constituent of pig-iron,
its tendency when present being to render the pig-iron
white and brittle. Its presence in iron ores promotes
the elimination of sulphur from the pig-iron smelted
therefrom ; but highly manganiferous and other white
irons are only produced from easily reducible ores, -
and especially from those containing notable proportions
of manganese. Thus, the pig-iron smelted from a spathose
ore is more highly manganiferous than when hzematite
ores containing manganese are employed ; and the state
of the oxidation of the manganese in the ore also influ-
ences the amount of manganese which occurs in the
pig-iron smelted from it. The surface of the stream
of pig-iron as it flows from the furnace appears,
when manganese is present in notable quantity, as
a sheet of burning gas, and such metal also gives
off much gas during cooling. Manganese in pig-iron
seems to increase the power of the metal to occlude
hydrogen, but at the same time this quality is
impaired with respect to carbonic oxide. Spiegeleisen
is a highly manganiferous pig-iron, containing from
6 to 20 or 30 per cent. of manganese, and usually
possessing well-marked physical qualities; thus it is
very hard, and its fracture often presents large cleavage
planes or lamellar crystals, but spiegeleisen and highly
manganiferous iron may also present a granular crystal-
line fracture void of any cleavage or lamellar struc-
ture. The presence in spiegeleisen of a large propor-
tion of combined carbon has given rise to the supposition
of'its being possiblya definite tetracarbide of iron and man-
ganese of the formula (FeMn), C. Formerly this material
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was manufactured exclusively upon the Continent, but it
is now extensively made in this country, although its
production, even when smelted where suitable ores are
available, requires some care. Thus a too siliceous slag,
also variations in the temperature or pressure of the blast,
or too heavy a burden in the furnace, will turn the make
of the furnace from spiegeleisen to ordinary white or
mottled iron.

156. Ferromanganeseis still more manganiferous than
spiegeleisen, and contains as much as from 70 to 85 per
cent. of manganese; but with the increased demand for very
soft, mild, weldable steel, such an alloy has become a more
and more important commercial commodity ; its produc-
tion in the blast furnace is, however, attended with a much
larger consumption of fuel, and a greatly decreased yield of
the furnace, than when common pig-iron is being produced.
For the production of ferromanganese, besides using only
suitable ores as already named, a more basic slag or cinder
is required, and hence the furnace is burdened with a
larger proportion of limestone than is employed in
smelting the other classes of pig-iron, whilst the pres-
sure and temperature of the blast are also raised.

157. Commercial classification of pig-iron.—It is
usual to distinguish the various qualities of pig-iron as
delivered from the blast furnace by different marks or
numbers, which indicate to the forge or foundry manager
the grade or quality of the iron of any particular brand,
as also the purposes to which the several samples are
applicable. ~ As already noted, the pig-iron produced
from the same ores is broadly described as grey,
mottled, or white iron, according to the appearance of
the fracture, but each variety is again further classified.
Thus in the Cleveland district, according to the
colour, strength, and general appearance of the fracture
of a freshly-broken pig, the metal is described as being
of No. 1, No. 2, No. 3, No. 4, or No. 4 forge; whilst in
Lancashire the No. 4 forge, or strong forge of the Cleve-
land district, is represented by V, whilst the other
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numbers or grades are designated by the same series of
numbers in the two districts. Infurnaces making pig from
hzmatite ores, or such as from their immunity from
sulphur and phosphorus are especially adapted to the
production of steel by the ordinary Siemens or Bessemer
process, three additional numbers are introduced to
designate them, and such pig-iron is described as of No. 1,
No. 2, or No. 3 Hewematite or Bessemer quality of pig-iron.

158. No. 1, No. 2, and No. 3 grades of pig-iron, are
especially applicable to foundry purposes and for special
castings ; No. 4 is also available for foundry purposes,
especially when mixed along with other softer irons;
whilst No. 4 Forge or V is only applicable for conversion
into malleable iron in the puddling furnace, and cannot
be advantageously used for foundry requirements. The
market value of the several grades thus decreases from
No. 1 to No. 4, the higher number being the cheaper iron.

159. When judging of the quality of pig-iron from its
fractured surface, it is usual to consider a uniform dark-
grey colour, with strong metallic lustre, to be indicative of
toughness ; whilst a dark colour, an absence of metallic
lustre, with a dull more or less leaden hue, and a slightly
mottled appearance, indicates a weak iron ; but if the iron
be light grey in colour, with a high lustre, then it will be
strong and tenacious; whilst a light grey colour, without
lustre, shows an iron which is hard and brittle, the brittle-
ness being more strongly marked as the iron becomes of
a dull white or greyish-white colour.

160. No. 1 pig-iron is the darkest grey, its fracture
being largely granular and presenting numerous graphitic
planes. It containg the maximum proportion of gra-
phite, is the most readily fusible, is deficient in
hardness and strength, and the pig breaks with a dull
leaden sound, indicating but little tenacity. This metal
makes the finest and most accurate castings, and is
hence used extensively for the production of light, thin,
and ornamental cast-iron work where great strength is
not required. The surface of the molten metal is dark
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and sluggish-looking, giving off neither sparks nor
splashes, and as it cools in mass a thick scum or dross
separates on its surface.

161. No. 2 pig-iron is lighter in colour than No.1;
usually the surface of the pig is smoother, it is finer in
grain, more regular in fracture, and is a little harder and
stronger than No. 1, but is not quite so fluid when in the
molten state. The surface of the molten metalis of a
clearer red than No. 1, and it flows from the founder’s
ladle in large sheets, splashing a little, and its surface
exhibits as it cools a series of lines or figures ever varying
as though the surface were in circulation, such appear-
ances continuing until the metal becomes pasty. A
scum rises to the surface of molten No. 2 pig-iron, but
not to the same extent as in No. 1.

162. No. 3 pig-iron is still lighter in colour, the crystals
are much smaller, the fracture smoother, more compact
and dense-looking ; it is also much harder, stronger, and
tougher than the lower numbers, and is consequently
largely used in conjunction with scrap for the large castings
required in structural ironwork, the usual specification
test for which is that a bar, two inches deep by one inch
in width, supported upon three-feet centres, shall not
break with a less weight than twenty-eight cwts. applied at
centre; although some engineers will accept a load of
twenty-four ewts., whilst others specify thirty-two cwts. as
the breaking load ; but this latter is extremely difficult to
obtain with ordinary Aot-blast pig-iron. No. 3 pig-iron
usually contains less carbon than No.1 or No. 2, and
has not the same fluidity when melted, whilsy the molten
metal throws off sparks abundantly as it 1s poured from
the foundry ladle, and its surface is freer from scum than
either of the lower numbers, but the surfacefiguring
spoken of with respect to No. 2 is much less distinctly
seen with the metal of No. 3 grade.

163. No. 4 iron is stronger than those previously de-
scribed; it is whiter in colour, more lustrous, has a
granular, uneven, and more or less mottled appearance on
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fracture ; it is not nearly so fluid when melted as the
lower numbers, whilst the surface of the molten metal
appears hotter, and the metal throws out showers of
sparks as it iy poured from the casting ladle. No. 4
pig-iron is used only for the heaviest classes of foundry
work, and is quite unsuitable for small, light, or orna-
mental castings.

164. No. 4 Forge, strong forge-pig or V, approaches to
whiteness in colour, being harder and also lighter in
colour than the last. This number presents a dull and
more flaky appearance on fracture, and is only available
for conversion into malleable or wrought-iron by the
puddling process; for in melting it passes, previous to
complete fusion, through an intermediate pasty condition
particularly favourable for its decarburisation in the
puddling furnace, and with less loss of iron than if the
metal were in a more perfectly fluid state.

165. In Staffordshire the grades number from No. 1 to
No. 8, of which, as above, No. 1 is the greyest, No. 2 less
grey, and so on to No. 5, where mottled iron commences ;
after which the amount of white iron in the pig continually
increases between this number and No. 8, which is white
iron, and in which all trace of grey has disappeared.

166. Pig-iron smelted entirely from ores (mine) and
without any admixture of puddling-cinder or slag, is
known as ¢ all-mine pig-tron,” whilst where slag or cinder
has formed a very considerable proportion of the furnace
charge, the product is then known as “cinder-prg,” and
such metal forms altogether an inferior class of pig-iron.
Glazed or blazed pig is also an inferior, highly siliceous
pig, often produced when a furnace is first blown in,
owing to the excess of fuel then employed. The highly
manganiferous pig-iron used extensively in the steel
manufacture, and not classed above, is known as Spiegel-
eisen, and a compound still richer in manganese than
the last mentioned is called ferromanganese. (See p. 99.)
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CHAPTER VI
THE PRODUCTION OF PIG-IRON.

167. THE production of pig-iron from the various ores
of iron comprises two stages. 1st. The preparation of the
iron ores for the blast furnace. 2nd. Smelting of the iron
ores in the blast furnace.

168. Owing to the comparatively small value of iron
ores, they are not usually submitted to any complicated
or expensive previous mechanical treatment for the separa-
tion of the gangue or earthy portions, before either their
calcination or smelting, except in the case of special ores,
such as the titaniferous sands of Mosie, Canada, where the
sands are concentrated first by the separation of the more
siliceous portions, then by dressing and washing them
upon shaking tables, in a gentle current of water ; but
these sands, again, are not smelted for pig-iron, but are
treated for the production of malleable iron direct in the
American Bloomery Furnaces to be subsequently described.

169. The two stages noted above for the production
of pig-iron from iron ores embrace two distinct classes
of operations :

1st. The preparatory treatment of the ore or mine, as
received from the miner, previous to .its treatment in the
blast furnace, and which includes :—

a, The mechanical preparation of the ores;
b, The weathering of certain classes of pres;
¢, The roasting, or calcination of the ore.

2nd. Smelting, or reduction in the blast furnace,
whereby the metal is separated from its chemical com-
binations with oxygen, then carburised to pig-iron, and
separated by fusion from the earthy constituents of the
ore. In order to effect these changes it is necessary
that the blast furnace be of considerable height, and that
the pressuye of blast be sufficient to pass freely through
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the superincumbent mass of fuel and ore in the furnace ;
further, the twyers through which the blast is delivered
into the furnace must be laid horizontally, or not directed
downwards into the bath of molten metal, fcr under the
latter condition malleable iron would result, as in the
Bloomery furnaces, instead of the pig-iron required to be
produced in the blast furnace.

170. Preparation of iron ores.—In England it is not
usual to submit iron ores to any preliminary mechanical
treatment, previous either to their calcination or smelting ;
except to break them up into fragments of a fairly uni-
form size, regulated according to the size of the furnace
and the ease with which the oreis reduced. Thus, the ore
and fluxes in the case of the large furnaces of the Cleve-
land district, are broken into lumps approximately of from
four- to six-inch cubes; in the hamatite districts, again,
the furnaces are smaller, and the materials are broken
into cubes of two inches resembling road - metalling,
whilst for the still smaller furnaces employed in Sweden
the pieces are only about one-inch cubes.

171. Where machines are used for breaking up the
ore, as in America, France, Belgium, and Germany, the
more usual form employed is that of Blake’s Stone-
Crusher, in which the ore is broken by a hard oscillating
jaw, moving to and from a corresponding hard fixed
face; or another method consists in passing the calcined
materials between hard cast-iron rollers.

172. Weathering of iron ores is only necessary for
such ores as contain pyrites or shale in considerable
proportion ; in which case, instead of directly calcining,
or in exceptional cases after calcination, the ores are
exposed in heaps to the action of the atmosphere,
whereby, under the joint action of atmospheric air
and moisture, the sulphur is oxidised with the pro-
duction of soluble sulphates which are dissolved out
by the rains; but it is obvious that this method is
no* applicable to the treatment of calcareous ores, since
the soluble ferrous and cuprous sulphates formed by the
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oxidation would be decomposed by the lime, with the
formation of a sparingly soluble calcic sulphate, which
largely escapes solution, and the separation of the oxides
of the above mentioned metals ; and thus the deleterious
elements, copper and sulphur, would both remain in the
ore, although in different states of combination to those
in which they occurred in the original ore. Also such
calcareous ores cannot be subjected to any prolonged
weathering affer calcination, otherwise the ore would
break up and fall into powder, owing to the slacking of
the lime during the lixiviation for the solution of the
soluble sulphates, and so be unfit for introduction into
the blast furnace.

173. The process of weathering is continued upon suita-
ble ores during three or four months; and in exceptional
cases, as with the pyritous siliceous hamatites of Ger-
many, the weathering after washing extends over one,
two, or three years, with occasional lixiviation or wash-
ings during the whole period. Certain nodular argill-
aceous ironstones which are accompanied by shale and
rock suffer oxidation on exposure to the atmosphere for
a short time, whereby the shale and rock, which are not
readily separated from the ore as it is first received from
the mines, become easily separable. Again, certain
spathose ores are converted by a limited exposure to the
weather into brown hematite; but in all these special
cases it becomes necessary not to carry the operation of
weathering too far, otherwise the ore falls to powder and
becomes unfitted thereby for charginginto the blastfurnace.

174. The calcination or roasting of irop-ores has
for its object the expulsion of water, carbonic anhydride
(CO,), sulphur, and volatile or other. matters, which,
under the influence of heat, or the combined action of heat
and atmospheric air, are capable of volatilisation, and
whereby the ore besides being freed from the above-
mentioned constituents is also left in a more or less
porous condition, more readily permeated and acted
upon by the reducing gases of the blast furnace. Also

¢
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the partial oxidation during calcination converts (at least
superficially) the ferrouscompounds—such as are contained
in spathic ores, and which readily combine with and form
fusible compounds with silica in the blast furnace—into
Jerric oxide which does not so readily combine with silica ;
and the calcination is conducive, therefore, to a saving of
iron in the blast furnace, since the slags of ferrous silicate
produced by the union of ferrous oxide with silica are

. difficult of reduction, and the iron in them is largely lost;
but ferric oxide also consumes a little more fuel in its re-
duction than does ferrous oxide. Roasting has the effect
also of decomposing to a large extent such metallic sul-
phides as pyrites, which are first oxidised and then, if the
temperature be sufficiently high, the whole of the sulphur
is eliminated, the metallic oxide alone remaining in the
roasted mass. The changes produced by calcination are
indicated in the following

ANALYSIS* OF THE RAW AND CALCINED CLEVELAND STONE.

Cleveland ore Cleveland
or stone, stone, after
uncalcined. calcination.
Ferric oxide (Fe,O. 3 5 3 2-60 6625
Ferrous oxide (Fe(%) 3 g 3 3806 —
Manganous oxide (MnO) e 0-74 —
Manganic oxide (Mnao‘) 3 — 065
Alumina (ALO;) . 5 5 592 772
Lime (Ca0) . LD - 77 6:46
Magnesia (MgO) X 5 d ? 4-16 4-78
Potash (K,0). s 4 trace 0-02
Carbonic anhyd.mde (002) ol 22:00 —
‘Water (OH,) . < . 5 4-45 —
Silica (Si0,) . 5 ’ . { 10-36 11-87
Sulphur (S) . - 0-14 =8
Phosphoric anhydnde (P 05) é 1-07 113
Sulphurie o 5 : — 0-90
97-27 9378

% J. T. Bell : ““ Chemical Phenomena of the Blast Furnace.”
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175. When forge- or mill-cinder is to be added to the
blast furnace charge as an iron-producing material in the
production of cinder-pig, it is usual to first roast the cinder
in an oxidising atmosphere, since such cinders or slags are
essentially ferrous silicates containing from 40 to 60 per
cent. of iron, and in the case of forge-cinder it contains
also nearly the whole of the phosphorus and most of the
sulphur present in the original pig-iron from the working
of which the cinder has been produced ; but the mill-cinder
always contains a smaller proportion of these elements.
Ferrous silicates when heated in an oxidising atmosphere
are largely decomposed with the separation of the iron,in
the form of ferric and magnetic oxides ; whilst any sulphur
is first oxidised, and either collects on the surface of the
pile as ferrous sulphate, which is dissolved out by lixivia-
tion, or, if the temperature be high enough, the ferrous
sulphate is decomposed, and the whole of the sulphur
eliminated. (See also “bull-dog” and ‘bull-dog slag,”

. 56.

3 1 7)6. Ores containingfree silica, readily fusible silicates,
or manganiferous compounds in notable proportions, have a
tendency to clot during calcination if the temperature be
allowed to rise too high, and thus frustrate one of the
objects of the calcination, viz., the production of a porous
mass permeable by the reducing gases of the blast furnace ;
but with calcareous or compact ores rich in iron a more
prolonged and a higher temperature of calcination is per- -
missible, there being but little tendency to clot or to
become matted. . The degree to which calcination is carried
is influenced by the grade of pig-iron to be produced ;
thus, for the production of forge qualities of pig-iron the
calcination is usually stronger and more prolonged than
if foundry pig is to be the yield of the blast furnace.

177. The loss of weight during the process of calcina-
tion varies with different ores, for, whilst the Blackband
iron-ores of Scotland—on account of the large proportion
of bituminous matter which they contain—will lose by
reasting, in some cases as much as 50 per cent. of their
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weight, the Welsh argillaceous ores suffer a loss of from
25 to 30 per cent., or an average of about 27 per cent. The
brown heematites lose some 12 or 14 per cent., and the
red hsematites only about 6 per cent., of their weight;
80 that it is not the practice in the heematite districts of
England to subject such ores to any preliminary calci-
nation, since water is the chief volatile ingredient, and
this is expelled by the heat of the ascending gases
as the ore lies in the upper zones of the furnace, and
before it descends to the hotter and reducing zones. The
only preliminary treatment to which the English heematites
are subjected, before being charged along with fuel and
flux into the blast furnace, is, as already mentioned, to
break up the ore into comparatively uniform blocks of
some two inches square; but even this practice is in
numerous iron-works invariably neglected, the ore being
charged direct into the blast furnace exactly as it is
received from the mine, without any mechanical prepara-
tion whatever. .

178. Roasting or calcination of iron ores is effected
in clamps or open heaps, between closed walls, or in variously
designed kilns, but in all of these it is necessary to observe a
careful regulation of the temperature, so that the ores may
not be softened, partially fused, or clotted together into
compact masses impervious to the ascending gases in the
subsequent smelting operation. With such ores as the
- Blackbands, containing much carbonaceous matters, care
should be exercised that the temperature does not rise
sufficiently high to effect a partial reduction of the metal
in the ore.

179. Roasting or calcination in open heaps, as
carried on in South Wales, Staffordshire, &ec., consists in
placing upon a piece of level ground a layer or bed of coal
several inches in thickness, upon which are put ore and
fuel in alternate layers, until the pile so formed reaches
to a height of from four to five feet. The proportion of
ore to fuel in the several layers is made to increase from
the bottom towards the top of the pile. In the Hartz
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districts the first layer on the ground consists of a bed of
slag, upon which is placed a layer of iron ore, and then
alternate layers of fuel and ore, until the whole forms a
truncated pyramid of some nine feet in height, with a
base measuring about sixty feet square. According to
either the English or Continental method, the conduct of
the operation is the same, the fire being first lighted at the
base of the pile just as in charcoal burning ; and, as the
process atlvances, if any portion of the surface indicates
that the combustion is proceeding too rapidly, or that the
calcination is too active, then such part or parts are
damped down with small ore, so that the process in those
directions is checked. The period of calcination thus
continues until the whole of the coal in the pile has been
consumed.

180. Inthe Hartz the ores to be treated are calcareous,
and the process has a duration of from eight to fourteen
days; and for the calcination of each cubic foot of such ores
about one-third of a cubic foot of small coal is consumed.

181. Blackband ores frequently contain from 25 to 30
per cent. of combustible matters, and these or such others
as contain much bituminous matter are usually roasted
without any further addition of fuel or carbonaceous
waterial.

182. Ores containing much carbonaceous matters, sul-
phur, or other combustible substances, are treated in longer
heaps, with less width at the base, than those above de-
scribed, whilst the height of the pile rarely exceeds about
three feet ‘such heaps are preferable for the roasting of
these classes of ores, since they do not attain to, so hIO‘h a
temperature as the larger heaps, and the ore is not, there-
fore, so liable to become fused together. Further, also, this
class of ores requires to be calcined in larger masses than is
the case with argillaceous and other ores free from combus-
tible matters ; but other ores, such as those of Westphalia,
which are less rich in carbonaceous matters, are usually
treated in large heaps of from 20 to 30 feet in width, from
15 to 20 feet 1 height, and of various lengths, in which
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the calcination is continued from two to three months
before it is completed.

183. Although the various methods of conducting the
calcination of iron-ores in heaps are essentially the same,
yet numerous devices are adopted in different localities for
the better regulation of the heat throughout the mass ; as
vy modifications in the dimensions of the pile as already
noted ; also by building together the larger pieces of ore so
as to form draught-holes communicating with the fuel
placed in the interior of the heap, and placing around
these draught-holes the smaller ore, whereby, when the
pile is ignited, the direction of the flame and heat can
be controlled by damping down the surface or opening
out these draught-holes as required. =~ With the same
object, it is a practice in the Westphalian works to form
draught-holes between the sides of the pile and other
passages in the interior of the pile ; these passages are first
filled with wood, and the pile is constructed by placing the
larger lumps of ore around the exterior of the pile, so
as to form an outer wall of ore, whilst the smaller ore
is placed along the sides of the draught-holes, with the
larger pieces more distant from the heated currents
passing through these passages. In this manner is
erected a heap of upwards of 100 feet in length, which
burns for one month, the combustion being maintained
through the draught-holes formed throughout the
whole mass of the pile; and the progress of the calci-
nation is checked as before, by throwing a portion of the
smaller ore upon such portions of the pile as indicate a
too rapid rise in temperature.

184. In pyritous ores, the pyrites usually occur in
laminz, plates or nodules, arranged along the planes of
stratification of the ore, and since the gases passing
through the pile are largely of a reducing character,
the sulphur does not suffer complete oxidation. Grund-
man* therefore recommends, in order to facilitate the
elimination of sulphur from such ores by the process of

* Grundman : ‘“‘Entschwefl der Eisenerze.”
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volatilisation, that the lumps or blocks of ore should be
placed with their planes of stratification vertical, and
that the surface of such piles be covered with small
ore to condense and collect the sulphur.

185. The great disadvantage of calcining or roasting in
heaps is the comparatively large consumption of fuel
which the process entails, amounting in the South Wales
and Staffordshire districts to about 2} cwts. of coal,
consisting of two cwts. of small and half cwt. of large coal
to the ton of ore. There is also a difficulty in regulating
the temperature throughout the pile, for whilst the ore in
the interior of a pile is often clotted or partially fused
(especially when spathic carbonates or pyritous ores are
under treatment), the other portions of the pile are fre-
quently insufficiently or incompletely roasted, and this
irregularity is further aggravated when much carbonaceous
matters or pyrites are present, since the combustion of
these substances locally intensifies the heat, and so tends
to clot the ore.

186. Calcination hetween closed walls is pursued in
the Hartz, where clay ironstone is treated with charcoal
dust or breeze as the fuel. The walls of the pile are from
6 to 12 feet in height built around three sides of a rect-
angular area, the floor of which is usually made to slope
slightly towards the front or open side. In the enclosing
walls are constructed two rows of draught-holes, each of
about four inches in diameter, the lower row being placed
near the ground level, whilst the second row is about
three feet higher up. These draught-holes are in com-
munication with chimneys in the interior of the pile
built up of the larger pieces of ore, and these chimneys
also communicate with air-passages left in the base of the
pile, or formed by pieces of timber, and so the circulation
of air is effected through the draught- or vent-holes and
the chimneys. The conduct of the process is otherwise
like that described for the calcination of iron-ores in open
heaps, but the temperature and draughts are here more
under control, and there is a less expenditure of fuel,
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with more perfect calcination of the ore, than occurs in
open heaps.

187. Roasting or calcination in kilns is more
economical in both fuel and labour, the temperature is
also more under control, and the calcination of the ore is
more uniform than when the process is performed in open
heaps. The operation of calcining in kilns is also con-
tinuous, the kilns being built so that as the calcined ore
is withdrawn from the bottom of the kiln, fresh raw
ironstone and fuel are being added at the top. The
kilns generally employed on the Continent are cylindrical
or conical in vertical section, and are either circular or
rectangular with the corners well rounded off in horizontal
section, whilst the size varies with the nature of the ore
to be treated ; thus, whilst the circular kilns employed in
calcining large ore are only from 9 to 11 feet in height,
those built for the treatment of small ore are rectangular
in horizontal section, and measure as much as 80 feet
in length by 35 feet in width. Coal dust is the fuel
employed in Styria for the calcination in kilns of
spathic iron-stone with brown hamatite, the coal being
interstratified with the ore in the charge ; but in other
districts the kilns are arranged for burning the fuel
on separate grates built at the side of the kiln, from
which grates the heated products of combustion are
conveyed through the mass of ore in the kiln ; but in
other examples the heat is obtained by the combustion
within the kiln of the waste gases of the blast furnaces.

188. In the first-mentioned circular or rectangular type
of kiln, a layer of fuel is first placed upon the bottom or bed
of the kiln, and upon this are distributed alternate layers
of ore and fuel until the kiln is quite filled. The fuel at
the bottom is then ignited, and the air for its combustion
is also admitted at the bottom of the kiln, the rate of com-
bustion being regulated by the draught produced through
a large number of holes in the brickwork around the kiln,
mozre holes being opened as required for the calcination of
the smaller and finer ore. As the process goes on the
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charge sinks, is withdrawn by raking it down an inclined
plane at the bottom of the kiln, and more ore and fuel are
added at the top to supply the place of that withdrawn,
189. In the Cleveland district, Gjers’ kilns (Fig. 7) are
frequently employed ; these are circular in section,and built
of iron plates lined with 14 inches of brickwork. Such
kilns are of about
33 feet in height
and 24 feet in dia- | BRI + R

meter at the widest . = A 3 i_J
part, having a = e
capacity of about /2///2
8,000 cubic feet, |
holding, therefore, .

about 350 tons of
ore and fuel; but
they are also con-
structed of twice
this capacity. The
Gjers’ kiln resem-
bles in appearance
a low blast furnace,
witha conical lower
portion tapering to-
wards the bottom ;
and the whole is \
carried upon a _ ; T PN T
e g rest- Fig. 7,—Vertical SegI 1;1);1' of Gjers’ Calcining
ing upon short cast-

iron columns, so as to leave a clear space between the
bottom of the kiln and the ground of about 30 inches.
In the centre of the kiln and resting upon the ground
is fixed a cast-iron cone with its apex upwards; this
serves to direct outwards the descending roasted ore,
which is then raked outwards between the columns
carrying the kiln, whilst fresh ore and small coal are
constantly being added at the top, to replace the
materials withdrawn at the bottom. Around the body
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of the kiln, and near the bottom of the same, are openings
usually closed by doors, but which serve for the admission
of air as required for the process, and also for the intro-
duction of the bars or other tools as may be necessary if
the ore becomes softened or clotted from excess of heat.
190. At Dowlais and other works of South Wales, the
calcination of iron-ores is effected in massive stonework
kilns, having parallel sides and semicircular ends, and
which measure twenty feet in length, eighteen feet in
height, tapering from two feet in width at the bottom to
nine feet across at the top. These masonry kilns have a
lining of fourteen inches of fire-brick, whilst the bottom
is covered with cast-iron plates. In the front side of each
kiln are two archways, built in the masonry and open to
the fire-brick lining; while at the floor level through the
lining under these archways are placed two openings for
withdrawing the roasted or calcined ore, and above these
openings (but also within the archway) are several aper-
tures communicating with the interior of the kiln which
are used for regulating the draught of air through the kiln,
A kiln such as that just described holds about seventy tons
of materials (ore and fuel) ; it is charged by first making
three fires upon the cast-iron bottom, and then placing
the ore around these fires to the depth of a few inches,
following which, when this has attained to a red heat, is
placed another layer of some nine inches in thickness of
ore and small coal, in the proportion of about one cwt. of
coal to one ton of ore; this last layer, after attaining to
redness, is, in its turn, again covered with a like stratum
of a mixture of coal and ore, and so on until the kiln is
quite filled to the top, by which time the ore first intro-
duced is ready for withdrawal, an operation effected
through the openings at the floor level already mentioned.
Fresh additions of ore and fuel are then continually added
at the top of the kiln to replace that withdrawn from the
bottom, and in this manner the calcination proceeds
uninterruptedly in the upper zones of the kiln, whilst
the roasted ore is at the same time being withdrawn
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from the bottom, the descent of the charge from top to
bottom of the kiln occupying from three to four days.

191. In the Swedish calcining kiln as adapted for the
utilisation of the waste gases of the blast furnace, the
kiln is built of a circular section, slightly conical, and
about eighteen feet in height, with a mean diameter of
six feet. It is formed of an external massive struc-
ture either of brickwork or of rubble masonry,
the whole being lined with fire-brick and supported
by bands of wrought-iron around its circumference, after
the manner of an ordinary brick-kiln. The gases from
the throat of the blast-furnace are conveyed to a circular
main at the base of the kiln, and from thence introduced
into the kiln by sixteen equi-distant nozzles or jets; whilst
the necessary air for the combustion of the gases is admitted
a little higher up in the kiln through a series of apertures
controlled by dampers, and still higher is another series
of openings for the introduction of the bars required
to break up the charge in the event of the ore becoming
agglomerated ; and, further, there are in addition
numerous other horizontal openings left in the brick-
work, for the escape of moisture and other products
expelled during the calcination ; whilst at the base of the
kiln are openings for the withdrawal of the charge after
the manner already described. These kilns are capable
of roasting about twenty-five tons of magnetite and
schistose hematite in the twenty-four hours,

192. The small gas-kilns of Fillafer's patent, as
employed in Styria for caleining spathic iron ores, are
heated by the waste gases taken from the throat of the
small blast furnaces there employed in the smelting of
the same ores. These kilns are rectangular chambers of
about two cubic métres (756 cubic feet) in capacity,
and are built in rows back to back, each kiln measuring
1-422 metres (4 feet 8 inches) in length, 2657 métres
(8 feet 9 inches) in height, and 0-526 métres (1 foot
8 inches) in breadth. The waste gases from the blast
furnace are delivered into a horizontal main, from which
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they ascend through vertical flues in the lower part
of the brickwork of the kiln, into two long horizontal
chambers, built one on each side of the calcining chamber,
and from whence the gas is delivered for combustion above
the level of the grate-bars, through seven slits or jets
along each side of the furnace. The bottom of the kiln is
formed by a movable grating of bars, upon which the ore
charged in at the top rests, whilst the roasted ore is with-
drawn into a cooling chamber below, by removing one or
more of the grate bars as required. In such kilns about
eighty cwts. of ore in lumps are roasted during twenty-
four bours, the kiln being twice filled during this interval,
and the roasting is attended with a loss of about 30 per
cent. upon the weight of the raw ore. It is difficult to
treat small ore in these kilns, since it lies too closely,
and stops the draught through the bars which is neces-
sary for the combustion of the blast furnace gases; and
accordingly, if small ore be treated, the kilns do not
roast more than 50 per cent. of the proportion yielded
when large ore is operated upon.

193. Smelting of iron-ores in the blast furnace.—
The impure oxides and carbonates of iron constitute the
only ores from which pig-iron is produced on the large
scale; and since ferrous carbonates are reduced to the
state of ferric oxide (Fe, O) either during calcination or
before the ore reaches the zone of reduction in its passage
through the blast furnace, it thus follows, that the
chemical reactions which occur in the smelting of iron
are very simple, involving only the reduction of ferric
oxide, which, as already noted, can be effected at
a red heat by carbon, hydrogen, carbonic oxide, &e.;
the product so obtained from the blast furnace would,
however, be a heterogeneous mass or metallic sponge of
malleable iron, enclosing the refractory gangue or earthy
matters accompanying the ore, together with a slag of
ferrous silicate if the ore be very rich. The mechanically
mixed impurities, slag or scoriz, just enumerated, prevent
the reduced metallic particles from being brought into
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contact, and so render it impossible to consolidate the
metal by compression under the hammer or by other
means employed for the production of a solid mass ; and
thus for the production of pig-iron the product so obtained
requires to be combined in the blast furnace with a propor-
tion of carbon in the manner to be immediately described,
whereby the metal becomes more fusible, and so separable
by fusion from the gangue accompanying the ore. And
further, that the loss of iron arising from the formation
of rich ferrous silicates may be largely prevented, there
is added to the furnace a flux which, by combining with
the siliceous matters of the ore, prevents the formation
of these silicates (which are only reducible with
difficulty), and leaves the ferric oxide in a state to be
readily reduced by the carbonic oxide in the furnace, or
by the carbon of the fuel. Thus if the whole of the iron
is to be extracted from rich ores of iron it is necessary
to employ a temperature above redness, and to add a
flux which shall form a fusible slag with the gangue of
the ore, to the exclusion of rich ferrous silicates; for
beyond the direct loss of iron in such silicates, their
presence also prevents the union of the reduced iron with
the carbon necessary for the production of pig-iron.

194. The gangue accompanying iron-ores is usually
either of a quartzose or of an-argillaceous character, and is
infusible at the highest temperature of the blast furnace ;
but by the addition of lime to the charge comparatively
fusible slags of the silicates of lime and alumina resuls,
but even these slags require a much higher tempera-
ture for their fusion than the ferrous silicates just spoken
of. At the high temperature thus necessarily main-
tained in the blast furnace, the reduced iron combines
with an amount of carbon derived from the incandescent
Suel in the furnace, or from the finely-divided carbon
with which the mass of ore in the furnace is impregnated,
and pig-iron results.

195. When the blast-furnace is in regular work, or
“in blas’ ” as it is technically called, it is necessary to keep
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it filled to the top or throat with alternate layers of
fuel, ore, and flux, fresh materials being added to the top
as the charge works down. At the same time, the blast
entering through the twyers near the bottom of the fur-
nace is constantly and uninterruptedly supplied through-
out the whole campaign, except during the brief intervals
in which it may be shut off for tapping the furnace, or
for opening the furnace top for the introduction of the
charge. The blast should be delivered at a sufficiently
high pressure to pass freely through the whole contents,
and this is effected, according to the size of the furnace, by
a pressure of from 3 to 6 lbs. per square inch in furnaces
employing coke as the fuel, or from 1% to 2 lbs. in those
consuming charcoal.

196. The action of the blast furnace commences imme-
diately the blast from the twyers meets the incandescent
fuel (coke or charcoal), so that active combustion prevails,
and the oxygen of the blast is consumed within a small
distance of the twyers, attended by the production of
carbonic anhydride (CO,), and by the evolution of
intense heat; but the carbonic anhydride so produced
ascends towards the throat of the furnace through the
superincumbent mass of incandescent fuel and other
substances, and becomes reduced within a very short dis-
tance upwards to the condition of carbonic oxide (CO)—
thus, CO, + C = 2CO. Each volume of carbonic anhy-
dride yields two volumes of carbonic oxide, the change
being attended at the same time by a corresponding
absorption of heat, so that the zone of maximum intensity
of heat corresponds to the area where carbonic anhydride
is first produced, and is thus confined to a very
limited area in the mneighbourhood of the twyers.
The carbonic oxide produced in the above manner
then becomes the principal amd active reducing agent
of the blast furnace, and it ascends along with the
heated nitrogen introduced with the blast of atmos-
pheric air, together with smaller quantities of other
gases, as hydrogen, &c., through the furnace, meeting in
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its ascent the highly heated ore and fluxes. The ore is
moreover in a porous condition from its previous cal-
cination, or from its heating in the upper portions of the
furnace, and is thus in a state highly favourable to
its permeation by the current of ascending reducing
gases, and therefore to the reduction of the iron. The
reduction of the iron is largely effected by the carbonic
oxide, which is converted thereby into carbonic anhydride.
Thus Fe,O, + 3 CO = 3 CO, + 2 Fe, whilst possibly
a small proportion of the iron may also be reduced from
the ferric oxide (Fe,O;) by the direct action of carbon,
at the high temperature of the furnace. The nitrogen
and other gases which do not act as reducing agents assist
by their sensible heat to raise the temperature of the
materials in the upper part of the furnace ; and hence the
higher the furnace the more perfectly is the heat absorbed
from the ascending gaseous current, with a corresponding
decrease in the temperature of the gases escaping from
the tunnel head of the furnace, although the escaping
gases from both the high and the low furnaces
may contain the same percentage of combustible gas,
and yield as much heat upon their subsequent com-
bustion.

197. The iron thus reduced from its ores by carbonic
oxide or other reducing agent is accompanied in its descent
towards the furnace hearth by the slags resulting from the
union of the fluxes and the earthy matters of the ore ; and
during the descent of the iron it is further carburised by
contact with the heated carbon, and its carburisation may
also, to a lesser degree, be effected by the decomposition
of carbonic oxide, hydrocarbons, or cyanogen compounds
(present in the furnace) by the reduced iron. Thus, the
fusible compound of iron with carbon and other impuri-
ties constituting pig-iron collects in the hearth of the
furnace, above which, in virtue of its lower specific
gravity, floats the fusible slag, protecting the metal
in the hearth from the decarburising influence of the
blast which enters above it.
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198. The changes and reactions under which, in the
neighbourhood of the twyers, the combustion of carbon by
the oxygen of the blast is effected, with the production
of carbonic anhydride, are followed by the almost im-
mediate reduction of the carbonic anhydride to the condi-
tion of carbonic oxide by the great mass of heated carbon
through which the gas passes, and followed again by the
re-oxidation of the carbonic oxide so formed into carbonic
anhydride, with the reduction of ferric oxide and the
separation of metallic iron. The carbonic anhydride is,
in its turn, again reduced to carbonic oxide by contact
with incandescent carbon as before ; and so this cycle
of changes by which carbonic anhydride and carbonic
oxide are alternately produced, with the reduction at
each change of a proportion of the iron from its ores,
is repeated in rapid alternations as the gases ascend
through the furnace ; and these reactions are continued
so long as the temperature remains sufficiently high to
effect the changes. It is thus obvious that the gases
taken from all vertical sections of the furnace above the
twyers will yield on analysis both carbonic anhydride and
carbonic oxide, but that the proportion of the former
to the latter will increase towards the top of the furnace,
owing to the lower temperature there prevailing, and the
consequently less active reaction going on between the
carbonic anhydride and the carbon of the fuel ; whilst the
reduction of ferric oxide (Fe,0;) by carbonic oxide is also
continued at a somewhat lower temperature than that
required for the reaction of -carbon upon carbonic an-
hydride necessary for the reduction of the latter to the
state of carbonic oxide. The amount of carbonic anhydride
is further increased in the upper zones of the furnace by
* the burning of the raw limestone (CaCOj;) introduced as
flux. Notwithstanding the tendency of the per-centage
of carbonic anhydride in the furnace gases to increase
towards the throat of the furnace, yet the escaping gases
contain a very large proportion of carbonic oxide, as is
manifested by the appearance of its characteristic lambent
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flame, when the top of the furnace is temporarily opened
for the introduction of the charge, &. Owing to the
large proportion of combustible gases which thus reach
the throat of the furnace, it is now the usual practice
to collect the waste gases which would otherwise escape
from the blast furnace and utilise them by burning them
for the heating of the blast, raising of steam, calcination
of ore, &c.

199. Inthe above description of the action of the blast,
it has been assumed that the first effect of the entrance
of the blast into the furnace is the combustion of the
fuel and the production of carbonic anhydride in the
neighbourhood of the twyers; but Mr. I. L. Bell, in his
¢“Chemical Phenomena of Iron Smelting,” supports the
opinion of Professor Tunner that carbonic oxide, and not
carbonic anhydride, is directly formed by the combustion
of the fuel near the twyers, and that the heat so formed,
although less than it would be if carbonic anhydride was
produced, would yet be sufficient to melt the reduced
iron and slags, and to account for all the phenomena of the
furnace. The same author likewise considers it probable
that thke carburisation of the reduced metal, instead
of being the result of the direct contact of the
heated metal with the fuel, may be effected by the finely-
deposited carbon with which the ore becomes impregnated
in the blast furnace, as the result of a decomposition
of carbonic anhydride and carbonic oxide in some
manner during their passage through the furnace.

200. As already noticed, the calcination of iron ores
does not affect the quantity of phosphorus in the ore, and
therefore the whole of the phosphorus in the ironstone
is introduced into the blast furnace ; and it is found that
in smelting iron-ores containing phosphorus practically
the whole of the latter element, whether derived from
the ore, fuel, or fluxes, finds its way into the pig-iron
produced in the blast furnace, unless a considerable pro-
portion of ferrous oxide be allowed to escape reduction
by passing into the slag, when a considerable proportion

H
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of the phosphorus will also be found in the slag, and the
resulting pig-iron will be comparatively free from this
element ; and so vice versd, if the slag be free from ferrous
oxide it will also contain but little phosphorus, whilst the
pig-iron will be more or less phosphoric if phosphoric ores
be constituents of the furnace charge. Thus the con-
ditions of the blast furnace most favourable for the
perfect reduction of iron, with little loss of metal in the
slags, are also the conditions consonant with the reduction
of phosphorus and the production of a phosphoric pig-iron ;
and in the normal smelting of the Cleveland ores about
one-tenth of the phosphorus in the ore passes into the
slag,* whilst the remainder is found wholly in the pig-iron
produced.

201. Any manganese occurring in the iron-ores is also,
like phosphorus, to be found partly in the resulting pig-
iron and partly also in the blast furnace slag, but the
production of spiegeleisen, or manganiferous pig-iron, is
facilitated by a hotter blast and a higher temperature in
the furnace hearth.

202. The sulphur in the mine or ore is largely expelled
duringcalcination, but such as escapes expulsion under this
treatment, and so enters with the iron-producing materials
into the blast furnace, occurs along with that accompanying
the fuel or fluxes, either in the resulting pig-iron or
in the slags, according as the slag is calcareous or siliceous
in character. If lime be in excess in the furnace then
there is a marked tendency of the sulphur to pass into
the slag, possibly as calcic sulphide ; but if on the con-
trary the slag be more siliceous, the silica being present
in sufficient quantity to form by combination with the
lime and alumina present in the furnace charge a readily
fusible vitreous slag, then a larger proportion of the
sulphur will be found in the pig-iron yielded by the
furnace. Hence, white iron, which is produced at a lower
temperature than grey iron, and is accompanied by a
fusible siliceous slag, is usually more sulphurous than

* L L. Bell: “Chemical Phenomena of Iron Smelting.”
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grey iron, so that a high temperature with a liberal use
of lime are the conditions favourable to the make of
grey pig and the elimination of sulphur from the iron,
whilst a proportionately larger per-centage of sulphur will
occur in the slag than is found with the lower tempera-
ture and more siliceous slag accompanying the make of
white iron. The proportion of lime does not, however,
appear to affect the amount of phosphorus in the pig-iron.

203. A comparativelyhigh temperature being necessary
for the reduction of silicon, it is found, as would be ex-
pected, that the higher the temperature of the furnace the
richer in silicon is the resulting pig-iron, so that the
lower grades or numbers of pig-iron, which are always
produced at the higher temperatures, are more siliceous
than the higher numbers. Too high a temperature of
the furnace is sometimes productive of a metal somewhat
leaden in aspect, exhibiting however a grey fracture,
but with very small ecrystals; such pig is known as
glazed or glazy pig, and it yields weak, inferior castings
when it is used in the foundry, whilst it melts in the
puddling furnace like water, destroying the fettling
of the furnace long before the iron affords any indication
of coming to nature. Glazy pig-iron is therefore almost
worthless either for foundry or forge use, and the remedy
for a furnace working upon such metal is either to
lower the temperature of the blast, which is the most
convenient method, or to attain the same end by
increasing the burden of the furnace.

204. Ferromanganese is a variety of pig-iron contain-
ing from 20 to 60 or 80 per cent. of manganese, which
has during recent years come into extensive request
in the manufacture of soft or mild steel. It is a hard,
crystalline body, but, unlike spiegeleisen, its fracture does
not present the large cleavage planes so characteristic of
the latter. The name spiegeleisen is now generally
reserved for the varieties of pig-iron which although rich
in manganese do not contain more than 20 per cent. of
that metal ; while the name of ferromanganese is applied
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to those varieties of pig-iron containing upwards of
20 per cent. of manganese. Ferromanganese though,
until recently produced almost wholly upon the Con-
tinent from Spanish or Sardinian ores containing from
10 to 40 per cent. of manganese, has now become an
! article of regular production in both England and France.
But its production requires not only suitable ores but also
a blast of the highest possible temperature that can be pro-
duced in fire-brick stoves, while the consumption of
fuel is exceedingly high, amounting, when the metal
contains 80 per cent. of manganese, to no less than three
and a-half tons of coke per ton of metal made ; and the
yield of the blast furnace falls to between twelve and
twenty tons of ferromanganese per day, in furnaces which
would yield from fifty to sixty tons of ordinary pig-iron per
day. Of the manganese present in the furnace charge, from
60 to 70 per cent. only is reduced and passes into the pig-
iron, while the remainder passes largely into the slag, but
a portion also is most probably volatilised at the high
temperature employed. Ferromanganese can be obtained
containing about 85 per cent. of manganese, but while
a ferromanganese containing 80 per cent. of manganese
is quoted at £20 per ton, spiegeleisen containing 20 per
cent. is worth only about £5 10s.

205. Efforts have from time to time been made to de-
termine the zones or areas within the furnace in which
the several chemical decompositions and changes pre-
viously described are confined, as also the temperatures of
these several limits. But such efforts are necessarily
unsatisfactory, owing to the varying products which are
found at the same depth from the throat, under the
varying conditions of the furnace on different occasions ;
such variations arising from the somewhat complex nature
of the action of the blast furnace, and the irregularities
introduced into its working by small differences in the
quality of the ore, fuel, and fluxes at the various intervals ;
also from the want of care in charging, and from alterations
in the temperature of the blast ; whilst even atmospheric
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changes have an effect upon the regular working of the
blast furnace, the latter alone being sufficient, according
to Mr. Bell, to effect a rise or fall of a number in the
quality of the pig-iron, and to make a difference of
fully 5 per cent. in the consumption of fuel in the
furnace per ton of metal produced. Moreover, as the
cycle of changes whereby the carbonic anhydride pro-
duced upon the combustion of the carbon of the fuel by
the oxygen of the blast is almost immediately converted
into carbonic oxide, which in turn by its reaction upon
ferric oxide becomes again oxidised to carbonic anhydride,
is repeated as the gases ascend through the furnace, so
long as the temperature remains at or above dull redness,
it is obvious that anything which
tends to elevate the temperature will
continue these operations to a higher
point in the furnace, and so it becomes
difficult to indicate more than the order
in which the several areas of reaction
follow, from the throat to the hearth of
the furnace. Mr. I. L. Bell* has en-
deavoured to map in a general way the
conditions of the furnace and of its
charge, at various depths from the hearth
to the throat. Commencing from the
throat of the furnace, there is (Fig. 8)
an upper zone, @, in which are lodged
the materials just charged into the
furnace, and where they are being
heated by the ascending gases; but
within twenty feet from the throat ;
the charge has attained to a duwll red F‘fﬁdiféggagrffg
heat, and the ore is in a condition, there-  several Zomes of
fore, for reduction by carbonic oxide ﬁf;;%’}ml,‘;c;he
with the production of a spongy me-

tallic mass. Descending now to the zone, b, the furnace
is at a red heat, and the carbonic anhydride is being

* Proceedings of Institute of Civil Engineers, 1872.
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expelled from the limestone; whilst in the area, ¢, a
Jull red heat is attained, and the reduced spongy
metal in its descent begins to absorb or combine with
carbon from the incandescent fuel, &c., with which it
comes into contact, in the manmner already described.
This combination or absorption of carbon continues
through the next zone, d, which is at a bright red heat,
and where it is probable also that the reduction of
sulphur, silicon, phosphorus, &c., of the charge, and
its combination with the iron, is effected ; in the zone,
e, constituting the boshes of the furnace, the tempera-
ture has reached a wvery bright redness, and is sufficient
to effect the combination and fusion of the slag-producing
materials ; whilst the lowest zone, f, or hearth of the
furnace, has attained a white heat, and the slags are
thoroughly fused, and separate accordingly from the pig-
iron ; which latter sinks in virtue of its greater specific
gravity, and collects as the lowest layer on the bottom of
the furnace, where it is protected from the action of the
blast by the layer of fluid slag above it. The slag and
pig-iron are tapped out at such times and in the
manner as will subsequently be described (p. 129).

206. The grade or quality number of the pig-iron
that will be produced from a given blast furnace is not
perfectly under control, but generally the iron produced
from easily reducible ores, from furnaces working at a re-
duced temperature and with heavy burdens—that is, with
a large proportion of ore to fuel—will be white iron ; since
under these conditions the charge works down more
rapidly, and the period during which the reduced metal
is in contact with the incandescent carbonaceous matters is
reduced to a minimum, and the degree of carburisation
of the pig-iron is accordingly at its lowest point. But
with an increased temperature in the furnace, and the
charging of lighter burdens—that is, where a larger pro-
portion of fuel to ore is employed—then the pig-iron is
usually grey and more siliceous than that made under
the former conditions. Hence, if an increased make is to
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be obtained from the same furnace whilst maintaining the
quality of the pig-iron, the other conditions of ore and
charging remaining the same, it becomes necessary to
increase the size of the furnace. If the make bo
increased by harder driving (heavier burdening) of the
furnace, other conditions remaining the same, then the
quality of the pig-iron is deteriorated, usually turning the
make into white iron, with the production at the same
time of a scouring slag of ferrous silicate.

207. The nature and quality of the slag produced in
the furnace has also an influence upon the quality of the
metal produced, in the manner to be described when
speaking of furnace slags (p. 109).

208. Fluxes, slags, fuel, &e., of the blast furnace.—
The gangue or earthy matters of the ironstone, consisting
forthe most partof quartz (silica), clay (aluminous silicates),
or of calcic carbonate, together with the earthy matters or
ashes of the fuel, are any of them, when alone, either quite
infusible or fusible only with difficulty ; and hence, un-
less some other body is added capable of producing readily
fusible compounds by combination with them, these earthy
matters exercise by their presence a prejudicial influence
upon the working of the blast furnace, and have an
injurious effect upon the quality of the pig-iron produced.
For these earthy bodies unless converted into a fusible
slag descend in an imperfectly fused state to the hearth
of the furnace, along with the reduced metal, and there
remain more or less mixed with the same ; but to prevent
this, it is the practice to add to the furnace charge some
substance which shall act as a jfluxr to the particular
earthy impurity accompanying the ore. The object, then,
in the selection and addition of suitable materials as
fluxes, is to add only such substances as, with the least
possible addition to the furnace charge of any material not
containing iron, will produce a readily fusible slag with
the gangue of the ore. For this purpose it is desirable,
as far as possible, to effect the result by the addition
or mixing together of iron ores, in which the gangue
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of the one will act as a flux to the other, and so produce
the desired slag; thus, for instance, by the judicious
mixing of siliceous and calcareous hamatites, or by the
addition of argillaceous ores to such a mixture in the
required proportions, the necessary slag is produced, with-
out the addition of non-ferriferous materials, In some
of the red hematites of Sweden, &c., the ore is accom-
panied by a sufficient quantity of calcareous matters
to yield the necessary flux without any further addition of
fluxing materials to the charge; such ores are accordingly
very economical in fuel, and are known as ¢ self-going ”
or “self-fluxing.”

209. Further, it is desirable that the slag in the blast
furnace, whether produced by the mixture of ores as
above, or by the addition of an independent flux, shall
have such a composition and be present in sufficient
quantity as to partially purify the pig-iron, by taking up
as much as possible of the sulphur derived from the
fuel charged into the blast furnace along with the ore;
and with this object a larger proportion of flux is always
added than would be necessary for the production only
of the most fusible slag.

210. The nature and quantity of the jflux depends
accordingly upon the character and composition of the
gangue accompanying the ore ; thus, with a gangue con-
taining free silica or a siliceous mineral, limestone is the
flux usually employed ; since, if such an ore be treated in
the blast furnace with fuel only without the addition of
any flux, the silica which is infusible when alone, would,
on passing through the zone of most intense heat in the
neighbourhood of the twyers, combine with ferrous
oxide from the ore, producing thereby a fusible basic
ferrous silicate, the iron in which would thus escape re-
duction in the furnace, and the yield or make of pig-iron
be proportionately reduced. But by the judicious addi-
tion of limestone with such ores, as the charge descends
through the farnace the limestone is first converted into
caustic lime,and then combines with the silica and alumina
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of the ore, producing a fusible double silicate of lime and
alumina, to the practical exclusion of iron from the slag.
In the case just noted of an ore with a quartzose or
siliceous gangue, such as the hematite ores of Lancashire
Cumberland, &e., it is usual to add both lime and argilla-
ceous matters to the furnace, the last mentioned being
in the form of an iron-ore such as that imported from
Belfast, which contains upwards of 30 per cent.of alumina,
with 30 per cent. of ferric oxide, and only about 10 per
cent. of silica. In this way iron-producing materials
in which the earthy ingredients mutually act as fluxes
to one another are introduced into the blast fur-
nace. Bauxite, a mineral containing some 57 per
cent. of alumina and 25 per cent. of ferric oxide, is also
sometimes used as the flux in the working of siliceous
ores.

211. If the gangue be of the practically infusible,
argillaceous, or aluminous character, which in the blast
furnace readily combines with ferrous oxide, with the
production thereby of fusible double silicates of alumina
and iron, but attended with an equivalent loss of iron,
then, as with the siliceous gangue just noted, by the
addition of limestone the formation of slags containing any
considerable proportion of iron is prevented, and the yield
of the furnace is increased ; whilst also by the production
of a more fusible slag the reduced metal better separates
itself from the earthy constituents of the ore. In
Staffordshire, where clay-ironstones with red and brown
hematites are smelted together, the silurian and carboni-
ferous limestone is employed as the flux ; and in Cleve-
land the limestone from the Pennine Range®containing
from 87 to 96 per cent. of calcic carbonate is employed.

212. In the treatment of calcareous ores it becomes
necessary to add argillaceous materials as a flux, when
the most convenient and generally adopted procedure is
to add a certain proportion of -clay-ironstone to the
charge.

213. Highly fossiliferous Ulimestones, owing to the
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presence therein of notable proportions of earthy phos-
phates and of pyrites, are to be avoided as fluxes; and
dolomites (magnesian limestone) are also less preferable
than the more calcareous varieties of limestone, since
magnesia decidedly diminishes the fusibility of blast
furnace slags.

214. The wuse of caustic lime in lieu of raw limestone
effects a saving of 30 per cent. in the amount of fluxes to
be added to the charge; whereby there is an increased
make of iron per furnace, together with a small economy
in fuel, since the loss of heat in the furnace, due to the
expulsion of carbonic anhydride (CO,) from the limestone,
is avoided by the use of caustic lime ; but the additional
cost of the caustic lime over raw limestone has prevented
its general application. If the furnace top be smoking
hot there may arise a further loss of fuel owing to the re-
duction of the carbonic anhydride to the state of carbonic
oxide by the carbon of the fuel, which carbonic oxide
then escapes without doing any useful work of reduction.

215. Slags from the blast furnace differ widely in
physical characters, according to the nature of the
ore and the fuel ; to the quality or grade of the pig-iron
being produced ; according as hot or cold blast is em-
ployed, and also as the burden of the furnace varies from
light to heavy. Hence deductions as to the working of a
furnace cannot safely be made from an examination
of the slag alone. The slags produced in two different
localities, under normal and similar conditions, may be
very similar, but it does not at all follow that the iron
produced in the two furnaces will be the same. On
the contrary the two are often widely different, yet with
the same furnace and similar conditions of charging,
blast, &c., valuable indications of the working of the fur-
nace are afforded by an examination of the slag.

216. Blast furnace slags are essentially double silicates
of lime and alumina, of the composition represented by one
or other of the formule 3 (CaO, Si0,) + Al, O,, 3 SiO,, or
3 (20a0, 8Si0,) + 2 ALO, 38i0,, of which the latter
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contains double the amount of silica contained in the
former. The latter or more siliceous slag is more
largely the product of charcoal furnaces; whilst where
coal or coke is the fuel employed the slags are generally
more basic in character, and accord more nearly with the
first-mentioned formula. The lime, however, in both
formulee is always more or less replaced by magnesia
(MgO), ferrous oxide (FeO), or manganous oxide
(MnO), whilst the silica is also sometimes replaced to a
small extent by alumina ; and, as indicated by the accom-
panying analyses, the slags often contain about one pound
of potash to the ton of slag, with probably also a small

ANALYSES OF BrAasT FURNACE SLAGS.
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proportion of soda, both alkalies existing as sulphides. It
is further noticeable that the slags containing the larger
proportion of manganous oxide, or of lime, most fre-
quently also contain a larger proportion of sulphur than
those in which these bodies are present in smaller pro-
portions. :

217. The colour of blast furnace slags varies from
white or grey, through varying shades of brown, yellow,
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green, and blue, to black. Generally a white or grey slag
is indicative of a furnace working upon light burdens and
producing grey iron ; whilst dark-coloured or black slags
result when the furnace is making white iron and working
upon heavy burdens; but the colours of the slags are
also influenced by their chemical composition, as affected
by the nature, quality, or composition of the ores, and of
the materials employed as fluxes in the furnace, as well
as by the burden of the furnace. Traces of certain
metallic oxides in the slag impart to it their distinct-
ive tints; for instance, the presence of small proportions
of manganous oxide (as occurs in the slag produced during
the smelting of manganiferous heematites) suffices to impart
an amethyst tint to the slag when seen in the massive
form, although the colour is not apparent when the slag
is vesicular or pumice-like in structure ; and the presence
of manganous oxide in the slag also tends, like lime, to
separate a portion of the sulphur from the pig-iron being
produced. If the burden of afurnace be increased so as to
produce white iron, then the slag directly acquires a dark-
green colour due to the presence of ferrous oxide, whilst
the slag remains white or greyish so long as the furnace is
working on the same ores, but with light burdens. Man-
ganous sulphide also imparts a yellow or brownish-green
colour to the slag, and the presence of excessive pro-
portions of alumina manifests itself in the production of
an opalescent slag, such as is frequently observed in
Staffordshire from furnaces smelting clay ironstone.
Lime, when in considerable proportions, is indicated by a
dull stony fracture of the slag, and if it becones excessive,
the slag on exposure to a damp atmosphere disintegrates
spontaneously and falls to powder; such slags, when
ground to powder and mixed with about one-fourth of
their weight of caustic lime, affording a good cement or
mortar for building purposes. The presence of lime also
decreases the fusibility of the slag, and generally a
furnace producing such slags yields a grey and highly
carburised pig-iron. Calcareous slags also take up a
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proportion of the sulphur present in the fuel or in the
ore, with the production of calcic sulphide, the presence of
which is evidenced by the evolution when the slag is
quenched with water of the characteristic odour of sulphur-
etted hydrogen (SH,), or of sulphurous anhydride (SOs) if
the slag be not so far cooled as to prevent the escaping
gases (SH.) from taking fire on coming into contact with
the atmosphere. A similar liberation of sulphuretted
hydrogen or of sulphurous anhydride, according to the
temperature, occurs also when baric or manganous
sulphide is present in the slag which is treated with
water. Ferrous oxide, as already stated, imparts to the
slag a dark-greenish or greenish-black colour according
as the proportion of ferrous compounds increases. The
sky-blue colour of certain Swedish slags has been attri-
buted to the presence of vanadium and titanium oxides,
or of sadic sulphide, such slags constituting a kind of
artificial ultramarine, but the evidence on this point is
not conclusive. Zincic silicate is also said to give a
green or blue tint to slags in which it occurs.

218. The several colours, as also the fracture of the
slag, are often much disguised by the molecular condition
induced by the varying rapidity or method of its cooling.
Thus a slag which has been cooled quickly will present
a vitreous conchoidal fracture, more or less translucent
on the thinner sections, whilst if a similar slag be cooled
more slowly it will show on fracture a dull, stony,
opaque, and porphyritic appearance, and the same slag
if allowed to flow over damp sand or through water,
will become changed to a veswular, brittle, fyiable, and
pumice-like mass.

219. The fusibility and fluidity of the slag are also to a
certain extent indicative of the working of a furuace, for,
under the same general conditions, when the slag is
refractory the furnace is usually producing grey iron,
whilst a very fusible slag indicates that it is working
on white iron. Slags which flow in continuous, steady,
but more or less viscous streams, passing slowly from
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the liquid to the solid state, are often produced when
a furnace is working upon light burdens, and have
generally a grey or whitish colour ; whilst heavy burdens
and a reduced temperature of the furnace are accompanied
by a scouring slag or cinder, flowing as freely as water, and
readily solidifying without passing through the viscous con-
dition. These scouring slags are often also of a dark-green
or greenish-black colour from the presence of ferrous oxide.
Scouring slags may also attend the production of white
iron, when the latter results from a partial reduction
of the ferrous oxide in the molten ferrous silicate by a
portion of the carbon of the pig-iron first produced and
effected during the time that the molten metal and the slag
are in contact on the hearth of the furnace. Forge- or mill-
cinders when added to the furnace charge in appreciable
proportion also result in the production of a dark-
coloured, fusible, scouring slag, which, if much cinder
has been added, sometimes yields as much as 20 per
cent. of iron; yet since the original forge-cinder con-
tained from 40 to 60 per cent. of iron its use is
attended with an economy, although, as before stated,
the pig produced is an inferior white, phosphoric, and
sulphurous pig-iron, known as cinder-pig. In all cases
the production of these scouring slags has a highly
erosive action upon the hearth of the furnace. Slags
which are the most fusible, perfectly fluid when melted,
and vitreous after solidification, are generally the more
siliceous in their composition, and often contain also con-
siderable proportions of ferrous and manganous oxides,
constituting the scouring slags above mentioned. The
least fusible slags are those containing large proportions
of basic or earthy substances, such as lime, magnesia,
&c., and which present a dull, stony appearance.
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CHAPTER VIL
THE BLAST FURNACE.

220. ComPARED with the huge, ponderous, conical
masses of masonry, ranging from 30 to about 40 or 50
feet in height, as built previously to the last 20 years,
—but of which few are now extant except in Sweden—
the modern blast furnace is a much lighter structure,
of a cylindrical casing of wrought-iron, lined with only
a comparatively thin coating of radial brickwork, and
is known, in contradistinction to the older form, as
a Cupola blast jfurnace. The larger examples of
the present date attain to over 100 feet in height
and 25 feet in diameter at the_boshes, against an ave-
rage of 45 feet in height with 12 feet diameter of
boshes in the year 1860. Further, instead of the well-
defined divisions between the stack, hearth, and boshes of
the furnace characteristic of the older types, the internal
surface of the furnace is in recent practice marked by a
more or less regular curve from the throat to the hearth,
without any abrupt variation in the slope of the brick-
work. Thus the Staffordshire and Scotch furnaces are
usually built of such an internal curved form as will give
a gradually increasing diameter from the throat to the
boshes, from thence diminishing, either, according to the
English practice, by a continuous curve to the hearth
bottom, or, as in Scotland, to the top of a wide cylin-
drical hearth. In certain Welsh furnaces, however,
the boshes are conical, and the stack, which is cylin-
drical, is terminated at the throat by a curved contrac-
tion or sort of dome, but in the Cleveland district curved
stacks, conical boshes, and cylindrical hearths prevail
On the Continent the outlines of the internal form of
the furnace are mnot so regular as in England, and
generally the hearths are made smaller, (Fig. 9), whilst
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Swedish
€rench

O Staffordshire

North Lincolnshire @
Ormesby

Redburn Hill

Dowlais South Wales

Belglan

Fig. 9.—Diagram showing the Variations in the Internal Forms of
Blast furnaces.
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charcoal furnaces are usually of considerably greater
height in proportion to the diameter than coke
furnaces, and the angle or slope of the hearth and boshes
is, as a consequence, very acute.

221. In the blast furnace for the production of pig-
iron, the blast is supplied through nozzles or twyers laid
approximately horizontal, and not at an angle downwards,
as occurs when malleable iron is produced direct from the
ore in the small Bloomery furnaces of the United States
and Canada.

222. Asindicating the increase in height and capacity
of the blast furnace of recent practice over that of twenty
years ago, it will suffice to note that whereas in 1861 the
Cleveland furnaces averaged from 60 to 70 feet in height,
from 16 to 20 feet in diameter at the boshes, and had a
capacity of about 12,000 cubic feet, in the same district
the prevailing height is now from 90 to 100 feet, with
from 25 to 30 feet diameter at the boshes, and a
capacity of from 30,000 to 40,000 cubic feet. A
furnace at Ferry-hill has been erected of 105 feet in
height with 50,000 cubic feet capacity. In Germany,
however, the furnaces are still much smaller than in
England, the largest only having a capacity of perhaps
15,000 cubic feet.

223. The best internal shape, size; and proportions of
the blast furnace are not capable of absolute determination
by theoretical considerations alone ; the dimensions varying
with the nature of the ore and fuel (charcoal or coke)
worked in the furnace, the pressure and temperature of
the blast, and the rate of driving (amount of air to be
blown into the furnace in a given time). The best
practical guide of the proper internal shape of a furnace
for working any particular class of ore and fuel is afforded
by an examination of the form which a furnace working
upon like materials presents when blown out after a
working campaign. For, any errors in the original design
of shape are marked in such a furnace by the addition or
accretion of materials upon such parts as were originally

I
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too large in diameter, and a corresponding undue wearing
away of such other parts as were too small, until the
furnace ultimately assumes its best form. Much,
however, may be determined as to the variations in size
and shape necessitated by differences in the ores, fuels,
fluxes, blast, &c., by careful consideration of the qualities of
these latter. Thus, although an addition to the height of
a furnace, with a proportionate increase in the tempera-
ture and pressure of the blast, is generally attended by
an economy in fuel, yet the height of a blast furnace
is practically limited by the power of the fuel to resist
crushing by the superincumbent materials of the charge.
Hence tall furnaces such as those of the Cleveland dis-
trict can only be applied where strong, hard coke is
employed ; the use of tender coke, coal, or charcoal
thus limits the height of the furnace, and where such
fuels are in vogue only comparatively low furnaces are
of service. Moreover, anthracite coal, although strong,
decrepitates during combustion, falling to powder and so
interfering with the free passage of the blast towards the
throat, which obstruction is further increased by the pro-
duction of an infusible mass resulting from the mixture
of the siliceous slag with the finer particles of coal
resulting from the decrepitation of the fuel, whereby the
blast is prevented from penetrating through any consider-
able height of such materials. Furnaces consuming
anthracite are for this reason much lower and wider in
proportion to height than the Cleveland furnaces ; whilst
the pressure of blast and the number of twyers in the
anthracite furnace are also greater than are required for a
coke furnace of the same height.

224. The mouth or throat of the blast furnace must
necessarily be contracted to a smaller diameter than the
boshes, in order to facilitate the charging of the ore, fuel,
and fluxes, as also to ensure a better and more uniform
distribution of these materials over the surface of the
charge previously introduced into the furnace. And in
passing it may be noted that the cup and cone arrange-
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ment, to be subsequently described (p. 121), for closing the
throat of the furnace, affords a most convenient means for
charging and uniformly distributing the materials of the
charge, since it delivers the charge upon the materials
already in the furnace, in the form of an annular ridge
with its sides sloping towards the centre and also towards
the circumference—a condition very favourable to regular
working, since there is then a tendency for the larger pieces
of ore and fuel to settle towards the centre and circum-
ference of the surface of the charge; wherebya more equable
draught through the entire horizontal section of the
furnace is maintained, and the bulk of the ore descends
slowly through the centre of the furnace, which is the
most highly heated by the ascending gases, and so favours
an economical and regular or uniform working of the
furnace. With throats that are too wide, the tendency is
for the larger pieces of ore and fuel, when charged into
the furnace, to collect wholly towards the centre, thus
forming a mass readily permeable by the ascending gases,
and producing thereby a central current which induces
a too active combustion in this region, resulting in an
undue consumption of fuel, with a more prolonged or
constant contact of the ironstone with the brickwork
lining of the furnace, which is thus the more rapidly
destroyed. The opposite condition of a foo narrow
opening for charging results in the small ore falling into
the centre of the furnace, and these form a dense column
through which the ascending gases are unable to penetrate,
and so the deoxidation or reduction of the ore is retarded,
and the furnace yields black scouring slags. and white
iron ; hence the necessity of properly proportioning the
cup and cone charging apparatus so as to avoid either a
too wide or a too narrow aperture.

225. The furnace should obviously contract in dia-
meter from the boshes or widest part towards the hearth ;
since in this region the volume of materials in the furnace
is constantly decreasing, owing to the reduction and fusion
of the metal, together with the fusion of the slags.
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226. The older form of blast furnace illustrated in
Fig. 10 has an internal shape like that of two truncated
cones, of which the bases are joined by a narrow cylindrical
belt, @, known as the belly of the furnace. The upper
part, b, of the above-men-
tioned cones forming the
stack orbody of the furnace is
larger and deeper than the
lower or boshes, ¢, and while
the boshes are built either
of fire-brick or slabs of a
refractory sandstone, the
stack consists of an internal
lining, d, of from fifteen to
eighteen inches in thickness,
of fire-brick set in fire-clay,
and outside of which is a
casing of refractory sand or
broken scorie, e, supported
by a concentric wall of
brickwork, f; while outside
of all is the massive brick
or masonry-casing, g, the
whole being well and
strongly tied together by

-.- stout bands or hoops of

77777777777 iron,  The masonry is

Fig. 10.—Sectional Elevation of a further prevented from
S rdTag i R e splitting during drying or
heating up by building

throughout the outer cesing of masonry numerous
channels, by which the escape of water and drying of the
furnace are much facilitated. The upper cylindrical part,
h, of the furnace is known as the #Aroat; and in open-
topped furnaces—that is, suchas allow the gases and
flame to escape directly from the throat into the atmos-
phere—the throat of the furnace is surmounted by a
tunnel-head of from eight to twelve feet in height,
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and from eight to nine feet in diameter, which thus
serves to carry the-flame clear of the charging holes, s,
which in such furnaces are built in the sides of the
tunnel-head ;; but in closed-topped furnaces the tunnel-
head is unnecessary.

227. Around the filling hole or throat of the
furnace is carried a platform for providing a free
passage to the barrows and waggons conveying the ore,
fuel, and fluxes to the charging apparatus This gallery
is formed in the heavy furnaces just described upon
the flat upper surface of the masonry of the stack,
but in the cupola or more modern structure it forms
an overhanging stage supported by brackets from the
body of the furnace. The furnace slopes gradually from the
boshes, ¢, to the hearth, k, and the whole erection rests
upon a large heavy foundation of fire-stone or fire-brick, in
which arched galleries are left for taking away moisture
and keeping it perfectly dry; while the bottom of the
hearth usually takes the form of a flat inverted arch, the
concavity of which is upwards so as to prevent it from being
raised by the accidental escape of metal beneath it. In
front of the hearth, %, is an opening in the masonry, the
crown of which, /, known as the ¢ymp, is made either of a
block of refractory stone, or of a hollow cast-iron bearer or
box built in the masonry, and through which a current of
water circulates to keep it cool and to protect it from the
heat and from the corrosive action of the slags. A little
below and in front of the tymp is a prismatic stone, m,
called the dam-stone, supported on its outer side by a
cast-iron plate known as the dam-plate, z. The portion
of the hearth or space behind the dam-plate, which is
arched over by the tymp-arch, is known as the fore-
hearth. A circular notch cut in the upper edge of
the dam-plate constitutes the cinder-notch ; whilst a
vertical slot through the dam and dam-plate, extending to
within about eighteen inches of the bottom of the hearth,
forms the tap-hole, ¢ (Fig. 11), which is stopped during
the working of the furnace by sand or clay, introduced
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on the end of a suitable bar and carefully tapped into the
opening ; and which plug or stopping is removed by a
pointed bar, as required for tapping out the metal from
the furnace. Frequently, on either side of the tymp

)

Fig. 11.—Vertical Section of the Older Type of Close-topped Blast furnace,
with Rectangular Hot-blast Stoves.

are fixed cast-iron plates provided with notches, upon which
the workmen rest their bars when cleaning out the hearth,
&c.  The twyer holes, n, varying from two to six or seven
in number, are arranged around the circumference of the
hearth and at some distance from the bottom of the same.

228. Fig. 12 is a vertical section, showing the general
arrangement and construction of a cupola blast fur-
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nace employed in the production of hematite pig-iron
from English or Spanish ores, and differing only in size
from many of the Cleveland furnaces. The same letters
of reference and names
apply to the several
parts of Figs. 11 and 12

as those already applied ; g/%
in the preceding sec- | . - E%
tions to the older type 7. %§ §%
of furnaces (Fig. 10); : %§ §%
but there are also i %§ §%
shown the blast-main, & %g% §Z
p, and the smaller pipes  [&§ %\% §§
leading from it to each |3 %§ )
of the water-twyers, ¢, |} gg §§
through which the blast z ]

(] ég \/

is supplied to the fur-
nace. The twyers vary
in this class of furnace
from three to six in
number. In the cupola
blastfurnace (Fig.12)the
body or stack is formed
of a wrought-iron casing
of &-inch or }-inch plates
riveted together, and 23
within which is built the 5 @g N

; 2 Ll 3 N\
outer casing, f, of ordi- N
nary brickwo;k, inside %m///j
N

y . 2 7 i

of which is the fire-brick /_

linin about 18 inches 2272777777222
g d, about 18 M. S

in thickness, built up of _ Y >

b-inch fire-brick lugnps Fig, m"ve’{;f:;‘tsf?};‘;c"e‘f’ e Brpoin
all carefully dressed,

faced, fitted and laid to the exact radius of the furnace
in its several parts ; while between this inner fire-brick
lining and the outer casing of ordinary brickwork is
a small space filled with sand or scoriz. The stack
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of such a furnace is carried upon a cast-iron ring, resting
upon iron columns instead of upon the massive masonry
pillars formerly employed ; and the lower conical part is
also built in a conical wrought-iron casing, extending
from above the tymp-arch to the top of the columns
carrying the stack,and is itself supported upon cast-iron
stancheons and the brickwork of the hearth. The hearth,
v, is independent of the masonry of the stack, and is
built in after the stack is completed.

229. The foundation of the furnace hearth is a massive
formation of brickwork resting upon clay or other solid
base, and encircled by a stone curb, upon which the
columns carrying the stack stand. The bottom, v, of
the hearth of the furnace is formed either from large
blocks of a refractory sandstone or of two courses of fire-
brick lumps set on edge and breaking joint, so as to make
a thickness of about 4 feet 6 inches ; these are built in
the form of an inverted arch of slight curvature, the con-
cavity being upwards, since this form is the best adapted to
prevent the hearth from being forced upwards by the
accidental entrance of metal beneath the brickwork
during the working of the furnace. The hearth is, as
already noted, lined with the most refractory materials,
in order to resist the high temperature and corrosive
action ¢f the fluid slags with which it is constantly in
contact ; for which purpose, in England, the best fire-bricks
are employed, but in Norway and Sweden the hearth is
lined with a mixture of powdered quartz, fire-brick, and
fire-clay, well rammed in. On the under side of the
tymp-arch there is fixed a cast-iron box, in which is a
curved iron pipe through which a circulation of water
is maintained, and whereby it is better able to resist the
corrosive action of the slags which are constantly flowing
out from beneath it.

230. The cupola furnace, such as that just described,
illustrated in Fig. 12, and employed in the smelting of
hzmatite ores, will measure upon the average 65 feet
in total height from the hearth to the platform, with a
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diameter of 18 feet at the boshes and 7 feet at the hearth,
while the bell-opening is9 feet in diameter, and the furnace
has a capacity of about 15,000 cubic feet. The Cleveland
cupola furnaces generally working upon clay ironstones
have, as already noted, a capacity of double the above.
231. The open-topped furnace with long tunnel-head is
now generally discarded, except in South Staffordshire
and Scotland, where coal is cheap, and it is still tolerated
to burn the waste gases at the throat of the furnace;
but in other districts, especially since the introduction
of hot blast, some arrangement is always applied for more
or less completely closing the throat ; for drawing off

Fig. 13.—Cup and Cone Arrangement for élosing the Throat of the Furnace
and Collecting the Waste Gases.

the heated and combustible gases which ascend to the
throat during the regular working of the furnace ; and for
conducting these gases into a suitable apparatus to be
burnt, either under steam boilers for the raising of steam,
in coke ovens for the production of coke, or more largely
in the stoves employed for heating the blast blown into the
furnace. The most general arrangement now employed is
the cup and cone arrangement, shown in Figs. 12 and 13,
whereby the throat is entirely closed and the gases
wholly collected. The closure is effected by a cast-iron
cup or funnel-shaped casting, a;, of which the diameter at
the lower end is about one-half of that of the throat of the
furnace into which it is built ; and beneath the lower ex-
tremity of this funnel-shaped casting a cast-iron cone, b,, is
suspended from its apex ; this cone is connected by a chain,
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links, or other means, ¢;, with a counterpoised lever, d,, the
balance weight, w (Fig. 13), being adjusted so as to slightly
preponderate over the weight of the cone, b, ; hence, imme-
diately the charge has descended from the hopper, %, into
the furnacethe balance-weight issufficient toraise the cone,
b, back against its seating. Various mechanical devices
are in use for controlling the movement of the cone, a
frequent form being to attach a toothed arc to the
opposite extremity of the lever to that at which the
cone is suspended, into which arc is geared a toothed
pinion worked by a hand-wheel. Another method
illustrated in Fig. 13 consists of a cataract arrange-
ment, in which the cylinder, z, is filled with water,
whilst its two ends are connected by means of the
arrangement, u, and the cock, », so that the ascent or
descent of the piston, and thus of the cone, 6,, cannot be
effected unless the cock, v, is open, for the flow of the
water from one end to the opposite end of the cylinder, 2.
Therefore, when the cone, b,, is lowered, and the charge
has fallen from the hopper, 4, into the furnace there is a
small preponderance in the weight, w, tending to raise the
cone and close the furnace mouth, but this movement
cannot take place until the cock, v, is opened to allow of
the passage of the water from the bottom to the top end
of the cylinder, « ; hence all that is necessary is to open
the cock, v, and the mouth of the furnace is immediately
closed. Tmmediately this is effected the holding-down
bolt, v, is attached, whereby the cone is held up, as also
the charge in the hopper, 4,, until it is required to lower
the same into the furnace, when the rod, ¥, is thrown out
of position and the cock, », opened, upon which the cone
immediately descends and the charge falls into the
furnace as before. In this manner it is obvious that
when the cone, b, is raised, the furnace mouth or throat
is quite closed, and the gases then pass out from the
side of the throat through the pipe, w (Fig. 12), opening
into the furnace above the level of the charge, and the
gases are distributed by it for combustion at the boilers,
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hot-blast stoves, &e., so utilising to a considerable extent
the calorific power of these combustible gases. This
method of closing the throat also affords a convenient
mode of charging the furnace. For when the mouth is
closed, the cup and cone arrangement forms a kind of
hopper, A, into which the supply of ore, fuel, and
flux is placed as required, but as soon as the cone, b, is
lowered, the charge falls into the furnace. Owing to the
form of the cone, the charge is distributed with tolerable
uniformity over the surface of the materials already in
the furnace ; but the larger pieces of fuel and ore will
tend to distribute themselves towards the centre and the
circumference, while the smaller and heavier ore forms an
elevated conical annulus upon the surface where it falls.
This arrangement of the materials affords a good draught
and a free passage for the gases around the sides and
through the centre of the furnace, whilst the annulus of
the less permeable ore descends through the hottest part
or centre of the furnace, and so promotes economical and
regular working. The only time during which the throat
is open to the atmosphere is the short interval during
which the cone is allowed to fall for the descent of the
charge into the furnace ; and a further advantage of this
arrangement arises from the heating and drying which
the ore undergoes while the materials are lying in the
cup before their introduction into the furnace.

232. An alternative plan is in use in the Cleveland
district for the construction of the throat of the furnace,
which economises the space necessarily required by
the last arrangement to permit of the descent of the cone
into the furnace when the charge is introduced.” It con-
sists in fixing the cone, b,, and then substituting for the
funnel, @;,, a movable cylinder of cast-iron, which is drawn
upwards for the admission of charges falling into the
furnace, and lowered immediately the charging is com-
pleted ; but this class of arrangement does not distribute
the materials as efficiently as the cup and cone arrange-
ment.
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233. In Langen’s apparatus, as applied at Sieburg,
&c., in Prussia, for collecting the waste gases, the furnace
mouth is closed by a bell-shaped movable tube or lid, rest-
ing on an inverted conical ring ; the whole being placed
externally to the furnace. The bell is suspended from a
lever above the throat of the furnace, and the charge is
placed in the cup-shaped ring around the bell, so that
when the bell-tube is raised the charge falls into the fur-
nace. The lower end of the tube when lowered dips into
a water-trough, whereby a gas-tight joint is obtained,
whilst as a safeguard against explosion the arrangement
is fitted with two safety-valves, one upon the conical ring,
and the other upon the gas-tube. In Langen’s arrange-
ment the gases are withdrawn from the centre of the
throat instead of from the sides, as in the previously-
described plans.

234. A modification of Langen’s arrangement is applied
at Horde, Prussia, in which the mouth of the furnace is
closed by a flat plate or lid of cast-iron, in which are
four holes for charging, each kept tight by valves fitted
with waterjoints. Above the lid is a gas-pipe 3 feet in
diameter for drawing off the gases,and the pipe is connected
with the lid by a water-joint to prevent the escape of gas.
For the better distribution of the materials of the charge,
the lid is provided with an arrangement of rollers, whereby
it can be freely rotated but cannot be lifted or raised ;
and it is the practice, after each introduction of a charge
by the four holes mentioned, to rotate the lid through
one-eighth of a revolution before introducing another
charge. The charging apertures are opened in quick
succession, whereby the materials are rapidly introduced
and distributed around the circumference of the materials
already in the furnace.

235. In the charcoal furnaces of Sweden a partial col-
lection of the waste gases without closing the throat in
any degree is made by introducing a number of iron pipes
through the brickwork of the furnace, at a depth of 10
or 12 feet below the top; but this method affords but a
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limited and irregular supply of the escaping combustible
ases.

2 236. Another form given to the top of some of the
Ulverston furnaces working upon hzematite is shown in
Fig. 14, but it is not so general as the cup and cone
arrangement shown in Fig. 13. The method illustrated
in Fig. 14 consists of a wrought-iron tube, a, sus-
pended in the throat of the furnace, and lined inside
and outside with brickwork. It is supported on six
arched ribs of brickwork, b, b, forming a kind of dome ;
in this manner the

throat is only partially ()} —  g-——x—— 7
closed, and but a partial 7
collection of the gases is
effected. There are six

5

\
-

openings between the // U
arched ribs for charging %§"I/A\Q§\\%
purposes; and the whole %\§ i \\é
is fitted with a tunnel- ¢§ §%
T

head, in which are left g el ;
. . ig. 14.—Sectio evation of Furnace
S1X openings correspond- Throat, showing arrangement for

ing to the charging holes Drawing off Waste Gases by a central
in the arched ribs, and prbe,

these openings can be closed by doors in the intervals be-
tween the introduction of the charges. The tube is about
five feet in diameter, and extends for a distance of five
feet down the throat of the furnace ; it is connected at
its upper extremity with a cross tube which conveys the
collected gases to the hot-blast stoves, &c.

237. In such furnaces as are working with cold-blast
the air passes direct from the blowing engines to the cir-
cular blast-main (p, Figs. 11, 12), and so to the twyers
and the furnace; but if hot-blast be employed then
the air passes in its course from the blowing cylinders
to the furnace, through the hot-blast stoves or other
apparatus employed for heating it. The blast-main (Iigs.
11, 12), is a large circular pipe, placed at some dis-
tance above the level of the ground ; it passes in the
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older construction of furnace around the outside of the
hearth and through arched openings in the heavy pillars
of masonry upon which the stack is carried ; but in the
modern cupola type the blast-main is borne by the cast-
iron columns which support the stack. Opposite to each
twyer or metallic nozzle, through which the air is injected
into the blast furnace, there is a branch pipe or ¢ goose-
neck” descending vertically from the blast-main to the
level of the twyers. The goose-neck is joined to an elbow-
piece connected with- the horizontal blast-nozzles, and
the connection between the goose-neck and the copper
or iron nozzle is made by a stout leather coupling
if cold blast only is to be employed. But metallic con-
nections are required throughout for the higher tempera-
tures, and greater pressures are employed when hot blast
is adopted, and in that case the blast-nozzle is then
fitted with a ball and socket-joint, with a telescopic-tube
actuated by a screw with rack and pinion, whereby the
adjustment of inclination and direction of the twyers
can be made as required. In the angle of the bend or
elbow between the goose-neck and the twyer, there is
fitted a small slide containing a glass or mica plate,
through which the state of the furnace may be observed ;
the bright spot thus seen is known as the “eye of the
Jurnace.” A throttle-valve is connected with each
twyer for regulating the supply of blast, and a like
valve is also placed between the hot-blast stoves and the
plast-main.

238. The water-twyers always employed for hot-blast
furnaces are fixed in the walls of the hearth, and their
inner ends are thus subjected to an extremely high tem-
perature and other destructive influences: for besides being
exposed to a temperature of from 800° Fahr. to 1,400°
Fahr., to which the blast is generally heated, their de-
struction is further hastened by the contact of molten
metal and slag with their inner extremities. The twyers
are of wrought- or cast-iron, or a combination of both,
but they are also made of copper and of phosphor-bronze.
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239. The Staffordshire hot-blast twyer is a hollow
truncated cone (Fig. 15), through which a constant supply
of water is maintained by the pipes shown in the figure
for the introduction and withdrawal of the same, whiist
the sheet-iron nozzle of the blast-pipe is inserted loosely
into the axis of the conical twyer, the space around the
nozzle and the twyer being plugged up with clay. The
blast-nozzles point more or loss dir ectly towards the
centre of the hearth, and are laid horlzonta.lly, except
occasionally when it is
desired to produce forge
pig-iron, for which pur-
pose the blast may be
directed a little down-
wards towards the sur- _ ]
face of the molten metal, T8 15—Sgetion of v}%%fﬁa%mhm
whereby a partial decar-
burisation of the molten metal is effected, and white or
forge-iron results. Such an inclination downward is also
considered to promote the oxidation and partial elimi-
nation of sulphur, phosphorus, arsenie, &c., from the pig-
iron ; but on the other hand, if refractory ores are being
smelted, or grey iron is desired, then a slight inclination
of the twyer upwards is advantageous. New twyers are
always made a little longer than necessary so as to allow

: of the repair of their
burnt inner ends with-
out rendering the twyer
unserviceable.

240. A modification
of the hot-Blast twyer
just described is known
as the ¢ Scotch twyer ” (Fig. 16), and it is almost univer-
sally employed in the Cleveland district. This twyer,
instead of being the truncated cone last described, con-
sists of a splra.l wrought-iron tube or pipe enclosed within
a cast-iron casing, a current of water circulating through
the coil to keep ‘the twyer cool.

Fig. 16.—Scotch Hot-blast Twyer.
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241. The number, size, and arrangement of the twyers
in a furnace vary with the size of the furnace, the nature
of the fuel, and the amount of blast required, as determined
by the class of ore to be smelted and grade of pig-iron to
be produced; since from the same ore white iron requires
more blast for its production than grey iron. An excess,
as also an insufficiency, of blast may thus be introduced
into a furnace; the former condition resulting in an
increased consumption of fuel per ton of pig-iron pro-
duced, and, as just noted, with the production of white
iron: since with an excess of-blast the reduction of the
iron-ore progresses with too much rapidity, and the time for
recarburisation is proportionately reduced ; whilst, further,
the excess of blast introduced into the furnace tends also
to cool and solidify the slags, thus impeding the regular
working of the furnace. The disadvantages arising from
an insufficiency of blast are a reduced yield and the loss
of heat in the furnace.

242. In small charcoal furnaces two twyers will often
suffice, one being placed on each side of the furnace ; but
it is more usual to supply a third, which is placed in the
back of the hearth opposite to the tymp. In very large
furnaces the twyers are often placed upon either side of
the hearth in series of two each, while two more are placed
at the back ; or there may be three at each side, and one
or two only at the back, but the total number of twyers
to one furnace, however distributed, rarely exceeds
seven. In cupola furnaces with circular hearths the
twyers are usually placed at equal distances around the
circumference of the hearth, thus better distributing the
blast, and so also the heat and area of most active com-
bustion within the furnace; but sometimes a special
twyer is placed at the back for the purpose of clearing
away any obstruction of imperfectly-fused matter that
may collect on the hearth.

243. During the working of the blast furnace, the fused
metal and slag as already mentioned gradually accumulate
in the hearth in the intervals between tapping, and the
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slag, owing to its lower specific gravity rises to the
surface of the molten metal, thus protecting it during
this period from the oxidising or decarburising influence
of the blast.  The space between the top of the dam and
the tymp-arch is entirely closed during the working of
the furnace except the small aperture or circular notch
in the dam-plate already spoken of, through which the
slag when it reaches to this level is allowed to run
away, whilst the pig-iron continues
to collect on the hearth. The fur-
naces are only tapped in the Staf-
fordshire district at intervals of
about twelve hours, but those
making hwematite require to tap
out the metal after about every six
hours. Before tapping the metal
from the furnace, the sand-bed
which gradually slopes from the
front of the furnace is prepared
for the reception of the metal;
for which purpose a series of
parallel grooves or furrows (e, ¢,
Fig. 17) of a semi-cylindrical or
@, section are formed, usually
with their long axes towards the
tap-hole, while the top ends of Fig. 17—Plan of Pig-bed.
the trenches or furrows in each
row are connected with a common channel, 3, b, running
at right angles to them, and known as the scew or feeder.
These feeders or sows are themselves put in connection
with a common main channel, d, leading from the tap-
hole to the lower end of the sand- or pig-bed. This sand-,
or pig-bed, is of considerable size, and is usually exposed
to the weather. 5
244. In order to tap the furnace, the blast is turned
off and the tap-hole is opened by an iron bar, when the
metal flows from the tap-hole along the channel, d, to
the lower row of moulds or furrows; and, when these
J
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are sufficiently filled, communication between the trans-
verse channel or sow, b, and the main channel, d, is cut
off by driving down a spade at ¢, and placing a shovelful
of sand against it ; whereupon the metal takes the next
channel nearer the furnace, and so on, each sow or
transverse channel being put in succession into com-
munication with the main feeding-channel d, so that the
metal last flowing from the tap-hole is cast in the moulds
nearest to the furnace. When the whole of the metal
collected on the hearth has been thus tapped out, the
tap-hole is again made up, and the blast turned on until
sufficient metal has again accumulated to require another
tapping. The cast-iron thus occurs in a series of bars
or pigs about 3 feet in length and of the section above
shown, every pig from the same row being united at one
extremity to the rather larger transverse feeder or sow ;
but the connection is easily broken by the workman, who
goes round, and, with a stroke of a large hammer, breaks
off the pigs at the point of junction with the sow.

245. In Sweden, instead of casting in sand in the
manner last described, the practice is to cast the metal
into rectangular slabs, about 16 inches long, 9 inches in
width, and 2} inches in thickness, by running the molten
metal into cast-iron moulds in which the special brand or
make of the pig-iron is marked on the bottom of each
mould, and so occurs on each pig after casting. The
practice of using iron moulds often partially chills the
metal ; and hence, as already mentioned, it is not unusual
to find Swedish pigs whose fracture presents a skin of
white, mottled, or chilled iron, enclosing a grey interior.

246. In Styria, the contents of the hearth are run
through a channel partially closed by an iron shutter,
when, owing to the specific gravity of the metal being su-
perior to that of the slag, the former runs through the
opening beneath the shutter into the sand-bed, where it
forms a cake weighing from 2} to 3 tons, requiring about
half an hour for its solidification ; after which it is drawn
from the sand-bed, allowed to cool down in the open air,



Chap. VIL] THE CINDER-FALL. 131

and then broken up into irregnlar fragments for use in
the puddling or forge furnaces. The slag, which has
been kept back, rises in front of the shutter and flows
away into a separate channel, where it meets a jet of
water, and is granulated or reduced to the state of a
coarse sand, which is then available either for building
purposes or is thrown away as waste.

247. The slag or cinder which is continually running
from the cinder-notch during the working of the English
blast furnace, and which amounts to about 30 cwts. for
each ton of iron made, is often formed into large blocks
by running it into a cinder-tub—that is, a shallow iron
truck with movable sides—so that, when the tub is
filled and the slag has sufficiently cooled down to become
solid, the sides of the cinder-tub are moved away, by
turning them upon the hinges by which they are attached
to the end plate of the tub. The mass of slag is then
either lifted from the bottom of the cinder-tub or bogie
upon which it stands, and conveyed to the cinder-heap ; or
the bogie itself is drawn to the cinder-heap, and the block
there thrown or tipped off on to the heap. Asthe cinder-
tub is filled, it is either replaced by another empty one,
or the channel through which the slag flows is diverted so
as to run the slag into another tub standing alongside
the one just filled.

248. In Staffordshire, instead of running the slags out
into a cinder-tub, they are allowed to collect in a cavity or
basin in the ground or floor of the casting-bed, and known
as the roughing-hole, from whence, after solidification, the
slag is lifted into waggons and taken to the cinder-tip.

249. In some small furnaces there is no cinder-notch,
but, in front of the dam-plate, there is formed an inclined
plane called the cinder-fall, over which the slags run, are
allowed to solidify, and are then broken up by hand labour.

250. Instead of running out the slag, as above, into
useless blocks, efforts have been made to utilise it
economically for building and other purposes; and, in
Staffordshire and the Cleveland district, a process has been
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carried out for running the slag into cast-iron boxes or
moulds, of shapes and sizes applicable to the pavement of
footpaths and to building purposes. With this object the
necessary moulds are arranged on the outer edge or circum-
ference of a horizontal wheel of twenty or twenty-five feet
in diameter, which is revolved by hand as the moulds are
severally filled, the table remaining stationary during the
filling of each mould. The slag is allowed to remain in the
moulds until the blocks are sufficiently cold and solidified
to bear removal without damage, and this condition is
reached in the interval occupied in the filling of about one-
fourth of the moulds, and the wheel has made one-fourth
of a revolution. The slag-blocks are then allowed to fall
from the moulds, and are at once removed while still
hot to the annealing oven, where the bricks are main-
tained at a red-heat during twenty-four hours, and then
allowed to cool down during a further period of twenty-
four hours. The slag blocks or bricks so produced are
said to be hard, compact, and to make a very durable
material for pavements, since they have a high crushing
strength but they are also liable to crack. Only certain
qualities of slag are, however, available for the process ;
thus, a highly calcareous slag is inapplicable, since such
would obviously absorb moisture, swell, and fall to pieces
after any prolonged exposure to the weather.

251. In Lurman’s closed-hearth system, adopted in
some of the German furnaces, the hearth is circular in
section, is closed and built without fore-hearth. The
tapping and slagging holes are placed on opposite sides ;
the slag-hole being placed about 15 inches below the blast-
twyer, and 3 feet 6 inches above the centre of the tap-hole;
and the slag is often run into cast-iron moulds, so as to
form slag-blocks for building and other purposes.

252. Slag-wool, or silicate cotton, sometimes employed
as a coating for steam-boilers, steam-pipes, cisterns, &c.,
and of which much was expected, has not yet had any
extensive practical application. It is prepared* by

% Proceedings of the Iron and Steel Irstitute, 1877.
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directing a jet of steam upon the stream of molten slag
as it runs from the furnace to the slag-waggon, whereby
a portion of the slag is blown out into fine shots or pellets,
which, in falling to the ground, draw a series of fine
threads or filaments of slag between them and the molten
stream of slag; and whilst the pellets, in virtue of their
superior weight, fall down to the ground, the mass of
woolly threads can be sucked into a large tube communi-
cating with a large chamber covered with a fine wire-
netting or sieve, into which the current of steam and air
carries the slag-wool, which is deposited in suitable re-
cesses, as also upon the sides of the chamber, while the
heavier particles fall into the body of the chamber.
After each blowing, the several portions of the slag-wool
are separated, and selected for the various applications, or
rejected, as may be.

253. The charcoal blast furnace used in Styria, and
generally known as the DBlauofen furnace, is dis-
tinguished by the smallness of the throat and the absence
of any fore-hearth, the furnace breast being quite closed,
50 that both metal and slag are allowed to accumulate in
the hearth until the time for tapping, when the slag and
pig-iron are tapped out simultaneously at intervals of
about three hours. The fluid siliceous slag, being lighter
than the molten pig-metal, floats on the top of the fluid
stream as it flows from the tap-hole; and by the intro-
duction of a shutter into the stream the metal is allowed
to pass into one cake, weighing some 24 or 3 tons, which
is subsequently broken up into irregular pieces for intro-
duction into the puddling furnace; whilst the slag which
is diverted by the shutter into another channel is met by
a jet of water, and is thus granulated or reduced to the
condition of a coarse sand, in which form it is either
used for building purposes in lieu of ordinary sand, or is
simply carried away by the water into the river or other
stream, and thence allowed to be washed away.

254. Some of these Blauofen furnaces in their latest
modifications have yet but a capacity of 1,200 cubic feet,
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and measure only about 30 feet in height, 4 feet 8 inches
in diameter at the bottom of the hearth, 7 feet 2 inches
in diameter at the boshes, with a diameter of 4 feet at
the throat. The height from the hearth bottom to the
top of the boshes is about 7 feet 2 inches, the height of
the cylindrical stack above the boshes is 6 feet 3 inches,
and the height of the upper conical stack to the throat
16 feet 6 inches; but others of these furnaces have
reached to 40 feet in total height. The internal form
of the furnace is thus that of two truncated cones, the
bases of which are united by a short cylindrical stack.
The hearth bottom of these Styrian furnaces is about
3 feet 3 inches in thickness, and is built of fire-brick
free from quartz, while the inner lining is formed for
fully two-thirds of its height from natural blocks of ser-
pentine, above which, and including the throat, the furnace
is lined with a talcose schist. Externally, it is built of
rubble masonry, within which is a concentric wall of
common brick, and between the two is a space loosely
filled up with stones, &e.

255. The Blauofen furnaces employ a blast heated to
from 500° Fabr. to 600° Fahr., which is introduced by
three inclined water twyers, which thus, to a certain degree,
convert the hearth into a refinery. The daily yield of about
twenty tons of metal per furnace is of a white granular
or laminated pig-iron, resembling refined iron, which con-
tains about 325 per cent. of carbon, with 0-71 per cent.
of manganese, 0'13 per cent. of silicon, 0:03 per cent. of
sulphur, and 0:02 per cent. of phosphorus. The con-
sumption of fuel in this furnace is about 163 cwts. of
charcoal per ton of pig-iron produced, the furnaces being
generally worked with heavy burdens; but if there is a
tendency to scaffold or to become obstructed, a blank-
charge—i.e., a charge of fuel and fluxes without ore—is
added, or simply two charges of fuel to one of ore are added
to clear away any obstruction. The furnace charge
works down from the throat to the hearth of these
furnaces in from 44 to 5 hours,
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256. The ores treated in the Blauofen furnaces are
spathic carbonates more or less changed by oxidation
into brown hwematite, and they yield from 35 to 55 per
cent. of metallic iron, with a little manganese. The ores
are first roasted in kilns by the waste heat of the blast
furnace, and are then exposed to the weather during
several months for the solution of the sulphates formed
by the oxidation of the sulphur during the roasting.
The furnace charge of ore is made up of from 60
to 80 per cent. of roasted large ore, with 20 per
cent. of unroasted small ore; besides which an addition
of a siliceous clay is made, together with forge- or mill-
cinder and lime as fluxes; while the fuel is the hard
charcoal from the beech-tree, with a larger proportion of
soft charcoal from the pine and the fir. The slags pro-
duced are therefore usually highly siliceous in composi-
tion, fluid when melted, and of a light green colour due
to the presence of ferrous and manganous oxides.

257. The blast for the Styrian Blauofen furnaces is
usually heated to from 480° Fahr. to 600° Fahr. (250°C. to
315° C.) in pipe stoves of the Westphalian pattern, each
stove consisting of an arrangement of cast-iron pipes,
generally twenty-four in number, arranged in six series
or tiers placed horizontally one row above the other, all
the joints and connections of the pipes being made
outside the masonry of the stove. The air for the
blast enters at one end of this series of pipes, and passes
out after traversing the whole series from the outer end
of the last pipe. The pipes or tubes are oblong in
section, and measure about 12 inches i the major
diameter by 3} inches in the minor, and are heated
either by a separate fire or by the combustion of the
waste gases from the furnace.

258. The Swedish charcoal blast furnace is similar to
the Styrian furnace last described, but differs from it
in having a small and narrow fore-hearth. These
furnaces have a capacity of between 600 and 2,500 cubic
feet, the latter measuring 52 feet in height by 93 feet in
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diameter at the boshes, from which figures it is noticeable
that the furnaces are much higher in proportion to their
diameter than English coke-furnaces. The Swedish fur-
naces make upon the average from 30 to 60 tons of pig-
iron per week, although in some of the larger furnaces,
as those of Langbanshytta, with a cubic capacity of 2,300
feet, the yield has reached to 149 tons of white forge pig-
iron per week. The temperature of blast employed in the
furnace does not usually exceed 200° C. (392° Fahr.), and
they chiefly smelt at Dannemora, Langbanshytta, and
Langshytta the self-fluxing ores already described (p. 104),
which contain from 50 to 60 per cent. of metalliciron. At
Fahlun the charcoal furnace is of the cupola type, of which
the stack walls are jacketed with $-inch iron-plates, and is
carried upon an iron ring supported by iron stanchions ;
whereby the circumference around the hearth is divided
into eight similar segments, of which six are used as twyer
arches, and one contains the slag outlet. This furnace
has steep boshes, forming part of the same cone as the
hearth, the angle of which is very acute ; the cylindrical
stack is 13 feet 6 inches long, and is surmounted by a
funnel-shaped expansion to receive the wrought-iron
cylinder which isolates the annular space for collecting
the gases. The furnace has a total height of 55 feet, is
13 feet in diameter in the cylindrical part, and 5 feet in
diameter at the hearth. It is usual in Sweden to form
the hearth and lower part of the boshes to within about
10 inches from the furnace bottom of a mass of powdered
quartz, rendered plastic by the addition of a little clay,
this mixture being rammed around a cone of the form
required, but the stack itself is lined with fire-brick. At
Finspong, for the production of the cast-iron for guns,
cold blast is still employed.

259. Rachette’s blast furnace has been erected in
the Oural mountains and other parts of Europe for
smelting magnetic iron ores; and it claims to produce
a more uniform and better distribution of heat in the
furnace than is yielded by the usual circular-hearthed
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furnaces, and also to
effect an economy in
fuel by retarding the
escape of the waste
gases ; for, owing to
the increase in the
sectional area of the
stack from the hearth
to the mouth, the
velocity of the as-
cending gases is dimi-
nished, and they thus
remain longer in con-
tact with the charge
in the furnace, and so
give up more com-
pletely their sensible £
heat before escaping
into the atmosphere.
260.The Rachette Furaace
furnace is rectangu-
lar in all horizontal
sections, and theshaft
gradually increases
in width from the
hearth to the mouth
cf the furnace (Fig.
18), the width at the
top being from 2% to
3 times the width of:
the hearth at the
twyers. The length
of the rectangular
hearth is about five
times its width, and
the furnace is blown g, 19.—Plan of the Rachette Furnace.
by 12 or 16 twyers,
placed 6 or 8 along each of the long sides of the hearth, but
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those on the one side are not directly opposite to those on
the other. At other times the twyers are replaced by two
long nozzles, one placed upon each side of the furnace,
and each of which delivers a sheet of blast from a long
narrow slot made in the direction of its length in lieu of
the several small jets from the twyers. The total height
of one of these furnaces as built in Russia is about 30 feet,
with a width at the hearth of 3 feet, increasing gradually
to about 7 feet at the throat; such a furnace has a
capacity of about 2,000 cubic feet, and makes about
30 tons of charcoal pig-iron per day. In the masonry
below the hearth is an arched chamber, communicating
in the manner shown in Fig. 18 with numerous channels
built throughout the masonry of the stack, and so
arranged that, before blowing in the furnace, by first
making a fire in this chamber the heated gases circulate
through the several passages mentioned, and thus the
masonry becomes thoroughly and rapidly dried and
heated; whilst during the smelting campaign these
passages perform the opposite function of cooling down
the hearth and masonry of the furnace by the circula-
tion of cold air through them. The furnace has a
dam and tapping hole in each of the shorter sides or
ends, from either of which the metal and slag can be
tapped at frequent intervals. Fig. 19 shows a plan of
the furnace.

261. Biittgenbach’s system of blast furnace con
struction is adopted to a certain extent in France,
Germany, and Austria, and differs both from the old
massive masonry structure and the cupola type of blast
furnace already described. The body or stack of the
Biittgenbach furnace is built of a single thickness of fire-
brick blocks, and is hooped with iron rings except for
about 12 feet from the top, where it is enclosed in a
shell or casing of wrought-iron plates, so as to give the
additional support necessary for carrying the charging
platform and apparatus. The stack is carried upon an
iron ring, supported either upon iron columns or upon
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arches with red-brick buttresses; while the hearth is
quite independent of the stack, and is accessible on all
sides. The hearth and boshes are cooled and preserved
against the corrosive action of manganese, &c., by building
into them six or seven courses or tiers of cast-iron water
blocks, which are protected at the front by about six
inches of brickwork, and are easily replaced when burnt
through. The water is introduced into the top course of
these water blocks, and flows downwards through the
lower ones successively before it passes away to waste.
262. Iron smelting in Japan is carried on in a very
primitive fashion, the ores being first roasted in rude
kilns for twenty or thirty days, and then smelted in
furnaces consisting of a mearly hemispherical hollow,
which is made in the ground and covered with brasque,
whilst the blast to each of them is supplied through one
or two clay mnozzles from the ordinary smith’s bellows.
Working is commenced by first filling the concavity with
charcoal, upon which a fire is lighted before the twyers,
and the bellows are set to work, by which means the
fire gradually increases, and a mixture of ore and charcoal
is then thrown in a heap over the furnace. 'When the
molten masses of metal reach almost to the twyers the
blast is stopped, and the red-hot charge is pushed aside ;
upon which the fire is slacked by water, the slags are with-
drawn from the molten bath, and the operation repeated
as above until the whole furnace is filled with liquid metal,
when the contents are either ladled out or lifted off in
discs, or, though more rarely, tapped out. The furnace
then requires to be repaired with clay, and the process
as above is repeated. Such a furnace will yield from
3,000 to 4,000 lbs. of metal per day, with a fuel consump-
tion of from 30 to 70 per cent. of the weight of the ore.
263. Blowing in, blowing out, scaffolding, &c., of
the blast furnace.—Before “blowing in,” or putting a
furnace into blast, it is necessary that the masonry of
the structure be thoroughly and slowly dried, to prevent
cracking or fissure of any portion of the masonry. Having
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been thus perfectly dried, the usual practice is then
to build up the twyer-holes, and introduce into the
furnace a quantity of rough old timber, sufficient to
fill the hearth to a depth of 5 or 6 feet, and upon
this sufficient coke is placed to fill the boshes. The
timber is then ignited, and the combustion rapidly ex-
tends to the coke above it, whereupon successive layers
of coke and limestone are introduced, until the furnace
is about one-third filled, the limestone serving as a flux
for the ashes of the coke. This charge is followed by
light burdens made up of about three parts of calcined
ore, with one part of limestone and two parts of coke,
so gradually filling the furnace up to the throat ; upon
which blast-twyers of about one-half the diameter of
those to be eventually used are inserted into the twyer-
holes, and the blast put on so as to deliver about one-
fifth of the blast required in the normal working of the
furnace. This condition is continued for from 36 to 48
hours, after which the blast nozzles are changed for others
of £ inch or one inch greater diameter, so as to deliver
a proportionately larger amount of blast during the
next 24 hours; and again, after the lapse of about three
days from the first admission of blast, the twyers are
changed for others of $ inch greater diameter than those
to be replaced ; and a further increase of % inch in dia-
meter is made to the blast nozzles at the end of about the
third week. But it is not until some four or five weeks
after the first introduction of blast, that the full pressure
and volume of blast as required for the regular working
of the furnace are employed, and in the interval it is
usual to charge the furnace with light burdens and gra-
dually to increase them with each increase in the pressure
and amount of the blast, as introduced in the manner
just described, until the fourth or fifth week, when regular
charging and driving will have been attained.

264. In 12 hours after the admission of blast to the
furnace, the slags first appear and begin to collect in
the hearth, but about 24 hours elapse before any metal
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appears ; after which it collects slowly and is tapped out as
is necessary, but it is only after three or four days that the
metal may be tapped from the furnace at regular intervals.
‘When the furnaces are in regular blast about seventy-two
hours are allowed in the Cleveland furnaces as the time
required for the charge to pass from the top or charging
plates of the furnace to the hearth, although in some
of the smaller Continental furnaces the time is much less
than this.

265. The furnace having thus been put into blast, or
commenced its campaign, it is continued in uninterrupted
work until it is necessary to stop either for repairs or from
other cause. It occasionally happens that there is a tem-:
porary scarcity of ore, fuel, or the like, when it becomes
necessary to stop the working for a short time; and this
can be effected by closing the throat and twyer-holes
with sand or clay, under which conditions the furnace
may stand for three or four days without much danger ;
but if such delays are prolonged for one week or up-
wards then troublesome obstructions are likely to form
within the furnace, perhaps necessitating the entire
stoppage or blowing out of the same. A well-built blast
furnace will run, under ordinary working and driving,
for five or six years without requiring to be blown out
for repairs, although the Cleveland furnaces sometimes
last for ten or twelve years; but very much depends
upon the driving of the furnace, since excessively hard
driving entails rapid waste and destruction.

266. When a blast furnace is to be stopped, or, as it |
is technically called, “ blown out,” the burden is gradually
reduced so as to increase the working temperature of
the furnace, and thereby facilitate the removal by
fusion of any fusible obstructions hanging within the
furnace. The tubes and fittings from the throat are
then removed, charging is discontinued, and the furnace
allowed to burn itself down, care being exercised to take
the last tapping of metal from the lowest possible point
in the hearth. After blowing out a furnace which has
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been in blast during a lengthened campaign, there is often
found in the bottom of the hearth an agglomerated mass
of malleable steely-iron known as “bear” or “horse,” and
similar but smaller masses will be attached to various
points around the sides of the hearth. These masses
contain besides iron, also manganese, carbon, silicon, and
copper, as also nickel, cobalt, and occasionally traces of the
rarer metals, and sometimes copper-coloured crystals of a
nitro-cyanide of titanium of the formula Ti,,CN,.

267. Obstructions technically known as “scaffolds”
occur not unfrequently in blast furnace working, and
are often a source of considerable trouble. Scaffolds
constitute impediments in the furnace arising from
various causes, such as the faulty distribution of the
charge, &c., whereby its proper and regular descent
is prevented; so that, whilst the charge below the
scaffold is working down, the mass above is left with a
diminishing support from beneath, and the weight of
superincumbent materials is at the same time con-
stantly increasing by the addition of fresh materials
at the furnace mouth. Under these circumstances the
obstruction at a certain point frequently suddenly gives
way, and descends with considerable force to the hearth,
constituting what is known as a ““slip.” When a scaffold
is discovered, the blast is eased so as to reduce the
support from below due to the pressure of blast, and
efforts are made to get down the scaffold without any
sudden rush. Scaffolds also sometimes lead to the form-
ation of a slight skew-back in the lining of the furnace
owing to the erosion of the lining for some distance up,
the effect of which is that a part of the stock or charge
is held up, while other parts slide over it, and the furnace
is thus found to work slowly and affords a diminished
yield of metal. But scaffolds of the last class usually fill
up with finely-divided fuel and ore in good condition for
rapidly melting, so that, after working for some time in
this condition, the heat and attrition of the descending
charge will work off the irregularity in the lining, and
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the materials of the scaffold will then work down quickly
into the hearth, giving a much larger temporary yield to
the furnace.

268. Amongst the causes contributing to the formation
of scaffolds are: 1° faulty shape of the furnace ; 2°, the
production of an imperfectly fusible slag ; 3°, introduc-
tion into the furnace of too large a proportion of refrac-
tory ore in the charge; 4°, bad fuel, such as a weak
friable coke which crumbles away under the weight of
the superincumbent materials; and 5°, faulty charging,
whereby the regular distribution of heat over the entire
horizontal section is not maintained, owing to the larger
pieces of coke collecting around the walls of the furnace,
whilst the small and impermeable ore is concentrated in
the centre. :

269. The effect of a scaffold or obstruction in the
furnace, is, besides preventing the regular descent of the
charge, to obstruct the free passage of the blast and the
escape of the furnace gases, as also to cool down the
furnace and so thicken the slags.

270. Hot-blast stoves, blowing engines, hoists, lifts,
and other blast furnace appliances.—The introduction
of hot- instead of cold-blast has been attended with
an economy in fuel and an increased make of iron by
the furnaces, in the manner and for the reasons already
stated. A temperature of 700° C. (1,292° Fahr.), or a
visible red heat, is now commonly employed, whilst
800° C. (1,477° Fahr.) and upwards is not an unusual
temperature of blast employed in the larger Cleveland
and American furnaces. But in the production of these
higher temperatures the stoves or ovens (as the apparatus
for heating the blast is usually designated) of the older
type, with cast-iron pipes or tubes, are rapidly destroyed;
and other stoves, constructed upon the regenerative prin-
ciple of Sir W. Siemens, have and are being rapidly intro-
duced to the exclusion of the pipe stoves.

271. Of the methods for heating the blast by the
waste gases of the blast furnace without the closure: of
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the throat, the earlier attempts were made by arranging
within the tunnel-head a series of cast-iron pipes,
through which the blast was forced; or the pipes
were formed into a coil in the upper part of the
stack ; but in either arrangement the pipes were directly
exposed to the heat and flame of the furnace top, or
they were sometimes enclosed in brickwork ; but the
inefficiency, difficulty, and expense of repairs of such
arrangements have led to their abandonment. In
other methods of a like nature separate chambers were
built outside the furnace, but a little below the level
of the throat. Through these chambers the gases and
flame from the furnace were drawn by a stack in con-
nection with the same, and in that manner the blast
passing through the pipes placed in these heating cham-
bers or stoves was heated to the required degree. In the
following examples of pipe-stoves or ovens, however,
the stoves form separate structures independent of the
furnaces, and in most instances the furnace-mouth is
closed, and the waste gases are collected for combustion
in the hot-blast stoves.

272. Of pipe-stoves or ovens, one of the earlier
forms consists of a series of eight or twelve parallel or
spiral arched pipes or tubes of cast-iron, of circular, oval,
or elliptical section, arranged in an oblong chamber of
fire-brick, along each of the long sides of which are two
circular mains fitted with sockets, into which the legs
of the vertical pipes are réceived, while between the
mains, and running the full length of the stove, is a rect-
angular fireplace. The cast-iron pipes are [l-shaped, and
stand vertically in the stove, with one foot in a socket
upon the horizontal main running along one side of the
furnace, and the other foot in a corresponding socket
upon the main on the other side, ahd so the tubes span
across the fireplace. There aie stops or partitions in the
horizontal main between each socket, so that the cold
blast from the blowing engines, entering at one extremity
of the one main, ascends from it through the first [} pipe
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passing across the stove, and then back again by the next
pipe, and so on to the other end of the stove, the cold
air thus passing through the whole of the pipes before it
leaves the stove by
the hot-blast main
to the furnace. The
pipes are heated,
either by fuel burnt
uponthe rectangular
central fire-grate al-
ready mentioned, or
by the waste gases
from the blast fur-
nace, which are col- —— e
lected for this pur- ala e iAAniaim
pose and burnt along UM R LU L
the median line of
the stove, by intro- |

ducing the gases at [ |
one end and admit- Attt
ting air for their ilililili ’r
combustion through
barsat the sameend; _ W gHE=NAT 52"
hence in either case
the flame and heated
gases pass between
andaround thestove-
pipes, thus heating
the pipes on the ex-

terior’ g oy e Fig. 20. ; Longit dml Vertical Secti 24
: ig. 20.—Longitudinal ertical Section o
ducts of combustion siiectangulagl Hot-blast Pipe Stove, on line

finally escape froma 43, Fig. 21

chimney in the dome

or roof of the stove. To better absorb the heat, the stoves
are usually divided into two chambers, by a partition wall
reaching from the floor almost to the roof, so that the
flame and gases first circulate through one half, and then
pass over the division wall, and through the second half of
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the stove, before escaping by the chimney. The stove-pipes
frequently break by their own contraction and expansion
as the temperature varies, and to mitigate this, it is usual
to place one of the horizontal
p mains upon rollers, so that
it is free to move inwards or
outwards with the closing
together or separation of
the legs of the pipes by
their expansion and contrac-
tion.
273. Another form of
the rectangular stove (Figs.
20, 21) consists, as before,

\ .
§§ of a masonry chamber, in
i \\é which is placed a longitudi-
N nal main or series of stools,

@, a (not communicating
with each other except by
the f| pipes), upon each side
of the fireplace, ¢, where
is burnt either solid fuel
or the waste gases from
the blast furnace. The stove-
pipes are arranged in two
rows, of six or more pipes,
b, b, in each row, in the
same manner as in the
last stove, so that the cold-
blast from the blowing-engine
_ enters at one end and tra-
: - verses the full length of
B o e i each of the stove-pipes before
Pipe Stove. it passes out from the stove

to the blast-main, and from

thence to the twyers. The horizontal main of the stoves
is formed by a series of stools, boxes, or hollow feet, a, a,
each with two sockets cast upon it, so that the blast
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ascends from the stool by one leg of the stove-pipe, b,
and descends by the other leg, 4", of the same pipe into
the next stool, since the two legs of one pipe do not fit
into the two sockets of the same stool, but stand one leg
in one stool and the other leg in the next stool, in which
‘manner the blast passes in the direction of the arrows
through the whole series of pipes in the stove.

274. Circular stoves are also employed (Figs.
22, 23) in Lancashire, Staffordshire, Derbyshire, &c.,
instead of the rect-
angular forms just
described, in which
the two parallel
mains at the base
of the stove are re-
placed by a series
of castdiron boxes Seore Ay
or stools, @, a, AR I8 8
arranged so as to
form an annulus
or ring; while the
horizontal section 2~ 5 J[Tvr
of the leg of each
of the pipes, b, b,
is either a circle
or an oblong with mef; |1 jgon
semicircular ends = a A
thus . Thepipes,

b, are [l-shaped,with

two parallel legs \
joined at their

upper  extremity - ek
either by a very T T e ;I-iglw e
short  horizontal  gig. 22 —Sectional Elevation of Circular
piece or by a curved Hot-blast Pipe Stove.

piece as shown in

Fig. 22 ; these pipes are placed almost close together all
around the stove. Upon the circular main are sockets,
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into which the legs of these pipes are received, the one
open extremity of each of the stove-pipes fitting into
the socket or seating on one of the stools, @, @, while the
other extremity fits in like manner into a socket on the
next stool or box, and so on around the stove. The cold
air which is forced by the engines to the pipe, d, enters
the stool, @, and ascends by the one leg of the stove-pipe
standing therein, and descends by the other leg into the
next stool, and from
thence by a second pipe
to the second stool, and
so on, the blast circu-
lating in this manner
|» through all the pipes
of the stove, and finally
making its exit by
the pipe, %, to the hot-
blast main, and so to
the furnace. The cast-
iron pipes are heated
Fig. 23.—Horizontal Section of Ci i
GRSyt gihes b oot
of the waste gases of
the blast furnace, and the flame in either case is made
to play around and between the pipes before passing
away by the stack. m, m, are sight-holes, arranged
around the stove for observing its temperature, &c.

275. At Askam, in Furness, the stoves of Messrs.
Massicks and Crookes are of this class, but are built in
two tiers, or as one stove above another. The cold blast
first passes through the pipes in the upper stove, where
the blast is heated to about 260° C. (500° Fahr.), and
then through the lower stove, in which the tempera-
ture is raised to about 621° C. (1,150° Fahr.). It is
claimed for this arrangement that the blast is maintained
longer in contact with the heated pipes, and that it
becomes accordingly more regular, while a higher tem-
perature is also attained with less wear and tear upon
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the stoves, These double stoves are about 47 feet in
height.

276. The pistol-pipe stove is another form of the cast-
iron pipe arrangement used for some of the furnaces
in Cleveland, Scotland,

France, and Germany.

In this stove (Fig. 24)

the two legs of the pipes

in the previous arrange- # S
ments are replaced by a
single pipe, divided, as
shown, by a septum or
dividing rib, b, reaching
from the mouth almost to
the top orclosed end of
the pipe, and so practi-
cally dividing each pipe
into two tubes. The
closed end is enlarged
slightly and bent over
somewhat, so that its
form bears some re-
semblance to the stock
of a pistol, and hence
the name. If the stove
be heated by solid fuel,
then these pipes are ar-
‘ranged on either

side of a rectangu-

lar fireplace, ¢; = [ D
and the pipes on b .
lovo loan over M=Vl S of Pl
towards each

other, so as almost to come into contact; thus the cold
air enters at the bottom of the stove into one division
of the stool or box, @, a, in which the pipes stand, and,
since the stools are divided into compartments by divi-
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sions corresponding to those in the pipes, the air or
blast ascends in succession through one side, as shown by
the arrows, and descends along the other side of the
division in each pipe, until it finally passes out from the
end of the stove to the hot-blast main, and thence to the
furnaoce. ?

277. The heating surface supplied by pipe-stoves is
usually calculated so as to allow about one square foob
for each cubic foot of blast passing through the pipes, if
the stoves be fired with coal, or about 10 to 20 per cent.
more if fired with the waste gases.

278. The Westphalian hot-blast stoves are employed
for heating the blast to a temperature of from 249° C.
(480° Fahr.) to 315° C. (600° Fahr.), and consist of a
series of pipes arranged horizontally across a brick cham-
ber, upon the walls of which they rest. The ends of the
pipes project beyond the walls, so that the joints and the
semicircular bend connections between the several pipes
are made outside the walls of the stove, so that the pipes
thus connected form one continuous pipe, through which
the air circulates in its passage through the stove. Each
stove usually contains twenty-four pipes, arranged in
four or six tiers one above another, with three or
four pipes in each tier. Each pipe is oblong in section,
having a maximum diameter of about 13} inches, and a
width of about 3% inches. The blast enters at one end
of the series, and circulates through the whoie before
reaching the hot-blast main. The pipes are heated by
the combustion of the waste gases of the blast furnace.

279. Regenerative fire-brick stoves, upon the
principle of Sir W. Siemens, have met with con-
siderable favour, and are coming into extensive use
in lieu of the castiron pipe-stoves already described.
The use of the latter is attended with serious loss
and inconvenience, arising from the frequent fracture
of the castiron pipes due to the repeated alterna-
tions of temperature to which they are subjected, and
to the expansion and contraction of the pipes during the
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working of the stoves. A further cause of fracture
arises from the rapid oxidation and destruction of the
pipes at the high temperatures now required in blast
furnace practice ; and these evils—viz., the burning and
fracture of stove-pipes, leakage of blast, and a strong back
pressure throwing extra work upon the blowing engines,
coupled with a loss of temperature—are always attendant
upon the use of cast-iron pipe-stoves, of whatever form
they may be constructed.

280. The regenerative fire-brick stoves are heated by
the combustion of the waste gases of the blast furnace, and
their use has been attended by an economy in fuel per
ton of metal produced; with an increased make of iron
from the same furnace, and only a small amount of
repairs ; whilst the stoves require but a short stoppage
for cleaning out, and give also a greater regularity in the
temperature and pressure of blast, with greater economy
in gas. These stoves are also capable of giving the highest
temperature of blast required in the production of
spiegeleisen. The size of the stoves of both the Cowper
and Whitwell type has been much increased since their
first introduction, whereby, besides providing an enlarged
heating surface per stove, the gases also escape from the
stoves at a much lower temperature than formerly, and
greater regularity in the blast furnace working is the
result.

281. The Cowper hot-blast stoves consist of an outer
wrought-iron casing (Figs. 25, 26), lined internally with
several rings of fire-brick work, built in courses of half
a brick in thickness, the stove being closed by a dome-
shaped roof, also lined with fire-brick as shown. Within
this casing, and touching the fire-brick lining at one point
of its circumference, is built up a circular fire-brick flame
flue, m, at the base of which are the inlet valves, @, for the
gasesfrom theblast furnace throatand thevalve, A, admitting
the air necessary for the combustion of the gases ; whilst 1
is the outlet valve for the hot blast. The body of the stove,
as shown in the plan, is thus occupied by the regenerators
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or fire - brick chequer
work, ¢, at the base of
which are the cold-
blast valve, B, and the
chimney-flue, ¢, while
at D,D are the cleaning
doors. Placed at in-
tervalsoverthe bottom
of the stove are dwarf
pillars, n, of brick or
iron, which carry short
girders upon which
rests a series of strong
grids, which support
the regenerators or
chequer work of fire-
bricks. The bricks in
the regenerators are
PG nowmade smallerthan

“ formerly, measuring 2
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Fig. 25.—Sectig‘1)1:,_11)Elevg{'.txt?;::3 f)f the Cowper in length, and are ar-

ranged so as to leave
vertical open passages of about 4 inches square through
the entire height of the stove — that is, from the
grids at the bottom to within a few feet of the domed
top of the stove,—while
opening below the grids
already mentioned is the
large chimney-valve, c. By
this arrangement, when the
chimney-valve is open, gas
and air are also being ad-
mitted at the bottom of the
flame flue by the valves, @
and A, respectively; where-

g . Fig. 26.—Plan of the Cowper Hot-
by the gas immediately blast Stove.



Chap. VIL] COWPER HOT-BLAST STOVE. 153

ignites and is split up into three currents by the divisions
shown in the plan (Fig. 26); thus a more complete
mixture of the air and gas is effected, and an immense
flame ascends through the flame flue, spreading out beneath
the dome over the top of the regenerators. The flame and
heated products of combustion then pass slowly to the
bottom of the stove, through the numerous square passages
in the chequer work, before they escape by the chimney
flue. In this manner the mass of brickwork within the
stove, absorbing heat from the incandescent gases in
contact with it, attains to a very high temperature, the
upper layers of brickwork naturally becoming hotter
than the brickwork near the bottom of the stove, while
the products of combustion are reduced in temperature
as they descend through the stove and finally pass out
by the chimney flue, ¢, at a temperature of about
240° C. (400° Fahr.).

282. The stove having thus been heated by the com-
bustion of the blast furnace gases within it, and by their
passage through it in a state of incandescence, the gas-
valve, G, the air-valve, A, and the chimney-valve, ¢, are then
all closed, while the cold-blast valve, B, at the bottom of
the stove is opened, as is also the hot-blast valve, B, near
the bottom of the flame flue. In this manner it will be
observed that the cold air then enters the stove at the
lower or cool end of the regenerators, and slowly ascends
through the height of the stove along the small but
numerous passages of the regenerators, and from thence
down again through the flame flue, and so out by the
hot-blast valve, H, to the blast main and thence to the
furnace twyers. The cold air thus traverses the stove in
exactly the reverse direction to that followed by the gases
in heating the stove, whereby the cold blast slowly takes
up the heat given out by the brick surfaces of the stove,
and the blast is quickly raised to a temperature of 815° C.
(1,500° Fahr.) or redness. Since the blast first enters at
the lower or cooler part of the stove, it is gradually
heated to the above temperature without materially



154 STEEL AND IRON. [Chap. VII.

cooling the upper layers of brickwork in the regenerators,
before the lower parts have lost much of their heat, and in
this manner the stove affords a very regular temperature,
the upper part never falling below redness.

283. Two stoves are worked in conjunction, so that
whilst one stove is being heated by the combustion of the
blast furnace gases, the cold air is being driven through
the other and heated to the temperature required for the
blast furnace. Thus, two stoves are necessary for one
furnace, or three stoves may be made to heat the blast
for two furnaces. For conveying the blast at the
temperatures attainable in these stoves, it has. become
necessary to increase the size of the main from the stoves
to the furnace, so that it is now usually made about 3 feet
in diameter, and is lined with a 9-inch course of fire-brick
to prevent the cooling and corrosion of the mains.

284. For the cleaning out of the Cowper stoves, the
spaces or passages between the bricks in one course of the
chequer work or regenerators (whilst not coinciding
exactly with those in the courses above and below, and
yet overlapping partially the square openings in the
several courses, but so as never to entirely cross them)
form vertical channels, through each of which a brush or
scraper can be introduced when necessary from the top
to the bottom of the stove; but for the purposes of
cleaning, it is generally found sufficient with these later
arrangements of the chequer work, to discharge a small
gun loaded with blasting powder three or four times at
the top and bottom of the stove, when the concussion and
vibration bring down to the bottom of the stove the
dust, &e., lodging in the passages, &c., of the regenerators,
which may then be removed from the bottom of the stove
below the grates carrying the regenerators through the
man-hole placed for this purpose. Occasionally a partial
clearing out of the dust from the stove is effected by
suddenly opening several times in succession a small
door fixed on the gas-valve, or man-hole at the bottom of
the stove, and the sudden expansion thereby of the large
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bulk of compressed air. contained in the stove blows out
the dust through the man-hole; when this method of
cleaning is pursued, it is effected as much as possible
during the time of tapping, when the blast is shut off
from the furnace, and all valves are closed except the
one controlling the cold-blast from the engines.

285. Cowper stoves are usually built of from
50 to 55 feet in height, and from 20 to 25 feet in
diameter, the larger dimensions giving about 75,000
square feet of heating surface. At the Ormesby works,
two Cowper stoves are built 52 feet in height and 23
feet in diameter, affording a regenerator space of 14,500
cubic feet, with 71,000 square feet of heating surface,
by which the 14,500 cubic feet of blast required per
minute for the supply of a furnace making 500 tons of
pig-iron per week, is raised to a temperature of 780° C.
(1,436° Fahr.), and each stove works three hours without
lowering the temperature of the blast more than 50° C.
(90° Fahr.).

286. The Whitwell stoves differ from the Cowper
stoves principally in the arrangement of the heating
surfaces, which in this case consist of broad spaces and
flat walls, instead of the chequer work employed in the
Cowper-Siemens stoves; and they also differ in the
method adopted for the combustion of the blast furnace
gases for heating the stoves. Thus, while in the Cowper
stoves the blast furnace gases and the air for their com-
bustion are wholly introduced into one combustion
chamber, in the Whitwell stoves the air ig admitted at
several points of the stove, so that the combustion
commenced on the gases first entering the stove is only
completed after the gases have traversed partly through
the stoves.

287. The Whitwell stoves as built at the Consett iron-
works are 22 feet in diameter and 28 feet 6 inches high,
with a heating surface of 8,200 square feet ; but they
have more recently been built in England up to 68 feet
in height, by 22 feet in diameter, and containing 26,000
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square feet of heating surface ; while in America they
are working as large as 70 feet in height and 21 feet in
diameter, with a heating surface of 30,000 square feet.
These stoves (Figs. 27, 28) are constructed of an
outer shell or casing of wrought-iron plates, lined inter-
nally with fire-brick, while, to permit of the expansion
and contraction of the lining, there is left a space of one
inch between the iron casing and the lining, which space
is usually filled in with granulated slag. Within this
cylindrical chamber are built a series of long but narrow
vertical chambers, m, m, communicating with each other
at the top and bottom in the manner shown. The
partition walls nearest to the point where the blast fur-
nace waste gases first enter, become hotter than the rest
of the stove, and are built thicker than those approaching
to where the gases make their exit. In the construction
of these stoves only the best quality of fire-bricks is used ;
they are set in fire-clay, with the joints all carefully made.

288. The gases from the blast furnace enter the stove
through the valve, A, fixed on the side of the stove
casing, and, meeting immediately with the warm air
passing from the air-valves (also fixed to the external
casing) through the air-courses, &, G, combustion at
once ensues, and the incandescent gases rise to the top
of the chamber, distribute themselves over one or more
walls, as indicated by the arrows, and descend through
one or more smaller chambers towards the bottom of the
stove, the gases imparting their heat to the fire-brick
walls as they pass over their surface. A further supply
of air is admitted, and mixes with the gases at the
bottom of the stove; here more complete combustion
ensues, and the products re-ascend either by another wide
combustion chamber, or, in the older designs, through two
or three of the narrow chambers, and finally descend
through the remaining chambers to the chimney-valve,
¢, from whence the gases pass away to the chimney at
a temperature of from 149° C. (300° Fahr.) to 204° C.
(400° Fahr.). The communications between the several
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chambers, through which the gases pass at the top and
bottom, are placed so as to cause them to travel as
much as possible towards the sides of the stove, and so
render the total heating surface as effective as possible.
In the casing of the stove, and opening through the
lining, are a row
of eye-pieces, P,
openinginto the
several cham-
bers, so that
the state of the
stove may be
observed, and
the combustion
of the gases
regulated  ac-
cordingly.

289. When
thestoveis suffi-
ciently heated,
which happens
after a lapse of from one to two hours, the gas-valve
is closed, and then the chimmney and air-valves are also
closed, while the cold-blast valve, p, and the hot-blast
valve, B, are opened, whereby the blast enters the stove at
its coolest part, and traverses the several chambers in the
reverse direction to that pursued by the gases in heating
up the stove. The heated blast finally leaves the stove
by the valve, B, to the hot-blast main, and it has then
an average temperature of 704° C. (1,300° Fahr.) to
738° C. (1,400° Fahr.), although a blast of 815° C. (1,500°
Fahr.) can be maintained by changing the stoves every
hour. One stove is alternately heated up by the com-
bustion of the waste gases, and is then employed in giving
up its heat to the blast forced through it, and if these
reversals or changes are made at sufficiently small intervals
to prevent the hotter end of the stove from falling below
redness, it is assured that the gases always ignite imme-

Fig. 28.—Sectional Plan of the Whitwell Hot-
last Stove.
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diately they enter the stove, while also, by observing
this practice the temperature of the blast is kept more
regular.

290. The hot-blast and the gas-valves are of cast-iron,
made with hollow casings to allow of their being cooled
by the circulation of water through them. The chimney-
valve, ¢, is a mushroom or dished valve of cast-iron, but
being always comparatively cool does not require the
application of water; while the cold-blast valve, D, is a slide
worked by a rack and pinion.

291. The Whitwell stoves are provided with doors,
F, F (Fig. 27), at the top of the stove, through which
scrapers can be introduced for raking and cleaning out the
dust from the walls; the dust, &c., so collected on the
floor of the stove being afterwards removed through the
side cleaning-doors, E, E (Fig. 28), six in number, which
are arranged around the bottom of the stoves. This
operation of cleaning occupies from eight to ten hours,
but can be effected whilst the stove is still at a red
heat, and requires repeating every two or three months.

292. The Flue-dust from hot-blast stoves consists
largely of free silica, and silica in combination with
potash, soda, lime, and alumina. The following is an
analysis* of the dust from the flues of a German hot-
blast stove of the Whitwell type :— Silica, 24:05 per
cent. ; potash, 17:05 per cent.; soda, 9-53 per cent.;
lime, 2595 per cent. ; magnesia, 2:31 per cent. ; ferric
oxide, 1:30 per cent. ; manganous oxide, 0-37 per cent. ;
sulphur, 171 per cent. ; alumina, 10:09 per gent. ; carbonic
anhydride, water, cyanogen, and residue, 6-73 per cent.

293. Messrs. Massicks of Askam have patented and
erected stoves similar to those of Whitwell, which claim
to afford greater facilities for cleaning, and in which the
most intense heat is obtained in the middle of the stove,
whilst the brickwork is cooler from the centre towards
the sides of the stove. This effect is produced by
partially burning the blast furnace gases at the centre of a

* Dingler’s * Polytechnische Journal,” 1882.
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combustion chamber in the bottom of the stove and
completing the combustion in a second chamber at the
top ; the necessary air for combustion in the latter being
admitted by a separate valve. The products of combus-
tion then circulate from the centre towards the circum
ference of the stove before escaping to the stack.

294. Blowing engines, and other mechanical appli-
ances pertaining thereto, although of paramount import-
ance for the successful and regular working of the blast
furnace, are yet so varied in their mechanical details,
that it is impossible to more than cursorily consider
them in these pages, their complete description belonging
more strictly to the province of the mechanical engineer
than to that of the metallurgist. Here accordingly
it will not be attempted to more than indicate the more
general types of engines in use, and their mode of action.

295. The large blowing engines erected in the more
recent works are either of the vertical direct-acting or of
the beam-engine type ; but, generally, instead of the slow
ponderous beam engines, more modern practice adopts
the higher speed, short stroke, and direct action of the
vertical engine, working with high-pressure steam, and
either of the compound type or fitted with condensing
arrangements. Some of the smaller engines, and many
of the blowing-engines erected in the Rhenish Prus-
sian provinces, and in France, are of the horizontal,
direct-acting, condensing, or compound class. Engines
of from 90 to 100 horse-power are required to force the
blast necessary for an ordinary coke furnace, whilst from
30 to 40 horse-power will suffice for the blowing-engine
of a charcoal furnace, where the pressure is lower and a
smaller volume of blast is needed.

296. As already stated, the amount of blast required
to be delivered by these engines is very considerable,
amounting to about 14,500 cubic feet per minute
for a furnace of 52 feet in height, making 500 tons
of hematite pig-iron per week ; whilst from 50,000 to
60,000 cubic feet of air per minute, under a pressure of
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from 3% to 7 pounds per square inch, are required to
be delivered by the blowing engines for each of the
large Cleveland furnaces; hence blowing cylinders of
large diameter are necessary, and 80 to 100 or 110 inches
in diameter are the usual dimensions.

297. The blowing cylinders are of cast-iron fitted with
a piston receiving a reciprocating motion from the crank
shaft of the engine. Suitable flap or disc valves of
leather or of india-rubber are fitted in the cylinder covers,
and arranged so that the piston in its movements alter-
nately draws air into, and expels it from, either end of
the cylinder at each stroke of the engine. Instead of the
leather flap valves just mentioned, slide valves external
to the cylinder have been fitted for opening the end of
the blowing cylinders alternately to the air- and blast-
main respectively, but these are not generally satisfactory,
and the flap-valve is more usually adopted.

298. Fig. 29 is an elevation, partly in section, of one
of a pair of direct-acting, high-pressure, condensing blowing
engines, in which the steam cylinder, s, is forty-five inches
in diameter, with a stroke of five feet, and is fitted with
double-beat Cornish valves worked by cams ; the air or
blowing cylinder of the same engines is 100 inches in
diameter. In the engines illustrated in Fig. 29, the air
or blowing cylinder is placed vertically above the steam
cylinder, but in some designs this arrangement is reversed,
and the air-cylinder stands between the crank and the
steam-cylinder. On the crank shaft between the two
engines is fixed a heavy fly-wheel, w. As the piston, p, in
the air-cylinder makes its forward or upward stroke, the
eighteen leather disc valves, f, each about twelve inches in
diameter, and fitted into the ends of the cylinder covers,
open into the cylinder by the pressure of the atmosphere
beneath them, and the air-cylinder is thus filled with
atmospheric air; whilst during the same stroke of the
piston the rectangular valves, m, opening from the
cylinder to the blast-main, are closed against the face of
the cylinder by the pressure of air within the main ; and

L
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then, as the piston commences its return stroke down-
wards, the admission valves, f, are closed by the pressure
of the air thus compressed within the cylinder, and at

I‘ig.‘ 29.—Elevation partly in Section of Blowing Engira,

¢he same time the pressure within the cylinder opens the
exit valves, m, from the latter into the blast-main, whereby
the air is driven by the engine into the blast-main, and so
to the stoves and furnaces. Hence, as the piston makes
its double stroke the air-cylinder is alternately filled with
air at atmospheric pressure, and then emptied during
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the return stroke by delivering its contents of air into
the blast-main, -at a pressure of from three and a-half
pounds to seven pounds per square inch, as required
for the working of the furnace. The action just de-
scribed takes place both at the top and at the bottom
of the cylinder; air being always admitted from the
atmosphere into the cylinder on one side of the piston,
while the contents of the cylinder on the other side
are being driven out into the blast-main at the required
pressure, and by this action an almost continuous stream
of air passes from the engine to the blast-main, and so to
the furnaces.

299. At the works of the North Lonsdale Iron Com-
pany three furnaces, each seventy-five feet in height,
twenty-three feet in diameter at the boshes, and eight
feet in diameter at the hearth, are supplied with blast
by three pairs of vertical direct-acting blowing engines,
having steam and blowing cylinders of thirty-two and
sixty-six inches diameter respectively.

300. In the beam engine type of blowing apparatus
the steam cylinders and fly-wheel shaft are on the same
side of the centre-bearing or fulerum of the beam, whilst
the blowing cylinder is fixed at the opposite extremity.
Compound beam engines at the Barrow Works have
a high-pressure steam cylinder of 48 inches diameter
with a stroke of 4 feet, 6 inches, and a low-pressure
cylinder of 50 inches diameter, and stroke of 9 feet, and
these are coupled to the beam on the same side of its
centre, whilst on the other side of the centrg is attached
the blowing cylinder of 108 inches in diameter.

301. For the maintenance of an uniform pressure of
blast, especially when the engines are placed close by the
furnaces, it is often convenient to introduce between
the engines and the furnace, an air-receiver or reservoir
of considerable capacity, made of iron or masonry lined
with cement; so that the elasticity of air within this
receiver may serve to give a greater regularity to the
stream of blast. In other cases a regulator, consisting of a
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loaded piston working within a large receiver or cylinder,
renders the supply of blast to the furnaces more con-
tinuous and regular. But these appliances become un-
necessary where the blast-mains are of considerable
diameter and length, since the elasticity of the large
volume of air contained in the main between the engines
and the furnace serves the same end ; or also, where two
or more engines discharge their blast into the same main,
so that when one engine is delivering its maximum supply
the piston of the other cylinder will be in the position
corresponding to its least delivery of blast, between the
two a continuous and regular supply is maintained.

302. Hoists, Lifts, or Elevators become necessary ad-
juncts of the blast furnace wherever the natural contour
of the ground does not permit of an arrangement where-
by the loaded
trucks can be
run directly to
the level of the
charging - plat-
form of the
furnace ; and in
lieu of the long-

Fig. 30.~Inclined Plane for Elevating the Charge inclined planes
to Furnace Mouth. and Wmding

machinery of

the older furnaces, the more modern plant is generally laid
out for some form of the perpendicular lift, but still, as at
Barrow-in-Furness and numerous other works, a modifica-
tion of the inclined plane (Fig. 30) is in use for raising
the ore, fuel, and flux from the ground level to the charg-
ing platform. At Barrow the inclined road is carried
upon a pair of bowstring girders placed at an angle of
from 25° to 30° with the horizontal, and the road is fitted
more usually with two sets of rails, upon one of which
the loaded truck ascends, while the empty one descends
down the other. The carriage employed consists of a
horizontal platform, A, supported upon a triangular frame
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fitted with two pairs of wheels, of which the front ones
are smaller than the back ; and the lift is arranged so
that when the carriage is at the bottom of the inclined
plane it is received in a pit in the ground, and its plat-
form is then on a level with the floor of the yard or shed,
and the four or more iron wheel-barrows in which the
charge is usually placed for elevation to the furnace top,
can be wheeled directly on to the platform ; and in like
manner, when the lift has made its ascent up the incline,
it stands so that the platform of the carriage is level
with the charging platform, and the wheel-barrows can
be wheeled directly on to the top. The motive power
for this elevator consists usually of a pair of steam
engines, working through friction gearing a winding
drum of some twelve feet in diameter, around which
passes a wire rope, the two ends of which are attached
respectively to the ascending and descending platforms,
while the action of the engine is controlled by steam
brakes.

303. Of the perpendicular lifts, the water-balance is
still in use at some of the older furnaces where a natural
fall of water is obtainable, under which condition it is
an economical and simple arrangement, although giving
some trouble, owing to the difficulty of keeping the tanks
water-tight ; whilst if a pump has to be employed in lift-
ing the water to the top for introduction into the tanks
its advantages are seriously diminished. In the water-
balance arrangement two cages or platforms are employed,
beneath each of which is fixed a water-tight tank, capable
of containing sufficient water to enable it when filled to
draw up the other platform with its empty tank, and the
load of ore or fuel. The two cages work between guides,
and are respectively suspended from the extremities of a
wire rope passing over guide pulleys. Thus, when one
cage is at the furnace platform, and the other at the
ground level, the tank of the latter is then emptied of its
water through a valve fitted in the bottom of the tank,
while the tank of the former is filled with water; in this
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manner sufficient weight is added to the top cage to draw
up the other cage with its load of charging materials
from the bottom to the top of the lift, and so on, the tanks
being alternately filled and emptied according as each
one stands at the top or bottom of the lift, and in this
way they ascend and descend in alternation.
I 304. In Aydraulic lifts, or hoists, a ram, actuated by
pressure from a hydraulic accumulator, is connected
with a chain and system of pulleys whereby the move-
ment of the load to be lifted is
some six or eight times greater
than that of the ram by which it
is actuated, according to the mul-
tiplying power of the chains and
pulleys employed. In Fig. 31 is
represented a simple form used
in America, in which the ram of
a hydraulic cylinder, a, terminates
in two racks, b, b, which gear into
two pinions.on the same axle as
the pulleys, ¢, ¢, around which the
wire-rope, f, f, passes from the
table, ¢, over the guide pulleys,
d, d, so that, by properly pro-
portioning the diameter of the
pinion into which the rack gears,
to that of the pulleys or drums,
¢, ¢, any desired velocity of ascent
can be given to the cage.

305. Another perpendicular
lift also in use, consists of two
carriages, or platforms moving
between vertical guides, and
¥ig. 8. oy aﬁn;lml“ixlxi% connected together by two steel

Hoist. ropes passing over a pair of
deeply grooved pulleys, so that

as one platform ascends with a full waggon carrying
about two tons of ore, the other one descends with
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an empty truck. The grooved pulleys are some
twelve feet in diameter, and the wire ropes by which
the platforms are suspended are in contact with one-half
of the circumference of each of the pulleys, so that
as the pulleys revolve and the ropes are in tension
under the load of the platform and truck, the friction
between the ropes and the pulleys is sufficient to elevate
the platforms; but immediately the descending truck
strikes the ground the tension on the ropes is removed,
and the pulleys will then revolve beneath the rope
without further elevating the opposite truck, and so
overwinding is prevented. Since one end of each rope
is attached to the same carriage it becomes necessary to
connect them to each carriage by double levers in such a
manner that if one rope ‘is slightly longer, or stretches
under the load more than the other, then these levers
adjust the lengths of the two ropes until each rope is put
under a similar degree of tension. Upon the same shaft
as the two pulleys is a large spur wheel gearing with a
pinion upon an intermediate shaft, whilst upon the same
intermediate shaft are two other wheels gearing with two
other pinions on the crank shaft of a pair of small
reversing engines fixed at the head of the hoist or lift.
306. Pneumatic or compressed-air lifts are frequently
employed, in which the areas of the pneumatic cylinders
are adjusted so that the pressure of from 3% to 6 or
7 lbs., as occurs in the blast-main supplying the blast
furnaces, is sufficient to elevate the required load. In
other arrangements, double-acting air-pumps by which
air is forced into, or withdrawn from tht cylinders as
required, are employed. In the pneumatic lifts the cage
or carriage moves between guides, and is supported upon a
large air reservoir or cylinder, which works telescopically
within another tube. The weight of the moving air-
cylinder, with the cage, and other moving parts is nearly
balanced by weights suspended from a chain passing over
a pulley, so that the pressure of 3 or 4 pounds above
the atmosphere as supplied from the blast-main to the
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cylinders of 36 or 48 inches in diameter, suffices to lift the
load of ore or fuel ; whilst the descent is made by opening
a valve to the atmosphere, and allowing the compressed
air to escape.

307. A modification of this arrangement is made by
connecting the table or cage (carrying the truck with its

- load of ore) by chains, passing over a pulley, with one or

more pistons working in as many cylinders, usually made
open to the atmosphere above the piston, and then by
connecting such an arrangement, in which the moving
parts are balanced as before, with a set of double-acting
air-pumps, so that a pressure of air of from 1 to 2 Ibs. to
the square inch above that of the atmosphere, forced in
keneath the piston by these pumps, will cause the piston
to ascend, and the cage with the empty truck to descend.
On the contrary, if the pump valves be reversed, and
air be pumped from the cylinder and discharged into the
atmosphere, then a similar vacuum will be produced
beneath the piston, which will descend and so elevate
the carriage with its load of ore by the pressure of the
atmosphere upon the upper side of the piston. When
this method is adopted, the cylinders are often arranged
so0 as to act as guides, between which the cage ascends
and descends as described.

308. Direct-acting steam-hoists and winches of various
types are also extensively employed in the elevation of
materials to the furnace mouth from the ground level

CHAPTER VIIL

FUEL, BLAST, CHARGES, YIELD AND WASTE GASES OF
THE BLAST FURNACE.

309. UxDER special conditions, a considerable variety
of fuels is available for use in the blast furnace, and
it is found accordingly, under different local circum-
stances, and with special modifications of the furnaces



Chap. VITI.] FUELS FOR THE BLAST FURNACE. 169

applicable to the conditions required by the several fuels,
that charcoal and coke, raw mon-caking coal, anthracite
coal, turf, and even wood can be employed, although
either charcoal or coke is the fuel more generally used.

310. Charcoal, owing to its usual freedom from
sulphur, is conducive to the production of a pig-iron
of superior quality; but, owing to its limited quantity
and greater cost over other fuels, furnaces employing
it are almost extinct in England and Belgium. Even
in Sweden, charcoal is being superseded by coke ;
whilst in France and Germany, most of the iron is
smelted with coke. From 16 to 17 cwts. of charcoal
is the average consumption for the production of a ton
of white or mottled iron, whilst from 21 to 22 cwts.
of coke are required per ton of foundry or Bessemer
pig produced.

311. Coke is the staple fuel employed in iron smelting,
and in selecting the best coke, regard should be paid to
its freedom from ash and to its power to resist a crushing
pressure. Thus, a hard coke, yielding but a small pro-
portion of ash or earthy matter, is in request; and the
use of such coke, along with the introduction of hot-
blast, has resulted in greater regularity of working, as
regards both the quantity and quality of pig-iron produced.
The hard, compact coke employed in the Cleveland
district contains from 4 to 10 per cent. of ash, and from
0-25 to 10 per cent. of sulphur; and from 19 to 28 cwts.,
or on an average from 20 to 21 cwts., of such coke is
consumed in the production of one ton of No. 3 grey
foundry pig from Cleveland ironstone, yielding, after
calcination about 46 per cent. of metallic iron; and
about 1 cwt. under or above these figures is required
respectively for the production of a number under or
above No. 3 pig in quality. Thus, if 20 cwts. of coke be
required for the production of No. 4 pig-iron, then 201 cwts.
will be necessary for the production of one ton of No. 3.

312. Coal, when used in the raw state in the blast
furnace, should be of the non-caking varieties ; and, like



170 STEEL AND IRON. [Chap. VIIL

coke, should be as free as possible from sulphur, and afford
but a small per-centage of ash ; for all the ash or earthy
matter introduced by the fuel requires to be fluxed
by ‘a corresponding addition in the amount of flux,
thereby increasing the weight of unproductive materials
introduced into the furnace. In Staffordshire, where
open-topped furnaces are still to be found, some of
them use a mixture of raw coal ‘with coke, the coal
employed being non-caking, and yielding from 4-2
to 46 per cent. of ash with from 0-3 to 05 per cent.
of sulphur. Caking coal has a tendency to collect
into lumps, and so to form obstructions within the
furnace. For the consumption of raw coal, the diameter
of the furnace-mouth should be increased, while a high
pressure and hot-blast are also desirable. Raw coal is
used in the State of Indiana, United States, in furnaces
from fifty to sixty feet high, worked with hot-blast.

313. Anthracite is a dense pure coal ; hence its use
is conducive to the production of a good quality of pig-
iron ; but hot-blast at a high pressure is required for its
working ; also the furnace should be low, and of a larger
diameter in proportion to its height than is usual in
coke-furnaces ; an increased number of twyers becomes
therefore imperative, and in some furnaces as many as
sixteen twyers are inserted. In large furnaces of
the prevailing height and proportions, the use of
anthracite fuel would be attended by a very slow
combustion, and consequently by a sluggish descent
of the charge, and a smaller make of pig-iron; the
smelting being also retarded by the decrepitation,
or falling to powder, of such fuels, and the agglomera-
tion of the slag with the decrepitated particles of
fuel, producing thereby obstructions which materially
interfere with the ready and free ascent of the gases
towards the throat of the furnace. Accordingly, it be-
comes necessary to increase the pressure of the blast in
anthracite furnaces, producing thereby a quicker com-
bustion and more uniform ascent of the gases towards
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the throat. South Wales, Scotland, and Pennsylvania
are the chief centres for the use of anthracite coal in the
blast furnace.

314. Turf, when employed in the blast furnace, is
usually mixed with charcoal ; but the results of its use
are not satisfactory, since it is bulky, contains a notable
quantity of sulphur, and yields a large per-centage of ash.

315. Wood, like turf, is generally employed along
with charcoal and before use requires to be well air-dried
and to be broken into pieces, not too large in size. But
whenever wood is introduced into the blast furnace, the
temperature of the upper zone is much increased, owing
to the combustion of the gases evolved during the
carbonisation of the wood, which takes place in the
upper part of the furnace, and its use thereby induces
irregularity in the working.

316. The amount of blast introduced into the blast
furnace varies with the nature of the ore, fuel, and pig-
iron to be produced, since grey iron requires nearly 50 per
cent. less blast per ton of metal smelted than white iron.
Thus, a small furnace of 7,500 cubic feet capacity, working
on grey pigdron requires 5,400 cubic feet of air per
minute, or 1,700 tons weekly ; while the same furnace,
when making white iron, will require about 2,400 tons of
blast per week. Hence, if the pressure of blast entering
a furnace be kept constant, while the volume or weight of
blast is increased, there will be a tendency in the furnace
to make white iron ; but, on the contrary, if the pressure
and temperature of the blast be increased without in-
creasing the volume (and especially if the ores be also
of a refractory nature), then the furnace will turn out
mottled or grey iron. The injection of an insufficiency
of blast results in a loss of heat in the furnace, with a
reduced make of iron. On the other hand, an excess of
blast is also productive of evil, for, with an excess of
blast, there is an increased consumption of fuel per ton
of pig-iron made, the reduction of the metal from the
ore proceeds with too great rapidity, and hence the
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time allowed for the carburisation of the reduced metal is
decreased, and an inferior white iron results ; at the same
time, the slags are cooled by the excess of blast introduced,
and, becoming more or less solidified, interfere with the
regular working of the furnace. The current of blast
is maintained without intermission, except during the
time of tapping or the introduction of the charge; and
the amount of air thus injected exceeds the aggregate
weight of the ore, fuel, and flux charged into the furnace.
Thus, in the Cleveland furnaces, for every ton of grey
iron produced nearly 51 tons of air are forced into the
furnace; and the combustible gases collected at the
throat during the same period require a further quantity
of about 42 tons* of air to complete their perfect com-
bustion. It has been statedt that in a Cleveland furnace
of 35,000 cubic feet capacity, the amount of blast intro-
duced was 91 cwts. per ton of pig-iron produced.

317. The necessary pressure of the blast likewise
varies with the nature of the fuel and the burden of
the furnace. Thus charcoal, being less dense and more
readily combustible, requires a less pressure of blast
than coke; and accordingly, in some parts of Europe
where charcoal is the fuel still employed, the pressure
of blast does not exceed & lb. per square inch, although
the usual pressure for charcoal furnaces varies between
11 and 21bs. per square inch; in England, with
tender fuel, the practice is to employ a blast at a
temperature of from 21 to 3 lbs. per square inch,
and with hard coke, 3% to 5 or 6 lbs. is the pressure
usually employed ; but in some of the American
furnaces, during very hard driving, as much as 13 lbs.
per square inch has been employed ; and, in the American
anthracite furnaces, the blast has frequently a pressure of
7% lbs. to the square inch. The use of raw coal also
makes a higher pressure and hot blast desirable. An

* Proceedings of Institute of Mechanical Engineers, 1883. Paper
by Mr. Cochrane.
1 Proccedings of the Cleveland Institute of Mining Engineers.
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insufficient pressure of blast promotes scaffolding of the
furnace ; whilst a sufficient pressure of blast increases
the make of the furnace, since with a low pressure the
blast does not penetrate to the centre of the hearth, but
ascends around the circumference of the furnace, and a
column of imperfectly reduced ore and fuel consequently
comes down the centre of the furnace, requiring to be
reduced directly by solid carbon, whilst a large quantity
of carbonic oxide must remain inactive and escape from
the furnace throat.

318. The use of hot blast, patented by Neilson in 1828,
and first used for the blast furnace at the Clyde Works,
was attended at the Blyth Ironworks by the substitution
of raw coal for coke in 1831. At the present time the
use of hot blast is nearly universal, to the almost entire
exclusion of cold blast, the exceptions being a few
instances like Blaenavon, Pontypool, &c., in South Wales,
which continue to make a limited quantity of cold-blast
iron, which is sold at an enhanced price for special
foundry applications. The temperature to which the blast
is heated is regulated by the nature and quality of the
fuel and ore, and the quality of the pig-iron to be pro-
duced ; thus charcoal, from its inferior density and
readier combustibility than coke, requires a less strongly
heated blast, so that such furnaces only employ a blast
heated to 100° C. or 200° C. (212° Fahr. to 572° Fahr.),
while coal and coke furnaces ordinarily require a blast
heated to between 600° C. and 700° C. (1,100° Fahr. to
1,300° Fahr.), but in exceptional cases gven higher
temperatures are used. Likewise, in smelting refrac-
tory ores, a hotter blast is required than when easily
reducible ores are heing smelted. For the production
of grey iron and of spiegeleisen, also, higher tempera-
tures are employed than will suffice for white or forge
iron, and for the production of ferromanganese the
highest temperature practicable is required.

319. The degree to which the blast may be advan-
tageously heated, appears to be limited only by the wear
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and tear of the furnace and of the heating apparatus, and
by the difficulty of keeping tight the several connections ;
and each of these difficulties is augmented with every
increase in the temperature, but a proportionate increase
in the make of pig and decrease in the consumption of
fuel is at the same time effected. Thus, by raising the
temperature of the blast from 400° C. (752° Fahr.) to
650° C. (1,202° Fahr.), proportionately increasing the
height of furnace, &c., a reduction of 5 cwts. of coke per
ton of metal produced has been effected, as is well
illustrated in the following example, given by Phillips,
of a blast furnace at Consett working upon Cleveland
ore mixed with one-third of hematite: The smelting
mixture yielded 48 per cent. of iron, and 17} cwts.
of coke per ton of metal were required when the blast
was heated to a temperature of 720° C. (1,328° Fahr.),
and the gases escaped from the furnace throat at a
temperature of 250° C. (482° Fahr.); in a similar
furnace working upon the same mixture of ores,
but with a blast heated only to 450° C. (842° Fahr.),
the consumption of coke was 22} cwts. to the ton of
pig-iron produced, and the gases from the furnace
throat had at the same time a temperature of 470° C.
(878° Fahr.).

320. The economy in fuel and increased make per fur-
nace, effected by the introduction of the hot blast, are to
be attributed to the larger hearth and increased height of
furnace over what was practicable with the use of cold
blast. Hot blast also affords a better distribution of heat
throughout the furnace, whilst heavier burdens can also
be worked for the production of the same quality of pig-
iron. But for the production of any grade of pig-iron
the use of the hot blast requires that the slags be more
basic than where cold blast is employed ; since with a
higher temperature in the furnace, more silicon is re-
duced, unless such reduction is prevented by larger
additions of limestone to the furnace charge, with the
consequent production of a much more basic slag.
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The use of hot air instead of cold, has the effect of
producing an increased temperature in the vicinity
of the twyers, owing to the combustion of the fuel
being effected with more rapidity and lower down in
the furnace; further, when cold air is first introduced
into a furnace, a very considerable degree of expan-
sion and consequent absorption of heat is experienced,
and a further cooling down accordingly takes place in
the neighbourhood of the twyers. By the use of
the hot-blast the combustion of the carbon to carbonic
anhydride is effected almost immediately the blast
enters, and hence there is a considerable increase in
the temperature, as above noted, in the zone of the
twyers beyond what is produced when cold-blast is
employed, and it is this increase in temperature in the
zone of the twyers that necessitated the introduction of
the water twyer. The higher temperatures that have
been rendered possible by the use of the Siemens-Cowp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>