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PREFACE TO NEW EDITION

IN view of the large advances that have been made in
metallurgy and metallurgical practice since this book was first
issued, it became necessary to prepare the present edition.
Very considerable additions have been made throughout the
book, especially in iron and steel, copper, silver and gold, and
nickel. ILess extensive but important additions have been
made in many other parts. Some processes which have
become obsolete, or the importance of which has diminished,
have either been deleted or have been condensed into smaller
compass.

Some processes, however, although obsolete or much
modified, have been retained because they make clear the
principles underlying their modern successors so well, that to
remove them would have made explanations more difficult.
"Throughout, the maintenance of continued and orderly progress
has been borne in mind, and it is hoped that the additions
will serve to extend the field covered by former editions
without producing patchiness. ‘T'he introduction of the rudi-
ments of metallography at this early stage will, it is thought,
give sound ideas of its importance in the behaviour and
application of metals. The treatment of the generation and
distribution of heat will perhaps give a clearer idea of furnace
operations. The language has been kept as simple as
possible, in order that the student and general reader may
still find it a suitable introduction to the subject.

The author wishes to express his thanks to hlS former
students and present assistants, Mr. G. Mohn, M. Sc. Tech.,
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vi Preface to New Edition

and Mr. A. H. Goodger," B.Sc. Tech., and to Mr. T. C.
Finlayson, M.Sc., and Mr. R. Macfee for hints and help in
the preparation of diagrams, photographs, and index: to
Messrs. Pearson and Knowles, Warrington, for diagrams and
photographs of Iron Blast Furnaces; to Messrs. Fraser and
Chalmers, Erith, for numerous diagrams in the copper and
precious metals sections; to the Sandycroft Found'ry Co.
for Fig. 131; and to Messrs. Cookson, of Newcastle, for
Fig. 143; also to Mr. Emerson Dowson for Fig. 55.

E. L. RHEAD.

COLLEGE OF TECHNOLOGY,
MANCHESTER,
October, 1924.

CORRECTION.
On p. 355, line 5 from bottom, for 450° C., 7ead from 250°
to 400° C.



PREFACE

IN issuing this little work the author has endeavoured to
provide the student with a book of moderate size, giving a
clear and concise account of metallurgical processes, and the
principles upon which they are based. Details are only given
when necessary for the sake of clearness.

The chemical changes involved in the various processes
described are specially dealt with, but it must be remembered
that the equations given for reactions occurring at elevated
temperatures in most cases only partially express the truth.

The book is intended as a text-book for students com-
mencing the study of Metallurgy, and as a small hand-book
of reference. It has been written in as popular a style as the
subject permits, to make it available for the general reader.

‘T'he author wishes to express his indebtedness to Messrs.
Fraser and Chalmers for several of the diagrams i the
chapters on (old and Silver; and to his former students,
Mr. W. H. Mortimore, for ¥igs. 51 and 55; Mr. Jno. Allan
and Mr. W. McD). Malt for assistance in correcting the later
proofs.

MANCHESTER,
August, 1895.
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METALLURGY

INTRODUCTION

THE science of Metallurgy deals with the properties of
metals in the different conditions they may assume—the
changes in these properties induced by the treatment to which
they are subjected, or brought about by the influence of
other substances with which they may be mixed, either as
impurities or for some uscful purpose. It also treats of the
methods by which they are extracted, in a more or less pure
state, from the substances in which they occur naturally, and
the refining of the crude products.

"The properties on which the uscfulness of a metal depends
are: specific gravity, elasticity, tenacity, toughness, malle-
ability, ductility, bardness, expansion by heat, fusibility,
resistance to atmospheric and chemical action, conductivity
for electricity and heat, and the manner in which it affects
the properties of metals with which it may be mixed.

‘The high specific gravity of gold reduces coins of con-
siderable value to a rcasonable size, while the low specific
gravity of iron, compared with its strength, reduces the weight
of iron structures. A gold structure of the same strength as
an iron one would be nearly nine times as heavy.1

The hardness of steel fits it for cutting-instruments. The

! Tenacity of gold _ 7

Specific gravity 106 0362
Tenacity of iron _ 25 _ 20
Specific gravity 78 37205
3205 _
o362 8853
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elasticity, toughness, malleability, ductility, and tenacity of
a metal determine its workability and general usefulness for
structural and constructive purposes; the fusibility and
expansibility its suitableness for making castings; while a
greater or less resistance to atmospheric corresion is
necessary for the general application of the metal.

Useful Metals.—Of the fifty-five elements classed as
metals by the chemist, only some twenty-five occur in such
quantity, or possess properties which raise them to such
importance, as to be of consequence to the metallurgist.
These are—

Iron Antimony Manganese Nickel Tungsten

Copper Gold Bismuth Cobalt Vanadium

Zinc Silver Chromium Cadmium  Molybdenum

Tin Platinum Mercury Sodium Iridium

Lead Aluminium Magnesium  Potassium  Tantalum
CHAPTER 1

PHYSICAL PROPERTIES OF METAL

Specific Gravity, or comparative density, is the weight of
the metal, bulk for bulk, compared with water. Itis generally
increased by mechanical treatment, such as hammering,
rolling, and wire-drawing, but exceptions may occur.

TABLE OF SPECIFIC GRAVITIES

Water = 1.
Magnesium . . . 1%4 Nickel . . . . 88
Aluminium . . . 256 Bismuth . . . . 92
Antimony . . . . 07 Silver . . . . . 105§
Zinc R A Lead . . . . . 11'36
Tin. . . . . . 72 Mercury . . . . 136
Iron .. .78 God . . . . . 103
Copper. . . . . 86 Platinum . . . . 21§

HaRrDNESS.—This property is very much affected by the purity of the
metal und the treatment which it has undergone. Speaking generally, the
hardness of a metal—with few exceptions—is increased by the presence
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of impurities. Gold for coinage is hardened by 833 per cent. of copper,
and the presence of a small percentage of carbon in iron converts it into
steel. Other examples will be found in the text. By suitable heat
treatment, steel may be made hard enough to scratch glass, or soft
enough to be turned and worked freely. (See Tempering Steel.)
Mechartical treatment, such as hammering, wire-drawing, rolling, and
pressure in the cold state, hardens metals—work-hardening. In this
manner the bronze weapons of the ancients were hardened. Annealing
—heating to redness and allowing to cool very slowly—generally has
the effect of softening the metal. In the case of copper this is reversed,
rapid cooling, such as quenching in water, softening that metal and
many of its alloys. Metals are usually softer when hot than when cold.

Hardness is determined relatively by comparison with other bodies
of standard hardness. Mohs’ scale of hardness, first used for minerals,
consists of the following substances : 1 talc, 2 gypsum, 3 calcite, 4 fluor-
spar, § apatite, 6 felspar (orthoclasc), 7 quartz, 8 topaz, 9 sapphire,
10 diamond. Comparison is made by scratching the surface. Turner’s
sclerometer has a jewelled point that can be weighted till a movement
over the surface of the metal produces a scratch of standard depth.

The Brinell test of hardness consists in indenting the smooth surface
of the metal with a hardened steel ball—usually 10 mm. in diameter—
by subjecting it to a pressure of 500 kilograms for soft, and 3000 kilograms
for harder metals. The diamcter of the indentation is used as a basis
for calculating comparative figures --hardness numbers.  For very hard
bodies a 2 mm. diamond ball is employed.

The Shore scleroscope compares hardness by means of the rebound
of a light hammer.

In every case other factors than simple hardness influence the result.
Wearing hardness is quite different, and is measured in other ways.

The physical, and to some extent probably the ¢hemical,
behaviour of a metal is dependent upon its internal structure.
Formerly the fracture presented by the metal was the only
means of gaining any clue to the structure of a metal. This
at best, could only furnish a very rough indication. The
adoption of microscopic examination has provided the means
of more accurately investigating the structure, while the
later applications of X-ray examination, as applied to metals,
have enabled the molecular arrangements to be studied.
Both methods of investigation also have put into the hands
of the metallurgist means for ascertaining the distribution
of components, and the presence of cavities, inclusions, lack
of homogeneity, and other faults in the material, as well as
the changes that may occur in distribution and in sjructure
induced by heat or mechanical treatment or during the
working life of the material.
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Metals are generally obtained in or reduced to a state of
fusion. Wrought iron and some of the electro-deposited
metals are exceptions.

Like other fluids, metals on solidifying usually assume a
crystalline condition. If the conditions allow, the crystals
may be easily recognised owing to the production of a

more or less definite geometrical
|

form.

Fig. 1 shows such a crystal
from an ingot of steel. Fig. 2
shows crystals of lead.

Such crystals are formed when
the solidification takes place by
cooling from the outside, under
conditions which favour rapid or
fairly rapid removal of heat from
the external surface.

FiG. 1.—Crystal of iron from Fi16. 2.—Crystallised lead.
a steel ingot.

NoTe.—All metals have definite @gl‘tn};ixts of solidification. See
page 16.  When the metal cools throughottits mass to its melting-point
before solidification commences, crystallisation-may begin anywhere in
the interior. It commences at many centres from which the crystallising
tendency radiates and proceeds spherically until the spheres of influence
come into contact, then extends till the liquid included between the
spherules is appropriated, producing polygonal forms, which resemble
spheres compressed till the surfaces are brought into contact. See
Fig. 3, pure gold. .

Like other crystallising bodies metals tend to become
purer by rejecting other substances which may be present
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either as impurities or in admixture. Thus the crystal
from the steel ingot shown in Fig. 1 was nearly pure iron.
Other examples may be found in Pattinson and Parke’s
processes. See lead, pp. 279, 283.

The rejected bodies may form inclusions and be en-
tangled in the metal, interfering with the homogeneity of its
structure, or, if the metal be quite liquid, may rise to the
surface if there is a difference in specific gravity, e.g. Kish,
see p. 172,

F1G. 3.—Photo-micrograph. Pure gold.

In alloys the constituent metals may solidify together
as a solid solution, see below.

Fig. 4 shows a micro-photograph of copper containing
lead. Fig. 5 a micro-photograph of steel showing a segrega-
tion of sulphides. '

" Where the case is one of simple segregation of an impurity
or a compound, its effect on the properties will be limited
to the extent to which it interferes with the continuity of the
structure and the contingent circumstances arising thegefrom.
In many cases, however, other considerations arise.
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Molten metals follow the same laws as other liquids. They
act as solvents, and their solvent power varies with the

F16. 4—Lead in copper.

temperature so that they may retain larger or smaller amounts
of other metals in solution as the temperature rises and falls.

F16. 5—Sulphide segregation in steel.

In making castings this may have far-reaching effects.
The hot fluid metal may be perfectly mixed and its com-
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ponents in solution, but in the course of solidification
more or less complete separation may occur.

When substances are mixed together in solution, the
melting,and solidifying points are often lower than the mean
melting-point of the mixture, and often below the melting-
point of the more casily fusible constituent. Thus, an alloy
of 2 parts of potassium, melting-point 62°5° C., with 1 part
sodium, melting-point 99°6° C., remains quitc fluid at the
ordinary temperature and runs like mercury. (The alloy
may be made by melting the metals together under heavy
petroleum.)

In all cases, however, there is an alloy containing certain
proportions of the metal having a lower melting-point than
any other mixture of the metals. ’I‘MCS at a
definite temperature, and represcents the mutual maximum

proportions with the lowest melting-point.
In the solidification of m oys and impure metals

they behave more or less like other solutions, and the solidify-
ing point (melting and freezing-poiats) may be depressed by
the presence of dissolved metals or impurities in the same
manner as other liquids carrying dissolved solids, ¢.g. water
and salt, the depression being dependent on the amount of
substance in solution, and there may be a limit to the pro-
portions that can remain mutually dissolved in the fluid
state at any temperature.

With salt and water the proportions are water 77°6 per
cent. and salt 22°4 and the temperature minimum —21'2° C.
If more salt be present, as the temperature falls it separates
as a solid till the proportion has fallen to 22°4, and the
temperature to —z21°2, but if less, water separates till that
proportion has been reached. If the temperature falls
below —z21°2° C,, the still remaining liquid solidifies com-
pletely, z.e. the solidifying part of the mixture is —z21°2° C.
As salt is insoluble in water in the solid state separation of
the two occurs during solidification.

Similarly, with a mixture of molten metals, as the tem-
perature falls, portions may solidify leaving the still*liquid
portion richer in that constituent which will produce an alloy
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of a lower melting-point, until the proportion is recached
which has the minimum melting point, and solidification
is then completed, without a further fall in temperature, as
the heat is dissipated. Some metals, however, are tapable
of remaining in solution in the solid state to a greater or less
extent, and the portions that solidify in such cases are not
pure metals.

It will depend on the proportions in which they arc mixed
whether the mixture of lowest melting point is produced.
It will only be produced when the proportions exceed the
limit of solid solubility at the meclting point of the most
fusible mixture.

The portion to solidify last must, of course, lie mainly
outside and envelop the portions already solid, and thus be
moulded on the crystals and crystallites formed or in course
of formation, thus producing a greater or less break in the
continuity of the structure with a corresponding effect on
the propertics depending on the character of the separated
matter. The alloy or mixture having the lowest melting
point in a series, and which during solidification remains
fluid longest, 7.e. to the lowest temperature, is described as
the eutectic.

Strictly speaking, the eutectic of a series should have a
definite composition when molten, but separation of its com-
ponents will take place when it solidifies. Components may
not mean elements or compounds. Thus the homogeneity
of the structure may be broken in quite a natural manner
with the corresponding effects on its physical properties.

It does not follow that pure inetals will separate in the
course of solidification of alloys. In the crystallisation of
chemical compounds many salts retain a portion of the
water in which they were dissolved as water of crystallisa-
tion, and the amount so retained may be varied. These
variations are accompanied by changes in form or properties.
So also may the solvent and solute in a solidifying mixture
of metgls produce mixtures of varying composition, but which
may attain a crystalline condition if not a definite form,
the amount of each constituent varying with the conditions



Physical Properties of Metal 9

of temperature and perhaps pressure. Such mixtures may
present no definite atomic ratios, but the body so separating
may be sensibly homogeneous. It is usual to describe such
“ bodies as ¢ solid solutions.” Thus the « solution of brass
(copper and zinc) may vary from 100 per cent. copper to
70 per cent. copper at the moment of complete solidification
and to 63'5 per cent. at the ordinary temperature. Any
alloy within these limits will present a uniform structure
when microscopically examined. (See Fig. 6.) There may
be, however, certain variations in appearance within the
crystal grains of a
more or less regular
type. These result
from the tendency, as
the temperature of the
molten metal falls, for
a solution to solidify
containing a larger
amount of copper—
the body of higher
melting point-— than
the average proportion
in the mixture, leaving
the portion still fluid

richer in zinc. Durin .
h £t g F1G. 6.—a. Brass, showing similar
the progress o e character of grains.

solidification  inter-

change of constituents between the fluid and solid portions,
which results in the establishment of an almost uniform
composition within the grain, may take place, but this may
be incomplete, and the crystallites first formed may not
be obliterated. The irregularities in the individual grains
arising from this cause are described as ‘ coring.”

In brass several solid solutions of fixed limiting propor-
tions exist. Fig. 4 shows the vy solid solution. It con-
tains 40 per cent. of copper. o

From the foregoing it will be seen that from the
beginning of its existence as a solid a metallic mass
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may posscss a more Or less complicated structure varying

1. 7.—y. Brass, showing complete solid solution.

from the simple one-constituent structure of pure metal,

16, 8.—a and B. Brass.

or simple solid solu-
tion without coring, to
the complex structure
arising from (e) the

presence of  foreign -

bodies as inclusions
(slag, etc.), (b) scgre-
gated-impurities, (¢) the
separation and presence
of different solid solu-
tions (see Fig. 8) con-
taining differing pro-
portions of the metals
present, and () the
formation and separa-
tion of an eutectic.
These can be de-
tected by microscopic
cxamination, and the
conditions under which

they form and separate determined in various ways.
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Fig. 9 is a micrograph of white bearing metal showing
three constituents.

Changes "in the Solid Material.—Changes in composi-
tion of the components and in the distribution of the con-
stituent$ may take place in the solid state when the conditions
are favourable. The components—metals, metallic com-
pounds, or solutions—may diffuse as the temperature is
raised, even below the melting point, and again separate as

Fic. 9.—White bearing metal showing three constituents.

the temperature falls, unless separation is prevented by
quenching and cooling so rapidly as to prevent the free
movement of the molecules and arrest them in the condition
they had at the moment of quenching.

Figs. 10, 11, show a steel casting as cast and after annea]-
ing. Figs. 12, 13, a piece of tool steel in its ordinary soft
condition and after heating to redness and quenching from
a red heat. In the former case the redistribution pf the
carbon compound will be noted, and in the latter that the
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quenching has prevented the separation of the white con-

stituent—FegC, cementite.

From the foregoing it will be observed that intcrnal

F16s. 10, 11.—Steel casting before and
after annealing.

structure is not merely
dependent upon the
composition of the metal
-—except in the case of
pure metals—but upon
many other things, and.
that the physical pro-
perties may vary within
wide limits and be de-
termined by the internal

- character of the metal.

All the effects—of
mechanical treatment
must be considered in
the light of these facts,
since they have great
influence on the distri-
bution of force within
the mass. Coker has
shown ! that the effect
of holes and other
variations of form in
solids is to produce a
large concentration of
force in the neighbour-
hood of the hole, and
the effect of a nick in
so concentrating force

- as to make it easy to

break a bar of metal is
well known. Thevaria-

tions, inclusions, and irregularities which cause a break in
the continuity of the structure have corresponding effects

! T%ans Inst. Engineers and Shipbuilders, Scotland. 1919-1920.

Ixiii. 34-94.
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F16. 13.—Tool steel quenched.
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and are responsible for much, if not all, of the deterioration
in mechanical strength which sometimes occurs in metal
© during its working life. 1/The repeated application of stresses
too small to produce fracture may, as the result of such
concentration, institute or extend internal incipient fractures
or otherwisc weaken the metal below its normal working
load.
A rough idea of the internal character of the metal may
be obtained from the fracture.
Fracture is the appearance presented by metals when
freshly ruptured.
Metallic fractures may be classified as—

Crystalline.—Mctals presenting this appearance are weak. Fracture
occurs by the separation of the adherent facets or by cleavage.
Antimony, bismuth, and zinc offer good examples of this kind of
fracture.

Granular.—This fracture presents the structure of a sandstone. The
uniformity of the mass is greater than when crystalline, and the metal
is consequently stronger and more readily worked. Cast iron is a good
example of this structure.

‘Fibrous.—This structure is devcloped to the greatest degree in
wrought iron by the elongation and welding together of the particles
during rolling. The toughness and strength of this metal are well known.

-—- Silky.—This is a finely fibrous fracture of brilliant silky lustre. It
is best seen in copper and steel. Metals which possess it are usually
strong, tough, and malleable.

Conchoidal.—This appearance is presented by the harder varieties
of steel. The metal breaks with a convex or concave surface with
divergent markings somewhat resembling a shell. Metals possessing
this fracture are usually hard, highly elastic, and brittle.

Columnar.—The columnar structure is manifested by the tendency
of the metal to separate in long fingers across the thickness of the cake or
ingot, the pieces somewhat resembling lump starch. In tin it may be
obtained by heating the metal nearly to its melting-point, and then either
allowing it to fall on the ground, or by striking it sharply with a wooden
mallet while hot. It is a very unsatisfactory fracture. .

The fracture of a metal varies with the purity, temperature, and
manner in which the rupture has been produced : e.g. wrought iron con-
taining phosphorus breaks with a crystalline fracture ; copper at a full
red heat breaks with a coarsely granular fracture ; while wrought iron,
if nicked @/ ound and broken short off, may present a granular fracture,
but if nicked on one side only, and then bent over and broken, it exhibits
a fibrous fracture.

L]

Fusibility.—All metals, with greater or less difficulty,
have been reduced to a fluid condition by heat. The
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readiness with which this can be done and the temperatures
required to effect it vary greatly. Tin, lead, and zinc melt
in an ordinary fire, platinum only in the oxy-hydrogen blow-
pipe flame. Many metals, before fusing, pass through a soft,
pasty stage, e.g. iron and platinum ; others pass directly from
the solid to the liquid state. This applies to alloys also. The
alloy of two parts lead and one part tin, used by plumbers to
make the joints of lead pipes, is an excellent instance of this,
the knob of metal round the pipe being wiped on and shaped
with the metal in the pasty state. This is due to the sepa-
ration of solid lead in the cooling alloy leaving a fluid
portion richer in tin and having a lower melting point.
See p. 7. —

Most metals contract on solidifying and are denser in
the solid state. Bismuth is an exception. Its density in the
liquid state is ro'oo4 and ¢'673 when solid.! Cast iron is
another apparent anomaly, but this is due to the separation
while solidifying of carbon, which has a lower density and
increases the volume. See p. 165.

Metals which do not become pasty, and which expand on
solidifying, bring out finer impressions of moulds when used
for making castings. Certain qualitics of iron are consc-
quently superior for this purpose, and for a similar reason
bismuth is added to zinc and tin alloys, for casting the
so-called artificial * bronzes,” and for making alloys for
patterns.

The fluidity of metals when melted is very variable. For casting -

purposes, the metal must flow freely, or portions of the mould will not be
filled—cold shorts—and the sharpness will be destroyed.

When metals are mixed together to form alloys, the melting point of
the mixture is lowered, sometimes in a remarkable degree, even below
the melting-point of the most fusible constituent, e.g. a mixture of 1 lead,
1 tin, 2 bismuth melts in boiling water. (For melting-points of tin and
lead alloys, see p. 388.) This is taken advantage of in the production of
the so-called “ fusible alloys,” which are required to melt at a certain
temperature, anmgs. Alloys used for the latter purpose mugt
melt more readily then the objects to be soldered. {

1 This corresponds vith a linear expansion o'0o14 and a cubic
expansion of 0'0342.
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LATENT HEATS OoF FuUsioNn.!

lemp. °C, Heat cal/g.

Ice . . . . . . . o 79'24
Aluminium . . . . . 658 76'8
Bismuth . . . . . . 268 12°64
Cadmium . . . . . 3207 13°66
Copper . . . . . . 1083 42'0
Iron, grey-cast . . . . — 230

,, White-cast e 330

y Sag . . . . . — 50°0
Lead. . . . . . . 327 5'86
Mercury . . . . . . —39 2'82
Nickel . . . . . . — 464
Palladium . . . . . 1545 363
Platinum . . . . . 1755 27°2
Silver . .. . . 961 21'7
Sodium . . . . . . 97 317
Tin . . . . . . . 232 14'0
Zinc .. . . . . 419 2813

Expansibility.—The amount by which a metal expands
and contracts on heating and cooling greatly influences its
value for making castings. Apart from the difficulties
arising from the presence of cores—that is parts of the mould
surrounded by the metal and which by offering resistance

acting metal mlght produce fracture—the
variations 1n thickness in the lent parts of the casting
will tend to causc different the same casting to
cool at different rates and c ct uncqually, thus sctting
up stresses which may produ re, or, failing that, to
set up internal stresses which great ken the casting.
For casting purposes a metal with minimum contraction
would serve best. In grey cast-iron the carbon which
separates during the solidification largely counteracts the
contraction due to cooling, and thus renders it casier to
produce complicated castings and sharply-defined castings
of an ornamental character.

1 Hodgman, Coolbaugh and Senseman’s ¢ Ilandbook of Chemistry
and Physics.”
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TABLE OF MELTING-POINTS.

Tin . . 232° C. Copper in air . 1062° C.
Bismuth . 268° Copperin areducing atmo-
Lead . 327° sphere 1084°
Zinc . ! 419° Gold 1064°
Antimony 632° Cast-iron 1200-1350°
Aluminium . 657° Nickel . 1452°
Magnesium . 651° Iron 1503°
Silver in air . 955° Platinum 1755
Silver in a rcducmg Tantalum 2850

atmosphere . . 962° Tungsten 3267°

Volatility. — Some metals are readily converted into
vapour by heat, and are described as volatile metals.  Such
metals can be distilled, the vapour being led into condensers
and cooled. Mercury, zinc, cadmium, sodium, potassium,
and arsenic are obtained from their ores in this way, the
vapour of the reduced metal being led away from the reduction
chambers, or retorts, and condensed.

Note.—Volatility is only a relative quantity. Almost all metals are
volatilised to a greater or less extent at very high temperatures, such as
are obtainable in the electric arc and furnace, while lead, antimony, gold,
and silver, are sensibly volatile at furnace temperatures.

Tenacity.—Resistance to fracture by a stretching force
is possessed by all metals in a greater or less degree. It is
expressed by the amount of dead weight which a bar of
given sectional area can support without rupture. In
English measures it is expressed as the number of pounds
or tons supported by a bar one square inch in section; in
metric measure, as kilogrammes per square millimetre or
centimetre,

TABLE OF RELATIVE TENACITIES.

Steel . . 100 Gold 12
Wrought Iron 30-40 Zinc 2
Cast Iron 10-24 Tin 1-3
Wrought Copper 18-20 Bismuth I-1'§
Cast Copper 12-25 Lead . . . 1
Cast Silver . 25 Lead (wire) . I'5-2°'5
Aluminium . 20-28 Antimony . o8

The steel taken as 100 has a tenacity of 60 tons per square inch.

This property is greatly affected by the purity and

C
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condition of the metal. The presence of cerfain impurities
in some cases increases it, while in others the tenacity is
diminished by foreign matters. The presence of the small
amount of carbon in iron nccessary to convert it into steel
is attended by a marked increase in tenacity. The presence
of sulphur, on the other hand, diminishes it. Many other
cases will be found in the sequel. Excess, even of a salutary
kind of impurity, often lowers the tensile strength, as is the
case with the larger proportion of carbon present in cast
iron, the effects varying with the manner in which the sub-
stance occurs in the metal. Metal which has been mechani-
cally treated, as by hammering or rolling (especially in the
cold), or by wire-drawing, is generally stronger than cast
specimens of the same metal ; thus, a steel wire, No. 14
gauge, 0’087 inch in diameter, drawn from steel rods having
a tenacity of fifty-seven tons, had a tensile strength of ninety-
eight tons.

Mechanical treatment produces some change in structure, especially
in the external parts. In a wire, a hard skin.is formed on the surface,
the proportion of which to the whole bulk varies with the gauge of the
wire. If this be immersed in acid and dissolved off, the interior is found
to possess little or no greater tenacity then the original metal.

The hardness and strength are reduced to their ordinary
level by heating the metal to full redness, or other suitable
temperature, and allowing it to cool slowly, 7.c. annealing.

Heat, if excessive, lowers the tensile strength. The tem-
perature varies with different metals. The tenacity of metals
often changes, as the result of the situation in which it is
employed. Iron and steel frequently become crystalline and
brittle by continued vibration, or by frequent heating to
redness and cooling, and are in consequence weakened.
Many fractures result from this cause.

Tenacity is determined by straining a piece of metal of known
dimensions, and observing the amount of force necessary to fracture it.

Fig. 14 shows forms of test-pieces for various purposes before and
after fracture.

The ends are securely gripped and the force is generally applied by
means of hydraulic pressure acting on a ram to which one of the grips
(shackles) is attached. The force expended is weighed, by either a
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simple or compound lever arrangement, much on the same principle as
a common steelyard.

Sometimes, instead of weighing the force, the pressure employed is
registered by gauges, and the

force calgulated.
Figs. 16 and 17 show dia- mﬂmmt mmm
grams of simple and compound

lever arrangements. Before Fracture
Testing-machines for de-

termining tenacity are gecne-
rally provided with appliances
for other purposes.

After Fracture — - -
The force required to

fracture a piecc is genc-

rally greater if applicd at Before Fracture

once than when gradually

applicd. [ = — ]
Elasticity is thc power After Fracture

to assume its original Fic 14

W o

form and size, after dis- X
tortion by the application of force. It will be observed
from Fig. 14 that the pieces after testing are longer than
before. If during the test the strain is relieved from time
to time by removing the force, it will be found that the
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piece assumes its oréginal length until a certain amount
has been exceeded. After that the test-piece becomes per-
manently elongated. Up to tha{ point the substgnce is
perfectly elastic, and the amount of force required to produce
permanent lengthening marks its ‘‘ limit of elasticity.” In
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carrying out a tensile test it is easy to sce when the piece
begins to elongate in a sensible degree. This is somewhat
beyond the true elastic limit, and is described as the ¢ yield
point.””  When the strain ceases to be proportional to the
stress the limit of elasticity has been reached. The pro-
portion which this bears to the tenacity of the body is of
importance in structural work. The larger the proportion,
the more reliable will be the material, and the less likelihood
of its being affected by vibration, etc.

The ¢ modulus of elasticity >’ is the force that would be
required to double the length of a bar if its elasticity remained
perfect. The “modulus” is an index of the stretching
capacity of the metal.

Elongation.—The extent to which a metal elongates prior
to fracture is a matter of the greatest importance. Tough,
ductile metals show a considerable increase in length. Hard,
brittle metals clongate but little.

Important evidence as to the working qualitics of the material is thus
furnished. To determine the clongation, the test-picce is measured
between points before and after straining till fractured, and the increase
stated in percentage of the original length. Thus a 1o-inch test-piece
of boiler steel measured 12'5 inches after fracture, 7.e. 2'5 inches over
10 inches = 25 per cent. Elongation is accompanied by a diminution
in area of section. This is measured in order to determine whether the
elongation was local or uniformly distributed. Sometimes the contrac-
tion in arca is confined to the region of fracture. Results are thus
stated—

DESCRIPTION OF SAMPLE OF MILD STEEL.

Tensile strength Yield Klongation Contraction
in tons per square nch. point, per cent, of area.
28 15 25 40

Curves are often drawn automatically or plotted from results, showing
the behaviour of the piece at different loads.

Ductility is the property which permits of the body being
drawn out in the direction of its length—that is, converted
into wire. The metal from which the finest wire is producible
is the most ductile. Wires are produced by dragging rods of
a convenient size through holes in a steel-faced plate. The
holes are somewhat smaller than the rod itself. By repeating
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the operation a sufficient number of times it is reduced to
the desired gauge. The hole is slightly tapered and the
end of the rod is ground thinner to permit of its being thrust
through the hole far enough to
allow it to be gripped tightly. A
suitable lubricant is applied.

The property is dependent =
principally upon the tenacity and C
upon the ease with which the
metal suffers deformation. Metals
which have a low yicld-point arc moderately soft, and,
if fairly tenacious, are most ductile. On this account gold
and silver head the list of ductile metals, and iron precedes
copper, tin, and lead, whose tenacity is much inferior,
although they yield more readily than iron. Since the force
applied must be concentrated on the section of smallest area—
i.e. the area of the hole through which it is passing—it is
obvious that tenacity will be the dominating factor. Any
condition tending to lower the tenacity, increase the hardness,
or raise the yicld point will tend to diminish the ductility.
Hence, pure metals of uniform structure are usually most
ductile, and as the tenacity generally falls with increased
temperature, all wires are drawn cold. If it werc possible
to maintain the tenacity while lowering the yield point they
might be drawn hot.

In wire-drawing the metal becomes hard and brittle, and
requires to be frequently annealed. Pickling in acid is also
resorted to to remove films of oxide, when necessary.

Some indication of the ductility of a metal is obtained
from the amount of extension and reduction in arca which
takes place in carrying out a tensile test.

Fia. 17.

Wire-drawing in most cases increases the density, the force employed
being converted into pressure by the conical form of the hole through
which it is drawn.

ORDER OF DUCTILITY.

Gold Aluminium Zinc
Silver Iron Tin
Platinum Copper Lead
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Gold wires as fine as the threads of a spider’s web have
been drawn by enclosing the gold in silver, and dissolving off
the latter in nitric acid after drawing down.

Malleability.— Metals which can be beaten ‘out or
otherwise extended in all directions by pressure are said to
be malleable. The degree of malleability is measured by
the thinness of the leaves it is possible to produce. This is
governed mainly by the relationship cxisting between the
tenacity and the yicld-point hardness of the metal. The
force applied must be sufficient to deform the material, but
in this casc is not confined to a narrow section, as in wire-
drawing, but distributed through the mass. When the
force required to deform the material exceeds the tensile
strength of the section to which it is applied rupture takes
place, so that ultimately a limiting thickness is reached.
The property is therefore less dependent on tenacity, and
consequently a great change is observed in the order of
malleability as compared with the ductility. Copper, tin,
and lead, it will be observed, precede iron, whereas the
reverse is the case in the table of ductility.

Malleability is greatly affected by the presence of im-
purities in the metal. In some cases a trace of a certain
substance is sufficient to destroy it. This is usually duc to
the impurity producing an alteration in the internal structure,
such as the separation of the impurity, or an cutectic con-
taining it, from the metal during cooling. Traces of bismuth,
arsenic, or antimony make even gold brittle. Bismuth in
copper destroys its malleability. It forms envelopes, more
or less completely surrounding the copper grains. The
intervening material is brittle. Any treatment which lowers
the yield point and softens the metal will tend to increase the
malleability unless the tenacity is reduced at a greater rate.
Thus, many metals are rolled, beaten, and otherwise worked
hot, e.g. iron and copper. In some cases overheating causes
the metal to lose its malleability and become ‘‘ burnt.” This
is most noticeable in the case of metals not quite pure or
only commercially pure. The purest iron can be worked at
higher temperatures, than either poorer iron or steel.
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Commercial zinc affords a striking instance of the effect
of heat in this respect. In the cold, the metal is brittle and
crystalline. At a temperature of 120° C. to 150° C. it is
malleable, and can be rolled into thin sheets ; at a somewhat
higher temperature it becomes more brittle than when cold.
Sheets of zinc rolled at the proper temperature retain a con-
siderable degree of malleability, and can be bent and worked
like other sheet metals with a little care.

ORDER OF MALLEABILITY.

Gold Copper Lead
Silver Tin Zinc
Aluminium Platinum Iron

Plates, sheets, foil, and leaf arce terms applied to different thicknesses
of metal.

Plates, sheets, and foil arc generally rolled.  Teaf is beaten out by
hammering.  Gold leaf 55455 of an inch in thickness, and so thin as to
transmit light, is commonly produced by hammering. At the Great
Exhibition of 1862, sheets of Russian iron were shown »}s of an inch
thick. These, it would scem, had been produced by hammering the
sheets in packets with charcoal powder between. Various tests are
applied to determine malleability, such as bending, hammering, etc.
Such articles as rivets and angle irons should be very malleable.

Resistance to Impact.—Mectals which have passed
satisfactory tensile and other mechanical tests sometimes
fail in use although no fault is apparent in the design.
Usually, the parts that fail have been subjected to shocks
or repeated repetitions of stress. Various methods of testing
resistance to shock have been devised. In most cases a
test piece of suitable dimensions has a notch of definite size
and shape cut in the side. The bar is held in a vice—forming
part of the testing machine—at the level of the notch, and
the force required to break it, when struck at a definite
distance {from the notch, is determined. The foot-pounds of
energy required by bars of the same size afford a means of
comparison.

In the Izod t quare bar, 1 cm. in the side, is used.
The notch is 2 mm. deep, the sides have an angle of 45°,
and the bottom is a round groove of o'25 mm. radius.” The
bar is struck by a pendulum hammer 2°2 cms. from the notch.
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The results may vary, but good steel gives from go-50
foot-pounds.

Toughness is the resistance to fracture which is offered
by a metal after the yield point has been passed by such
treatment as twisting and bending. It is the reverse of
brittleness.

Most malleable metals are tough, but not always in pro-
portion to their malleability. It is determined by the number
of times the metal can be bent to and fro before breaking, or
the number of twists that can be put on a wire or rod of
given length.

In some cases, as in tﬁti_rlg_s(t/e(ilaﬂs, a heavy weight is
allowed to drop from a given height upon the rail resting on
supports.

Purity is not always associated with the extremc of tough-
ness (see Copper refining and toughening, p. 237).

Brittleness.—Mectals are brittle when they break at the
yield point or readily after that point has been passed. This
may be duc to unsatisfactory structure which may be natural
to the metal, as in the cases of antimony and bismuth, or
to the interference in structure caused by the presence
of impurities, changes occurring during solidification leading
to separation and segregation, heat or mechanical treatment,
or to fatigue. Phosphorus in iron renders the metal
“short’ in the cold—* cold short.” Sulphur has a similar
cffect at a red heat—‘‘ red short.” Cold-short iron works
fairly well above a red heat, and red-short below that tem-
perature. The term “ short,” as applied in this connection,
means lack of toughness and malleability.

Flowing Power.—Metals which in the so/7d state can be
readily shaped into any required form by pressure are said to
posscss the flowing property. Stampings,lead pipes and rods,
coins, medals, etc., are made by taking advantage of this
property. It does not in any way refer to the fluidity of the
metal when molten, the operations being conducted upon
the metal in the solid state.

The property seems to depend upon a combination of
malleability, ductility, and toughness, allied to a peculiar
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structure giving the metal a semi-plastic character, which
permits of the particles rdlling over each other freely. $When
metals “ flow,” the movement of the particles is general
throughout the mass. The effect of the pressure is identical
with fluid pressure, and is uniformly transmitted, and the
movement resembles that of a viscous liquid. The manner
in which the metal moves is very important. To ensure
strong reliable products the ‘ flow lines ”” should be uniformly

FIG. 18.‘ Fic. 19.

distributed and_follow the distribution occurring in the
original material.

Fig. 18 shows a satisfactory distribution, and Fig. 19
unsatisfactory distribution in a rivet.

Note.—Flow_li can be revealed by very carefully etching a
polished secti(TxTFfl:?\ﬁs material.

Tead possesses the power of ‘‘ flowing "’ to a great extent.
In consequence of this, the plumber is able to work up by
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gentle hammering lcad vessels from sheet, the superfluous
metal being gradually worked away into the sides, making
them thicker.

Lead pipe is squirted from a solid ingot by means of
hydraulic pressure, the tube being formed by a mandril or
die, as it passes from the press. Delta metal is also extruded.

Many other applications of the flowing property are now
bcmg employed. Dieidrawn and pressed work, shect
'spinning_operations, and the perforation of ingots prior to
drawing into tubes may be mentioned as further examples.

In striking medals and coins, a disc of metal (a blank) is
placed between steel dies, and the sudden application of
pressure causes it to flow and fill all the finest lines of the dic.
The great sharpness of medals and coins is due to this method
of production. If cast, the metal would solidify before com-
pletely filling the mould owing to its thinness.

Welding.—The modern application of this term has led
to some misunderstanding. Welding, strictly speaking, is
the method of joining solid metals, reduced to a satisfactory
condition, by simple pressure, whether by hammering or
otherwise, no solder or fused metal being employed.

Methods where fused metal of the same nature as the
picces to be joined is used should be described as ¢ burn-
ing "’ operations or autogenous soldering. Where the metal
used is of a different character the operation should be
included under ‘ soldering "’ operations.

In welding it is essential that the surfaces in contact shall
be perfectly clean and free from oxide, and the metal in a
condition to “ flow ” readily under pressure. Gold fulfils
both the conditions, and welds readily in the cold. Platinum
is free from oxidation, but requires to be strongly heated to
flow well under pressure. Most metals oxidise on exposure
to air, cspecially when heated. The presence of an oxide
film prevents welding. For this reason lead and tin are
difficult to weld unless protected or so treated as to expose
fresh surfaces during the operation, as in rolling or extrusion.
Such fresh surfaces weld readily. In this way compound
sheets of tin-faced lead foil are produced. Many other
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compound sheets are made in the same way, special care being
taken to cnsure that the plates of metal originally used are
in the best possible contact, and so fitted as to exclude air
in order that the fresh surfaces developed shall not be tar-
nished and the welding prevented. Copper, iron, and
nickel, and other metals are welded in this way.

In the case of highly elastic metals such as iron and steel,
it is necessary to soften them and lower the yield-point by
heating sufficiently to cnable them to flow readily under the
pressure or hammering employed. Oxidation takes place,
and to obtain a good weld the oxide must be removed. In
welding iron the metal is either made hot cnough to fuse
the oxide formed, or sand is used, which, by combining
with the oxide, forms a fusible body (silicate of iron) which
melts at a lower temperature than the magnetic oxide of
iron which is formed on heating. This enables the removal
of the oxide to be effected at a lower temperature and reduces
the risk of burning the metal when a big weld is being made.
In either case, when the pieces are placed together and the
metal hammered the fluid matter is squeezed out (hammer
slag), and chemically clean surfaces come into contact. The
strength of a weld depends largely on the complete expulsion
of the slag, and the surfaces are made more or less rounded
to ensure this taking place. Borax is often used instead of
sand, especially in welding steel. It produces a more fusible
slag, and thus allows the welding to be done at a lower
temperature.

The metals which weld readily are platinum, gold, silver,
lead, tin, iron, and nickel.

In electric welding, the ends to be united are placed together, and a
powerfulelectric current of low tension is passed by suitable connections
from one picce across the point of contact to the other. The high resist-
ance at the junction, owing to the poor contact, causes the development
of intense local heat, which is greatest at the faces to be joined. When
hot enough, the ends are fotced together by a screw attachment, and
union between the pieces takes place. (Thomson’s Process.)

In welding large iron tubes made from plate, rings, etc., the electric
arc is employed, the arc being sprung between the work itself, suitably
supported, and carbon rods manipulated by hand, or otherwise suspended
above it. (Bernado’s Process.)
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Metal Burning.—Acetylene welding, Quasi-arc welding,
and other methods of a similar type belong to the same
class of opecrations as lead burning, a very much older
process.

Lead burning consists of uniting sheets or other articles
of lecad by melting the edges together in order to avoid the
use of solder, a strip of lead being melted on the seam to
ensure union. This is done in constructing sulphuric acid
chambers and other chemical plant in order to avoid the
electrolytic corrosive effects resulting from the presence of
two metals. An oxy-gas or oxy-hydrogen blowpipe is used.

In acetylene welding a metal rod similar in character
to the work, is melted into the joint, the suitably shaped
surfaces of which are melted and unite with the metal from
the rod. An oxy-acetylene blowpipe is used. Iron, alu-
minium, and other metals are thus welded.

In both cases the conditions of success are the same,
viz. fusion of the surfaces to be joined, without overheating
the bulk of the metal. It is, therefore, necessary to employ
an intensely hot flame to enable the heating to take place
almost instantancously beforc the heat can be conducted
into the body of the metal. In lead burning hesitation is
fatal, and in acetylene welding, if n(mr,‘i‘rgfeatly increases,
the difficultics arising from contraction. The latter con-
sideration has always to be taken into account, and is dealt
with in various ways.

In Quasi-arc_and other forms of clectrode welding the
principles are the same, but the heat is derived-by—using the
rod of metal employed in making the joint, as the conductor
of an electric current. The joint is touched with the rod
and a small arc sprung between it and the work, so that the
heat developed by the arc heats the work and melts the rod
which furnishes the added metal. When one rod is melted
another is used. The electrodes employed are covered with
a coating of fusible material. This melts and forms a slag
which protects the molten metal, preventing oxidation and
burning, and also chilling. The quasi-arc electrodes are
covered with blue asbestos.
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Soldering and Brazing.—In soldering, union is effected
by employing a metal or alloy of lower melting point, differing
in character from the metal or metals to be joined. The
metal or alloy employed must alloy superficially with the
surfaces of the metal to be united. To ensure this the
surfaces must be mechanically and chemically clean, and
suitable solders must be employed. Various fluxes are used
to prevent oxidation and to remove oxides, if formed.

Tallow is used by the plumber, and resin, and zinc
chloride, and sal ammoniac are largely used as fluxes for soft
soldering where the temperature is low. In brazing and hard
soldering borax is employed. See p. 44.

Soft soldering, brazing, silver and gold soldering are all
forms of the same type of operation, different alloys and
fluxes being used as occasion demands.

Conductivity.—Mectals arc, speaking gencrally, good
conductors both for heat and clectricity. Their relative
conducting powers arc as follows :-——

For heat.! For clectricity.?
Silver . . . . . 1000 1000
Copper . . . . . 748 041
Gold . . . . . 548 730
Aluminium . — (18
Zinc . . . . . — 206
Platinum . . . . 94 166
Iron . . . . . 1ol 155
Nickel . . . . . - 120
Tin S (71 114
Lead . . . . . 79 76
Bismuth . . . . 18 I

Electrical conductivity is greatly diminished by a rise in temperature
and by impurities. Impure copper may have a conductivity little superior
to that of iron. Alloys as a rule are poor conductors, but are less affected
by heat.

1 Matthieson. ? Franz and Wiedemann.
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CHAPTER 1I
METALLURGICAL TERMS AND PROCESSES

CoMPARATIVELY few metals are found to any great extent in
the metallic condition. When occurring in that form they
arc said to be mative. Thc whole of the platinum, and
practically all the gold used, are thus found. Ironm, silver,
copper, mercury, bismuth, and arsenic also occur native in
notable quantities.

Native metals may occur in masses of considerable size, as threads
and filiform masses penetrating the rocks, in grains and thin flakes, more
or less minute, distributed through the rock mass or in alluvium, and
associated with other substances containing the metal.

N.B.-—Masses of native copper 500 tons weight have been found in
the Lake Superior district, and nuggets of gold weighing 183 Ibs. in
Victoria. A nugget of silver weighing 4402 1bs.? has recently been found
in Canada. Alluvium is the &ébris—sand and gravel-—which results
from the wearing down of rocks.

Metals generally occur in chemical combination with
other elements, whereby their metallic character is com-
pletely masked. When a mineral contains a sufficient
quantity of a metal combined with some element from which
it can be readily separated, so as to render the cxtraction of
metal of good quality profitable, it is said to be an ore of the
metal.

The ores other than those containing the metal in a
metallic state may be divided into three groups—

(1) Sulphurised and arsenical ores, those consisting of
sulphides and arsenides, and including sulph-anti-
monides and tellurides.

(2) Oxidised ores, including oxides, hydrated oxides,
carbonates, silicates, and phosphates.

(3) Haloid ores, including chlorides, oxy-chlorides,
bromides, iodides, and fluorides.

A few mineral species, such as sulphates, might be included
in either groups (1) or (2).
! Keeley Mine, Ontario.
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Sulphides, arsenides, and the other minerals included in
group (1) are usually heavy minerals with a strongly marked
metallic lustre. The colour varies from silvery white to
coppery red, and usually they are brittle. Galena (lead
sulphide), stibnite (antimony sulphide), copper pyrites
(sulphide of copper and iron), and kupfernickel (nickel
arsenide) may be taken as examples. Two notable excep-
tions are cinnabar (mercury sulphide) and zinc blende (zinc
sulphide). The former is red, and the latter varies in colour
from cream to black. Both are without metallic lustre.

Oxidised ores are generally without metallic lustre and
the density is very variable. Some, like tin stone—oxide of
tin—are very heavy, sp. gr. 7'1. Others, like garnierite—
silicate of magnesium and nickel—are very light, sp. gr. 22.
The colour is very variable. The only exception of note is
specular iron ore, a form of oxide of iron, which has a metallic
lustre.

The ores in the haloid group have no common distinguish-
ing features.

Ores of all classes may occur crystallised or in a crystalline,
massive, or carthy condition. Sometimes, as in the case of
kidney iron ore, a form of red hematite, imitative forms
occur. The following list indicates the combinations from
which the common metals are usually obtained :—

Sulphides  Copper, lead, zinc, antimony, nickel, silver, molybde-
num, mercury, bismuth, and cadmium.

Arsenides  Nickel, cobalt.

Tellurides  Gold, silver.

Oxides Iron, copper, zinc, tin, manganese, chromium, an-
timony, aluminium, and tungsten.

Carbonates Iron, copper, zinc, lead, and manganese.

Silicates Copper, zinc, nickel.

Phosphates Lead.

Chlorides  Silver, copper.

Fluoride Aluminium.

The quantity of metal required to make the werking profitable
depends on the value of the metal extracted, and the form in which it
occurs. A few pennyweights of gold per ton of ore, if in the free state,
can be satisfactorily worked ; while an iron ore must contain a high
percentage of the metal to be profitable.

Iron ores also afford a good instance of the effect of the combination in
which the metal exists. Iron pyrites contains 46 per cent. of iron, but
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it is combined with sulphur, from which clement it is difficult to com-
pletely separate it, and the iron made from the material, after burning
off the sulphur, is of inferior quality owing to the tenacity with which
that element is retained.?

Ores are sometimes found in deposits following the general
lie of the rocks in which they occur.  Such deposits are known
as beds. When the occurrence is irregular, the ore being
accumulated at certain points, the deposit is called a pocket
or bunch. Many ores are found in what appear to have
been fissures or cracks, which have been filled up with
material altogether differing from the rocks in which they
occur. These deposits are called veins or lodes. They do not
follow the stratification of the rocks, but cut through them at
a greater or less angle. Veins of quartz are often called reefs.
The line along which they reach the surface is the owscrop.

Owing to the action of the air, moisture, etc., the upper
part of a vein is often
entirely altered, and

s f\"tcmp ) sometimes has  spread
n "
- 4 - 7, over the surface, form-
bl .
T /W /// ing a cap ; or the altera-
=7 :
77 oerm y Po B tion may extend deeper,

even to the water-line.

Such  alteration  may
have led to a complete
change of the chemical char-
acter of the vein, sulphides
giving rise to sulphates
and oxides, carbonates to
hydrated oxides, etc.?

The rock lying on either side of a vein is the country
rock.

Veins are filled with various materials, some of which
may be metallic ores and others not. Often lumps of country
rock are also included. In Fig, 20 the black portions are the

1 Pyrites cinders containing copper, after treatment by the Henderson
process, p. 258, are briquetted and smelted for iron. The process for
extractmg the copper removes the last portions of the sulphur also.

It is now possible to remove the sulphur by calcining methods almost
complsetelyl', thus rendering pyrites cinders available as a source of iron.

ee Iron.
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ore bodies. The material filling the vein is known as ve/z-
stuff. 'The non-metallic minerals commonly found as vein-
Stuff are quartz, chlorite, felspar, mica, hornblende, and
other silicates, barytes, fluor, calcite, dolomite, etc.

The operations necessary to separate these from the
metallic portion are described as ore dressing.

Much of the ore often can be separated in a sufficient
degree of purity by simply picking it over by hand, and
breaking away adherent rock with a hammer. This is known
as Aand-picking.

When it is mixed up with the veinstuff, more elaborate
treatment is necessary. The methods employed take
advantage of the specific properties of the materials com-
prised in the veinstuff, and are based on—

(1) Differences in specific gravity.

(2) Magnetic value.

(3) Electrostatic behaviour mainly dependent on con-

ductivity.
In each case it is necessary to break or crush the veinstuff
in order to separate
the metalliferous from
the stony material. This
is done by means of 7
stone-breakers, crush-
ing rolls, grinding mills,
and stamps of various i
kinds, according to the - A
fineness required. The Fi1G. 21~ Stone-breaker.
metallic matter is
usually denser than the non-metallic minerals with which it
is associated.
—D¥y centrifugal separators arc sometimes employed, but
ore dressing operations utilising the differences in sp. gr. are
generally carried out in suspension in water.

Washing Operations. — Heavy substances settle out
more rapidly when suspended in or agitated with water,
and are less easily carried forward by a running stream than
lighter ones, so that they are more easily deposited.

D
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Material which is not too fine is washed in jigs (Fig. 22).
These consist of sieves or shallow boxes with bottoms of wire
cloth, suspended in water, and jerked up and down by

=%

NS

Fic. 22.—-Plunger Jig. A, plunger; c, screens; B, driving-gear

for plungers.

mechanical means ; or, the water is forced upward through
the material in jerks by means of a plunger. 'The disturbance
thus produced causes the heavy material to gravitate to the

FiG. 23.

bottom, and the light matters
can be scraped or washed off
the top. RS

Finer material may be
treated in hydraulic classifiers/
in which the fine material
meets with a current of water
moving in the opposite direc-
tion—upward. The velocity
of the water varies owing ta
the change in cross-section,
and only the heavy matters are
capable of gravitating to the

bottom, from which they are removed. The lighter matters
are washed away and matters of intermediate density remain



Metallurgical Terms and Processes 35

in the classifier. It is essential that the particles shall be of
uniform size. Fig. 23 shows a classifier of this type. Water
enters at the apex, and the conical or pyramidial shape
provides the means of producing a uniform reduction in the
velocity. Special means are provided for the removal of the
accumulated heavy matter.

Other appliances for trcating fine material depend on the
flowof water down sloping surfaces, cither in an uninterrupted
manner or assisted by a jerking movement in the appliance.

16, 24 —Duddle,

Buddles (Fig. 24) are circular, slightly conical tables, upon
which the fine material, suspended in water, is fed at the apex.
Water is supplied, and the ore stirred by brushes attached to
revolving arms. The light portions are carried away by the
water, and the heavy material accumulates on the cone, the
heaviest nearest the apex.

Fic. 25.—Rack used in washing tin ores.

Racks and Washing-tables are inclined tables on which
the material is placed at the higher end and washed down by
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a gentle stream of water, being pushed back against the
current by brushes or rakes. The light stuff is washed away.

The Frue Vanner (Fig. 26), now largely employed,
consists of a wide endless belt of indiarubber so stretched on
rollers that the top forms an inclined table. A rapid shaking
motion is communicated to the table, and the belt slowly
travels in an upward direction. The fine stuff is fed with
water from the trough at the higher end, and clean water is
also sprayed on to the table. The current, aided by the
jerking motion, separates and carries off the earthy matters,
- and the heavy metallic portions are carried on by the belt

7 FIG.V 26.—Ffﬁe Vanner.

and washed off in the trough under the frame. Vanners are
specially suitable for treating very fine material.

Wilfley and other percussion tables consist of a slightly
sloping rigid table with low undulations or ribs on the
surface. This is constantly jerked in a given direction so
that the heaviest material in virtue of its inertia slowly
travels upward to the higher corner of the table and passes
off, while the lighter material passes off with xhe water at
the lower edge.

Magnetic Concentration.—Iron and other ores which
are affected by magnetic influence can in some cases be
separated by magnetic separators. The magnets—per-
manent or electrically excited—are protected by a thin
moving screen of non-magnetic material such as brass or
a leather belt. The crushed ore is brought into the field in
some suitable manner, such as on a moving feed belt. The
magnetic portion is attracted by the magnets, but the moving
skin by which they are covered prevents actual contact,
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carries it forward beyond the magnetic field, and drops it
in a suitable receptacle. The non-magnetic matters fall from
the fced-belt unaffected into a receptacle for waste.

Some ores which are not magnetic become so by calcina-
tion, the sulphides being converted into oxides. Magnetic
concentration has been employed to separate some magnetic
iron ores from sulphides and phosphates to enable rich ore
free from those impurities to be obtained from contaminated
deposits.

Electrostatic Concentration.—Some progress has been
made in adapting electrostatic attraction to secure separation.
The attractions and repulsions to and from an electrically
charged surface depend on the case with which induction
and discharge can take place. Obviously the better con-
ductors will be most readily affected, and by suitably regulat-
ing the movements of inclined surfaces the metallic material
may be separated from the non-metallic.

Flotation Processes.—These have become very im-
portant, for intimately mixed finely-divided minerals. If
finely-divided materials in a state of admixture be introduced
into water to which small quantities of a suitable oil or
other material have been added, and the water agitated
violently with air, a froth is formed which includes the
particles of any solid bodies affected by the oil or other
additions made. Acid in varying amounts is frequently
employed. One of its effects is to remove tarnish and keep
the metallic surfaces of the mineral bright. There is great
variety in the methods of treatment followed, but, speaking
generally, the minerals with a metallic lustre are included
in the froth, and can be removed with it. The stony matter
is not floated. Rapidly revolving paddles are employed
to produce agitation, and the oil and ore feed are steadily
maintained in proper proportions. This method of treat-
ment enables finely divided material in small quantities to
be removed from stony matter. Britfle ores, like copper
pyrite, which is very difficult to dress off dccount of the losses
due to fines, can be treated and intimate mixtures of galena
and zinc blende—blue ore—can be separated.



38 Metallurgy

The heavy material is floated upward with the froth,
hence the name. The oil and other substances added affect
the surface tension of the water, and determine whether or
not any particular mineral is taken into the froth. Figs. 27
and 28 show a froth flotation unit and plant.

The dressed ore as delivered by the miner to the smelter

[

F16. 27.—Froth flotation unit. A, cell ; B, revolving shaft; ¢, paddle;
D, outlet; E, separating chamber; F, froth remover.

is still impure. The earthy matters associated with it are
known as gangue.

Smelting.—The ore as received from the mine may not
be in a satisfactory condition to admit of the direct extraction
of the metal. The form in which the metal occurs may not
be that from which it is most easily or perfectly separated,
or the mechanical treatment by dressing may not have been
capable of removing the associated matters to a sufficient
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extent. ‘Thus some metals occurring as sulphides are most
casily obtained from the oxide, ¢.g. zinc. In other cases, e.g.
copper and nickel, the amount of the metal in the ore is often
small and is associated with iron pyrite, from which the
dressing operations cannot separatc it. In all such cases
the actual extraction of the metal is preceded by operations
to obtain the best combination or to concentrate the ores by
methods which produce a rich intermediate product.

3RS

FI1G. 28.—Troth Flotation Plant. Minerals Separation Co.

The various operations whereby the metal is separated
by fusion from the ore are known as sme/ting. The smelting
campaign often involves several distinct operations.

The preliminary treatment to which the ores are subjected
generally takes the form of heating them in a plentiful supply
of air. This process is called caleination. By this means
the sulphur in sulphides is burnt off as sulphur dioxide, which
being gaseous passes away, and the metal at the same time
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also takes up oxygen from the air, and is converted into an
oxide, or, the removal ef-the sulphur may only be partial,
and a sulphate may result—

PbS + 30 = PbO 4+ SO,
Lead Oxygen Lead Sulphur
sulphide from air oxide dioxide

or, 2PbS + 70 = PbO + PbSO, -+ SO,

Lead sulphate

The sulphides of iron, copper, zinc, and lead thus form sulphates
during calcination. The amount formed depends on the temperature and
other conditions of the roasting. With the exception of lecad sulphate,
they are decomposed by strongly heating them. Iron, copper, and zinc
sulphates yield oxides.  Silver sulphate is reduced to metal.

Arsenic is similarly removed as white arsenic, As,Oy (sce
Tin gmcltmg), and antimony fo some extent as antimonious
oxide, SbyO;. During calcination other changes of great
importance take place. Carbonates are decomposed with
the expulsion of carbonic acid gas (COy), leaving an oxide
of the metal.

ZnCO; = 7n0 -+ CO,
Znc carbonate Zinc Carbome
(Calamine) oxide acid gas

Moisture is expelled, and in some cases oxides containing
the lower proportion of oxygen are converted into higher
oxides. This is sometimes of great importance, as in iron
smelting. The introduction of ferrous oxide (FeO) into the
furnace would seriously impair its working, besides causing
loss of iron in the slag. All ores, therefore, containing this
oxide must be calcined before introduction to the furnace,
when the following change occurs :—

3FeC03 + O _ I“e304 + 3C02

Ferrous carbonate Magnetic
oxide of
iron
or 3FCCO3 = F€304 + 2C02 + CO

Calcination also leaves the material in a more open and
porous state, and it is thus more readily acted upon during
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reduction, especially by gaseous reducing agents such as
carbon monoxide.

The term “ roasting *’ is often used in the same sensc as ¢ calcining.”
In copper smelting it only appliecs to the operation in which the metallic
copper is separated.

Most metals are converted into oxides by calcining.
Gold, platinum, and silver are not affected.

Reduction.—The separation of the metal from chemical
combination is known as reduction. If an oxide, this is
generally done by heating it with carbon or carbonaceous
matters, such as charcoal, coal, or coke ; the carbon of these
substances combining with the oxygen and forming CO,
(carbonic acid gas) or CO (carbon monoxide), according to
the temperature at which the reduction occurs. Carbon
monoxide itself is a powerful reducing agent, combining,
with oxygen, and forming CO,. Hydrogen reduces oxides
with the formation of water (H,0).

Goldschmidt (Thermit) Process.—The oxides of many
refractory metals, such as chromium, molybdenum, man-
ganese, as also iron, are reduced by this process. Aluminium
is employed as the reducing agent. The powdered oxide of
the metal is mixed with finely granulated aluminium and
the mixture ignited in a suitable manner. A priming
powder of barium peroxide and very fine aluminium or
magnesium may be cmployed, the ignition being cffected
by a strip of magnesium ribbon, one end of which is em-
bedded in a small portion of the priming powder. The free
end of the ribbon is ignited, and the combustion rapidly
extends through the mass. The aluminium forms alumina
(oxide of aluminium), and the temperature rises so high
that the alumina—M.P. 2050° C.—fuses. Substances
employed to liberate the metal from chemical combination
are known as reducing agents.

Sulphides are sometimes reduced directly to the metallic
state by heating with iron or with iron-bearing materials.
Thus galena (sulphide of lead) yields sulphide of iron and
metallic lead—

2PbS + 2Fe = 2FeS + 2Pb
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and stibnite (sulphide of antimony) yields sulphide of iron
and antimony—

szSs "}‘ 3FC = 3FeS —I'- 2Sh

In this casc the iron unites with the sulphur, and liberates
the metal.

Sulphides arc often reduced by air-reduction praocesses.
Thus cinnabar (sulphide of mercury) is reduced by simple
heating in a current of air. The sulphur burns off, leaving
the mercury—which is volatilised by the heat—-free. The
vapour is condensed.

HgS + O, = SO, + Hg

Silver sulphide is similarly reduced.

The mutual reactions of oxides, sulphides, and sulphates
arc sometimes employed to liberate the metal. See copper
and lead, pp. 236, 264.

Sulphides are also reduced by calcining to oxides with
the subsequent reduction of the oxide by carbonaccous or
other reducing agent, e.g. zinc occurs as sulphide, but is
best obtained from the oxide—

ZnS + 30 = ZnO + SO,

Zinc  Oxygen  Zwinc Sulphur

sulphide oxide dioxide
ZnO 4+ C=CO + Zn
Carbon
monoxide

Smelting operations are conducted at a temperature above
the melting-point of the metal. Most metals, after reduction,
arc obtained in a fused state, and, being heavier than the
other materials, run down and form a lowermost layer in the
furnace or crucible.

Volatile Metals.—Zinc, mercury, cadmium, sodium,
and potassium are vaporised at the temperature of reduction,
and the vapours are led away and condensed.

Fluxes.—The infusible earthy matters often present in
ores may seriously impede the collection of the reduced metal,
or retard the reduction by enveloping it and preventing the
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action of reducing agents, or, by combining with it chemically
at the high temperature, cause loss of metal in the slag. It
is therefore necessary in smelting to provide means for
causing them to be liquefied at the furnace temperature.
This is done by mixing with the ore and reducing agent some
substance which either melts itself and dissolves the infusible
matter, or, by combining with it in the furnace, forms a
substance which is fusible at the temperature employed.

Fluor spar, for example, dissolves barytes and phosphate
of lime, and lime combines with clay and forms a fusible body.

Substances added to the furnace charge for this purpose
are called ffuxes.!

Most fluxes act to a large extent both chemically and
physically. The earthy matters to be removed are divisible
into two great classes. Those consisting of earthy metallic
oxides and carbonates (the CO, is expelled during smelting,
and oxides are produced), such as limestone, dolomite, etc.,
are dasic in character ; silica (quartz, sand, etc.), and many
other substances containing it, are known as aecid gangue.
When silica is heated with metallic oxides, combination takes
place, and bodies called silicates are produced. Thus, lime
and silica form silicate of lime, and so on. Some of these
melt readily, others only at the highest temperatures. The
fusibility depends on the nature of the metallic oxide, and on
the amount present. Silicates of soda and potash, lead,
manganous, and ferrous silicates melt comparatively easily,
but silicates of lime, magnesia, alumina, and zinc are prac-
tically infusible at ordinary furnace temperatures. As in
ordinary cases of solution, where the presence of a soluble
body depresses the freezing-point and lowers the melting-
pointy-so. the presence of mutually soluble silicates lowers the
melting-point of the mixture. In this-Way silicates with
high melting-points may be rendered fluid at much lower
temperatures by the presence of another. When, therefore,
more than one metallic oxide (base) is present in combination
with the silica, forming a compound or complex silicate, the
mixture of the two silicates is more readily f{usible ; the more

1 Fluo, to flow.
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fusible the silicates employed are separately, the lower will
be the temperature at which the mixture will melt. Thus,
common soft glass is a mixture of silicate of soda and silicate
of lime ; flint glass, of silicates of lead and potash. Thus,
also, by mixing silicates of lime and alumina or magnesia,
fusible bodies are produced.

From the foregoing it will be seen that the selection of
a flux will depend on the nature of the gangue to be removed.
If sifica only, then some oxide whose silicate is fusible, as
oxide of iron, must be employed, or two bodies such as lime
and alumina or magnesia. If clay (silicate of alumina) is to
be removed, an addition of lime is all that is necessary, the
other base, alumina, being already present. If metallic
oxides, or basic bodies, have to be fluxed, silica must be
added, and, if necessary, a second metallic oxide, ¢.g. oxide
of iron, to produce a fusible hody.

The substance produced by the combination of the flux
with the gangue is called a slag or cinder. In most cases
slags are mixtures of silicates, and thus partake of the
chemical nature of glass. “Their appearance depends very
much on the rate of cooling, and their composition. Rapid
cooling gives a glassy, and slow cooling a stony, appearance.
When gases escape during solidification, the slag is full of
holes—-vesicular or spongy.

The principal materials employed as fluxcs are —

Substance. Character. Composition,
Lime . . . . . . Basic . . CaO
Limestone . . . . . . .. CaCoO,
Mountain limestone . . . .. CaCOsMgCO,
Alumina S . .o 204
Clay . . . . . . Acd .. Al,Ojzand SiOy, etc.
Quartz, sand, etc. . . . . .. SiOg

Oxide of iron and sl . .
containi;gni;t ) igs} Basic . . FeyOpand FeyO4

Fluorspar . . . . . — . . CaF,

Garnet, felspar, and other natural silicates are sometimes employed!
Borax, and carbonate and sulphate of soda, are also used in small
quantities in special operations. Borax is sodium biborate, and dissolves
metallic oxides, forming fusible borates. At high temperatures, the soda
it contains combines with silica, and thus acts as a flux for that substance.
The use of fluor as a flux for barytes and phosphate of lime (bone ash)
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has already been referred to. Fluor is also a flux for silica. When
strongly heated together, a gaseous fluoride of silicon is formed and lime
remains, which is fluxed in the usual manner.

2CaF, -+ Si0, = SiF, -} 2Ca0O

The &ases generally found in slags are lime, magnesia,
alumina, ferrous oxide (FeQ), manganous oxide, and smaller
quantities of potash and soda.

NotE.—The ferric and magnetic oxides of iron do not readily com-
bine with silica, but when heated with reducing agents, ferrous oxide is
formed, which is a powerful flux.

In many refining processes, slags are produced containing the metal

under treatment. These are subsequently worked up for the recovery
of the metal.

Most silicates are capable, when fused, of carrying in
suspension or solution excess either of the metallic oxide
present or of silica. The actual composition of the slag is
dependent on the temperature. If excess of either component
—acid or base—is available the slag will reach the limit
of saturation. If the metallic oxide is in excess, the slag is
said to be basic ; if silica, it is described as acid or siliceous.
Silicates are generally classified according to the ratio
existing betwcen the oxygen in combination with the metal
and silicon respectively.

Sub-silicates . 4R0.Si0, . 4R,0,.3510, 2:1
Mono- ,, . 2R0O.Si0, . 2R,0,.3Si0, I:1
Sesqui- ,, . 4R0O.35i0, . 4R,0;4.9Si0, 1:14
Bi- ' . RO.SiO, . R,;0,3Si0, I:2
Tri- ” . 2R0.3510, . 2R,;0;.9Si0, 1:3

A slag is clean when the metal has been so completely
extracted as to permit of its being thrown away. An ore is
said to be sedf~ffwxing or self-going when the earthy con-
stituents are fusible without the employment of a flux. When
a mass of materials is fused, the substances formed separate
according to their relative specific gravities, and the slag,
being lightest, floats on the top. Sometimes metal, speiss,
regulus, and slag are produced in the same operation. They
arrange themselves in the order stated.

Concentration Processes.—The metallic contents of ores
which are too poor to be directly reduced are sometimes
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subjected to a series of operations for the purpose of con-
centrating the metal in smaller bulk, from which enriched
portion it is finally obtained. This is done by taking advan-
tage of some chemical property manifested by the metal being
worked for, to separate it from foreign matters.

NoTe.—The greater part of the copper obtained is produced from
copper pyrites, Cu,SFe,S;—a compound of iron and copper sulphides—
which should contain 34 per cent. of copper. It is usually mixed, how-
cver, with so large a proportion of iron pyrites, IeS,, that it seldom con-
tains more than 12 per cent. of copper, and often less.  The concentration
of the copper is brought about by taking advantage of the superior
affinity of copper for sulphur and of iron for oxygen. By calcining the
ore, some iron and copper sulphides are changed to oxides, but on heating
the whole to fusion, the copper oxide is decomposed by the unaltered
iron sulphide remaining, copper sulphide and iron oxide resulting. The
iron oxide is removed by fluxing with silica to the slag, the copper
sulphide, being heavier, sinking to the bottom of the furnace. The
material is thus enriched in copper, and after one or two treatments
consists of practically pure sulphide of copper, from which the metal
is extracted.

Cu,yO + FeS + SiO, = Cu,S + Fe0.SiO,

Nickel is concentrated in a similar manncr from poor
silicate ores.

A mixture of sulphides artificially obtained in this manner
by fusion is called a regulus, or matte. Cobalt and nickel
are sometimes concentrated as arsenides. The mixture of
arsenides is called a speiss.

Refining Processes.—Metals when first obtained are
never pure. The impurities consist of (1) small quantities
of other metals simultancously reduced; (z) non-metallic
substances reduced in the furnace, e.g. silicon and phos-
phorus ; (3) substances not completely removed by reduction,
oxygen, sulphur; (4) substances taken up in the furnace,
e.g. carbon and sulphur in iron, iron in antimony. The
refining process adopted depends on the metal under treat-
ment and the impurities to be removed. In some cases, as
with iron and antimony, the reducing agents employed,
carbon and iron respectively, are taken up by the metal to a
certain extent. They are eliminated by heating the metal
first obtained with more of the ore, oxide of iron in the case
of iron (puddling), and sulphide of antimony with antimony,
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In each case further reduction takes place at the expense of
the foreign matters present.

In most cases, however, the impurity consists of foreign
metals present in the ore, and simultaneously reduced,
together with sulphur, arsenic, and other non-metallic bodies.

Refining processes may be grouped as follows :~—Processes
depending on—

Liquation,
Ocxidation,
Electrolysis.

Liquation includes all processes depending on differences
in fusibility.

In some cases it is possible to separate the greater part
of the impurity by carefully melting out the metal from the
less fusible impurity. This is only possible when the im-
purity has separated more or less completely from the metal
during solidification and does not redissolve at the melting-
point of the metal.

In refining tin the impure metal is placed on the sloping
bed of a furnace and gently heated. The tin melts and
drains away, leaving the iron, arsenic, and copper with some
tin as a pasty residue on the hearth. This is known as
# hard head.”

Zinc is separated from lead by maintaining the metal just
above its melting-point. The lead, which is not soluble at
this low temperature, gradually settles to the bottom. The
lighter purified zinc is ladled off into moulds.

Sometimes the practice is reversed (see ‘ Tin boiling,”
p- 350). The Pattinson and Parkes processes for the desilveri-
sation of lead belong to the same category.

NoTe.—The term is applied generally to the separation of matters
according to their different melting-points, spontaneously, as during
solidification or otherwise. Alloys are frequently not homogeneous
from this cause.

In oxidation processes the metal is exposed at a high
temperature or in a molten state, to the oxidising influence
of the air in a suitable furnace. Impurities which have a
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greater affinity for oxygen, oxidise more readily than the
metal in which they occur. In some cases the solubility of
the oxide of the metal in the metal itself assists the removal,
as the oxide carries the oxygen to the interior of the metal,
and effects the oxidation of more oxidisable bodies. This is
notably the case with copper, see p. 237. In the Bessemer
process air is blown through iron. In other cases, as in the
purification of iron by puddling, and in steel manufacture,
solid oxide of iron is added to carry on the oxidation, thus
reducing oxidation losses. The oxides which form are
removed from the surface by skimming, or, if the heat is
sufficient, unite with silica, and form fusible silicates. The
method of conducting the operation, and the name it receives,
differ with the metal under treatment.
Lead is thus smproved, iron refined, copper scorified.

The term scorifieation (L., scorie = ashes) is also applied to a pro-
cess in the dry assay of gold, silver, and other ores. A quantity of the
silver ore is mixed with finely granulated metallic lead, placed in a clay
dish (scorifier), and heated in a muffle until ebout kalf the lead is oxidised.
The silver and gold are sct free, and alloy with the residual lead.

Silver is purified by alloying it with lead and then re-
moving the lead by oxidation. This is conducted on a cupe/
made of suitable porous material (sce Silver), and the
process is known as cupellation. The oxide of lead (litharge)
formed is fusible, and is either run off the surface or partially
absorbed by the porous bed. The silver and gold being
unoxidisable are unaffected, and remain on the cupel. Base
metals present are attacked by the oxide of lead, and the
oxides formed, although not fusible at the temperature at
which the process is carried on, are dissolved by the molten
litharge and carried off, leaving the precious metals pure.

The separation of silver and other metals from gold is the
object of the operation known as parting. This process
consists of dissolving out the silver -by the action of acid,
leaving the gold unattacked.

Electrolytic refining.—The impure metal is made the
anode-dissolving pole—of an electrolytic cell. The cathode-—"
“Fepuviting pole—consists of a pure thin plate of the metal
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under treatment, or one from which the deposit can be
stripped. The impurities either remain in solution or are
not dissolved. In the latter case they form a muddy deposit
in the bath.

CHAPTER III
FURNACE TYPES

MosT metallurgical operations are conducted in structures
specially designed either for the production and employment
of high temperatures, or to secure perfect control of the tem-
perature and gaseous atmosphere in which the process is
carried on. In many cases, special features are introduced
with a view to saving fuel.

Classification

(1) Kilns and Stalls—Structures or enclosures in which
the materials are mixed with the fuel, free access of air is
permitted, and no fusion takes place.

(2) Hearths.—Shallow and more or less open fircplaces,
in which the materials and fuel are mixed, a blast of air
supplied, and the atmosphere made more or less oxidising
by varying the amount of air supplied.

(3) Wind Furnaces.—Deep fireplaces, with grates at
bottom and flue openings at top, for heating crucibles, etc.
(Fig. 207).

(4) Blast Furnaces—Tall structures in which the
materials and fuel are mixed together, an air-blast intro-
duced near the bottom, and in which fusion of the contents
is effected.

(5) Reverberatory Furnaces—Furnaces in which the fuel
is burnt in a separate part of the structure, the flame and hot
gases only coming into contact with the material treated.

E
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(6) Muffle Furnaces—Chambers which are heated ex-
ternally by the flame and fire gases circulating in flues which
surround them.

(7) Z'ube and Retort Furnaces—Furnaces in which the
operation is conducted in special vessels fixed in a chamber
and heated externally.

(8) Regenerative Furnaces—Those in which the waste
heat is employed for heating the air, or air and gas, supplied
to the furnaces.

Kilnz.—Calcining operations are frequently conducted in
vertical chambers provided at the bottom with a grate or with
openings to admit air. The substance to be calcined is mixed
with sufficient fuel, the burning of which generates the heat
necessary to carry on
the operation. Gjer’s
calciner for calcining
iron ore is shown on
p. 137.

Kilns are sometimes
heated by gas or by the
waste heat from fur-
i naces.

Reguli and mattes are often calcined in stalls (Fig. 29)
usually built in blocks, back to back. The back wall contains
the main flue, which communicates by the openings O, and
by flues in the side wall with the interior of the stall. The
front is loosely built up, and the top covered with small stuft_
and a sheet of corrugated iron while the operation is going
on. With reguli rich in sulphur, a good layer of wood at
the bottom, to start the operation, is all the fuel required, the
heat generated by the burning sulphur, etc., being sufficient
to carry it on.  Several calcinations are necded to completely
remove the sulphur, a larger proportion of fuel being required
each time. Coke or coal is frequently used in the later
stages.

Fig. 30 represents a blast furnace. On examining the
figure it will be noticed that the vertical furnace chamber has
no grate, the bottom of the furnace being masonry or other

VoL P Wi, 26,
~
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solid material. An air bla‘zz( is supplied to the furnace by
means of bellows, fans, blowers, or blowing-engines, through
nozzles, which enter at D. These nozzles are called zuyeres.
The materials to be treated are charged into the furnace along
with the fuel, and remain in contact with it throughout. As
the substances melt, they run down to
the bottom and accumulate in the
space below the tuyeres, known as the
crucible, or hearth. When sufficient
has collected, an opening—tapping
hole—(kept stopped with clay) is made
into the furnace, and the melted
matters allowed to flow out, or they
may flow out continuously into a sepa-
rate receiver. It is obvious that in
such furnaces fusions and processes
of a reducing character only can be
conducted, since the materials are
heated in contact with carbonaceous
bodies employed as fucl.

Economy of Fuel in Kilns and
.Blast Furnaces.—In calcining in kilns,
the air admitted at the bottom ﬁnds
its way up through the descending hot
material, and cools it, thus carrying
the heat back into the kiln, while the

I~

R

F1G. 30. —Foundry Cu-

descending column of cold material
charged in at the top deprives the
ascending current of hot gases (pro-
ducts of combustion, etc.) of much of
their sensible heat, carrying it thus

pola for melting Iron.
A, stack; B, blast-
pipe; C, blast-box ;
D, tuyeres ; E, charg-
ing opening; F, tap-
hole; G, cleaning
oor.

downwards into the kiln. For maxi-
mum economy of fuel, the combustion should take place in
the middle region.

In &last furnaces, the combustion takes place near the
region at which air is blown in, and the ascending stream of
gases is cooled by the material in the upper part of the furnace,
the degree of coohng deper}dfng on the rate of asce%and the
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height of the column. From the blast furnaces used in
smelting iron, they escape at a temperature of from 200° C.
to 500° C. As the temperature of combustion is high and
the carbonacéous matter in excess, the carbon burns to
carbon monoxide. Any attempt to burn this by blowing in

air higher up the furnace is met with the difficulty of estab-
lishing a second region of combustion.

Fig. 31 shows what is known as a Water-jacketed Furnace.
In these furnaces those parts subjected to the most intense
heat and the action of corrosive slags, etc., are made of hollow
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iron casings through which water circulates, the cooling action
of which prevents the iron from being affected.

Fig. 32 represents a type known as the Reverberatory
Furnace.

It will be seen that the chamber in this case is horizontal,
and is divided into two unequal parts by a low partition (fire-
bridge) crossing it. The smaller part is the firgplace, closed
with fire-bars below, and having an opening for charging the
fuel. "The larger portion is the /adoratory of the furnace, the
bottom of which is the ded or /earth, and on this the materials
are treated. Flues at the end opposite to the fireplace com-
municate with the stack or chimney. The roof gradually
inclines towards t}Fﬂ'LTes, and deflects (reverberates) the
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flame and hot gases from the fire downward, and, getting
heated, radiates heat on to the bed. In furnaces of this class,
it will be observed, the materials and fuel do not come into
contact, and hence all kinds of operations can be conducted
in them. Thus, by mixing reducing agents with the charge,
reduction can be effected (see Tin and Lead Smelting), and
by admitting air to the furnace-chamber, through openings
in or near the fire-bridge, sthe substances under treatment
are heated in contact with air, and oxidation (calcination)
goes on. Sometimes air is blown in, as in cupellation. By
.regulating the air-supply to the fire with dampers, the
‘atmosphere can be made reducing or oxidising as may be
required.
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The draught is sometimes aided by forcing air through the fire by a
steam-jet injector. The steam issuing at bigh pressure from the nozzle
at the mouth of the trumpet-shaped tube, entangles and carries forward
the air. Not much steam is required, only about § per cent., at a
pressure of 60 Ibs. The horizontal branch passes under the fire-bars,
and the ash-pit is closed by doors luted round with clay.

Muffle Furnaces.—In some cases it is necessary, for
various reasons, to exclude the products of combustion as
well as the fuel. In such circumstances mufle furnaces are
employed. The mufile is a chamber surrounded by the fire,
or by flues through which the products of combustion and
hot gases from the fire pass. Such a furnace as used in
copper extraction is shown in Fig. 33. Muffle furnaces are
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F16. 33 —Muffle Furnace. A, chamber ; B, fireplace ; C,doors; D, flues
round chamber ; F, flues to stack and condensing tower.
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also used in annealing and heat-treatment processes, and
in silver and gold assaying.

In Regenerative Furnaces, the heat carried away to the
flues by the escaping gases, is employed to heat the air
supplied to the fire, and thus returned to the furnace, effecting
a considerable saving in fuel. In gas-fired furnaces, the gas
is also heated before burning. Siemens’s regenerative
furnace is described on p. 219.
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Tube and Retort Furnaces consist merely of a fire-
chamber in which retorts or tubes for the reception of the
materials to be treated are suitably supported. They are
employed in the extraction of bismuth, zinc, etc. (see p. 361).

Mechanical furnaces of various forms designed to effect mechanically
what in ordinary furnaces is done by hand are extensively employed. In

I16. 34.—Bruckner Calciner.

calcining fine materials, the continual or repeated turning over of the’
material so as to expose it to the air, is necessary, and involves much
manual labour. In the Bruckner furnace (Fig. 34), this is done by putting
the material into a brick lined chamber, as shown, which can be caused
to revolve slowly. The chamber is carried on rollers, and the motion
communicated by the gearing shown. It makes about six revolutions

F16. 35.—White-Howell Furnace. -{

per minute. The fireplace is stationary, and the flue is provided with a
damper. In the White-Howell furnace (Fig. 35), the revolving chamber
is placed at a small angle ; the ore, fed continuously ff6ii a hopper at the
higher end, is gradually moved forward by the rotation of the chamber,
being picked up by projections inside, and dropped again as the furnace
revolves. The roasted matter is discharged at the lower end.
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In tower furnaces, shown in Fig. 36, the fine material is allowed to
fall down tall heated chambers, and mecets in its descent an ascending
current of hot gases from the fires F, and air admitted through suitable
openings. The sulphur and other combustible bodies are oxidised, and
the gascs escape by the flue B. The door at C is for the removal of
the roasted material, and DD to remove the dust carried over by the
current of gascs.

In Gerstenhoffer’s calciner, the finely divided ore is fed on to triangular
shelves crossing the furnace, and arranged so that cach row of shelves

(¢]
2!
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F1G. 36.—Stetefeldt Furnace. A, tower; B, descending fluc;
c. discharge door ; D, dust-hoppers ; F, fireplaces ; G, feed hopper.

catches what trickles from those above, and thus expose it fully to the hot
air and gases from the fire.

In other forms of calciner, rakes and ploughs are caused to periodically
traverse the bed or beds, and turn over the material to expose fresh
surfaces ; or, as in Brunton’s calciner, the bed 1s horizontal, and revolves,
Projections from the roof turn the material over, and gradually move
it towards the edge, where it is discharged

The McDougall, Wedge, and Ilerreschoff roasting furnaces con-
sist of a series of circular hearths, Fig. 37, placed one over the other,
which communicate with each other through openings alternately at the
sides and centre. Each hearth is provided with rabbles attached to a
central shaft rising through middle of the furnace and capable of revolving
at varying speeds. The ploughs are set at an angle so as to direct the
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material to or from the centre as necessary, so that the ore falls from
bed to bed in passing through the furnace. The upper bed often takes
the form of a drying platform. Wear on the ploughs through overheat-
ing in contact with sulphur —always great in a closed furnace—is dimin-
ished by water cooling the arms, or by admitting air to the furnace
through the arms. (In mechanical furnaces where the ploughs pass
outside the furnace, as in the Brown-O’Hara, the wear is less, as the
ploughs are cooled by the air when outside the furnace.)

The diameter of the furnace varies from 12 to 10 feet. The ore is
fed from a hopper. A fircplace or oil burner is provided, so placed
that the flame and hot gascs cnter the furnace at the second or third
bed. The main excess of sulphur is removed on the upper beds,
and the higher temperature nccessary to continue the calcination is
derived from the fire heat. Air enters at the bottom of the furnace,
and passing over the heated ore carrics part of the heat back to the
furnace.

In the Spirlet roasting furnaces used for calcining Zinc Blende the
beds are alternately fixed and rotating. No ploughs are used, and the
ore is tuined over by firebrick projections, under cach bed, which dip
down into the charge on the bed below. Each bed is iron encased,
and the motion is communicated from the ou/side. Thc moving beds
being carried on roller tracks only about four horse power is required
to operate it. The bottom bed only is heated. No stack is provided,
the gases passing off under a few tenths of an inch water pressure.
The joints are luted by the finc material forming the charge. A final
temperature of some 800° to 9oo® C. is reached, and the sulphur
contents reduced below I per cent. without the formation of ferrite.
The latter intcrferes with the solubility of the oxide formed.

Electric Furnaces are largely used where electrolytic
reduction, or very high temperatures, are required and
where cheap power is available. They arc used in the manu-
facture of aluminium, of carbides such as carborundum,
Aitchison, graphite, chrome, tungsten, and other alloys for
stecl making, in making and refining special stcels, and in
iron smelting. Many types of furnace are in use, mainly
differing in the manner in which the current is employed
to generate heat. They may be classified as follows :(—

Induction Furnaces, in which the charge lying on the
furnace bed, generally annular in form, constitutes the
secondary coil of an induction unit, and the induced
currents produced by making and breaking the primary
circuit, heat up the material. These are of limited applica-
tion. The Kjellin furnace is of this type.

Resistance Furnaces.—In these the heat is generated
by resistance in the circuit.
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The resistance may be—

(@) The materials forming the charge, which becomes
self-heating.

(4) Rods of imperfectly conducting material embedded
in the charge, and which become intensely
heated.

{¢) The body of the furnace itself may be made of
resistant material, and become heated by the
passage of the current.

(d) Small furnaces, such as tube furnaces, may be
wound with wire of low conductivity and heated
externally by heat generated by a current
passing through the wire. Platinum, Nichrome,
Chrome!, and similar materials, are used for
wire. The latter is safe to 1100° C.

Arc Furnaces.—The heat is generated by electric arcs.
Temperatures of over 3000° C. may be attained. Carbon
electrodes are employed to carry the current, and the arc
is struck between them and the charge. Furnaces with a
capacity of from two tons upwards are in use. They are
used in steel manufacture, and also for smelting purposes.
Both stationary and tilting furnaces are employed. The
Héroult, Girod and Hall furnaces are of this type. The
clectrodes may pass through the roof, or by special
arrangements through the side of the furnace.

The structure of a furnace may be divided into two parts :
that portion which gives support and stability, and the portion
specially adapted to resist the heat and the action of fluxes
and slags. The latter constitutes the /Zzing of the furnace
chamber. The outer supporting part generally consists of
common brickwork or masonry, often strengthened by iron
bands, and tied together by transverse rods, supported by
iron plates (buck plates, from * buckle,” ‘ to bend ”’), and
strengthened “at intervals by thick iron plates or flanges
(buck staves). These are fastened together by means of
iron rods across the furnace—tie-rods—to prevent accident
from the expansion and conwectton of the masonry. The
outer masonry should be badly conducting material.
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CHAPTER 1V
REFRACTORY MATERIALS

THE substances employed for lining furnaces are required
to withstand high temperatures and the corrosive action of
such substances as they come into contact with in the furnace,
and to possess in certain cases other important characters.

Fire-clay .—The most important and most generally used
material is fize-c/ay. These clays consist mainly of hydrated
silicate of alumina, Al,0325i0,2H,0 (alumina, silica, and
water), with an excess of silica, and are marked by the small
amounts of lime, magnesia, oxide of iron, potash, and soda
which they contain. From the remarks on fluxes (see p. 43),
the effect of thesc substances on clay, in producing fusibility,
will be at once apparent.

No silicate of alumina is quite fusible at furnace tem-
peratures, and when excess of alumina or silica is present the
body is even more refractory. Analyses of various clays will
be found on p. 61.

The water of hydration present is in chemical com-
bination, and cannot be removed by drying at the boiling-
point of water. Its presence in the clay gives to it one of
its most important propertics, viz. that of taking up water
mechanically mixed with it, and becoming soft and plastic.
Clay does not take up the maximum amount at once, but
only gradually, so that previous to use clay is tempered with
water and mellowed by exposure. The water taken up
mechanically caz be removed by drying. If not mellowed,
the articles made from it are less tough and break more
readily.

When clay is burned, the water of hydration is expelled,
and a hard ex/ydrous substance remains. This body has no
power of takirfg up water and becoming plastic, and no
artificial means are known of restoring the clay to its original
state. The expulsion of the water and fritting resulting from
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the fluxing cffects of the impurities present during burning
cause clay to contract, and allowance has to be made for
this. In bricks, blocks, slabs, and other articles of simple
form, this is done by merely making the dimensions of the
body just large enough to allow for the contraction.

This, however, cannot be done in the case of crucibles,
retorts, and other fire-clay ware. Owing to the unequal
contraction of parts of different thickness, they would crack
or become distorted in shape while being burnt, and thus
rendered useless. In these cases, it becomes necessary to
wholly or partly counteract the contraction.

This is effected by mixing with the clay substances which
cither do not contract, or which actually expand when heated.
To the former class belong burnt clay (vermed grog), coke-
dust, graphite, ctc., and to the latter class silica, sand, and
flint. Ground flint is principally used in pottery. A common
mixture for making clay crucibles and retorts consists of two
parts by measure of raw fire-clay or a mixture of various clays,
and one part of ground crucibles, ctc., or other burnt fire-clay.

ANALYSES OF FIRE-CLAYS, ETC.

I 2 3 ; 4. 5 6

Silica. . . . . .| 4606 | 46'32 | 633 " 69'25 | 0831 | 89 04
Alumina . . . . .| 395 3974|233 | 179 072 | 544
Potash . . . . . - — .
Soda . . . . . .| — | — | o4
Lime. . . . . .| 036 | 073) . 022 | 031
Magnesia . . . . 5 0'44 { 3 0'17
Ferrous oxide . . . . 1'8 o 018
Ferric oxide . { 027 {‘ 297 2°65
Water, ete. . . . . 139 | 1267 | 103 | 7’58 | 035 23

1000 | 99'8 | 99°43 . 9900 | 99'92 | 99'91

1. Al,0,425i0,2H,0. 2. Chinaclay. 3. Stourbridge clay (Tookey).
4. Newcastle fire-clay (Richardson). §. Dinas clay' (rock) (Weston).
6. Sheffield ganister.

Fire-clays should be as free as possible from iron pyrites, I'eS;, as this
body heated in air yields ferric oxide (Fe,0,), which, in contact with
reducing agents such as the fuel, is reduced to the lower oxide FeO. This
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rapidly attacks the clay, forming at the point fusible complex silicates,
and the surface becomes pitted, or even covered with a dark-brown slag.

The presence of organic matter is a common occurrence, as these
clays are generally the under clay of coal-seams. They are usually hard
and rock-like, with a somewhat soapy feel. Bituminous matter colours
them grey.

Fire-bricks, besides being refractory, must be strong and
of uniform size. The refractoriness is ascertained by making
a test-piece from the clay, the edges of which are kept as
sharp as possible. 'This, after careful drying, is strongly
hcated, and, after cooing, thc edges examined. If they
remain perfectly sharp, the clay is refractory up to the tem-
perature at which it was heated.

Any softening is evidenced by the rounding off of the cdges, and
glazing of the surface.

Firebricks should be burnt at the highest temperature to which
they will be subjected in usec, otherwise much trouble may develop.
Bricks which contract may endanger the furnace structure or, as in
coke ovens, cause the joints to gape and permit gases to escape.
In by-product coke oven flues this may produce enormous losses of
volatile matters.

The resistance of fire-clay to fluxes varies with its composition and
character. The efficiency with which it is mixed and mellowed prior to
use cxerts considerable influence on the tenderness or otherwise of the
‘bricks made from it.

Size is an important item in the usefulness of the bricks. If not
uniform, much thicker joints will be required in setting them, and as
these joints are the weakest part of the lining, the material used for
setting is not consolidated like the material of the brick, consequently the
thinner they can be made the longer the lining will last. Fire-bricks
are set in good fire-clay, and not in ordinary lime mortar. The action
of lime, if used for this purpose, is obvious. It would combine with
the clay at high temperatures, and flux it off—literally run away with
the lining.

Ganister.—This substance is a highly siliceous body, as
will be seen from the analysis. It is a kind of sandstone
in which the grains are cemented by clayey matters, so that,
when ground down and moistened with water, it binds
together by pressure. Its chief peculiarity is that on burning,
it neither expands nor contracts to any great extent. This
permits of the lining being formed and burnt in the furnace
itself. The moistened material in the form of coarse powder
is rammed in between the shell and a wooden core, which is
then withdrawn, and the lining gradually heated up. It is
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used thus for lining the wind furnaces for melting crucible
steel, and the Bessemer converter. It is also used for
patching up fire-brick linings. The absence of joints, and
the great refractoriness of the body, make these linings very
durable. Ganister is also made into bricks. It occurs in
the coal measures.

Silica and Dinas Bricks.—The fire-bricks thus known are
much more refractory than ordinary fire-bricks, so far as
withstanding heat is concerned. As seen from the analysis,
they consist mainly of silica. The materials from which
they are made differ in character. Dinas bricks are made
from a quartzite, and silica bricks from a more granular
material of similar composition. The materials are crushed
and mixed with 1 to 3 per cent. of milk of lime. This mixture
is moulded in iron moulds having a false bottom, with the
aid of pressure. After careful drying, they are fired at a very
high tempecrature for several days. During the firing, the
small quantity of lime added unites with the silica, etc., at
the surface of the particles only, and frits or fuses according
to the temperature, thus forming a cement, in which the
particles of infusible silica are embedded.

NoTE.—The quantity of lime added does not affect the fusibiliry of
the general mass. Its action is restricted to the surface of the particles.

Dinas bricks break with a coarse hackly fracture, in which
the milky particles of quartz can be distinguished from the
yellow matrix in which they are embedded. Silica bricks
have a coarse granular fracture, and feel harsh to the touch.

Thesc bricks are tenderer than fire-bricks, and should be
protected from moisture. In moist situations they may
disintegrate due to the action of the water on lime silicate.
They expand strongly when heated, and hence their applica-
tion is restricted to those positions where this can be allowed
for, or provision made to prevent mishap.l Their principal
applications are for constructing the ports and roofs, etc., of
regenerative furnaces, and roofs of reverberatory furnaces.

1 The amount of reversible expansion varies from 0°6 to 1°25 per
cent. linear, the n#on-reversibie expansion from o'I to 0'6 per cent,
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Consisting as they do of silica, they are unsuited for those
parts of a furnace which are in contact with basic and highly
corrosive materials or slags. (Sec Basic Lining.)

Sand is extensively used for making the bottoms of
furnaces. The sand employed for this purpose is highly
siliceous. It is used for the bottoms of -regenerative open-
hearth steel furnaces, and for copper-smelting furnaces. In
use it becomes impregnated with metallic oxides, and forms
a firm durable lining. Certain sandstones were formerly
employed in blocks for the hearths of blast furnaces. The
practice is now abandoned, owing to the tendency of blocks
of natural stone to crack by heat.

Soap-stone and gerpentine are used in Styria and Carinthia for lining
the blast furnaces. S’1"}75'1:'5-'1?11stances are hydrated silicates of magnesia,
and are highly refractory. They abound in those neighbourhoods. In
Sweden that part of the blast furnace which is subject to the strongest
heat is lined with a mixture of crushed quartz and clay.

The materials hitherto considered, it will be observed, are
of a siliceous or acid character, and in virtue of their chemical
nature are unsuitable for certain purposes, as, for example,
where heated for a prolonged period in contact with metallic
oxides, which flux them away. Another and more important
case, is in making steel from pig iron containing plhosphorus,
in the open-hearth and Bessemer processes. In the purifica-
tion of iron, phosphorus is removed by oxidation as phosphate
of iron or lime—a compound of phosphoric acid and iron
oxide or lime—in the slag. These compounds are decom-
posed by silica, which combines with the oxide of iron,
forming silicate, and separating the phosphoric acid, which
is immediately reduced, and the phosphorus returned into
the iron. It thus becomes impossible to remove phosphorus
in a furnace lined with siliccous materials. As more than
two-thirds of British irons contain too much phosphorus to
be used for steel-making in acid-lined furnaces, its removal
is a matter of the greatest moment. This can be effected by
replacing the acid—siliceous—Ilining with a basie one, z.e. a
lining consisting of metallic oxides.

In modern copper bessemerising a basic lining is
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employed to avoid the fluxing effect of the oxide of iron
resulting from the oxidation of the iron in the matte.

Few substances of this nature are available, either from
scarcity and consequent high cost, or from lack of refractori-
ness. They are devoid of binding power.

Among metallic oxides, line (Ca0O), magnesia (MgO),
alumina (Al,O4), and chromic oxide (Cry(),), are most
refractory.

Lime, when exposed to the atmosphere, absorbs moisture,
forms the hydrate CaH,0,, and falls to powder.  Its applica-
tion is, therefore, very limited. It was employed in blocks
for the fusion of platinum by the oxy-hydrogen blowpipe.

Magnesia is frce from the drawback of absorbing moisture,
and the heavy dense form, obtained by strongly calcining
magnesite, the natural carbonate of magnesia, forms an
excellent lining material, MgCO, = MgO + CO,. It is,
however, devoid of binding power, and hence something
must be employed as a cementing body. Its principal use
is for forming the bottom of basic open-hearth furnaces, for
lining basic Bessemer converters and electric furnaces.  For
the former purpose, the strongly calcined magnesite is either
(1) ground down to a coarse meal, and then mixed with a
small quantity of slag from the furnace, previously ground as
fine as flour, and the mixture introduced into the hcated
furnace in layers, when the slag softens and agglutinates the
mass : the quantity of slag is not sufficient to affect the
refractoriness of the whole (compare manufacture of Dinas
bricks) ; or (2) the material may be employed in the same
manner as dolomite (see below). It is also made into bricks
by the addition of a binder. These bricks are used in the
lining of basic open-hearth and clectric furnaces.

Magnesite lining is sometimes packed in thin iron tubular
casings, which are built up to form the sides of the furnace.
The iron becomes magnetic oxide by oxidation.

Dolomite.—The amount of magnesite available is small,
but, fortunately, the property of not absorbing water applies
not only to magnesia, but to the mixture of lime and magnesia
obtained by calcining dolomite (mountain limestone). This

F
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consists of carbonates of lime and magnesia, and when
strongly calcined, the carbonic acid gas is expelled, and a
mixture of lime and magnesia remains, which is not readily
affected by atmospheric moisture. This substance is largely
employed for the purposes stated above, and is commonly
known as the basic lining. The material is produced in the
densest form possible by calcining at about the melting-point
of iron, with blast and hard coke, so that the maximum
shrinkage takes place before its employment in linings. Tt
contracts about so per cent., and loses nearly as much in
weight.  Like magnesite, it has no binding property, and is
used by mixing the coarsely ground material with from 10 to
15 per cent. or less of wwe//-boiled tar, into a more or less
adhesive mass, something like asphalte. This mixture,
known as “slurry,” is rammed into position with heated
rammers, round a heated iron core, in Bessemer vessels, and
in the bottom and sides of the Siemens furnace.  On heating
the lining, the tar is decomposed, or coked, and the carbon
remaining cements the whole more or less firmly together.
In use, the lining becomes firmer and less porous by im-
pregnation.

The mixture is also made into blocks for lining Bessemer
converters. For this purpose a hydraulic press and steel
moulds are employed. These blocks follow the curvature
of the vessel, and are used in an unburnt condition. Clay,
soluble silicate, etc., have also been used as binding agents.
The introduction of this lining is due to the energy of Messrs.
Thomas and Gilchrist. It has been used in copper-refining
furnaces to promote the removal of the arsenic from the metal
and diminish loss, lime and magnesia replacing copper in the
slag. The most suitable composition for practical purposes,
which shrinks least, is stated by the above workers to be---

Lime . . . . . . . . . . . &52percent
Magnesia. . . . . . . . . . 36
Silica . . . . . . . . . . . 8 .
Oxide of iron and alumina . . . . . 4

Much of the dolomite in use contains less magnesia than
is here shown,
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Pure alumina is known as corundum and emery, sub-
stances whosc other properties as gems (ruby, sapphire) or as
grinding materials, on account of hardness, enhance their
value, and preclude their use as refractory materials.

Bauxite.—A mixture of hydrated alumina and ferric
oxide, however, occurs, and is known as bawuxite (from Beaux
in France). Its composition is very variable ; the alumina
ranges from 35 to 75 per cent., the oxide of iron from 2 to 38
per cent., and the water from 1o to 3o per cent., while silica
is present in quantitics of from 1 to 15 per cent.  On heating,
bauxite contracts and the water is expelled. This material
is made into bricks by mixing it, after calcining, with a little
clay and some graphite or coke-dust. The clay binds the
mass together, and, when burnt, the coke-dust probably
partly reduces the F,O4 to I'eO, which combines with the
alumina and forms a highly®infusible aluminate of iron,
thereby increasing the tenacity of the brick. These bricks
have been used successfully in the bottom of basic-steel
furnaces, for the lining of Siemens’s rotary furnaces, and to
form a parting between the basic dolomite bottom of a
furnace and the silica brick sides.

If these arce in contact, the lime and magnesia in the lining and the
slag attack, flux off, and undermine the side walls {sec Fluxes), with the
result that the furnaces collapse. By sceparating them by a course or two
of bauxite bricks this is avoided. Being basic, they are not themselves
attacked, and their dense character and composition prevents them
attacking the bricks above. Hence the termn neutral course, which is
applied to this parting. Bauxite bricks arc also used to line mechanical
furnaces for various purposes.

Instead of bauxite, chromite is somctimes employed for this purpose.
This is a mixture of oxides of iron and chromium, and is very refractory.
It is employed in the same manner as dolomite, being either made into
bricks or rammed in. Its use has extended to copper matting furnaces
and Bessemer converters.

Oxides of Iron.—Besides the above basic materials,
various substances, consisting mainly of oxides of iron
(Fey04 and FegO,), are employed in making the bottom and
sides of puddling furnaces for the conversion of cast into
wrought iron. They not only serve as a more or less effective
protection to the furnace, but play a most important part in
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the purification of the iron, and will be best studied in con-
nection with the process (see p. 185).

In smelting copper ores the iron oxide present often
forms a deposit of magnetic oxide on the sides of the furnace
and on the sides and bottom of the converter if basic lined.

Besides these bodies, others are employed in special cases.
In cupelling lead, for instance, bone-ash (phosphate of lime)
is employed. This body is refractory, and is not readily
attacked by oxide of lead. It is also of an absorbent character.
In Germany and elsewhere a mixture of marl (a clay contain-
ing much lime) and charcoal is employed for the same pur-
pose, under the name of draque.

Of late years the lining of the blast furnaces used in lead
and copper smelting, with siliccous and other materials, has
been abandoned in favour of water-jacketed furnaces. The
highly corrosive slags produced in these processes have little
or no action on the water-jacketed iron. Water-cooled iron
blocks are also often built into furnace structures, to prevent
those parts which are subject to the most intense heat being
unduly affected (see I'ig. 31).

Plumbago (natural graphite), being a form of carbon, is
quite infusible. Its principal use is in making crucibles, etc
The mineral, after grinding, is treated with hydrochloric
acid, to remove the oxide of iron, then washed and mixed
with enough clay to bind the material together, and give the
necessary strength.  Flaky graphite is best for the purpose.
Blacklead crucibles contain from 25 to 5o per cent. of

raphite.

~Crucibles are more or less cup-shaped vessels of refractory
material in which substances are melted. This is generally
done in wind furnaces, the pots being surrounded by the fire,
and when the contents arc melted, the crucible is grasped by
tongs and lifted bodily from the furnace, and its contents
poured out or teemed. These vessels must therefore be

(1) Refractory, to withstand the necessary high tempera-
ture.

(2) Tough while hot, so as not to break in lifting out.

(3) Must not crack when withdrawn from the fire and
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exposed to ordinary temperatures, 7z.e. must be capable of
resisting sudden and great changes cf temperature.

(4) Must not be seriously attacked and corroded by the
materials heated in them, or by the ashes of the fuel.

(1) and (2) depend on the materials employed for making
the crucible, the sccond being generally secured by a judicious
mixture of various clays. Usually a fluxing agent is present
in small amount. This at the working temperature softens
and produces toughness. At very high temperatures
crucibles used for melting steel can be crushed to a consider-
able extent without fracture. (3) and (4) depend largely on
the grain of the crucible; a coarse-grained crucible is less
liable to crack than a fine-grained one. This applics also to
the heating up of the crucible ; with fine-grained pots the
greatest care must be taken. On the other hand, coarse-
grained pots are more casily attacked by fluxes and fucl ash,
so that these two properties do not attain a maximum in the
same crucible.

Three distinct varieties of crucible are employed-—

Clay, or white pots ;
Plumbago, or blacklead crucibles ; and
Salamander, or anncaled blacklead crucibles.

Clay pots arc made from various mixturcs of fire-clay,
with the addition of grog (ground pots-—sec Fire-clay), coke-
dust, etc., to counteract contraction.

Plumbago pots consist of a mixture of plumbago with
sufficient clay to bind it together. They are largely used for
the fusion of metals and alloys, being more refractory and
less acted on than clay pots. Relatively, with proper use,
they last three or four times as long as clay pots.

Salamander pots do not require the same careful and
gradual heating as the other varieties. They consist mainly
of graphite in coarse grains, and may be coated with glaze to
prevent them from absorbing moisture. These crucibles can
be introduced immediately into a hot fire without danger ;
the coarseness of the grain, the conductivity of the material,
and the absence of moisture prevent cracking. Small ones
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are specially suitable for blowpipe furnaces working with air
or oxygen.

Crucibles are made of vatious shapes. materials, and fincness suitable
for different operations.

The triangular form is specially suitable in small sizes for melting
down metals.  The corners are convenient for pouring.

Circular shallow pots, such as the Cornish copper assay crucible, are
suitable when roasting as well as when fusions are to be conducted.  In
copper assays the materials are roasted in the crucible in which they are
subsequently fused.

Such pots are also convenient in separating and collecting by fusion
substances whose spedific gravities are not greatly different, or which do
not become perfectly fhud.  Pots for tin assay, ete., arc of this form.

Deeper pots are preferable where these conditions are not required.

When boiling up of the contents is hikely to take place, skittle pots
arce most suitable.  The wide upper portion and contracted mouth prevent
the contents from frothing over.

For lifting with basket tongs from the fire, a slight contraction of the
top permits of the pots being grasped lower down, and lifted with greater
sufety.

Iluxing pots are made of highly aluminous clay. They are very
smooth, and resist the action of such corrosive bodies as oxides of lead,
soda, cte., for a considerable time.

Crueible-making. -Small crucibles are made in plaster moulds on a
revolving head, or whirling table, somewhat after the manner of pottery.
On drying, the clay contracts and loosens itsclf from the mould, is turned
out, thoroughly dried, and afterwards kiln burnt.

Large crucibles are made by hand and machinery.  The method of
making these pots, for melting steel, at Sheffield is as follows : - A care-
fully tempered minture of clays, ground crucibles, and coke-dust is made
into lumps of the right size.  One of these is placed m a conical iron
mould (the flask) previously well oiled.  This is provided with a false
bottom, having o hole through the centre. A plug-— the shape of the
interior of the crucible —with a spindle fitting into the hole of the false
bottom of the flask, to keep it central, is pressed down into the clay, by
dint of hammering with a mallet, and twisting to and fro, or by mechanical
means.  The clay rises and fills the space between 1t and the flask.
When finished, an attendant lifts the whole, and places it on an upright
post somewhat smaller than the false bottom. The flask falls by its
weight, and the crucible is lifted off and taken away to be dried ; or, if
the top is to be narrowed, this is done with a sheet-iron cone placed on
it and worked to and fro as it stands on the post.  The crucibles, after
drying, are first carefully heated mouth downward in an annealing oven,
some ten or twelve hours being tauken to raise them to dull redness.  They
arc then placed, without cooling, on their stands in the fires.  These
stands arc blocks of similar material about 2 inches thick.  When fully
heated, a handful of sand thrown into the pot fills up the hole, frits, and
cements the pot to the stand.

Owing to the vitrification that has taken place large clay crucibles
cannot be heated again with safety after being allowed to become cold.
They are ground up, after breaking off adherent slag, and used in the
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manufacture of others, and, in admixture with other materials, for steel-
casting sand.

Brasqued Crucibles.— For purposes where contact with
siliccous matters is objectionable, crucibles arc frequently
lined with carbon by mixing lampblack with a mixture of
equal parts of treacle and water to a stiff paste. This is
rammed into the crucible until it is filled, and a cavity cut
out, leaving a lining from } to } an inch thick, according to
size. The crucibles are filled with charcoal, or closely covered
and hcated to redness.  Starch, gum, or oil may be sub-
stituted for the treacle, and with large crucibles tar may be
employed.

Magnesia or alumina linings may be employed where
carbon would be objectionable.

Other Considerations.—Besidc refractoriness, other con-
siderations are sometimes of importance.

(1) Density—Obviously in most cases light materials
having sufficient strength (crushing) will be preferred,
e.g. the specific gravity of fire-brick is 2°zg, that of chrome
brick 3'5—4, and it will be of importance whether the bricks
arc bought by the count or by weight.

(2) Crustung Strength when Hor—This varies greatly.
Most bricks lose strength rapidly when strongly heated.
Silica bricks show a greater tendency to crack and spall
when rapidly heated or chilled than ordinary fire-bricks.

(3) Conductivery.—In some cases, as in bricks used in
chequers, it is necessary to have the maximum conductivity
to abstract the heat from the hot gases rapidly and to give it
up rapidly to the gas and air passing to the furnace.

On the other hand, badly conducting bricks prevent
rapid loss by radiation.

Porous bricks are the worst conductors, owing to the
bad conducting power of the gases (air) filling the pores.
Special insulating bricks of a spongy character are made for
lagging purposes. The conductivity of an ordinary fire-
brick increases with the tempcrature, as the closing of the
pores by expansion of the solid reduces the gas films to a
minimum.
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Thermal Fxpansion.~This is important, because in
expanding the thrust ensures that the mass of brickwork
moves bodily, but in contraction this may not occur, and
cracks in the brickwork may be produced. This is espe-
cially important in such cases as the construction of flues
in by-product coke ovens. Firc-bricks expand little or may
contract slightly. Silica bricks expand strongly, sce p. 63.

Certain kinds of iron and iron alloys arc used as “ pots ”’
for heating articles undergoing annealing. Nichrome, sce
p. 389, is coming into use for this purpose.

Carborundum (silicide of carbon) mixed with an agluti-
nant is used to a small extent. Itis a good conductor of heat.

Alundun, fused alumina, is also used for small refractories.

TABLE SHOWING PHVYSICAL PROPERTIES OF REFRACTORY

MATERIALS.
. | Compressed
e 1hermal
Spedific heat. . 2 stiength i Ibs.
conductivity. per sq. 1.
Fircbrick .o 0102 0'0034 1,050
Silica. . . . . . 0101 0°0020 2,300
Chrome . e o174 00007 3,900
Magnesite ! 0 220 00071 4 800
Refrax t. } 0162 0'0275§ 12,500
Carbofiax ! . i 0180 00243 | 14,700
|

I Carborundum refractories.
2 Gram-calories per degree C., per ¢cm. cube, per scc.
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CHAPTER V
FUELS

Hear, for practical purposes,! is produced by the combustion
or burning of substances in air, or occasionally in pure oxygen
The substance burnt combines chemically with the oxygen,
producing gascous or solid compounds, which pass away to
the flues, or, if solid, remain behind.  The chemical force
exerted in the act of combination appears as heat, and the
amount generated is in some measure an indication of the
stability of the compound formed.

Any substance which by oxidation is made a source of
heat for practical application is classed as a fuel. Most
substances, including all those commonly employed, such as
wood, charcoal, peat, coal, coke, and gas,are derived, directly
or indirectly, from vegetable matter, and may be described
as organic fuels.

Other substances less generally regarded as such are,
however, fuels in certain operations. In calcining iron
pyrites (which contains 54 per cent. of sulphur) and other rich
sulphides, say in a Briickner calciner (p. 55), when the
operation is once started, the heat developed by the burning
sulphur is sufficient to carry on and complete the calcination.
In this casc sulphur is a fucl. In the Bessemer process
(p. 211) for making steel, cold air is blown through molten
pig iron, and the impurities present oxidised out. Instcad
of being cooled by the air, the metal becomes very much
hotter, chiefly by the oxidation of the silicon in the pig iron
to silica (Si 4 O, = Si0y). In the dasic Bessemer process
(p. 216), phosphorus takes the place of the silicon in the
ordinary process as a heat producer (Py + O, = P,0O;). The
Si0, and the PyO;4 pass into the slag in combination with
metallic oxides as silicates and phosphates respectively. In

1 Except in the case of electric furnaces
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these cases, silicon and phosphorus are the fuels consumed,
and sufficient heat is produced to maintain the purified
iron in a fluid state. Sulphur in “ pyritic smelting”’ and
aluminium in the Goldschmidt reduction process are fuels,

Sulphur, silicon, phosphorus, and aluminium may be
classed as inorganic fuels.

Organic fuels consist mainly of carbon and hydrogen,
with varying amounts of oxygen and nitrogen, together with
more or less inorganic matter, which is left behind on burning,
and which constitutes the ash.  Carbon and hydrogen being
the only combustible substances present, a consideration of
them is of the greatest importance.

When oxygen occurs in a fuel, it must necessarily be in combination
with other constituents.  Such part of the fuel as is a/rear oxidised
cannot be further employed to develop heat, since the heat is produced
in the act of oxidation.

In considering the value of a fuel from its chemical composition,
it will be therefore necessary to deduct from the carbon er hydrogen
a sufficient quantity to combine with the oxygen present. It is usual
to make this deduction from the hydrogen.  When hydrogen combines
with oxygen it forms water, thus—

H, + 0O — H,0
parts by weight 2 4 16 = 18

or 1 part of hydrogen combines with 8 of oxygen to form g of water
Conversely, 8 parts of oxygen require 1 of hydrogen, and by dividing the
pereentage of oxygen in the fuel by 8, we obtam the amount of hydrogen
with which it is combined = Thus, if the fucl contains 18 per cert. of
oxygen and § per cent. of hydrogen, 18 = 225 parts of hydrogen combined
with oxygen ¢z the coal, so that only § — 2°25 = 275 parts of hydrogen
can be burnt.  This is known as dzsposable or avarlable hydrogen.
Calorific Power.—When substances unite chemically, the
combination always takes place between definite proportionate
quantities of the bodies, thus—r12 parts by weight of carbon
always combine, when completely oxidized, with 32 parts of
oxygen, and produce 44 parts of carbonic acid gas, or—
C + 0, == CO,
1z 32 41
It is equally true that a definitec amount of heat is gene-

rated. This can be expressed numerically. In burning
12 parts of carbon in the form of purified wood charcoal,
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96,960 units of heatl are evolved. In burning 2 parts of
hydrogen, 68,924 units of hcat are given out.

The quantity of heat produced in completely burning
1 part by weight of the fuel is the calorific or heating power
of the fuel.

TABLE oF CALORIFIC POWFRS 2

Hydrogen . . . 34,402 Carbon monoxide . 2,403
Marsh gas (CH) . 13,003 Sulphur .. . 2,201
Charcoal . . . 8080 Olefiant gas (C, I[ ) 11,857
Graphite ... 797 Silicon . . . 7830
Diwmond . . . 7,770 Phosphorus . . . 5747

Calorific Power of Fuel.—This is the usual manner of
stating calorific powers, and assumes that the fuel is the only
burning body. If the fuel were supplied to the air—a con-
dition almost realised in the use of dust fuel and oil-spray
fuels—the comparison would be satisfactory.

In metallurgical work the reverse is almost invariably the
case. The air is supplied to the fuel, and the burning of the
fuel depends on the amount of oxygen supplied.  Further,
the amount of heat required to carry on a given operation
under specified conditions of temperature and pressure is a
fixed quantity. The rate at which the action—say fusion—
can proceed depends on the rate at which the heat is pro-
duced and the completeness of the application of the heat
generated. Fuel burning rapidly, depending on a satis-
factory air supply, produces heat rapidly. The disposition
of the heat depends on the working conditions, such as the
type of furnace, depth of charge, and its nature and
method of packing, ctc. Some reactions are only possible
at the highest possible temperatures. Others proceed more

LA liltuﬁs_(ilu.:.us the amount required to raise unit weight (say 11b.)

of waterThrough unit temperature (1°). A British thermal unit is the
quantity of heat required to raise 1 1b. of water through 1° F.
2 The numbers given in this table are the units of water heated

through 1° Centigrade. 1f in grams, EL”:W SO on.

The calorific power depends to somceXTent on the condition of the
substance. Compare the caloerific powers of carbon as charcoal, diamond,
and graphite, in the table given below. The difference is due to the

different amounts of heat required to bring about the molecular changes
taking place in burning.
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rapidly at high temperatures, and in such cases the tempera-
ture must be maintained.

Secing that the air supply is the principal common factor
for all bodies, it may be useful to compare the heating values
on the basis of the oxygen consumed. In combining with
cqual amounts of oxygen carbon, in burning to carbon
monoxide —

C+0 =CO
-+ 29,676 heat units
C + 0, = CO,
"I‘ 96’960 ”» ”
Hp_ —I— 0 = }'I:()
'+‘ ()8’924 LE] ”
CO 4 O = CO,
"1|‘ 07)284 ” ”"

On the basis of combining with equal amounts of oxygen
the ratios are—
20,676 : 48,480 : 68,924 : 67,284

ratios which are very different from those occurring in the
table of calorific power.

In the case of hydrogen, another point must be noted,
The product of combustion—water—is a liquid at ordinary
temperatures.  All calorific power determinations include
the whole of the heat given out. In furnace gases the water
cxists as stcam. To retain it in this condition heat is re-
quired. ach part of water requires 589 heat units,! and each
part of hydrogen produces 9 parts of water. Hence 9 X 589
== 5,301 heat units will be rendered unavailable for heating
purposes, and the 34,462 must be reduced by that amount.
This gives the heating value of hydrogen as 29,161. Sub-
stituting this figure in the foregoing equations, the compara-
tive figures become

20,676 : 48,480 : 58,322 : 67,284
respectively. For metallurgical purposes this gives a much

! This is made up of the latent heat of steam (537) and the heat
required to raise the water to the boiling-point (100° C ).
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more satisfactory comparison, since the nitrogen carried in
the air blown in and which has to be taken into consideration
is the same for cach case, the unit of oxygen being taken
as the basis.

The net calorific value of u fucl is obtaind by deducting
from the calorific value sufficient heat to retain the water
produced in the state of vapour.

In burning carbon, note should be taken that carbon
forms two oxides, CO and CO,. The calorific power of
carbon burning to CO is only 2,473, less than a third of its
total heating power.! The importance of complete com-
bustion in order to secure economy is obvious.

Useful effect of fuel.-—The effectivencess of a fuel depends
not only on the amount of heat developed, but also upon the
disposition of the heat. In some cases the degree of concen-
tration possible and the temperature attained are the most
important considerations, as in the Thermit process. The
calorific value of aluminium is less than that of carbon, but
the concentration of heat is great because heat is not wasted
in heating nitrogen, as is the case when the oxygen is derived
from air, and, the product of combustion being a solid, no
heat is carried off by the products of combustion, as is the
case with carbon, the carbon monoxide or dioxide passing
away heated to the temperature of the combustion.

The heat resulting from combustion may be distributed
by (1) conduction, (2) radiation, (3) convection. In burning
solids, the solid itself becomes heated by heat conducted
from the burning surface, and glows more or less intenscly,
radiating heat in all directions. Substances in contact with
it become heated by conduction. The amount of heat thus
communicated by solids depends on the areas in contact.
The major part of the heat communicated from glowing fuel
is radiant heat. Only surfaces opposite each other can
exchange heat in this way, so that the thinnest possible film
of heated solid, if the difference in temperature be maintained,
will transfer as much heat either by radiation or conduction

1 The remainder of the heat is given out when the CO burns to CO;,
CO + O = CO,.
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as a thicker layer. Ifor this reason, in crucible furnaces the
layer of burning coke may be made as thin as possible
consistent with the maintenance of a complete layer of
glowing material between the furnace wall and the crucible
Control of the air supply ensures that a sufficient amount of
heat is generated. Kor the same reason a coil of wire or
foil wrapped round a furnace tube is sufficient to maintain
the temperature so long as a current of adequate strength
is passed through the wire.  Radiation is mainly responsible
for the transfer of heat between the glowing solid and the
materials in the furnace.

When air is used to supply oxygen, or gascous products of
combustion are formed, the gases are raised to the tempera-
ture rcalised, and the heat produced is largely taken up
by them. ‘Thus, in a blast furnace they rise through the
materials of the charge, or, in a reverberatory furnace, pass
over into the furnace chamber. In this manner they carry
the sensible heat away from the region of combustion and
distribute it by convection.

It is most important to remember that gases are very
poor radiators, and only become heated or cooled by actual
contact with solid matter, ze. by conduction. T'o secure
effective interchange of heat between gases and solids, every
effort must be made to ensure such contact.

It has been mentioned that gases are very bad con-
ductors, so that dust or any cause that retains a stationary
film of gas in contact with the solid will prevent the inter-
change.  'The cfficiency of heating stoves and regenerators
is largely affected by dust in this way.

Determination of Calorific Power.-—The calorific powers
of the constituents of a fuel being known, it becomes possible
to calculate the calorific power of & fuel from its composition.

FExample— A sample of coal gave on analysis, carbon 75 per cent.,
hydrogen 6 per cent., oxygen 15 per cent., nitrogen and ash, etc., 4 per
cent. The available hydrogen -~ hydrogen — 1% = 6 — 1'875 = 412
75 X 8080+ 412 X 34,462

100 -

and calorific power of fuel =

Calorific powers calculated from analyses of fuels are not
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reliable, as we have no knowledge of the manner in which the
constituents of the fuel are combined.

Direct determinations of the hcating power arc conse-
quently made.

Instruments used for this purpose arc known as
calorimeters.

A weighed quantity of the fuel is burnt, and the heat
generated is given up to a known weight of water, the
temperature  of which is previously ascertained.  'The
temperature of the water is again taken after burning the
fuel, and the number of degrees it has risen noted.  Then---

weight of water X rise in temperature
weight of fucl

- C.P.

In the weight of water, allowance must be made for the heat absorbed
by the vessel containing 1, and other parts of the apparatus, and, for
strict accuracy for other minor losses of heat, such as the heat carried off
in the gases as the temperaturce of the water rises, radiation, ete.  For
practical purposes these care insignificant if ordinary aie is taken

TFuel calorimeters arc instruments for determining the
calorific power. They may be divided into—

(1) Calorimeters in which oxygen is supplied to the fucl
by some solid material such as chlorate of potash, potassium
nitrate, or sodium peroxide.

(2) Those in which oxygen is supplied as gas from a
compressed supply and in which the gasecous products of
combustion are allowed to cscape freely through the water
cmployed to retain and measure the heat.

(3) Calorimeters in which the oxygen is employed in a
compressed form in a strong metal cylinder or bomb, and
from which no gases are allowed to escape. The high state
of compression used permits sufficient oxygen to be contained
in a bomb of reasonable sizc.

In those calorimeters in which oxygen is obtained from
potassium chlorate and nitre, or in which free escape of
gases is permitted, much heat is carried away by the escaping
gases, and error is bound to arise.

Thomson’s Calorimeter is shown in Figs. 38, 39, 40. It
consists of a glass vessel 12} inches high and 4 inches wide,
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containing up to the mark 29,010 grains of water. The fuel
to be tested, mixed with oxidising agents (sce below), is
carefully introduced into the copper furnace tube F.  This
1s placed in the socket on the base B, which also carries three
springs S, for the attachment of the cylindrical copper hood
(Iig. 40). At the bottom of this hood is a circle of small
holes to allow the gases generated to escape, and a narrow
tube terminating in a tap T, rises from the top. The
oxidising mixture consists of 3 parts,potassium chlorate
and 1 part potassium nitrate. Two grms. of coal and

S

B - .
I'G. 30. I'ic 4o0.

20 grms. of the mixture are used. An addition of 10 per
cent. of the observed rise in T¢ is necessary to allow for
loss of heat in the escaping gases.

The fuel is ignited by a short picce of lamp-cotton soaked
in nitre, which forms a slow-match.

Fig. 41 shows the Roland Wild calorimeter, using sodium
peroxide as a source of oxygen. In this case no gas escapes
as the carbon dioxide produced is rctained in combination
with the sodium oxide as carbonate, and the moisture con-
denses in the crucible in which the combustion takes place.
The fuel—o'73 grm.—is mixed with 12 to 14 grms. of
sodium peroxide in a granular state, not too fine, to prevent
explosion.  The mixture is placed in the metal crucible A,
2 inches in diameter, which screws firmly into the cover C,
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attached to the pipe D, carried by the wooden cover E,
as shown. 'The pipe D is closed by a ball valve F, or
a tap.

The calorimeter vessel G, 5} inches deep by 4} inches
diameter, contains 925 grms. of water, and is carried by a
lmyonet joint from the wooden cover, resting on the outer
casing L, which is empty and serves as a ltggmg for the
calorimeter. A thermometer
passes  through the wooden S ,g—o
cover, and is immersed in the (o) & FI‘T
water., K is a stirrer to sccure !
uniform temperature. b : W

The temperature of the water - 7
is read, and the fuel ignited by
dropping a piece of nickel wire
4 inch long,® made red hot in
a Bunsen burner, through the
valve into the mixture, the
valve being immediately closed.

- [T K-

The stirrer is operated to ensure [ am————
a uniform temperature, and the )
highest temperature  attained g 40 Wild's e ,](,mm)“

read oft. le

The difference represents the rise in tunpcmuuv ol thc
water.

The water value of the instrument —about 75 grins.2—
must be added to the weight of the water in the vessel.

Thus rise in temperature X weight of water == total heat.
Of the total heat about 27 per cent. is produced by the com-
bination of the carbon dioxide and water produced in burning,
with the sodium oxide. By using only o'73 grm. of the
fuel, allowance is made for this, and the results are obtained
directly with a Fahr. thermometer in British thermal units,
and with a Centigrade thermometer in calories.

With the weights of water (925 grms.) and with a water
! Elecirical ignition is attached to Wild’s calorimeter in the newest
forms.

2 This should be experimentally determined.
G
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equivalent for the instrument of 75 grms., the total water
is 1000 grms., so that multiplication is easy and the instru-
ment is direct reading.

Bomb Calorimeter..—The Mahler-Krocker bomb calori-
meter is shown in Fig. 42. A is the bomb, B the calori-
meter, and C the outer casing containing water to prevent

‘ absorption or loss of
~ heat. It also carries a
means for operating the
stirrer D in the calori-
meter, and a support
for the thermometer.

The bomb, Fig. 43,
is a nickel-steel cylinder
capable of withstanding
a pressure of 300 atmo-
spheres. The inside is
coated with enamel.
The gun-metal screw-
cap carries means for
clectric ignition, and is
provided with pin valves
A, through which the
oxygen is admitted
and the gases finally
escape.

The fuel—1 grm.—
is placed in the cap-
sule supported between
the oxygen tube B and
. the insulated post C.
A short coil of very thin iron or platinum wire, which rests
on the fuel, is attached to the post and tube respectively,
at the ends. 'The cap having been screwed down tightly,
oxygen is admitted from the oxygen cylinder to a pressure
of 25 atmospheres. The electrical connections are made
at A and D—but the circuit is not closed, and the bomb
is placed in the water in the calorimeter, previously put

FiG. 42.



within the jacket. The
the stirring gearattached.

Nore.—The thermometer
is a very dclicate one, gradu-
ated to o'or of 1° C, which
enables the figures of the third
place to be obtained. If a
Fahrenheit thermometer be
used the results can be con-
verted into Centigrade units
by multiplving the result by
5§ and vice versa.

The stirrer is set in
motion and readings are
taken every half-minute
till a constant tempera-
turc is reached, then the
circuit is closed, the fuel
ignited, and the readings
continued every half-
minute till the maximum
is rcached, and continued
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thermometer is put in place and

l“lG: 43-
till the temperature begins to fall at a uniform rate.
Then, obviously, if # =

temperature at moment of ignition

Z; = amount of heat lost by calorimeter
W = wt. of water in calorimeter
w = water equivalent of calorimeter—
specially determined
f = weight of fuel
% = heat evolved by burning iron
then X W +w)~—-lz=total heat evolved by burning fucl

S

#; is obtained as follows : The difference in T° between
the maximum and the final reading is divided by the number

of periods thus—

6 = 00076
0°0076 X 6 = 0'0456
0'0039

0049

For complete record of a determination, sec over.
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This figure multiplicd by the number of periods (Iess 1)
between the ignition and the maximum represent the
heat lost by the calorimeter during the combustion and
absorption. Half' the period loss may be added for the
first period —the temperature not  having risen much
during that interval. The water equivalent of the bomb is
about 335, but varies somewhat, and should be determined.
A usceful amount of water in the calorimeter is 2200 grims,
This just leaves the electrical connections clear.

THERMOMETER READINGS.

Until the maximum T’ After the maximum T°

Prior to ignition. has been reached. has been reached.
17°99" C. 18°04” 20°591°
18°005" 18°08" 20°583°
18'013° 19°58° 20'575"
18013 20°25" 20°507"
18013° 2051”7 20°56"

20°583"
20°598°

Then correction for cooling—-
20'508 — 20°506 = 0'038

‘038
oes == 0°'0076

(0°0070 X 0) -{- 00038 =" 0°049
and  (20°598 - - 18'013) |- 0049 = 2°634° Rise in 1",
2034 X (2200 -|- 335) == 0670

Iess 0’02 X 1500 (iron wire) 30
Calorific value = 0646 calories
or 60646 X 3 = 11,0621 B.Th.U.

Full descriptions of the bomb and its working will be
found in Poole’s «“ Calorific Power of Fuel.”

This is the most accurate instrument in use for the deter-
mination of calorific power. It may also be used for deter-
mining the calorific power of liquids and gases.

The zemperature produced by burning a given fuel is

! Coal gives from 12,000 to 16,500 B.Th.U.
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dependent not only on the amount ol heat given out, but on
other conditions also : the amount and nature of the products
of combustion, whether the combustion takes place in air or
pure oxygen, the initial temperature, and the stability of
the products of combustion. The temperature realised is
below that calculated trom the net calorific value and the
mass and the specific heat of the products, and is determined
by the stability of the products of combustion, for, when a
certain temperature has been attained, these are dissociated
as rapidly as formed, and the heat thus absorbed is balanced
by that given out.

In practice, the temperature, when burning solid fuel,
depends on the rapidity of combustion and the density of the
substance, assuming that the composition is the same.  The
more rapid combustion which attends the employment of
hot air, as well as the heat carried in by the air, greatly
increases the temperature, while the structure of the sub-
stance influences the rate at which it burns-- porous cellular
bodies burning most freely.

Dense fuels, when burning at the same rate as lighter ones,
produce greater local heat, the heat-evolving and radiating
power being concentrated in smaller volume.

Note. The amount of ash in a fucl is important.  Not only does it
displace combustible matter, but in a blast furnace i{ must pass into and
increase the amount of slag.  Iurther, if infusible, suitable fluxes must
be added, making more slag.  This entails the use of more fuel to provide
the necessary heat.  TFurnace space is occupied by all these extra bodies,
thus reducing its output. Increase in the material increases costs of
handling, and further adds to the charges the operation has to bear.
Hence low fuel ash is desirable.

In other cases the presence of the ash increases the firing difficulties,
as in cementation furnaces, although fine anthracite is sometimes burnt
on a thick clinker bed broken up to permit the passage of air.

Wood is cxtensively employed as a fuel where a plentiful
supply is obtainable and high temperatures arc not required.

The organic constituents of dry wood, exclusive of ash,
are-—

Carbon . . . . . . . . 5I'Opercent,
Hydrogen . . . . . . . 6o
Oxygen . . . . . . . . 45
Nitrogen,ete. . . . . . . 15

1000 .,
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NoTe.—The composition of various kinds of wood is almost identical,
no constituent varying much more than 1 per cent. The principal body
present in all is cellulose C;,H 0, , with various hydrocarbon substances,
as turpentine, resins, cte., which influence its inflammability. Its density
varies from 0 4 to 1°3. The large amount of oxygen will be at once noticed,
and from what we have previously learnt, the disposable hydrogen is only
6 — 4; 5. o082 per cent.  All the water of composition, 41°5 4+ 518

= 46°68 per cent., has to be evaporated. This, added to the fact that
ordinary air-dried wood retains from 15 to 20 per cent. of mechanically
held moisture, which has also to be expelled, will show the unsuitability
of wood for the production of high temperatures.  If kiln-dried, it re-
absotbs a great part of the moisture on exposure.

The Wy exceeds 2 per cent. It is characterised by
the presefice of a considerable amount of potash and the absence of
alumina. It consists of carbonate of potash, lime, soda, iron, magnesia,
with a little chlorine, sulphuric and phosphoric acids, and silica. - Wood

ashes formerly formed the chief source of potash salts.
Wood has a calorific power of about 3,000.

The woods principally employed are : larch, fir, sycamore,
birch, elm, ash, pine, and oak.

The inflaming point of wood is about 300° C., much
below redness.

Charcoal.—When wood is gradually heated out of contact
with air, it undergoes a destructive distillation. Water and
various other volatile compounds are expelled, some of which
result from decomposition of the cellulose and other bodics
present in wood, with the separation of free carbon. This
decomposition commences at about 180° C., and is completed
at about 400° C. The residue obtained is charcoal. 1t con-
sists of the fixed carbon of the wood, with the ash, and some
hydrogen and oxygen, the amount of which depends on the
temperature of preparation,

The substances expelled consist mainly of water, wood
naphtha, various heavy hydrocarbons constituting tarry
matters, marsh gas, hydrogen, olefiant gas, carbonic oxide,
carbonic acid gas, pyroligneous acid (crude acetic acid), and
ammoniacal compounds. The valuable nature of some, and
combustible character of others of these substances, will be
noted.

The weight of charcoal obtained varies from 15 to 25 per
cent., rarely exceeding 20 per cent. Its volume is from 5o
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to 75 per cent. of the wood.  The yicld depends on the nature
of the wood, the temperature, and rapidity of charring. High
temperature and slow charring diminish the yicld owing to
the more complete distillation which occurs.  Good charcoal
should be hard, sonorous, give a bright fracture, not soil the
hands, not friable or fissured, and retain the form of the
original wood. Its igniting-point depends much on the
temperature of preparation, as the higher the temperature
the denser and less casily ignited it becomes.  Rapid charring
has the effect of making the charcoal fissured.

The combustible nature of the substances expelled by
charring will show that, unless high local heat is required, it
would be more economical to simply dry the wood. 'The
quantity of heat given out by burning the wood itself is

greater than that given out on burning the charcoal prepared
from it.

Charcoal may be prepared in two ways.  The wood may
be charred in retorts heated externally by a fire, or it may be
piled in a kiln or stack, and the charring effected by a com-
plete or partial burning of the volatile matters which distil off
when the wood gets heated. The preliminary heating is
cffected by faggots put in some convenient position in the pile.

When charring in retorts is followed the pyroligneous
acid and tar may be collected, the charcoal being a by-
product.

Charcoal Burning in Piles.—The piles are made either
circular or rectangular. In circular piles, the wood, sawn
into suitable lengths, is built up round a central stake or
stakes, in the manner shown in Figs. 44, 45, and the pile



88 Melallurgy

covered with sods or earth, supported by branches, whose
ends are stuck in the ground and bent over, or, sometimes
by a mixture of charcoal and water.  This furnishes a yielding
cover, but one sufficiently impervious to air as to exclude
excess.  If three central stakes are employed, the chimney
thus formed is filled with faggots.  If only one stake is used,
a passage is left at one side reaching to the middle, and this
is similarly filled. The upper part of the heap is made up
with branches and irregular picces as solidly as possible.
When the pile is completed, the faggots are ignited and the
openings left uncovered until the pile has fairly caught.
They are then completely closed, and the pile left to itself.
Volumes of dense yellow smoke are at first given off, accom-
paniced by much water vapour.  This condenses in the cover
and runs down.  After a time, the yellow smoke changes to
grey, and the cover is extended down to the ground, leaving
only a few small openings judiciously arranged to admit a
little air, to continuce the combustion of the volatiles, and
maintain the heat.  The now thoroughly dried wood is thus
gradually converted into charcoal, and the ‘‘ coalier,” or
burner, completes the charring of the outer portions of the
heap, or any part that has not caught well, by making a
serics of openings in the cover, commencing ncar the top,
which draw the fire and heat in that direction. The dense
smoke which first escapes gradually becomes thin, and the
flame of CO appears. When this occurs, the holes are
stopped up, or the charcoal will burn, and a new series opened
lower down. This is repeated till the whole pile has been
charred.

The judicious artangement of the wood so that the combustion shall
spread uniformly, the consolidation of the pile and making good of any

falling in, due to contraction in the carlier stages, and the proper manage-
ment of the vents, are necessary to secure a satisfactory result.

The heat is maintained by the combustion of the volatiles
inside the pile. If excess of air is admitted, the charcoal
will be partly burnt. The quality is said to be improved
by quenching it before it has cooled below its igniting-point.
This is accomplished by taking out some of the charcoal,
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through an opening made in the cover, which is at once
replaced. The portion removed is cooled by water or by wet
sand, earth, or charcoal-powder. The quenching prevents
burning of the charcoal, which might occur during the
cooling, if the stack were not tight.

In rectangular piles (Fig. 46) the wood stack is first built,
and surrounded with planks supported behind by stakes
driven into the ground, a space being left between the pile
and the inner side of the planks. This is filled with charcoal-
dust moistened with water, or ashes, to protect the planks
from the heat. The top is covered with carth, ashes, etc.,
and ignition is effected through the opening shown in the
lower end. The charring proceeds as before. ‘These piles

If

are 22 fect long, 4 broad, and from 7 to ¢ fect high. Much
of the acid and tarry matters can be collected by iron pipes
introduced through the cover at the higher end of the pile,
leading to receivers. These piles are generally built upon
sloping ground. They are more common in Norway and
Sweden than elsewhere.

Kilns are now largely employed, which ensure collection
of the volatiles.

Where a continuous supply of wood is obtainable (as, for
example, on a lake shore or river-side, by floating the wood),
a permanent masonry bottom is built for the piles. This
slopes to a cavity in the centre loosely covered with an iron
plate, and communicating by a passage with a tar well. The
condensed tar and pyroligneous acid drain down and pass
into the well.

Wood for charcoal burning should be mature, bhut not decayed or
worm-eaten. It is at its best when aubout thirty years old. It should be
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felled in winter, when the sap is down, and the bark removed to facilitate
drying. The site sclected should be near a stream or water supply, and
the ground not too sandy or claycy. The former is too porous, and the
latter cracks with the heat, and air is drawn in. If burnt, charcoal is
dull, soils the hands, and is light and friable,

The amount of charcoal produced varies with the method
of burning. It forms from 14 to 25 per cent. by weight, and
from 50 to 75 per cent. by volume, of the wood. It absorbs
about 10 per cent. of moisture on exposure to the air.

The specific gravity of charcoal varies from o1t to o
If, however, air is expelled from its pores, it is found to be

‘The Composition of Charcoal varies with the temperature
of preparation. Ordinary charcoal, prepared between 4o00°
and 1000 C., is as follows : —8o to 83 per cent. carbon ; 1to 2
per cent. hydrogen ; 14 to 15°5 per cent. oxygen and nitrogen ;
I to 5 per cent. ash.

Peat, or Turf, is produccd by the gradual accumulation of
dead vegetable matter, especially mosses and lower forms of
vegetable life, in moist situations. The moisture protects it
from the action of the air. Under these circumstances, a
gradual change in its composition goes on.  The oxygen and
hydrogen in the original vegetable matters arc slowly elimi-
nated, as water (H,0O), marsh gas (CHS), carbonic acid gas,
cte.  Up to a certain point the oxygen is removed in greatest
proportion, the hydrogen in a less degree, and the carbon in
the least proportion.  ‘The net result of these changes is that
the proportion of carbon increases, the colour darkens,
greater density is attained, and up to a certain limit the
disposable hydrogen is increased.

o

(8]

These changes invariably occur when vegetable matter undergoes
alteration in absence of air, and arc assisted by ceven very moderate
degrees of heat, such as the internal heat of the earth.  The marsh gas,
causing on ignition the will-o’-the-wisp, is produced in this manner.
The fire-damp of the minc is also marsh gas, which has been stored in
the coal under the pressure of the superincumbent material, and which,
on opening up the seam, diffuses out of the coal. Carbon dioxide is
more rarely met with owing to its solubility in walter, which is always
filtering through the rocks more or less.

The greater the degree of alteration the more widely
it departs in character from the original vegetable matter. It
is in virtue of these changes that coal, some of the varieties of
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which consist almost entircly of carbon, has been produced
from the vegetable deposits of former ages. Under similar
conditions, the greater the age the more altered the material
becomes.

Pecat usually occurs at the surface, filling up basin-like
depressions. These are known as bogs, or mosses. It
follows that peaz, being of recent origin, is comparatively little
changed, and that the upper and newest layer will differ from
the lower and older layers. It will conscquently resemble
wood in chemical composition. On drying, peat from the
upper part of a bog yiclds a light brownish-yellow fibrous
substance, forming about 70 per cent. of the volume, and
retaining sometimes over 3o per cent. ot moisture after air-
drying. Peat from the bottom of the bog is more gummy,
and on drying yields a dense black compact mass, forming
about 27 to 30 per cent. of the volume, and retaining about
20 to 3o per cent. of moisture after air-drying. ‘The specific
gravity of peat varies from about o'1 to nearly 1; as taken
from the bog it contains from 70 to go per cent. of moisture.
The peat after removal is dried on floors, built in walls, and
afterwards stacked or housed. This should be done in open
weather, as frost seriously injures fresh peat. It never dries
so firmly and dense after being frozen.

The Preparation of Peat, so as to produce from it a denser
material more suitable for use as fuel, has received much
attention.

Most of the methods adopted involve compression of the
peat, cither in a wet or air-dried state, into blocks. In others,
the peat is converted into pulp by grinding. This, on drying,
contracts to about one-fifth of its bulk, and yields a much
denser material containing less moisture.

The Ash of Peat, as would be expected from the situations
in which it is found, is much higher than that of wood. It
ranges from 8 to nearly 3o per cent. It contains the same
constituents as wood ash, with the addition of alumina. It
contains, also, more of sulphates and phosphates, and often
sulphides as well.

Peat commences to distil at about 130° C., and leaves a
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charcoal, the value of which depends on the character and
amount of ash of the peat.

Fossil Fuels. --When deposits of vegetable matter have,
by changes of level of the carth’s surface, been submerged,
and other strata deposited on them, the alteration previously
noticed has continued, and the substance has entirely lost its
vegetable character and become fossilised.  The extent to
which this has gone on depends on the age of the geological
formation in which it is found, and somctimes on local
influences.

Those substances which arc found in the newer formations
are called Zegnites (Lat., Lignum - wood ”), from the
distinct woody character of some of them, and those found in
the older formation—known as the ¢ Carboniferous »-—-are
called coal.  As would be expected, much difficulty is ex-
perienced In drawing a shaip limit between the two, as they
gradually merge into cach other.

Characteristic specimens, however, differ widely.  Sclected
examples of lignites and coals show a gradual passage from
wood to anthracite (the most altered form of coal). Such a
table is exhibited below. The striking feature of such an
arrangement is that the available hydrogen gradually in-
creases to a certain point, and the amount of fixed carbon--
carbon not driven off when the coal is heated shows a
similar increase,

The cffect of this upon the character of the coal is im-
portant. ‘The higher members of the series, in which the
available hydrogen is low, burn without softening and fritting
together, and if the powdered fuel is heated in a vessel from
which air is excluded, the particles do not stick together.
Such substances are described as non-caking. As the
available hydrogen increases, the caking property becomes
more and more strongly marked, until the substance becomes
so rich in carbon as to again become non-caking, the bitu-
minous matters produced during heating not being sufficient
to bind the particles together. Thus the non-caking sub-
stances are of two classes @ (1) those rich in oxygen, and low
in available hydrogen ; (2) those rich in carbon.



Fuels- 93

CoMPOSITION OF FUELS.

| | i Available hy-

Fuel. C. H. 0. | N. | Ash, i

1 ! | drogen.
i i i I
Wood (desiccated) . s1'1 62 1414 rizi 18 frx
Peat . . . . . 5238 703 40'50°* { 21
(Coppage, Ircland) ! : i : ‘
Peat, Long (France) 1. 609 622 32882 ! 123 )
Lignite — ' ! ' | / "]\{\(.’ n ,
Caroline, S. . . . 603 48 202 ro ! 32 (23 [“1 ng-
Auckland 2 . . . 037 481 1825 13301098 253
Tasmania . .00 Ly 53 1848 1201 537 (31 1
Tinidad . . . 7503 52 1351 [ 204135
Coal— ‘ ‘ |
Cannel, Wigan . . Soo7 533 8T 21 27 24‘5
Andrew’s  Ilousc, 8558 5371 430 120 21448
Tanficld i ; | i Caking
Blainan . . . . 830 019, 4355 7149| 40 |50
Ebbw Vale . . . 8978 515, 039 2710 1'5 |51
Aberaman . . . 9094 428 o094 r21l145 41
O. and | ! ' Non-
N | J caking,
Anthracite (Isére) . o940 140 3583 ) ‘ 11

Lignites.- --Somec of these are but little altered from woody
matter.  They are of a light colour and fibrous structure.
These may be classified as fossi/ wood, or fibrous lignite.
Such a deposit occurs at Bovey Tracey, in Devonshire.
These lignites contain 3o to 50 per cent. of moisture, as won
from the ground, and retain 12 to 2o per cent. after air-drying.
On heating, they leave a residue of about 35 per cent.

Bituminous, or carthy, lignite is a convenient designation
for those more altered in character. The colour is dark
brown, the fibrous structure indistinct, and the fracture earthy.
They contain less moisture than fossil wood.

The residue left on heating varies from 35 to so per cent.,
and 4 to 5 per cent. of tarry matters. Specific gravity 1'1
to 1°2.

The most altered lignites resemble coal in appearance,
and to some extent in character. Some are black and shiny,
others are dull, and black-brown in colour. The fracture is

1 Exclusive of ash. 2 Inclusive of N,
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flat or conchoidal. All trace of woody fibre is lost. They
contain less moisture, and leave a fixed residue up to 6o per
cent. on distillation,

This class includes all the better varicties of brown coal
(German, Braunkohle).

The volatile matters expelled from lignite resemble more or less those
from coal, but are characterised by a large amount of aqueous distillate,
The tars average some 4 to 6 per cent. Tignites are largely used in
Germany, France, Italy, and Austria.

"The ash of lignite consists mainly of oxide of iron, alumina,
silica, and sulphates of lime and iron. It varies from 1 to
50 per cent.

The average composition of the organic constituents of
the three varieties given below is from Regnault.!

Oxygen

and
Carbon, Hydrogen. Nitiogen,

Fibrous lignite . . . . . . 63 5 32
Karthy . . . . . . . . 72 5 23
Pitch-brown coal . . . . . 77 75 15'5

Coal.—Under this heading are included the more altered
forms of fossil fuel.  The term ¢ bituminous coal ” is applied
to all those which burn with a more or less considerable
amount of flame of a smoky nature, somewhat resembling
pitch and bitumen.

Bituminous coal passes into anthracite, which burns with-
out flame, smoke, or smell.  Coals which burn rapidly, with-
out softening and fusing together or breaking up into small
picces so as to arrest the draught, are described as free
burning.

Caking Coals include all those which soften and stick
together when heated.  If the powder is heated in a closed
vessel, a more or less coherent mass of coke is obtained.
Free-burning coals are *“ non-caking,” or only slightly caking.

As almost every coal-seam differs more or less from others,
it is necessary to establish some method of classification.

Since the chemical composition of the coal affords little

1 Sec Mills and Rowan’s fuel.
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clue to its behaviour in burning, the most convenient classi-
fication is based on the amount and nature of the residue left,
when the coal is heated in a closed vessel, minus the ash..

Coals containing a high percentage of oxygen or a very
high percentage of carbon are non-caking (sec p. 92).

Substances used exclusively for the manufacture of gas (boghead coal,
cte.), or oils (paraffin coal), are not included.

Class 1.—Non-caking coals rich in oxygen (Perey). This
includes the various kinds of cannel,l splint, or hard coal.
They burn freely, with a long flame like a candle.  Cannels
possess a dull pitchy lustre, break with a conchoidal fracture,
give a brown streak, and are hard and dense. The specific
gravity is about 1'2. On heating, these coals retain their
form, but do not cake togcther. The lumps of residue are
cracked and friable. The percentage of coke varies from
about 4o to 6o per cent. The fixed carbon present in the
coke varying up to 53-per cent. of the coal.  Cannels yield
on distillation a larger percentage of volatile matters, and less
coke than other bituminous coals. The ash and sulphur are
also higher. Splint or hard coal is employed in blast fur-
naces in Scotland and Staffordshire.

The calorific power of these coals, free from water and
ash, varies from 8,000 to 8,500. They occur in Staffordshire,
Derbyshire, Lancashire, and Scotland.

Class 2.—Caking coal, burning with long flame —cherry
coal (fat coals—Gruner). This class includes the various

gas and many sg{%\;mlm—{l‘hcse coals ignite easily, and
burn freely, like Class 1, with much flame and smoke. 'They
are very black and bright, and somewhat platey in structure,
much more friable and not so hard as cannel, and are known
as soft coal. Heated in a closed vessel, they coke slightly.
some to a greater cxtent than others. The coke is light.
spongy, and friable ; it forms from 6o to 70 per cent. of the
coal coked.

The gas is of good quality. They are largely used for

1 Cannels are supposed to have been produced in a different manner
to coal. Some are caking in character.
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manufacture of gas, and for stcam-raising. The calorific
power varies from 8,500 to 8,8c0. They occur extensively in
South Wales and in the Newcastle, Staffordshire, and
Glasgow coal-fields.

(/ass 3. -Caking or soldering coal—smithy coal. Coals
of this class almost fuse when heated, and form a pasty
mass from which bubbles of gas escape, leaving a coke
altogether differing in form from the original.  The flame is
bright and luminous.  The coals have a velvety black colour,
generally soil the fingers, and have a tendency to break up
into small rectangular picces. They  swell  considerably
during coking, and this reduces the density of the coke,
which varies in quantity from 08 to 74 per cent. The
~alorific power 1s 8,500 to g,300, but they are unsuitable for
steam-raising, and many other purposes, owing to the great
tendency to cake and impede the draught.  ‘They are largely
used for the manufacture of coke.  In Britain they occur in
Durham, Yorkshire, Lancashire, Staffordshire, Derbyshire,
South Wales, and other localitics.

Class 4.—Coking coal (fat coal, burning with a short
flame—- Gruner).  This includes those coals which, on account
of the large yield and dense nature of the coke, are most
suitable for making coke for use in blast furnaces.  ‘They are
generally of a soft nature, liable to fall to picces and crush.
They ignite and burn less readily than preceding varicties,
but do not soften and swell to the same extent.  The flame is
short, white, and almost smokeless.  The coke is denser and
stronger than from Class 3, and the yield from 74 to 82 per
cent, It is the best for blast-furnace work. The calorific
power is from 9,300 to 9,500. They are less suitable for steam-
raising, unless forced draught is employed, than a freer-
burning coal. They occur in South Wales, at St. Etienne,
and clsewhere.

Class 5.—Non-caking coals rich in carbon (Percy),
anthracitic coal. These coals gradually pass into truc
anthracite. They arc harder, burn with little or no flame,
are smokeless, and odourless. They ignite and burn with
great difficulty, and, unless forced draught is employed
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perfect combustion cannot be ensured.  Unless slowly heated,
they crackle, fly to pieces, and impede the draught.  Some
kinds are less liable to do this than others, and in South Wales
and Pennsylvania certain varieties are used for blast-furnace
work. In appearance they are dull or streaky, and break
with a more or less conchoidal fracture. 'The calorific power
is somewhat less than Class 4, as the hydrogen present is less.
They leave an uncoked residue of about 82 to 88 per cent.
They are employed as steam coals.

Anthracite is the most altered form of coal. It has a
brilliant black or semi-metallic appearance, and gives a black
streak. It is non-caking, and most difficult to burn, requiring
alarge draught. It is the densest of the coals, and generates
an intensc local heat. It is more liable to fly to picces on
heating than Class 5, bituminous coals. It burns without
flame or smell.  South Wales, Pennsylvania, and the Vosges
arc the principal localities. Anthracite leaves from 85 to
04 per cent. of fixed carbon, with less than 5 per cent. of ash.

The specific gravity of coal varics from 1°25 to 1°31. It
is, however, influenced by the amount of carthy matters
present. The ash ranges from 2 to 18 per cent., and consists
of lime, alumina, oxide of iron, magnesia, alkalies, phosphoric,
sulphuric, and hydrochloric acids, and silica.

The sulphur present in coal is of the greatest importance
in the use of the material for iron manufacture in blast fur-
naces, as it is taken up by the metal. It exists in three
states : (1) as iron pyrites—the brassy material in coal ; (2) as
organic sulphur; (3) as sulphate of lime, and sometimes
of alumina. The two former states are most objectionable,
when wused as coal in iron smelting, as the sulphur, sulphur-
ctted hydrogen, carbon disulphide, and sulphide of iron,
which result on heating, may all transfer their sulphur to the
metal. By previously converting the coal into coke, the
organic sulphur is removed, and about half the su]phur in
the pyrites.

To purify the coal from pyrites and dirt, for coking, forge,
and other purposes, coal screenings arec washed. The

inorganic matter, in virtue of its greater density, separating
H
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from the coal. The specific gravity of pyrites is 5, nearly
four times that of coal.

The pyrites present in coal often contains arsenic, and
sometimes copper.

Phosphorus is generally only present in very small
quantities. Chlorine is always present. It should not be
overlooked in coals used for steam-raising in boilers fitted
with copper tubes, which it rapidly corrodes.

The selection of a coal for any particular purpose depends
as much on its physical as its chemical character. Ior
blast-furnace work it must be hard and strong, not crumbling
under the pressure of the charge, and it must not be too
strongly caking. It must, morcover, be practically free from
pyrites. Certain varieties of Classes 1, 2, and 5 of bitu-
minous coal, and anthracite, are used for this purpose.

In reverberatory furnaces working with draught, and for
stcam-raising, free-burning coal is employed.

For technical purposes, moisture, ash, fixed carbon,
volatile matters, sulphur, and calorific power arc usually
determined.

Coke.—Irom the above consideration of coal, it will be
seen that certain classes are not particularly suited for use in
that form, either from their coking power, softness, or the
presence of sulphur. These defects may be overcome by
converting the coal into coke. Very soft coals often yicld
excellent coke, and, as before pointed out, half the sulphur
in the pyrites present, togcther with the organic sulphur, is
expelled during the coking, mainly as sulphuretted hydrogen
and carbon disulphide. So that many coals unsuitable for
iron manufacture yield coke which is not so prejudiced.

Coke stands to coal in the same relation as does charcoal
to wood, and consists of the fixed carbon together with the
inorganic constituents of the fuel. The percentage of ash in
coke is consequently higher than in the coal itself (see p. 85).

When heated out of contact with air, coal splits up,
yielding hydrogen, various volatile compounds of hydrogen
and carbon, and of these elements with oxygen, ammonia,
water, and coke. The heavier of the hydrocarbons, etc.,
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constitute Zar, and the water and ammonia, emmoniacal
liguor. The lighter of the hydrocarbons are non-condensable,
and constitute coal gas. From tar, bisulphide of carbon,
benzol, toluol, naphtha, creosote, phenol, anthracene,
naphthalene, and pitch are obtained by distillation, at a
gradually increasing temperature.

These substances are very valuable products.  The com-
position of the tar, and the proportions of its constituents,
will vary greatly with the temperature of coking. Low
temperature favours the production of a tar low in benzol,
toluol, carbolic acid, ctc., and containing much heavy oily
paraffin, A high tempcrature favours the production of tars
rich in benzol, ctc. ‘These are much the more valuable.
At high temperatures —above 1200° C.—heavy hydrocarbons
arc decomposed, depositing part of their carbon, and being
resolved into lighter bodies and hydrogen. This is often
scen in gas-retorts, the inner surface of the retort, with which
the gas has come into contact, being covered with a layer of
dense carbon thus deposited. This is sometimes graphitic.

1f the coal while coking can be sufficiently heated to
decompose these in its mass, the coke obtained will be denser,
stronger, and more brilliant in appearance. The yield of coke
will also be greater, in proportion to the amount of carbon
thus retained. It follows that the quality of the coke will
depend not only on the nature of the coal, but also on the
temperature of coking, and the rapidity with which it is
attained, those processes producing the best coke in which
the highest temperature is most rapidly obtained.!

As in charcoal-burning, the heat necessary may be
obtained by partially or completely burning the vglatile
matters, in contact with the coal, or outside the coking
chamber.

The combustible gases oozing out of the heated coal
surround it with a protective envelope and prevent burning
of the coke so long as they completely envelop it.

Coking in Heaps, ‘‘ Meiler,”” or Mounds.—The coal is
piled up round a temporary chimney loosely built of bricks,

1 This docs not apply to coal which softens greatly on heating.
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with an iron cover-plate to regulate the air supply. In some
cases the operation is conducted like charcoal-burning, the
heap being covered with earth and moistened coal- or coke-
dust, and vents made as required.

In another method no cover is put on till the coking is completed,
the pile being ignited on the top and the fire proceeding downwards and
throughout the mass, air finding free ingress. The combustible volatile
matters distilling off from below, ascend and protect the coke from burn-
ing. When a thin film of ash appears on the surface, showing that the
coke is burning, a cover of earth, coal- or coke-dust is applied at that part,
and thus repeated till the whole is covered and the coking complete.
Coking 1 long ridges is a similar process.

Coking in Kilns.—These consisted of two parallel walls
about 5 feet high and 8 feet apart, and 4o feet long.  The
two ends are left partly open for charging, and bricked up
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when coking is going on. A limited supply of air was
admitted to the mass through the openings shown, and the
amount regulated by tiles placed over the vertical flues
(Fig. 47).

The gases distilling from the coal were burnt in contact
with the coal, and protected the coke from burning.

Coke Ovens.—Coke is now generally made in ovens, 7.c.
closed chambers.

They may be divided into—

(a) Simple chambers, to the interior of which air is
admitted, to burn the products of distillation. Bechive,
Rectangular.
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(6) Ovens in which the distillation products are @/Z burnt
outside the chamber. Appolt and Coppée ovens.

(¢) Ovens in which the tarry matters and ammonia are
removed by condensation from the gases, and the non-
condensable gases burnt outside the chamber in flues—by-
product ovens. The air supplied for combustion is now
usually pre-heated. Simon-Carves’s, Semet-Solway, Bauer,
Coppee, Otto-Hoffmann, Koppers, etc.

Beehive Ovens.—Thesc ovens are still largely in use.
They yield coke of good quality, and can be employed with
all classes of coal, whether it swells on coking or not, a con-
sideration not to be overlooked. On the other hand, the
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yield is less than ovens to which air is not admitted, owing to
burning of the coke, and much heat is lost and time wasted.
"The prime cost is, however, low, it costs little for repairs, and
requires no large amount of skill. The chamber (Fig. 48) is
circular, 10 to 12 feet in diameter, 2 fect to spring of dome,
and 7 feet to the crown from the floor. The ovens are
lined with refractory bricks, and are built in blocks of 40 or
50 in a double row, back to back, on a raised platform some
2 feet above ground-level. The block is surrounded by a
strong wall, and all spaces are filled up with sand or granu-
lated slag to retain heat. A rail-track runs along the edge of
the platform.
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Each chamber is provided with a short chimney, or com-
municates by a short flue with a wide common flue, which
runs between the two rows forming the block, and terminates
in a stack.l The short flues can be closed by dampers, as
shown. In front is an arched opening, some 3 fect high,
which serves as a door for discharging the coke.

The coal is introduced through the top, from hopper
waggons running on a rail track, and raked level.

The charging opening is covered, and the cover luted.
In some cases the coal is shovelled in from the front.

The chambers are hot from previous charges. After
charging, the front is loosely bricked up. If the oven is hot
enough, the bricks are smeared over with loam to exclude air.
If not, they are left uncovered for a time, and sometimes
openings are made near the bottom to admit air. Distillation
commences at once, but the gases are incombustible at the
temperaturc of the oven. In from 1} to 3 hours ignition
commences, and the gases burn with a long, red, lurid flame,
and much smoke. A small opening is then made in the top
of the doorway to admit air ebove the coal, and burn the gases
in the oven.

The temperature rapidly rises. The dome-shaped roof
reflects the heat on to the mass of coal below, and this
gradually gets heated through. The gases distilling off from
below are partly decomposed in passing through the heated
upper layers, and deposit carbon. The air-supply to the
oven is regulated so as to burn the products zz the oven as
completely as possible without admitting any excess. When
the distillation begins to slacken, the holes in front arc stopped
onc by one, until the doorway is again completely closed.
The chimney is also stopped, and the coke is left to itself
some 12 hours to complete and cool. The doorway is first
taken partly down, a hose-pipe introduced, and the coke
quenched with water, in the oven, below its igniting-point.
The door is then completely removed, and the coke dis-

! This flue gets intenscly heated, and ensures combustion of the pro-
ducts of distillation. The hot gases are passed under boilers, to raise
steam, before pacsing to the stack.
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charged with rakes and forks. It breaks into columnar
masses, the axes of which are vertical. This is owing to
the direction of the coking, which takes place downwards.
These ovens make from 3 to 5 tons per charge, and the yield
is about 6o per cent.

The rectangular oven is exactly similar in principle, but
the chambers are rectangular. The coking is conducted in
the same manner. Sometimes the whole front of these
ovens is open, and the bottom is made slightly sloping.
It is then possible to remove the coke in one mass. For
this purpose, before introducing the coal, a couple of strong
iron drag-bars, turned up at each end, are laid on the floor
of the oven, with the ends projecting, and the coal charged
in on thesc. When the
operation is complete, a v .
windlass is attached to [ ' :
the projecting ends, and
the whole mass dragged
from the oven, being
quenched as it comes
forward on to the plat-
form in front. The oven
is thus left much hotter,
and less heat and time
are wasted.

In others, the front is
arranged like a beehive, / 1 [
l‘md sometlm?s an 1I:01’l F1G. 49.--Appolt coke-oven. A, cok-
trame filled with fircbrick ing chambers; B, combustion space;
blocks, sliding in guides, ¢, openings for escape of volatile
and counterpoised, is used ]I:m}ltcm e (‘(.)}llrflimﬁuon .hpafﬁ;

, flues; G, arched spaces under
to close the mouth of the retorts ; H, openings to admit air.
oven. Two charges a
week can be worked off from cach chamber. The coking
itself occupies about 48 to 6o hours.

In the Appolt coke oven, the chambers were tapering,
vertical brickwork retorts of rectangular section, 13 feet high,
4 feet by 1 foot 6 inches at the base, and 3 feet 8 inches by

4
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13 inches at top.  ‘These retorts were built in two rows, 18
or 24 in a block, with a surrounding space varying from
7 to 11 inches wide, and tied together and to the surrounding
wall with bricks for mutual support. The products of dis-
tillation escaped into the space surrounding the retort, and
were burnt by air admitted through openings in the masonry.
The chambers were charged from above.

In these ovens, burning of the coke is avoided, and the
yield is.greater.  The time is shortened by the large amount
of heat stored in the mass
of the masonry, and the
charging of the coal into
very hot  retorts. On
account of their slight build,
they arc unsuitable for cok-
ing coals which swell on
heating, owing to their
liability to damage from
the force necessary to dis-
lodge the coke.

To prevent damage by
cxpansion and contraction
of the brickwork, the sur-
rounding walls include a
space filled with sand or
loose material.

The coke produced is

_ /;

MmmrMrreseeaerrrrrErGRg o good  quality, and in
%\\&\\\\s\&\\i\x\%\mi\\i\\\\\\\} larger quantity, since air
UG ot find its way into the
retorts. The coal is coked
in about 24 hours, owing to the large heating surface
presented by the retorts.

In the Coppée coke oven (Fig. 50), the retorts are hori-
zontal arched chambers, open at both ends, and tapering
slightly from front to back. They are about 30 fect long,
1 foot 8 inches wide at the back and 1 foot 5 inches in front,
and 3 fect 6 inches high. They are closed at each end by

FiG. so0.
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two doors, one 3 feet and the other about 1 foot high, luted
round to exclude air while coking is going on. A series of
vertical flues, V, are built in the side walls of the chamber.
These communicate with the coking chamber, and by the
passage 1) wth the air. At C they join the horizontal arched
flue H running under the chamber from end to end. The
gases burn in these flues, the air being heated by its passage
through the hot masonry above the ovens, and its supply
regulated by the dampers ). A very high temperature is
attained.

The coal is introduced through openings in the top of the
chamber.  The ovens are built in blocks of thirty or more,
and the flues all merge into one main flue.  The distinguish-
ing featurc of the Coppée ovens is that they are worked in
pairs. It will be observed (Fig. so) that the flues from both
chambers A pass into H. This flue joins H' by a passage
at the back, so that the gases pass backward through H and
forward through H' before passing into the main smoke-flue
J at P, In this way, the gases from cach aids the coking
of the other charge. One retort of the pair is freshly charged
when the charge in the other is about half coked and is
giving off volatiles rapidly. The surplus heat from the
latter, passing under the former, increases the rapidity of
coking in the earlier stages, and while the amount of volatiles
from the latter diminishes as the coking ncars completion,
the newly charged one is distilling rapidly, and the surplus
heat maintains the temperature at its highest pitch to the
end. A more complete combustion is also obtained of the
volatiles given off at the beginning of the coking. The coke
is pushed out by a ram from the back, and quenched as it
leaves the chamber. In coking very bituminous coals in
the Coppée, air can be admitted into the chamber if desired.
These ovens are largely used in South Wales, yield excellent
coke, and arc less liable to damage than the Appolt. They
are suitable for the treatment of crushed and washed coal.

In the ovens at present considered all the volatile matters
have been burnt. As has been shown, these contain many
valuable constituents, which, could they be collected without
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impairing the character of the coke, would form an important
source of income. The whole matter rests on a question of
temperature, whether the necessary heat can be obtained with
sufficient rapidity to produce good coke, after the condensable
parts (tar) of the volatile matter and the ammonia have been
removed. This problem has been successfully solved by
ovens in which the regenerative or recuperative principle
1s applied,

The Simon-Carves oven may be taken as a type of its
class. It consists of a rectangular arched chamber (Fig. 51),
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Fre. s1.—Simon-Carves’s coking-oven. A, coking chamber; B,
charging openings; c, flues; D, pipe for removing gases, ectc. ;
I, door ; F, fireplace; G, gas main supplying ovens ; H, main flue.

23 fect long, 6 feet 6 inches high, and 19} inches wide, and
takes a charge of about 4} tons. In the top, at B, are two
charging openings, through which the coal is introduced from
hopper waggons. These are closed while coking is going on.
In the middle of the roof is a 10-inch opening, by which the
gases are drawn off through the valve D, and pass into the
1o-inch iron gas-main above the battery of ovens. The gases
are drawn off by an exhauster, and passed through a series of
iron pipes, which are cooled by water, to condense the tar.
They next pass through scrubbers and washers, in which the
ammonia is dissolved out, and the gases are then led back
to the ovens, under which they are burnt. They enter by
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nozzles into the fireplace E, on the bars of which a thin fire
was formerly kept. When air heated by regenerators is
supplied this is unnccessary, and the fireplace is abolished.

Under the chamber are two flues, C C’.  The products of
combustion pass backward along C, and rcturn forward by C'.
They then rise by the vertical flue to the highest of the
horizontal flues in the side of the chamber, through which
they pass down in a zigzag manner, and away into the main
flue H.

The whole of the ovens being at work (on gas), the work-
ing is practically continuous, fresh coal being introduced
immediately after the removal of the coke. In starting, it
is necessary to heat the block of ovens to a coking heat by
burning off a few charges in the ordinary manner, without
removal of tar, etc. The combustion of the uncondensables,
after this temperature has been reached, is sufficient to
maintain it. The ovens are built in blocks, and a high
stack produces the necessary draught through the flues.
The yield is 15 per cent. greater than the beehive oven, and
the coke is of good quality, although not quite so dense and
silvery in appearance. The regenerator ovens may work
off a charge in 24 hours. The coking is uniform, a high
temperaturc being maintained throughout, and the character
of the coke varics little on account of the thin slices in
which it is coked.

In the Simon-Carves and Semet-Solway ovens, the flues
are horizontal. In the Coppée, Otto-Hoffman, and Koppers
ovens the flues are vertical.

In modern designs of all types of by-product oven the
air, and in most cases the gas also, is pre-heated in regenera-
tors of chequer work as in Siemens’ open-hearth furnaces,
and reversal of direction is necessary at stated intervals.

To secure coke of uniform quality it is essential that the
heating shall be uniform, and in the Koppers oven each flue
is provided with a separate gas and air supply which can be
regulated.

All ovens of this type are built of most refractory bricks.
One of the main difficulties is the burning out of the flues.
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Qualities of Coke.—(Good coke should be—

(1) dense and compact ;

(2) firm, not friable ;

(3) uniform in character ;

(4) as free from sulphur as possible ; and

(5) should have good cell structure ;
in order that it may burn freely, and develop great local heat
under strong and hot blast, and not crumble and block the
airways under the pressure of material above. The quality
preferred by iron smelters is that which has a strongly marked
silvery appearance. Uniformity is important to secure
regularity in burning.

Sulphur in Coke. —In coking, much of the sulphur in the
coal is expelled as carbon bisulphide and sulphuretted hydro-
gen.  Water thrown on red-hot coke causes sulphuretted
hydrogen to be gencrated from sulphides it contains, and
any one who stands near a mass of coke while being quenched
will appreciate the offensive smell of this gas which prevails
in the vicinity. The addition of salt, carbonate of soda,
lime, mangancse dioxide, and other bodies, has been made
to the coal to be coked, with a view to retain the sulphur as
sulphides not decomposed by iron, that is, in a form in which
it would not pass into the metal smelted with it.  These
efforts are unsuccessful from various causes.  Quenching has
only a superficial effect, as the sulphides are only decomposed
by water at red heat. Proposals have also been made to
pass superheated steam through the mass while coking.  As
will be seen (p. 116), at a high tempcrature, the coke itself
decomposes the water, and a less yield is obtained.

The coal screenings and ground coal used for coke making
are generally washed in troughs, separators, or jigs to remove
iron pyrites and carthy matters, and thus reduce the ash and
sulphur in the coke obtained.

Coking of Non-caking Coal.—Coke may be produced
from non-caking coal by mixing it with pitch, tar, etc.,
before coking, or by mixing it with strongly caking coal in
suitable proportions.
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CHAPTER VI
GAS FUEL

Various kinds of gas are employed for metallurgical pur-
posces.

(@) Zozons Gas (sec analysis table). This is used mainly
for heating crucible furnaces, and in small operations. 'The
calorific value varies from 450-500 B.Th.U. per cubic foot.
It is a rich gas.

(6) Air or Producer Gas, made by passing air containing
more or less moisture through a deep layer of carbonaceous
matter. The oxygen burns to carbon monoxide—the steam
undergoes decomposition, producing carbon monoxide and
some hydrogen. These together with the nitrogen of the
air and small amounts of other gases dependent on the fuel
used constitute produgee-gas.  Various names are applied,
e.g. Siemens, Wilson, Dowson, Suction gas.

(&) Mond Guas, the product of introducing the maximum
amount of water vapour in the air supplied to the producer,
scep. 117. It consists of carbon monoxide, carbon dioxide,
hydrogen, and nitrogen, cach in large proportions.

(@) Water Gas, made by passing steam through incan-
descent carbonaccous matter. It consists essentially of
carbon monoxide and hydrogen.

(¢) NVatural Gas, consisting mainly of marsh gas (CH,).

(f) Blast Furnace Gas (sce p. 171),

The advantages of gas over solid fuel are—

1. More complete combustion can be ensured.

2. Better control of the temperature is obtained.

3. Greater uniformity of heating.

4. In regenerative furnaces—in which it is employed—a
great saving of fuel takes place, and high temperatures can
be more readily attained.

5. Better control is obtained over the atmosphere of the
furnace, whether oxidising or reducing, etc.
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Producer Gas.—When a limited supply of air is passed
through a decp layer of incandescent carbonaceous maitter,
the oxygen is converted into carbonic oxide, CO. This,
mixed with the nitrogen of the air and small quantities of
carbon dioxide formed, and the products of distillation of
the substance employcd—hydrogen, hydrocarbons, etc.--
constitute producer gas. Moisture entering with the air is
decomposed, hydrogen and carbon monoxide resulting,
which mix with and enrich the gas.

By this means the whole of the substance—fixed carbon
as well as volatile matters—can be gasified, the only residue
being, as in burning, the ash.

The composition of gas thus obtained varies somewhat
according to the mode of production and naturc of the
material used. If the gas be cooled to remove water vapour,
even wood sawdust, or any poor fuel, may' be employed to
produce high temperatures by combustion of the gas in
regenerative furnaces.

Three types of producers are in use. The original
Siemens producer, with a grate, in a modified form is shown
in Fig. 52. (

The fuel is contained in an arched chamber C, of the
form shown, the bottom of which consists of fire-bars.
Underneath is an ash-pit, A, closed by the folding doors D,
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through which the steam-jet blast-pipc P passes. The bottom
of the ash-pit is a water-trough, in which the ashes are cooled,
and the steam generated passes up into the producer.

The gases pass off by the opening O into a vertical shaft
S, called the ““ uptake.” H is a hopper, from which fresh
fucl is charged ; I I are inspection openings, closed while
working ; and B is a bridge hanging down from the top, so
as to prevent any air which may be introduced while charging
from forming an explosive mixture by mixing with the gas
without passing through the fucl. The top of the hopper is
provided with a sliding door, which is shut before lowering
the cone, to allow the fuel to descend into the chamber.,
The bridge also promotes the decomposition of the heavy
tars by causing the products of distillation to descend through
the heated lower portions. These chambers are usually
built in blocks of four, and the uptake for the block is divided
into four sections, cach of which has a damper, so that any
one of the producers may be stopped without interfering with
the others. 'T'his type of producer is still used on R. Head’s
new type of Siemens furnace.

The Wilson gas producer is an example of the cupola
type of gas producers, without a grate. It is cylindrical in
form, and consists (Fig. 53) of an outer casing of iron plate,
lined with refractory brickwork. The fuel is introduced
from the hopper at the top, which is provided with a sliding
cover. The cone is counterbalanced. The bottom of the
producer is of brickwork. A raised hollow ridge of brickwork
crosses the bottom of the chamber, forming a flue.

The air forced in by the stecam-jet S blowing into the
mouth of the trumpet tube as shown, is delivered into this
flue, and enters the chamber by the ports B on either side.
Two cleaning doors, A, are provided for the removal of the
clinker at intervals. While this is being done, the fuel is
supported on iron bars thrust across the chamber through
doors provided for that purpose, the steam being meanwhile
shut off. Inthe upper part of the producer is a circular flue,?
which communicates with the fuel chamber by the openings

1 In later producers of this type this flue is dispensed with.
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C. Trom this flue the gas is led away by the downtake D
to the gas culverts. Openings round the top of the producer
permit of the interior being inspected.  The chamber is kept
full of fuel, and, as the products of distillation must descend
through the heated mass before getting away, the tars are
largely decomposed.

%

Water bottom producers.—Modern gas producers are
provided with a water scal closing the bottom. Iig. 54
shows such a producer.

This producer consists of an elliptical iron shell lined with
refractory brickwork. The fuel is introduced from the hopper
at the top, which is provided with a sliding cover, the cone
being counterbalanced. At the bottom of the chamber a
water trough cxtends towards the middle of the chamber
and beyond the outer shell on cach side of the producer.
The edge of the casing dips below the level of the water to
form a scal of sufficient depth to enable the necessary forced
draught to be maintained. The*air is introduced in the
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middle of the chamber, and the gas passes out at the side.
As the carbonaceous matter is gasificd the fuel ash accumu-
lates on each side of the air inlets and forms the support on
which the fuel rests. Ash is removed by means of a shovel
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Fic 54 —Water-bottom gas producer.

with a long bent handle from the water troughs from time
to time as may be necessary. In this way no stoppage has
to be made to remove ash or clinker.
Heat that would be carried away by the ash if removed
in the ordinary way produces water vapour which passes
I
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up into the producer. This action cools the ash in the
burning zone and prevents the formation of objectionable
clinker.

Modern gas producers are provided—

(1) with specialwater-cooled stirring apparatus to prevent

caking of the coal (Morgan) ;

(2) rotary grates to prevent caking or to break up caked

material (Kerpely) ;

(3) or may be water cooled, and built in sections which

rotate slowly to sccure the same results.
Fig. 55 shows a producer of the latter type.

Chemical Changes occurring in the Producer.—--The
coal or other material used undergoes destructive distillation,
and the products mix with the gas. In producers using coal
this may amount to approximately 5 per cent. of the total
volume of gas. All the marsh gas is derived from this
source.

The oxygen of the air forms carbon dioxide which is
reduced to carbon monoxide in the upper layers of the
incandescent fuel.

Any carbon dioxide that escapes reduction will be found
in the gas produced. A sufficient depth of fucl—usually
24 feet-—and uniform distribution of the charge will minimise
the carbon dioxide escaping reduction. Irregular working,
whether due to the caking of the coal, fusion of the ash, or
any cause which permits the gases to pass upward without
cnsuring contact with the hot fuel, will lead to an increase in
the percentage of carbon dioxide. It should not exceed
5 per cent. Carbon as carbon dioxide is completely burnt,
and is consequently useless as a heating agent.

Nitrogen is not chemically affected in the producers.

It will be observed that in converting solid fuel into gas,
part of the heat—that given out by the carbon in burning to
CO in the producers—is lost unless the gas passes without
cooling to the furnace. Where steam is employed this heat
is utilised in decomposing the water, and is thus carried for-
ward to the furnace as combustible H and CO. The great
advantages derived from its use, and the waste heat recovered
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F1G. 55.—Producer with revolving bottom and water jacket. (From Emerson
Dowson’s Gas Producers—Longmans, Green.)
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in the regenerators, more than compensate for the loss, and
a great saving of fuel is cffected where high temperatures
are required.

All steam and water vapour entering the producer are
decomposed. The hydrogen is liberated and the oxygen
forms carbon monoxide or carbon dioxide—

C + Hy,0 = CO 4 H, or C 2H,0 = CO, -+ 2H,

This leads to enrichment of the gas in combustibles, since the
oxygen derived from the water is unmixed with nitrogen,
and the hydrogen contents of the gas are increased. But
the decomposition of the water entails the absorption of as
much heat as was given out in its production.

Thus C 4 H,0 - CO | I, heat units.
In the production of 18 pts. of water . . 29,161 X 2 58,322
In the production of 28 pts. carbon monoxide 2,473 X 12 -- 29,070

Loss in heat units on balance . . . . . 28,640

and C+4- 2,0 = CO, | 21,

In the production of 2H,O . -, . . . 129,101 X 4 - 110,044
In the productionof CO, . . . . . 8,080 X 12 = 06,960
Loss in heat units on balance . . . . . 19,684

The losses on balance represent the amounts of heat
that must be furnished by the senszéle heat in the producer
to decompose the water vapour.

In proportion to the amount of water decomposed it will
be seen that less heat is absorbed when carbon dioxide is
produced. So that producers may work at a lower tem-
perature with a larger amount of water vapour, but the
gas will be richer in hydrogen and in carbon dioxide. The
carbon monoxide and hydrogen produced are the chemical
equivalents of the heat energy absorbed, and by burning
in the furnace reproduce the heat taken up from the pro-
ducer by their formation.

In this way much of the heat apparenzly lost by burning
the fuel to carbon monoxide in the producer is carried for-
ward and reproduced in the furnace when the hydrogen

! Since the water is admitted as stcam the “net” calorific power
represents the heat absorbed.
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and carbon monoxide burn. There is obviously a maximum
amount of water vapour that may be used, v7z. only as much
as will utilise the surplus heat produced by the oxygen of
the air blown in while maintaining the temperature of the
producer.1
The gas obtained contains a greater proportion of

hydrogen in place of carbon monoxide. The heating value
of the two is not quite the same—

CO +0 = CO,

H, + 0, —= HO

Here it will be seen that the same amount of oxygen is used
to burn equal volumes of the gases. The thermal value of
the burning carbon monoxide is (28 X 2403) = 67,284, and
for the hydrogen 58,322. See p. 76.

The quantity of hydrogen converted to marsh gas (CHy)
is practically nil.  Some sulphuretted hydrogen (H,S) is
generated.

The fuel generally used is washed coal slack, but car-
bonaceous matter of any kind may be employed. The
producers are gencrally at some distance from the furnaces,
and the gas is conveyed to them in culverts. In some cases,
the gas producer takes the place of the fireplace in a rever-
beratory furnace, as is the case with the Bicheroux and Boetius
furnaces.

In Heads-neufurnacesnrrangements are made whereby part ol the
CQO, produced by burning the gas is caused to pass through the producer.
The CO, present is again reduced to CO.  There is, therefore, a saving
in fuel, the carbon in the CO, being used again.  Ileat is, of course,
absorbed in it reduction.  This 1s largely furnished by the excess of heat
in the gases when they enter the producer. 1t would be impossible to
return the whole of the O, continuouslv tor regeneration into CO to
the producers. The proportion of nitrogen in the gas is unaltered

Mond Gas is generated by passing into the producer air
containing the maximum amount of water vapour that the
heat produced is capable of decomposing. The temperature
in the producer is reduced, and the reaction is principally—

C + QHzo o= (:()2 + Hz

! In ordinary producers practical lests show that the best results
are obtained by using § to 7 per cent. of steam,
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At this lower temperature a much larger proportion of the
nitrogen in the coal is converted into ammonia, and the yield
of ammonium sulphate in the recovery plant which forms
part of the apparatus is considerable, amounting under the
best conditions to go lbs. per ton of coal gasified.

Water Gas is a mixture of carbon monoxide and hydrogen,
produced by passing stcam through incandescent carbon-
accous matter.

Natural Gas consists mainly of marsh gas, and is given
out in immense quantities in oil regions. It burns with only
a faintly luminous flame. It is applied very extensively in
Pennsylvania for furnace purposes. The supplies are said
to be falling off.

CoMmroSITION OF GASEOUS FUELS.

- - U =
Ss | QL Qu | & b1 §, 34 Ly 7]
8;‘5}%& ;é‘z[aga ;% Sa | 2%
Carbon monoxide . | 7°82|24°20|26'44 2629 | 20  44'4 |11°02
Carbon dioxide . . | — 420 | 5°30,1053| 08 | 280|171
Hydrogen . . . [476 820|11°32| 196| — l 49°01 | 2772
Marsh gas . 14153 | 220| 2°34| 23 | 9575 ©O§ 18
Other hydrocarbons . | 305! — | — — 1'45 | — o4
Nitrogen . . . . ‘ — \ 6120 | 54°60 | 58'92| -— . 2°53|42°5
Percentage of com-
bustible matters . | 100°0 | 34°60 | 40°10 | 30°55 | 99°2  94°51 | 40°42

Calorific value (gross) per cubic foot at 62° F. and 30 in. mercury

pressure—
325 British Thermal Units.

CH,. . . . . . .10053 » »
co . . . . . . 3222, » ”
CH,. . . . . . . 18819 » »
CzHG. . . . . . . I7576 b2 A b2l

0il Fuel.-—Oil fuel is now extensively applied in the heat-
ing of large reverberatory furnaces. The oil is atomised by
a jet of steam or air under pressure and sufficient air admitted
to secure rapid and complete combustion.

In using oil fuel, or other fucl under pressure, the draught
should be so regulated that only a very slight pull is
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maintaincd on the furnace, just enough to prevent the flame
and hot gases escaping at the furnace doors, 7.e. the chimney
should be a duct to carry off the products of combustion
rather than a means of creating draught for the supply of air.

Dust Fuel.—Pulverised coal is also employed for heating
reverberatory and other furnaces, the dust fuel being carried
forward by the air supply and burnt. In this way some of
the advantages obtained by gasifying the coal are obtained
without the employment of a producer, complete combustion
being cffected in one stage in the furnace. Obviously the
ash is not excluded, and the prcheating of the air offers
difticultics.

CHAPTER VII
IRON

THis metal is employed in the arts in three forms : as cast
iron, wrought iron, and steel of various kinds. Pure iron is
a soft, greyish-white metal, very malleable and ductile, and
highly tenacious. It is prepared by clectrolysing a solution
of iron and ammonium chlorides, sulphates, or oxalates, or
by reducing precipitated ferric oxide by heating it in a current
of hydrogen. Prepared thus at a low temperature, it takes
fire spontancously in air, but does not if prepared at a high
temperature  After fusion, purc iron exhibits a crystalline,
scaly fracture. It is softer than wrought iron, and is net
affected by heating to redness and quenching in cold water.
It is scarcely acted on by sulphuric and hydrochloric acids
in the cold, but dissolves on heating. It is highly magnetic,!
and welds readily. Its specific heat is o113, and its specific
gravity 7°675. It melts at a lower temperature than platinum
—about 1530° C. In mass it is unaffected by dry or moist

t It cannot be permanently magnetised.
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air, oxygen, or water, if pure and free from carbonic acid gas.

In the presence of this body it is readily attacked. At a red

heat it is rapidly oxidised in air, yielding a scaly coating of

oxide. Red-hot iron decomposes water, liberating hydrogen.
3Fe |- 4H,0 -= FegO4 - 4H,.

When molten, it dissolves or occludes various gases in
considerable quantitics. Hydrogen, carbon monoxide, and
nitrogen are thus taken up and given out on cooling.

The above physical properties are present in a greater or
less degree in cast and wrought iron and steel, the extent to
which they are modified depending on the purity of the
substance.

These bodies consist of iron containing varying propor-
tions of carbon, silicon, manganese, sulphur, and phosphorus,
and occasionally copper, arsenic, tungsten, chromium, and
other metals.

VARIETIES OF IRON IN COMMERCIAL UsE.

Per cent, Carbon, Sihicon, Manganese, Sulphur. Phosphorus,
Pig iron . . . 245 0545 tr—2? tr-o2® tr-17y
Ordinary castings . 2°'§5-3'5 10-2'§5 tr—I tr-o015 tr.-1'7
Wroughtiron . . tr-025 tr-o1 tr-o'I tr-o'I  tr-o0'25
Mild steel . . . 0'1-0'§  tro0'3 03-1'0 {“"O o8 tr—o'o8
tr—o'05 ftr.-00§°

Steel (ordinary car-\ | .
bon) . {© 5-1'% tr. tr.—0"3 tr. tr.

Alloy steels?, . . 04-07 tr. tr.-o's tr. tr.

1 In addition alloy stecls contain varying amounts of other metals,
viz. tungsten (4-18 per cent.), chromium, manganesc, molydenum, vana-
dium, nickel, cobalt, silicon, aluminium, and occasionally other metals.

One or more of these elements may be present dependent on the
purposc for which the steel is intended.

Rapid-cutting (sclf-hardening) steel may contain up to 18 per cent.
tungsten, 4°5 per cent. chromium, 4 per cent. cobalt, 2 or 3 per cent. of
molybdenum, 0°3-1 per cent. of vanadium. Nickel steels may contain
up to § per cent nickel, manganese stecls between 10 and 13 per cent.
manganese, and silicon alloys up to 4 per cent. for electromagnetic uses.

2 Inadditionalloys—Spicgeleisen and ferro-manganese—containing
up to 80 per cent. manganese are manufactured for use in steel manu-
facture. Similar alloys of silicon are also produced.

3 Some irons made for special purposes, ¢.¢& Raumur castings,
contain more sulphur.

4 For rails. 5 TFor structural steel.
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"The above table is only intended to convey a general idea
of the composition of the varieties of iron in actual use.

The ultimate analysis of a form of iron, Z.e. the statement
of the proportions of the elements present, does not indicate
its real composition.

Carbon may be present in the free state or as carbide of
iron, FegC.  In the latter form it will be scen that (56 X 3)
= 168 parts of iron arc combined with 12 parts of carbon
producing 180 of carbide. Thus 1 part of carbon produces
15 of carbide, and 1 per cent. of carbon in that form repre-
sents not 1 per cent. of a component or impurity, but 15 per
cent. and pro ratza.  Similarly silicon forms mainly the silicide
FeSiy cach 1 per cent. of silicon representing 3 of silicide.
Sulphur as I'eS gives 1°5, and phosphorus as the phosphide
FeyP, 675 (approximately) times its weight of sulphide and
phosphide. It is in the form of their compounds which
may be present that the effects produced by the impuritics
must be considered. A cast iron containing—

Graphite . . . . . . . . . . . 2%
Combined carbon . . . . . . . . 07
Silieon . . . .. .. . . . L 18
Sulphur . . . . . . . . . . . 015
Phosphores . . . . . . . . . . 100
Total impurity s per analysis . 0715

would give

Graphite . 25
Iron carbide . . . . . . . . . . 1075
Iron silicide . . . . . . . . . . 594
Iron sulphide. . . . . . . . . . o24
Iron phosphide . . . . . . . . . 075
Total impurity affecting the properties . 25'14

more than four times the amount formerly shown.

Iron and Carbon.—The great differences in the properties
of cast and wrought iron and steel are mainly due to the
presence of carbon in the metal, depending on the amount
and the manner in which it exists in the iron.

The maximum amount of carbon taken up by pure iron is
stated by Riley to be 4°75 per cent.  In cast iron containing
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manganesc a little over 5 per cent. may be present.  Steel
may contain up to 1°8 per cent., while the carbon in wrought
iron seldom excceds o°25, and may fall as low as o'os.

Carbon may be imparted to iron—

(1) by heating it, embedded in charcoal, at a high tem-
perature for a prolonged period ;

(2) by melting iron in contact with carbon, which it
dissolves (see Cast Steel) ;

(3) by the decomposition of carbon monoxide, carbon
being deposited and carbonic acid ultimately pro-
duced (though not by a simple reaction), as in the
blast furnace ;

(4) by heating it in contact with gascous or liquid hydro-
carbons, such as paraffins, which are decomposed ;

(5) by the decomposition of cyanides, e.g. potassium ferro-
cyanide (ycllow prussiate of potash), K, I'eCgN

6
as in casc-hardening.

The iron combines with the carbon, forming a carbide
having the composition FegC, and the differences in the pro-
perties of the ferrous metals is mainly due to the amount and
behaviour of the carbide present.

In molten ixon the carbide dissolves freely and the carbon
present in the metal in the fluid state is all in combination
as carbide. The carbide is a stable compound so long as
the amount present does not exceed the amount that can be
held in solution by the metal.  Just as the solubility of other
compounds in solvents varies, the solubility of carbide of
iron, in molten iron, varies with the temperature and other
conditions. At high temperatures and also under special
conditions free carbide of iron is unstable and decomposes
into iron and free carbon.

When the carbide separates from iron during solidification
it undergoes decomposition and the carbon assumes the
flaky form of graphitic carbon. Any separation of carbide
that occurs when the metal is solid may, if the temperature
be high enough and conditions favourable, undergo decom-
position, but the carbon separatcd cannot form distinct
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flakes, but remains distributed in fine particles—-frece but
not crystalline—through the metal. This is known as
‘* temper graphite.”

Iron is capable of retaining 285 per cent. carbide, equal
to 1°9 per cent. carbon, in solution when just solid. As the
temperaturc falls some of the carbide may fall out of solution,
but unless the temperature is maintained, decomposition
dces not occur.  For this reason graphitic carbon is rarely
met with in steels. The graphitic carbon existing in pig
iron and castings renders them more or less grey in colour.

The extent to which separation of graphite occurs depends
on the rate of cooling and the quality of the metal. Slow
cooling, and the presence of silicon and aluminium in the
metal, favour the separation, while manganese retards it.
When rapidly cooled, nearly all the carbon remains in the
combined form, /Z.e. in solution as carbide. The properties
of the iron are modified according to the amount and manner
in which the carbon is held.

The carbide hardens the metal, lowers its melting-point,
destroys its malleability and weclding power, and tends to
make it brittle. The extent to which these effects are pro-
duced depends on the amount.  In white cast iron, containing
as much as 3 per cent. carbon, z.e. 45 per cent. carbide,! the
metal is brittle, breaks with a silvery-white fracture, melts
more readily, and passcs through a pasty stage in fusing.
It is extremely hard, and this property is permanent. In
steel for cutiing-instruments, the amount varies from o's to
1°5 per cent. carbon, 7°5 to 22°5 per cent. carbide. The hard-
ness and fusibility are increased, the malleability and the
welding power diminished in proportion to the amount of
carbon present. In this case, however, the degree of hardness
can be modified by special treatment without causing carbon
to separate as graphite : heating to redness and slow cooling
rendering the metal soft, while rapid cooling, such as quench-
ing in cold water, etc., renders it hard. The dcgree of hard-
ness can be modified by subsequently heating it to a lower

1 Such metal can be softened when converted into malleable castings,
see p. 174.
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temperature (sce Tempering Steel).  When hardened, the
metal is brittle. The differences in hardness arc due to
changes in the manner in which the carbide is held and
changes in the metal itself. The latter are influenced by
the presence of carbide and also by other metals. The tensile
strength and clasticity of steel are very high. It is magnetised
with greater difficulty than pure iron, but refains its
magnetism.

In wrought iron and mild steels, the carbon exercises an
influence in the same direction in proportion to the amount
present, but with small amounts the hardening effect is small.

Graphitic Carbon is met with only in cast iron, and occa-
sionally in steel. It reduces the strength of the metal by
intcrposition between the particles, and does not affect the
grains of iron themselves.  The amount of combined carbon
may fall as low as o'15 per cent., Z.e. 2°25 per cent. carbide.
Hence some very grey pig irons are exceedingly soft, and
their melting-points very high.1

1 The relations existing between carbon and iron—and, in fact,
between iron and other elements commonly associated with 1t —is a
problem presenting much dafficulty.  The generalisation given above-
combined and frec carbon—only capresses part of the truth. When
white cast irons, free from manganese and sulphur, are heated for a
prolonged period, at a high temperature, but below fusion, the character-
1stic brittleness s lost, and the metal becomes more or less malleable (sce
Malleable Castings). It would appear - since no appreaable diminution
in the amount of carbon present takes place—that the carbon contained
in the metal separates from it and remains distributed n a finely divided
state throughout the mass, free hut not crystaliine.

Further, the carbon in hardened steel differs from that in the annealed
or unhardened metal. The two states being known as ““ hardening ”’
and ““ carbide ”” carbon respectively.  Probably in both the latter cases
the carbon is in combination, and both exist in white iron.  There are,
therefore, four conditions in which carbon exists in iron.,

Free { (a) graphiti(z, in grey cast iron ; (b) amorphous (free but non-

crystalline), 1n anncaled castings.

C . hardening carbon, in hard steel . P

ombined { el 1 e }m white pig iron.
as carbide FezC in anncaled steel

When iron is dissolved in hydrochloric or sulphuric acid, the com-
bined carbon passes off in combination with the hydrogen as foul
smelling compounds, soluble in alkali. Graphitic carbon remains as
insoluble. Combined carbon dissolves in nitric acid, giving a brown
solution, the depth of colour imparted depending on the amount present
(Eggertz Colour Test).
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Silicon occurs in cast iron in amounts varying from o's
to 12 per cent., being reduced in smelting. The amount
present depends on the working conditions of the furnace
—temperature, rate of driving, proportion of fuel, ctc. It
renders cast iron more fusible and fluid, and tends to cause
the separation of carbon as graphite, thus rendering the metal
softer and tougher. In irons containing little carbon it has
a hardening effect, and increases the tenacity. It lowers
the melting-point, and its presence in mild steel favours the
production of sound ingots.

Tron or steel containing 4 per cent. of silicon is employed
for electromagnetic purposes on account of its low hysteresis
properties.

Manganese.- -This metal 1s reduced in the blast furnace.
Some pig irons made for special purposes---ferro-manganesc
-—contain up to 85 per cent. of metallic manganese. Pig
irons containing more than 7 and less than 30 per cent. are
known as ¢ Spiegcleisen ” (German = - *“ mirror-iron ”’), so
cailed from the bright crystalline fracture. With larger
percentages, the structure becomes more granular.  Ordinary
pig iron contains from oo to about 25 per cent. Its effect
is to whiten the iron by retarding the separation of graphite.
Manganesc lowers the melting-point, and cast iron containing
it does not pass through a pasty state before tusion,

Manganesce is looked upon as the principal physician of
the steel maker. Iron, free or nearly free from carbon, which
has becn exposed to an oxidising atmosphere in a fused state
at a high temperature, loses its toughness and malleability.
It has the properties of burnt iron. 'This is probably due to
the formation of a suboxide of iron, which is diffused through
the mass. Manganese has a greater affinity for oxygen than
has iron, and, on its addition, reduces the oxide, forms
manganous oxide, and passes into the slag. The iron regains
its malleability. The addition made for this purpose always
slightly exceeds that required to remove the oxygen, the
excess necessary depending on circumstances, notably on
the amount of sulphur present. It varies from o'2 to 1°0.
Manganese is consequently found 'in all mild steels made by
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the Siemens, Bessemer, and other direct processes. It has
also a corrective action on the effects of sulphur.

Pig irons containing manganese are usually freer from
sulphur.

Irons containing much manganese lose their magnctic
property.

Sulphur is the greatest cnemy of the iron and steel maker,
on account of its pernicious cffects and the difficulty of
removal. It combines chemically with iron, forming several
well-defined sulphides. Ferrous sulphide (FeS), used for
preparing sulphuretted hydrogen, and iron pyrites (IFeS,),
are the best known. The former is formed when iron and
sulphur are heated together, Its presence in malleable
iron and stecl induces red shortness —that is, the metal cannot
be worked at or above red heat, but cracks under the hammer.
It renders iron more difficult to weld, and hence the necessity
of clean fuel, free from sulphur, for smithy purposes.

The removal of sulphur in purifying pig iron is difficult,
and requires that the slag shall be highly basic, and /e fluxes
used free from sulphur. In pig iron its effect is to retard the
decomposition of the carbide and whiten the iron, making it
harder. Up to o'z per cent. it is not objectionable in foundry
irons, for castings which do not require fitting and turning,
such as columns, ctc.  Such irons, however, cast indifferently,
as they flow sluggishly, and contract to a greater extent on
solidifying.

Pig iron used for Raumur malleable castings contains
sometimes as much as o’4 per cent. sulphur.

Phosphorus.—This clement combines with iron with
great readiness, forming phosphides. It is reduced from the
phosphates in the charge, in the blast furnace, and taken up
by the iron. It renders the metal more fusible and more
fluid when molten. Irons containing it are employed in
making fine light ornamental castings. The metal is weaker
and more brittle. In ordinary pig iron it is present from oo
to 17 per cent., depending on the nature of the ore and the
fluxes used. Practically all the phosphorus in the charge
passes into the metal, unless the slags are very highly basic,
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and contain a large proportion of oxide of iron, as in the
processes for making malleable iron direct from the ore. Its
cffect on malleable iron and steel is to increase the hardness
more rapidly than does carbon. This hardness is not
affected by heating and cooling, as is the case with that
element. Stecl and iron containing it are cold short, and
brittle, although they work well when hecated. Mild steel
should not contain more than o'o8 per cent. The presence
of o2 to o'3 per cent. in malleable iron does not sensibly
diminish its tenacity or working properties, as much of it
exists in the slag retained by the metal.

Nickel is alloyed with iron in nickel steel for the purpose
of raising its elastic limit without diminishing its toughness.
Its cffects*in all cases are very greatly influenced by the
heat treatment it receives, and it is imperative that great
care should be taken. The amount used varies fiom 1°5 to
5 per cent. It has a marked effect on the magnetic properties.1

Chromium up to 1°5 per cent. increases the hardness,
tenacity, and ductility without diminishing the toughness.
Even in small quantities it produces considerable differences
Steels contain from o°s5 to 1°o per cent. for gencral engineering
purposes, up to 4'5 per cent. for rapid cutting steels, and up
to 12 per cent. in rustless iron and stecl. The former is
practically carbonless.  Ferro-chrome i an alloy of iron and
chromium used for introducing it into steel.  Pure chromium
is also available for the same purpose.

Tungsten hardens iron and diminishes its malleability.
The original Mushet’s steel was an alloy containing from
8 to 9 per cent. of tungsten. The new Mushet contains
chromium and other metals in addition. Rapid-cutting
steels contain up to 18 per cent. Such stcels do not
require quenching, but are self-hardening—that is, cannot
be annealed and rendered soft by prolonged heating. It is
brittle, almost silvery white in colour, and very fine grained.
Molybdenum is being introduced for the same purpose.

Vanadium is introduced to increase the toughness and

! Nomag is a non-magnetic cast-iron alloy containing nickel
and manganese and other clements.
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elasticity. In rapid-cutting steels it aids in the hardening
process. I'rom o°3 to 1°0 may be present.

Aluminium.— Small additions of this metal are made for
the purpose of producing sound ingots and castings. It is
also added to cast iron for foundry purposes, producing
fine-grained and sound castings.

Tin renders iron cold and red short, and unweldable.

Copper in small quantity renders iron red short, and lowers
the tenacity.

Oxides of Iron. —Three oxides of metallurgical import-
ance are known. Ferrous oxide (I'cQ), ferric oxide (I'c,0),),
and magnetic oxide of iron (I'e;0),).

Ferrous Oxide (I'cO) is not known in the free state.  In
combination it forms salts as ferrous sulphate (copperas, or
green vitriol) and carbonate of iron. It has a great affinity
for silica, with which it combines to form fusible silicates.
I'errous monosilicate (2Fe0.Si0),) is the principal constituent
of many slags produced in refining iron, and in copper and
lead smelting. When slags consisting of silicate of iron
arc heated with carbon, as in the blast furnace, a large
proportion of the iron is reduced to the metallic state.  The
resulting metal is known as “ cinder ”” pig.

Ferric Oxide (Ic,0),).—This occurs in a hydrated form
(with water) as iron rust, and naturally as various ores of
iron. It forms in combination with acids the ferric salts. 1t
has little affinity for silica. 1If ferrous silicate is roasted in
an oxidising atmosphere, the FeO is largely converted into
I'e, O3, which separates out.  When IegOy is strongly heated
it gives up oxygen, and is converted into I'e;Oy. It is reduced
to the metallic state by carbon, carbon monoxide, hydrogen,
and cyanogen, and oxidises both silicon and manganese.

Magnetic Oxide of Iron (I'e;0,) occurs native as magne-
tite. It is the principal constituent of the scale which forms
on red-hot iron when exposed to the air, or when steam is
passed over red-hot iron. It is attracted by a magnet. 1t
fuses at almost white heat, and on solidifying forms a bluish-
black, crystalline, lustrous mass, and is present to a large
extent in ‘“ best tap cinder,” the slag from furnaces for re-
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heating iron. Its oxidising power is less than ferric oxide.
It is unaffected by exposure, and a layer consequently protects
iron from rusting, if the coating is dense and continuous.
Iron is, however, electro-positive to it, and if the coating is
imperfect, and the iron is exposed, in the presence of moisture
an electrical action is set up which results in the rapid corro-
sion of the metal.

Barft’s Process for protecting iron articles from rust, con-
sists of coating articles with a film of magnetic oxide by
bringing them, at a full red heat, into contact with super-
heated steam. A firmly adherent, dense, but thin coating is
thus formed.

Bower’s Process.—In this process the coating is formed
by heating the articles in a gas furnace, the atmosphere of
which is made alternately oxidising and reducing, by regu-
lating the air-supply. The oxidation produces a thicker
but more porous coating, the outer layers of which contain
Fey04.  This is afterwards reduced to FeyOy, and the coating
consolidated and rendered more adherent by the reduction
at the high temperature which prevails.

Ores of Iron. - -The principal ores of iron are magnetite,
red and brown hematites, specular iron ore, spathose, clay
ironstone, and black-band ore.

Magnetite (Fe,O,) consists of iron and oxygen. When
pure, it contains 72°4 per cent. of metal. It is black or steel-
grey in colour, and often crystalline or granular. It gives a
black mark on unglazed porcelain (streak), is readily attracted
by a magnet, and often magnetised. It constitutes the *‘ lode-
stone.” 1 Its specific gravity is §°1, and its crystals regular
octahedra. It occurs abundantly in Norway, Sweden, United
States, Canada, Siberia, ctc., in mass.

Magnetic or titaniferous iron sand consists of grains of
magnetite with a small quantity of oxide of titanum, derived
from the weathering of certain felspathic rocks in which it
occurs largely. The lighter matters have been washed away,
and the heavy magnetite, with the titanic oxide and other-
heavy matters present has accumulated. Deposits;,ﬁur on

1 Anglo-Saxon /edan, *“ to lead.”
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the shores of Labrador, New Zealand, West Indies, Bay of
Naples, etc.

Red Hematite, so called on account of its red colour and
streak, consists of ferric oxide (Fe,O,), and contains, when
pure, 70 per cent. of iron. It occurs both in dense and earthy
forms. Kidney iron ore is a densc variety which occurs in
masses with a rounded exterior. The specific gravity is s.
It is usually very pure, containing only silica (quartz) as
impurity. The more earthy forms of the ore are less pure.
The soft varieties are used for fettling puddling furnaces
under the name of ** puddlers’ mine.” It occurs in Cumber-
land (round Whitehaven), Lancashire (Ulverstonc), Glamor-
ganshire, and Staffordshire, etc., Canada, United States,
Spain and Algeria, Saxony, Bohemia, and the Hartz
mountains.

Specular Iron Ore is crystallised ferric oxide, and has the
same composition as red hematite. It has a steely-grey
colour, often darker on the surface, and iridescent. The
crystals are modified rhombohedra, often, as in the black
incrustations on hematite, thin plates. The streak is red, and
the specific gravity 5-2.  Micaceous iron ore,” and ‘‘ iron
glance,” are names given to a variety with a grey mectallic
lustre which readily separates into thin plates or scales.
Some varieties are ground up for paint, on account of their
high density. This ore occurs in Devonshire, Elba (the mine
has been worked for 2,000 years), Russia, Spain, Nova
Scotia, and elsewhere.

Brown Hematite.—Brown iron ore—Limonite—includes
a series of substances consisting of 4ydrated ferric oxide—
ferric oxide and water, chemically combined. It contains,
when pure, 6o per cent. of iron.

Brown hematite proper is a heavy dense form, sometimes
with radiating structure and shining exterior like kidney ore.
It is generally very pure. Gothkite is of an iron-black colour,
with crystalline structure. Wood hematite resembles wood
in being made up of alternate light and dark concentric
layers. Bog-iron ore is a light, porous, dark-brown mass,
often very impure. ZLake ore is obtained in Sweden and Fin-
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land from the bottoms of shallow lakes by dredging with a
net. Umber is a dark brown, light, earthy body, containing
often manganesc, copper, and cobalt. Yellow ochre is so
called from its yellow colour ; it is soft, earthy, and unctuous.
All varieties give a yellow or brownish streak. The purity
of the ores varies greatly. The Forest of Dean ore from the
coal measures contains 8¢9 per cent. Fe,O3 and 10 per cent.
of water, and yields exceptionally pure iron.

The brown hematites of the North of Spain, resulting
from the decomposition by atmospheric influences of veins
of spathic ore, are very pure, and often contain much manga-
nese. They are imported for making manganiferous pig iron,
and for usc in steel-making. The Northamptonshire and
Lincolnshire ores are a light yellow and earthy, often full of
fossil shells from the oolite. Bog-iron ore yields iron only fit
for foundry purposes, owing to the large amount of sulphur
and phosphorus contained. The moisture present in brown
hematites varies from g to 14 per cent.  In France, Germany,
Spain, and Canada, the principal ores smelted are of this
nature. Deposits occur in Devon, Glamorgan, Northampton,
Lincoln, Cumberland (Alston Moor), and Durham, India, etc.

Spathose (spathic or sparry iron ore), so called on account
of its sparry appearance, consists of crystallised ferrous car-
bonate, FeCO, (ferrous oxide combined with carbonic acid).
When pure it is of an ashen-grey colour, and contains 48 per
cent. of iron. The streak is white. It generally contains more
or less carbonate of lime, magnesia, and manganese, which
crystallise in the same form, and is often more or less de-
composed by weathering, with the formation of hydrated
ferric oxide, which colours it brown. Some samples contain
50 per cent. of carbonate of manganese, and it was from these
ores that manganiferous pig iron was first produced. The
manganiferous brown ores of the North of Spain have been
produced by weathering from spathic ore. It occurs in
Somerset, Durham, Cornwall, Isle of Man, Styria, Carinthia,
Westphalia, Prussia, etc.

Clay Iron Stone includes all ores of a compact, earthy,
stony character, varying in colour from light grey to brown.
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They consist of ferrous carbonate mixed with more or
less clayey matter. Sometimes the deposit is nearly pure
carbonate of iron, but in an uncrystallised state. The brown
colour is due to partial decompcsition with the formation of
the hydrated oxide (brown hematite). This ore, which is the
most important British ore, occurs (1) in nodules, sometimes
very large, made up of successive layers, in clay ; and (2) in
beds, in the coal measures and oolitic strata. The iron present
varies from 20 to 37 per cent. ‘The ore is of low specific
gravity and of a stony appearance, but on calcining becomes
black owing to the formation of FezO,. ILime, magnesia,
and manganese, as carbonates, ctc., iron pyrites, galena,
zinc blende, and copper pyrites, as also phosphates and
sulphates, principally of lime, as well as clay, frequently
accompany clay iron stone, rendering the pig iron smelted
from it, as a rule, less purc than from other ores. The
sulphur in such iron varies, but rarely exceeds o'z per cent.
in ‘“all-mine pig.”! The phosphorus ranges from o'z up
to 1'5. ‘These ores are worked in South Staffordshire, Derby,
Notts, Leicestershire, Warwickshire, North and South Wales,
Cleveland district in North Yorks, etc.

Their occurrence in conjunction with coal, limestone, and
fireclay, furnishing all necessary materials for smelting on
the spot, has been onc of the principal factors in the develop-
ment of the British iron trade. Similar formations occur in
Belgium and Silesia.

Black-band Ore is a varicty of clay ironstone, admixed
with more or less coaly matter. This sometimes occurs in
layers, giving the ore a banded appearance, hence the name ;
it is sometimes present in such large quantity as to colour the
ore black, the amount varying up to 30 per cent. These
ores occur in North Staffordshire, in Lanarkshire, and in
Prussia, etc. They contain from 17 to 30 per cent. of iron.
Owing to the bituminous matter present, it is often un-
necessary to add fuel in calcining the ore.

Iron Pyrites (FeS;).—The heavy, yellow, metallic sub-

! A term used to designate iron made from ore without any admixture
of cinder from puddling and other processes.
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stance so frequently found as ‘“ brasses” in coal, occurs
extensively. It must be regarded rather as an ore of sulphur
than of iron, being used for the manufacture of vitriol. The
residue may contain up to 4 per cent. of sulphur. After
burning oft the sulphur, and after treatment for the extrac-
tion of the copper, it is used as fettling for the puddling
furnace under the name of ‘‘ blue billy,” or is briquetted
and smelted. It consists of ferric oxide (IeyOy).

Processes for the complete removal of sulphur without
removal of the copper are now in use. A special method of
calcining is adopted.

CHAPTER VIII
IRON SMELTING

Introduction.-- -As alrcady cxplained (p. 41), when oxides
of iron are heated with reducing agents, such as carbon (C),
carbon monoxide (CO), hydrogen (H), cyanogen (CN), the
oxygen is removed, and metallic iron results. This reaction
occurs at all temperatures above redness. Apparently,
therefore, the production of malleable iron would be a simple
matter, were it not for the facts—first, that the iron itself is
so difficult to melt, and second, the infusibility of the
associated earthy matters, while, if the temperature be raised,
the iron takes up carbon (sece p. 122), and at the same time
silicon and phosphorus are reduced, and pass into the metal,
depriving it of all its malleability and other useful properties.

It follows, thercfore, that, to produce malleable iron from
ore direct, a low temperature must prevail, the ores must be
rich and fairly pure, and the earthy matters fluxed off by some
body which will give a readily fusible slag. The only sub-
stance available for this is oxide of iron itself. This removes
the impurities, mainly silica, as silicate of iron, and by its
excess prevents the iron with which it is in contact from
taking up carbon. It is obvious that by such methods only
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the better classes of ore can be treated, and that the reduction
is only partial. This method would consequently be very
wasteful, while the production would be very limited as to
quantity. Methods of this character were formerly the only
methods practised. The carbon, silicon, and phosphorus
which enter the iron when the reduction is effected at a high
temperature, can be removed by heating the impure metal—
pig iron—in an oxidising atmosphere, or with oxide of iron
itself, whereby it is converted into malleable iron.

At the higher temperature employed in making pig iron,
other substances, such as lime and magnesia, may take the
place of the oxide of iron in fluxing off the impurity, and the
reduction is complete. Poorer and less pure ores can thus
be treated, and as the length of time which the iron remains
in contact with the carbon, etc., during reduction is not
limited, the furnaces employcd may be of any size compatiblc
with efficiency, and the output thus enormously increased.

This indirect production of malleable iron, by first obtain-
ing pig or cast iron, and purifying it, is found to be more
cconomical under ordinary conditions than the dircct pro-
cesses, and is the one generally followed.

The ore, after the necessary preparation, is charged
together with the fwe/ (charcoal, coal, or coke, which also
serves as the reducing agent), and the fux into a tall blast
furnace, which is kept full, and the materials, as they melt,
sink, and make way for fresh additions at the top. The iron
is reduced, and by taking up carbon, silicon, etc., becomes
fusible at the furnace temperature, and, melting down,
accumulates at the bottom. It is removed from time to time
by making an opening into the furnace, and allowing it to
run out. This *“tap-hole ” is at other times kept stopped
with a mixture of clay and sand. The slag, after reaching a
certain height, flows continuously from the furnace, or
a separate tap-hole opened only at intervals may be provided
for its removal. It is disposed of in various ways (see p. 169).

Preparation of Iron Ores.—The objects aimed at are (1) to
remove extraneous matters completely ; (2) to break down
the ore to pieces of such size that the reduction shall be
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complete before it reaches that part of the furnace in which
the charge is melted down, otherwise oxide of iron would pass
into the slag. (3) In the case of spathic ores and clay iron-
stones, it is desirable to convert the protoxide of iron present
into peroxide, to prevent the passage of the iron into the slag,
by its combination with the silica in the charge, at a red heat
before reduction has been effected.

Washing.—Clay, sand, and similar admixed and adherent
matters are removed from heavy ores by washing on iron
grids under a strcam of water, and stirring the ore about with
rakes. '

Magnetic Concentration is now followed for the con-
centration of impure magnetic ores and iron sands. The
finely divided material is made into briquettes for smelting.

Caleination.—This is by far the most important process
to which iron ores are subject prior to introduction into the
furnace. It consists of heating the ore with free access of air.

In this country, only clay ironstones and spathic ores are
generally calcined ; hematites and magnetites are smelted
without this treatment. As they already consist of peroxides
of iron, and would lose nothing but some 6 to 12 per cent. of
water, which is expelled in the upper part of the furnace, little
advantage is derived, and fuel consumed for this purpose
would be practically wasted.

In Sweden, however, wherce these ores are often washed, and where,
owing to the lower temperature of blast employed in furnaces using
charcoal, all the gas collected from the furnace is not required to heat
the air, these ores are also calcined, the waste gases being employed for
this purpose.

The operation is conducted in open heaps or in kilns of
special construction, in which less fuel is necessary and the
air supply and temperature can be better regulated.

Calcination in Heaps.—The ore is piled up on a thin layer
of coal, the large blocks at the bottom and the smaller stuff
above, and covered with the smaller ore. In calcining clay
ironstone, some 10 or 12 per cent. of small coal is mixed with
the ore; but with black-band ores this is unnccessary, the
burning off of the bituminous matter present furnishing the
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necessary heat. 'The heaps are about 5 feet high, and the
sides slope at about 60°, and arc partly covered with small
ore. They are ignited at one end, at the base, and allowed
to gradually burn through, small refuse being used to check
the combustion at any point where it is progressing too
rapidly.

Calcining in heaps is wasteful in fuel and heat, and the
product is not uniformly calcined. Some parts of the heap
will be almost fused, and in black-band ores partly reduced,
while others are not calcined through, and require a second
trecatment.

To overcome these difficulties, kilns of some kind are now
generally adopted for all but black-band ores, fired either
with solid fuel or waste gas.

Calcining kilns arc open-topped, circular, or rectangular
structures of masonry, or boiler-plate lined with fire-bricks,
with openings near the base for admitting air and withdrawing
the material. They arc charged from above, and gencrally
work continuously.

Rectangular kilns of masonry, with sloping sides, and
lined with fire-brick, are employed for calcining in South
Wales.

Gjer’s calciner, in use in the Cleveland district, is shown
in Fig. 56. It consists externally of boiler-plate, and is lined
with fire-brick. It is supported by a cast-iron ring resting
on short pillars. The descending ore is diverted outwards
by the cast-iron conc which projects upward into the kiln.
It is charged from the top, the coal and ore being brought in
trucks on rails. The ore, on removal, is despatched to the
furnace.

Fillafer’s kilns, used in Styria and Carinthia, for the treat-
ment of spathic ores, are narrow rectangular chambers g feet
high, 4 feet 8 inches long, and 2 feet wide, with fire-bars at
the bottom, and a space beneath. Waste gases from the
blast furnace are admitted from flues in the side walls near the
bottom, and burn in air drawn through the grate-bars. The
roasted ore is discharged by withdrawing one or more bars,
and allowing it to fall into the space below.
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Sintering processes are now being introduced for the
agglomeration of small ores and to reduce the sulphur
contents. The ore is fed on a grate in a shallow box, an air
blast being supplied from below. Fuel is mixed with the ore
to partially reduce it and secure clinkering. Oil burners
are sometimes employed. The boxes are so mounted that
they can be turned over to discharge their contents.

In calcining, water and carbonic acid gas are driven off,

Ground Line ,E

F16. 56, --Gjer’s calciner.

and some of the sulphur in the pyrites present burns to sulphur
dioxide and is removed. The bituminous matter in black-
band ore is also burnt off. This leaves the ore in an open,
fissured, porous condition, in which it is readily acted on in
the furnace. The peroxidation of the iron has already been
noted. Certain pyritous ores beforc and after calcining
are exposed to the air, or weathered, for long periods. The
sulphides of iron and copper in the ore are converted into
sulphates. These are washed out by the rain or by drenching
the heap with water. By this means much sulphur is got
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rid of, and a purer iron results on smelting. Weathering also
facilitates the detachment of pieces of adherent rock.

The szze of the pieces of ore introduced into the furnace
depends on the nature of the ore, the fuel, and the rate of
reduction. The slower the descent of the material, and the
more open the character of the ore, the larger the pieces
may be. Magnetites and hematites are broken in from 1-to
2 inch cubes. The others may be in larger pieces. Stone or
ore breakers are used for this purpose.

The Blast Furnace used in iron smelting has undergone
great structural changes. The massive masonry structures,
braced with iron, formerly employed have given way to the
lighter type of furnace known as the cupola blast furnace,
and whereas formerly the top of the furnace was open, and
the gases were allowed to escape freely and burn at the top,
they are now usually closed, and the gases, which resemble
producer gas in composition, are collected and conducted by
iron pipes to the ground, where they are burnt for heating
the blast and for raising steam.

The #4eight and capacity of furnaces have also greatly
increased, so that a * make ”’ of 2,000 tons of pig iron per
week per furnace is not infrequent. This amount is often
cxceeded.

A furnace of an older type is shown in Fig. 57. It will
be observed that it consists externally of a boiler-plate casing
lined with refractory material, the upper part being sup-
ported on columns. The furnace increases in diamegter from
the ¢4r0at downwards until a maximum diameter is attained
at the dosches, and then contracts more rapidly, until at a
point somewhat above the tuyere openings it becomes nearly
cylindrical, a form which it preserves to the bottom. This
form, which is the result of gradual development, has the
following advantages :—The gradual increase in diameter in
passing downward facilitates the movement of the materials
as they descend, and by the increased volume detains the ore
for a proportionately longer period in this part of the furnace,
until certain reactions are completed. In the lower part of
the furnace, the rapidity with which the fuel is being con-
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sumed, and the materials fused up, with the consequent
great contraction in bulk, necessitate the rapid narrowing of
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the furnace chamber, in order that the charge shall descend
to the hearth with regularity. The exact internal form,
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notably the height of the bosches, and the diameter at this
point as compared with the height of the furnace, depend
on the nature of the ore and fuel, and on the class of iron
produced in the furnace.

The casing of the furnace is made of § to } inch boiler-
plate, well riveted together, and the lining is constructed of
5-inch fire-brick blocks, chisel dressed on both faces and
joints, so as to ensure perfect sctting and uniformity in the
outline of the furnace. These may only form some 18 inches
of the lining, and be backed with ordinary fire-bricks, or the

N

F16. §8.—Lower part of furnace. A, blast-main (horseshoe) ; ¢, tuyere ;
E, forc hearth ; ¥, crucible.

whole thickness (3 feet 6 inches to 5 feet) of lining may be
thus made.

The upper part of the structure is carried on columns,
which rest on a stone kerb bound with iron bands, enclosing
the hearth of firc-brick blocks. This stone foundation rests
on a bed of concrete. On the top of the columns rests a cast-
iron ring, some 5 inches thick, cast in segments, and on
this the superstructure is built. The lower part of the furnace
is supported by plating attached to the pillars or by iron bands.

From the tuyeres downwards the hearth is supported by
iron bands, and in various other ways.

Fig. 58 shows an enlarged view of the lower part of the
furnace. The blast is brought to the blast-main A, which
is an iron pipe, lined internally with fire-brick, if hot blast.
is employed, supported at a height of about 7 to 8 feet. It
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encircles the turnace except in front, and from this at regular
intervals the blast is conveyed to the tuyeres by vertical iron
pipes passing downwards, cach of which is provided with a
throttle-valve to regulate the air-supply. Suspended from
these by hangers are the *“ goose-necks ”’ B, which articulate
with the vertical mains by ball-and-socket joints. At the
bend of B a mica plate is inserted, known as the * furnace
eye,” and through it the working of the furnace may be
inspected. A sheet-iron blow-pipe, which slides telescopically
on B, conveys the blast through the tuyere-block C, into the
furnace. These tuyeres enter the furnace through small
arched or round openings known as tuyerc houses, and are
closely luted. They generally project a little beyond the
front line of the furnace, and are cooled by the circulation of
cold water supplied from the water main which surrounds
the furnace. When, as occasionally happens, the nose of a
tuyere is burnt off, it is removed, and a new onc inscrted,
blast being stopped for the time being. The tuyeres in the
newer furnaces are of copper and the tuyere opening is sup-
ported by a water-cooled block—the jumbo.

The use of water-tuyeres became necessary with the introduction of
hot blast, on account of the increase in temperature in this region. With
cold blast, the absorption of heat by the expansion of the cold air so cooled
the furnace just in front of the tuyeres, that the slag solidified on the end,
and formed a prolongation or slag nose, from the length of which the
working could be judged.

FiG. 59.

Fig. 59 is the Staffordshire tuyere. It is a conical water
jacket encircling the blow-pipe, cooled by water circulating

between the casings.
In the Scotch tuyere, the water circulates round a coil of
wrought-iron pipe embedded in a cast-iron block.
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The Spray tuyere is a hollow casing, and the water is
sprayed on the front through holes in the pipe conveying it.
‘The size of tuyere is proportioned according to the volume
of air and the pressure employed, so that the blast is carried
well into the furnace, and does not creep up the sides. The
blow-pipes from the goose-necks fit tightly into the tuyere,
and are luted round with clay, to prevent escape of air.

‘The modern copper tuyere and jumbo are shown in

Fig. 6o.

FiG. 60.— Copper tuyere (B) and jumbo (a).

The kearth, or crucible, of the furnace, in which the iron
collects, is shown in Fig. 62.

In modern furnaces it is supported by an iron casing,
and is clear of obstruction and accessible all round. Atten-
tion to tuyeres and other necessary appliances is possible from
a platform surrounding the furnace at a convenient height.

The fap-hole is at the bottom. It is a rectangular opening
about 15 inches by 2, kept closed until the metal has accumu-
lated almost to the level of the slag-notch, by a mixture of
clay with sand, or coal-dust. This is broken away by a
pointed bar when the furnace is Zapped, and the metal
allowed to flow out. While this is being done the blast is
shut off.

The slag notch is situated a few inches below the level of
the tuyeres. In modern furnaces a water-cooled iron casing
is built into the furnace structure and the slag is tapped at
regular intervals into slag-ladles on wheels. These are
hauled away to the tip and emptied while the slag is in a
molten state.
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FiGc. 61.—Vertical section of modern blast furnace.
throat; ¢, bosches;

A, stack; B,
D, hearth; E, blast main blowpipe and
tuyere ; F,slag notch; G, horseshoe main; H, supporting columns
for stack; I, platform; K, charging bucket; L, carriage.
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A gallery or platform surrounds the throat of the furnace.
This is covered with iron plates, and slopes slightly towards
the edge of the cup, which stands some 3 or 4 inches above it,
and acts as a stop for the barrows.

Figs. 61 to 69 show the nature of the improvements made
in the construction of modern Blast furnaces rendered
necessary by the increased rate of driving. The furnace

i 2'0”
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Pearson and Knowles, Ltd., Warrington.]

Fic. 62—~Lower part of Furnace shown in Fig 61. c, cascade
cooled bosches; D, hearth; E, blast mains and blowpipe entering
tuyeres; F, water cooled slag notch; ¢, horseshoe main; H,
columns supporting stack; 1, platform.

shown in Fig. 57 made approximately 600 tons of pig iron
per week. A modern furnace may make 1000 to 3ooo tons,
or much more, in the same time. Greater facilities for the
disposal of products and handling the larger amount of raw
material and for dealing with the altered conditions arising
from the enormous increase in the amount of heat necessary
to smelt the augmented charge are obviously required.
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The main modifications are concerned with the cooling of
the walls and bosches to preserve the refractory lining, the
capacity and better support of the hearth, the supply and
distribution of the blast, the disposal of slag, the collection
of the gases, and the charging apparatus.

Fig. 61 shows a section of a modern furnace. The
hearth D is supported by stecl armour and is not embedded.
The brickwork of the bosches C is only 18 inches thick and is
cooled by water flowing down the iron plates from the
cascade arrangement shown. Four 3 feet 6-inch pipes
symmetrically disposed are pro-
vided to remove the furnace
gases. By this means the dis-
tribution of the ascending
gases is kept uniform. ‘The
charging apparatus is a bell
and cone, but the charge is con-
veyed to the top of the furnaces
in special buckets K which fit
closely on the top of the bell.
The buckets are slung from the
carriage I, running on the in-
clined skipway, and on reach-
ing the top the carriage tilts, 3
deposits the bucket on the ric. 63.—Showing charging tub
charging bell, lowers a cover at bottom of incline.
on the top of the bucket, and
depresses the charging cone in succession, the changes
taking place in the reverse order when the carriage is hauled
back. Fig. 62 is an enlarged view of the hearth.

Fig. 63 shows the bucket on its bogic at the bottom of
the inclined skipway. The bucket A is closed by a cone at
the end of the rod by which the bucket is slung.

Fig. 64 shows the enlarged section of the furnace top.
The bucket D is in position for charging. A is the charging
bell; B the charging cone and C counterpoise weights,
of which there are threc. When the cone E is depressed it
operates B and the charge passes into the furnace. F is

L
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the cover to prevent escape of gases, and when E is raised the
weights C bring back the charging cone and close the furnace
throat.
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Pearson and Knowles, Lid,, Warringlon.]

F16. 64.—An cnlarged view of the top of furnace, Fig. 61.

Fig. 65 represents the lower portion of a modern blast
furnace with the bosches cooled by water blocks (Fig. 66)
built into the brickwork. It will be noted that the water
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circulates from tier to tier and that the discharge pipes empty
into troughs and are under obscrvation. TFig. 67 shows the
lower part of a furnace of recent construction. The bosch

F1c. 65.—Bosches cooled Ly water blocks.

is surrounded by a water jacket in the form of a spiral trough
“WC}L The water cooling of the furnace walls is
rendered necessary by the excessive development of heat

Fi1c. 66.—Water cooling block for bosches.

when the furnace is being rapidly driven, 7.e. making a large
output, more coke having to be burnt to supply the heat
necessary to melt the iron and slag, and to supply that lost
by radiation and in other ways. See also Figs. 68 and 6g.
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Pearson and Knowles, Ltd., Warringlon.]
F1c 67.—Half section modern blast furnace, showing Sahlin water-
cooled bosches.
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ower part of modern blast furnace with water-cooled
Sahlin bosch.

Pearson and Knowles, Ltd., Warringlon.]
FiG. 69.—Lower part of modern furnace showing horseshoe and blast
mains and connections, water connections, tapping hole, etc.,
before being blown in.




150 Metallurgy

The throat of the furnace shown in Fig. 57 is closed by
a bell-and-cone arrangement. A truncated hollow iron cone
cast in pieces and bolted together, supported in the throat
of the furnace, and resting on the masonry by a broad flange,
forms the * bell ”-—the opening into the furnace being closed
by the ““ cone ” supported from one end of a lever projecting
over the top. At the other end is a counterpoising weight
(slightly heavier than the cone), and the apparatus for con-
trolling its motion, when it is lowered to allow of the descent

of the material (previously
charged into the bell)
into the furnacec.
iy Owing to the enor-
mous amounts of material
required by modern fur-
naces other methods of
closing the throat and
3 admitting the charge have
been adopted.

Opening the furnace
top too frequently would
involve a large loss of gas,
and otherwise interfere
with the regularity of

N = working. (Each ton of

[ 7 iron smelted from an ore

I'ic. 7o. containing 5o per cent.

iron requires approxi-

mately 3°5 to 4 tons of solid material, made up as follows :

ore 2 tons, coke I 1o 1°25 tons, limestone o'5 to o'75 ton,

which each 1,000 tons make would mean the introduction

of nearly 6oo tons of charge per day, or 25 tons per
hour.) )

Fig. 70 shows a double bell-and-cone arrangement. The
material is tipped into the upper bell which is closed after
letting down the material to the lower bell. The charging-
cone is then lowered.

Fig. 64 shows a charging bucket which fits over the bell

1)

il SN SE-8)
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and closes it while its contents are transferred to the charging-
bell and afterwards admitted to the furnace.

These methods of closing the throat, when properly designed, give
the most regular distribution of materials attainable in mechanical
charging, the orc, flux, and fuel falling in an annular heap some distance
from the wall and from the centre. The larger stuff consequently has
an cqual tendency to roll towards the sides and middle,and the inequalitics
working away as the charge descends into the wider part of the furnace,
uniform obstruction is offered to the blast, which in consequence dis-
tributes itself regularly, having no tendency to creep up the sides or
middle, as would be the case if the large stuff accumulated there.

In modern furnaces there is no charging platform. No
men arc employed at the top, all control of the charging
appliances being effected from below.

The height of Blast furnaces varies from 6o to 110 fect,
and the diameter of the bosches from 17 to 30 feet, The

ratio of height to diameter = [ varies from 3} to 6. Such

a furnace, with a height of 8s feet, and bosch diameter of
17 feet, has recently been put to work. The height of the
columns varies from 10 to 21 feet 6 inches, and the diameter
of the hearth from 8 to 11 ! feet, and its depth from the slag-
hole to the bottom is 5 fect 6 inches.  The number of tuyeres
ranges from 4 to 8, and they are distributed at equal dis-
tances round the hearth. Usually only one row of tuyeres is
employed, but in some modern furnaces two or even three
rows have been introduced in order to supply the amount
of air required. The upper tuyeres are only useful in
special circumstances.

The gases pass through the openings at the side into the
wide iron pipe ¢ down-comer,” and are led away to boilers,
stoves, etc., where they are burnt. The excess of gas burns
at the mouth of the standpipe seen on the right of Fig. 57.

Chambers in which dust is deposited, and apparatus for
the removal of ammonia and tar from the gases of furnaces
using coal as fuel, are interposed in many cases.

Lifts.—The charge, consisting of ore, flux, and fuel, is
raised to the top by means of steam, hydraulic, or pneumatic

1 This is exceeded in furnaces using blast at high pressures.
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lifts, or sometimes is drawn up inclined planes.  Occasionally
the situation, near a hillside, permits of the trucks themselves
being drawn up by a locomotive.

Inclined skipways so designed as to make the skips
discharge their contents into the bell automatically are
cmployed in modern furnaces.

The Charge.—The proportions of the materials in the
charge must be separately determined for cach ore and fucl,
and cven for each furnace, the fuel consumption being
influenced by the volume, temperature, and pressure of the
blast, as well as by the nature of the fucl. More coal, for
example, must be used than when coke is employed.  With
clay ironstones containing, after calcination, 35 to 42z per
cent. of iron, the charge consists of from 48 to 57 cwts. of
ore, 19 to 25 cwts. of coke, and 10 to 14 cwts. of limestone
per ton of iron made, the temperature of blast varying from
500° to 700° C.; and its pressure from 3} to 5 lbs.  In fur-
naces using coal,! from 2 to 2} tons replace the coke.?

TFor red hematite the charge consists of 33 to 40 cwts. of
ore, containing from 50 to 6o per cent. of iron, 7 to 10 cwts.
of limestone, and 19 to 25 cwts. of coke, and, if very siliccous,
about 1} cwt. of aluminous ore (sece Fluxes).

In smelting magnetites with charcoal, from 16 to 25 cwts.
of charcoal are consumed per ton of iron made.

Some ores contain all the ingredients necessary for fluxes,
and are described as se/f-going or self-fluxing.

The proportions existing between the ore and fucl in the
furnace are described as the burden. It is *light” when
the fuel is in large proportion, and ‘ heavy” when the
quantity of fuel is diminished.

This determines the amount of heat gencrated, and thus
the temperaturc of the furnace, the amounts of silicon and
other elements reduced, and the quality of iron made.

The height of the materials in the furnace is maintained
at a constant level —the stock line-—fresh additions being
made at intervals of from 10 to 20 minutes.

1 See p. 95.
2 The coal is coked in the upper part of the furnace.



Tron Swmelting 153

The Blast.—Timc was when bellows worked by hand
supplied the air necessary for the low furnaces--seldom ex-
ceeding .10 feet high—then employed. Some of our large
modern furnaces require as much as 50,000 cubic feet of air
per minute, at a pressure of 3} to 15 lbs. This is supplied by
means of blowing-engines, some of which are capable of
delivering as much as 60,000 cubic feet of air per minute.
These engines are of various forms. A huge cylinder, some-
times 12 feet in diameter and r12-feet stroke, fitted with a
solid piston, is provided with valves in such a manner that,
as the piston travels to and fro, air is drawn in at one end
and expelled from the other, or, in other words, the cylinder is
double acting—filling onc end and discharging the other, in
whichever way the piston is travelling. These blowing-
cylinders are connected with steam or gas engines, by which
they are worked. The air is delivered at a pressure varying
from a few ounces up to 15 lbs., if desired, determined by
the diameter of the furnace, the resistance of the charge,
and the nature of the fuel. Turbine blowers are now
being largely uscd. They occupy much less space than
ordinary blowing cngines for the samc amount of air
delivered. TLow pressures are employed for charcoal
furnaces, and the higher in coke and anthracite furnaces.
About 2§ to 3 lbs. is cmployed in furnaces using coal.

Notes.—In modern blowing-engines the tendency is to increase the
number of blowing-cylinders and diminish their size. In the same
furnace, with similar materials, the pressure of the blast influences the
quality of the iron produced. Iow pressures and large volume, and
consequent rapid driving, increase the make but lower the grade of iron.
Higher pressures, with less volume and slower driving, diminish the
make but improve the quality (see Reactions in Furnace).

Hot Blast.—Formerly the air was supplied to the furnace
at the temperature of the atmosphere. In 1828, Neilson, at
the Clyde Iron Works, commenced the usc of heated air, and
in a few years its use became gencral.,

The advantages derived are—

(1) The use of raw coal (of certain classes) instead of
coke.
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(2) Much less fuel is required in the furnace, owing to the
heat carried in by the air.

(3) The temperature in front of the tuyeres is increased,
and the fusion zone of the furnace brought lower down.

(4) The furnace works with greater regularity, and is
more under control, not being affected by atmospherfc
influences.

Note.—Each ton of carbon burnt to (CO) carbon monoxide
requires about 6 tons of air—12 parts of carbon requiring 16 of oxygen.
If air contains 23 per cent. by weight of oxygen, then 1§ X 100 = 69°55, or

cach part of carbon requires @I—Z‘ﬁ = 58 (nearly) parts of air. Since

only 3'5 to 4 tons of solid material (ore, fucl, and flux) are required to
make a ton of iron, and, on an average, cach ton of iron requires about
a ton of carbon (as coke) for its production, it will be scen that about
6 tons of air, equal to nearly one and a half times the weight of solids.
will be required to produce it, and will produce nearly 7 tons of gascs,
consisting of carbon monoxide and nitrogen, together with small amounts
of other gases (sce page 171). This air has to be raised to the furnace
temperaturc on cntering the furnace, while the solids (including the fuel)
have been preheated by the hot gases ascending the furnace. The
specific heat of the air is high, higher than the solids, and the amount
of heat necessary to raisc the temperature to that of the furnace is conse-
quently large. (Average specific heat solids is approximately 0'13 of the
air 0'22.) This heat is absorbed at and near the point where the air
enters, hence the hottest part of the furnace is slightly above, and not in
front of the tuyeres, the colder the air and the larger the amount of
heat absorbed and the higher the point of maximum temperature.

The heat carried in by ‘“ hot ”’ blast diminishes the amount that must
be absorbed from the furnace, and thus the amount of fuel required for
smelting, If it were possible to raise the temperature of the blast to
that of the furnace no heat would be absorbed, and the economy would
be increased accordingly. Owing to the difficulties of dealing with air
at that temperature this is impossible in practice.

For similar reasons an incrcase in the proportion of oxygen in the
blast and consequent diminution in the nitrogen would reduce the
volume of air necessary, and both increase the temperature and lower
the “ hot” zone. This has been attempted, 2 per cent. of O, obtained
from liquid air, being added. Economic conditions are unfavourable
to the development of the method.

The temperature of blast employed depends on the fuel
and class of iron made. With charcoal it is only heated to
from 200° to 350° C. ; with anthracite and coke, temperatures
of from 700° to 830° C. are employed. The higher tempera-
tures tend to produce greyer irons, containing more carbon
and silicon.
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Blast Stoves.—The air is heated by passing it through
cast-iron pipes, or through brickwork regenerators, heated by
the burning of the waste gases collected from the top of the
furnace.

Fig. 71 shows a cast-iron pipe stove. The air circulates
through the pipes in the chamber, from end to end, as shown.

In pipe stoves a
temperature of 550° C.1
(1022° F.) cannot be ex-
ceeded without danger
of rapid oxidation and
fracture of the pipes.
The products of com- m——
bustion escape at a =
temperature equal to : T
or greater than that to
which the air is raised,
and carry off at least
onec-half of the heat

1]
D)
D)
D)
)
D)
D)
‘ﬂq)))

generated. B0 A
In regenerative hot- i
. ! Blast U=k R R T B L TS S — Frot Blas
blast stoves, the prin- ©" = RERESE] /X i3 O
ciple of the Sicmens = =
regenerative furnace is 4_1 ’ !

embodied. The waste
gases collected at the

throat of the furnace B T T
are burnt in the stove, Longitudinal Section.
and the products of com- F1G. 71.—Cast-iron pipe stove.

bustion drawn through

brickwork flues on their way to the stack. The heat is thus
absorbed, and by passing the blast through the stove in a
direction opposite to that taken by products of combustion,
it may attain the temperature of the stove. At least two
such stoves working alternately—one being heated up while
the other is in use for heating the blast—will be required. In

! This is seldom realised in practice. From 600° to 9oo® F. are the
usual temperatures,
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recent installations four stoves are provided for each furnace,
often with the addition of an cqualiser. The advantages
derived from their use are : (1) higher temperature of blast ;
(2) less loss of heat, resulting in greater fuel economy ; and
(3), absence of difficulties arising from the burning, cracking,
and lecakage of iron pipes.

Cowper’s Regenerative Hot-blast Stove is shown in
Fig. 72.

The waste gases from the furnacc are brought by the
culvert V, and enter the flame or combustion flue O, through
the valve F. Here they arc burnt by the admission of a
suitable supply of air through G. The products of combus-
tion ascend and are drawn down through the passages in the
brickwork P—ordinary chequers, or built of special bricks—
in passing through which they are deprived of nearly the
whole of their heat. The brickwork gets first heated near the
top, but the heating gradually extends downwards. The
chequer is carried on cast-iron grids supported by short brick
columns. Doors for cleaning-out purposes communicate
with the space beneath. In passing through the chequers,
the products of combustion are cooled down to about 150° to
200° C., at which temperature they pass into the chimney-flue
U, and thence to the stack ; the heat thus carried away doing
useful work by creating a draught through the stove.

When the stove has been heated to a maximum about
halfway down, the supply of gas is stopped, and the air- and
chimney-valves closed. The valve of the cold-blast main,
through which air passes under the chequer, and the hot-blast
main E, which communicates with the combustion-flue, are
opened. The cold air rising through the hot brickwork
gradually becomes hcated by contact with it as it ascends, until
it has attained the temperature of the stove. Tt then passes
through the remaining upper portion without further ab-
sorption of heat, and, being collected at the top, passes down
the flame-flue into the hot-blast main.

To prevent, as far as possible, dust being carried into the
stoves, the waste gases from the furnace are passed through
dust-catchers, in which the current of gas is slowed down
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and the dust in large measure deposited. Dust in the
stove reduces its efficiency.

Whitwell’s Stove is shown in Fig. 73. The chequer-work
of the Cowper is replaced by vertical walls, to facilitate
cleaning.

In regenerative stoves the blast is heated to temperatures
varying from 1200° to 1400° F., and the stoves are changed at
intervals of from half an hour to two hours. The large
capacity of these stoves renders a regulating air-vessel to
cqualise the pressure, between the blowing enginc and the
furnace, unnecessary; but with rapid driving and several
stoves in use a temperature equaliser is sometimes employed.
This resembles a stove, but is not heated by gas.

Dry Blast.—All the moisture carried into the furnace
by the air blown in, undergoes decomposition with absorp-
tion of heat and consequent cooling of the furnace or waste
of fuel. Most of the hydrogen in the gases is produced in
this way. Inmany cascs the air is now dried prior to entering
the furnace.

Three methods are followed :—-

(1) Freezing out the moisture.
(2) Desiccation.
(3) Cooling after compression.

The first method depends on the relation between tem-
perature and vapour pressure. The heat removed has to be
subsequently restored. In the second the moisture is
absorbed by calcium chloride in solution (calcium brine),
and in the third advantage is taken of the raising of the
dew-point temperature by compression. The air leaving the
blowing engine only requires cooling to deposit most of its
moisture. Dried blast should not contain more than 2 per
cent. moisture.

In blowing in a furnace, as in heating up any large mass of brick-
work, the greatest care has to be exercised. The masonry is first dried
by wood fires, and then fuel gradually added until the furnace is half full ;
a small blast, through, say, a }-inch nozzle, is then introduced, and a
little limestone added to flux off fuel ash. The charging of material may
then commence, a much larger proportion of fuel than will ultimately be
used being present in the charge. The size of the nozzles is gradually
increased until the full volume and pressure of blast have been attained,
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F1G. 73.—Whitwell hot-blast stove. A, gas-valve; B, hot-blast main ;

¢, chimney valve ;¢ D, cold-blast main ; &, doors for removing dust ;

+ F, cleaning holes through which scrapers are introduced ; , air
inlets ; P, inspection openings. L
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the time elapsing before this is reached sometimes being as long as 18
days. The ore and flux are also gradually increased until they reach the
normal amounts.

In “ blowing out ” a furnace, the burden is gradually diminished, and
at the last only fuel and a little limestone are fed in, so that the furnace
is completely cleared.

When an accumulation of material forms at any point in the furnace,
which from some cause or other will not work down, the irregularity is
described as “ scaffolding,” or * hanging,” of the charge.

The sudden descent of the “ hanging ”” material, owing to the melting
away of the support, is called a *slip.” It is sometimes attended with
scrious consequences,

The formation of infusible masses of iron, often containing titanium,
in the hearth and lower part of the furnace seldom occurs since the intro-
duction of highly heated blast. They are known as “ hears.”

The furnace being in full work, the charging of fresh
material at the top goes on at regular intervals. The metal
accumulates until the hearth is full, and is then tapped out
by piercing the clay stopping of the tap-hole with a pointed
bar. A channel lcads from the front of the furnace to a sand
bed which slopes very slightly from the furnace. This main
channel is continued, in the sand, to the front of the bed,
sending out side channels at intervals, which serve as feeders
for long rows of roughly made -shaped open moulds, lying
like huge combs in the sand. The feeders are picturesquely
named “ sows,” and the metal in the moulds * pigs.” After
filling t}{ﬁyjsrt\row, the row of moulds furthest from the
furnace is next filled, and the others in succession, the metal
being prevented from entering the upper rows by stops.
When the metal becomes solid, the pigs are detached and the
sows broken up into convenient lengths with sledge-hammers.
The pigs are about 4 feet long and 4 inches across the surface.
Casting machines having iron moulds are also used.

Swedish pig and ferro-manganese are generally cast in
wide, open, iron moulds into plates, which are broken up.
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CHAPTER IX
CHEMICAL REACTIONS OF BlL.AST FURNACES

IN considering the chemical changes going on in the
furnace, the conditions under which it works must be borne
in mind.

The materials charged in at the top occupy a considerable
time in descending the furnace, varying from nine hours to
two or three days, according to the nature of the material, the
quality of the iron being produced, and the quantity of blast ;
the charge descends most rapidly with the heavy burdens and
large blast employed in making white iron. In its descent,
the oxide of iron is reduced to the metallic state by the carbon
monoxide in the ascending current of hot gascs, and the
various substances ! found in pig iron are introduced into the
metal. But little consumption of fuel takes place until it
arrives in the vicinity of the tuyeres. Here the oxygen of
the air combining with the carbon produces carbon monoxide
(and perhaps a little carbon dioxide, which is at once reduced
to monoxide by the excess of carbon present), producing heat
for the fusion of the metal and slags.

With hot blast this zone of fusion is immediately above the point at
which the blast enters. ~ With cold blast, owing to the absorption of
heat by the expansion of the cold air blown in, this part of the furnace is
somewhat cooled, and the zone of most rapid combustion extends higher
up the furnace.

This gas, together with the nitrogen of the air and any
hydrogen resulting from the decomposition of water-vapour in
the air blown in, ascends, and is the principal active reducing
and carburising agent in the furnace. As the materials in the
lower part of the furnace are burnt away and melted up, those
above gradually descend, passing through hotter and hotter
regions till the fusion zone is reached.

1 Carbon, silicon, manganese, phosphorus, and sulphur.
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The reactions by which the iron is reduced and carburised
arc of a somewhat complicated nature, depending on the
relative affinities of carbon and iron for oxygen, at varying
temperatures.

The only change taking place in the upper part is the
gradual heating up of the charge. When a sufficiently high
temperature has been attained, the reduction of the iron
commences. The carbon monoxide, CO, combines with the
oxygen in the oxide of iron, forming carbon dioxide, CO,, and
liberating the iron—

FeyOy -+ 4CO =: 3Fe 4- 4CO,
This action commences at temperatures considerably below
a red heat, and the oxide is gradually reduced to a spongy
mass of metallic iron, which includes all the gangue in the ore.

At temperatures a little below, and above redness, spongy
iron decomposcs carbon monoxide, carbon being separated
and oxide of iron formed, which is subsequently reduced by
carbon—

3Fe 4- 4CO = FegO, -} 4C
Fez04 + 2C = 3le + 2CO,

These reducing and carburising actions go on side by
side.

The spongy iron, with its carbon in its further descent,
is subject to the oxidising and reducing influences of the
carbonic oxide and carbon dioxide, and in the middle region
these almost balance each other, so that little change takes
place so far as the iron is concerned. In the lower part of the
furnace, the residual iron oxide is reduced, probably by
cyanides present, and the metal fuses, dissolving carbon,
together with silicon, manganese, and phosphorus, which
have been reduced in its descent.

The limestone charged in as a flux is reduced to lime,
carbon dioxide, CO,, being expelled, in the upper part of the
furnace when the charge has attained the necessary tempera-
ture. When fusion occurs, it combines with the gangue, and
produces a slag.

The silicon in the pig is reduced from silica (SiOy) in the
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charge, in the lower and hotter regions of the furnace ; for
while carbon does not reduce silica alone, it does so at high
temperatures in the presence of iron. The amount reduced
depends on the temperature and rate of descent. It forms
silicide, FeSi, with iron.

Manganese is only reduced in the blast furnace by the
direct action of carbon at high temperatures. Carbon
monoxide only reduces oxides of manganese to the lower
oxide, MnO. The reduced metal alloys with the iron.

Phosphorus is introduced into the iron by the reduction of
phosphates in the charge, by carbon in the presence of silica
at high temperatures. Practically, the whole of the phos-
phorus in the charge enters the metal, forming iron phosphide,
Fegp -
2Cag(POy)y + 3510, + 10C = 3(2Ca08Si0,) -} Py 4 10CO

Sulphur is introduced in another manner. The sulphide
of iron existing in the coke and other materials in the furnace
liquates into the iron during fusion, owing to its specific
gravity being greater than that of the slag.

By the use of a large proportion of lime, this may to some
extent be prevented, and the sulphur carried into the slag
as calcium sulphide, the formation of which may be due
to a series of complicated reactions at high temperatures.

From a consideration of the above, it will be secen that, to
produce a highly carburised iron, time must be given for the
metal to take up carbon, These conditions favour also the
reduction of silicon, and, in order to keep that element low,
more lime must be employed, and a higher temperature
will be required in fusion. Hence “ grey ” irons are freer
from sulphur than * white * irons.

It should be noted that in the descent of the charge the whole of the
iron oxide is reduced to metallie iron before reaching the fusion zone,
and is therefore incapable of acting as a flux for the siliceous gangue
as it does in smelting in hearths (see pp. 175-179). Lime is not reduced,
and this oxide takes its place as a flux.! If unreduced oxide of iron

+ 1 The high temperature which prevails ensures the liquefaction
of the more difficultly fusible slag thus produced.



Chemicals Reactions of Blast Furnaces 165

arrives at the fusion zone it will enter the slag and produce a ““ sgouring™”
-—casily fusible slag. A similar difficulty will result from the extension
of the fusion zone higher up the furnace. This may be caused by the
hanging of the charge, which prevents the uniform diftusion of ascending
hot gases, and thus prevents them being properly cooled as they ascend,
and the charge uniformly heated.

Alkaline cyanides are produced from traces of alkali
existing in the charge by a series of complicated reactions,
and accumulate in the lower part of the furnace. They
materially assist in the reduction of the last portions of iron
oxide.

The first formation of the cyanide may be thus repre-
sented —

K,COj3 + 2C = 3CO + K,
K+ C+ N=KCN

THE PropucTs oF THE BLAST FFURNACE

These are (1) pig iron; (2) slag; (3) furnace gascs;
(4) dust.

Pig Iron.—Pig, or cast iron, is classed as grey, mottled, or
white, according to the appearance of the fractured surface.
Grey Pig Iron has a crystalline or granular appcarance, a
dark iron-grey colour, is soft and easily turned, chipped, or
filed. The carbon, of which it contains a large proportion,
has mainly scparated in flakes as graphite. ILarge graphite
flakes cause weakness by breaking up the structure while
themselves possessing little cohesion. In strong iron the
graphite flakes are small.

Such irons require a higher temperature to melt them than
white iron, but are more fluid when molten, and the separation
of graphite counteracts to a large extent the contraction that
occurs in solidification and cooling. The amount of graphite
separating is influenced by the silicon and other constituents.
They are specially suitable for foundry purposes. They are
weaker than whiter iron, but less brittle. The strength
increases as the grain gets finer. They usually contain more
silicon and less sulphur than white iron. Grey pig iron
dissolves less gas than white, and consequently casts more
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soundly. Greyness is not a proof of the absence of phos-
phorus and other objectionable impurities.

They are classified as Nos. 1, 2, 3, etc., according to
greyness, No. 1 being the greyest.

Mottled Iron presents the appearance of a matrix of white
iron with grey spots. Its carbon is present in both the free
and combined states.

White Pig Iron presents a white, close, and sometimes
crystalline appecarance. Its carbon is mainly in the combined
form (see p. 121). It is extremely hard and brittle, and
usually contains more sulphur and less silicon than grey iron.
It melts more readily, but flows more sluggishly than grey
iron, giving off sparks in abundance. On this account it
is less suitable for making castings. It contracts slightly on
solidifying. Most varieties pass through a pasty state before
fusing,! in which condition the oxides of iron and slags
formed in the puddling furnace can be more readily incor-
porated with the metal, and the impurities it contains oxidised
out with less waste. On this account, malleable iron was
formerly made exclusively from irons of this class, either
produced drrectly in the blast furnace, if the ores were suffi-
ciently pure, or, if not, grey iron was made in the blast
furnace, and afterwards whitened (see Refining, p. 181).

When molten grey pig iron is rapidly cooled, the
scparation of graphite is prevented, and it is rendered
white. On this account Swedish pig, which is cast in thin
plates in iron moulds, is often white top and bottom, with a
grey interior. The surfaces of grey pigs are often white from
the same cause (sce Chilled Castings, p. 173). From the
larger proportion of sulphur usually present in white iron
from the furnace, they are classed as low-grade irons.

The specific gravity of white iron is greater than that of
grey. White has a specific gravity of 7°5 as compared with
7L,

Grey Forge Pig is a class of iron containing less silicon
than other grey irons. 'The amounts of sulphur and phos-
phorus must be small. It is of fine grain.

1 All except those containing manganese.
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Pig irons for trade purposes are usually classed as Foundry, Forge,
Bessemer, and Basic pig.  Other descriptions indicating the source from
which they have been obtained are also used, e.g. Hematite iron, etc.

Bessemer pig iron must be practically frce from phosphorus, while
Basic pig contains that element in considerable quantities.

Cold-blast pig, owing to the lower temperaturc prevailing during
its production, contains less silicon than the hot-blast pig of the same
greyness.  As excess of this element, owing to its action in precipitating
graphite, greatly affects the strength of cast iron, strong castings some-
times contain an admixture of cold-blast pig.! Swedish pig, smelted
with charcoal, is also used for the same reason.

Spiegeleisen and Ferro-manganese are thc names applied to varicties
of pig iron containing notable quantities of manganese employed for
carburisation in making mild steel. Spiegeleisen (German =- ‘“ mirror
iron”’) is so called from the brilliancy of its fractured surface. It is
highly crystalline, and breaks with broad, flat, lustrous faces, tinged
somewhat with yellow. Up to about 10 per cent. of mangancse this
becomes more pronounced, but as the percentage increases, the size of the
crystals diminishes, and in those containing much manganese, the
fracture, though yellowish, is granular. Pig containing from about 7 to
30 per cent. is classed as spiegel.,, and from 30 to 85 per cent. as
ferro. (the common contractions of their names). Pig, containing less
mangancse than would constitute a spiegel., is made for conversion into
steel by the basic open-hcarth process. The object is to ensure the
greater freedom of the iron from sulphur.

Manganiferous irons are made from manganesc ores and spathic orcs,
containing oxide of manganese, in the blast furnace. The conditions
necessary are slow reduction, high temperature, and basic slag. To
secure this, light burdens, small blast at high pressure and temperature.
densest coke, and much flux are employed.

In making ferro-manganese, the slag often contains as much as 13 per
cent. of manganesc oxide, and is green in colour. This is necessary to
give fluidity to the slag. The make of a furnacc working on ferro. is less
than when making ordinary pig iron. Manganiferous pig contains over
6 per cent. of carbon.

Siliconeisen and silico-manganese arc irons containing silicon, or
silicon and manganese, but practically frce from sulphur, etc. From 12
to 21 per cent. of silicon may be present. They are employed in steel
manufacture.

Glazy pig is a whitish crystallo-granular iron, in structure somewhat
resembling grey iron, but is brighter and whiter. It contains up to 12 per
cent. of silicon.

Small proportions of aluminium, chromium, copper,
titanium, vanadium, and calcium frequently occur in pig iron.

Considerable attention is now being devoted to the
presence of nitrogen.

! The composition of the iron for a casting can be modified in other

ways. Silicon may be reduced by melting steel scrap with the pig in the
foundry cupola.



Chemical Reactions of Blast Furnaces 169

ANALYSES OF Pic IRON.

Grey. Mottled. i White,
Hematite )
Cold-blast{ Hot-blast Froding-
((I;\Irz'erf- gowlir?gS chbyséisrc SE:IS:)' rha:: 8
wood). (Abel). ore, * | (Author).
Graphitic carbon . 3045 | 2'99 3'35 1'99 —
Combined carbon . 0704 | — — 278 2'98
Silicon . . . . 2'003 | 097 127 o71 | 096
Manganese . . . 0309 | — 1’0l — | o503
Phosphorus . . . 0037 | 05 1'09 1'23 | I'41
Sulphur . . . . 0008 | o005 0'02 — 028
Iron . . . . .| 93800 9326 9329 | 93865
99'900 100°000 | 100'000 | 100°000

Blast-furnace Slag.—As already noted, the slag is
allowed to flow through the slag notch. It is disposed of in
various ways.

In modern furnaces the slag is allowed to accumulate in
the furnace and is :
tapped from the slag
notch at intervals. It
is allowed to run into
ladles on bogies, which
are hauled to the tip
and discharged while
molten by turning over
the ladle

The more common
way of removing it is
to lead the molten
stream into slag-tubs,
where it  solidifies. -~ ;

Pearson and Knowles, Lid.,, Warringlon.]
These tubs are waggons Fic. 76.—Slag bogic.
with movable iron sides,
which -are rectangular or conical in form. They are run
on rails up to the furnace front, and drawn away by a
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locomotive when filled. After solidifying, the sides arc
removed and the huge blocks tipped off.

In Styria, the slag is disposed of in a novel manner. It is
allowed to accumulate in the furnace along with the iron, on
the top of which it floats. When tapping takes place, the
iron forming the lowest layer in the furnace comes out first.
As soon as the slag begins to flow, it is diverted into a side
channel, at the end of which it meets a stream of cold water.
The sudden cooling reduces it to coarse sand, which the
velocity of the water carries forward into one of the many
rapid streams of the district, and thus gets rid of it.

The slag usually consists of double mono-silicate of lime
and alumina, with more or less magnesia, oxide of man-
ganese, and other bases. The general composition is given
below : —

Silica . . . . . . . . . 33to47 percent
Alumina . . . . . . . . 5,25
Lime . . . . . . . . . 30, 40
Magnesia . . e I, 8
Manganous oxuk e e 1, 3 5
Ferrous oxide . . . . . . I, 2 .
Soda . . . . . . . . traces,, I'2§
Potash . . . . . . . » 2 g
Phosphoricacdd . . . . . traces only

Sulphur . . . . . . tracesto 2 .,

the general formula bemg 3(2Ca08i0,) + 2A1,043510,.

Magnesia, ferrous oxide, manganous oxide, soda, and
potash may replace part of the lime.

The presence of manganous and ferrous oxides renders
the slag more readily fusible. If lime or alumina is in excess,
the fusibility is diminished. Magnesia is not such a good
flux as lime.

In the above, normal slags only have been considered. In making
spiegel, more manganese is present, and sometimes, owing to derange-
ments in working or in the making of white low-grade iron, the oxide of
iron rises to as much as 8 per cent. Such a slag is known as a scouring
slag ; it is black in colour, and fuses readily. Its effect is to render the
iron whiter by the reduction of the oxide of iron in the slag by the carbon
and silicon in the metal.

Blast furnace slags vary in colour from nearly white,
through shades of green, blue, or brown, to black.
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The green tinge is due to the presence of ferrous oxide. Blue may be
due to alumina or alkaline sulphides. The brown colour is ascribed to
manganesc sulphide. If much ferrous oxide is present, its colour is
bottle green or black. Excess of lime makes the slag light coloured and
stony.

The character of the same slag varies with the mode of
cooling. Rapid cooling makes it glassy ; if cooled slowly, it
may be stony ; while, if gas is escaping while molten, it will
be light and porous.

The higher temperature employed in making grey iron permits of the
usc of larger quantities of limestonc in the furnace charge.  This causes
the slag to be lighter in colour— a light greyish slag almost invariably
accompanying the production of grey iron.  In consequence of the excess
of lime, the sulphur in such slags is higher than in slags produced in
making white iron, so that grey forge pig is superior in this respect to
white forge pig made from the same ore. Moisture and atmospheric
conditions acting on the excess of lime present often causes these slags
to fall to pieces on exposure.

Slags are utilised to some extent in various ways according to their
nature. Certain siliceous slags can be made into blocks for paving, by
running the slag into iron moulds, and removing them while still hot into
an annealing oven and treating them like glass.

Highly basic slags free from iron are uscd for making inferior glass.

Excellent concrete bricks, etc., can be made by grinding down basic
slags and mixing with about 10 per cent. of milk of lime and moulding
the blocks by compression. In course of time they harden like stone.
Flags for paving are made by mixing the crushed slag with Portland
cement and forming in a hydraulic press. Good cement has also been
made from slag. Slag sand is also used in place of ordinary sand for
mortar, Strong slags are used for tar-mac and other similar road-
making materials.

Slag wool, made by blowing steam through molten slag as it flows
from the furnace, is 2 good non-conducting material, Its use as a steam
packing, however, has not been attended with success.

The question of utilising slag is of great importance. For each ton
of iron, from 10 to 30 cwts. of slag are produced. This amounts in the
aggregate to many thousands of tons yearly, which by its accumulation
encumbers the land.

Blast-furnace Gases, as taken off at the throat of the
furnace, consist of a mixture of—

Carbon monoxide . . . . . 25 to 29 per cent.
Carbonicacidgas . . . . . 6, 11
Nitrogen . . . . . . . . 54, 5
Hydrogen e 0, 7 »
Marshgas . . . . . . . 0, 3 ,-

In furnaces using charcoal and coke, hydrogen and marsh gas are
low, being derived almost entirely from the moisture in the air blown in.
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Ammonia and tarry matters are also present in the gases from furnaces
burning coal. At some iron works these are recovered before burning
the gases.

It will be observed that the composition of these gases is similar to
producer gas, with a considerable increase in the amount of CO, present
The furnace may, in fact, be considered as a huge gas-producer. The
excess of CO, is accounted for by the reduction of the oxide of iron going
on in the upper part of the charge, at a temperature too low for it to be
converted into carbon monoxide by the carbon with which it is in
contact.

The volume of gas is enormous. Each tonof coal burntyields nearly
4 tons of gas, measuring 130,000 cubic feet or more according to the
temperature. A ton of coke yields from 7 to 8 tons of gas.

Dust,—The dust removed from the gases before burning them in
stoves or boilers is used as a source of potash. Very claborate appliances
are in use for the purpose, including dust-catchers, filters, and high
tension electrical discharge devices.

Kish is a separation of graphite which sometimes occurs

while grey irons are cooling and solidifying.

IrRoN FounbpING

Tor the purpose of making castings, iron is melted down
in small blast furnaces, called “ cupolas.” A very satis-
factory type is shown in Iig. 3o. The outer iron shell is
lined with fire-brick up to the level of the charging hole E, and
stands on a raised platform, at a convenient height for filling
the ladles with the metal from the tap-hole. The bottom is of
firc-brick, and carefully covered with ganister, or sand and
clay, and made to slope towards the tap-hole situated in front.
At the back of the furnace, at the base, is a movable plate,
kept in its place by an iron bar, which passes across it and
through two lugs on the sides of the opening. This is for the
removal of the residues from the furnace when melting is
completed. In some modern cupolas, the furnace is sup-
ported on pillars, and the bottom is removable. The ratio
of height to diameter is about as 5:1 or 6: 1. The blast is
brought by the pipe B to the jacket C which encircles the
outer casing, and from which openings, DD, at regular
intervals through the lining and casing, admit the air into
the furnace. A fire is first made in the cupola, which is then
partially filled with coke. When fairly ignited, the back
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plate is fixed and the blast turned on. The metal is charged
in pieces weighing about 28 1bs., in layers alternating with
layers of coke. A little limestone is usually added to flux off
the ashes of the fuel.l  As soon as metal makes its appearance
at the tapping-hole, it is stopped with clay. As the iron
melts, it collects at the bottom, and is tapped off into ladles as
required. From I to 4 cwts. of coke arc used per ton of iron.

The fuel used in the cupola should be as free from sulphur
as possible. Sulphur absorbed from the fuel in melting has
a tendency to throw out the carbon and whiten the iron.

As cast iron flows from the furnace, it throws off sparks
or “ jumpers.” This happens to a less extent with grey than
with white irons. No. 1 scarcely scintillates at all.

The moulds arc made in * green-sand,” a mixture of sand
with from 8 to 15 per cent. of coal-dust, * dry-sand,” or in
“loam.” They are well
vented, to permit of the
frce escape of the gas
given off.

As before noted, grey
irons arc best suited for
foundry purposes (scc
p. 165). If chilled on the
surface, a thin skin of
hard white iron is pro-
duced. To prevent this,
ordinary sand moulds are
blacked. = Charred oak
wood is the best blacking
for light work. Graphite
(blacklead) is also largely
employed.  For heavy r ’ bods of soll —
work, the heat contained in IG’n7c7clk ;?),, VSOKb?er lt;cl)ld,; Zi 1(':ux11ni’n;3
the body of metal prevents gate; F, sand mould ; G, boxes.
the face from being chilled.

Chilled Castings.—Chill hardening is made use of in the
production of castings of which some part is subjected to

! And sand adhering to the pigs.
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wear. The wearing surface, e.g. the tread of a car wheel, is
rendered hard by chilling the metal. This is effected by
using a carefully prepared 770~z mould for the part which is
required to be hard, the rest of the article being moulded in
sand in which the “ chill ” is embedded. Rolls for rolling
iron, zing, etc., are thus hardencd on the face (see Fig. 77).
This practice leaves the body of the casting soft and tough,
only the wearing face being rendered hard. The turning,
etc., of such castings can only be done by specially prepared
tools. Thin chilling plates are now in use in moulds to causc
the iron to cool rapidly at that point and ensure soundness.

Malleable Cast Iron and Malleable Castings.-—These arc
castings so trcated that the brittlencss associated with iron
castings has been destroyed.

Two types of malleable castings are produced—

1. Raumur castings. These are decarburised.
2. “Black Heart” castings. Thesc are not dc-
carburised.

The malleable castings commonly made in this country
are of the Raumur type. The carbon is removed by packing
the castings, after cleaning, in granulated ferric oxide (red
hematite) in iron boxes or pots from which air is excluded,
and heating them at a full red heat—goo® to 1000° C.—for
a prolonged period. The carbon is oxidised by the ferric
oxide. The castings arc made in white iron containing
sulphur, it being essential to the success of the process that
the carbon shall not separate as graphite when the castings
are heated. Such castings after treatment may be bent and
twisted without fracture. They corrode more rapidly than
ordinary castings.

‘“ Black Heart’’ Castings.—In thesc thc carbon is not
removed, but most of it is caused to separate as temper
graphite by heat treatment and to remain distributed through
the mass, giving it a dark appearance. Hence the name.
It does not form flakes. Some of the carbon—as much as
o'g per cent.—may remain in combination as carbide. ,The
castings are made in white iron free from sulphur, and low
in silicon. After cleaning they are packed—not necessarily
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in oxide of iron—with exclusion of air and heated to allow
the carbide to decompose. In iron containing 1°5 per cent.
silicon this may take place at as low a temperaturc as
650° C. Only the thinnest skin of decarburised iron should
be produced, and no graphite flakes should occur in the
original castings.

CHAPTER X
MALLEABLE OR WROUGHT [RON

UNDER this heading arc included all classes of iron which can
be hammered and forged at red heat, and are not hardened
by heating to redness and plunging in cold water. It is usual
to further restrict the term to the metal as obtained in a pasty,
unfused state, produced either in a direct manner from the
ore, or indirectly from pig iron by puddling or analagous
processes.

Direct Processes.—Asipreviously noted (p. 163),iron oxides
are reduced by carbon or carbon monoxide at dull-red heat,
and the earthy impurities can be removed, and carburisation
prevented, by allowing oxide of iron to pass into the slag.
Such a slag is readily fusible, and by hammering the pasty
mass obtained, the particles of mallcable iron become welded
together, and the slag is expelled. All the iron produced by
the ancients was thus obtained, and many processes of a
similar character are yet in use in India, Burmah, Africa, and
other places, where modern civilisation and its methods have
not yet penetrated.

Various modern ‘‘ direct ”’ processes for the treatment of
special materials, and with a view to the saving of fuel, have
also been introduced. Methods of the crudest and of the
most refined nature belong to this category.

In Burmah, a hole in the side of a clay bank, some 10 feet

“deep and 2 feet wide, does duty for a furnace. The front of
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the bank is strengthened by small branches interlaced and
supported by stakes driven in the ground. At the bottom, an
opening about a foot high and the width of the furnace is cut
through the bank for the removal of the lump of metal and
the slag. This is stopped with clay. A row of clay tubes,
about 4 inches long, made by plastering clay on bamboo, and
afterwards drying and burning them, is introduced about
halfway up the opening. ‘These supply the air to the furnace,
which works entirely with natural draught. A fire is lighted,
and a quantity of charcoal thrown in. The rest of the
furnace is filled up with alternate layers of ore and charcoal,
and the furnace is left pretty much to itself. In a few hours,
slag makes its appearance at the bottom, and is tapped out
and examined. If free from shots of iron, it is thrown away.
When the furnace has burnt out, the clay breast is broken
down and the lump dragged out. It consists of metal, frag-
ments of unburnt charcoal, and slag, and weighs about go 1bs.
1t is broken up and sorted, according to fracture, into soft,
and hard or steely iron.

In India, most native iron-makers use blast, and the
furnaces are generally built above ground. They range in
size from a chimney-pot to about 10 feet high, and the blast
is supplied by curious contrivances. Bellows made of goat
and bullock skins stripped off whole, single-acting wooden
blowing-cylinders, the pistons of which are stuffed with
feathers, and bellows not unlike ordinary smithy bellows,
being employed. In some furnaces, the front is broken down
in order to remove the iron ; but in others the metal is hauled
out by tongs from the top, a fresh charge being at once
introduced.!

Similar processes are in use in Central Africa.

Easily reducible brown hematites containing over 50 per cent. of iron
are the ores generally employed. Little more than half the metal is
reduced, the rest passing into the slag. The presence of so much oxide
of iron in the slag prevents the reduced metal from taking up carbon,
and, in many cases, the low temperature which prevails is unfavourable
to carburisation. The silica and phosphorus in the ore are removed in
combination with oxide of iron in the slag.

1 Modern blast furnaces are now in use in India.
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The famous Catalan, Elba, and Corsican processes are
very similar in character. They still survive to a small
extent.

The forge (Fig. 78) in which the reduction is effected is
a rectangular hearth, one side of which curves outwards at the
top. Itisabout 21 inches long, 19 wide, and 17 deep. The
bottom is a movable block of granite. The tuyere side is
built of malleable iron blocks, as also is the sloping side
facing the tuyere; the
back is of masonry, and
lined  with fire-clay.
The front consists of
thick iron plates, placed
edge to edge, the lower
end being on the ground.
The tuyere is of copper,
and the blast-pipe lies
in it loosely. It is in-
clined so that the blast
strikes downwards. A A
tap-hole at the bottom
serves to remove slag,
and to introduce a bar
to lift up the mass of L ~
iron when the process T L o
is completed. Fic. ;78.

The hearth, hot from
previous working, is filled with charcoal to the tuyere,
and a gentle blast turned on. When fairly alight, a
broad shovel is placed a little in front of the tuyere, so
as to divide the hearth into two unequal parts.! The
tuyere side is filled with charcoal, which is moistened.
On the other side the charcoal is rammed down tightly, and
the space filled with roasted and broken ore, from which the
fine stuff has been riddled. This is then covered with a
mixture of fine ore and charcoal-dust, and finally with
moistened charcoal, The blast is then turned on, and in a

1 After charging this is removed.

N
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few minutes the flame of carbon monoxide makes its appear-
ance at the top. From time to time ore and charcoal are
added, being pushed down the sloping side of the furnace into
the hearth, under the tuyere, where the reduced iron accumu-
lates. The charcoal is repeatedly damped to prevent its too
rapid combustion. The slag is removed at intervals and
cxamined. The operation is complete in five or six hours.
The lump collected at the bottom is raised in front of the
tuyere for a few minutes to raise it to a full heat and melt out
slag, and is then dragged from the furnace, and hammered
to expel slag. It weighs about 3 cwts.

The mass, which is never homogencous, is broken up
and sorted. The pieces are reheated in the corner of the
hearth formed by the tuyere side and back, during the pro-
gress of a subsequent operation, and drawn down into bars.

The reduction is ecffected principally by the carbon
monoxide CO, formed by the air passing through the carbon
before coming into contact with the ore, consequent on the
method of filling the hearth, and the downward direction
given to the blast. The siliceous impurities are fluxed off
by ferrous oxide formed by partial reduction of the ferric
oxide in the ore. A very fluid, fusible slag is thus obtained,
carburisation at the same timc being prevented. This is
also favoured by the low temperature employed.

The blast is provided by a blowing-machine known as
the frompe, and the pressure varies from § to 1§ 1b.

The American bloomery is in somewhat extensive use in
Canada and the United States, and New Zcaland, more
especially for the treatment of the titaniferous iron sands,
ores, etc.l

It is a small rectangular hearth with sloping sides, and measures
27 to 28 inches, by 30 to 32 nches along the sides, and at the back is
about 33 inches deep. The sides are made of thick cast-iron plates,
and the bottom of a water-cooled hollow casting. A single, water-
cooled tuyere, inclined so that the blast strikes the centre of the hearth,
is introduced at the back about 12 inches above the bottom ; the tuyere
opening is segmental in form, 14 inches highand 3 inchwide. The front
of the furnace is 16 inches deep, and at this height is a flat iron plate

1 Sterry Hunt.
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18 inches wide. The tapping-hole is situated below this, and at the side
of the hearth.

The furnace is worked by filling the hearth with charcoal, and
scattering the fine ore over the top of the fire at intervals, additions of
fuel being made from time to time. The reduction takes place as the ore
passes down in front of the tuyere, but the iron does not fuse. The grains
of reduced metal agglomerate in the bottom of the hearth, forming a mass
or loup, which is subsequently raised in front of the tuyere, and when
heated to a full welding heat, hammered to expel the slag.

The slag is similar to that obtained in the Catalan forge, and the
chemical reactions identical

The blast is usually heated to about 300° C., by circulating through
wron pipes in a brick chamber built above the furnace, heated by the waste
heat. A pressure of about 1} 1b. is employed.

Only rich ores containing 50 per cent. of iron or over can be economi-
cally treated.

One furnace produces about a ton of blooms per day of twenty-four
hours, the “loup ” being removed every three hours. They work con-
tinuously for a certain part of the year.

These methods, if not obsolete, are only in use to a very limited
extent.

Indirect Methods.—Pig iron is converted into malleable
iron by removing the silicon, carbon, manganese, and phos-
phorus by oxidation. During this treatment, part of the
sulphur is also removed if the slag produced is highly basic.

The above-mentioned bodics have a greater affinity for
oxygen than iron has, and hence, on exposing the metal
during fusion and while melted to a blast or current of air,
they arc oxidised, together with a portion of the iron itself,
which forms such a large proportion of the whole.

The silica (SiO,), phosphoric anhydride (P;0;), man-
ganous oxide (MnO), and oxide of iron formed, unite
together, producing a fusible slag consisting of silicate and
phosphate of iron, with an excess of iron oxide. The carbon
passes off in the gaseous state as carbon monoxide or dioxide.

Instead of using atmospheric oxygen, the oxidation may
be brought about by heating the pig iron with oxide of iron or
substances containing it, such as red hematite, hammer-scale,
best tap-cinder, etc. The iron oxide gives up a portion of its
oxygen to the impurities, and they are removed into the slag.

Practically the same thing occurs when an air blast is
employed. The oxygen first forms oxide of iron, which is
subsequently decomposed by the silicon, etc., present.
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Upon these principles, all processes for the conversion of
pig iron into mild steel and wrought iron depend. The
essential difference lies in the fact that while mzld steel is
obtained at the end of the process in a molten state, and is
run into moulds, wrought iron is obtained in an unfused,
spongy condition (owing to the lower temperature that
prevails), the particles of iron being subsequently welded
together.

The order in which the impurities in the iron are attacked
varies with the working conditions of the process, the principal
conditions being the temperature and the composition of the
slag.

Silicon, manganese, phosphorus, and carbon all oxidisc
before the iron, but the exact order of attack varies with the
temperature. At very high temperatures carbon oxidises,
although silicon and manganesc have not been completely
removed, and at low temperatures with a highly basic slag
phosphorus may be oxidised before all the carbon has been
removed.

In the Bessemer process, silicon and mangancse are
oxidised until the temperature has risen to such a height as
to make the carbon chemically active when the oxidation of
the carbon proceeds rapidly.

In the Basic Bessemer process phosphorus remains after
the carbon has been climinated.

In cases where the metal is not fluid and agitated, the
oxidising influences may be local and overlapping occurs.

Sulphur is not removed by oxidation, but is taken up by
the slags, apparently by liquation, as sulphide.

Processes for producing wrought iron by subjecting pig
iron to a blast of air in hearths, are known as ﬁnery processes ;
those in which it is treated with oxides of iron in a rever-.
beratory furnace, as pudadling. '

Refining.—All kinds of pig are not equally suitable for
conversion into mallcable iron. Only some 8o per cent. of
the phosphorus present, and 4o per cent. of the sulphur, are
removed in finery and puddling processes. The presence of
too much silicon also gives trouble owing to the fluidity of the
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metal, and consequent difficulty of working, as well as the
great loss in weight which occurs, and the large consumption
of “ fettling.”

The pasty stage through which white pig iron, {ree from
manganese, passes prior to fusion, permits of easier mixture
with the iron oxides and oxidising slags in the furnace which
cffect its purification ; and in consequence of its composition
less loss occurs. It is therefore preferred to grey iron on this
account, but, as its sulphur contents are usually higher, this
advantage is often more than counterbalanced. Unless the
iron is smelted from pure ores, it is now usual to produce

I16. 79.

grey pig in the blast furnace, and either treat this directly or
subject it to a refining process previous to its actual treatment
for malleable iron.

Refining is a process formerly gencrally employed for the
conversion of grey into white iron previous to puddling or
blooming.

The refinery or running-out fire is shown in Fig 79 It
consists of a rectangular hearth 4 feet square and 18 inches
deep, formed on three sides of water-cooled cast-iron blocks,
U U. The front is a cast-iron plate in which the tap-hole is
situated. Four columns, B B, situated at the corners of the
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hearth, carry the brickwork stack—some 16 to 18 feet high—
on girders. The bottom is made of sandstone blocks.

The hearth is cnclosed by iron plates attached to the
columns. Those at the back are hinged, while the front
plate is attached to the end of a lever and counterpoised, so
as 1o be casily raised and lowered. The hearth is provided
with a number of water-cooled tuyeres, usually five or six.
These are inclined at an angle of about 30° and placed on
both sides in such manner that the tuyeres are not opposite
to cach other. In this way the blast is uniformly distributed
over the hearth. In front is an iron mould for the reception
of the metal, and beyond this a pit for the slag, which runs
off the surface when the mould is full. Owing to its lower
melting-point, it remains fluid longer than the iron.

The blast is employed at a pressure of about 2} lbs.
per square inch.

The hearth, being hot from a previous operation, is partly
filled with coke, and the charge of about two tons of pig iron
and scrap introduced, in layers alternating with coke, through
the folding doors at the back. Some hammer-scale (I'e;O,)
is often added. The blast is turned on, and in about a couple
of hours the charge is melted down. More coke is added
if necessary, and the blast continued for from half to three-
quarters of an hour, during which period bubbles of carbon
monoxide are seen escaping from the metal and burning on
top. The metal, when deemed refined, is tapped out and
cooled rapidly, water being often thrown on the surface for
this purpose. The plate of metal is from 1 to 3 inches thick.

Owing to the large amount of air supplied, the iron is
subjected to oxidising influences during the whole period of
the operation, and, when fluid, the downward dircction of the
tuyeres causes the blast to play continually on its surface.
The oxide of iron thus formed, and that added as hammer-
scale, attacks and oxidises the silicon, carbon, and phosphorus
in the metal.

The removal of silicon from the metal in refining is most
marked, pig iron containing 5 per cent. being reduced to from
o'5to o'7. Carbon is seldom reduced more than 1 per cent.,
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while the removal of phosphorus is very variable. In some
cases it is scarcely affected. The rapid cooling ensures the
retention of the remaining carbon in the combined form.
A white, close, dense metal known as plate metal, or refined
iron, is produced.

The slag consists mainly of basic silicate of iron. In this
process sulphur is not removed.

Removal of Sulphur from Pig Iron.—-The purification of
pig iron from sulphur has received much attention. Man-
ganese and sodium carbonate are both employed for this
purpose. In cach case, a sulphide not decomposed by iron
is formed.

With sodium carbonate, silicon is also largely removed,
and some carbon, with separation of metallic sodium. The
molten pig was run into a receiver containing the carbonate.

Scheerer proposed the use of calcium chloride and salt
as a desulphuriser, by adding it in the puddling process.
Saniter’s desulphurising process consists of running the
molten pig into a receiver containing calcium chloride and
lime. Fluor spar may also be used.

Much sulphur is eliminated in the receivers used to retain
a supply of molten metal for steel making, rising to the surface
mainly as manganese sulphide.

NoTE.-—The “ washing " process is a method of refining pig iron for
steel-making. )

Finery Processes. -Welsh Fincry, Walloon Process,
Swedish-Lancashire Hearth.

In these processes, the pig iron is converted into malleable
iron in open hearths, i» contact with the fuel. In conse-
quence, only charcoal can be employed, coke and coal not
being sufficiently free from sulphur.

The Swedish-Lancashire hearth is a small rectangular
finery made of cast-iron plates. The top is arched over, and
communicates with a chamber in the flue in which the pig
iron is heated prior to being placed on the hearth. The
hearth has one tuycre, nearly horizontal, supplicd with blast
heated to about 120° C., by circulating through iron pipes
placed in the flue.
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The hearth is filled with charcoal, and the charge of
about 2 cwts. of white or mottled iron drawn from the flue,
the blast turned on, and the charge melted down. The
atmosphere is highly oxidising, and as the drops of metal
sluggishly pass before the tuyere oxidation occurs.

The metal collects at the bottom, and slightly hardens.
The cake is broken up by the workmen, and held before the
tuyere, to be remelted and further oxidised. When the metal
gets stiff and infusible, it is raised to the top, fresh charcoal
added, the temperature raised, and the whole remelted. As
it drops down Dbefore the blast into the bath of highly basic
slag at the bottom, its fining is completed, and the pasty mass
is collected into a ball, withdrawn from the furnace, and
consolidated by hammering, the retained slag being thus
expelled.

The Walloon process i1s similar. These finery processes
arc wasteful. A loss occurs of from 15 to 20 per cent. on the
pig iron employed.

They are still retained in Norway and Sweden, and were
formerly in vogue in South Wales, for the production of tin
bars for tin-plate manufacture, but are now superseded, tin
bars of better quality being made from open-hearth steel at
a much reduced cost.

Puddling.—This process—the most important of all
methods of making malleable iron—was introduced by Cort,
in 1784, as a method of employing coal for fining iron. Up
to this period, the sulphur in coal and coke had prevented
their use in fineries. The sulphides in the ash are dissolved
by the iron.

‘The employment of reverberatory furnaces, in which the
fuel is burnt out of contact with the iron, completely overcame
the difficulty ; the sulphur, being burnt to sulphur dioxide
(SO,), has no effect on the iron.

Fig. 8o shows a section of a puddling furnace. It is a
reverberatory furnace, the grate area of which is large in
proportion to the hearth space (1:1} or 2). The bottom
and sides of the hearth consist of cast-iron plates suitably
supported, and backed with fire-brick. They are protected
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with some material rich in oxide of iron, and kept cool by
the circulation of air under and round them.,

Formerly brick beds and sand bottoms were employed
The working door, in front, is only opened to introduce and
withdraw the charge. It slides between guides, and is
attached by a chain to the end of a lever, and is counterpoised.
The working of the charge is effected through an opcning in
the bottom of the door (the stopper-hole), through which the
bars (rabbles) for this purpose are introduced. In front of
the door is a shelf or fore-plate. The interior is lined with
fire-brick, and the furnace is supported externally by iron

TR T

F16. 80.— A, fire-place ; B, bed ; ¢, hire bridge ; D, working door ; E, flue
bridge ; ¥, fluc; 6, tap-hole for slag ; 11, plating of furnace.

plates and tie-rods. A damper in the fluc or at the top of the
stack is employed to regulate the draught.

The fire- and flue-bridges are usually hollow, the circula-
tion of air keeping them cool. These, as also the sides of the
hearth, are sometimes kept cool by the circulation of water.
Under the fore-plate is a tap-hole, for the removal of slag,
which is generally run out every second heat.

The iron plates forming the bottom and sides of the
hearth are protected by about 3 or 4 inches of ‘fettling.”
Bull:dog, calcined pottery mine, and best tap-cinder ! are
employed for this purpose. They are broken to about the
size of macadam, and spread on the bottom, the spaces being
filled up by similar material ground fine and moistened. The
fire-brick lining above the side plates projects slightly, so as
to retain the fettling. Puddler’s mine (soft red hematite) and

1 It is the slag from reheating furnaces.
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blue billy (ferric oxide produced in burning pyrites for making
sulphuric acid) are used for making the bed even. All these
substances soften at the furnace temperature, and play an
important part in the operation.

Bull-dog is a mixture of ferric oxide (Fe,O,) and silica obtained by
roasting tap (puddling furnace) cinder. This consists of a very basic
silicate of ferrous oxide. On roasting, the ferrous oxide (FeO) takes up
oxygen, and is converted into ferro oxide (Fe,O,), which has very little
affinity for silica, and separates from it.

It is fairly refractory, except in a reducing atmosphere, when the
Fe,0, is reduced to FeO, which at once combines with the silica.

With a new bottom, it is usual to introduce a quantity of
light wrought-iron scrap (bustling), gradually raise it to a
welding heat, and work it into a ball. . The oxide produced is
spread over the bed. This is repeated every shift of twelve
hours, but the bed is repaired after every  heat ” by intro-
ducing fresh fettling wherever necessary.

The fuel used is a free-burning coal. In furnaces using steam-jet
injectors to create a draught, small and inferior coal may be employed,
and a great saving effected. The large grate space is necessary to attain
the high temperature required in the furnace. The depth of the fire is
about 10 inches. When anthracite is employed, it is less, while the grate
area is increased, and the size of the flue diminished.

The charge generally consists of from 3 to 5 cwts. of pig
iron, with the addition of hammer-scale (Fe30,), etc., as may
be required.

The process may be divided into four stages : (1) Melting-
down stage. The pig is placed near the fire-bridge, the fire
made up, and the damper opened. The manner in which the
iron melts, and the temperature, depend on whether grey or
white iron is being trcated. Grey iron requires a higher
temperature than white, and at once becomes very fluid.
White iron passes through a pasty state prior to perfect fusion.
During this stage, silicon, manganese, and phosphorus arc
principally removed by oxidation.

(2) The boiling stage. When all is melted, the damper is
lowered to somewhat reduce the temperature, and the metal,
which slightly stiffens, is thoroughly mixed with the oxides of
iron (hammer-scale, mill cinder, etc.) added and produced
during the melting-down stage. The oxides of iron in the
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slag and lining of the furnace rapidly oxidise the remaining
silicon and also the carbon in the metal. The temperature of
the metal rises, and the whole surface is agitated by the
escape of the carbon monoxide gencrated. LEach bubble as
it emerges bursts into flame (puddler’s candles). During this
period, the puddler is continuously employed in rabbling
(stirring up) the charge, thoroughly incorporating it with the
oxides of iron in the cinder. The boiling gradually subsides,
and the metal becomes stiffer and quieter. The carbon has
been reduced below 1 per cent., and the third stage supervenes.
It is usual in some districts to remove the greater part of the
slag at this stage by skimming it off the surface.

(3) The fining stage. During this stage, the remainder of
the carbon and the manganese arc removed, together with
some phosphorus. The movements of the metal by carbon
monoxide, owing to its pasty state, are sluggish. The metal
is rabbled and broken up from time to time, and the damper
is raised to thoroughly liquefy the slag. The fluid cinder
sinks, and bright points gradually extending over the surface,
caused by the burning of the iron, show themsclves, and
announce that the metal has “ come to nature.”

(4) Balling stage. The pasty, spongy mass of mallcable
iron, now at a full welding heat, is then made into balls,
weighing some 70 Ibs., by pushing the spongy iron together,
and rolling it over the bed of the furnace. As these are made,
they are rolled up to the fire-bridge end, and the damper is
lowered. The atmosphere of the furnace thereby becoming
smoky and reducing, oxidation and waste of the iron is to a
large extent prevented. These balls are then removed
separately on an iron bogey to the hammer or squeezer, and
shingled—that is, the particles of malleable iron welded
together and the slag squeezed out.

The whole operation takes ordinarily about 1} hours,
divided as follows : 30 to 35 minutes, running down ; 10 to
15, boiling; 10 to 2o, fining; 20 to 30, balling up and
shingling ; but may be longer or shorter according to the
purity of the metal treated and the temperature and other
conditions.
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The loss varies from 7 to 20 per cent., according to purity.
"The greatest loss occurs with siliccous pig, such as is treated
in Scotch forges.

The process described above is that followed with grey
forge pig, and is technically known as pig boiling, the prin-
cipal decarburising agent being the oxides of iron in the
lining and slag, the air only affecting the metal in the running
down and balling stages. Some of the chemical changes
which take place may be thus expressed—

Fe,0, F Si=2Fe0,8i0, |- Fe
2Fe,0, |- 3Si=3S10, + 4F¢
Fe,O, -+ C + $10,=2Fc0,5i0, + CO
2Fe0,Si0, + O=Fe,0, + SiO,

The silica formed is fluxed off by oxide of iron, of which there is
always large excess, and the carbon is removed as carbon monoxide.
Manganese is oxidised to MnO, which replaces I'cO in the slags, render-
ing them very fluid. The phosphorus is removed by oxidation, and
passes into the slag as phosphate of iron. It is possible that to some
extent it liquates into the slag as phosphide of iron, and is subsequently
oxidised.

Dry Puddling, as it is called, as now conducted, differs but
little from the pig-boiling process, save that white or refined
iron is the metal operated on, and the slag is removed so as to
keep the bottom ‘“ dry.” In consequence the action is less
vigorous, and the amount of slag less. ‘The tempcrature is
lower throughout until the balling stage is reached, the metal
never becoming perfectly fluid, and being continuously
rabbled. The decarburisation is mainly cffected by the air
passing through the furnace. Formerly it was conducted
on a sand bottom. Owing to the nature of the iron employed,
there is, of course, less loss. It is still practised in a few
forges making “ Best Yorkshire Iron.”

Tap Cinder, as the slag from puddling is called, consists of
basic silicate of iron, with smaller quantities of lime, alumina,
oxide of manganese, and phosphoric acid. ~ Sulphur, probably
as iron or manganese sulphide, is also present. Itisa black
mass, with a dull granular fracture. It may be represented by
the formula 2FeQ,Si0,. In the puddling process it acts as
a carrier of oxygen to the impurities in the pig, the ferrous
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oxide it contains being oxidised and subsequently reduced.
It contains from 4o to Go per cent. of iron, and is tapped from
the furnace into rectangular iron waggons. An inferior class
of pig iron, known as c/nder pig, was made from it by smelting
in the blast furnace. It is now smelted for the production of
“ basic 7 pig.

The sulphur in pig iron is not removed by oxidation either in puddling
or finery methods. A considerable portion, however, does pass into
the slag, probably by liquation. Its removal is facilitated by any cause
which tends to prolong the operation or to render the slag fluid. For
this reason, manganese in iron, by prolonging the fining stage and the
cffect of the oxide formed in giving greater fluidity to the slag, promotes
the elimination of this clement. It appears to pass out during the whole
operation. Various “ physics”” are employed. Schaffhautl’s powder is
a mixture of oxide of manganese, salt, and clay. Scheerer’s consists of
calcium chloride and salt, and soda-ash.

Improvements in Puddling.— Besides the introduction of steam-jet
injectors for forcing the draught, various contrivances to diminish labour
and save fuel have been introduced. Mechanical rabbles, which traverse
the hearth, imitating more or less perfectly the motion given to the rabble
by the puddler, have been introduced. In all cases, however, the charge
must be balled up by hand. Mechanical furnaces, in which the working
of the ball is effected by the revolution of the chamber, have also been
employed. The most successful of these 1s Dank’s furnace, for a descrip-
tion of which some larger manual must be consulted. In Pernot’s
furnace, the /Zearth only revolves in a plane slightly inclined to the
horizontal.

Puddling furnaces heated by gas, and provided with regencrators on
the Siemens principle, arc also employed.

The waste heat from puddling furnaces is generally used
for raising steam.

Shingling and Rolling.—The  balls”’ taken from the
puddling furnace consist of a sponge of malleable iron
saturated with slag. The consolidation and welding togecther
of the particles, and the expulsion of the slag, are technically
known as skingling. The freedom of the wrought iron from
slag will depend upon the efficiency with which the operation
is conducted. (See Fig. 81.) This process takes the form
of hammering or squeezing.

The ¢rocodile squeezer is shown in Fig. 2. It consists of
two jaws, the lower of which is fixed and forms the anvil,
while the upper opens and closes upon it, actuated by the
revolution of the crank. The ball is placed between the open
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jaws, and turned over and moved towards the back part of
the jaw as the mass gets reduced in bulk and consolidated by

F16. 81.—-Photomicrograph showing slag inclusions in wrought iron.

the expulsion of slag, which flows out over the sides of the
anvil. Many other forms of squeezer are also employed.

<

Fic. 82.

The /felve or shingling hammer is shown in Fig. 83.
The head, weighing about 4 to 10 tons, is raised (by the
cams on the wheel revolving in front) from 15 to 20 inches,
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and allowed to fall on the ball placed on the anvil-block.
The number of blows is from 6o to 100 per minute. In
belly-helves, the cams act on the lever at a point midway
between the head and the fulcrum.

The objection to the helve is that the weight of the blow
is the same at the beginning of the operation, when the ball is
tender, as when it has become more solid.

Steam-hammers are now almost universally employed.
‘They consist of an inverted upright stcam cylinder, to the
piston rod of which the head or “tup ” is attached. This

slides between vertical guides on the standards which support
the cylinder. The admission of steam to the cylinder is con-
trolled by a handle which works the valves through a system
of levers. In double-acting hammers, steam is admitted
below the piston to raise the head, and also above the piston
to force it down and increase the weight of the blow. In
single-acting hammers, steam is only admitted below the
piston to raise the tup, which then falls by its own weight.
The larger hammers for forging purposes are of the former
type.

The legs of the shingler are encased in iron guards, and
the face protected by an iron mask, to protect him from slag,
which flies about in all directions. The ball is placed on the
anvil, and receives at first a few light blows. This is effected
by admitting a little steam under the piston as the head falls,
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thus forming a cushion and diminishing the force of the blow.
The weight of the blow is gradually increased, the ball being
turned at each stroke, until it has been hammered into a
rectangular ¢ bloom,” and the slag thoroughly expelled. The
bloom is still hot ¢nough to be rolled out into bars, and is
dragged over the iron plates of the floor to the * puddle
rolls,” or forge train.

These consist, as shown in ¥ig. 84, of two pairs of iron
rolls, 15 to 18 inches in diameter, mounted in suitable
housings, the lower one being driven directly from a steam-
engine.  One pair of rolls, known as the roughing or cogging
rolls, has a series of gothic, or V-grooves, of diminishing

size ; and the other, known as the finishing rolls, a series of
rectangular grooves.

The surface of the grooves in the roughing roll is notched
or chisel-cut, to enable them to grip the bloom and drag it
through. It is first pushed endwise into the widest of the
grooves in the roughing rolls. As it leaves the rolls on
the other side, it is seized and passed back by resting it on
the top of the upper roll, which, by its revolution, carries
it forward. It is then passed through the next groove, and
this is repeated until it has been reduced to the required size.
It afterwards makes one or more passes through the rect-
angular grooves of the finishing roll, and is thus reduced to a
flat bar, which is dragged aside and allowed to cool. It then
constitutes * puddle bar,” on the weight of which the puddler
is paid. The fracture is bright and crystalline, or granular.
The puddle rolls make about seventy revolutions per minute.
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The surface of the rolls and the bearings are kept cool by
jets of water.

Puddled bar is never homogencous, and includes particles
of slag not expelled during shingling.

Crown or Merchant iron, is produced by cutting the
puddle bar into suitable lengths and arranging them in a
“ bundle,” “ pile,” or * faggot,” which, if large, is ticd by
iron wire. The size of the pile depends on the size of the bars,
ctc., to be produced. It is raised to a full welding heat in the
reheating or mill furnace, which somewhat resembles a
puddling furnace, but is without a flue-bridge.

Reheating furnaces working with gas, and provided with
regenerators, are now commonly employed.

When fully hot, the piles are withdrawn, and the bars
welded together under the hammer or in a blooming-mill, the
pile being afterwards reduced to a size suitable for rolling.

It then passes to the mi/l train, which consists, as before,
of two sets of rolls —roughing and finishing. The bloom is
cogged down to the required extent in the roughing rolls, and
then passes to the finishing rolls to be converted into rounds,
squares, angles, or any other form (scction) required. The
finishing train has chilled iron rolls, and the grooves arc
turned with great accuracy. Sometimes, instcad of at once
finishing, the billet, after rolling down, is cut up, and piled,
rcheated, and again rolled. It then forms No. 3, or best iron,
while, if this is again piled and rcheated, best best iron results,

The oxide of iron formed in the reheating combines with
the sand of which the furnace-bed is made and forms a slag,
which flows out of an opening in the fluc towards which the
bed inclines. Tt is known as fwe cinder and mill-furnace
slag. It consists of ferrous silicate, with a large excess of
oxide of iron, and has a lustrous crystalline fracture.

Light work is guided into the rolls by various devices,
and is consequently known as gwide 7ron.

In rolling plates, plain rolls are employed. The billet is
passed in one direction until the required width has been
obtained, and then turned at right angles and rolled down to
the desired thickness.
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The distance between the rolls is regulated by setting-
down screws, which act on the top bearing of the upper roll ;

(1

M
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Fic. 85.—Three-high rail mill,
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and in rolling plates,
the distance between
them is diminished at
cach pass, both ends
being set down by the
same amount.  The
weight of the upper
roll is counterbalanced.
The roughing rolls are
of grain iron, but the
finishing rolls are chilled
on the surface. Heavy
plate mills are cither
provided with reversing
gear, or are driven by
reversing engines, so as
to obviate passing the
work back over the top
roll.

Thinsheetsarerolled
by doubling and passing
the compound sheet
through  the  rolls.
Sometimes as many as
sixteen thicknesses are
being rolled at onc time
(sce Tin Plate).

For light work, to
save the time of passing
it from the back to the
front, and the con-
sequent cooling down

which takes place, three-high rolls are employed. The middle
one is driven from the engine, and the others geared with it.
The work having passed through the lower pair is returned
through the upper. Rolling takes place in both directions.
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Three-high mills for heavy work are provided with rising
and falling tables, which reccive the work as it leaves the
rolls, and raise or lower it as required. Rolls for rolling
finished iron vary from 8 inches to 38 inches in diameter.

The rolling of malleable iron, by welding together and
clongating the particles of iron, develops a fibrous structure,
which is more pronounced the greater the number of times it
is piled and reheated. This treatment also renders the metal
more uniform in character.

COMPOSITION OF MALLEABLE IRON

Carbon . . . o'1to 03 Sulphur . . o002 to 0’15
Silicon . . . traces ,, O'I Mangancse . traces ,, 0°2§
Phosphorus . 004 ,, 02 Iron e 99’1 ,, 99'8

Burnt Iron.—When iron is exposed at a very high tempera-
turc to an oxidising atmosphere, it loses its malleability and is
known as durnt iron. Probably this is duc to the formation
of a suboxide of iron in the metal.

Brands of Merchant Iron.—§ (Crown), common
iron, or merchant bar (puddle bar, once piled and rcheated).
Best, twice piled and reheated. Best best, three times piled
and re-heated. ‘T'reble best, four times piled and reheated.

Scrap bar is made by heating scrap to a welding heat in a
“ balling ” furnace. This is similar to a puddling furnace.
The slag is known as ball furnace slag. The quality of the
iron varies.

iR —_— i B ———

Fic. 854 —Steel much overheated.
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CHAPTER XI
STEEL

THE designation of steel was formerly confined to those
varictics of iron which could be hardened by heating to
redness and plunging in cold water.

The introduction of the Bessemer process marked a new
era. The soft metal produced by this process, though con-
taining little carbon, lacks the fibrous character associated
with wrought iron, and partakes more or less of the character
of stecl. Those varieties possessing more than o'3 per cent.
of carbon sensibly harden when treated in the same manner
as steel, but with less carbon this is not the case. Other
processes producing similar soft metal sprang up, and the
term sZee/ has come to include a great varicty of materials,
having widely different propertics.  Some are softer even
than wrought iron.

Since the hardening property is dependent on the amount
of carbon it contains, a classification based on the percentage
of that clement is the most convenient, stecl containing less
than o' per cent. being classed as mzZd steel.  Steel proper
contains from o's to 15 or 1'7 per cent. of carbon. The
different nature of these metals may be shown by the use of
such titles as Bessemer, Siemens’s or open-hearth steel. Some
of these contain as little as 0'08 per cent. of carbon, less than
is often present in wrought iron. They differ from that
metal in being devoid of fibre, more homogeneous, and,
unlike it, are obtained in a state of fusion, and cast in ingots.
The term zzgoz iron would be more applicable than szee/.

Steel.—The fracture of steel becomes finer the larger the
proportion of carbon present, but is affected by such treat-
ment as hammering cold.  Steel of hard temper 1 breaks with

! The term ‘“temper” applies only to the proportion of carbon
present.
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a clear, uniform, grey, finely granular fracture. After
hardening, the colour is somewhat whiter.

It is very malleable, but requires working more carcfully
and at a lower temperature than wrought iron.  Steel con-
taining less than 1°25 per cent. of carbon can be welded. A
lower temperature must be employed than for malleable
iron, or the steel will be burnt. To render the surfaces
clean at the lower heat, borax mixed with about one-
tenth of its weight of sal ammoniac is employed to dissolve
the scale.

The specific gravity varies from 7624 to 7°813 in the
unhardened state, to 7755 to 7775 in the hardened condition,
showing that expansion occurs in the process.

The melting-point varies with the proportion of carbon.
The softest melts a little below 1530° C. The hardest at
about 1350°.

The tenacity varies from 22 tons in mild stecl to upwards
of 70 tons in steel of hard temper. s elastzeity exceeds that
of wrought iron, while its ducti/i7y is cqual to the Dest qualities
of that substance. The mikd varicties suffer an clongation
and diminution in arca, when subjected to a stretching foree,
greater than wrought iron. The clongation of the harder
varieties is much less, but the elastic limit is high.

Hardening and Tempering.—1he extent to which harden-
ing occurs depends on the proportion of carbon in the metal,
and the rate and manner of cooling.

Thus, quenching in mercury or other good conductor of
heat produces greater hardness and brittleness than quench-
ing in water, while quenching in oil (0il hardening) produces a
degree of hardness, without brittleness (owing to the slower
cooling action of the oil), whereby the tenacity of the steel is
increased. Gun tubes are treated in this way.

Hardened steel may be rendered soft by heating for a
prolonged period at a high temperature, and allowing it to
cool down very slowly. This is called anncaling.

When steel, rendered brittle by hardening, is heated at
temperatures below redness, the hardness is partially re-
moved, and it recovers to some extent its elasticity ; the
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higher the temperature attained, the softer and tougher will
the hardened mctal become. This operation is known as
letting down or tempering. If the surface of the hard steel
be polished, on gradually heating in air, it becomes first a
pale straw colour, and afterwards dark straw, golden yellow,
brown, brown with purple spots, purple, violet, and blue, as
the heating proceeds.  These tints serve to mark the tempera-
ture attained, and, in tempering tools and cutting instruments,
indicate to the workman the point at which they should be
cooled off. The colours are probably duc to thin films of
oxide formed on the surface. The hardness which they
indicate depends on the nature of the steel.  Below is a table
giving the temperatures indicated, and some articles let down
Lo the respective tints.

207 C. light straw : lanccts, razors, and surgical instruments,

30" C. dark straw : surgical instruments, razors.

245° C. full yellow : penknives, wood tools, taps, dies,

255" C. brown : cold chisels, hatchets, ete.

205" C. brown with purple spots : axes, planc-irons, pocket-knives.,
275° C. purple : table-knives, large shears.

295° C. violet : swords, watch-springs, augers.,

320° C. full blue : hand and pit saws, ctc.

N

The changes in the hardness and physical properties of stecel are due
to changes occurring in the iron itself and the manner in which the carbon
is present in the metal.

When pure iron is heated to 880° C. it changes its molecular structure
and becomes another kind of iron, much in the same way as phosphorus
changes.  On heating to 234° C. yellow phosphorus-—waxy, very in-
flammable, and poisonous- --changes to the amorphous, red powder, fire-
safe, non-poisonous variety. In the same way this new variety of iron
has independent properties.  To distinguish the two, ordinary iron, c.e.
untreated at ordinary temperatures—the form it assumes when allowed to
cool without quenching—is known as a (a)phey-tron, the form into which
it passes when heated, and which under certain conditions may be made
permanent, is known as y (gamma) iron.

Gamma iron dissolves carbide of iron readily, that is the carbide
diffuses into it and becomes uniformly distributed as if in solution ;
alpha iron does not dissolve the carbide, and when the chunge from y to'a
iron occurs the carbide separates.  The change from a to y iron occurs
in pure iron at about 880° C., but the temperature at which the change
takes place is largely influenced by certain clements and depends on the
amount of the eleriient present.

Thus the gradual increase in the percentage of carbon lowers the
temperature of the change point until, with a proportion of 0'89 per cent.
—corresponding to 132 per cent. of carbide (see p. 121)—the lowest
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temperature, about 680° C., is reached. Carbon is not capable of lowering
the temperature of the change point below this,

The changes of y to @ and a to y are reversed on heating and cooling
at about the same temperature.  The less the amount of carbon present,
the nearer the change point is to 880° C.

Iron containing carbon heated above the change point will hold its
caibide in solution, but on cooling slowly without quenching the carbide
will separate as the metal cools helow the change point.  If quenched
above the change point the carbide will remain dissolved, its separation
being prevented by the rigid molecular condition of the cold metal, and
influences its hardness and other propertics in proportion to the amount
present.  In coohng, the passage of the change point is marked by a
liberation of heat. In pure iron the amount hberated is small, being
the cnergy given out by the metal in changing its molecular character.
It may be detected by delicate instruments.

In carburised iron- steel the amount given out inereases with the
amount of carbon present up to 0°89 per cent.  In stecls containing
more than 0°6 per cent. carbon this can be made viable.  If a strip
of such steel be heated to redness and held to cool mn a shady place
it will be obscrved that the metal will become nearly black-hot and
then suddenly brighten up visaibly, after which it will cool in a normal
manner.

Similar liberations of heat occur with lIess carbon, but may not be
sufficient to produce a visible cffect.

The phenomenon of self-reheating is known as ““ recalescence.”  The
temperature at which it occurs marks the point at which changes in the
iron itself are taking place and the temperature at which the carbide
separates.  The separation of the carbide is responsible for the larger
amount of heat liberated from more highly carburised stecl.

On hcating, a quantity of heat cqual to that evolved in cooling is
taken up by the metal and produces an arrestment or retardation of the
heating.

Steel heated for a period above the recalescence point and quenched
will be hardencd. If quenched below that point it will not be
hardened.

Other substances beside carbon influence the temperature at which
recalescence takes place, and thus the hardening temperature.

Manganese in sufficient quantity lowers it below the ordinary
temperature, and the metal is permanently hard.

Other metals behave in the same way. It is upon these cffects that
the sclf-hardening properties of steel tools depend.

The changes occurring in steel by quenching under different conditions
is indicated in Fig. 86.

A, The metal contains 1°5 per cent carbon, and was quenched from
1100° in ice-cold water. The carbide is uniformly diffused
through the metal. The condition is known as “ austenitic.”
The metal is softer and tougher than B. -

B. The condition is “ martensitic.”” The metal was quenched
above 880° C. and ‘fs~imrit5” hardest and most brittle form.
The white specks represent carbide not redissolved by the
metal.
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C. is a condition intermediate between martensite and pearlite. The
carbide has begun to separate but has assumwe®™i0 definite
arrangement. The condition is “ tioostitic,” It is the most
elastic condition of steel, —_—

D. is the same steel allowed to cool slowly. The white material
enclosing the grains is the excess of “ cementite,” Fe,C, whicg
scparated during the cooling, leaving TTMIRTIAl containing'.
0'89 per cent. carbon. This is the maximum amount that can
be retained in solution at the point of recalescence.

E. shows the laminated internal structure of the grains highly
magnified (pearlite). It consists of alternate lamine of a iron
and cementite. The steel is in its softest condition.

F. shows the structure of stecl when much overheated.

Austenite, martensite, troostite, sorbite,! and pearlite arc the structures

Fi1c. 87.—Micrograph of stecl forging, showing effect of heat
trcatment

that may be obtained by quenching suitable stecls at different tempera-
tures or by heat-treating them after quenching,

The heat treatment of steel for different purposes is carried out to
develop a suitable condition by a careful control of the conditions of
heating and cooling.

Modern methods of hardening are much more exact.  In Brayshaw’s
furnace the articles are heated in a bath of fused salts to obtain uniformity.
Pyrometers arc used to control the temperature.

1 Sorbite is a non-laminated (granular) structure intermediate
between troostite and pearlite, produced by quenching during
recalescence.
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Description,

Mild steel .

Die temper

Sett temper

Chisel temper .

Punch temper .

Turning-tool
temper

Small-tool
temper

Razor temper

Metallurgy

VARIOUS QUALITIES OF STEEL.

Percentage of
carbormn.

O'I to 0°2§

(02 ,, 0’4 Mn)

0’3 06

0’4 ,, O'5
0’5 ,, 00

o075

0'825

1°25
1'375

1'5 and

upwards,

1ligh specd steels 0°5 to 07

Character and uses.

Soft malleable metal for rivets and
plates.

Ilarder and stronger for rails, forgings,
cte.

Tor tyres and castings.!

For hard wire, for guide ropes, springs,
cte.

Is tough, capable of resisting great
pressure, 1s very casily welded.
Used for stamping and pressing
dies, welding steel for axes, planc-
rons, cte.

Is hard, tough, strong, capable of
resisting sudden and great shocks,
blows, cte. Used for cold setts,
minting dies,?2 and smiths’ tools ;
casily welded.

Is casily forged ; hard even when let
down low, and sufficiently tough to
withstand  blows ; is  weldable.
Uscd for cold chisels, miners’ drills,
large punches, cte.

Is a hard, finc-grained metal.  Takes
and maintains a good cutting cdge ;
is more difficult to work, but welds
with great care; used for circular
cutters, taps, rimers, large turning
tools and drills, screwing dies, etc.

Is unweldable, and must be carefully
treated in forging, hardening, and
tempering ; is generally useful for
turning, planing, and slotting tools,
drills, small cutters, taps, saw-files,
ete.

This and the last variety are unsuited
for any purpose where sudden varia-
tion in pressure, ctc., occurs. Can
only be dealt with by a skilful work-
man, and if at all over-heated, is
spoilt. Used for razors, surgical
instruments, small tools, etc.

These contain chromium, 2'5 to 4°§
per cent.; tungsten, 9 to 18 per
cent. Sometimes vanadium, mo-
lybdenum, and other clements are
present. They are sclf-hardening.
They are also used for dies.

! In modern tyreé this is often exceeded, 065 being reached.
2 Minting dies now contain up to 0'89 per cent. carbon.
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The harder varieties of steel occupy an intermediate
position, between malleable iron, on the one hand, and cast
iron on the other. The comparison ends with the carbon
contents of the metal. In all tool steels, save special kinds to
be noted hercafter, the other elements present in cast iron are
found only in minute quantities. They exist in appreciable
amounts in the mctal obtained from all processes in which
steel is made direct from cast iron.

Steel-Making.— The mecthods of producing steel may be
classed as follows :—

1. Direct methods—

(@) From iron ores.—Catalan and analogous pro-
cesses.

(4) TFrom cast iron.—-Puddled steel.

2. Indivect methods —

(a) By the carburisation of malleable iron in an un-
fused state.—Cementation and case-hardening
processes.

() By carburisation of molten malleable iron.

(1) Fusion of bar iron with carbon in
crucibles.--Cast  crucible  steel  and
Wootz processes.

(2) The carburisation of molten iron obtained
by complete or partial decarburisation
of pig iron. Bessemer and open-hearth
processes.

Steel in the Catalan Forge.—--Excellent steel of middle
temper can be made in open hearths of this type, by giving
the tuyere less inclination, so that the blast does not play so
directly on the accumulating mass of metal, and removing the
slag more frequently than in making malleable iron.

In making stee/ in these hearths, less small ore is added, so that the
slag is less basic, and less blast is employed. By these means the reduc-
tion is somewhat prolonged, affording opportunity for carburisation by
decomposition of carbon monoxide by the spongy iron, while the direction
of the tuyerc and the removal of the slag prevent decarburisation by the
oxide of iron it contains, and by the air. The presence of manganese in
the ore is also favourable to the production of steel. Its oxide gives
greater fluidity to the slag, and is less energetic as a decarburising
agent.
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Puddled Steel.—Stecl can be made in the puddling
furnace by arresting the process before decarburisation is
complete, sufficient carbon being left to constitute stecl.
White pig irons containing manganese and free from sulphur
are best adapted for the purpose.

Cementation Process.—1'his is by far the most 1 important
method of producing stecl for cutting-instruments, 7.e. steels
of hard temper. As previously noted, when iron is heated
in contact with carbon, carbon monoxide, or compounds of
carbon and hydrogen (hydrocarbons), to a high temperature,
carbon is taken up by the iron. This is the basis of the
process by which all the best qualities of carbon steel for
cutlery, springs, ctc., are produced. The superiority of the
method is duc to the fact that practically pure iron is em-
ployed for the purpose. Swedish bar iron, made in the
Swedish-Lancashire hearth under charcoal, from charcoal
pig, is the material usually operated on, so that such steels
practically consist solely of iron and carbon. The bars
employed are about 10 feet long, 3 inches wide, and § inch
thick, Hammered bars are preferred.  Basic steel bars are
also sometimes employed.

The converting furnace is shown in TIig. 88. The
furnace proper consists of a rectangular arched chamber, A,
of fire-brick. This communicates by the chimneys B B,
three on each side, with the hovel C about 4o feet high, which
serves as a chimney and diminishes the loss of heat by
radiation. It gives the furnace the appearance of an ordinary
glass furnace. A narrow fireplace, 12 to 15 inches in width,
runs down the middle, with a firing door at either end. On
cach side of the fireplace is a 27ough or pot, D, for the recep-
tion of the bars of iron. They arec made of firestones, open
at the top, and rest on the benches E E on brick bearers,
which divide the space below the pots into a number of flues,
I.  These are continued up the sides and ends of the pot ; the
space above the fire is similarly divided, in order that the
boxes may be heated as uniformly as possible.

1 Since the introduction of clectric furnaces the supremacy of
cementation is challenged.
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The pots are from 10 to 15 feet long, 3} to 4 wide and
decp. Inthe end of cach is a small opening, H, known as the
tap-hole. This is opposite a similar opening in the outer
wall, and through it the Zap or trial bars are withdrawn.
From the appearance of the fracture of these, the progress of
the operation is judged. Manholes are provided for the

Ground Line

purposes of charging and discharging the pots, and are closcly
bricked up during the conversion.

The pots arc charged by first spreading a layer of charcoal
nubs (about as large as peas or beans) over the bottom. On
this a layer of bars, about half an inch apart, is placed.
A second layer of charcoal, followed by bars, is then put in,
and so on, until the pots are full, finishing off with charcoal.
The charge is covered with * wheelswarf.”

This is the refuse from under the grindstones, and consists of particles
of oxidised (rusted) iron and sand. At the high temperature of the

furnace, this frits and forms a rough glass, which hermetically seals the
pots and excludes air.
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The manholes are bricked up and carefully luted, as also is
the space round the trial-bars. A coal fire is then made and
the temperature gradually raised. In about 24 hours the pots
arc at a dull red heat, and in about 5o hours or more, the
bright red or yellow heat (1100 to 1200° C.) required for
conversion is attained. This is steadily maintained for a
period of from 4 to 8 or 10 days, depending on the degree of
carburisation required. Ior springs, saws, etc., 4 or 5 days
suffice.  For shear steel, 5 or 6 days; double shear, 7 to 8
days; and tool steel, 1o days or more. The progress is
judged by the appearance of the fracture of the trial bars, a
distinct layer of steel of greater or less depth is formed,
enclosing a “ sap ” of unaltered iron, but there is no sharp
linc of demarcation. When the operation is completed, the
fires arc allowed to burn out, and the furnace to cool very
gradually. This occupies about a week, and the pots are
then discharged. The bars present a blistecred or warty
appearance, and a laminated structure, and are hence known
as dlister steel.

These blisters are evidently formed by the efforts of gas to escape from
the interior of the bar while in a soft statc. The gas is formed by the

action of the carbon on particles of slag, containing oxide of iron, enclosed
in the iron.

The bars are brittle, and arc sorted out by breaking with
a hand hammer on a block, and examining the fracture.
No. 1, “ spring temper,” shows a comparatively thin skin of
steel enveloping unaltered iron. In No. 4, ““ double shear
heat,” the proportions of steel and iron are about equal. In
No. 6, “ melting heat,” the “ sap ” has disappeared, and the
conversion has extended through the bar. The carburisation
is probably due to the decomposition, by the iron, of carbon
monoxide produced from the oxygen in the small amount of
air retained in the pot and in the pores of the carbon (sec
page 9o). As before noted, iron at redness is easily per-
meated by gases, and thus carbon is carried into the
interior of the bar. The amount of carbon taken up varies

with the time and temperature up to 1'5 per cent. or even
more,
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Blister Steel is brittle, crystalline, and lacks homogeneity.
TFor most purposes it is either tilted or melted.

Shear Steel.—The blister bar is cut up, plated,! faggoted,
reheated, and welded, and then either drawn out under the
hammer or rolled, in a manner resembling the treatment of
iron, to obtain greater uniformity. If, after welding, thg
metal is doubled on itself, reheated, and again welded, it
forms double shear steel. By this treatment the percentage
of carbon is very slightly reduced by oxidation, and only the
milder tempers with less than 1°125 per cent. of carbon can be
satisfactorily ~ welded.
The pile is frequently
coated with clay wash
and borax, to protect
it from oxidation and
facilitate welding.
Tilted steel has lost
the laminated appcar-
ance of blister steel
and is more uniform
in character.

Cast Crucible Steel.
—Steel produced as
above must necessarily
be far from homo-
geneous. In 1740,
Huntsman introduced
the practice of melting
down the blister steel in crucibles, pouring it into ingot
moulds, and working the ingots into bars, ctc. The fusion
ensures uniformity of character and composition, hence
the term /fomogencous metal or steel applied to it. Its
commoner designation is crucible cast steel.

The steel-melting holes or fires (sce Fig. 89) are simple
wind furnaces of oval scction, lined with ganister. They
am below the floor level for convenience of handling
the pots. Each fire has a separate flue, which is continued

1 Hammered flat.
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down behind the furnace, and opens into the ash-pit. ‘The
draught is regulated by the insertion or removal of a brick in
this opening. ‘The crucibles, which are dried on shelves round
the melting-house, arc from 16 to 19 inches high and 6 to 8
inches in diameter at the mouth. Each fire takes two pots.
Before placing them in the furnaces they arc anncaled in a
coke stove or gas furnace for some hours, gradually attaining
a dull red heat.  The blister steel is cropped up into small
picces, and the charge is introduced into the heated crucibles
by means of an iron funnel. The pots generally last about
three melts, the weight of the charge being less each time.
Thus a first charge of 50 1bs. will be followed by charges of 45
and 4o 1bs. respectively for the sccond and third heats.

The charge having been introduced, the lid is put on, the
fire is made up with hard, free-burning coke, and the furnace
closed. The first firec burns off in about forty-five minutes,
and is followed by a second and third firing. ‘The amount
of fuel added in the third fire is judged from the amount of
metal remaining unmelted, to ascertain which, the workman
pokes an iron bar into the pots and gives directions accord-
ingly, in order that all the crucibles may be ready at one time.
The crucibles are lifted from the fires, for teeming, by grasping
them round the belly with tongs having bent jaws, which
encircle the pots.  The first melt occupies from 4 to 5 hours.

The slag is removed before teeming by moving a knob of slag (mop),
attached to an iron bar, over the surface of the metal, by which means the
slag is cooled, collects on the mop, and is removed.

Small ingots are run from a single pot.  For larger onces the pots are
doubled, that is, the contents of two pots are transferred to one before
teeming, while for still larger ones the metal from the crucibles is trans-

ferred to a ladle similar to that deseribed (see p. 214), or arrangements
must be made to keep up a constant stream of metal into the mould.

The ingot moulds are of cast iron, and made in two
parts. While casting they are held together by an iron ring.
The moulds are warmed and reeked, that is, coated with lamp-
black, by smoking them with the flame of burning tar. Some-
times a wash of clay is applied. This treatment prevents the
ingots from sticking. In pouring, the hot stream of metal
should not touch the sides. A fireclay hollow plug, known
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as a core or dozzle, is now put in the mouth of the ingot mould
and the metal poured through it.

The pots, 1f in good condition, are returned, after detaching clinker,
ctc., to the fires, ready for the next charge. If allowed to cool, they
cannot be reheated without cracking.  In melting blister stecel, it is usual

to add a small quantity of black oxide of manganese, which is partly
reduced, and manganese passes into the metal.

Direct Cast Crucible Steel.—In casting large ingots of
crucible steel, bar iron or puddled steel is employed instead
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I1¢. go.—Regenerative crucible furnace.

of blister steel, charcoal, spiegel, and ferro-manganese being
added to carburise the metal to the desired degree. Ingots
40 tons in weight have been cast.

Fig. 9o shows a regenerative crucible furnace for steel
melting. They take from 8 to 24 pots in a double line. The
roof is in several sections, which can be removed as required
for charging or teceming purposes. Some furnaces of this
type are provided with a movable bottom, which can be

P
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clevated, by a hydraulic ram, to the floor level, with all the
pots standing on it,

Plumbago pots, having a larger capacity than those described, are
also employed. They arc more durable than ordinary white or black pots
(z.e. clay, or a mixture of clay and coke-dust), and with carc will bear
rcheating after cooling. They last from 9 to 11 melts.

Honeycombing.—Stcels, especially those of mild temper (below 0§
per cent, of carbon), a reliable to boil up in the mould after teeming.  This
is due to the disengagement of dissolved gases, mainly H, N, and CO,
which are given off as the metal cools. The bubbles of gas cause the
metal to be honeycombed and vesicular.  With a view to prevent boiling
up, a stopper, which fits loosely, is put on the top of the metal, and a little
sand thrown on and round it to keep it down ; or sand is thrown on the
top of the metal and an iron cover is put on and held down by wedges
passing through eyes on the top of the mould.?

The upper part is most affected, the gases from the lower part rising,
in consequence of the metal at the bottom remaining fluid for a longer
time. The presence of the stoppers prevents the top from cooling so
rapidly.

Piping.-—Steel of harder temper (above 0’7 per cent. of carbon) settles
down in the mould, forming a funnel-shaped cavity or pipe. The ingot
is Zopped by breaking off the unsound part before working.  Both theee
evils may be largely mitigated by carcful melting and teeming at the
proper temperature.

Dead-melting.—-If not heated a sufficient length of time, the metal is
not *“ killed,” and will teem * fiery ”’—throwing off sparks and be honey-
combed. If “ dead-melted,” this does not occur, but if left too long in
the fires it will teem ““ dead,” and be weak and brittle.

Case-hardening.—The surfaces of wrought iron and mild steel articles
subject to wear, are often superficially hardened by packing them in iron
boxes, with parings of horns and hoofs, Ieather scrap, bone-dust, and
charcoal, and heating to full redness. The depth of the hardening
depends on the length of time they are heated.  Small articles are case-
hardened by heating them to redness and sprinkling with or rubbing
them in powdered ycllow prussiate of potash (potassium ferro-cyanide).
The carburisation is cffected by the cyanogen (C/V) compounds, The
articles require quenching and heat treatment.

Production of Steel from Pig Iron without previous con-
version into malleable iron.—These processes involve the
removal from the pig of the silicon, sulphur, and phosphorus,
and the reduction of the amount of carbon to the quantity
required to convert the metal into steel. It is found more
satisfactory, however, to completely remove carbon as well,
and recarburise by the addition of carbon in some form

1 This treatment is only possible with Bessemer and other large
ingots.
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or other, generally as spiegeleisen or ferro-mangancse ; but
anthracite, gas carbon, and other substances are also
employed (Darby process).

Bessemer Process.—In the Bessemer process the impuri-
tics are burnt out of the pig by blowing air through the molten
metal. Referring to p. 179, it will be seen that under proper
temperature conditions all the impurities, except sulphur, will
practically be oxidised before the iron, so that by stopping the
blast at the right moment, and adding a quantity of spiegel-
cisen or other carbon- . L (.
bearing material, suffi- /
cient carbon may be intro-
duced to produce stecl
of the desired temper.

The process is gene-
rally conducted in a vessel
or converter of the form
shown in Fig. gr. It
consists of a boiler-plate
casing # to 1 inch thick,
carricd on a cast-iron
ring, provided with trun-
nion arms, upon which
it is carried in bearings
on standards or other
supports. Upon one of
the trunnions is keyed a
toothed wheel, which Fic. 9I.—l§esscn}cr converter, as

. - used in basic process.

gears with a rack (Fig. 92)

attached to a hydraulic ram, by the movement of which the
converter can be rotated on its bearings through 180° to 300°.
The other trunnion is hollow, and connects by the pipe P
(Fig. 91) with the blast-box B at the bottom of the converter.
This is a compartment into which the blast is led through the
hollow trunnion, and passes through the metal by means of
clay tuyeres T passing through the upper or guard-plate of the
blast-box and the lining of the vessel. The vessel is lined
with about ¢ to 12 inches of ganister on the sides, and 18 to

—— — —— — 4 0 — e — . — =
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20 inches on the bottom, introduced as described, p. 62.
The tuycres are slightly conical in form, and are about
22 inches long. They arc made of fire-clay, and contain
from 10 to 12 3-inch holes, running in the direction of the
length, by which the air passes from the blast-box to the
vessel.  They pass up through holes in the guard-plate,
against which they arc pressed by suitable stops, and are
embedded in the ganister lining the bottom. They only
stand out slightly from the surface.

If a tuyere proves faulty in work it can be removed and replaced, by
taking off the bottom plate, knocking 1t out, and pushing up a new onc in
its place, a little slurry of ganister being run round from the inside to
make the joint secure.  After diying and heating the converter is again
rm((l,‘}:;nvcrtcr:a with detachable interchangeable bottoms are now com-
monly cmployed, so that little delay is occasioned by the removal of
worn-out or faulty one, and the substitution of a newly prepared
bottom. The vessel itself is also made in scctions, as shown, and
duplicate parts are kept ready for use.

Method of conducting the Process.-——1'hc pig iron to be
treated is melted in cupolas, or is tuken direct from the blast
furnace, or from a metal mixer to ensure uniformity. The
mixer is a large receptacle, heated or otherwise, into which
the metal from various blast furnaces is stored in a molten
state. ‘The converters or steel furnaces are supplied from it.
Greater uniformity in composition is thus secured. Metal
mixers for open-hearth work are large rolling furnaces. The
converter, previously heated, is turned on its side, and the
metal run in. The full charge lies below the level of the
tuyeres when in this position. The blast, at a pressure of
from 20 to 25 Ibs., is then turned on, and afterwards the vessel
is rotated into a vertical position. The mectal now flows over
the bottom, and the air passes up through it, the high pressure
preventing it running into the blast-box. At first only a
short, yellowish-red flame is seen at the mouth of the con-
verter, accompanied by sparks. During this period the
temperature rapidly rises. The silicon is being rapidly
oxidised to silica (SiO,) and manganese to oxide ; the silica,
combining with oxides of iron and manganese, forms silicates.
The flame gradually becomes larger and more luminous, and
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is accompanicd by showers of brilliant sparks, consisting
of slag and particles of iron. This corresponds to the
“ boiling stage ”’ of the puddling process, and is known as
the bvil. The violence of the disturbance of the metal is
duc to the rapid oxidation of the carbon with the production
of carbon monoxide, which escapes. During this part of the
process, the pressure of the blast is reduced.  The luminosity
and volume of the flame gradually diminish, and in the
third or “ fining ” stage, during which the remainder of the
carbon and manganese are being remoyed, it fades to a pale
amethyst tint, and is nearly transparent.  There are also fewer
showers of sparks. In from fifteen to twenty minutes from
the commencement of the blow, the flame suddenly shortens
or “drops.” This marks the almost complete removal of the
carbon, and if blast be further continued, great loss from
oxidation takes place, and the quality of the metal is rendered
much inferior. The vessel is accordingly turned down and
the blast shut off. A weighed quantity of spicgeleisen,
previously melted in a cupola, is added to the metal as it lies
in the converter, from a ladle. This addition is attended by
a violent outburst of flame and considerable agitation of the
metal. The spicgel imparts to the iron the requisite amount
of carbon to produce steel of the desired temper, and also
sufficient manganese to restore the malleability, which, as
before noted, is always lost when malleable iron in a molten
state is subject to oxidising influences. For stecl of very low
temper, ferro-mangancse is employed, in order to introduce
the necessary amount of mangancse without adding too much
carbon, This is added solid. After standing a few moments
to allow the slag and metal to separate, the converter is turned
down and the steel run from its mouth into the ladle.  Enough
slag to cover the metal and keep it hot is also allowed to flow
into the ladle. The converter is then turned completely over,
and the slag allowed to run out. All the movements of the
vessel, as also the blast, are regulated by a workman situated
on an elevated platform at some distance from the converter,
the progress of the operation being judged from the appear-
ance of the flame.



214 Metallurgy

The ladle to which the metal is transferred is mounted as
shown (Fig. 92) on a hydraulic crane, in the centre of the
casting pit, which is circular. The converters are situated at
the side of the pit.! The ladle can be raised and lowered,
can be made to travel round the pit, to and from the
centre, and also turned over to empty slag. It is lined
with ganister, and heated by a fire made in it before
receiving the metal. The teeming is cffected from the
bottom, through a hole closed by a fire-clay stopper, which is
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raised and lowered by an iron rod protected with fire-clay
tubes and connected with a suitable lever or other means of
operating and control.

The moulds are of cast iron, open top and bottom, and more or less
tapering. They are arranged round the side of the casting pit, standing
on an iron plate. The usual practice is to fill cach mould scparately from
the top, but sometimes the moulds are arranged in groups, round a central
one somewhat taller than the rest. The bottom of this is connected by
a system of fire-clay tubes opening upwards, with the bottoms of the
others. The metal is run into the central or feeding ingot and is conveyed

1 The arrangement of plant varies considerably. In many cases
the casting pit is omitted, the moulds standing practically on the
ground level.
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to the others by the clay passages. It gradually rises in the moulds until
they are all filled.  Sounder ingots are said to be obtained in this way.
In all cases they are stoppered down with sand and a plate, as previously
described.

Chemical Changes in the Bessemer Process.—--The oxidation of the
impurities in the pig is effected by oxide of iron, formed by the air blown
in, so that the chemical reactions are similar to those taking place in
puddling. Being in a fluid state, and thoroughly agitated by the passage
of the air, silicon and manganese, being most oxidisable, are much more
largely attacked than other impurities in the first stage of the process, and
are reduced to about 0'5 per cent.  In the subsequent stages they are
reduced to about 0'02 or 0'03 per cent. During the boil the carbon is
reduced to below 1 per cent., and in the fining stage to below o°1 per cent.
Manganese is attacked from the beginning and throughout the process,
the oxide formed combining with the silica and forming silicate, which
passes into the slag.  The phosphorus, as shown by its absence from the
slags, is unattacked, and the steel consequently contains a higher pro-
portion than the original pig iron, since a loss of some 10 per cent. occurs
on the weight of pig employed.  This is due, as alrcady noted on p. 64, to
the siliccous nature of the lining.  The iron employed must therefore be
free from phosphorus.  Sulphur also is not removed.

The blast is used cold, and yet the temperature gradually rises as the
process proceeds.  This increase of heat is due to the oxidation going on,
principally of the silicon and the iron.  The amount of silicon present is
less than the carbon, but in burning, a solid substance (Si0Q,), which
remains behind in the converter, is produced, and all the heat generated is
communicated to the contents of the vessel (save such as is carried away
by the nitrogen of the air blown in). The combustion of the carbon
generates gascous bodies which, escaping, carry away much of the heat.
Manganese, like silicon, yiclds a solid product of combustion, and
accounts, when present, for some of the heat.  (See p. 73.)

During the blow the iron is oxidised and becomes ¢ burnt,” and
is rendered brittle and unworkable.  The mangancese in the spicgel added
combines with the oxygen, forming manganous oxide (MnO), and passes
into the slag. A slight excess is always employed to ensure the complete
removal of the oxygen. This, with the carbon contained in the spicgel,
enters the steel. Bessemer and open-hearth steels always contain
manganese. The amount should not exceed 0'7 per cent.?

The metal employed is grey pig iron, and should contain about 2 to
2} per cent. of silicon, and be free from sulphur and phosphorus. Iron
smelted from pure ores, such as red hematite and magnetite, and known
as Bessemer pig, is employed. With the rapid, continuous working
practised in America —a fresh quantity of pig being run in immediatcly
after tceming the previous charge, that no loss of heat occurs—pig con-
taining not more than 1 per cent. of silicon is satisfactorily treated.
Elilxccss {)f silicon increases the amount of loss, and some may remain in
the steel.

The process described above is commonly known as the
acid process, from the siliceous nature of the ganister lining.

! One per cent. is allowed in rails and tyres.
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The slag consists of silicate of iron and manganese. As
already shown, iron containing phosphorus cannot be treated
under these circumstances. By substituting a lining of basic
material, phosphorus as well as other impurities may be
removed.

The Basic Bessemer Process is conducted in a vessel
similar to that already described, but generally with a straight
neck, so that the metal can be poured from cither side, and
the converter can be completely rotated by worm and wheel
gearing, actuated by hydraulic engines attached to the
standards or by other means.

The converters are made in sections, which can be readily
secured together by pins and cotters (see Iig. 91), so that if
the lining of any portion gives way another similar part can
be substituted without delay, an overhead travelling crane
which commands the converters, and hydraulic tables under
cach converter, being provided for raising and lowering the
parts.

The lining employed consists of calcined dolomite or
magnesite (see p. 65), and is about 14 to 16 inches thick on
the sides, and 24 inches on the bottom. l.oose tuyeres are
sometimes employed, but generally they are formed by
ramming the lining material round steel spikes, which are
withdrawn when the bottom is rammed up, and thus form free
passages for the air. The process differs somewhat from the
ordinary ‘‘acid ” process. Before running in the iron, a
quantity of lime, cqual to about 15 per cent. of the charge, is
introduced, with a little coke, into the converter and blown
hot.l The charge is then run in, in the usual manner, and
the blow procceds as before up to the point at which the
flame drops. Instead of stopping the process here, the blast
is continued for some two or three minutes longer to climinate
the phosphorus. The vessel is then turned down, and a
sample taken with a spoon, hammered out, cooled, and broken.
From the fracture and malleability, the workman judges how

1 Lime in small pieces 1s often fed into the converter during the
process. It is allowed to fall into the mouth during the blow. By this
means the wear on the lining is reduced.
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long the blow must be continued to complete the elimination
of phosphorus. A crystalline fracturc indicates that the
phosphorus is not completely removed, and the vessel is
turned up, and the blowing continued until the metal is
dephosphorised. A second sampling may be necessary.!

The slag is then run off, to prevent precipitation of
phosphorus into the metal by reduction from the slag when
the carbon is added.  Spiegel and ferro are then added in the
usual manner, and the charge transferred to the ladle, and
thence to the moulds. In some cases, where hard metal is
required, the carburisation is effected by grey pig iron free
from phosphorus, added in a molten state to the metal in
the ladle, ferro-manganese being afterwards added.

The oxidation of impurities during the blow, up to the
dropping of the flame, proceeds as in the acid process, but,
owing to the nature of the lining and the basic character of
the slag, some phosphorus is also removed.  In the after-blow
the residue of the phosphorus is oxidised, and, combining with
lime, forms calcium phosphate, and passes into the slag.  This
frequently contains as much as 30 per cent. of phosphates of
lime and magnesia, together with 8 to 10 per cent. silica, 10
per cent. oxide of iron, sulphur, and some oxide of manganese.
It amounts to about 20 per cent. of the charge, and on account
of the phosphates present is ground up and used as manure,

under the name of “ basic slag.”
e

If the pig iron treated contains much silicon, the charge becomes too
hot, and the corrosion of the lining is increased.  Since, under ordinary
conditions, the presence of silicon is essential to provide heat by its oxida-
tion, some substitute is necessary in basic Bessemer pig.  This is found in
the phosphorus, and as much as 2°5 to 3 per cent. of that clement is often
present. It lowers the melting-point of the metal until decarburisation
is complete, and thus less heat is requisite in the carlier stages. By its
oxidation in the after-blow, it produces the high temperature necessary
to maintain the ifon 10 the fluid state. As with silicon, the product
of burning is a solid, and remains in the vessel. Some of the slag is
returned to the blast furnace to increase the phosphorus in the pig.
About 1 per cent. of silicon is necessary in the iron, or the blow will be

1 The time during which the blowing is continued after decarburisa-
tion is known as the * after-blow.” During its continuance, red-brown
smoke issues from the converter.
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too cold and slow.  The presence of from 1 to 2 per cent. of manganese is
also advantageous.

The removal of the phosphorus depends on the basicity of the slag,
and hence the addition of lime in the converter.  This also diminishes
the wear on the lining. The loss amounts to about 15 per cent.

The charge of a converter ranges from 5 to 15 tons, and the operation
lasts from 15 to 25 minutes, according to weight and circumstances.

Transfer processes arc often employed when the pig iron contains
much silicon.  Part of the metal from the blast furnace is treated in an
acid lmed converter to remove the silicon and then removed to a large
metal mixer into which the remainder of the iron from the furnace has
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F16. 93.—Siemens’s regencrative furnace. Longitudinal section.

been put, without treatment. The resulting product contains enough
silicon to start the blow satisfactorily, and excessive wear on the linings is
prevented.

The Tropenas converter is a small vessel holding about a 2-tons
charge. The vessel is ganister lined. The tuyeres are situated at the
side of the converter, and by changing the inclination of the converter
the blast is made to blow on the surface of the metal. It is used for
making steel castings.

Open-hearth Processes.—Under this heading are included
processes conducted in regemerative gas furnaces of the
Siemens type (see Fig. 93), the bed of which may be composed
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of silica sand (acid), or of magnesite, dolomite, or chromite
(basic).

Siemens’s Regenerative Furnace is shown in Figs. 93 and
¢4. The furnace is a double-ended, reverberatory, gas-fired
furnace. The furnace chamber, A, communicates at either
end with the chambers B B, C C, by means of the ports and
flues D D.  The chambers are filled with chequer brickwork.
The chequers are alternately heated by the passage of the
hot gases from the furnace descending through them on
their way to the chimney-stack, and the heat retained is
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I'16. 94.—Cross-section of furnace.

subsequently given up to the cold air and gas passing
upwards through them on their way to the furnace. The
chambers are worked in pairs, the gas and air being heated in
separate chambers.  One pair of chambers is being heated up
while air and gas are passing through the other pair. The
smaller chambers, B, are the gas chequers, and C the air
chequers ; E E E are the working doors ; F is the chimney-
flue ; G the gas-supply culvert ; R R the valves for reversing
the direction of the gas and air; L the launder or spout
for conveying the metal into the ladle ; P is the casting pit.
The direction of the air and gas are reversed every half-hour,
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In this way the chequers arc kept at a high temperature,
and the gas and air coming to the furnace, develop a much
higher temperature than if supplied cold.

The Siemens Process.—This process is analogous to the
‘ pig boiling ” puddling process, the decarburisation of the
metal being cffected by pure oxidised iron ores added
to the fused metal in the bath of the furnace. On this
account it is sometimes described as the ““ pig and ore”
process.

The pig iron, to the extent of 5 to 4o tons, is introduced
on the bed of the furnace and melted. In modern practice
molten metal is commonly employed. This is brought from
the metal mixer in a large tipping ladle and emptied into the
furnace. After fusion, additions of red hematite, roasted
pottery mine, or other pure oxidised ores are made from time
to time, which effect the oxidation and removal of the silicon,
carbon, and nianganesc in the pig in the same manner as in
puddling.

At the high temperature attainable in these furnaces,
however, the metal remains molten cven after decarburisation
is complete, and its conversion into steel is effected by the
addition of spiegel and ferro, as in the Bessemer and Basic
Bessemer processes.  The time occupied is, however, much
longer, extending somectimes to 10 or 14 hours with large
charges. This permits of mare perfect control over the com-
position of the steel produced, as samples can be taken from
time to time, and the character and carbon contents of the
metal rapidly determined. When the carbon has been
reduced below o'1 per cent., spiegel is added, the tap-hole is
broken open and the metal run into the ladle. IFerro-
manganese, broken into small pieces, is added in the ladle
as the metal flows out, to replace that lost by oxidation in
the furnace, and to make up the amount nccessary to restore
the malleability and carburise the iron. (For carburisation
with anthracite, see p. 224.)

In the decarburising stage, the metal boils violently, and
is thus brought into contact with the oxidising slags and the
atmosphere of the furnace, but becomes quiet towards the end
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of the operation. The addition of spicgel causes it to again
become lively, and the metal is tapped on the boil.

In some cases only the excess of carbon present in the
bath after melting is removed.  When the carbon tests show
that the carbon has been reduced below the desired limit
sufficient pure pig iron —.e. ncarly free from sulphur and
phosphorus— previously heated to redness, is added to raise
the carbon to the required specification.  Ferro-manganese is
added as the stecl runs from the furnace into the ladle.  This
method of working, “ catching the metal on the drop ” and

“ pigging bgek;” saves time and fuel. The operation is so
cartfettGut that any excess of silicon is removed before the

carbon.

The yicld is some 2 or 3 per cent. in excess of the pig iron
charged, owing to the reduction of the ore added to de-
carburise it. A cutting oxidising flame is employed in the
carlier stages.

Siemens-Martin Process.-In this process the percentage
of carbon to be removed from the metal is diminished, by
melting the pig iron with scrap wrought iron or steel intro-
duced into the furnace at the same time, or previously heated
and charged into the bath of molten pig iron. Scrap to the
extent of 8 or 10 times the weight of pig is frequently em-
ployed. The charge, after fusion, contains less than 1 per
cent. of carbon. The amount of scrap added depends on the
greyness of the pig.  No ore is added, and the decarburisation
is cffected by the oxide formed on the scrap during melting,
and the atmosphere of the furnace, which is oxidising. The
bath is sampled from time to time, and, when the carbon
has been sufficiently reduced, spicgel and ferro-manganese are
added as before. The loss amounts to about 7 or 8 per cent.
of the metal charged.

A combination of the two processes is commonly used in
this country, pig iron, scrap, and ore forming the furnace
charge. It affords a convenient method of utilising scrap.

Basic Open-hearth Processes.—In furnaces with sand
bottoms the pig iron employed must be of Bessemer quality,
but with basic bottoms phosphoric pig can be treated.
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As in the basic Bessemer process, lime is charged in the fur-
nace, and samples arc taken from time to time and tested.

As the phosphorus is not required as a heat-producer, the
less there is present the better.  Pig containing about 1°5 to
2 per cent. is satisfactorily treated, but the presence of man-
ganesc up to z or 3 per cent, is also desirable.  In dephos-
phorising, it is sometimes necessary to make small additions
of ferro-manganese and pig to introduce a little carbon.
The carbon monoxide produced agitates the metal and brings
it into contact with the basic slag. The metal obtained by
any of these processes is dealt with as in the Bessemer
process.

Regarburisation is now often cffected by the use of
anthracite. This is put at the bottom of the ladle or thrown
into the strcam of metal ax it runs from the furnace. Paper
bags carrying about 7 to 10 Ibs. of powdered anthracite
arc a convenient means to employ for the addition.  About
60 to 7o per cent of the carbon may be taken up if judiciously
added (Darby’s Process). 'The slag is used as a manure.

Casting.—The casting pits arc gencrally rectangular, and
the ladle, mounted on a carriage, travels on rails over the
tops of ingot moulds.

Attempts have been made to combine the rapidity of the Bessemer
processes with the certainty of the results obtained in the open-hearth
processes.

A combination of the two processes is followed by blowing the metal
in a converter till the carbon is sufficiently reduced, and then teeming it
into a heated Siemens furnace, and completing the decarburisation in
the ordinary manner.

Hollow rabbles introduced into the molten metal on the hearth, by
which air or stecam can be blown through it, are in use to a limited extent.
Clay-covered iron tubes are employed. At Ruhort, 3 such tubes, cach
containing 3 holes, are employed. The blast is continued for from
10 to 20 minutes, and the temperature rises higher than in the ordinary
open-hearth process.

The Bertrand-Thiel and Talbot processes are modifications of the
open-hearth process. T

In the former the pig iron is first treated in a basic-lined * primary
furnace for the removal principally of the silicon and phosphorus, and is
then run into a * secondary ”” furnace at a lower level for decarburising
and finishing. The secondary is hotter than the primary.

In the Talbot process a single furnace capable of holding up to 300
tons.of molten metal is employed. It is of the Wellman tilting type, and
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pours the metal from a spout instcad of running from an ordinary tap-
hole.  This spout, when the furnace is not turned down for emptying
purposes, rises above the level of the metal contained in the bath.  Sup-
posing a charge to be ready for teeming, instead of running the whole
of the metal out, approximately only one-third is removed.  The furnace
is then rolled back, oxide of iron added to the slag, and molten pig iron
cqual in weight to the steel just removed, run in.  In a few moments a
violent reaction ensues between the oxide and the impurities in the pig,
resulting from the large amount of heat stored in the remaining charge
and its high temperature.  The bulk of the foreign elements is removed,
and the steel only requires to be finished.  The output is greatly increased.

The steel produced by the Bessemer, Siemens, and
analogous processes is generally of a mild character, contain-
ing less than o°6 per cent. of carbon, and is employed for rails,
0°3 to 0’6 per cent. of carbon; boiler-, bridge-, and ship-
plates, 0’2 to 0’25 per cent. of carbon ; rivet-iron, o'1 to 0°15
per cent. of carbon ; armour-plates, guns, and other purposes
where metal of high ductility, eclasticity, uniformity, and
strength are required, and also for castings.

The honeycombing previously noted in connection with crucible steel
is more marked. Stoppering down is resorted to, and in some cases
pressure 1s applied.

In Whitworth’s fluid compressed steel, the ingot, after running in a
mould of special construction, is placed on the table of a hydraulic press
and subjected to a pressure of from 6 to 20 tons to the square inch. A
contraction of 1} inch per foot takes place, and a sounder ingot results.

In the production of sound steel castings, various physics are resorted
to. The introduction of from 02 to 0’3 per cent. of silicon in mild
tempers, and from 073 to 0'4 per cent. in harder tempers, tends to increase
the solidity of the casting. It 15 introduced as ferro-silicon or ferro-
silicon manganese—alloys of silicon with iron and manganese, but con-
taining also carbon. Aluminium is also employed for the same purpose.

Small wheels are cast on revolving tables, making some §0 or 0o
revolutions per minute : the metal is run into the mould at the centre.
The rim is thereby rendered denser.

It has also been proposed by Mr. Allen to stir the metal in the ladle
with a revolving paddle, to disengage the gas prior to casting.

Treatment of Ingots.—The ingot moulds, after the solidi-
fication of the metal, are lifted by cranes situated at the side
of the casting-pit, and the ingots allowed to cool ; or, in the
newer works, removed immediately to ‘ soaking-pits,” in
which they are kept hot till required for rolling.

These soaking-pits consist of a series of vertical chambers
of fire-brick=bélow the ground-level, arranged in a double
line, each capable of holding an ingot, and covered with a
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tile and commanded by crancs. The ingots arc removed to
them immediately they have solidified.

The interior of the ingot when stripped is much too hot
to permit of it being rolled at once, and the cxcess of heat
gradually soaks out and distributes itself uniformly through
the mass. They can be kept hot for some time, and removed
for rolling as required. Little heat is lost, and reheating of
the ingots is avoided. Oxidation is prevented by the gases
exuding from the metal, which are of a reducing character
(p. 210).

The difficulty of keeping up a supply of ingots to keep the pits hot
has led to the use of ‘“ soaking-furnaces.” The cells or pits of the
furnace communicate with cach other, and a fireplace or gas-producer
is provided at one end of the system.

The rolling of mild steel is effected in a manner similar
to that followed for malleable iron.

Use of Spiegel and Ferro- -manganese. —In carburising Bessemer or
open-hearth steel, the richness in manganese of the alloy used is mainly
determined by th( amount of carbon desired in the resulting steel. It a
steel very low in carbon is required, an alloy (ferro-manganese) containing
much manganese is employed, to introduce the needful amount of that
clement, without at the same time adding an excess of carbon.!  For
higher carbon steel, spiegel and ferro containing less manganese are
employed,  Steels contamning a higher percentage of carbon than o5
may be made, as in the Darby process, by carburising with gas carbon,
anthracite, etc.  The molten metal is run into a ladle containing the
decarburising material, which it dissolves. An unduc proportion of
manganese is thus avowded.

Electric furnaces, chicfly of the arc type, are used for
making stecl of various kinds, and for producing mild stcel
practically free from sulphur. They arc usually tilting
furnaces, lined with magnesia bricks, and have basic
bottoms. If the steel is made in the furnace the slag is
removed after the oxidation is completed, and a suitable
slag made up before proceceding to the finishing stage.

Under a non-oxidising slag special alloys containing
tungsten, chromium, nickel, etc., can be made with precision,
and with highly basic slag to which fluor spar has been
added, sulphur can be almost eliminated.

! The amount of carbon present in spiegel and ferro shows no great
variation.
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CHAPTER XII
COPPER

Physical and Chemical Properties.—This mctal possesses
a fine red colour, and is characterised, when pure, by extreme
toughness. Its hardness is slightly under 3. It is more
malleable but less ductile than iron. In the cast state, its
tenacity is only about 9 to 12 tons, but after rolling this is
increased to from 15 to 18 tons, and by wire-drawingto zotons.
Its modulus of clasticity as wire is 17,000,000, that of iron
wire being 25,300,000. At temperatures higher than 337° C.
the tenacity and clasticity of copper and most of its alloys are
greatly reduced. Alloys with nickel are least affected.
Its specific gravity is 8°6, but by rolling, ctc., is increased to
88, TIts melting-point is about 1084° C. Pure copper is an
excellent conductor of heat and electricity, but the presence
of minute quantities of impurity greatly impairs this quality.
The metal is unaltered in dry or moist air free from CO, and
acid vapours. A green coating of basic salts forms when
these are present.

On heating in air, a scrics of coloured oxide films are
formed, and at a red heat a black scale of oxide, which
detaches itself when the metal is suddenly cooled. The
outside of this scale consists of black cupric oxide (CuO),
but the inner layers principally consist of red cuprous oxide
(Cuy0). Cupric oxide is reduced to cuprous oxide when
fused with copper. Copper dissolves cuprous oxide when
molten, and is rendered dry and brittle. * Dry’” copper
breaks with a dull, brick-red fracture. In practice the metal
is toughened by covering with anthracite, and stirring it
with hard wood poles. Hence the term * poling.” The
reducing gases from the wood agitate the metal, and, in
conjunction with the anthracite, reduce the oxide, and the
metal assumes its normal tough condition.

Q
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If the copper is not chemically pure, it is possible to con-
tinue the poling too long, and the metal again becomes dry
and unmalleable. By leaving a little of the oxide unreduced,
the harmful effects of the impuritics are neutralised to some
extent. Itis described as ‘ underpoled,” * tough cake,” and
‘“ overpoled,” according to its condition. Pure electrotype
copper cannot be overpoled. Underpoled copper contracts
greatly on solidifying, and a furrow is formed down the
middle of the ingot. The cuprous oxide in the copper
forms an eutectic containing 3'8 per cent. of cuprous oxide.
Hence the settling
down on cooling.
Tough cake copper
casts with a nearly flat
surface, while, if over-
poled, the metal rises
in the mould, and a
ridge is formed, due to
the escape of gas libe-
rated at the moment
of solidification.

If ““ tough ” copper
be exposed to reduc-
ing conditions for a

I'16. 95.—Gassed copper. prolonged period it
becomes brittle. The
condition is known as “ gassed "’ copper. (Fig. 95.)

Very small quantities of sulphur, antimony, and bismuth seriously
impair the malleability, ductility, and tenacity of copper. Tin, nickel,
cobalt, and iron arc also often present in commercial copper.  They
render the metal lighter in colour and somewhat harder, but do not
lower its tenacity.

Copper has greater affinity for sulphur and less affinity
for oxygen, than iron has. Two sulphides are known.
Cuprous sulphide, CuyS, is produced by heating copper
and sulphur together, and is the “ white metal ” of the

copper smelter. Tt also occurs naturally in various copper
ores.
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Cupric sulphide (CuS) is precipitated when a soluble
sulphide is added to a solution containing copper.

The sulphides are #of completely reduced by iron or
carbon. When heated in air, sulphur burns off as sulphur
dioxide, SO,, and a mixture of oxides and sulphate, in pro-
portions varying with the conditions, results.

Sulphate of copper is soluble in water, and is decomposed
when strongly heated. It requires a higher temperature to
decompose it than sulphate of iron.  When sulphide of copper
is heated with oxide or sulphate, the sulphur and oxygen pass
off as SO, and the metal is reduced.

Cu,S +- 2Cuy0 = 50, 4 6Cu
Cu,S + CuSOyq == 280, 4 3Cu

Copper and phosphorus combine readily, forming phos-
phide of copper.

Bronze includes all alloys of copper and tin.

The effect of tin in whitening copper is greater than that
of any other metal. The alloys have a lower melting-point,
and cast more soundly than copper. The toughness, tenacity,
and other properties vary with the composition of the alloy.
(Sce p. 387.) Tin alloys show a great tendency to liquate.

Brass includes all alloys of copper and zinc. The effect
of zinc in whitening is much less than tin, and hence wider
range of colour and composition is possible.

The malleability and tenacity of certain of these alloys is
little inferior to copper, e.g. Dutch metal is beaten into thin
leaves in imitation of gold, and brass, for wire and plate, has
a tenacity of 8 or g tons cast, which, after rolling and wire-
drawing, varies from 2o to 26 tons. (See Alloys, p. 386.)

Ores orF COPPER

(1) Native copper often occurs with copper orcs, some-
times in masses, as in the Lake Superior district, but more
often in arborescent and reticulated forms. In the Calumet,
Hecla, and other mines, about 2 per cent. of native copper,
mainly in small grains, is distributed through the rock.
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This is extracted by dressing processes, and smelted and
refined at one operation.  The copper Barilla of Chili, was
a deposit of grains of copper, oxidised on the surface. Native
copper is usually very pure.

Cuprite, 7ed vxide of copper, cuprous oxide (Cu,0), occurs,
crystallised and massive, in Thuringia, Chessy, ncar Lyons,
Cornwall, Siberia, United States, Cuba, Australia, cte. It
contains 888 per cent. of copper when pure.

Tenorite, black oxide of copper (Cu0), occurs extensively
in Chili and Australia, cte. It is generally very impure.

Malachite is o hydrated carbonate of emerald green
colour, of the composition CuCOy4,CuH,0,. It is often
beautifully variegated, and is used for ornamental purposes.
It occurs in Siberia, Australia, the United States, ete. It
contains 58 per cent. of copper.

Azurite, /ue Malachite, or Chessylite (2CuCO4,CuH,0,),
is of a deep blue colour, and generally occurs with green
malachite. An extensive deposit formerly existed at Chessy
in France. 1t contains about 55 per cent. of copper.

Chrysocolla and Dioptase arc hydrated silicates of copper.
The former is blue and the latter green in celour. They con-
tain about 3o per cent. of copper.

Redruthite, copper glance (Cu,S), occurs native in Corn-
wall and elsewhere. It has a semi-metallic white appearance,
and is readily scratched with a knife. It contains 8o per cent.
of copper.

Erubescite, Bornste, horseflesh ore (3CuyS,Fe,Sy), occurs
extensively in South Africa, Australia, and Norway. It con-
sists of copper and iron sulphides, containing up to 62 per
cent. of copper. Its colour varies from copper red to pinch-
beck brown, with a blue tarnish.

Copper Pyrites, yellow copper ore (CuyS,Fe,Sy), is dis-
tinguished by its golden yellow metallic appearance. It is
softer than iron pyrites, and can be scratched with a knife.
When pure it contains 34°6 per cent. of copper, 30°5 iron,
34’9 sulphur. Usually, however, it is mixed with a large
excess of iron pyrites (FeS,), and docs not contain more than
12 per cent. of copper, and often less. It is the principal
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English ore of copper, and occurs in Cornwall and
Devonshire, also in Siberia, in Sweden at Fahlun, in the
Hartz, and various localities in the United States.

Peacock Copper Ore is a variegated copper pyrites, but is
usually richer in copper.

Grey Copper Ore, rciraiicdrite, Jrakl ore, consists of sul-
phantimonides and sulpharsenides of copper and iron. It
often contains silver, mercury, and sometimes gold. The
amount of copper varies up to 38°6 per cent. It occurs
extensively in the Hartz Mountains, at Kremnitz in Hungary,
at Frieberg in Saxony, Kapnuik in Transylvania, and in Chili.
It is worked for copper and also for silver.

Atacamite is a natural oxychloride, occurring extensively
in Atacama in Chili, in Australia, and clsewhere. It is a
deep green in colour.

Cupreous Iron Pyrites. —DBesides the above, much copper
is extracted from the cinders obtained in the burning of
cupreous iron pyrites for the manufacture of sulphuric acid.

Dressing Copper Ores. —The low specific gravity of the
oxidised ores of copper, and the brittleness of others, especially
the sulphides, render the mechanical dressing of copper ores
by wet methods difficult and involves heavy losses.  In some
cases the recovery of the mineral may fall below 6o per cent.,
of that present, with a corresponding loss of copper.

Magnetic concentration is in most cases quite impossible.

Ilotation mecthods have been successfully applied to
sulphide ores.  Tig. 28 shows a froth flotation plant. (See
p- 39.)

Ores as received for smelting may contain not more than
3 to 4 per cent. of copper.

CorrPER EXTRACTION

The varied character of the ores and, in many cases also,
the low percentage of copper present tend to make the pro-
cesses for the complete recovery of the metal somewhat
complicated. The direct reduction of oxidised ores, which
should be a simple matter, is rendered difficult owing to the
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easc with which cuprous silicate forms and the difficulty of
completely reducing it. Further, the various ores generally
occur in close association, and the process must be capable
of absorbing them as part of the original material of the
furnace charge or permit of their introduction at a suitable
point in the process. The same remark applies to the slags
carrying copper produced at different stages in the smelting
campaign.

These difficulties led to the evolution of the original
Welsh process of copper smelting, now almost superseded.
It established the basis, still universally followed, of convert-
ing all the copper present in the ore in whatever form, oxides
and carbonates and silicates included, into cuprous sulphide,
which, in admixture with iron sulphide present in the melt,
formed a regulus containing all the copper, and slag.

T'he concentration of the copper depends on the fact that,
owing to the great affinity of copper for sulphur, oxide of
copper decomposes sulphide of iron, and the oxide of iron
formed combines with silica and passes into the slag as
silicate.

2FeS -+ 2Cu,0 -} Si0y = 2Cu,S - 2Fe0.Si0,

Lime may be employed to lower the melting-point and also
the specific gravity of the slag. Such a slag has no solvent
action on the sulphide formed, and they therefore separate
in different layers. Small particles of regulus may be carried
off mechanically, and a slag rich in iron oxide may dissolve
a trace of regulus. The degree of fluidity also affects the
amount of regulus carried into the slag. Obviously, since
the main source of loss is mechanical, the loss in copper
will be least with a poor regulus and increase in proportion.
Slags from the production of poor regulus are therefore
usually “ clean,” but those from rich regulus may require
remelting with other charges producing poorer regulus.
From these considerations it will be seen that if a sufficient
amount of sulphur—usually as iron sulphide—be present,
it will be possible under ordinary smelting conditions,
making a siliceous slag, to concentrate the whole of the copper
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until practically pure cuprous sulphide is reached, iron
and other metals being climinated by oxidation and a sub-
scquent fluxing fusion. Oxidised copper-bearing materials
can be introduced into the fusions to supplement the oxide
of copper in the calcined material, hastening the enrichment
of the regulus and recovering the copper contained in them
at the same time.  Finally, advantage is taken of the reaction
between the oxides and sulphide of copper (sce p. 227) to
scparate the metal from the rich regulus, and the copper
obtained is refined and toughened. This is the basis of
all methods of extraction, but the method of application and
appliances used differ. In the Welsh process the operations
are carried out in reverberatory furnaces, the various stages
constituting separate operations, while in the modern blast-
furnacc methods followed by Bessemerising the number of
distinet operations is minimised —oxidation, fluxing, and
reduction may be effected in the same operation.

T'reatment of Sulphides with or without the .1ddition of
* Oxidised Ores of Copper”’

Reaction Process.— Sulphides, with the exception of
copper glance, do not usually contain sufficient copper to
permit of its direct extraction, and undergo a scries of opera-
tions, the object of which is to concentrate the copper in a
rich regulus. The ore is subjected to a series of calcinations
alternating with fusions in a redwucing atmosphere. In the
calcining processes sulphur and arsenic are oxidised and
removed as sulphur dioxide (SO,) and arscnious oxide
(AsyOy) respectively, and the iron and copper arc partly
oxidised.

CuyS 4 30 = Cu,O - S0,
Fe,S3 + 90 = Fe,O3 4 35S0,
F382 + Oz = FeS + SOZ

In the fusions which follow, the reaction of the oxide of copper
on the remaining sulphide of iron produces sulphide of copper
and oxide of iron. At the same time, many impurities are
removed. The iron oxide thus produced, together with that
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formed during roasting, is removed by combining with silica,
to form silicate of iron, which constitutes the slag. There is
always sufficient silica in the charge and furnace bottom to
cffect this.

2Cu, 0 |- 2FeS | 810, = 20Cu,S -F 21e0.510,
Fe,Oy | CO - Si0, —= 210,810, -+ CO,

The sulphide of copper and unaltered iron sulphide fuse and
form a bottom layer in the furnace. This treatment is re-
peated until the iron has been practically removed, and the
regulus is then treated for copper by roasting and fusion, and
afterwards refined.  Oxdised ores and the slags produced in
the fusions, which contain too much copper to throw away,
arc introduced into the fusions, and, by reaction on the
sulphide of iron, the copper they contain passes into and
enriches the regulus.

The carlier stages of this process have been entirely
superseded, but the later stages survive to a limited extent.
T'urnace refining and poling are still carried out in the
sanme way.

(1) Welsh Process.—T'his was conducted in reverbera-
tory furnaces throughout. The ore mixture contains from
9 to 13 per cent. of copper as sulphide, with excess of jron
pyrites and silica, and the process involves at least six
operations—

(e) Calcining the ore ;

(6) Tusion of the calcined material with oxidised ores
and slag ;

(¢) Calcining the regulus obtained in & ;

(d) Fusion of calcined regulus with slags ;

(¢) Roasting and fusion of regulus with scparation of
blister copper ;

(/) Refining and toughcning.

(2) Calcining the Ore.-—This was conducted in a reverbe-
ratory furnace, the bed of which is shown in Fig. 96.
The temperature is low. About half the sulphur is removed
mainly as sulphur dioxide SQ,. Some sulphur trioxide is
also evolved. Arsenic passes off as AsgOg.  This roasting
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on 3-ton charges occupiced about 24 hours. The roasted ore
yas raked into the vault below, to cool.

YT

e

lic, 9o Plan of bed of caldining furnace. A, bed; ¥, fireplace ;
5, doors 5 7, openings into vault.

() Fusion for ‘‘ Coarse > Metal. —Thc roasted orc was
mixed with oxidised ores and slags, the charge being made
up as follows :

Roasted ore, 6o to 66 per cent.,

Oxidised ores, 10 to 14 per cent.

Metal-furnace slag from fourth operation, 22 to 25 per
cent.

This was introduced in charges of about 25 cwts. into
the “orc furnace” (Fig. 97), also a reverberatory fur-
nace, working at a higher temperature. The bed was of
sand, and sloped from all points towards the tapping hole B,
under the door C in front of the furnace. As the charge
fused, the oxides, sulphides, and sulphates rcacted as
described, and the regulus formed separated. The slag—
ore-furnace slag—often contained unfused masses of quartz
and stony matters occurring in the ore, and was raked off
the surface of the regulus through a long low opening, D, at
the flue end of the furnace into sand moulds, E, beneath.



234 Mctallurgy

Before tapping, three charges were gencerally fused, and the
whole of the regulus run out together into sand moulds.

The metal-furnace slag  sharp slag—which formed part
of the furnace charge, contained about 4 per cent. of copper
as silicate, ctc.

It is essential that the furnace charge should contain an
excess of sulphide of iron to ensure the complete decomposition
of the oxide of copper in the roasted material and in the
oxides, carbonates, slags, ctc., added.

The regulus obtained consisted essentially of a mixture of

S

B e SN

iron and copper sulphides, containing 30 to 35 Cu, 3o Fe,
28 S, with small quantities of arsenic, bismuth, lead, anti-
mony, and sometimes, tin, nickel, and cobalt sulphides. It
is known as ‘‘ coarsc metal,” and breaks with a coarsely
granular fracture of a bronze-purple colour. The slag is
known as “ ore-furnace slag,”’ and consists principally of
silicate of iron, and contained less than 1 per cent. of
copper.

(¢) Calcining Coarse Metal.—The pigs of coarse metal
were crushed, unless it has been granulated, and the regulus
roasted in the calciner for 24 hours at a low red heat, losing
about one-half its sulphur, mainly as sulphur dioxide.
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(d) Fusion for ‘‘ Fine” Metal.-—The calcined coarse
metal was mixed with roaster and refinery slags (slags from
the fifth and sixth operations, containing a large proportion
of cuprous oxide as silicate), and also sometimes with pure
oxide and carbonate ores.

The mixture contained—-

Roasted regulus, 65 to 8o per cent.
Slag and oxidised ores, 20 to 35 per cent.

The ““ metal furnace ”’ in which the fusion was cffected is
similar to that employed in the fusion for ‘“ coarse metal.”
The charge consisted of about 30 cwts., and its fusion
occupied from 6 to 8 hours. The same reactions between
the sulphides and oxides in the charge occurred as
before.

The second calcination and fusion have for their object
the production of a rich regulus as free as possible from iron.
The extent to which this has been accomplished depends on
the efficiency of the roasting and the amount of oxidised
cupreous matcrials added. If the oxide of copper is in-
sufficient to decompose the sulphide of iron present, a
regulus, which breaks with a smooth, shining fracture and a
bluish colour, containing from 55 to 66 per cent. of copper,
known as * blue metal)”’ resulted. It is a mixture of cuprous
and iron sulphides.

When the oxide of copper is in the required proportion, a
regulus which breaks with a scmi-metallic, greyish-white,
slightly granular fracture, known as “ white metal,”’ is pro-
duced. It contains from 70 to 78 per cent. of copper, and is
practically “ cuprous sulphide,” Cu,S. * Pimple metal”
contains a larger percentage of copper, and is produced when
the oxide of copper is in excess.

Sometimes the oxide is in excess of requirements, in which
case it reacts on the sulphide during fusion, and metallic
copper is produced with an cvolution of SO,. The regulus
appears to dissolve a certain amount of the reduced copper,
which separates out, as the metal cools, in fine, velvety fila-
ments, lining cavitics in the metal, and is known as ** moss

1 This process is still in use to a limited extent;
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copper.”’  Separated copper is also found in blue metal, but
is absent in pure white metal.

“ Metal-furnace slag’ has a bluish, lustrous, semi-
crystalline fracturc. It is essentially silicate of iron, but
contains about 4 per cent. of copper, which is recovered in
the sccond operation.

(¢) The Roaster Stage.-—The pigs of fine mctal are placed
on the bed of the roaster furnace, which in most respects
resembles the metal furnace, but is, however, provided with
openings at the fire-bridge, for the admission of air into the
furnace chamber, and a basin-shaped depression in front of
the door. The temperature is so managed that the melting
down occupies from 6 to 8 hours.  Extensive oxidation takes
place, sulphur passing off as sulphur dioxide ; thus—

Cu,S + 30 = CuyO + SO,

When melted, the slag which has formed is skimmed off,
and the clear surface presents a boiling appearance, and
emits a frizzling sound, duc to the escape of SO, tormed by
the oxide reacting on the sulphide,

Cu,S 4 2Cu,0 == 6Cu 4 SO,

Metallic copper separates and sinks to the bottom of the
bath.  When the process is judged complete, the slag is again
skimmed oftf and the copper tapped into sand moulds.  The
length of time occupied varies from 12 to 24 hours, being
longest when the fine metal is least pure.

The *“ dlister copper ” is dry and unmallcable, has a dull,
red fracture, and contains cavitics. The surface presents a
blistered appearance, caused by sulphur dioxide liberated
during solidification ; hence the name. It contains about
98 per cent. of copper and less than 1 per cent. of iron.

Roaster slag has a purplish red colour, and contains from
17 to 4o per cent. of copper, as silicatc and metal, according
to circumstances.

Direct Process.—At Briton Ferry, working with ores of
special purity, the ‘‘roaster stage” was conducted in a
totally different fashion from that generally prevalent. A
portion of the fine metal was roasted ““ sweet ”’ in a calciner
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of the revolving type (Fig. 34), and mixed with a sufficient
amount of the unroasted regulus—determined by experi-
ment—to reduce it.  The mixture was then heated to fusion
in a reverberatory furnace. A much greater yicld of copper
was obtained in this way, and its quality is said to be in no
way inferior. The copper was refined in the same furnace.
(f) Refining and Toughening.—The refining furnace
has a sand bottom, which inclines from all parts to a basin-
shaped cavity near the end door. There is also no charging
hopper or tap-hole. Some 6 to 20 tons of pigs of blister
copper are piled up on the bed, and gradually melted, This
occupics from 4 to 6 hours.  The slag is skimmed off, and the
surface’ exposed to the oxidising atmosphere for from 10 to
15 hours longer. Copper being less oxidisable than the
impurities present, viz. arsenic, sulphur, iron, tin, nickel,
cobalt, manganese, bismuth, antimony, and lead, thesc are
removed as oxides; but much copper, owing to its great
cxcess, is also oxidised, forming cuprous oxide. This, with
the other metallic oxides formed, combines with silica from
the sand bottom, ctc., and constitutes the slag. Somec
cuprous oxide is, however, dissolved by the metal, and renders
it “dry” or “underpoled.” The attainment of this state
is determined by the withdrawal of samples from the bath.
To remedy this, the slag is again skimmed off, the surface of
the copper covered with coal or anthracite, and a pole of
green birch or oak wood is plunged into the metal and held
down. The hot metal causes a copious evolution of stcam
and reducing gases, which thoroughly agitate the metal,
bringing every portion of it into contact with the carbonaceous
matter covering it, whereby the cuprous oxide in the metal
is reduced. Samples arc takéen from the bath from time to
time, examined, and tested for toughness and malleability.
When the metal has lost its dark-red, granular fracture, and
breaks with a flesh-coloured silky lustre, bending double
when placed in a vice, the * tough pitch *” has been attained :
the pole is withdrawn, the TCovermg pushed aside, and the
metal ladled out by hand, in clay-covered ladles, and cast
into ingots weighing about 20 lbs. The ingot moulds
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are of cast iron or copper, and so arranged that, as soon as
solid, the ingots can be thrown into water. During ladling
the metal is apt to become oxidised and dry again. When
this is observed, the pole is reintroduced for a short time, and
the metal brought back to toughness. The time occupied
is about 30 hours, from introduction of pigs to end of ladling
out.

Refinery slag is of a coppery-red colour. It consists
mainly of silicate of copper, not infrequently with shots of
metal freely dispersed through it.

“ Basic” linings have been introduced in the roaster and refining
furnaces. The loss of copper in the slag is much less, owing to the
absence of silica, which by combining with the oxide formed in roasting
retards its reaction on the sulphide. The yicld of blister copper is said
to be 25 per cent. more than with sand bottoms. Arsenic is removed to
a greater extent, but bismuth and antimony in no greater degree than on

a siliccous bottom. In refining arsenical metal, soda ash is added as
well as lime.

Modifications of the Welsh Process.—In some casces,
owing to poorness of the ores, or the lack of oxides and slags,
or sometimes difference in practice, the number of operations
is increased, the roaster stage for the production of blister
copper being preceded by more calcinations and fusions, to
produce a satisfactory regulus.

A small quantity of lead is often added to copper intended for rolling,
just before ladling; after which the scum of oxides which forms is
skimmed off. The amount added varies from 0’1 to 0’5 per cent. Its
object is twofold. By its oxidation it promotes the oxidation and removal
of foreign metals present, notably antimony, and also retards the metal
from “ going back ”’ by oxidation, and again becoming dry and under-
poled. The ingots are sounder and flatter. Copper containing not moie
than o'1 per cent. of lead rolls well, and has a less tendency to collar the
rolls. Itis a little more difficult to detach the scale. No addition of lead

is made in making best selected copper, or copper intended for making
best brass, gun metal, or German silver.

‘¢ Best selected > copper was formerly made from the
purer portions of the fine metal resulting from the smelting
of purer ores. It is found that the impurities become con-
centrated by gravity in the lowest part of the bath, and con-
sequently those pigs which flow from the furnace first are
most impure. The selection of the later ones for making
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the best copper led to the introduction of the term. Best
selected copper should contain only traces of arsenic, anti-
mony, and bismuth.

Another process of sclection followed was known as the
“ bottoms "’ process. In this process the  fine metal ”
obtained in the fourth stage, prior to tapping, was cleared
of slag and roasted. The oxide of copper formed reacts on
the sulphide, and copper is reduced. This attacks the
foreign sulphides, reduces them, and alloys with the liberated
metal, thus concentrating them in the metallic state, and
carrying them to the bottom of the bath. This leaves the
‘“fine ” metal purified. The * bottoms’ copper contains
nearly all the gold and silver, and much of the tin, lead, and
antimony in the charge.

Borroms Corprir
Percentage of elements
removed from bhister,

Antimony . . . . . . . . . . 8o8
Tin . . . . . . . . . . . . 934
Bismuth . . . . . . . . . . . 470
Arsenic . . . . . . . . . . . 0602
Gold e .. . . LAl

Silver . . . . . . . . . . . . 429

Instead of employing reverberatory furnaces exclusively,
blast furnaces of the ¢ water-jacketed ”’ type are now com-
monly used for the fusion of ore and regulus.

Reduction Processes.—Oxides, carbonates, and other
oxidised copper ores, if in sufficient quantity, may be smelted
in blast furnaces —preferably water-jacketed—with coke and
a suitable flux, e.g. oxide of iron, to slag off silica. By adding
a little iron pyrites to the charge, a small amount of copper
regulus is formed, as well as metallic copper, and the slags
are cleanced.

Sulphide of copper is not completely reduced by iron or
carbon. It is necessary, therefore, to convert ‘‘mattes ”’
into oxide, before reduction, by calcining. They may then
be treated as above. This is also done with the ¢ fine
regulus ’ obtained at Mapsfetdt—in Germany, where the
regulus is desilverised by the Ziervogel process (p. 313).
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The finely divided residue of oxide of copper and iron is

balled with a little clay and smelted for ““ black ” coppet,
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which is afterwards refined by an air blast on a small hemi-
spherical hearth, under charcoal.
Copper Smelting in Blast Furnaces.—In modern methods

of copper smeclting the
ores are calcined in
heaps, stalls, or me-
chanical furnaces (see
p- 55) till the excess
of sulphur has been
removed, since the
amount of sulphur re-
maining will determine
the amount and com-
position of the matte.
Any sulphur in excess
of that required by the
copper will combine
with iron and thus
lower the richness of
the regulus formed.
The ore mixture—
slags, oxidised ores,
and other copper-bear-
ing materials may be
included—is smelted in
a waterjacketed ~ far-
gym the production
a regulus varying
from 28 to 50 per cent.
copper. A rectangular
water-jacketed furnace
is shown in Fig. 99.
The furnace shown is
high. Such furnaces
are limited in height

2

&

Fraser and Chalmers, Lid,, Erith.]

I16. 99.-—Rectangular water-jacketed
‘Furnace.

owing to the charge often containing much fine material,
and to the nccessity of avoiding reduction of the iron oxide
flux, to metal or magnetic oxide.

R
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The charge consists of a mixture of calcined and raw
ores, and materials so apportioned as to require the least
addition of the necessary fluxing materials. Oxide of iron
and limestone constitute the fluxes, but if silica be deficient
it must be added.

The slag is a double silicate of lime and ferrous oxide,
containing—

Silica . . . . . . . 32-45 per cent,
Oxide of iron . . . . . 24-35 ,,
Lime . . . . . . . 2533 ,

It is allowed to flow continuously from the slag notch into

Fraser and Chalmers, Lid., Erith.]
¥1G. 100.—Movable recciver or forchearth.

a receiver or catch-pot, from which it overflows into slag
pots which are replaced when full.

The slag flowing from the furnace just below the fusion
zone carrics finc globules of regulus with it. These settle in
the catch-pot which is replaced from time to time and the
slag- solidifies. (Sce p. 271, Fig. 105.) When the block of
slag in the pot is turned out a large conical lump of regulus
is found. This is broken off.

The regulus may be removed from the furnace at intervals.
In many cases the fused regulus and slag flow from a
common opening into a receiver, in which they separate, the
slag flowing over a slag notch, and the regulus being tapped
as necessary. Fig. 100 shows such a movable.receiver.
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The treatment of fine ores in blast furnaces has always
been difficult. With modern methods of concentration,
e.g. flotation, these difficulties are increased.

Briquetting has been followed, but there is always a
liability for the briquettes to fall to picces and crumble in
the upper part of the furnace and choke the draught. Mecthods
for agglomerating finc ore by sintering processes more or
less resembling those described for lead (p. 272) are now being
rapidly extended. The fine material is “ pot” roasted
cither in the raw state or more gencrally after partial
roasting. By this treatment it is convegted, more or less
completely, into a hard clinker suitable for blast-furnace
treatment.

The rapid development of high dressing processes
producing so large a proportion of very fine material has
led to a reversion to reverberatory furnace methods for
matting.

Matte Smelting in Reverberatory Furnaces.—I'inc ores
are unsuitable for blast-furnace trecatment. They prevent
the proper distribution of the gases and heat, thus
causing the charge to “ hang ” in the furnace. Much loss
also arises from the fine material being blown out of the
furnace.

Large reverberatory furnaces are preferable for the treat-
ment of such ores, where large amounts of similar material,
adcquate fuel supplies, and favourable labour conditions
cxist. Figs. 101, 102 show a large oil-fired modern reverbe-
ratory furnace for matting fine ores.

In coal-fired furnaces the ratio of grate arca to bed is as
1:16. Long-flaming bituminous coal is used. Coal-dust
fuel (approximately 10o-mesh fine) and producer gas are in
use for heating copper-smelting reverberatories.

The main working difficulties in matting in reverberatory
furnaces are the maintenance of the banks of the furnace
bath and control of the composition of the slag.

In smelting calcined pyrites and other ores, the oxide of
iron which has to be fluxed causes the sand banking to be
rapidly attacked and to require frequent repair. In earlier
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furnaces of the same type opcnings were provided in the
roof of the furnace along the sides through which sand to
replace that fluxed could be let down.  The control of the slag
is difficult because at the working temperature equilibrium
will be established between the basic and acidic components,
in the presence of excess of silica the slag will saturate itself
with that body, and increasing the basic contents of the
charge only leads to an increase in the total slag, the com-
position of the slag remaining practically constant.

Both these evils are remedied by the introduction of
banks of chromite in the furnace illustrated.  The bottom
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Fic 102,—Large oil-fired reverberatory furnace.

is of sand, but as it is always covered with matte—the sul-
phides do not attack the sand—it does not suffer. The
furnace is 106 feet long and 19 feet wide. The oil burners
are situated at the end usually occupied by a fireplace. The
flue opens out of the roof over the skimming door as usual.
It is usual to provide a stack of considerable height, but it
should be remembered that in this, as in all cases where forced
draught is employed, only sufficient “ pull” should be
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maintained as will prevent the flame and hot gases escaping
round the working doors and other apertures. It is essential
that the hot gases shall be retained as long as possible in
order that the heat may be utilised in the furnace and not
wasted in the flues. Much waste occurs when this is not
observed.

Longitudinal and transverse sections arec shown, the
latter through the tapping hole. The slag flows away at the
skimming door end of the furnace. In recently erected
furnaces the charging hoppers are confined to the firing end,
the charge being let down through holes in the roof. This
secures a long run for the slag before it passes from the
furnace and gives opportunity for perfect separation of slag
and matte to take place.

Further improvements have been introduced. The
charge is admitted by openings in the roof at the sides, and
itself protects the banks of the furnace, further supplies
falling down as the melting procecds.

The furnace has a capacity of 400 tons per day.

The original oil furnaces of this type were erected at
Cananca, but their use has extended owing to the case
attending the use of oil fuel.

For this furnace the charge is mixed to produce slag
of a composition that, while being fluid and clean, is the
smallest possible quantity that can be secured with free
working. Limestone is used as a source of lime, but
generally the neccessary oxide of iron and silica are present
in the ore, or may be introduced by mixing suitable ores,
some of which while carrying little copper, are stripped
in the process. The fluxes are sometimes added prior to
calcination.

The composition of the slag varies from 30-45 per cent.
silica, 25-30 per cent, iron, 5-10 per cent. lime, o'3-0°4 per
cent. copper.

Matting Pyritic Ores.—As already pointed out (p. 74),
sulphur is a valuable source of heat. Compared on the basis
of the amount of heat given out when combining with equal
amounts of oxygen, in which case the same volume of nitrogen
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will have to be considered, the comparison with carbon is
as follows :

C+0 =CO

+ 29,676
C “i" ()2—‘- COg

+ 96,960
S = 02 - SOZ

+ 72,350

For sixteen parts of oxygen the figures become 29,676,
48,480, 306,175 respectively.  Since the volumes of gas pro-
duced by carbon burning to carbon dioxide, CO,, and sulphur
to sulphur dioxide, SO,, are the same, and both arc volatile
products, the figures represent approximately their relative
heating values when air is conducted to an cxcess of the
material.  Obviously, if the sulphur be burnt under proper
conditions ores rich in sulphur should produce sufficient
hcat to melt the products—matte and slag.

The nature of the ore and its fusibility offer points of
difficulty in continuous working. It is nccessary that the
ore should contain sufficient sulphur to supply heat and
sufficient free silica to flux the oxide of iron produced.

Ores containing a minimum of 18 per cent. sulphur
corresponding to 28-30 per cent. pyrites, may be treated in
this way.

Briefly the method is as follows : The furnace is started
with a wood fire, the clongated form of the timber facilitating
the flow of gases, and the ore is charged in, a large blast
being maintained. The sulphur hurns and calcination and
fusion take place in the same furnace, the degree of concentra-
tion depending largely on the rate of fusion. If the fusion
takes place too rcadily the iron may not have been oxidised
and removed, and a low-grade matte will result. Where
this is likely to occur partial calcination or admixture with
other ores is effected prior to smelting. In order to keep
the furnace working it may be nccessary to use a little timber
or other fuel from time to time. The amount of coke so used
varies from 2—4 per cent.
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The products of the furnace are matte and slag. The
matte contains from 2o to 28 per cent. of copper, and the
slag is mainly ferrous silicate.

At Mount Lyell the ore treated contains 2°15 to 2°25 per
cent. of copper.  During the process 95 to 96 per cent. of
the iron is oxidised and a matte containing 35 to 45 per cent.
of copper obtained. A blast of 4 Ibs. pressure is maintained
on the furnace, in which the height of the ore column is
18 feet.  Unheated air and a large volume at high pressure
have been found to yiceld the best results.

The slag contains 36 to 38 per cent. silica, 45 per cent.
ferrous oxide, some lime, and about 7 per cent. alumina.
As noted under Lead, the amount of alumina in such slags
should not exceed 10 per cent. It contains from o°35 to
0°45 per cent. copper.

At Mount Lyell the concentration is approximately
20 1, a very high ratio.  With a lower concentration cleaner
slag can be produced.

Treatment of Matte. In large works the recovery of
copper from matte is cffected now almost entirely by Besse-
merising, but a minimum daily output of about 3o tons of
copper is necessary for efficiency.  The principles underlying
the treatment of copper matte arc: When air is blown
through molten matte the iron and sulphur are first removed.
A serics of chemical changes are taking place side by side.
The sulphides are oxidised, sulphur passing off as sulphur
dioxide, and any oxide of copper produced immediately
reacts with iron sulphide, producing more oxide of iron and
reconverting the copper into sulphide. This continues until
all the iron sulphide has been oxidised. The iron oxide is
fluxed by silica, forming iron silicate, and practically pure
copper (cuprous) sulphide remains.

If the blowing be continued the oxidation of the sulphur
proceeds, and the reaction between oxide and sulphide
liberates the copper. If prolonged the copper itself oxidises.

The whole of the changes necessary to produce rich
matte and blister copper are therefore concentrated in one
operation,
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It will be seen that much iron oxide will be produced in
the earlier stages of the blow, and that to remove it silica
flux will be required. In the carlier days of copper besse-
merising the lining of the converters was siliceous and made
specially thick to supply the silica necessary. This cntailed
rapid corrosion and frequent repair of the lining. Basic
linings arc now substituted and silica is added for fluxing
purposes during the operation.

Fraser and Chalmers, Lid., Erith,]
F1G. 103.—Two clectrically tilted copper converters.

Both upright and barrel-shaped converters are used.
Formerly small converters were used, but the development
of basic linings has necessitated a large ‘increase in size in
order that the body of metal in the converter shall contain
sufficient heat to avoid chilling when silica is added for
fluxing purposes. The Bisbee type of Bessemer converter
consists of a cylindrical or barrel-shaped vessel capable
of revolution on riding rings, resting on rollers, by means
of rack and pinion gearing. Such converters vary in
length from 10 to 20 feet, and 7 to 11 feet in diameter.
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The vessel can be lifted clear of the stand and another put
in place when repairs are necessary. Upright converters
arc also used. (Fig. 103.)

The blast is conveyed to the wind box at the back of the
converter through the hollow trunnion, and the vessel can be
revolved so as to bring the tuycres to any desired level below
the surface of the matte. This provides for adjustment
to suit the varying level of matte arising from the dimi-
nution in amount as the operation proceeds or the enlarged
capacity of the vessel which results in acid-lined vessels from
the fluxing of the silica lining. When silica materials are
used it is the practice to make the lining as thick as possible
in order to prolong the life of the vessel. The tuyeres are
half-inch holes through the lining. When blowing it is
necessary to keep them open by punching with an iron rod.
When blowing the tuycres are adjusted so as to be some
distance below the level of the matte but to leave ample
room below the tuyere level for the enriched matte or sepa-
rated copper, as the case may be, to accumulate below the
action of the blast, until the end of the operation approaches.

The lining of crushed quartz with sufficient clay to bind
it—or similar material—is introduced round a core. The
body lining has an initial thickness of 2 feet or over, but this
tapers to about 6 inches at the neck, which is lined separately
and attached afterwards. The whole lining is dried and
heated. This takes about 24 hours. Molten slag is some-
times used for drying. It saves fucl and time. In many
cases where a siliceous lining is used the vessel is first lined
with magnesia bricks as a permanent backing.

An acid-lined converter, 8 feet diameter and 11 feet long,
will weigh when lined about 24 to 23 tons, including some
14 to 15 tons of lining material, and will last about three or
four blows on s5o-per-cent. matte, producing about 15 tons
of blister copper before repairs or relining is necessary.

Blowing the Charge.—The converter is rolled on its side
with the tuyercs up and the matte run in from a ladle. Blast,
at pressures varying from 8 to 16 lbs. per square inch, is turned
on, and the vessel turned into a position which brings the
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tuyeres to deliver the air well below the surface of the matte.
Rich matte, containing 5o per cent. copper, can be blown
to blister copper at one operation. Poor matte must be
raised to this percentage by a preliminary treatment. Two
methods may be followed. Low-grade matte containing
more than 2o per cent. copper may be concentrated to 50 per
cent., and the rich regulus run from the converter into
moulds, and, after remelting at a high temperature in a
cupola, returned to the same converter or to another reserved
for treating rich matte and producing blister copper. The
only rcal objects gained are the possibility of judging the
end of the operation more certainly due to the maintenance
of conditions over a longer period, due to the capacity of
the converter being less variable as the result of removal of
the silica lining by oxide of iron, and the assurance of suffi-
cient heat to complete the operation without freezing.

The method more commonly followed is to follow up a
charge of poor matte by further additions till the converter
contains a charge of rich matte, run off the slag, and proceed
to blow to blister copper without removal from the converter.
With facilities for adjusting the height of the tuyeres, this, it
will be seen, is possible.

The Blow.—There are no definite indications of the end
of the blow such as the drop of the flame in the steel processes,
and much judgment is necessary to complete the removal
of the sulphur without overblowing the copper.

In blowing low-grade to high-grade matte, the earlier
stages of the blow are marked by the evolution of dense white
fumes, consisting of the oxides of volatile metals, and sulphur
dioxide, probably with some sulphur trioxide. As the opera-
tion progresses, the flame becomes greenish, and this is
sometimes succeeded by a blue and rosy colour, and much
practice and skill are required to cnable the workman to
decide when the operation has reached the desired stage.
Some indication is obtained from the material clinging to
the rod used in punching out the tuyeres in both the first and
second stages of the blow.

In the later stages—blowing rich matte to produce blister
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copper—the changes in flame appearance are somewhat
similar. Further indication of the approach of the end—
total removal of sulphur—is afforded by the behaviour of
the particles of material projected from the mouth of the
converter, and which impinge on an iron plate. As long as
they show a tendency to stick and to glow the sulphur has not
gone. When they rebound without glowing the end has
been reached.  (Prills of copper adhere to the converter hood.)

Basic-Lined Converters. —Owing to the interference
with regular working and the cost of repairs duc to the
wear of a silica lining, many attempts were made to, use a
basic or necutral lining and supply the necessary silica by
direct addition in the converter during the blow. Graphite
and other linings were used and silica was conveyed in fine
powder by the blast or was added at the mouth of the
converter.

These attempts were not satisfactory. Many reasons
contributed to the failure, but the most important was that
in operating on small quantities of material in the small
converters then in use there was not a sufficient body of
material to retain enough heat to provide any for use in any
way without cooling the charge. With a larger body of
metal the heat absorbed does not produce any sensible drop
in temperature, and solid silica may be added in picces
approximating to the size of walnuts for fluxing purposes.

The introduction of a basic lining removes much of the
relining difficulty, since wear by fluxing does not take place.
Chromite and magnesia bricks are used as linings, with or
without slurry—the material in admixture with tar (sce
p. 66). The tuyeres arc made with iron pipes which burn
back two or three inches into the lining when in use.

The behaviour of matte in a basic converter is very
different from its behaviour in an acid-lined vessel. When
poor matte is blown without the addition of silica—7.e. in the
absence of a flux—the iron is largely converted into magnetic
oxide of iron, which is infusible at the temperature and forms
a coating on the lining which grows in thickness.

It is usual in putting a new converter to work to form a
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3-inch coating of oxide to protect the lining. When the
converter cools down the differences in expansion cause this
coating to flake off more or less, and for this rcason a gas
supply is maintained, if possible, to keep the converter hot
when temporarily out of action. By this mecans the lining
is rendered morc or less permanent.  Using much silica in
a poor matte blow will reduce the thickness of the coating.

3Fey0, - FeS |- 5810,y =- SO, |- 5(2Fc0.510y)

To prevent undue accumulation of magnetite with a corre-
spondjng reduction in the capacity of the converter, it is
usual to produce or introduce alumina in one form or other
with the matte to form a skin over the magnetite. This
prevents the adhesion of other magnetite, which may form or
be introduced in a matte containing it. In large works the
basic-lined converters have superseded acid-lined vessels.

If the blowing be incomplete sulphur will remain in the
product. Occasionally as much as 2 per cent. may remain.
‘The metal after skimming off the slag appears black and
shining. Overblown metal will appear scoriaccous and
burnt. ‘The metal is poured from the converter into iron
moulds on bogics. Sometimes the metal contains a large
amount of gas in solution. In this case it cools down
to or below its solidifying point, and on solidification the
gas is suddenly released and throws the copper out of the
mould with explosive force—gas finish.

All slags are returned to the furnace for recovery of the
copper carried.

In some cases the matte is Bessemerised in the rever-
beratory furnace, by blowing air through the bath of melted
sulphides, movable tuyeres being employed for that purpose.
By this means the sulphur is burnt out and iron oxidised
and removed, all the reactions of calcination and fusion
taking place in the fluid bath.

Electrolytic Refining.—In consequence of the great
demand for pure copper for electrical work, a very large pro-
portion of the blister copper produced by Bessemer and other
furnace methods is now refined by electrolytic methods.
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The crude copper is cast into thick plates which are
suspended in a bath consisting of a solution of copper sulphate
containing free sulphuric acid. They are connected by suit-
able means with the positive pole of a dynamo, constituting
the anode or dissolving pole.  Opposite to these, at a suitable
distance, thin plates of pure copper connected with the
negative pole are suspended from the cathode or depositing
pole. The current thus passes from the crude copper through
the solution to the plates of pure copper.  Copper is deposited
at the cathode and the acid liberated attacks and dissolves
the copper, which in turn is deposited. The crude copper
is gradually dissolved and deposited on the pure copper
plates. By proper management of the current the impurities
in the blister copper are cither left undissolved, forming a
mud which sinks to the bottom of the bath, or, if dissolved, are
not deposited with the copper but accumulate in the electro-
Iyte. Gold and silver are not attacked, and remain in the
mud, which also contains most of the lead, and other im-
purities. Iron passes into solution. To ensure the purity
of the copper only a very low voltage can be cmployed.
Two mcthods of carrying out the process are followed. In
the “ multiple ” system the anodes are suspended in the
clectrolyte altcrnating with thin copper cathodes as stated
above, the distance apart being 2 inches. All the anodes
and all the cathodes in each tank arc connected to the 4- and
— conductors respectively. Each tank contains from twelve
to thirty pairs of plates, and to reduce voltage a number
of tanks are connected in series. A refinery may contain
a hundred or more tanks, divided into groups. The tanks in
each group are connected in series, the groups being con-
nected in parallel. For uniform deposition it is necessary
to keep the liquid circulating, and each tank in a group is
placed at a slightly lower level than the one preceding it to
enable liquid overflowing from one tank to pass to the next.
All the end tanks of the groups drain into a common re-
ceptacle, and from this the liquor is elevated and delivered
continuously to the top tank of each group. The division
of tanks is necessary to keep down the voltage, and thus
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secure a uniform deposit as free from warty excrescences
as possible.

The thin plates of copper for the anodes are made by
depositing a thin layer of copper on rolled copper, the surface
of which has been dressed with oil and graphite to prevent
adhesion, and facilitate stripping. These are wired on to
the conductors of the baths.

The clectrolyte used in the refining tanks contains about
15 per cent. of free sulphuric acid and 5 per cent. copper
sulphate. Formerly the temperature employed was go° F.,
but temperatures up to 130° F. are now used.

In order to secure uniformity the current density must be
carefully regulated to suit working conditions. At the
lower temperature 15 to 2o amperes per square foot are a
maximum, but with the higher temperature from 30 to 35
amps. may be employed, the potential drop per tank being
0’5 to 0°6 volt.

In the “ series 77 method of working the crude copper is
made to serve both as anode and cathode. The plates of
blister copper are hung in the bath at equal distances apart,
and are not connected together. It is, in fact, essential that
they should be insulated except through the electrolyte.  This
prevents the use of lead-lined tanks. Only the end plates
in the bath arc connected to the poles of the dynamo.  Under
these conditions one side of the copper plate is positive and
the other negative to those beforc and after it in the series.
Thus one side dissolves and the other receives a deposit of
copper. To prevent adherence the side receiving the de-
posit is coated with graphite. In this method the number of
tanks and clectrical connections is reduced to a minimum.

Irregular solution prevents the whole of the copper being
dissolved and redeposited, and a large amount of scrap is
often produced. In the multiple system the portions of the
plates not immersed always form scrap—waste ends. With
the series system the whole plate, except the end plates,
may be immersed, and this reduces the loss from waste
ends.

Cathode Copper.—The deposited copper is only used as
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deposited in special cases. Copper is thus deposited on
iron mandrils for rollers for calico printing.
All the cathode copper used for general purposes is melted
in a furnace, and as a result of the oxidation requires poling.
The undissolved residues contain the silver and gold which
are not attacked by the sulphuric acid.

ANALYSIS OF COPPER SLIMES

Copper . . . 406°84 per cent. 32 11 per cent.
Gold . . . . 145 ’ 0’509 »
Silver . . . . 1572 s 7'80 .
Arsenic ... 307 .
Antimony .. jtraces { 5°04 ’
Nickel . trace
Selenium . . . 6 cih
Tellurium .o 005 ” o1z ”
Bismuth . . . o771 " 0’07 .
Sulphur . . . 221 " 594 »
Insoluble . . . 0908 " 118 .
Copper sulphate . — ” 11°33 “
Lead sulphate . —_ " 23 32 '
Caleium sulphate - . 0'53 ’
Iron . . . . — " 098 »
Manganese . . - " o2t '
Zinc o - - . 014 "
Not determined . 22'74 » 7°51 -

The undetermined matter consisted of graphite, grease, and other
admixed impurities.

The copper is removed {rom the slimes by treatment with
sulphuric acid

Cu + H,S50; - O -= CuSO, 4- H,0O
in a lead-lined vat heated by steam coil, hot air being blown
through for twelve hours.  The copper, bismuth, iron, and the
bulk of the arsenic arc dissolved. After settling the liquor
is withdrawn, and if all the copper has not dissolved, the slime
is treated with silver sulphate, from the subsequent parting
operations, to remove the remainder, silver being deposited
in its place.
Cu 4 Ag,SO, = CuSO, +2Ag

Any excess is decomposed by a small addition of raw slimes
or copper precipitate. After boiling well with water—in the
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same vat—the slimes arec well washed by decantation
several times and filtered. They are then dried and smelted
with soda ash, sand, and other fluxes in a small furnace.
The dore bullion is afterwards parted.

WET PROCESSES OoF CoPPER EXTRACTION

In wet methods of extracting copper the metal must first
be converted into a soluble form, as sulphate or chloride, and
the copper deposited from solution by scrap iron.

Sulphate Roasting.—The conversion of the copper in
pyritical ores into sulphate may be effected by careful calcin-
ing in a reverberatory furnace at a low heat. The sulphide of
copper is converted into sulphate, partly by direct oxidation,
thus—

CupS + 50 = CuS0O, 4 CuO

Cuprous Oxygen Copper Cupric oxide
sulphide sulphate
or 2Cu,S + 70 = CuSO,; -+ Cu,0O + SO,
Cuprous Oxygen Copper sulphate Cuprous Sulphur
sulphide oxide dioxide

and partly by the SOj liberated from ferrous sulphate formed
by the calcination of the iron sulphide present, or produced by
the combination of oxygen with the SO, generated, brought
about by the * contact action ” of the ferric oxide and silica,
and brickwork of the furnace—

FeS, + 60 = FeSO, -+ SO,
Iron pyrites Oxygen Ferrous Sulphur
sulphate dioxide
2FCSO4 "}‘ O = F0203 ’+‘ 2503
Ferrous sulphate Oxygen Lerric oxide Sulphur trioxide
SOz "{‘ O = SO3
Sulphur Oxygen Sulphur
dioxide trioxide
CuO + SO; = CuSO,
Copper Sulphur Copper
oxide trioxide sulphate

Copper sulphate requires a higher temperature to decom-
pose it than ferrous sulphate, but is decomposed more readily
than silver sulphate.

s



258 Metallurgy

There is great difficulty in getting the whole of the copper
sulphated. A greater amount is rendered soluble in the
presence of much sulphide of iron.

Bankart’s and Escalle’s processes, both now abandoned,
were based on this principle. In the former the copper
was precipitated by iron, and in the latter as sulphide by
calcium sulphide. This sulphide was subsequently reduced
in a special form of furnace, and refined.

Much copper is extracted by calcining *low grade ”
pyritical ores in open heaps, washing out thc sulphate
formed in tanks, and precipitating the copper by iron.

Certain sulphide ores oxidise spontaneously on exposure
to moist air. From this cause the water from copper mines,
and drainage from cupreous waste heaps, often contain copper
sulphate in solution. Extensive works were executed for
precipitating mine waters in the Carnon Valley in Cornwall,
at Pary’s Mountain in Anglesea, and elsewhere. Both these
methods are followed at the Rio Tinto mines.

Chloridising Processes.—The conversion of copper into
chloride is effected by roasting sulphide ores with salt (sodium
chloride), or by treating with some chlorinating agent, such as
ferric chloride or manganese dioxide and salt, which, in the
presence of sulphuric acid or sulphates, gencrate chlorine and
hydrochloric acid.

Chloridising Roasting.—In roasting with salt, the sul-
phates produced react on the salt and form sulphate of soda.

CuSO, + 2NaCl = CuCl, + Na,SO,

Chlorine and hydrochloric acid are also generated in the
furnace (see p. 311). The chlorine in the salt is ultimately
transferred to the copper, which is converted into cupric and
cuprous chlorides, the former soluble in water, and the latter
in hydrochloric acid and chlorides.

Longmaid and Henderson’s Processes.—This process is
adopted for the treatment of the cinders from the burning of
iron pyrites used in the manufacture of sulphuric acid.
Portuguese, Spanish, and Norwegian pyrites, so largely
imported for this purpose, contain from 1 to 2'5 per cent. of
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copper, which, after burning off the sulphur, reaches from
2 to 5 per cent. The “ purple ore,” as it is called, is ground
down and mixed with a little small green ore (unburnt
pyrites) and 10 to 18 per cent. rock salt in a mechanical
mixer. This is roasted at a very low temperature, between
400° and 500° C. (copper chloride being volatile at a high
temperature), for about 8 hours in a reverberatory or close
muffle furnace (see p. 54). The roasted ore after withdrawal
is lixiviated in wooden tanks, first with water and then with
hydrochloric acid, obtained by passing the furnace gases up
through condensing towers where the hydrochloric acid
generated in roasting is dissolved out. The copper solution
is run into scttling tanks at a lower level, and then into
precipitating tanks, where the copper is thrown down by
iron. Generally, however, the ores treated contain gold and
silver, and these are also extracted (sce Claudet’s Process
for Silver). The ‘ copper precipitate ”’ is collected, fused,
and refined.

In chlorination in heaps, the ore, part of which is calcined,
is stacked in huge heaps mixed with salt, manganesc dioxide,
and residues from previous heaps. Open channels are left
for the admission of air and moisture. Deccomposition sets
in with the production of ferric and manganese chlorides,
which chlorinate the copper. The heaps arc periodically
drenched with water ; or the heaps may be drenched with
water containing ferrous chloride, etc., produced in the pre-
cipitation of the copper, to hasten the process. A series of
chemical reactions—somewhat involved—result in the con-
version of the copper into chloride. The copper solution is
precipitated by scrap iron.

The copper in ores containing the metal as oxide or
carbonate may be dissolved in dilute sulphuric or hydro-
chloric acid and precipitated by scrap iron.

In all processes where iron is used to precipitate the
copper the acid is lost as the ferrous sulphate formed has no
value as a means of dissolving copper oxide.

Cuprous oxide and sulphide are not directly attacked,
and the extraction is low. Calcination may effect oxidation
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and cnsure better extraction, but increases the cost of
production.
If the copper be recovered from the solutions electro-
lytically the acid is regencrated and may be reused.
CuSO, = Cu + SO,
SO4 + Hzo == HzSO4 —{“ O

If ferrous sulphate be present this is converted into the
ferric salt.
CuSOy + 2I'eS0, = I'ey(50,)3 - Cu

Ferric sulphate is a solvent for cuprous sulphide and has
been used for this purpose. The reaction is

CuyS + 2Ie(S50y); = 2CuSO, + 4FeSO, + S
In this way the solvent liquid may be regenerated. Copper
cathodes are employed to receive the copper, but the anodes
are of ferro silicon, fused magnetite, or carbon. Lecad
anodes, which are sometimes employed, are converted into
lead peroxide and continue to serve when completely oxidised,
but are liable to disintegrate. Lead anodes cannot be used
with chloride solutions.

Ferric chloride is also used as a solvent. It attacks both
oxides and sulphides. Thus

Cu,S -+ 2Fe,Clg = 2CuCly + 4FceCl, + S
3CUO + Fezcle == F0203 + 3(:uC12

Electrolytic precipitation of the copper regenerates the
ferric chIoridc solution.

If precipitated by iron, ferrous chloride is formed.

The ferrous chloride may be used for drenching ore heaps,
and in the presence of oxygen (air) reacts with copper com-
pounds probably as the result of the previous formation of
ferric chloride.

6FCC12 + 30 == FeZO3 + 2Fez(316

The copper which is rendered soluble is washed out and
precipitated.

It must be borne in mind that the amount of copper
recovered by wet (hydro-metallurgical) methods is relatively
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small. The most extensive works are in Chili, where plant
capable of producing when in full operation 167 short tons
(2,000 lbs.) per day, is in course of erection. Some units are
already at work.

VARIETIES OF CoMMERCIAL COPPER

Tough Cake, or Tough Pitch Copper, is ordinary copper
at its point of greatest malleability and toughness.

Bean Shot Copper and Feather Shot, for brass making,
are made by pouring molten copper into 4of or cold water.
For this purpose the copper is ““ overpoled.”

Rosette Copper is obtained in thin films of a fine red
colour by throwing water on the surface of the metal when
molten, and lifting off the solidified crusts.

Chili Bar is imported in bars weighing about 2 cwts. It
is somewhat less pure than blister copper, and requires
refining.

Copper Precipitate is the finely divided copper obtained
by precipitating copper from solutions by iron. Its purity
is very variable. The foreign matter is principally oxide of
iron.

CHAPTER XIII
LEAD

Physical Properties.—Thc metal possesses a bluish-grey
colour, and considerable lustre on fresh surfaces, which,
however, are soon dimmed on exposure. It is soft enough
to be impressed by the nail and to mark paper. Impurities,
such as antimony, render it harder. It is malleable, ductile,
and tough, but is very deficient in tenacity. Cast lead has
only a tenacity of from o4 to 0’8 ton per square inch. After
wire-drawing this is increased to 1 to 1°75 tons. Its melting-
point is about 336° C., and it volatilises at very high tem-
peratures. It contracts on solidifying, and is consequently
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unsuitable for castings. The specific gravity is 11°36, and
is not increased by hammering. When alloyed with other
base metals, the specific gravity is diminished. It welds
readily if the surfaces are fresh and clean, and even lead
powder may be moulded by pressure into solid lumps.
Alloys with tin may also be thus produced, and a compound
sheet of the two metals may be formed by placing them in
contact and passing through the rolls. The flowing power
of the metal is great, and lead pipes and rods are squirted
from a press. Lead crystallises on cooling from fusion.
When heated near its melting-point, it breaks with a columnar
fracture.

Chemical Properties.—-L.ead oxidises on cxposure to
moist air, forming suboxide of lead (Pb,0). In a very finely
divided state, as obtained by heating the tartrate, it takes
fire and burns. When heated in air it readily combines with
oxygen, and forms lead monoxide, litharge (PbO). This
oxide is of a yellow colour ; it fuses at a red heat, and yields,
on cooling, a yellow crystalline mass. At a somewhat
higher temperature, it combines with silica, forming a rcadily
fusible silicate of lead.

On this account it rapidly corrodes crucibles, retorts, and
the sides of furnaces made with siliceous materials. Hence
the necessity of employing bone ash or marl brasque in cupel-
lation (p. 317), and the advantages of using water-jacketed,
furnaces in smelting operations. Mixtures of cuprous and
lead oxides are even more corrosive than litharge alone.
Litharge is largely used in glass making, and is made by
oxidising lead on a cupel. Sce p. 32o0.

It exerts an oxidising influence on iron, nickel, zinc, and
other metals, being reduced to lead. When heated with
oxides of other metals, such as copper and iron oxides,
litharge fuses and dissolves up the refractory oxide, forming
a fusible mass. The amount of litharge required varies.
Thus 1 part of cuprous oxide requires 1'5 parts of litharge,
while 1 of tin oxide requires at least 12.

If produced at a temperature below its fusion point,
litharge has a brownish-yellow colour, and is known as
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massico?. 1f this be carcfully heated in air, it takes up more
oxygen, and is converted into red lead or minium (PbsO,).
Manufacture of Red Lead.—The metal is first ““drossed,” 1
or oxidised in a low, reverberatory furnace, or oven,’ with
two narrow fireplaces, onc on cither side of the bed. The
products of combustion escapc through the working door in
front, and are carried away by a hood surmounted by a
chimney. The bed of the oven slopes slightly to the middle,
and from back to front. In working, a dam of rough oxide,
mixed with lead from the grinding of previous charges, is
made across the front of the oven, some 20 to 30 cwts. of lead
charged in and melted at a low red heat. The door is left
partly open, and the oxide as it forms is pushed back, and the
lead splashed about by a long iron paddle. The metal is
continually thrown over the oxide at the back. Oxidation
goes on freely, and the unoxidised lead drains to the front.
Drossing is assisted by the addition of a little antimony to
the lead. When the oxidation is completed, the charge is
raked out into iron barrows and allowed to cool. It is then
ground by millstones in a stream of water, which carries the
fine material away in suspension. The unoxidised metallic
lead and heavy particles of oxide are left behind in the troughs
which lead to the settling tanks, where the finely divided
massicot is deposited. It is collected and dried. It then
constitutes ““ ground litharge.”” 'This is transferred to the
‘“ colouring oven,” very similar to the drossing oven, except
that the bed is flat. It is spread in low ridges over the bottom
of the oven and “ coloured " at a lower temperature than that
used in the drossing operation, being turned over from time
to time. The red lead while hot has a deep brownish-purple
colour, and is examined from time to time by the withdrawal
of samples, and allowing to cool. When the oxidation is
complete, the cold sample has a bright red colour. It is
1 In the latest methods this is preceded by a preliminary oxidation
in a heated iron pot provided with a revolving paddle, steam and air
being blown in. The lead is allowed to drip into the pot through an
opening in the cover. The oxide is blown over into a depositing chamber

and collected. The product is transferred to the drossing oven and
produces a brilliant yellow oxide which is subsequently ¢ coloured.”
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again ground, levigated, and after drying and sieving,
packed in barrels. Its composition is PbyO4.!  On-heating
it gives off oxygen and forms litharge, PbO. ‘Treated with
nitric acid, lead peroxide, PbOs, is left as a purplish powder.

Action of Soft Water on Lead.—Waters containing
oxygen in solution readily attack lead, but the action is
retarded by the presence of carbonates and sulphates in the
water. Lecad pipes for conveying soft waters are coated
inside with tin to prevent the water from being contaminated
with lead.

Lead and Sulphur. —I.cad combines readily with sulphur
when heated, forming a brittle, grey, crystalline mass of lead
sulphide (PbS). It has a high metallic lustre, and me/ts af a
higher temperature than the metal. At a full red heat it is
decomposed by iron, sulphide of iron and metallic lead result-
ing ; thus -

2PbS 4+ 2Fe = 2FeS - 2Pb

When calcined, lead sulphide is partly converted into oxide
and partly into sulphate, SO, passing off.

The sulphate, which is also produced by the addition of
sulphuric acid to a soluble salt of lead, is a white substance
not readily decomposed by heat. It is insoluble in water.
Heated with carbon, it is reduced to sulphide.

When sulphide of lead is heated with oxide or sulphide,
the sulphur and oxygen combine and pass off as SO,, metallic
lead separating thus—

2PbO + PbS = 3Pb 4 SO,
PbS 4 PbSO4 = 2Pb + 250,

Lead Ores.—The principal ores of lead are the sulphide,
carbonate, and chlorophosphate.

Galena, b/ue lead ore, lead sulphide (PbS), is the most
important and abundant. It is found both crystalline and
massive. It has a grey metallic lustre, and is heavy, having
a specific gravity of about 7°5. It is brittle, and contains 866

1 It generally contains more lead than is required by this formula,
and approximates to Pb,Oj.
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per cent. of lead. Galena occurs widely distributed in the
older rocks. It is usually associated with quartz, fluor, cal-
cite, barytes, and spathic iron ore in the veins, and frequently
with copper pyrites and zinc ores. It often contains silver,
sometimes in considerable quantity. Such ores are described
as argentiferous. Iron, antimony, copper, and zinc are
commonly present, and gold and bismuth also frequently
occur in it. The localities are very numerous.

Cerusite, ead carbonate, or white lead ore (PbCO,),
also occurs. Its colour is white or yellowish, and its lustre
adamantine to earthy. Tt has a specific gravity of 6°5, and
contains 75 per cent. of lead. It is frequently argentiferous,
like galena. The deposits at Leadville, in Colorado, and at
Broken Hill, in Australia, arc of this character.

Anglesite, /ead sulphate (PbSQy), also occurs, associated
with galena and other lead ores.

Pyromorphite, green lead ore, linnets, chlorophosphate of
lead (3Pby(POy), PbCLy), occurs in hexagonal crystals and as
green and brown masses. Its specific gravity varies from
5'5 to 7°2. Ores in which the phosphorus is replaced by
arsenic are known as mmelesite. In addition to the above,
many compounds of lead occur naturally, among which may
be mentioned Boulangerite (3PbS, Sb,S;) and Jamesonite,
another antimonial sulphide of lead.

LrADp SMELTING

So many lead ores contain silver that the metallurgical
treatment of the two metals is hardly separable. In this
chapter we purpose dealing with the extraction and refining,
of lead, and such processes for the concentration of the silver
as are conducted upon the lead, and to leave the actual
recovery of the silver to be dealt with when treating of that
metal. Extraction processes may be grouped, in much the
same manner as in copper smelting, into reaction and
reduction processes.

The reaction process for galena is based on similar
chemical changes to thosc which occur in copper smelting,
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viz. the mutual reaction of the unaltered sulphide upon oxide
and sulphate formed by roasting the sulphide. In the case
of lead, however, the operation is simplified. The ore as
received from the miner contains a sufficient percentage of
metal to permit of its direct treatment.

The reduction processes may bhe divided into carbon
reduction, where that clement forms the reducing agent, and
iron reduction processes, where iron, or iron-bearing materials,
such as oxides of iron, or iron slags, form part of the charge,
and liberate the lead from combination.

Reaction Processes.—7To this category belong the Flint-
shire, Derbyshire, Spanish, French, and Bleiberg methods of
smelting galena.

The form of furnace employed and the details of the
process vary greatly, having regard to the purity of the galena
or its admixture with carbonate, sulphate, etc.

The Flintshire furnace is shown in Fig. 104. It is a
reverberatory furnace, having three doors opening on cach
side of the hearth. The side on which the firing door is
situated is known as the ¢ labourers’ side,”” and that opposite
as the “ working side.”” The bed—which consists of slag
from previous operations, spread over the hearth while in a
pasty state—is level with the doors on the labourers’ side, but,
on the working side, slopes so as to form a well some 18 inches
deep, immediately in front of the middle door. A tap-hole
C, communicating with the bottom of this, is provided for
tapping out the lead. A second tap-hole above this, for the
removal of fused slag, is provided in some furnaces. Outside
the furnace is an iron pot, into which the metal is tapped. At
the top of the furnace is a hopper, from which the ore is
introduced into the furnace.

The process is conducted as follows. The charge of about
a ton is let down from the hopper into the furnace, still red
hot from a previous charge, and spread from the labourers’
side over the furnace bed, clear of the well. It isthen calcined
at dull redness for from one and a half to two hours, being
stirred and turned over from time to time to expose it to the
air, to admit which the doors are left partly open. During
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this stage the fire is kept low and the temperature is not
sufficient to melt the galena, which, it may be noted, has a

e TN
F16. 104.—Lead smelting furnace,

higher melting-point than lead itself. During this stage
oxidation occurs freely, oxide and sulphate of lead being
formed.
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The doors are now closed, the fire made up, and the
temperature raised to full redness, when the reaction between
the oxide, sulphide, and sulphate produces a copious separa-
tion of lead, which collects in the well of the furnace. The
temperature at this point is also somewhat below the melting-
point of galena. The separated lead is tapped from the
furnace.

The unreduced mass becomes soft and pasty. It is pushed
out of the basin and spread over the hearth. To prevent its
fusion, the doors arc opened to cool it somewhat, and it is
stiffened---‘set up ”’—Dby the addition of a little lime and
again calcined, being well turned over for about half an hour.

The charge is then melted—* flowed ”—down by in-
creasing the temperature, for which purpose the doors are
closed, the damper opened, and a fresh fire made. The lime
decomposes any silicate of lead formed, liberating lead oxide.
This and the oxide produced by calcining react on the un-
altered sulphide present, and a further separation of lead
occurs. Lime is again thrown in and mixed with the slags
to render them pasty, and they are again spread over the
hearth and roasted for from half to one hour. At the end
of this period the fire is again made up, the temperature is
raised to its highest point, and the whole is melted a second
time. The oxide produced during the roasting and that
liberated from silicate by the lime added is in this stage often
more than sufficient to decompose the remaining sulphide,
and a little coal slack is often added to assist in its reduction.
This also reduces any sulphate to sulphide, which reacts on
the oxide, producing lead. The metal is then tapped into
the lead-pot in front.

The slags are dried by further additions of lime, and are
withdrawn in a pasty state from the furnace. They are
known as grey slags, and usually amount to about 20 per
cent. of the charge. They contain about 40 per cent. of lead
as silicate and sulphide, which is recovered in slag hearths.

In modern practice where reverberatory furnaces are
employed the latter part of the operation is modified. After
the second roasting and fusion the residual slags are raked



Lead 269

from the furnace and smelted in the blast furnace. In this
case the recovery of lead is about 8o per cent. as compared
with go per cent. The treatment in the blast furnace is more
economical.

Setting up by lime has a twofold object. Its principal use is to
stiffen the slags and render them infusible during the roasting periods,
so that the galena contained in the charge shall not become bound up,
and protected from the action of the air. In the fusions it probably
hiberates oxide of lead from the silicate.

The metal in the lead-pot is covered with slags, matte, and
dross, which retains much metallic lead in globules. Coal
slack is thrown on and stirred into the hot metal. The gas
produced burns on the top, heats the slag, and releases
the shots of metal. The skimmings are either thrown back
into the furnace at once, to further scparate lead, or are
added to the succceding charge during the preliminary
calcining. The lead produced is tapped out about an hour
from the commencement of the process.

The stages of the process are known as * fires.”

When barytes occurs as gangue in the ore, it is necessary
to add fluor spar as a flux, or to mix it with ore containing
fluor. The amount of blende and other sulphides in the ore
also influences the fusibility of the slags.

The processes in use at Cuéron, Blicberg, and elsewhere
are of a similar character. This process is only applicable to
pure ores. Foreign sulphides such as antimonite and cven
copper pyrites combine with galena, and form readily fusible
double sulphides, which melt or clot, and arrest the roasting.

In smelting lead ores containing antimony in reverberatory
furnaces by the reaction process, the lead obtained in the
carlier stages is freer from that element than that subse-
quently produced.

Reduction Processes.—These are conducted in both rever-
beratory and blast furnaces. They are employed for the
treatment of impure ores and slags, and for reducing the
oxides, dross, or abstriches produced in the purification of
lead.

In the treatment of raw ores, iron is the reducing agent
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generally employed. With poor ores containing much iron
sulphide, a preliminary roasting and fusion are resorted to,
for the purpose of fluxing off the iron and concentrating the
lead.

The Cornish Process.—This process is followed to some
extent for the treatment of impure ores containing copper and
antimony, reguli containing lead, and also for the treatment
of slags.

The ore or regulus is first roasted in a separate calciner,
much as in copper smelting, for from 15 to 18 hours.

It is then smelted in a furnace resembling a Flintshire
furnace. The charge of 2 tons is melted down in from 2 to
3 hours.

With pure ores, or with substances rich in silver, the lead
which separates by ¢ reaction ” is removed and dealt with
separately. In the former case it is purer, and in the latter
richer in silver than that subsequently produced.

Lime and anthracite culm are then added and well mixed.
The materials, thus rendered stiff, are spread over the hearth,
and some 2 cwts. of scrap iron added. The doors are closed
and luted, and the charge remelted at a high temperature.
The products separate in layers, which follow each other when
the furnace is tapped : Zead, which is received in the lead-pot
in front ; regulus, or slurry, which is a mixture of iron sul-
phide, with the copper and some lead sulphide which flows
over the top of the lead-pot into the pot below ; and slag,
which is generally so free from lead and copper as to be thrown
away.

This process occupies about 8 hours.

In this process the lead first obtained is the result of reaction between
oxide, sulphide, and sulphate ; in the second stage the sulphide and silicate

present are reduced by the iron. The anthracite reduces the oxidised
matters present.

2Pb0,Si0, + 2Fe = 2Fe0,Si0, + 2Pb

Lead Smelting in Blast Furnaces.—Blast furnaces are
now largely employed in lead smelting, water-jacketed,
furnaces (Fig. 105) being principally employed. The ore,
unless an oxidised one (carbonate, phosphate, etc.), is first
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roasted in a reverberatory furnace, being finally heated
till it clots together. It is then mixed with iron-bearing

materials, such as pyrites
cinders from the manu-
facture of sulphuric acid,
iron ores, or puddling
and mill furnace slags,
and other suitable fluxing
agents, e.g. lime. 'The
ore mixture is then
smelted with coke as
fuel. The reduction of
the lead occurs (1) by the
reaction of the oxidised
lead compounds on un-
altered sulphide (much
of the sulphate of lead
existing in calcined ores
is reduced to sulphide
by the carbon of the
fuel) ; (2) by the direct
reduction of oxide of lead
by carbon monoxide and
by carbonaceous matters
of the fuel; (3) by the
decomposition of lead
silicate by lime and oxide
of iron, liberating lead
oxide which is reduced
by the carbonaccous
matters of the fuel;
(4) by the reduction of
lead sulphide and other
lead compounds by me-
tallic iron reduced from
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F16G. 105.—a, hearth bottom ; 4, channels
in brickwork; @7, tap holes; ¢, slag
lip; /, blast pipes; g, water-jacket;
7, blast main; £, supporting ring ;
nt, charging pipe ; 7, waste gas pipe ;
0, charging floor ; p, slag pot.

the iron compounds in the charge. When the sulphide is
thus reduced iron sulphide is produced in addition to lead
and slag. It carries with it the copper in the charge, and
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some lead, as at Frciberg. Sometimes raw ores containing
copper and silver are mixed with thc roasted material to
recover the copper in the matte and the silver in the lead.
When the calcination is complete, the products are lead and
slag only. This is the more general practice.

In modern practice the calcination is so conducted as to
climinate the sulphur from the ore and convert the lead into
oxidised compounds, mainly oxide and silicate. The libera-
tion of the lead thus becomes a simple reduction by carbon
and carbon monoxide, the iron oxide and lime employed
acting merely as fluxes and as a means of decomposing the
lead silicate.

The calcination is carried out in special long-bedded
reverberatory furnaces with a fuse box near the fire-place
or in special appliances such as the Huntingdon-Heberlin
pots, with the aid of blast. In the latter method the galena
is mixed with 10~15 per cent. of lime and partially calcined
in a reverberatory furnace, the final calcination being effected
in the pot. This is a deep more or less conical vessel,
mounted on trunnions, and provided with a hood to carry
away the sulphur dioxidc generated. An air blast is admitted
at the bottom under a perforated plate, which distributes
it uniformly to the charge. Red-hot ore or a small layer of
fire is placed on this and the partially roasted ore added in
layers till the pot is full. After cach addition the action is
allowed to continue till the layer has become fairly ignited.
When full the blast is continued till the sulphur is eliminated.
The pot holds 10 to 11 tons. The reactions taking place
are somewhat obscure, but the sulphur may be reduced to
1 per cent. In other similar processes calcium sulphate
(plaster of Paris) and limestone and silica are employed,
and the preliminary calcining is omitted, but the sulphur
should not exceed 18 per cent.

In the Dwight-Lloyd process the ore is calcined on an
endless belt of steel links, on which the ore is fed in a thin
layer. A fire-box is suitably placed above the belt and under
the belt is a chamber which is exhausted to produce a current
of air through the material. In passing under the fire-box
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the ore is ignited, and on passing from beneath it the action
is continued.

Smelting in water-jacketed blast furnaces has almost
superseded other methods of smelting.

In these furnaces that portion of the furnace in the vicinity of the
tuyeres, which is, when consisting of siliccous materials, hottest and most
seriously corroded by the metallic oxides and slags, is formed of hollow
iron casings only, through which water circulates to keep them cool.  Sce
p. 52.

Three products may be obtained :—Work lead (containing
the greater part of the silver and gold, as well as antimony, tin,
bismuth, copper, and traces of cobalt, nickel, and arsenic).

Matte, consisting of sulphides of iron and lead and ncarly
the whole of the copper in the charge.

It sometimes contains 10 to 12 per cent. of lead and some silver, gold,
ete. Itis calcined and resmelted in a separate furnace, when it yiclds lead
(often rich in silver), a second matte richer in copper, and slag. The
sccond matte is again calcined and smelted, yielding a regulus which may
contain over 20 per cent. of copper and slag.  This matte is treated for
copper.  Sufficient sulphur is left in the mattes after calcining to serve as
a vehicle for concentrating the copper.  The oxide of iron formed during
roasting is fluxed off by the addition of silica in the fusion (see Copper).
Slags from the smelting of firs¢ matte generally contain lead, and are
resmelted.  Lead obtained from matte is very impure.

If arsenic be present some speiss may be produced, sce
p. 40. SN————

Slag.—This is essentially silicate of iron and lime, but often
contains also notable quantities of alumina and oxide of zine
(2¥e0,Si05+2Ca08i0,). If lead is present beyond 1 per
cent., it is resmelted with the calcined regulus.

Lead slags seldom conform to a chemical formula, but the silica
varies from 28 to 37 per cent., lime (including magnesia) from 16 to 21
per cent., and ferrous oxide from 30 to 45 per cent. They make up
approximately 9o per cent. of the total, the remaining 10 per cent.
consisting of alumina, zinc oxide, and small quantities of other oxides.
Slags containing zinc must carry a high percentage of ferrous oxide.
The amount must not be sufficient to lead to the production of difficultly
fusible magnetic oxide of iron or the slags will be pasty. The maximum
amount of zinc oxide that can be easily carried is 12 per cent.

It must be remembered that the precious metals have a tendency to
associate themselves with the metallic products of an operation. In the
above case there are two such products, viz. the lead—which carries the
greater part—and the matte, which also contains a portion of the precious
metals. In the subsequent treatment much of the silver or gold in the
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matte passes into the lead obtained.  What remains passes ultimately into
the copper extracted from the concentrated matte, from which it is
recovered.

The Slag Hearth is a small blast furnace used for the treat-
ment of the rich slags obtained in smelting in reverberatory
furnaces.

The lead is present in the form of silicate, sulphide, and
sulphate, and as much as 4o per cent. is often present. This
silicate requires a very high temperature for its reduction by
coke. It is more easilv reduced by iron.

The slags contain, it must be remembered, a considerable
quantity of lime from the * setting up.” By mixing them
with coal ashes, iron slag, etc. (containing oxide of iron,
silica, and alumina), clayey matters (old clay furnace beds
or broken brickbats), the alumina and other oxides thus
introduced combine with the silica and lime at the high
temperature employed, liberating the oxide of lead in the
slag, which is reduced by the coke employed as fuel. The
lead produced is very
impure, and is known as
slag  lead. The slag
known as black slag is
free, or nearly free, from
lead, and consists of
silicates of lime, alumina,
iron (hence the colour),
and other oxides.

The furnace is shown
in Fig. 106. It is rect-
angular in form, about
26 inches by 22, internal
measurement. Thehearth
itself is 3 feet deep, but it is surmounted with a brick-
work hood, or cover, which communicates with flues for the
condensation of fumes leading to the stack.

The back and side walls of the furnace are built of fire-
brick, but below the tuyere at the back is a cast-iron
plate (a). The front also consists of an iron plate (8), the
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lower edge of which is supported some 7 inches above the
cast-iron bed-plate (¢), leaving an opening across the front of
the furnace, stopped with clay while working. The bed-
plate (¢) slopes slightly towards thc front to permit the
separated lead and slags to flow into the cast-iron recep-
tacle () in front. This is divided into two unequal parts by
a partition which passes nearly to the bottom. The larger
compartment is the width of the bed plate, and is filled with
cinders. The lead and slags flow into it from the furnace.
The metal filters to the bottom and passes into the smaller
division, from which it is ladled, while the slags flow over the
top of the ashes into the pit (S) beyond.

Water flowing through the pit granulates and breaks up
the slag, any entangled lead being readily recovered. The
tuyere, which is horizontal, enters at the back, and the charging
opening is at the side. The lower part of the hearth nearly to
the level of the tuyere, and the first compartment of the lead-
pot, are filled with cinders, which serve as a strainer for the
lead, which flows out from the bottom through openings in
the clay stopping. They also protect it from oxidation.

The fire being lighted, coke is introduced, the fire blown
up, and the furnace thoroughly heated. Alternate layers of
slag and coke are then introduced, and the supply continued as
the charge melts down. The slag is removed from time to
time by making an opening in the clay breast through the
cinder bottom. After working some seven hours, the supply
of material is stopped and the fire allowed to burn out. The
furnace is cleared out, cooled,.and prepared for the next shift.

In the ordinary slag hearth the working cannot be made continuous,
as the furnace would get too hot. This would cause serious loss by
volatilisation, and the furnace walls would be much corroded.

In many works, circular cupolas, with three or more tuyeres and a fore
hearth (syphon tap), are employed for the reduction of slags, e.g. the
Spanish slag hearth and Economic furnace. Water-jacketed Pilz and
Rachette furnaces ! are also employed.

Combined Reaction and Reduction Processes.—Z7%e ore
keart#k is still in use in Scotland and the north of England, and
produces very pure lead.

1 Rectangular blast furnaces.
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The hearth or furnace (Fig. 107) is built of cast-iron
plates and blocks, surmounted by a brickwork hood, which
communicates with flues.

The bottom consists of a rectangular cast-iron trough, N,
—the sump—3 inches thick, measuring about 22 inches square
and some 41} to 6} inches deep. This is bedded insand on a
raised platform some 12 or 13 inches high. The sides and
back of the hearth consist of squarc prisms of iron, 6 to 8
inches thick, lying on each other and resting on the edge of
the sump, forming a

% hearth some 16 to 18
e inches deep, open in

d ~ -
Hood | Charging front. A sliding door of
berd ole . . .
.| plate iron is sometimes

provided.

A single horizontal
tuyere cnters at the
back, a little above the

p "‘ sump. In front of the
SN . hearth is a sloping iron

N D plate—-the workstone—

FI1G. 107. W. The upper edge of

this is level with the
sump, and the lower rests on the masonry platform. It
mecasures sbout 3 fect by 1} feet, and has a raised rim running
round the sides and lower edge, a groove being cut diagonally
across it, from top to bottom, down which the metal runs
after filling the sump. The lead-pot P is placed in front of
the workstone.
Notk.—In some hearths the size above the workstone can be regulated

by a movable cast-iron prism, which can bLe packed up to the desired
height by fire-bricks and moved towards or from the back.

The charging hole is at the side.

Formerly raw ore was treated in these hearths, but it is now more
general to partially roast and agglutinate the ore to prevent loss by being
blown away and carried into the flues.

Coal and pcat are used as fuel.

In Scotland the hearth is worked continuously, in shifts of
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6 hours. In the north of England it works intermittently.
The process is conducted as follows : —-Assuming that the
hearth is in operation, the sump being full of lead and the
hearth a glowing red, a quantity of half-smelted material—
browse --is thrown in neat the tuyere, to assist in the distribu-
tion of the blast, and orc and fuel added. The hearth is
kept full of material. At intervals of a few minutes the
workman draws the charge from the hearth on to the work-
stone, by means of a hooked bar, breaks up the glowing mass,
and picks out the slags. The unsmelted portion is returned to
the hearth, after an addition of Jime, and fresh materials are
added on top. Much lead drains out of the charge while on
the workstone, and is conducted by the groove into the lead-
pot, into which the reduced lead overflows from the sump.

The reduction of lead in this process is due, partly to ““ reaction,” as
in the Flintshire and analogous processes, and partly to direct reduction
by the carbon of the fuel. The oxides and sulphate produced in the
preliminary roasting, or v the eacess of arr blown tn, if raw galena is being
smelted, react on the unaltered portions of the sulphide, while the oxide
is reduced to some extent by the fuel. No desulphurising agent is added,
as in the water-jacket furnace and Cornish process.

The addition of lime stiffens the charge. If the slag
melts too casily, excess of silicate of lead is present, which, by
its ready fusion, may enclose portions of the charge and
prevent its reduction, in addition to the loss of lead in the
slag. The slag consists of silicates of lead and lime, with
sulphate and sulphide of lcad, and other bodies. It is smelted
in the usual way.

A hearth yields about 70 cwts. of lead in 24 hours, and
consumes about 12 cwts. of coal.

The metal from the ore hearth is of good quality, owing to
the operation being conducted at too low a temperature to
effect the reduction of the impurities. The loss of lead in the
slags is small, being less than 4 per cent. of the lead in the
ore. The loss as fume is much greater with raw than with
roasted ore. It varies from 7 to zo per cent. of the lead.

A blind chamber behind the hearth is provided for the
deposit of portions of the charge carried off by the violence of
the blast. These are known as ¢ hearth ends.”
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Softening or Improvement of Hard Lead.—The pig lead,
as obtained from many operations, contains various impurities,
antimony, tin, copper, zine, sulphur, iron, silver, and bismuth
being often present.  Their effect is to harden the lead and
unfit it for the purposes to which it is generally applied. The
foreign metals are removed by oxidation, the lead being ex-
posed at a red heat to the action of the air in a reverberatory
furnace, the bed of which sometimes consists of a cast-iron
pan—some 10 feet long, 5} feet wide, and 10 inches deep— or
one of wrought iron, with a fire-brick lining, or is made of
slags. In the latter cases higher temperatures can be em-
ployed, and the process occupies less time. The lead is
ladled or run in from a melting-pot, or the pig lead may be
melted in the furnace.

The oxides which form, consisting of oxide of lead mixed
with those of the impurities, are skimmed off from time to
time, to expose fresh surfaces, lime being added, if fused, to
stiffen them. Samples of the metal are withdrawn and cast
When the lead shows a peculiar flaky appearance, the opera-
tion is judged complete, and the lead is ladled out or run into
iron pig moulds.

When much copper is present, the lead is /iguated before
softening, as that element is not removed to any great extent.
This is accomplished at Clausthal on the bed of a rever-
beratory furnace, which slopes slightly upwards from the fire-
place. The temperature of the flue-end of the hearth is below
the melting-point of lead. The metal is introduced there,
and gradually moved forward. The lead melts and drains
away, and the residues are moved gradually nearer the fire to
sweat out all the lead, and are then raked out of the furnace.
This residue contains the copper and nickel and cobalt, and
often some arsenic and sulphur.

Reduction of Litharge and Drosses.—The ¢ drosses,” or
¢ abstriches ”"—impure litharge—formed during softening or
other operations, are reduced by intimately mixing them with
small coal, grinding them together under edge-runners, and
smelting in a reverberatory furnace, the bed of which is pro-
tected from corrosion by a layer of coke ; this is formed by
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introducing a few inches of moistened caking-coal slack into
the furnace, and beating it down. The bed slopes slightly,
and the reduced lead drains into a basin in front.

Small water-jacketed furnaces are now largely employed
for this purpose. The hard lead obtained, marked H, is
richer in antimony, etc., and is again softcned. The dross
yields on reduction hard hard—HH—-lcad, and so on. The
process is repeated, until lead rich in antimony--sometimes
more than 5o per cent.--is obtained. This is sold to the
type-founders (see Alloys).

Desilverisation of Lead.- Silver, as before noted, is com-
monly found in lead ores, and during smelting passes into
the metal. Lead containing more than ¢ ounces of silver to
the ton is treated for its extraction. Two methods arc
followed for this purpose.

Pattinsonising.—In Pattinsor’s-process, advantage is taken
of the fact that alloys of lead with silver containing less
than z'25 per cent.l of silver, have a lower melting-point
than pure lead, and that lcad in the solid state is denser than
when molten.  In consequence of this, if a large body of lead
be melted and cooled slowly with constant stirring, the lead
which first crystallises is poorer in silver than that which
remains fluid. By removing the crystals with perforated
ladles, a fluid allay richer in silver and a lead poorer than the
original are obtained. The crystals removed are, of course,
covered with the fluid alloy, and thus, in the process of
removal, some silver is also carrried off. By repeating the
process on the enriched alloy, the silver contents of the fluid
portion arc again increased, until an alloy containing
sufficient silver to be cupelled is obtained.2

Or, the rich alloy may be treated by the Parke’s process,
which see.

The process is conducted in a series of iron pans set side
by side, as shown in Fig. 108, each capable of holding from
10 to 15 tons of lead. A 15-ton boiler is 5 fect 2 inches in

1 734'3 ozs. per ton.
2 In practice it is not possible to concentrate beyond 1'8 per cent.
silver = 588 ozs. per ton. :
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diameter, and has a capacity of 43 cubic feet. A full set of
pots numbers 13.  Each pot is heated by its own fire, which is
controlled by a damper. The products of combustion pass
from the fireplace into a flue encircling the pot, and thence
to the main flue.

The crystals arc removed by a perforated ladle made of
half-inch iron plate, 16 to 20 inches in diameter, 4 to 6 inches
decp, with a handle about ¢ fect long, about half the length

being iron and the other wood. A chisel-ended iron bar is
used to break up the lead crusts and for stirring, and a flat,
perforated shovel for skimming.

Small pots filled with meclted lead, between each pair of boilers, are
sometimes provided for keeping the ladles hot, and the range of boilers is

commanded by a crane for the transference of the ladlesful of crystals
removed, or pivoted rests some 18 inches high with a roller top are
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placed between the pots.  These are used as fulecrums for resting the
handle of the Jadle while fishing out the crystals and “ turning over ”’ from
one pot to the next.

The lead to be desilverised is first melted in one of the
pots, and got sufficiently hot to oxidise. A scum of dross
forms, and is removed. (If very impure, it is necessary to
liquate and soften bhcfore Pattinsonising.) The fires are
then withdrawn, and the cooling down facilitated by sprinkling
water on the surface. ‘The crusts of lead which form are
pushed down into the metal, until there is difficulty in melting
them ; the water is then stopped and the bath thoroughly
paddled. As the mass further cools, the lead begins to solidity
in crystals. These arc larger as the alloy is poorer in silver.
Being heavier than the molten alloy, they sink, and the lead
requires to be continually stirred and broken up, to prevent
the formation of masses of crystals, which would entangle rich
lead. The temperature must be carefully managed, or the
crystallisation will either be too slow, or masses of crystals will
form. When the formation of crystals has progressed suffi-
ciently, they are removed by the ladles, and transferred to the
next pot to the left, which is already hot enough to melt them.
Each ladleful as it is gaised to the surface is allowed to drain,
and shaken to rcmoﬁw liquid as much as possible. In this
manner two-thirds or seven-cighths of the lead is removed.
The former method is known as the ““ high " and the latter as
the “ low " system.

Working on the high system all the lead removed is thrown
into the next pot. In the “low ” system of working the last
cighth contains too much silver, and is thrown on the ground,
to be used with lead of the same richness in silver. The fluid
alloy remaining in the pot is transferred to the next pot to the
right. Working on the high system, it contains about twice
the proportion of silver in the original lead, while the poor lead
passing to the left averages about one-half.

By repeating the process on the enriched Icad the propor-
tion is again doubled, while the poor lead, similarly treated,
will be again halved. Starting with a 10-0z. lead, one-third
rich lead assaying 20 ozs., and two-thirds poor lead assaying
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5 ozs. to the ton will be obtained. On again treating the
enriched alloy, 40 ozs. rich and 10 ozs. poor will be obtained.
A third treatment yields 8o ozs. rich and zo ozs. poor; a
fourth, 160 rich and 40 ozs. poor ; a fifth; 320 ozs. rich and
8o 0zs. poor, and so on.

The poor lead, from the first crystallisation, on a second
treatment, yields 10 ozs. rich and 23 poor ; a third treatment
gives 5 ozs. rich and 1} poor; and a fourth treatment gives
2} ozs. rich and § poor. These figures are only a general
statement ; in practice they are not always realised.

In actual work, alternate pots are generally being crystal-
lised at the same time, so that the rich third from the one,
and the poor two-thirds from the other, make up a charge for
the intervening pot.

When less than 1 oz. of silver per ton is present, the poor
crystals are transferred to the market pot on the extreme left,
which has a capacity of orly about two-thirds of the others,
and from which the lead is cast into pigs.

The 7ich lead, containing from 500 to Goo ozs. per ton,
is cupelled (see p. 317).

The Pattinson process is now mainly followed for the
enrichment of leads too poor to be treated by zinc, as described
(see Parkes’s Process).

The oxidation of the lead which accompanies the repeated
meltings so purifies it that, by the time it reaches the market
pot, there is no need for further softening, and it is cast into

pigs.

Notke.—The copper, antimony, bismuth, and nickel remain mostly in
the fluid portion, and would give trouble—especially antimony—in the
cupellation of the enriched lead. Before Pattinsonising, it is *“ improved *’
if more than 0§ per cent. impurity is present.

Rozan Process—Pattinsonising by steam.—This method was intro-
duced by Messrs. Luce and Rozan at Marseilles, and has been adopted
to some extent. The difference consists in the method of stirring up the
molten lead by means of steam at high pressure forced through the lead,
the surface being cooled by water as before. The crystals are not
removed, but the liquid enriched alloy is run off from the bottom of the
pot and the crystals remain behind. Lead of the same richness as the
crystals is run in from a melting-pot above, and the operation repeated.
A great saving in labour, fuel, and drosses resuits.



Lead 283

Parkes’s Process— Desilverising by zinc.—This process has
displaced, to a very large extent, the Pattinson method of
desilverising. Or the “ work lead ”” is Pattinsonised until it
has attained a richness of about 40 to 6o ozs., and is then
treated with zinc.

The process depends on two facts. ZFurs¢, that zinc and
lead melted together do not alloy, but separate according to
their specific gravities, the zinc rising to the surface, carrying
only some 2 per cent. of lead.

Second —Silver (as well as copper, antimony, and bismuth
which behave in a similar manner) alloys with zinc more
readily than with lead, and hence, when that metal is mixed
with argentiferous lead, the silver is collected in the zinc
scum which rises to the top and is removed.

The method of carrying out the process varies somewhat
in different works, and the quantity of zinc required depends
on the amount of silver present,

The arrangement of the zincing portion of a Parkes plant
is shown in plan in Fig. 109. The two large pots, A, are

—

F1c. 109,

capable of holding 25 to 6o tons of lead, and are employed
in the addition of the zinc. The smaller ones, B, have a
capacity of about 6 tons, and are for the treatment of the
zinc crusts on removal. D is a reverberatory furnace for
removing the zinc taken up by the lead, by oxidation.

The lead is melted in one of the pots A, heated to the
melting-point of zinc, and skimmed. A portion of the zinc is
then added, and when this has melted, a further addition of
zinc is made, and the whole is well paddled for some 15
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minutes. The pot is then covered over and allowed to rest
for a period, varying from 1 to 3 hours,

While at rest, the zine gradually rises to the top, carrying
with it the silver. As it cools, it forms a crust on top, in
which a good decal of lead is entangled. The zinc crust is
removed by a ladle into the middle of the smaller pots, and
skimming continued till the lead begins to set. The pot is
again heated up, and a second addition of zinc made to the
lead, well paddled in, and again allowed to cool. The
amount added depends on the amount of silver remaining
in the lead. The crusts formed are removed as before.
After this second treatment, the lead is desilverised and is
then run or syphoned off into the improving furnace D, to
remove the zinc retained by the lead. This amounts to
about } per cent. The lead is skimmed frem time to time.
Samples taken out are cast in moulds and examined.
When the surface indicates a sufficient degree of purity, the
lead is run from the furnace into a lead-pot, E, allowed to
cool down, and cast.

Nore.—With lead containing more than 80 ozs. of silver, the addition
of the zinc in three portions is advisable.

The first crusts removed to the smaller pots are gently
heated to liquate out adherent lead. This is either cupelled,
or generally returned to the zincing-pot with the next charge.
After liquation, the crusts are transferred into the right-hand
pot, and sent off to be distilled (sce p. 17). They contain
about 8o per cent. of lead. The last crusts are used as the
first addition of zinc made to the next charge.

The total amount of zinc required varies. A 2o-oz. lead
requires 30 lbs. of zinc per ton, equal to 1°33 per cent.;
a g4o-oz. lead requires 35 lbs., equal to 1°56 per cent. ; and a
60-0z. lead about 38 lbs., equal to 1°69 per cent.; whilec a
500-0z. lead requires about 24 per cent.

In Cordurie’s process, the zinc to be added is enclosed in a perforated
cast-iron box, fixed on the end of a revolving vertical shaft. Immediately
above the box is a propeller-shaped.-paddle, which as the zinc melts
distributes it uniformly through the lead and thoroughly mixes it. Three
additions of zinc are made.
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The softening is effected by running the lcad into a pot situated at
a lower level, heating it to redness, and blowing superheated steam
through it, succeeded by a mixture of stcam and air. The zinc and iron
present decompose the steam and are oxidised, hydrogen being liberated.
Later, the copper and antimony remaining are oxidised by the air.

Treatment of Zinc Crusts.—The zinc crusts carry in
addition to the silver a large proportion of lead, together with
the copper, and some antimony, arsenic, and nickel.

The zinc is distilled off in large plumbago crucibles, A,
standing on a pillar in a furnace, B,”as shown in Fig. 110.

7
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Morgan Crucible Co.|
F16. 110.—Furnace for distilling zinc crusts.

The pots are about 18 inches in diameter and 27 to 3o inches
high, provided with a cover which is luted on. A clay pipe
leads from a hole in the side of the cover to the condenser, C,
standing in front, in which the recovered zinc condenses.
D is the flue, E the cover of the furnace, and F the firebars.
A little lime and coal-dust are often added. The residual
lead is cast in moulds,and afterwards cupelled. Any bismuth,
antimony, copper, etc., in the crusts remain with the lead,
which may contain 2,000—4,000 0zs. of silver per ton,
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Lead Fume.—The gases passing away from the various
furnaces carry with them considerable quantities of dust and
volatile compounds of lead. These are deposited in the flues
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F1G. 111.—Synopsis of lead smelting and desilverising processes.

through which the gases are conveyed to the chimney-stack,

and constitute ‘‘ lead fume.”

It consists principally of lead

sulphate, with some oxide and sulphide, and also lime, oxide



Mercury 287

of iron, alumina, etc., carried over as fine dust, and some
silver. Zinc oxide is often present, especially in blast-furnace
flues. A crust of this substance is often found in the upper
part of the furnace when smelting zinciferous ores in blast
furnaces.

For the condensation of the fume, and to minimise the
nuisance arising from noxious vapours, the flues with which
all the furnaces are connected are sometimes 3 miles long,
and measure as much as 8 feet by 9.

Staggs, Stokoe, and French and Wilson have introduced
condensers in which the gases are washed, or caused to pass
through a wet filter of faggots, gauze, or sawdust, or through
canvas bags—bag filters—etc., and thus deposit the solid
matter.

The Cotterill process for securing the deposit of the fume
by silent discharge of electricity at high potential—70,000 to
100,000 volts-—has been adopted.

The fume is smelted in blast furnaces, being previously
agglomerated by heat to facilitate charging.

CHAPTER XIV
MERCURY

THis is the only metal which is fluid at ordinary temperatures.
About —39° C. it freezes to a leaden grey, hard, mallcable
mass, contracting considerably on solidifying.

Its silvery white colour, and the readiness with which it
moves about, owing to not wetting the surfaces (except
metallic) with which it comes in contact, has earned for it the
name of quicksilver (German, *“ quick silber ”’). Its specific
gravity is about 13°6, which when solid becomes about 14°2.
At a temperature of 357 25° C. it doi/s, giving a colourless
vapour, but gives off vapour at much lower temperature, even



288 | Metallurgy

below 40° C.1 (sce Condensation). Its low specific heat, high
conductivity, and high boiling-point render it suitable for the
construction of thermometers ; its fluidity and high specific
gravity for barometers.  When in a very fine state of division,
and a film of foreign matter interposes, the globules will not
unite together, and the mercury is said to be floured.

It is permanent in air, oxygen, etc., at ordinary tempera-
tures, but when heated near its boiling-point in air it oxidises,
forming red oxide of mercury. This is reduced to metal,
with the separation of oxygen at a somewhat higher tempera-
ture. Itisattacked by chlorine andferric and cupric chlorides.

It is unattacked by hydrochloric acid, and but slowly
by sulphuric acid, unless hot and concentrated, when sul-
phurous acid gas is evolved and sulphate of mercury formed.
Strong nitric acid rapidly dissolves the metal, but when dilute
and cold has little action. Mercury compounds are readily
decomposed by iron, copper, and other metals.

Mercury combines directly with sulphur, producing mercuric sulphide,
or vermilion. It is prepared by heating mercury and sulphur together in
an iron pan, with constant stirring, when a black brittle massis produced.
This is introduced at intervals into long, upright, iron retorts, or tall
carthen jars, the lower parts of which are heated to redness. The
sulphide volatilises and condenses in a crystalline form in the cool upper

parts. This deposit is e, and is ground, levigated, and dried. Itis the
vermelion of commerce.

—Amalgams.—Mercury attacks and dissolves most metals,
forming liquid alloys when the mercury is in excess. If the
excess is removed by squeezing through chamois leather;.a
semi-solid amalgam is gencrally obtained. “The remainder
of the mercury may be expelled on heating, and the dissolved
metal recovered.

Gold, silver, zinc, tin, lead, antimony, bismuth, copper,
and the alkali metals may be amalgamated by addition to
mercury. Copper is best amalgamated by decomposing a
salt of mercury by metallic copper, as the surface is not
readily attacked by the metal. Mercurous nitrate is generally
employed. Iron is not attacked directly, but iron amalgam

! A gold leaf suspended over mercury at the ordinary temperature is
whitened in course of time, being attacked by the vapour evolved.
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may be obtained by the electrolysis of ferrous chloride with
a negative pole of mercury.

The presence of these amalgams renders mercury less
mobile, and when base metals are present, the oxidation which
takes place, owing to the fine state of division of the metal in
solution, causes the mercury to leave a * tail ” behind it,
if run down a slightly inclined porcelain tile.  When pure it
leaves no tail.

The amalgam with tin was used for silvering looking-
glasses ; amalgams with copper, tin and cadmium, silver and
gold are used as tooth stoppings. 'T'he density of the copper
amalgam is the same solid as plastic, to which state it may be
reduced by slightly warming and working in a mortar. It is
used for scaling bottles

Metals arc not readily attacked by mercury unless the surface is clean.
Hence the presence of free acid aids amalgamation by removing films of
oxide, cte.  Sodium amalgam is often added to mercury in the amalgama-
tion of gold and silver ores to prevent the mercury becoming ¢“ dead ”” and
inactive by the oxidation of other metals, such as copper, etc., which may
be taken up by it.  Such mercury is apt to get into a finely divided state,
the oxide films preventing the globules from coalescing, and it *“ sickens ’
or becomes ““ floured,” in which case both the mercury and the precious
metal it contains will probably pass into the residues or * tailings ”” and be
lost. The sodium, by liberating hydrogen from the water present at the
surface of the globules, prevents oxidation.

The silvering of-mrrors-was accomplished by squeezing mercury from
a chamois leather bag over a sheet of tinfoil lying on a polished slab,
forming a thin film of the amalgam. The carerully cleansed glass is then
pushed gradually on, taking care to prevent air bubbles getting between,
covered with felt and weighted. By inclining the slab and increasing the
inclination from time to time, the excess of mercury is drained away and
the amalgan adheres to the glass. The resulting film contains about 20
per cent. of mercury and 8o per cent. of tin. Mirrors are now silvered by
chemically precipitating pure silver on the surface of the glass.

ORES OF MERCURY

‘¢ Native > Mercury occurs in globules in cinnabar, and
amalgams of gold and silver are also found.
Cinnabar.—Mercuric sulphide (HgS) is the principal ore.
It is a heavymineral, of a vivid red colour; but some varieties
are purplish. Its specific gravity is about 8. Large deposits
occur at Almaden in Spain, Idria in Carniola, Bavaria,
U
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California, Chili, Peru, China, and elsewhere. Like hematite,
it gives a red streak, but is volatilised by heat. The Idrian
deposits have been worked about 400 ycars. Cinnabar when
pure contains 85 per cent. of mercury, but the ores frequently
contain less than 2 per cent., and are often bituminous in
character. Mercury is often a constituent of fahl ore (p. 229).

Smelting, or Extraction.—The principles involved in the
separation of mercury from cinnabar are very simple. When
heated in a current of air, the sulphur is burnt off as SO,, and
the metal volatilised.

It therefore only remains to efficiently condense the vapour.
This, owing to the rcadiness with which the metal gives off
vapour, is a matter of much difficulty.

Cinnabar is decomposed when heated with lime, sulphide
and sulphate of lime being produced thus :-—

4HgS + 4Ca0 = 3CaS + CaSOy4 + 4Hg
Iron reduces it to mercury, sulphide of iron resulting.
Idrian Furnace.—¥ig. 112 shows the furnace employed at
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Idria. The cinnabar is placed on arches #, g, 7, in the central
chamber, over the fireplace. The larger lumps are placed in
the lowest arch. The upper arch is occupied by small ore
or dust, on trays, as shown, or moulded into blocks with a little
clay. The products of the combustion and the SO, and
mercury vapour are led to the condensing chambers C, of
which there are six on each side, by the passages s’. Each
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chamber communicates with the next alternately at top and
bottom. The greater part of the metal is condensed in the
first 2 or 3 chambers. The remainder is deposited as soot or
dust in the succeeding chambers. The floors of these
chambers incline towards an outlet at the side, by which the
condensed mercury drains away, and is carried by a channel to
the locked tank in which it collects. In the last chamber the
condensation is assisted by water spray or by canvas screens
stretched across it, covered with wet sawdust. The furnace
and condensers arc about 180 feet long and 3o feet high. The

FI1G. 113.—B, fireplace ; ¢, perforated arch ; F,ore chamber ; b E, charg-
ing openings; G, chimney for fire; L, openings to aludels; m,
aludels ; K, mercury gutter ; 1, condensing chamber.

charge for the double furnace is nearly 100 tons. The
operation takes about a week to complete, of which five
days are occupied in cooling, and only about 12 hours
in distillation. About 4 tons of mercury are obtained from
each charge.

In Hahner’s modification of the Idrian furnace, the orc,
mixed with charcoal, is fed into the central shaft from a hopper
above, and the furnace works continuously. The condensing
chambers are prevented from becoming overheated by cover-
ing them with iron plates and cooling by a spray of cold water.
The spent ore is removed at intervals through the grate
at the bottom of the shaft.

Aludel Furnace.—Fig. 113 shows the Aludel furnace in use
at Almaden in Spain. The ore is placed in the chamber F,
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resting on perforated arch C, over the fireplace B. A quantity
of spent orc or quartz is placed in the bottom, then poor ores
followed by richer ones. The powdered ores are made into
balls and placed on the top. A wood fire is first made in B,
and the whole thoroughly heated. The fires arc then with-
drawn and air admitted. In passing through the grate,
spent ore, ctc., at the bottom, it becomes heated, and calcines
and reduces the cinnabar. The vapour and gases pass out by
the passages I., and through rows of “ aludels ”’ resting on
sloping masonry roofs or benches. The aludels are carthen-
ware, pear-shaped condensers
(Fig. 114) 16 inches long ; the
neck is 4% inches, the wider
end about % inches, and the
middle 11 inches in diameter. These are fitted together and
luted with clay. The middle ones have a hole on the under
side which permits the condensed mercury to drain into
the trough K, by which it is conveyed away. From the
aludels the vapours pass into the chamber I, from which they
cscape by the small chimney. The operation lasts about
24 hours, and the cooling down 3 or 4 days. The conden-
sation in both these furnaces is imperfect.

Muffle, or Retort, Furnaces arc used for reducing the
pure ¢ fines ”’ (small ore), and the fume which collects in the
condensers nearest the ore chamber, which consists mainly
of sulphide and sulphate. From 10 to 20 per cent. of quick-
lime is added and the mixture made into bricks. These
arc heated and the vapour condensed in iron tubes dipping
under water.

The Alberti Furnace is a long-bedded, reverberatory
furnace, the flues of which consist of large water-cooled iron
pipes. Poor ores are treated in these furnaces, but the acid
vapours attack the iron.

Channel Furnaces.—The beds of these furnaces are
steeply inclined planes divided into channels down which the
ores trickle, being roasted by an ascending current of air and
hot gases from a fire situated at the bottom of the incline.
The vapours are led into condensers.

FiG. 114.
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Shaft Furnaces are cxtensively employed. These fur-
naces work continuously. The ore chamber D (Fig. 115) is
cylindrical in form, standing on a hexagonal base. Three
fireplaces C, with ash-pits, etc., communicate with the cham-
ber on alternate sides of the hexagon. Below the fireplaces
the chamber contracts
and the calcined ore is
withdrawn through
openings at the side. f
The top of the chamber =
is closed by a cup-and- s>
cone arrangement, the o
cup being covered by a ~
gas-tight cover, which
is always in position -
before the cone is -, b
lowered to admit the
charge, thus preventing o
cscape of vapours. The '
gases are led away by
inclined iron pipes to
condensers. Pecp-holes,
for the inspection of the
furnace, are also pro-
vided. The chamber
is 19 feet from base of
cone to bell; and 6 fcet

, 7
wide. It roasts about 7 ﬁé‘&%
1o tons per day. In %’/7/« 78 1
starting, the shaft is
filled to the level of the
fireplaces with spent ore, and then to within 3 feet of the top
with ore mixed with 1 to 2 per cent. of coke or charcoal.
The fires in C are lighted, wood being used as fuel, and
the whole furnace heated to full redness. Some spent
ore is then removed through E and fresh ore admitted
from the top. Fresh additions are made about every two
hours.

F1c. 115 —Californian furnace.
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Hiittner and Scott’s furnace for the continuous treatment
of fines is shown in Fig. 116. The fine orc is fed in from the
hopper at the top of the chamber, on to a scries of sloping
shelves, and passes in a zigzag fashion down the furnace,
being turned over and over in its descent. The furnace is
27 feet high, 25} inches wide, and 11 fect 6 inches long. At
one end is a fireplace supplied with hot air heated in iron
pipes placed in the condensing chambers.
The fire gases, mixed with hot air, are
admitted to the ore chambers by a
scries of openings at onc end, under each
shelf, and pass away to the condensers
by corresponding openings at the oppo-
site end of the furnace. The furnace
treats about 1} tons per hour, and the
spent ore is removed at intervals.

A continuous retort furnace crected
by the “El Pouvenir” Company in
Spain, is shown in Fig. 117.1 The
retorts A are of cast iron, and are sup-
ported above a fireplace B. The retort
inclines upwards, and communicates
with the condensing apparatus C, by
a flue as shown. A hydraulic exhaust
injector D draws the vapours through
the condenser and permits of the lower end of the retort being
opened to remove a portion of the charge without escape of
vapour. The ore is fed in at the top, about 3 cwt. every
hour and a half, giving an average of  ton per retort per
day. Rich ores arc mixed with lime. Two large condensing
chambers are provided. From the second they pass into a
smaller chamber containing water, and then to the exhaust.

In shaft furnaces at the same works the hydraulic exhaust
is also employed. The fireplace is placed below a perforated
arch, as at Almaden, but the top is provided with charging
+ apparatus, and the ore is discharged after calcination through
openings at the side.

L Journal Soc, Chem., ]mi.‘,‘ 1890, p. 93.
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The condensation of mereury offers a difficult problem. In calcining
furnaces of all types, the large volume of gases to be cooled (products of
combustion of fuel, nitrogen of the air, sulphur dioxide, and mercury
vapour), and the ease with which mercury gives off vapour, render its
perfect recovery difficult. The gases often contain less than 1 per cent.
by volume of mercury vapour. Except in the condensers nearest the ore
chambers, iron cannot be used on account of the acid liquors (H,SO; and
11,5S0,), which condense when sufficiently cool. Other metals cannot be
used as they are attacked by mercury.

It is therefore necessary to employ large condensers, as at Idria, to slow
down the current to completely cool them, and to admit the vapour as
near the boiling-point as possible = With furnaces working continuously,
auxiliary cooling appliances, such as carthenware or iron pipes, with or
without water cooling, are necessary. Glass chambers in wooden frames
have been largely adopted for gases comparatively cool, communicating
alternately at the top and bottom. Mercurial vapours are highly poison-
ous, producing salivation.

Fic. 117.

Purification of Mercury.—Commercial mercury often
contains lead, zinc, bismuth, and other impurities. The
presence of these may be detected by allowing it to run down a
white tile. If impurities are present, the metal leaves a tail.
Mercury is purified by squeezing through chamois leather and
subsequent re-distillation. It may also be purified by expos-
ing it in a thin layer to the action of dilute nitric acid, mer-
curous nitrate, or ferric chloride solution. The impurities are
dissolved together with some mercury. It comes into the
market in screw-necked iron bottles, containing } to 3 cwt.
each.
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CHAPTER XV
SILVER

Physical Properties.——This metal is characterised by its
whiteness and brilliant lustre. It is somewhat softer than
copper, but harder than gold. It is exceedingly malleable,
being in this respect only inferior to gold, with which it may
be alloyed without seriously impairing the malleability of that
metal. It is highly ductile, and has a tensile strength of 14
tons per square inch. Its specific gravity is to's. It is the
best conductor of heat and electricity. At about 955° C. 1 it
melts, and at high temperatures is sensibly volatile. In the
clectric furnace it boils and distils.

Chemical Properties.—The metal is unoxidised when
heated in air or oxygen, but molten silver dissolves about 22
times its volume of oxygen, which is given out on solidifying,
the metal often being projected from the surface in curious
growths. This phenomenon is known as *‘ spitting,” and does
not occur if the metal is impure. The metal contracts on
solidifying.  Silver oxide (otherwise produced) is decomposed
by heat into silver and oxygen.

Silver combines readily with sulphur, forming silver sul-
phide (Ag,S), a soft, dark-grey, fusible body. The blacken-
ing of silver when exposed, is due to the formation of this
body by sulphur compounds in the atmosphere. This com-
pound is also precipitated by adding sodium or other soluble
sulphide to solutions containing silver.

Sulphide of silver roasted in air is decomposed, sulphur
dioxide and silver resulting. When calcined at low tem-
peratures in admixture with sulphides and sulphates of other
metals sulphate of silver is produced. The sulphate is also
produced by heating silver with strong sulphuric acid or
bisulphate of soda. Silver sulphate is soluble in water con-
taining free sulphuric acid, and is decomposed by heat,

L The melting-point in air is 955° and in a reducing atmosphere is
962°. This is closely connected with the solubility of oxygen in silver.
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metallic silver resulting.  Silver sulphide is converted into
chloride by the action of ferric, cuprous, and cupric chlorides.

Silver combines directly with chlorine, forming silver
chloride, which is not decomposed by heat. This compound
is also produced when hydrochloric acid, or a soluble chloride
is added to a silver solution, and by roasting the sulphide with
salt in the prescnce of moist air. It is insoluble in acids,! but
dissolves in strong brine (sodium chloride) and other chlorides
(especially ferric and cupric chlorides), in sodium thiosulphate
(forming Ag,S,042Na,S,04, if the sodium salt is in excess),
in potassium cyanide (forming AgCN.KCN), and in
ammonia. It fuses at a red heat, and is volatile at high
temperatures.

Chloride of silver is reduced by ¢ nascent” hydrogen,
mercury and other metals, and by fusion with carbonate of
soda.

AgCl + H = Ag + HCI
2AgCl -+ Nay,COg == 2NaCl 4 CO, + O -}- 2Ag

Silver is deposited from solution in the metallic state by
zine, copper, iron, and other metals, and cuprous oxide.
Sulphuric acid dissolves it when heated, forming sulphate.

2Ag 4+ 2H,SO4 = Ag,SO{ 4 2H,0 - SO,
Nitric dissolves it readily, silver nitrate being formed.
6Ag + 8HNO3 = 6AgNO3 4 2NO + 4H,0

Hydrochloric acid has no action upon it.

Silver nitrate (AgNOy) is a white solid, soluble in water.
It crystallises in flat tabular crystals. It is fusible without
decomposition, but at a higher temperature, much below red-
ness, it gives off oxygen and forms AgNO,. At a red heat it
is decomposed, yielding metallic silver.

This is made use of in the separation of silver and copper nitrates.
The latter decomposes at a much lower temperature than the silver
nitrate, and by carcful heating may be resolved into oxide, leaving the

1 AgCl is somewhat soluble in hydrochloric acid. The strong acid

dissolves I in 200 parts, and when diluted with an equal bulk of water,
1 part in 600.
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silver nitrate unaltered. When a sample, treated with water, gives no
blue colour on the addition of ammonia, the mass is boiled with water,
to dissolve the silver nitrate, and filtered from the insoluble copper oxide.
Boiling the mixed nitrates with freshly precipitated silver oxide also throws
down the copper as oxide.

Large quantities of nitrate and sulphate of silver are
produced in parting silver and gold.

Alloys. —Silver is too soft for usc in the pure state, and is
hardened by alloying it with copper. English sterling silver,
“ standard silver,” consists of an alloy of 925 parts of silver
per 1,000 alloyed with 45 of copper. This is equivalent to
11 ozs. 2 dwts. of silver per 1b. 770y. Alloys which contain
more silver per lb. are described as * better,” and those con-
taining less as ‘“ worse ”’ than standard. The Indian rupee,
11 ozs. 8 dwts. per lb., is 6 dwts. better, and the French
standard alloy contains 1o ozs. 16 dwts. only, and is described
as 6 dwts. worse.

The degree of purity is now often cxpressed in parts of
silver per 1,000; thus * goo fine ”” implies that the alloy con-
tains goo parts of fine silver and 1oo of alloy per 1,000.

Frosted Silver.—Silver is frosted by heating silver alloyed with copper
in air. The copper oxidises, and the oxide is dissolved off with sulphuric
acid or ammonia, or by boiling with cream of tartar and salt. This leaves
a ““ dead ” surface consisting of finely divided silver.

Oxidised Silver.—This effect is produced by treating the silver with
a soluble sulphide, such as sulphide of potash, and is due to the films of
silver sulphide formed.

ORES OF SILVER

¢ Native ”’ silver occurs associated with ores of the metal ;
with gold, in electrum ; with mercury, in amalgam.

Silver Sulphide (Ag,S)—Argentite—occurs as a soft,
malleable, greyish-black substance, which is readily fusible.
It contains 87 per cent. of silver. Deposits containing it in a
state of purity occur in Norway, Hungary, Saxony,Bohemia,
Mexico, and the United States. It is the principal ore of
silver.

Horn Silver—Silver Chloride (AgCl)—is found in South
America. The bromide and iodide also occur.
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Pyrargyrite.—Dark-red silver ore is a sulphantimonide of
silver (3AgyS.SbyS,3) found in Mexico, South America,
Transylvania, and elsewhere. Proustite—-light-red silver
ore—is a sulpharsenide (3Ag.S.As,S3). Stephanite is
another mineral of the same class.

Polybasite and Argentiferous Fahl Ore are compounds of
copper, silver, arsenic, and antimony sulphides. The latter
often contains other metals also.

Silver occurs in the ores of many other metals, probably as
sulphide. ILead, zinc, and copper ores often contain it, and
small quantities occur in iron pyrites and mispickel (arsenical
iron pyrites). The production of silver from these sources is
nearly one-half of the total extracted.

Extraction Processes.—The high price of silver permits
of poor ores being treated and the adoption of more costly
methods. Hence chemical methods, preceded by careful
mechanical preparation, are often followed.

The treatment of silver ores proper may be divided into—

Amalgamation processcs.

Wet processes.

Smelting with lead, or lead ores.
Smelting with copper ores.

Amalgamation Processes includc those in which the silver
is obtained as an amalgam with merucry, from which it is
recovered by distillation and volatilising the mercury. They
may be divided into “ floor,” * barrel,” and *“ pan ”” amalga-
mation processes. If not present as free silver or as chloride
the first step of the process is to convert the metal into chloride.

Floor Amalgamation.—In the * patio” process, still
followed in Mexico and South America, the ores are hand-
picked, and then contain some 8o ozs. of silver per ton, as
native silver, chloride, and sulphide. Base ores containing
large amounts of foreign sulphides are unsuitable for treat-
ment by this process. The ore is first reduced to a fine state of
division by stamping or grinding.

The guimbalete consists of a large boulder lashed to the middle of*a
long pole, rocking on a flat stone, worked by men sitting astride the ends
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of the pole, and working see-saw fashion, the ores being thrown under the
boulder. ~ -

The trapiche 1s alarge stone wheel, 6 feet in diameter and § feet across ;
the axle on which it revolves is attached to a perpendicular shaft driven by
a horizontal water-wheel on the top. The wheel travels round a stone
track, and the ores are gradually crushed.

The arastra, for fine grinding, is a circular trough paved with hard
stone. In the centre is an upright post to which projecting arms are
attached. Heavy stoncs are lashed to these, by thongs of raw hide, and
they are dragged round by mules attached to the ends of the arms, which
project over the edge of the trough. Water is added, and, if much free
silver or gold is present, a little mercury, to amalgamate them  The ore
is thus reduced to mud.

The Chelian mill for grinding ores is in principle like an ordinary
mortar-mill.

The operations are conducted as follows :~—(1) The mud
is taken to the amalgamating floor, or patio -—a paved court---
and spread out in a layer 6 inches to a foot thick. Some
3 to 5 per cent. of salt is added and well trodden in by mules
for several hours, after which the heap is allowed to rest.

(2) Next morning a quantity of roasted copper pyrites—
magistral 1—is scattered over the heap, and some mercury.
This, after mixing with shovels, is well trampled in; the
turning over and trampling are repeated every other day for
some days.

(3) Mercury to the extent of some 5 or 6 times the weight
of silver present is sprinkled over the heap from canvas bags,
and trampled in. If much antimony and arsenic, or other
foreign sulphides are present, a hot solution of copper sulphate
is added, together with copper precipitate (finely divided
copper) (see p. 261), and thoroughly incorporated.

(4) After a further rest with repeated tramplings, a final
addition of mercury is made to collect the amalgam, and after
mixing, the stuff is conveyed to tanks, where it is stirred up
with water, and the heavy amalgam settles out. The carthy
matters are carried away by the water current.

The amalgam is treated in the ordinary manner (sce p.
308).

In this process a series of complicated reactions occurs.

1 This contains both copper and iron sulphates, and plays a material
part in the reactions which occur.
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Copper chloride is formed by the recaction of the salt and
copper sulphate.

CuSOj4 + 2NaCl = CuCl, + Na,SO,
This attacks the metallic silver, thus :
2CuCl, 4 2Ag = 2AgCl 4 CuyCl,
This cuprous chloride, which is soluble in the excess of salt
employed, reacts on the sulphide of silver and converts it
into chloride.
AgoS - CuyCly == 2AgCl -} Cu,S
Some frec sulphur is also scparated, probably thus :
AgyS -+ 2CulCly = CuyCl, + 2AgCl - S
or 2Ag,S 4 4CuyCly 4- 60 = 2(CuCly3Cu0) -} 4AgCl 4 2S
The above reactions in some degree represent the chlori-
nation, but the changes are very obscure. The silver chloride
is decomposed by mercury, thus :
2AgCl + 2Hg = Hg,Cl, + 2Ag
the metal being dissolved by the cxcess of mercury. The
operation occupics from 2 to 7 weeks.
Note.—The addition of copper precipitate is to ensure the reduction

of the cupric salt to the cuprous state, or it will attack the mercury, forming
calomel,! and will thus increase the consumpt of mercury.

2CuCl, + 2IHg == IIg,Cl, 4 Cu,Cl,

2CuCl, + 2Cu = 2Cu,Cl,
Formerly lime was added, to precipitate the copper, if in excess; but
this hinders the chlorination by forming an inactive chloride.

Barrel Amalgamation was formerly practised at Freiberg.
The chlorination of the metal is effected by roasting the ore
with salt as described (pp. 258 and 311). The roasted ore is
next put into barrels capable of holding about a ton, supported
horizontally on trunpions. Water is added to make it into a
stiff paste (pulp), some 1} to 1} cwt. of sheet-iron scrap added,
and the barrels revolved for several hours. The chloride is
reduced by the iron, thus:

2AgCl 4+ Fe = FeCl, + 2Ag
Mercury is then added to amalgamate the reduced silver, and

1 The white insoluble mercurous chloride.
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the barrels again revolved some 16 hours. The contents
of the barrels are then thinned by the addition of water, the
amalgam collected together by slow revolution, and run off
by a plug in the side. A little fresh mercury is added to
collect any residual metal, and the barrels again revolved.
This is run off as before. The residues are run into settlers
and agitators—tanks with a current of water flowing through
—by which the light matters are carried off and the amalgam
(if any) sinks.

In the Krolinke ! process, formerly in use at Benton, the
roasting with salt is dispensed with. The chlorination of the
silver is effected by an addition of cuprous chloride and salt.
The cuprous chloride is prepared by boiling copper sulphate
with salt and copper, or in other ways. The barrels may be
arranged vertically or horizontally, and steam is blown in to
heat the contents. Mectallic copper is employed to reduce
the silver, and the amalgamation with mercury takes place as
before. The loss of mercury is greatly reduced, calomel not
being formed. Aaron states that it can be brought as low as
2 lbs. per ton. Iron borings are sometimes used for the
reduction. Base ores can be treated by this process, a yield
of 8o to g5 per cent. being obtained.

In both these processes there is considerable loss of
mercury by ‘ flouring —that is, the mercury is broken up
into fine particles, which will not coalesce to form a globule,
and are carried off and lost. The addition of a little sodium
amalgam is made to prevent this.

Kettle Amalgamation (Cazo Process).-—The ores treated
by this process are mainly chlorides, bromides, and iodides.
The ore is ground to a pulp in the mill, or arastra, and trans-
ferred to kettles with bottoms made of copper. From 5 to 10
per cent. of salt is added, and the mass heated with continual
stirring. Mercury is added, and the heat is continued for
some hours, till amalgamation is complete. The mass is then
thinned with water, and the amalgam collected as before.
The chloride, etc., is decomposed by the copper,

2AgCl + 2Cu = 2Ag + Cu,Cl,
1 /ron, Nos. 93 and 94.
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yielding silver and cuprous chloride. This, in the presence
of salt, rcacts to some extent on the sulphides, after the
manner of the *“ patio " process, but sulphide ores generally
. retain enough silver to be subsequently treated on the “ floor.”
Pan Amalgamation.—The foregoing methods have gene-
rally given way to treatment in pans, a great saving in time
being effected.
The pans employed in these processes vary somewhat in
construction.  One form is shown in Fig.: 118. It consists of

"~ Fic. 118.——Amalgamélbry pan.

a cast-iron pan some 5 feet in diameter, with a stedm-jacketed
bottom. Up the centre a hollow pillar rises, through which
a shaft passes. To this the cast-iron mullef is attached in a
manner which permits of its being raised or lowered to any
desired height by means of the hand-wheels on top. The
crushed ore is ground between the flat faces of the muller and
the bottom of the pan, motion being communicated by the
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bevel-wheel gearing under the bench on which the pan rests.
Steam is admitted to keep the contents hot. A plug is pro-
vided for running off the pulp after amalgamation.

Instead of iron sides, wooden staves hooped with iron are employed,
and copper bottoms and linings are sometimes employed.

Two methods of treating the ores are followed. In one,
they are treated direct, and in the other they undergo a
previous roasting with salt to chlorinate the silver.

In the (/z're[t process the ore is broken in a  stone-
breaker,” ¢ ore-crusher ”’ of the Blake type, A (Flg 119),
passes to a stamp battery, B )
and is crushed ¢ wet ”’ —that
is, with a supply of water
(see Gold, p. 327), a 30-mesh
screen  being  employed.
From the battery the crushe(}
ore passes over the am \’g;a
mated copper plates C
catch any free gold present,
and then to the tanks D, in
which the mud settles. ¢

The mud (pulp) is charged
into the pans E, water added
to g pasty consistency, and
the muller lowered and re- FIG. 120.—Settler.
volved at the rate of 8o fo
100 revolutions per minute. Salt and copper sulphate
are also added, and the temperature is maintained at
about go° C. This grinding is continued some 3 or 4
hours. The pulp will then pass through an 8o-mesh sieve.
About 10 or 15 per cent. of mercury is then added, and
the muller, somewhat raised, is again revolved for 2 or 3
hours, to thoroughly incorporate the mercury. The pulp is
then thinned by the addition of water, and run off by the plug
into the settler K, which resembles the amalgamator, save
that the muller is replaced by a stirrer (Fig. 120), which makes
some 10 revolutions per minute. Here the amalgam settles

X

144
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out. The mud is drawn off by opening the holes in suc-
cession, into another scttler—the agitator—and then passed on
to ¢ frue vanners,” or is treated on buddles, for the separation
of the pyrites, etc. (concentrates), which often carry gold,
while the light stuff is washed away.

In amalgamation processes preceded by roasting, the ores
are crushed “ dry.”

In * dry ” crushing, the ore, after being broken, is dried, a
rotary furnace being employed. The dried ore is stamped,
and the crushed ore falling through the screens is conveyed
away by means of Archimedian screws, travelling belts, or
elevators. Fig. 121 shows a *“ dry ”’ crushing mill. The pow-
dered ore is next mixed with about 20 per cent. of salt, and
roasted. Generally revolving furnaces of the Bruckner type
(Fig. 34) are employed. Stetefeldt calciners (Fig. 36), and
long-bedded reverberatory furnaces are also employed. This
roasting occupics about 8 hours. The ore is then transferred
to the amalgamators and treated as before. The yield by this
treatment is much greater than in wet crushing, but the items
of labour and fuel consumption are increased, while the output
of a plant is seriously diminished.

The loss of mercury is about 2 pounds per ton of ore treated. It is
customary to add a little sodium or zinc amalgam, to keep the mercury
from flouring, the hydrogen evolved keeping the mercury bright and
lwely, and preventing the formation of a film on the small globules, which
prevents them from coalescing. Petassium cyanide, in small quantities, is
often used for the samec purpose. In wet crushing, mercury is also
introduced into the mortar-box to retain gold.

In the roasting of dzy-crushed ores with salt, there is a liability to form
gold chloride, which is soluble, and will be lost if not completely decom-
posed in the pans. )

In “wet” crushing, the sulphide of silver in the ore scems to be
partially decomposed by the iron of the pan during amalgamation, with
the formation of sulphide of iron, assisted by the cuprous chloride, pro
duced when salt and copper sulphate are added.

The best grinding is secured with a thin pulp, and the est amalgama-
tion with thick pulp, which prevents the mercury from settling out. Itis
usual to add residues to thicken the pulp prior to adding mercury. It
is soft enough if the muyller will turn in it.

Treatment of Amalgam.—The amalgam from the settlers
and agitator is often transferred to a smaller * clean-up ” pan,
and stirred with water to free it from heavy particles.
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It is then strained through canvas bags, or squcezed
through wash-leather, or in cylinders, the ends of which are
made of wood cut across the grain by
hydraulic pressure. The excess of mer-
cury which is thus removed is used again.
It contains silver, but this is recovered
in the subsequent working. The pasty
amalgam which remains is then * re-
torted ” to expel the mercury. One
form of retort is shown in Fig. rz2.
The amalgam is put into the crucible,
which is of iron, the hcad adapted,

FiG. 122.-- Amalgam . L .
safc, with strain%r. and the mercury as it distils off is

condensed by the water-cooled tube.
The crucible is coated with limewash.
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F1G. 123.—Retort.

The porous mass obtained is subsequently melted down in
crucibles, and cast into bars weighing about 1,000 ozs. The
crude. l&lio_ri cqntains bismuth, antimony, copper, z‘inc,
arsenic, etc. It is subsequently refined. This is partially
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effected by exposing the surface to the air while molten,
and permitting the impurities to oxidise, the scum of
oxides being scraped off. It is afterwards refined by
‘cupellation.

Wet processes.—1'he wet methods of extraction formerly
practised depended on the solubility of chloride and sulphate
of silver, the former in solutions of common salt and other
chlorides and in thiosulphate of soda, and the latter in
water more or less acidified. These processes have been
almost entirely superseded by the simpler methods of extrac-
tion by cyanides of potassium and sodium. A brief resume
of the older processes is given.

Sulphating roasting.—Z:ervoge/ Process. This process
or some modification of it was formerly largely followed for
the trcatment of copper and other mattes and for the prelimi-
nary treatment of bottoms (see p. 239) or other argentiferous
coppers, in addition to its application to certain ores contain-
ing silver.

It depends on the conversion of the silver into sul-
phate by calcining under favourable conditions. When
a mixture of sulphides is calcined the chemical changes
that take place, depend mainly on (1) the basicity of the
oxide formed, (2) the atmosphere of the furnace, (3) the
temperature.

If the oxide of the metal resulting from the calcination be
highly basic, the sulphur dioxide in the presence of free
oxygen, and probably moisture, will be fixed as sulphate in
proportion to the basicity of the oxide and the stability of the
sulphate when heated. Thus :

PbO + SO, -+ O = PbSO,
Zn0O -4 502 + 0= ZHSO4
CaO + 802 + 0= CaSO4
FeO + SO, + O = FeSO,
CuO 4 SO, 4 O = CuSO,

There is a remote possibility of the sulphate being formed
directly.  Sulphates which undergo decomposition to oxide
when heated liberate sulphur trioxide, which may (1) be
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immediately dissociated, (2) serve as a powerful oxidising
agent, or (3) unite at once with a basc whose sulphate is
stable at the temperature, thus increasing the proportion
of sulphate of that mectal produced. This may extend in
extreme cascs —a powerful base and little sulphur—to the
fixation of the whole of the sulphur as sulphate.

Sulphur trioxide in the presence of moisture may behave
like sulphuric acid and oxidise and combine with the oxide
formed if the sulphate is stable at the temperature.

Hence, in calcining a mixture of sulphides at a gradually
increasing temperature, a series of progressive changes may
take place, in addition to the main effects of eliminating
sulphur and the formation of sulphates and oxides.

The sulphates of iron, copper, silver, zinc, lead, and
calcium are decomposed by heat in the order named. When
a mixture of the sulphides is calcined, part of the sulphide in
each case (except silver) is converted into oxide and this
partially into sulphate. As the temperature rises the decom-
position which occurs increases the amount of those sulphates
which are stable at that temperature. Thus in a mixture
of iron and copper sulphides the decomposition of the iron
sulphate tends to produce an increased amount of copper
sulphate

2}“6804 = P‘CzOg + SOZ —j(‘ SO;;
CuO + SO3 = CuSOy
CuO +4- SO, + O = CuSOy4

The ferric oxide (Fe,Og) formed acts as a catalyst and
assists in the conversion of SO, into SO;. This is also
assisted by the brickwork of the furnace and siliceous matter
in the ores. The presence of moisture is probably necessary.!
This applies generally.

Sulphide of silver does not form a basic oxide during
calcination, but the sulphate is stable at higher temperatures
than copper sulphate. When calcined the sulphide yields
metallic silver. In a matte this would be in a very fine

! An attempt was made in Bankart’s process to apply this to the
treatment of copper ores.
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state of division and ecasily attacked by the sulphur trioxide
from the decomposing sulphates of iron and copper.

2Ag + 2803 + 2H,0 = Ag,S0,4 + SO, + »H,0

By controlling the temperature almost complete decomposi-
tion of the iron and copper sulphates may be secured, while
the silver sulphate is unaffected.

The presence of zinc and lcad oxides resulting from the
sulphides present or the presence of lime would seriously
affect the attack of the silver by forming sulphates which
have no effect. This should also be noted in connection
with the Percy-Patera and other similar processes, as the
amount of these metals passing into solution is of importance,
determining cither the method of working or the purity of
the silver sulphide precipitates obtained.

From the above the function of iron sulphatc sometimes
added to oxide of copper for sulphating will be evident.

Chloridising roasting, as followed in the Augustin,
Percy-Patera, Russell, and other processes, has for its object
the conversion of the silver into chloride.

Common salt is the usual source of the chlorine. The
transference may be effected in various ways.

(1) By the action of free chlorine, generated thus—

(a) 2NaCl 4 O + SiO, = Na,SiOy -+ Cl,
) 2HCl 4 O = H,0 4 Cl,

(2) Or by the action of hydrochloric acid gas, produced
thus—
2NaCl + H,0 - SiO, = Na,0.Si0, + 2HCl
2¥eSO, +- 4NaCl + 2Hy0 4 O =TFey03 + 2Nay,SO4 + 4 HCI

the moisture being present in the atmosphere of the furnace ;
(3) By the action of chlorides of copper and iron produced
by the reaction of sulphates on the salt added.

CUSO4 + 2NaCl = Na2804 + CUCI2
2CuCl, + 2Ag = 2AgCl + Cu,Cl,

The Cyanide Process.—The application of the Mac-
Arthur-Forrest process of gold extraction by solutions of
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potassium cyanide has been adapted to the extraction of
silver. The recovery from finely divided ore containing
the silver as sulphide and chloride amounts to from 8o-g5 per
cent. Orces containing metallic silver must be treated for its
recovery prior to cyaniding, as the action on metallic silver
is slow and its malleability prevents its reduction to a suffi-
ciently fine state of division. In carrying out the process
great care is taken to secure satisfactory concentration.
As practised at Cobalt, the ore is first hand-picked to remove
the rich material. The residue is crushed, magnetted, and
dressed in jigs and on rough Wilfley or other tables to remove
the poorest portions. The slimes pass to the cyanide plant,
but the remainder is stamped and again concentrated. By
these preliminary methods it is possible to separate from 6o-70
per cent. of the rich material. The poor material is milled in
tube mills to 40 mesh, and again concentrated. These con-
centrates may be mixed and a final concentration made.
In this way the final concentrate may not be more than 2 per
cent. of the original ore treated.

The slimes from the concentrates are dewatered and
treated in tanks with cyanide solution—about two tons of
solution for cach ton of slime. The solution cantains about
025 per cent. cyanide and the ore is left in contact—with
circulation—for 48-72 hours, after which the liquor is drawn
off, filtered and precipitated with sodium sulphide-—see below.
Rich concentrates are ground in tube mills for long periods
till reduced to slime—as much as 22 hours’ grinding may be
given—-with the addition of calcium hypochlorite and caustic
soda to act as oxidising agents. After grinding the material
is washed to remove flaked metallic silver flattened in the
grinding. This is melted down after a preliminary roasting.
The residue of the pulp is washed free from chlorides,
dewatered, and the washed material treated with a strong
cyanide solution, o'5 per cent. An extraction reaching g5
per cent., or even more, may be obtained. (See Gold, p. 334.)

The solution containing the silver is decanted and, after
clarification, the silver is precipitated by the addition of
sodium sulphide, When the precipitate has settled the
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liquor is drawn off. To remove the remainder of the liquid
the precipitated silver sulphide is passed into a filter-press.

The separated sulphides are dumped into a tank and
agitated with a solution of caustic soda. This mixture is
pumped through a revolving cylinder containing aluminium
in a massive form such as ingots. The silver sulphide is
reduced by the nascent hydrogen, sodium sulphide being
formed, leaving finely divided silver. This reduction is slow
and may occupy 15 to 20 hours, or longer.

Ag,S + NaHO H- 2Al = ALOy -+ NaHS 4 2Ag

When complete the pulp is passed into filter presses, the silver
separated and thoroughly washed to remove sulphide. The
sodium sulphide solution is used for the precipitation of
subsequent batches of solution.

The recovered silver, together with that previously
removed as flake silver, is dried and melted down, prior to
refining.

The eclaborate concentraton methods followed are neces-
sary to reduce the cyanide consumption, which is high.

Residues left in the filter after removing the cyanide
solution may represent a very highly concentrated mineral
product and be valuable, as is the case in the Cobalt district
in Canada, where they contain as much as 8 per cent. of
nickel and 8 per cent. of cobalt.

Zijervogel Process.!

Roasting Copper Matles.—They arc first roasted to remove the
greater part of the sulphur, and then ground very fine and carefully
roasted at a low and gradually increasing temperature in a double- or
triple-bedded reverberatory calcining furnace.  The matte is first intro-
duced on the bed farthest from the fire, and is moved forward towards
the fireplace.  When the iron and copper sulphates formed during the
roasting are nearly decomposed —determined by boiling a sample with
water and observing the colour— the material is raked out.

Argentiferous copper ores are generally run down for matte, which is
thus treated.

The roasted material is then treated with water containing a little frec
sulphuric acid—/eacked—in wooden tanks capable of holding about 1000
gallons. From these the liquor is run into settling tanks, at a lower level,
and thence into tanks containing copper, where the silver is precipitated.

1 Now obsolete.
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Two scts of precipitating tanks are usually employed, the first containing
heavy copper sciap or bars, and the latter precipitate and bean shot-
copper.

Ag,S0, - Cu= CuSO, -} 2Ag

The copper is recovered by throwing it down with iron in similar tanks.

The residues contain the gold, a portion of the silver (owing to imper-
fect sulphating), copper, and iron as oxides, lead as sulphate. If bismuth
and antimony are present in the matte, more silver is retained, owing to
the formation of insoluble compounds.

The residues are smelted for copper by the “ best select ” process.
The bottoms obtained are treated by electrolysis, or in a manner subse-
quently described.

Augustin’s Process.—This consists of roasting the material
mixed with salt for the purpose of converting the silver into
chloride, which is then dissolved out by brine and precipitated
by copper.

In the treatment of copper bottoms, the two processes are often com-
bined (at Freiberg, and some works in this country). The bottoms are
granulated in water, and roasted to oxide, CuO, mixed with sulphur or
sulphate of iron, and Zicrvogelised.

The residues contain the gold and much silver, and are Augustinised.
The gold passes into solution as chloride, and is, of course, precipitated by
the copper. Great care is required in roasting, or the gold chloride will
be decomposed by overheating, the metal remaining in the residue.

Claudet’s Process is in extensive use for the recovery of silver from
the cinders of iron pyrites used in vitriol manufacture, and is employed
as an adjunct to the extraction of copper by Longmaid’s process (p. 258).
In the chlorinating roasting for copper, the silver is also chlorinated, and
.in the lixiviation with water is dissolved out by the excess of salt added in
roasting. The lcachings, after cooling and settling in tanks—duying
which much lead sulphate and chloride separate out—are assayed for
the amount of silver they contain. A soluble iodide is then added in
sufficient quantity to precipitate it as insoluble silver iodide 1—

2AgCl | Znl, = 2Agl + ZnCl,

Care must be taken that the iodide is not in excess, or the following
reaction will occur, cuprous iodide being precipitated —

2Znl; 4 2CuCl, == 2ZnCl, + Cu,l, + I,

and iodine liberated. The iodide is well stirred in, and the precipitate
allowed to settle.

* In modern practice the precipitation with iodide has been syper-
seded. The silver is precipitated by iron along with the coppé¥;“and
is recovered in the electrolytic refining. In some cases the copper was
precipitated in two stages, the first portion, containing the silver,
being removed separately. Much less copper precipitate is now
produced than formerly.
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After the withdrawal of the liquor, the mud is moistened with hydro-
chloric acid and treated with zinc, when the nascent hydrogen reduces
the silver iodide, and zinc iodide and metallic silver results.

Zu - 21ICl = ZnCl, - H,
H, 4 2Agl = 2Ag | 2111
ZnCl, -|- 2HI == 2HCI - ZnI,

During the reduction the mass is kept warm by jets of stecam.

The mud, or precipitate, after reduction, contains 6 to 12 per cent. of
silver, a little gold, and a large percentage of lead and oxide of zinc, with
sulphuric acid, lime, etc. The lead is reduced by the action of the zinc.

Percy-Patera Process.—The solution of the chloride pro-
duced in chlorinating roasting by thiosulphate of soda,
‘ hyposulphite,”” and precipitation of the silver as sulphide by
sodium or calcium sulphides, was first proposed by Dr. Percy.
Prior to the introduction of the cyanide process it was the
most important ¢ wet ”’ process for the treatment of s:/ver ores.

In the American silver mills, where this process was
pursued, the dired and crushed ore was chlorinated by
roasting with salt.

After roasting—cespecially in White-Howell calciners—the
ore was left for some hours in heaps, the chlorination pro-
ceeding after withdrawal from the furnace. It was then
transferred to lixiviating vats, and lcached with hot waser to
remove all soluble matters—zinc, mangancse, copper, lead,
and other chlorides—till the effluent liquor gave no precipitate
with sodium sulphide. Some silver chloride also dissolves.
The stronger liquors from the first leachings were run into
tanks, and the silver they contained was precipitated by the
careful addition of sodium sulphide It is thrown down before
the other metals present are completely precipitated. This
precipitate contains about 4 to 6 per cent. of silver.

The ore was then leached with sodium thiosulphate
solution, of strength varying from % to 1 per cent., according
to the richness in silver. The solution was run by gutters
under or alongside the tanks, into deep precipitation tanks
holding about 1,000 gallons (5 feet diameter and 8 feet deep),
sodium sulphide solution added, and silver sulphide precipi-.
tated thus—

(AgeSy032Na35;03) + NagS = Ag,S + 3NayS,03
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The regenerated thiosulphate solution was available for use
again.

Treatment of Sulphide Precipitates.—-The sulphide pre-
cipitates are roasted in a furnace, and, if poor in silver,
smelted with lead, which decomposes the sulphide and takes
up the mctal.

The lead is cupelled to extract the silver. If the sulphide
is pure, after roasting, it is melted in crucibles with carbon.

In roasting, and in treatment by lead, there is great liability to loss by
volatilisation and dusting. The flue dust from these furnaces assays up
to 1200 ounces of silver per ton.

Formerly the silver precipitate was run down in crucibles with scrap
iron, silver being liberated and iron sulphide formed. The regulus
retained silver, and was re-treated. Calcium thiosulphate and calcium
sulphide replaced the soda salts in the “ Kiss ” process.

Treatment of Base Ores.—Orcs contaimng much lcad and zinc
sulphides, antimony, arsenic, and bismuth, are unsuitable for treatment
by the ordinary ‘ hypo ” process, the chlorinating and leaching being
rendered difficult and incomplete in the presence of those bodies.  Ience
some of the silver remains in the mass as sulphide, and is not removed by
hypo.

This difficulty is overcome in the Russell process, by following or, in
some cases, preceding the ordinary thiosulphate leaching with a supple
mentary one by the double thiosulphbate of soda and copper, formed by
running the thiosulphate solution through a perforated box containing
copper sulphate immersed in the leaching vat just above the ore. This
method is rendered necessary by the ready decomposition of the double
salt on exposure, and to prevent this the tanks are closed in. The double
salt has the composition—

2N,S5,0,,3Cu,S,0,
and the reaction is— )
2N2a,5,0,4,3Cu,8,0; + 3Ag,S = 2Na,S,04,3Ag2,5,0; -+ 3Cu,S

The action of the extra solution is not rapid, and circulating pumps are
employed to keep it in motion throughout the mass. Undecomposed
sulphide of silver is thus dissolved out, and the silver in the residues is
areatly reduced. The silver is precipitated by sodium sulphide as before.

The sulphide precipitates are, however, very impure, containing only
25 to 40 per cent. of silver. The excess of copper used in the extra
solution is precipitated with the silver. Greater expense is entailed in
refining in consequence. To obviate this, it has been proposed to treat
the precipitate obtained from the extra solution with sodium nitrate and
sulphuric acid, whereby the mixed sulphides are converted into soluble
‘sulphates. The nitric acid fumes evolved are condensed, and the sulphur
which separptes used for making sodium sulphide.

The silv¢r from the sulphate in the solution is then precipitated by
copper, and the copper subsequently by iron.
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In dealing with ores containing much galena. the lead sulphate and
chloride formed in roasting dissolve in the thiosulphate. The lead is
removed by the addition of sodium carbonate before precipitating the
silver.

In zinc ores treated by this process, the zinc sulphate formed is
dissolved out in the preliminary leaching with water.

In these processes, any gold contained in the ore was
extracted to a large extent, and precipitated with the silver as
sulphide. During the leaching it is attacked by the thio-
sulphate, and thus dissolved out.

The wooden tanks cmployed in these lixiviation processes are either
round or square, well coated on the inside with tar.  They are provided
with a perforated false bottom covered with canvas, on which a layer of
filtering material, about a foot thick, is laid. This material consists of
gravel and silver sand. in layers, or of sawdust, according to circumstances.
Over the top of the filter is another canvas covering.

The leaching Hquor is frequently poured on the top of the ore, but
sometimes is introduced by a pipe below the false bottom, and allowed to
percolate upwards until the mass is soaked, to avoid air being trapped
and secure uniform wetting and percolation, after which it is poured on
top as usual. Below the false bottom is an opening in the side of the
tank, by which the hiquors are run off and carried by gutters into the
scttling and precipitation tanks. These, for convenience, should, if
possible, be placed at a lower level.  Steam-jet injectors are employed to
clevate the liquors, if necessary. - ’

Silver from Lead.—Pattinson’s process for the concentra-
tion of the small amount of silver occurring in lcad has been
noted on p. 279, and the melting with lead of the roasted
sulphide precipitates obtained in the Von Patera, on p. 316.
Silver ores, if pure sulphides, arc sometimes added to a hath
of lead in a reverberatory furnace, much in the same manner
as the poor Von Patera precipitates. The silver compounds
are decomposed by the lead, and the silver passes into and
alloys with the excess. Silver ores and precipitates are also
smelted with lead ores or litharge in water-jacketed furnaces.
A highly argentiferous lead is also obtained by the treatment
of the zinc crusts removed in Parke’s process for desilverising
lead (p. 285).

Cupellation of Rich Lead.—The.lead is separated from
the silver and gold by exposing the surface of the molten metal
at a red heat to the action of a blast of air. The lcad combines
with oxygen, forming litharge (PbO), which melts, and is
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blown off the top, thus exposing fresh surfaces to the action of
the air. Copper and other base metals present are also
oxidised, and the oxides dissolved in the melted lead oxide
are carried away by it. The silver and gold, which are
unoxidisable, are left behind. Some little is, however, carried
away in the oxide, particularly when the alloy becomes very
rich. Bismuth remains until the last. In the English cupel-
lation furnace, this oxidation is conducted on a bone-ash
cupel, and some of the litharge is absorbed hy the porous

Detail of F.
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F1G. 124.- Self-sluicing lixiviation-tank. p, false bottom; a, air pipc;
s, pipe for removal of liquor; f, trough leading to precipitating
tanks ; 2, plug for removal of residues ; #, sluicing pipe for ejecting
residues.

material. The bed of the German cupellation furnace is
made of marl brasque—a mixture of marl, or clay and lime,
with wood ashes.

The English cupel or test is made by ramming bone-ash,
moistened with a solution of pearl-ash, into an iron frame,
with mallets. Cement and other porous basic materials
have largely replaced bone-ash. The frame, A, is elliptical
in shape, 4 to 5 feet long and 2 feet 6 inches to 3 feet wide,
made of s-inch flat iron, from } to  inch thick. Five
iron ribs, 3 to 4 inches wide and } an inch} thick, cross
the bottom (e, Fig. 125). The bone-ash is rammed in in
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layers, and a cavity, E, scooped out with a trowel, leaving
the sides about 2 inches thick round the top and 3 at the
bottom, and the bottom itself about 1} inches thick. At
one end, some 5 inches of bone-ash are left, and an
opening, ¥, is made clean through the bottom, leaving a
2-inch dam, B. The litharge is thus prevented from coming
into contact with the ironwork and corroding it. The cupel
holds about g cwts. of lead.

\‘\ FiG. 125. N N

This }'upel forms the hearth of the cupellation furnace
(Fig. 126), G is the fireplace, C the hearth, and B the stack.
A tuyere, N, havmg a downward direction, enters at the back,
and over the dooy is a hood, H, to carry away the fumes of
litharge PbO. Pis a pot in which the lead is melted.
Coal is used as fuel.

The cupel, carefully dried for some days, is placed on a
truck, run under the furnace, and lifted into its place, in which
it fits loosely. It is secured by wedges, crossbars, or by
prgjgcingg_’eyes, and the edge of the iron ring covered with
bone-ash.  After carefully heating to redness, lead is intro-
duced from the lead-pot, or in pigs, through a channel at the
back. The blast is supplied by a fan, or occasionally by a
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steam jet. The litharge which forms is removed by making
a little gutter in the bridge in front, through which it flows
into conical iron moulds on wheels, placed beneath to receive
it. The furnace is maintained at a cherry-red heat. As the
lead is removed by oxidation, fresh additions are made to
keep up the level in the cupel.

In working on Pattinson lead containing from 500 to 700
0zs. to the ton, the operation is conducted in two stages. In
the initial stage a lead
containing 8 per cent.
-—4,000 t0 5,000 0ZS.
per ton—is produced.
The litharge produced
in this stage is poor
enough in silver to be
sent into the market.
It is sold for glass-
making, etc. The en-
riched lead is then
generally removed,
being run into _pigs
by boring a hole
through the bottom of
the cupel. More poor
lead is then treated
in the same cupel after
stopping the hole.

- - The rich_lead is
e f\/ FIc. 126. \ W then similarly treated
' on a new test, the

litharge being saved separately. It is reduced as described,
(p. 278), and yields lead containing some 40 ozs. of silver
per ton. As the cupellation approaches completion the surface
of the metal becomes iridescent (rainbow tinted) and strikingly
beautiful. As the last film of oxide clears off, the metal flashes
out brightly, presenting a clear, brilliant, bluish-white appear-
ance, the surface reflecting the roof of the furnace. This is
known as the * brightening ” or * coruscation.” The cooling
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of the silver must be cffected slowly to prevent loss by “ spit-
ting.” This, as already indicated, is prevented by a small
amount of impurity, and its occurrence is an index of the
purity of the metal. Many curious and fantastic forms result
by the throwing up of the surface, partly caused by the escape
of oxygen and partly by contraction of the mass expelling
the fluid interior. Instead of solidifying in the cupel the
silver may be run into moulds by making a hole through
the test.

In an ordinary furnace from 4 to 5 cwts. of lead are
oxidised per hour, some 1§ cwt. of coal being required.

The silver is generally about 995 to 998 fine. The cupels
are broken up and the parts saturated with litharge smelted
with fluor spar in a blast furnace to recover the lead.

Electrical Refining.—In Keith’s process, the rich lead is made the
anode (dissolving pole), and ashicet of pure lead the cathode. A solution
of lead sulphate in acetate of soda is employed as the clectrolyte.  The
depositing tanks are arranged in series, and a strong current is employed.
Theanodes are enclosed in mushn bags, and, as they dissolve, the precious
metals and other insoluble matters are retained. The lead is deposited in
a crystalline or pulverulent form, and falls to the bottom of the tanks,
from which it is removed, compressed and melted. It carries about half a
pennyweight of silver to the ton.  The residues in the bags are cupelled
with lead.

Refining.—The refining of impure silver is effected either
by cupellation, or, if very impure, such as is sometimes
obtained by amalgamation mecthods, by melting it and ex-
posing it to the air or under oxidising fluxes in crucibles.
Copper, iron, etc., may thus be largely removed as dross.
The purified metal is then refined on bone-ash cupels.

Separation of Silver from Copper.—Formerly a method of
separating silver from argentiferous copper by means of lead
was largely practised. The copper, melted with about four
times its weight of lead, was cast into flat cakes 18 inches in
diameter and 3 inches thick. These werc then carefully
heated and the lead allowed to liquate out, carrying the silver
with it. The residues were subjected to a second liquation
at a higher temperature. The argentiferous lead was after-
wards cupelled.

Y
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CHAPTLER XVI
GOLD

THr fine yellow colour and brilliant appearance of this metal
are well known. It is comparatively soft, being only slightly
harder than lead when pure and unalloyed with base metals.
It is the most malleable and ductile among metals, leaf
ssa of an inch thick being obtained by hammering, and a
grain can be drawn into wire soo feet long. Its tenacity is
about 7 tons per square inch. These properties are influenced
greatly by minute quantitics of impurity, notably lead,
bismuth, antimony, and arsenic. Tellurium and selenium
are also very injurious. Its alloys with silver and pure copper
arc harder, but extremcly malleable and ductile. It has a
melting-point of about 1065° C., and volatilises at very high
temperatures, as in an electric furnace. When molten it
appears greenish, and if undisturbed as it cools after
solidifying, suddenly flashes out bright when at a tempera-
ture of about 6oo°. It contracts considerably on solidifying.
Pure gold welds with the greatest ease. Its flowing power
is high, and it is an excellent conductor of heat and electricity.
Its specific gravity is 19°3.

The metal is unaffected by dry or moist air, and resists the
action of acids (save selenic), alkalies, and sulphuretted hydro-
gen. It is readily attacked by chlorine, and also by iodine
and bromine. A mixture of nitric and hydrochloric acids
(aqua regia) dissolves gold, because free chlorine is generated.
The gas attacks gold most rapidly at the moment of liberation
(nascent state), and is less active when diluted with air or any
inert gas. The chloride (AuClg) is very soluble in water. Itis
décomposed at high temperatures, gold and chlorine resulting.
Gold is slowly dissolved by cyanide of potassium in presence
of air or oxygen.

2Au + 4KCN - HyO 4 O = 2AuCN.KCN + 2KHO
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The addition of a little bromine or cyanogen bromide
hastens the solution. It is precipitated from its solution as
chloride by most metals, and also by sulphate of iron, chloride
of antimony, oxalic acid, carbon, and carbonaceous bodies.
The solution of gold in potassium cyanide is not precipitated
by ferrous sulphate or ordinary reducing agents. Metals, as,
for example, zinc, throw it down readily. Mercury readily
amalgamates gold.

Occurrence.—Gold occurs naturally in the free state, but
to some extent also as telluride, and possibly as sulphide. It
is intimately associated with iron pyrites and other sulphides,
the greater part of the gold in some ores being contained in
the pyritical contents. Native gold occurs in matrix, generally
in veins of quartzose and other hard rocks, forming reefs or

artzos

dykes, and in deposits formed of the d¢bris produced by
the weathering of such rocks, such as ‘“ alluvium ” river sand,
ctc. In the latter formations, owing to the action of running
water, the lightest portions have been transported furthest,
and, owing to the high specific gravity of the metal, an
accumulation of the coarser gold has taken place nearest
to the broken-down rock. Alluvial deposits are, in conse-
quence, often richer than the mother rock from which they
are derived. The gold occurs in all degrees of coarseness,
from microscopic particles to masses of considerable size.
These arc known as ‘‘ nuggets.”” The * Maitland Bar”

ugget from New South Wales, exhibited at the Mining
xP%(%lﬁition of 1890, contained 313093 ozs. of fine gold.
Others much larger, such as the ‘“Welcome Stranger”
and “ Precious,” have been found. Gold is very widely
distributed in small quantities.

In Great Britain, it has been found in Cornwall, Wales,
Perthshire, and Sutherlandshire ; in Ireland, in Wicklow ;
and in the Isle of Man.

In Europe, Hungary, Transylvania, Sweden, Spain, and
Italy also furnish gold.

Rich deposits occur in India, Ceylon, China, Japan,
Siberia, the Ural Mountains, and in South Africa.

In the New World, the gold-bearing rocks occupy the
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west coast, following the line of the mountains. Alaska,
British Columbia, California, Mexico, Bolivia, Peru, Chili,
Columbia, and Brazil are all rich in gold. South Africa and
Australia arc at present the principal gold-producing countries.

The high valuc of the mctal enables deposits which contain
very little gold-—in some cases only a few grains per ton—
to be profitably worked. Much depends on the nature of the
deposit and the method adopted.

Alluvial Deposits, Placers, etc.—'I'hc mining and extrac-
tion of gold are almost inseparable.  Alluvial deposits differ
very much in character, from loosc sand, pebbles, etc.,
through stiff carth, to hard conglomerate, the pebbles of
which are firmly cemented together. The ““ banket ore ™ of
South Africa is of this class, although many of the pieces arc
angular.

The gold in alluvium occurs in nuggets of varying size,
and in grains. In surface deposits (placers), generally
shallow, the ground is first picked over for nuggets. The sand
and gravel are then washed, the lighter materials being thus

Jremoved, and gold remains.

Panning out consists of washing the  pay-dirt” in a
shallow iron pan with a depression in the middle for retaining
the gold. ‘The carth is placed in the pan and washed under
water, a circular motion being given to it. Light matters are
carried over the edge, and the gold gradually finds its way to
the bottom, together with other heavy matters. This residue
is dried, and the lighter materials blown away, leaving the
gold. In Africa the natives wash the river sand in gourds,
mixing it up with water and pouring off the matter held in
suspension.  They store the gold dust obtained in quills.

Hydraulic Mining.—In this mecthod of workmg, the
auriferous gravel is dislodged by means of a powerful jet
of water directed against the bank by means of an iron
nozzle (monitor). The quantity of water required for this
purpose is enormous. It is sometimes carried for miles
down hillsides and across valleys, in pipes on trestles (flumes),
and is delivered at high pressures, sometimes under a head
of 500 feet. The dislodged material is carried by the stream
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of water down a scries of long wooden troughs—-the * sluice ”
--made in 12-fect lengths, fitted together, which have a
slope of about an inch to the foot, more or less.  The bottoms
of these gte crossed at intervals by movable wooden or iron
bars, rz:ﬂ;kos, behind which the heavy particles of gold, which
move more slowly and have a greater tendency to settle,
lodge. The lighter gravel, etc., is carried on by the current.
Perforated iron plates, grzzz/ys arc introduced at intervals in
the bottom of the shuces‘/'l he coarse gravel is cairied on
over these, but the finer portions fall through the plate on to
a sccond sluice at a lower level, with a separate water supply.
The inclination of this is less than the first, and the lower velo-
city of the stream favours the collection of the fine particles.

Mercury is fed in small quantities from time to time at the
top of the sluice. It lodges behind the riffles and catches the
particles of gold which come in contact with it. Amalga-
mated copper plates are often suspended in the sluice to
catch the “ float gold ” (very small flattened particles which
float on the surface).

The amalgam is removed at intervals. TFor this purpose
the water is stopped, the gravel cleaned out and the riffle bars
lifted in order, commencing at the top, and the amalgam
collected. The upper part of the sluice is cleaned up at fre-
quent intervals, the greater part of the gold being caught
there. After squeezing out the excess of mercury through
chamois leather, the amalgam is retorted.

“Washing Sands, etc.—Baize, blankets, and hides, with
the hairy side up, are sometimes employed in the washing of
fine sands and stamped material. They are attached to
sloping boards which form the bottom of shallow sluices. The
sand is thrown on at the top, washed down by a strcam of
water, and brushed by a workman against the stream. From
time to time the blankets, etc., are removed, and the gold, ctc.,
shaken out into a trough of water and amalgamated with
mercury. The amalgam is afterwards retorted.

A very effective method of treating fine sands is to boil
them with water and mercury. Chinamen find it profitable to
work over the * panned-out placers "’ in California in this way.
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Hard “cements” (consolidated alluvium) are often
ground in mills resembling mortar-mills, the “ pulp” or
ground material being carried away over amalgamated
copper plates. —

Treatment of Gold Quartz.—Much depends on the mode
of occurrence of the gold and the naturc of the quartz. In
some ores gold occurs entirely in the free state, and free
from pyrites. Such ores are often ferruginous, the oxide of
iron resulting from the decomposition of iron pyrites. The
gold often exists in largest quantity in the oxide of iron,
showing it to have been derived from the pyrites.  Such ores
gencrally become pyritous below the water-line. ¢ Gossans-
consist mainly of this decomposed pyritous material.

In quartz containing pyrites, much of the gold is often
contained in the pyrites. Most of this escapes extraction by
the ordinary amalgamation processes, either owing to its
extreme state of division, or to combination as sulphide in the
pyrites. It passcs into the ¢ tailings,”’ as the residues from
amalgamation are called. Such ores are described as  re-
fractory,” and require special treatment. Ores in which all
,the gold is recovered by simple crushing and amalgamation
are described as * free milling.”

The loss of gold in the tajlings may be duc to—

(1) The fine state of division.

(2) Presence in sulphides, arsenides, tellurides.

(3) Fouling of the mercury surface :

(@) by contact with impurities in the ore, such as
sulphantimonides and sulpharsenides ;

(4) by oxidation of the copper or other base metal
in the mercury, whether present originally,
taken up from the plate in the early stages of
use of the plate, or deposited from solution.
Such metals as copper, lead, and bismuth may
occur native or as compounds decomposed by
mercury. Fragments of brass and copper, and
even white metal bearings may find their way
into the mortar box and are taken up by the
mercury, and occasion great loss.
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Amalgamation of Free-milling Ores.—The quartz is first
broken 1nfo about inch cubes in a stone-breaker or ore crusher
(Fig. 127), the jaws being so adjusted as to deliver it of
the required size.

The ore is next crushed to fine powder under stamps, or
by rolls, or grinding mills.

Fig. 128 shows a stamp battery. The stamps consist of
heavy cast-iron “ heads,\”PoT‘IEE.ss_egf’,’ A, shod with stcel,

attached to long wrought-iron or steel stems sliding in hard-
wood “ guides ” BB. These are lifted by the “cams” C,
attached to the revolving * cam shaft ” D, driven by the

(‘Eﬁ Ore Crusher

ates or Blunkets

™~

Amalyamalors

Fic. 127.—~Wet-crushing gold-mill.

pulley E, acting on the ““ tappets” F, keyed on the stems.
The cams are right- and left-handed, so that each head is
raised twice at cach revolution. Under each stamp is a steel-
faced ““ die ”” G, between which and the falling head the ore is
crushed. The dics are contained in the cast-iron * mortar-
box ”’ H, which is supported on a wooden foundation on pads
of indiarubber a quarter of an inch thick. One or both sides
of the mortar is fitted with * screens ” I, of perforated sheet
iron or thick wire cloth, and a stream of water is fed in from
a pipe. Some 72 gallons per hour per head is required, but
it may be recovered in settlers with a loss of about 25 per cent.
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The ore is fed in on the side opposite the screens (if single
discharge), often by an automatic contrivance. The action
of the cams on the tappets not only raises the head, but turns
it partially round cach stroke, and thus causes it and the die
to wear uniformly. Tor gold crushing, the mortar-box is
lined with amalgamated copper plates, and much of the coarse
gold is caught in the mortar. A little mercury —half a
thimbleful -is fed in at intervals for this purpose. Levers on
““jack 7 shafts, K, are provided for holding up the stamps.

———

The heads, with attachments, weigh from 4 to 1o cwts,,
but for quartz, generally about 7 cwts.

They have a drop of about 10 to 12 inches, and give from
70 to 8o blows per minute, the cam shaft making from 35
to 40 revolutions per minute. The fall of the head splashes
the pulp against the screen and assists in forcing it through.
The screens have a mesh of from 30 to 6o per linear inch.
Each head will crush 2 to 2} tons per day (wet crushing).

The fine material, “ pulp,” is carried by the water through
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the screens, on to amalgamated copper plates (Fig. 129),
slightly inclined, over which it is carried by the current, the
free gold dragging along the bottom and being arrested by
the mercury.

The plate next the mortar is sometimes silver-plated, to
prevent the deadening of the mercury by oxidation of the
copper dissolved in it, making it much less active.

From the plates the * tailings ’’ may pass to amalgamators
or to vanners, as subsequently described.

Gold Tailings (1) may be mechanically concentrated on
vanners or other appliances to separate a%ferolus sulphides
and other heavy matters, which are subsequently treated

(2) May be cyanided direct (if not slimy) in vats. If
slimy must be washed to separate slimes before putting into
vats.

(3) Slimes if sufficiently rich may be cyanided in agitators
and filter pressed to recover the gold liquor before precipita-
tion with zinc.
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Stamp batteries, “ diy ”’ or ““ wet,” are open to scveral objections.
The principal one is the tendency to cut up and flatten out coarse particles
of gold. By the repeated hammering a hard surface is developed, and
fine particles of forcign matters driven into the soft metal. This renders
it very difficult to amalgamate, the mercury only attacking it with extreme
slowness. There is also liability to loss from the production of ‘‘ float

old.”
g Rolls are open to fewer objections, cracking open the ore and exposing
the metal. Fig. 130 shows the I{untingdon Mill,, The pan is of cast iron,
with a steel belt round the lower ipside. Rollers are supported
vertically on rods, on which they revolve by friction against the side of
the pan. The head from which they are carried is revolved at 70 revolu-
tions per minute. The mulless are pressed by centrifugal force
against the ring, and the orc coming between is crushed. Above the

Fi1G. 130.

steel roller path is a screen occupying half the circumference of the pan.
A stream of water is fed in above, and stirrers are provided to ensurc
complete crushing. For soft ores a mill having a 5-foot pan is about
equal to a 10-head stamp battery, and requires only about half the power
to drive it.

Ball mills are now largely employed for fine grinding.

Tuke Mills.—More modern practice has tended to use the
stamp mill for comparatively coarse crushing, by using coarser
screens and setting them lower in order to obtain more rapid
delivery. Less gold is recovered in the mortar box and on
the battery plates. The sand is classified, and the coarse
portion reground in pans or tube mills. (Fig. 131.)

The latter consist of a tubular steel body or drum made of



half-inch steel plates, lined with plates of hard cast iron or
with flint slabs set in cement.! The ends are of cast steel.
The drum is from 12 to 16 feet long and 3 to 6 feet internal
diameter. It is supported on hollow trunnpions, on which it
revolves ; through one of these it is fed. The discharge is
effected at the other end through a grating, which closes the
end of the chamber, and thence to the hollow trunnion. The
chamber is half filled with flint balls, varying in diameter
from 3 to 4 inches to 1 inch, and makes from 20 to 35

e

Sandycrofl I 6undry Co., Chester.)
F1c. 131.—Tube mill.

revolutions per minute. Chilled iron and manganese stecl
balls are also used. The chamber is lined with the same
material as the balls. In passing through the mill the ore is
very finely ground. Tube mills operate on both dry material
and on wet pulp from which the bulk of the water has been
removed. Thick pulp gives the best grinding. Mercury
is sometimes fed into the mill. The product of the mill is
mixed with water and passed over amalgamated shaking-
plates to collect the gold and amalgam.

1 Recently Znings of rubber have been successfully applied.
y 8-
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Cleaning up.—-The mill is stopped periodically for the
purpose of collecting the amalgam, which is carefully removed
from the amalgamated plates. It is worked up with fresh
mercury either by hand or in pans (clean-up pans), and well
washed with water to remove carthy and other matters. It is
then squeezed in bags of canvas or chamois leather to expel
the excess of mercury. This is not free from gold, but is
re-used. The pasty amalgam remaining in the bag is retorted
to remove the mercury.  The gold which remains is melted in
crucibles and refined.

Loss of Mercury.—This arises from two causes, ¢ sicken-
ing "’ and ‘““flouring.” 1In the former case, the mercury is
converted into a black powder and carried away. It is caused
by the presence in the ore of certain minerals, e.g. antimony
sulphide.

“ Flouring ” is breaking up of the mercury into minute
globules, which arc lost. -

Treatment of Tailings in Amalgamators.—Formerly the
tailings were passed into amalgamators, in which they were
ground up with mercury. In modern practice they are
treated by the cyanide process.

In the amalgamator shown in Fig. 132 the pulp is fed’
into the hopper, A, and passes down the hollow shaft, B,
to which is attached the iron muller, C. This is slowly
rotated ; the outer pan, D, contains mercury, below which
the muller dips. ‘ :

The pulp is delivered, by the openings E, wnder the
muller, which, by its revolution, thoroughly incorporates the
tailings with the mercury. They escape over the edge of
the pan, and may be delivered to a sccond set of amalgamators
at a lower level, or pass direct to settlers.

The Hungarian mill for the amalgamation of iron
pyrites is in principle exactly similar, but is driven from
below. Amalgamators of other types are also employed,
e.g. Berdan pan.

The tailings are more commonly treated on Frue vanners
or other contrivances for the recovery of the heavy sulphides
—iron pyrites, galcna, copper pyrites, etc.—which they
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contain, and which often carry a considerable portion of
the gold present in the ore. This is not recovered by simple
crushing. The ‘‘ concentrates,” as they are termed, arc
either ground in iron pans with mercury, as in the treat-
ment of silver ores, or otherwise dealt with. In most
cases the whole of the 3
pulp is treated without ?
concentration with a solu- \

tion of potassium cyanide A

(sce below).

Pyritical materials and
concentrates were form- I
crly treated by chlorina- = Ly —
tion methods for the |
recovery of the gold. {
The pyritical matters
were calcined and after l]l
moistening were placed ‘
in suitable vats or other
receptacles and subjected
to the action of chlorine
gas, or they were mixed
with bleaching powdecr or
other materials yielding
chlorine. In this way
the gold was converted
into gold chloride while the oxide of iron was not attacked.
The chloride was dissolved out in water and the gold
precipitated by ferrous sulphate (copperas) or other material

6FeSOy + 2AuCly = 2Fey(SOy)3 + Fe,Clg + 2zAu

Fi1G. 132.—Continuous amalgamating
pan.

Very elaborate processes were evolved but they have
been completely superseded by the cyanide process.

The Cyanide Process, introduced by Messrs. MacArthur
and Forrest, depends on the well-known fact that potassium
cyanide attacks gold in the presence of oxygen, and if in a
fine state of division, rapidly dissolves it. Weak solutions
are found to be more active than strong ones, on account of
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the greater solubility of oxygen in them (/ournal of Chemical
Society, 1893).

4KCN 4+ 2Au 4 O 4+ Hy,0 = 2KCN.AuCN + 2KHO

One great advantage possessed by this process is that raw
pulp may be treated directly, no previous calcining or con-
centration by washing on vanners or buddles, ctc., being
necessary.

The strength of the cyanide solution varies from o'1 to
1 per cent. The tailings, or concentrates, free from slimes,
are put into vats and left in contact with the solution for
from 6o to 72 hours, circulating pumps being employed.
The clear liquid is then run through boxes containing zinc
shavings. The gold is precipitated by the zinc as a black
powder. It is collected periodically, washed to free it from
zing, as far as possible, and melted with fluxes in crucibles.
A very coarse bullion is obtained, and slag. About go per
cent. of the gold is obtained, and the liquors may be re-used.
The foreign matters in the ores are not attacked.

Refractory ores which cannot be successfully treated in
any other direct way may be thus dealt with. The process
is largely used in South Africa and West Australia. It is
not applicable to coarse gold, and is used for tailings and
concentrates only. The danger arising from the use of such
a powerful poison as cyanide is very small, if cleanliness
and perfect ventilation are attended to.

In the Siemens-Halske process the gold is precipitated by
electro-deposition.

Sulman adds cyanogen bromide to the ordinary solution,
which greatly reduces the time, and is more effective. The
precipitation is effected by zinc fume instead of shavings (see
p. 338).

Tailings containing much pyrites (especially copper) are difficult to
treat. On exposure to the atmosphere in the moist state, they oxidise.
Free acid and soluble salts are formed, which greatly increase the con-
sumption of cyanide. Lime is used to neutralise the ore and decompose
soluble sulphates.

Rich slimes are agitated with the solution and filtered through a
filter press.
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The degree of fineness to which the ore must be
crushed depends on the intimacy of the association of the
gold with the ore. It is necessary to expose the gold to the
action of the solution. Hence for tailings and general ores
the finer the grinding the more perfect the all through
extraction. On this account tube and ball mills of improved
types are cmployed. The Hardinge mill is shown in Fig. 133.
Owing to the shape of the chamber the larger balls are

Fraser and Chalmers, Lid,, Erith.]

FiG. 133.-—Hardinge mill.

retained in the wider end. The fineness of the particles
greatly influences the method of treatment with the solution.
Coarse particles settle readily and afford ready passage for
the solution. They also permit of the whole pulp being
wetted and so promote free circulation and uniform
extraction of the gold. They are “sandy” in character.
The liquors from the treatment tanks are clear and do not
require filtering. In cases where comparatively coarse
crushing suffices the ore can be treated at a minimum of cost.
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Fine particles scttle badly, and the circulation is very slow
and irregular, so that the operation is prolonged and the
extraction by percolation processes poor. When wetted they
form “ slimes.”

Ores vary greatly in their behaviour on crushing. Some
ores are of uniform hardness and character, and break down
into particles of uniform size. Others consist of hard and
soft portions and somctimes of different materials which
behave differently on crushing, so that by the time the hard
materials are finc cnough the others are in very fine particles
and form slimes. In such cases it is necessary to separate
them to sccure complete extraction, owing to the interference
to the circulation caused by the presence of the fine particles.

The “sands” and “slimes’ are examined separately
to ascertain whether the gold occurs in the material that
produces the slimes or in the harder material producing sands.
If onc is “Dbarren” it is thrown away after separation,
or if some gold be present it may be subjected to special
trcatment.

In some cases to secure satisfactory extraction it is neces-
sary to reduce the whole material to the condition of slime
and subject it to special trecatment. “ All sliming ” pro-
cesses must be followed in the treatment of telluric, antimonial,
and other refractory ores.

In dealing with ores containing coarse gold the ores arc
first amalgamated and the tailings arc after scttling, and if
necessary other treatment, cyanided.

The treatment of sands is carried out in large tanks,
often of very large size, constructed of wood, iron, or con-
crete, provided with false bottoms or other means for draining
the solution that percolates through the ore.

The greatest possible care is taken to lay the material
evenly in the tanks, and special devices for distributing the
sand are employed.

The Dorr distributing machine delivers the pulp, in
suspension in water, by means of hollow revolving arms
from which the pulp is delivered in a series of jets, wich
causc the arms to revolve by reaction. In this way Rer



Gold 337

packing s secured, and free circulation of the liquors. After
treatment the material is dug out, often from the side of the
tank., Certain plates easy of removal permit of this being
done.

Circulation.—During the contact of the solution with the
ore circulation is maintained by means of pumps for sixty to
seventy-two hours.

The clear liquid is afterwards run through the zinc
boxes to precipitate the gold (sce below).

Slimes are first dewatered by settling and filtration on a
vacuum filter, if necessary, until only some 25 per cent. of
moisture is present. The necessity for this will be apparent.
The pulp is transferred to tanks of large capacity capable of
holding up to 8o tons of pulp and 160 tons of solution pro-
vided with agitating apparatus. The strength of the solution
varies from o'1 to o'25 per cent. and the agitation is continued
for forty-eight to sixty hours. The solution is filtered and
the pulp washed in special filters, and finally clarified before
being sent through the zinc boxes.

Refractory Ores and Concentrates.—These may be treated
directly or undergo a preliminary calcination. The latter
method yields the better extraction. In onc case an ore
yielding 8o per cent. by direct treatment yielded 95 per
cent. of its gold after calcining. Telluric, antimonial, and
arsenical ores are all rendered easier of extraction by
calcining. In any case, the ore is ground to a ‘slime”
and agitated with the cyanide solution, either in the cold or
with the aid of heat—if available and the ore is sufficiently
rich. The extraction is better and more quickly effected.
Cyanogen bromide is sometimes added to the ordinary
solution. It reduces the time and is more effective. Ores
and tailings containing a few dwts. of gold per ton can be
economically treated.

Cyanide Solutions.—The cyanide employed is a crude
sodium cyanide containing up to 83 per cent. of the cyanide.
It is quoted in terms of potassium cyanide. [In this case the
cyanogen contents are equal to 106 per cent. KCN.] The
remainder consists of carbonate and other impurities.

zZ
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Tailings and ores containing much pyrites (especially
copper pyrites) and other oxidisable minerals are difficult
to treat. ‘'The soluble salts formed on exposure in the moist
statc decompose the cyanide and increase the amount re-
quired. Careful tests are made to determine the consumption
and the best strengths of solution for any given ore. Lime
is used to neutralise the ore and decompose the sulphates.
It is only partially cffective. In many cases washing is
much more satisfactory if it can he done.

Recovery of the Gold.—The gold is precipitated from
the solution—

(1) By passing it through boxes containing metallic zinc
in fine shavings. The gold is easily precipitated and remains
as a purplish-black powder in the boxes.

(2) By agitating the solution with zinc powder and filter-
ing off the precipitated gold in a filter press.

(3) By clectrolytic methods.

§S§¥S§L‘SS§:
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T16. 134.—~Zinc boxes for precipitating gold from cyanide solution.
A, liquor inlet; B, chambers contqlmng zinc shavings; ¢, plugs for
withdrawing sludge D, clean-up pipe ; E, outlet for spent solution.

The first method is generally cmployed. The reaction is
2AuCNNaCN + Zn = Zn(CN)y2NaCN +-2Au

Fig. 134 shows the zinc boxes.

The zinc box consists of several compartments, usually
six, each of which has a partition extending nearly to the
bottom  The solution is fed in at one end,  the head box,”
and passes slowly through each compartment in succession,
the overflow from each being conducted to the bottom of
the next. Each compartment contains a basket or loose
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perforated sheet metal container filled with very fine zinc
shavings which provide a large surfacec and ensure rapid
and complete precipitation.

The metals precipitated from alkaline cyanide solutions
by zinc are gold, silver, copper, antimony, arscnic, mercury,
lead, and occasionally nickel, cobalt, and cadmium. Sele-
nium and tellurtum may also be present. Gold is among
the first metals precipitated by zinc, most of the silver is
precipitated later. In addition sulphate and carbonate of
lime, ferrocyanides, and silica accumulate in the zinc boxes.

To render the zinc more active small continuous additions
of lead acetate solution are sometimes made at the head box.

Precipitation of the gold only proceeds freely in the
presence of frec cyanide. 1f the solution contains none it
must be added as the solution enters the box. It should be
alkaline. At first the precipitate adheres to the zinc, but
afterwards falls and constitutes the mud of a purplish-black
colour.

ANALYSES OF SLIMES FROM ZINC BoX AT KARANGAHAKE.!

._1 ) - | o -

L A. | B. | C D, L ¥,
N, R SR A SO SO
Gold . . . . . . . 172 313 376 098 J, 0'14] 010
Silver. . . . . . . |23 80| 3214 | 37°51 | 2874 ' 1678 | 19°20
Copper .. . 204| 408 368 824 1200 488
Iron . | — | 2228|1380 602 1013| -—
Nickel and cobalt L 120 2oy | trace! - - ] — —
Manganese e “ 185 286 — , — -
Zinc . . Coe 26 00 | 41°05 | 20°88  40'03 4478 #
Insoluble matt(r o ‘ 4000 | 4'44| 320] 720 783] 558

After washing through tinc gauze to separate most of
the zinc the slimes when air dried contained about 40 per
cent. bullion. Gold and silver being in the ratio of about
I:20.

Such slimes may be treated in several ways. They may
be roasted on iron trays to burn off any organic matter and to
oxidise the base metals present more or less completely.

1 “Gold Refining,”” D. Clark, p. 74. 2 Not estimated.
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Afterwards they are mixed with borax, soda, fluor spar, and
sometimes sand and oxidising fluxes and melted in plumbago
crucibles. Bullion of a fineness of 950 may be obtained in
this way, but the losses as dust and in the slag may be heavy.

In most cases the slimes reccive a preliminary trcatment
with sulphuric acid to remove the free zinc. The gases
evolved usually contain arsenical, antimonial, telluric, and
sclenic compounds, which are both objectionable and
dangerous, and closed or hooded vats must be employed for
this purpose. In addition, hydrocyanic acid is present in
small quantity.

The slydge is filtered through a * frame,” preferably a
3-frame filter press, to ensure the retention of the fine gold,
and after washing dried in shallow cast-iron trays and after-
wards heated to redness in a muffle for some hours. It is
afterwards smelted in crucibles or in special tilting furnaces.

Bullion from cyanide plants may be largely contaminated
by copper, antimony, lead, tellurium, and sclenium, and
other metals. The amounts of the last two is small when
the ores are roasted before cyaniding, and greatest when
brom-cyanide solutions are used on raw ores. Smeclted in
fireclay pots it is possible to use oxidising fluxes, but in
plumbago pots this is impossible, and the reducing action of
the carbon prevents the removal of the impurities. Such
pots are, however, less liable to crack, hence their use. The
slag should be a clear glass, otherwise it is very liable to
carry gold. With poor ores and poor filtration, which per-
mits a large amount of siliccous matter to pass to the zinc
boxes, it may be larger in amount than the bullion.

The pots are carcfully skimmed to avoid loss of bullion
by a mop of slag on the end of an iron rod.

The presence of sulphides or sulphates in the precipitate-
is objectionable, as they increase the loss of bullion in smelting.

Electrolytic methods of recovering the gold frem cyanide
solutions are also in use. In the Siemens-Halske process
lead electrodes are in use, the gold being recovered by cupella-
tion

Attempts have been successfully made to produce purer



Gold 341

gold bullion by removal of the silver during the treatment
of slimes. The slimes are treated with sulphuric acid and
nitre cake (NaHSO,) in an iron pot gradually raised to dull
redness. The fused product is boiled out with water and the
residue washed by decantation. Bullion ranging from goo
to 997 fine may be produced. The silver is afterwards
recovered by precipitation with copper or by electrolytic
methods.

Attempts have been made to produce fine gold directly
by heating the slimes after treatment with acid, and nitre
cake with salt, to convert the silver into chloride. The mass
was fused with borax. ‘T'he method is unsatisfactory, as
under certain conditions chlorine is liberated and volatile
gold chloride formed which occasions loss.

Treatment by concentration of the precious metals by
lead and subscquent cupellation of the reduced lead is also
followed. After dissolving out zinc the residues are washed
and dried, mixed with litharge, silica, slags, and coal dust,
and smelted in a small furnace. Tron is added towards the
end of the operation to complete the reduction of the lead.
The lead is cupelled in the usual way, the only difference
being the addition of a flux consisting of borax, soda-ash
and silica made at the end of the operation to produce a slag,
which is run off. The gold cake is broken up and melted
in crucibles with a little flux.

Parting.-Native gold and gold bullion almost invariably
contain silver and other metals. The base metals may be
removed by cupellation, or, if fairly pure, by fusion with
nitre and borax ; but silver, platinum, ctc., will remain, and
must be removed by chemical means. This process is known
as ‘‘ parting,” and consists of dissolving out the silver by
acids.

Alloys of even basc metals with gold are not attacked
unless the base metal is in large excess; and hence, if a
sufficient proportion of silver is not present, enough must be
added to ensure it being acted on.

Sulphuric Acid Parting.—Silver is soluble in hot, strong
sulphuric acid, forming sulphate of silver. The alloy to be
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parted must contain not less than 6o per cent. of silver;
generally the alloys trcated contain very much more. The
metal is granulated by pouring it into cold water, so as to
offer a large surface to the action of the acid.

The parting pans are usually of white cast iron, about 2
feet wide, provided with a lid and a pipe by which the sulphur
dioxide SO, generated, is conveyed into a lead chamber for
reconversion into sulphuric acid, to be re-used.

2Ag + 2H,S0, = Ag,S0y4 -+ 2H,0 4 SO,

The pots are heated by fires from below. The granulated
metal is treated with about 2} times its weight of strong acid,
at a temperature about the boiling-point of sulphuric acid.
The sulphate of silver which forms separates in a pasty mass
of small crystals. This is thrown into water in a lead-lined
tank and heated by steam. The sulphate dissolves, and the
gold settles out and is washed and collected. It still retains
silver, and is next treated with sulphuric acid and sulphate
of soda in the proportions cf 3 to 5, and strongly heated.

The sulphate raises the boiling-point of the acid, and
enables it to attack the remaining silver. A second treatment
is sometimes necessary. What remains in the pans is then
boiled with acid, and the residue washed, dried, and fused.

The solution of sulphate of silver is decomposed by
copper (AgsSOy4 -+ Cu = CuSOy4 4 Ag,), and the pre-
cipitated silver compressed by hydraulic pressure, dried,
melted in crucibles, and cast into ingots. The copper is
afterwards deposited by iron ; or the solution is concentrated,
and the copper sulphate allowed to crystallise out, and sent
into the market, the mother liquor being further concentrated
in glass or platinum vessels, to recover the excess acid for
re-use.

In Gutzkow’s improved process the sulphate of silver
crystals are dried and heated with from 4 to 5 per cent. of
coke dust or charcoal. The silver sulphate is reduced thus—

Ag2SO4 + C = 2Ag + C02 + SOZ
The washings from the crystallised sulphate arc treated as
before by precipitation with copper.
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Silver containing more than three grains of gold per pound can be
cconomically treated by this method.! Much old silver plate was sacri-
ficed for the gold contained in it when this process was introduced, the
older method of parting by nitric acid being too expensive.

Parting with Nitric Acid.—In this process, nitric acid is
substituted for sulphuric acid. The operation is conducted
in platinum, glass, or porcelain stills, with covers connected
with condensers, to recover the acid which is boiled off.
Nitric acid does not readily attack the alloy unless it contains
about three times as much silver as gold.2 If less be present,
it is melted with more silver, to make up that amount. This
is known as inguartation. The alloy is granulated and
boiled with about twice its weight of nitric acid, diluted with
one-third its bulk of water. Red fumes are evolved as long
as silver is dissolving.

6Ag + 8HNO3; = 6AgNO; 4+ 4H,0 + 2NO

The solution of nitrate of silver is drawn off, and the
residual gold treated with a little strong nitric acid, and after
washing, melted under borax and cast into ingots.

Double acid parting is sometimes resorted to. The
granulated alloy is first treated with nitric acid and after
thorough washing the gold treated in cast-iron pots with
sulphuric acid and nitre and evaporated almost to dryness,
more sulphuric acid added and after heating the solution
removed and the gold washed, filtcred, dried, and melted.
Gold thus treated had a fineness of 9g8.

The silver is recovered by adding hydrochloric acid to the
solution of silver nitrate, which precipitates the silver as
chloride.

The acid is added cautiously, so as to leave a little silver unpre-
cipitated in order that the nitric acid formed may be re-used.

AgNOj3 + HCI = AgCl + HNO,

If free hydrochloric acid were present in the acid used for parting, the
gold also would be attacked by the chlorine generated. It is detected by
the addition of silver nitrate to the acid.

1 This was true under the old conditions.

2 The amount actually required is less. Complete removal of the
silver may be secured with two and a half times the weight of gold
present.
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The silver chloride is reduced by zinc (see Reduction of
the Todide, p. 314), or by fusion with sodium carbonate, p. 297.

Separation from Platinum.— In parting with nitric acid, platinum, if
present to a less extent than 9 per cent. of the silver, is dissolved out. If
much platinum is alloyed with the gold, it is best separated by solution
in aqua regia and precipitation of the platinum as 2NII,CLPtCl, by
sal-ammoniac.

Alluvial gold often contains grains of a heavy, very hard alloy of osm.-
iridium, which is not taken up by the gold. In the Amecrican Mint, this
is separated by melting the metal in tall crucibles, when it sinks owing to
its greater specific gravity. Silver is also alloyed with the metal to lower
its specific gravity and permit the osm.-iridium to sink more rapidly.
The upper layers are ladled out and parted, and a fresh batch treated.
The residuc at the bottom is remelted with silver several times to diminish
the gold present, and then parted with nitric acid. The silver dissolves,
and the grains of osm.-iridium remain mixed with a little pulverulent
gold, which is separated by washing,

Electrolytic Methods of Parting.—The electrolytic scpara-
tion of silver from gold can be carried out in an clectrolyte
consisting of a saturated solution of potassium nitrate
acidified with nitric or sulphuric acids. An E.M.F. of about
1'5 volts is employed and a current density of 20 amps. per
square foot. Special precautions are necessary to prevent
short circuiting, as the silver is thrown down in long needle-
shaped crystals which extend across the space between the
clectrodes. Moving lattices or other devices are employed to
prevent this.

In a newer apparatus the cathode is an endless graphite
coated silver band on rollers, 0’313 inch thick, which slowly
revolves in the liquid. The silver crystals are dropped on to
a second endless band of silver which is inclined so as to
carry them over the edge of the depositing tank. The
anodes are in shallow trays over the belt. T

Toughening Briftle Gold.——Mere traces of arsenic, anti-
mony, bismuth, and lead suffice to render gold brittle. It is
toughened by treating the molten metal with mercuric
chloride, or by passing chlorine through it by means of a
clay tube, as practised at the Royal Mint (Miller’s process).
The bismuth, arsenic, and antimony chlorides volatilise. If
silver be present, the silver chloride formed fuses and rises
to the top. The gold is not attacked, gold chloride being
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decomposed at high temperatures. This process is also
used for parting alloys containing little silver.

Smelting with Lead.—Old crucibles that have been used
for gold and silver melting arc first picked over, ground, and
amalgamated. The residues are then smelted with lead-
yielding materials, and the resulting metal cupelled to extract
the gold. “ Sweeps ” (sweepings) is similarly treated. Ores
are also sometimes smelted with lead.

Alloys.—The common mecthod of ¢xpressing the quality of
a gold alloy is in ““carats” and carat-grains (4 c.g. = 1
carat).

Purc gold is 24 carats finc ; 18-carat gold contains § gold
and § alloy, or 750 parts per thousand ; g-carat gold, 375
parts per thousand. Lnglish-coinage gold is 22 carat, or 9166
parts per thousand. Its specific gravity is 17°157. 'The alloy
is copper, which is added to harden it. A new sovereign 1
weighs 123} grains, but is legal tender so long as it does not
fall below 122} grains, 3 grain being allowed for wear. It
is estimated to circulate for 18 years without becoming
light. The weight of metal in the coin is worth its face value.
The French and United States standard alloy is goo fine, or
21 carats 2 carat-grains. The terms *“ worse ” and “ better ”’
are applied as in silver. Thus the above alloy is o carat 1%
carat-grains worse than English gold.

Articles of gold jewellery down to g carats are stamped by
the Goldsmiths’ Company with a Hall-mark, indicating the
quality, the year of production, and the Assay Office at which
the tests were made.

Copper and silver are usually alloyed for the purpose of
hardening gold, when malleability is required for purposes
of working. Zinc is sometimes added when rigidity and hard-
ness are most important. Pencil-cases and watch-chains
often contain the latter metal,

! Alas! alas!



3460 Mectallurgy

CHAPTER XVII
yrs

Physical Properties.-—Tin is a white metal with a faintly
yellowish tinge. It has a high lustre, and is very malleable.
Foil, .}, of an inch thick, can be obtained by beating. It
is ductile, but its tenacity is low—only about 2°1 tons per
square inch. Its melting-point is 232° C., and it is not sensibly
volatile at furnace temperatures if closely covered to exclude
air.! Near the melting-point it is brittle, and a cake of tin
heated till the edges begin to melt and then dropped on the
ground, breaks up into peculiar long-shaped, columnar pieces
known as ‘‘ grain tin.”” Tin which is impure does not readily
do this. When bent, a strip of tin emits a peculiar crackling
sound known as the ¢#y. This is supposed to be due to the
internal friction between the crystalline particles.

Tin is readily obtained in crystals, like antimony or bis-
muth. If the surface of an ingot or a tinned plate be treated
with a mixture of sulphuric and nitric acids, beautiful
crystalline markings make their appearance. This is known
as the morrée metallique, and is used as a metallic ornamenta-
tion, being coated with coloured varnishes. The metal is a
poor conductor of heat and electricity.

Pure tin, when cast in a mould, at a low temperature,
solidifies with a bright metallic appearance ; but if impure,
it presents a more or less frosted appearance, according to
the amount of impurity present.

Commercial tin often contains small quantities of lead,
copper, arsenic, antimony, and tungsten.

The metal is not affected by dry or moist air at ordinary
temperatures. When exposed to low temperatures the
metal sometimes undergoes a remarkable change, and is
converted into a greyish powder—‘‘ Grey tin.” This change

! Tin is non-volatile at ordinary furnace temperatures, but volatilises

at the temperature produced by its own oxidation when burning in a
muffle.
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may occur at temperatures below —39° C. Heated in air,
tin oxidises, forming stannic oxide (SnO,). It combines
readily with sulphur, forming stannous sulphide, SnS.
This when calcined does not form sulphate, but yields SnO,
and SO,. SnS is decomposed when heated with metallic
iron. Tin dissolves in hydrochloric and sulphuric acids.
Nitric acid acts violently on it, and converts it into an
oxide. It is also soluble in caustic soda and potash, forming
stannates.

It is not readily attacked by vegetable acids or animal
juices, and tin plate is hence largely cmployed in the canning
industry. For the same rcason it is used for coating the
interior of vessels for cooking purposes.

Ores ofF TIN

Cassiterite —Tinstone (SnOy).—This is the only important
ore of tin. It is yellowish-brown or black in colour, and
occurs crystallised and massive, in well-defined veins, and in
grains, sometimes distributed through a mass of rock, such
as granite. It has a specific gravity of 6'5 to 7. It has a high
lustre, and is too hard to scratch with a knife. In the vein it
is associated with galena, blende, copper, and iron pyrites,
arsenical iron pyrites, and other minerals. Wolfram (tung-
state of iron), another remarkably heavy mineral, is also
associated with it. A large number of non-metallic minerals
occur as associates. Iluor, garnet, mica, chlorite may be
mentioned in granite, gneiss, and porphyry. Stream tin ore
is tinstone which has accumulated by the weathering of the
rocks containing it. It occurs in alluvial deposits in large
amounts in the E. Indies, Nigeria, Mexico, and clsewhere.
The lighter materials have been removed by the action of
running water, and the tinstone and associated heavy minerals
left. Wood tin is tinstone showing concentric markings
more or less resembling wood. Tin lodes are often very
poor, sometimes not containing more than 1 per cent. of
tinstone. Its high specific gravity facilitates dressing opera-
tions, and such ores, by careful picking, stamping, and
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washing, can be profitably worked. Tin ore is found in
Cornwall and Devon, Germany, Spain, Russia, Malacca
(Banca), Australia, United States, and Mexico.

The ore is carefully dressed by hand picking, stamping,
and washing, to remove gangue. The copper and arsenical
pvrites are not completely removed, and the wolfram also
remains with the tinstone.

Bell-metal ore, or tin pyrites, is a mixture of copper, iron,
and tin sulphides.

Smelting.—The orc is first carefully calcined in a large,
low, reverberatory furnace, being turned over every 2o
minutes or so. In Brunton’s cglgincx/thc bed is circular, and
revolves on a vertical axis, the turning over being done
mechanically. In roasting tin ores a moderate heat is neces-
sary at first, to avoid clotting of the sulphides present.

During roasting the arsenic combines with oxygen, and
is converted into white arsenic (AsyQg), which is volatilised
and deposited in long flues provided for that purpose, from
which it is collected. Sulphur burns off as SO,, and the
copper is largely converted into sulphate.

The ore after this roasting i% moistened, and left in a heap
for a few days, to allow more soluble sulphates to form. Itis
then thrown into a tank and agitated with water. Copper
sulphate and other soluble matters are dissolved, and the
sediment consists mainly of stannic and ferric oxides. The
lower layers contain the larger proportion of oxide of tin owing
to the greater rapidity with which it settles, on account of its
high specific gravity. The ferric oxide is separated by wash-
ing, and the concentrated oxide is known as dlack tin. It
is sorted into various grades according to purity.!

Reduction.—In this country this is effected by heating the
tin oxide mixed with carbon in the form of anthracite, in

! Removal of Tungsten.—In the preliminary calcination wolfram is
not affected. It is removed when necessary or desirable, by mixing the
black tin with sufficient carbonate or sulphate of soda and heating in
a special furnace to decompose the wolfram, yielding tungstate of soda
and oxide of iron. The tungstate of soda is dissolved out by water and
crystallised, and the oxide of iron removed by washing as before (Oxlands’
Process).
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reverberatory furnaces, of the form shown in Fig. 135. The
bed measures about 15 feet by g feet, and slopes towards the
tap-hole o, outside which is the “ float,” or tin-pot ; which is
lined with clay to prevent the metal taking up iron. The
stack is 40 or 5o feet high. The bed is of fire-clay resting on
slate slabs supported by iron bars, and the fire-bridge is
about 14 inches high.

The charge consists of about a ton of black tin mixed with
about 3 to 4 cwts. (20 per cent.)
of anthracite powder, accord-
ing to purity. If silica be
present a little lime or flucr
spar is added as a flux. The
mixture i1s damped to prevent
dusting, and after introduction
into the furnace, the doors
arc closed and luted round.
A low temperature is main-
tained for some time to ensurc
reduction of the tin oxide
and prevent the formation of
silicate. In 4 to 5 hours the
charge is well stirred up,
anthracitc culm thrown in, N )

. I1G. 135.—T‘urnace for smelting
and the charge again heated {in orcs.
for another hour. After again
rabbling, the metal is allowed to subside, and is then tapped
into the float.

The reduction takes place as follows—

Sn02 + Cz = Sn + 2CO

- [ ]
g ]

A fluid slag, known by the smelter as * glass,” runs from
the furnace with the metal. It consists of silicates of iron,
lime, and alumina. Oxide of tungsten is often present. It
sometimes contains as much as 2o per cent. of tin. It is
allowed to accumulate, and resmelted to extract the metal.

A pasty mass, consisting of shots of tin, anthracite, and
slag is left on the furnace bottom, and is raked out by the
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smelter. The tin contained in it is separated by stamping
and washing.

The metal is ladled from the tin-pot into pig moulds, or,
if pure, is run into the  boiling ”’ pot.

Reduction in Blast Furnaces.—Tin ore is also reduced in
small blast furnaces, with charcoal as fuel. The materials are
charged in at the top, and the furnace works continuously.

The loss of tin in the slags is much greater, but the tin
obtained is very pure.

Smelting in blast furnaces is abandoned in this country,
but in Saxony, the East Indies, and other places is still con-
tinued. About 32 cwts. of charcoal per ton of tin are con-
sumed in smelting.

Refining. —This involves two opuatlons—hquauon and

boilin

. ﬁg;M’l‘})e pigs of tin, which weigh from 3 to 4 cwts.
cach, are piled on the hearth of a reverberatory furnace, with
a bed somewhat more sloping than the reduction furnace, and
heated carefully to the melting-point of tin. Some 18 tons
of pigs are treated at once.  The temperature is very carcfully
regulated. The purer tin melts, drains away, and flows out
into the refining kettle. The impuritics remain in an unfused
state on the hearth, as a metallic, ycllowish-white, hard,
brittle mass, often porous, known as /4ard /Aead. It contains
iron, tin, arsenic, sulphur, and a little coppe copper.  Sweating at a
hlgher temperature yiclds a further quantity of less pure tin,
which must be further treated.

- Boiling—The metal from the liquation furnace runs into
the “¥efining kettle ” in front. This is an iron pot about
4 feet 6 inches in diamecter, heated by its own fire. Above
the kettle is a lever attachment, by which logs of green wood
can be held down in the molten metal.

The steam and gases disengaged by the action of heat
agitate the metal and expose it to the air, and although tin
is more readily oxidised than copper, bismuth, antimony, or
lead, a scum of dross, consisting of iron, sulphur, arsenic, etc.,
forms on the top and is removed from time to time.

This is continued for from 1 to 8 hours, according to
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purity and the quality of tin required. For grain tin it is pro-
longed. This process is less an oxidation process than the
effect of cooling at the surface, of metals less fusible than tin,
which collect and form the scum. Zossing consists of lifting
the metal from the pot in ladles and pouring it back again
from a height of several feet. This is sometimes done instead
of boiling.

For “ common ” tin the metal is ladled into the moulds,
usually of granite, while boiling. For grain tin the metal
after boiling is allowed to stand. The impurities yet remain-
ing subside, and the upper purer layers are devoted to this
purpose. The lowest layers require liquating again. Grain
and refined tin are made from purer ores than common tin.

The purity of tin is tested by casting a small ingot in a
stone mould. When pure, the edges are well rounded, and
the surface remains brilliant when cold. Frosfing of the
surface on solidifying is an indication of impurity.

MANUFACTURE OF TIN PLATE

The principal uses of tin are the manufacture of alloys
(sece p. 386) for making tin plate, tinning cooking utensils,
and for tinfoil.

Tin plates are sheets of iron or mild steel coated with tin.
The metal readily alloys with iron, and when heated some-
what above its melting-point, will adhere to a clean iron sur-
face, forming at the surface of contact an alloy with the iron,
to which a thin film of tin adheres. The adhesion of the film
of tin depends on the homogeneity and purity of the iron
employed, soft pure metal being most readily tinned. Such
plates are also best suited for the use of the tinsmith, being
more readily bent and worked.

The plates are rolled from * tin bars.”” These are about
6 inches wide and § of an inch thick. They are cropped into
15-inch lengths, reheated, and rolled square. They are again
reheated and rolled to about four times the length by chilled
rolls. The plate is doubled on itself, reheated, and again
rolled, again doubled, reheated, and rolled, and so on. The
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compound sheet passes through the mill as one sheet, some-
times as many as 32 thicknesses being rolled together. The
shects are cut to the required size and scparated. A little
coal-dust is somectimes sprinkled over the plates to prevent
them sticking together, and the reheating is carefully managed
to avoid overhcating and consequent sticking.

Formerly iron of special quality, smelted and refined with
charcoal, was employed, but open-hearth steel is now gencrally
used.

Preparation of Plates.— (1) The shects of iron (black
plates) are carefully annealed at a red heat. This is often
dispensed with.

(2) They are then pickled in weak sulphuric acid at about
100° F., for about 20 minutes, well scoured with sand, and
washed to remove scale (bright plates).

(3) The plates arc anncaled at a cherry-red heat in
wrought-iron boxes from 10 to 12 hours, the air being
excluded.

(4) The plates are cold rolled under chilled rolls to give

va uniform, smooth surfacc.

(5) A second annealing of shorter duration and at a lower
temperature than the first to remove the hardness produced
by rolling is sometimes given.

(6) Another pickling in weaker acid than hefore, followed
by scouring and washing to remove the thin film of oxide
formed in the annealing processes.

The plates are then placed in water or lime water until
required.

Tinning.—The sheets are first placed in a grease-pot con-
taimfig meclted tallow or palm-oil, somewhat strongly heated,
and left till all the water has been driven off and the plates are
uniformly heated and coated with grease.

From the ‘ grease-pot’ they pass into a hot bath of
molten tin (tinman’s pot), covered with grease or with zinc
chloride, and strongly heated. Here the alloy on the surface
is produced. It next passes to the * wash-pot,” which is
divided into two compartments, and contains tin, but at a
lower temperature. In the first compartment the coating of
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tin is rendered uniform. The plates are lifted separately, and
the surface brushed over with a hemp mop, and examined by
the workman. If satisfactory, the plate is dipped rapidly
into the second compartment, which contains pure tin, to
remove the marks of the brush. It is then transferred to a
grease-pot, where it passes through a pair of rolls, which
squecze off the excess of tin and improve the surface. The
plates are then cleaned from grease in bran, rubbed with
chamois leather or woolly sheepskin, and examined, faulty
plates being rejected.

Formerly the plates, after tinning, were allowed to drain
in a hot grease-pot, and the wire of tin which formed removed
by immersion in a * list ”’ pot, having about a quarter of an
inch of molten tin at the bottom, in which the wire melted off.

Machinery has to some extent replaced hand labour for
immersing the plates, particularly for large sizes and inferior
qualities. The plates are carried through the several baths
in succession by an arrangement of rolls and endless chain
belts. Zerne plate is an inferior quality coated with a lead-
tin alloy.

Tinning Copper Articles.—The surface is first carefully
cleancd, and the metal heated somewhat above the melting-
point of tin, a little powdered resin or ammonium chloride is
dusted over, and molten tin is then wiped over the surface
with tow. A quarter of an ounce of tin will cover 2z square
feet of surface, giving a durable coating.

Brass pins! are tinned by boiling them with cream of
tartar, alum, salt, and granulated tin, in water. The tin is
slowly dissolved by the liquor, and the zinc in the brass
precipitates it on the surface.

Alloys of Tin (see pp. 386, 38%).

! Most pins are now made of mild steel.
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CHAPTER XVIII
ZINC AND ANTIMONY

TH1s metal is commonly known as “spelter.” 1 It has a
bluish-white colour and high lustre. The brightness of the
fracture is dimmed by impurity, notably byiron. Commercial
zinc is highly crystalline, hard, and brittle. When pure,
however, the metal is malleable, and ordinary zinc becomes
sufficiently malleable to be rolled into sheets when heated to
120° to 150° C. If hecated over 200° the metal is more
brittle than when cold, and can be powdered. It is harder
than tin and softer than copper. It has a specific gravity of
7°1 when cast, but this may be increased to 7°2 or 7°3 by
rolling. It fuses at 419° C., and is very fluid. It contracts
very little in solidifying, and hence is suitable for castings.
The nature of the casting is influenced by the temperature of
pouring. If poured very hot, the castings are crystalline ;
but if near the melting-point, they are more granular. Zinc
beils ‘below 2 the melting-point of silver, 950° C., and the
vapour burns in air with a bluish-white and very brilliant
flame, forming oxide of zinc (Zn0O) ; but ignition may occur
at temperatures above dull redness, due to local high
temperature developed by the oxidation of the metal itself.

NoTE.—In view of the recovery of zinc as vapour the latent heat
of liquefaction and vaporisation arc important. The former is 226
and the latter 425. Owing to the high latent heat the condensation is
not readily completed. The condensers must be kept hot enough to
maintain the metal in a molten state. Rapid cooling of the vapour
increases the amount of zinc fume—blue powder—which does not
readily melt, and diminishes the amount of spelter. The temperature
of the condensers is about 500° C.

The tenacity of cast zinc is 1°25 tons. After rolling and
annealing zinc has a tenacity of 7 to 8 tons, and wire, 10
tons per square inch. The elasticity is high. Rolled zinc
retains in some measure its malleability, and the hardness

1 Brazing spelter is an alloy of equal parts of copper and zinc.
2 About 930° C.
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induced is removed by anncaling at a Jow temperature.
Zinc was formerly solely used for brass-making, the fact of
its being malleable when slightly heated having been dis-
covered early in the ninetcenth century. The first rolling-
mills were erected in Birmingham.

A little lead (under 1 per cent.) added to zinc intended for
rolling is of advantage, but this renders it unsuitable for
making strong brass.

Zinc alloys with aluminium are in extensive use.

Chemical Properties.-- Above its boiling-point zinc burns
to ZnO - philosopher’s wool.”” Thus produced, the oxide
is in a light, feathery condition, hence the name. It is
white, non-volatile, and infusible at furnace temperatures, but
becomes yellow when heated, and at very high temperatures
agglutinates. It combines with silica and forms a very refrac-
tory silicate. It is reduced by carbon monoxide, carbon,
hydrogen, and iron at temperatures above its boiling-point.
Like iron, zinc is oxidised by carbon dioxide and by stcam.

Zinc is little affected by ordinary atmospheric influences.
On cxposure to moist air it becomes coated with a film of
oxide of zinc, which, being insoluble, protects the metal from
further action. This property is applied in coating iron
articles with the metal by dipping them in a bath of molten
zine, the process being known as galvanisi fore dip-
ping, they are pickled in dilute hydrochloric acid, to remove
the scale, and afterwards scoured, if necessary, and washed.
They are then introduced into the molten zinc, covered with
sal-ammoniac, which acts as a flux. Tin and lead are some-
times added to the bath, to improve the appearance. —

Electro—cold galvanising—is being successfully intro-
duced. Flexible electrodes arc necessary to ensure a
uniform coating.

Sherardising is a method of coating iron with zinc by
heating it at 450° C. embedded in powdered zinc admixed
with some oxide. A thin but very firmly adherent and even
coating of the metal is produced. Its uniformity enables
finished work to be treated in this way. The material is
heated for some hours, and at the temperature employed
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distortion is avoided and there is little if any loss in strength,
which invariably occurs in hot galvanising, 7.e. dipping.

Zinc is superior to tin as a coam%r; for atmospheric
work, as it is electro positive to iron, and if the iron is laid
bare at any point, the clectric conditions set up, result in the
zinc being dissclved and the iron preserved. Tin, on the
other hand, assists in the more rapid attack on the iron at the
bare place, owing to its being electro negative. Zinc being,
however, readily attacked by vegctable acids, and also by
alkalies, it cannot be used in contact with those bodies, nor
in canning meats, fruits, etc. In towns where sulphurous acid
and other acid vapours exist in the atmosphere, both zinc and
galvanised articles are readily attacked. Salts in solution
cause the action of water on it to be more rapid. The purer
the zinc the less rapidly this occurs.

Pure zinc is not acted on by water, and but slowly by
dilute sulphuric and hydrochloric acids, but readily dissolves
in nitric acid.

Zinc precipitates gold, silver, copper, platinum, bismuth,
antimony, lead, tin, mercury, and arsenic from solution.

It does not readily combine with sulphur, but the sulphide
is obtained by heating the oxide with sulphur, or by projecting
a mixture of zinc-powder and sulphur into a red-hot crucible,
ZnS being formed. This sulphide is practically infusible, and
on roasting behaves like copper and lead sulphides, sulphur
dioxide is evolved, and sulphate and oxide of zinc formed. A
higher temperature is required to decompose zinc sulphate
than is required for iron, copper, or silver sulphates. Zinc
sulphide is sometimes removed from ores by roasting at
a low heat, and drenching the roasted mass with water to
dissolve out the soluble sulphate of zinc formed. Sulphide
of zinc is reduced completely by carbon and iron at high
temperature, the zinc being volatilised

Zinc ORES

Red Zinc Ore—Spartalite—zincite (ZnO)—is generally
red, owing to the presence of manganese. It is found asso-
ciated with franklinite at Franklin, New Jersey.
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Calamine—carbonate of zinc—(ZnCQgs)—varies in colour,
from white to brown. The brown colour is due to oxide of
iron. Itis generally of an earthy character. Some specimens
are like entwined reeds, hence the name. It occurs in Flint,
Somerset, Mendip Hills, Alston Moor in Cumberland, Lead
hills in Scotland, Tarnowitz, in Silesia, Rhine Provinces,
and Belgium (Aix-la-Chapelle), in Spain, and in America. It
usually occurs in limestone rocks, and is associated with the
silicate. The Silesian calamines contain as much as 8 per cent.
of silicate, and carry from 6 to 45 per cent. of zinc. Blende,
galena, and sulphate of lead often accompany calamine. Lead
and iron are both objectionable in zinc ores, on account of the
corrosion of the retorts at the high temperature employed, by
the oxides of those metals. Calamines are carefully dressed
to remove lead as completely as possible before smelting.

Electric Calamine- -hydrated silicate of zinc—is found
associated with the carbonate.

Blende—black jack—zinc sulphide (ZnS), is the com
monest zinc ore. It varies in colour from pale yellow to black,
and has a resinous lustre. Pure 7nS is white, and the dark
colour of blende is due to iron and other impurities. It is
generally dark-coloured and crystalline. It commonly occurs
associated with galena and pyrites, in limestone and other
rocks. Itis separated by careful dressing. It occursin North
Wales, Derbyshire, Isle of Man, Cumberland, Cornwall,
Freiberg, United States, Australia, Russia, and many other
localities.

EXTRACTION OF ZINC

Zinc is extracted, in the treatment of simple ores, by the
reduction of the oxide with carbon or carbonaceous matters,
at a temperature above the boiling-point, so that the reduced
metal is vaporised. The reduction is conducted in closed
retorts, and the zinc vapour is led into condensers outside
the furnace, and condensed. The discovery was made by
Henckel, in 1721.

Zn0O + C =12Zn + CO
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All ores are roasted to convert them into oxides, for
although cardonate of zinc would readily reduce without cal-
cining, the conversion of the CO, cxpelled from it into CO,
would entail a large consumption of carbon, and a large
increase in the volume of gas escaping from the condensers,
with consequent greater loss of zinc.

ZnCOy = 7Zn0O -{- CO,
CO,y + C = 2C0

Calamines are readily calcined on the bed of a reverbera-
tory furnace, or often by the waste heat from the smelting
furnaces. In Silesia, the small ore is treated in reverberatory
furnaces, and the lump ore in kilns into which it is charged
at the top with a little coal, and withdrawn at the bottom.
Care is taken to keep the temperature too low to reduce and
volatilise the zinc.

In calcining blende it is necessary to reduce the sulphur
below 1 per cent., as in the ordinary reduction process zinc
sulphide is not decomposed. It follows that each 1 per cent.
sulphur entails a loss of 2 per cent. zinc. Owing to the case
with which zinc sulphate is formed during the calcination it
is neccssary to finish the calcination at a high temperature,
goo°® C., in order to dccomposc it” hefore passing to the
retorts.

27nS04 = 27Zn0 + 250, + O,

The operation is usually carried out in multiple-decked
long-bedded furnaces provided with mechanical rabbles
so opcrated that they move the material gradually along the
furnace bed. The beds communicate at alternate ends, so
that the ore admitted at the top is gradually moved down-
wards and towards the fireplace, with constant rabbling.
When it is desired to utilise the sulphur dioxide formed for
the manufacture of sulphuric acid, the furnace is of the
muffle type. Fig. 136 shows such a furnace. It will be seen
that the two lower beds are heated beneath but the upper bed
relies for its heat on the sulphur in the ore freshly admitted
at the top, in addition to that carried by the gases from the
lower beds.
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The reactions are —

ZnS + 30 == ZnO + SO,
ZnS0Oy4 == ZnO + SO, -+ O

‘The reduction of the calcined ore is effected in closed
vessels, crucibles or retorts, connected with suitable con-
densers. It is important (1) that the condensers should be of
ample size, (2) that the exit for the gases should be contracted
so as to prevent the oxidation of the zinc distilled off by the
cntrance of air into the condenser; (3) that the gases in
the retorts and condenser should contain as little CO, as
possible, or oxidation of the reduced metal will occur.
To this end a high temperature and excess of carbon are
necessary.

English Process.—In this process, introduced by Cham-
pion, at Bristol, early in the eighteenth century, the zinc ore
(calamine) was mixed with carbon, and heated in large fire-
clay crucibles, 4 feet high and 2% wide at the top, having a
hole in the bottom, to which a sheet-iron pipe, 6 inches in
diameter, passing through the bottom of the furnace into a
vault below, was applicd. The lids of the pots were cemented
on. The zinc vapour descended and was condensed in the
tube—-* Distillation per descensum.” The method is waste-
ful, and has been entirely abandoned.

The Carinthian Process was somewhat similar, but fire-
clay tubes were employed instead of crucibles. The zinc con-
densed in the lower part of the tube which projected through
the furnace bottom. The process is not now employed.

The Belgian Process was introduced in 1810. It is con-
ducted in cylindrical or elliptical retorts closed at one end and
open at the other. They are about 39 inches long, 8 inches
in diameter, and are supported at the ends, resting on the back
and front walls of the furnace. They are somewhat inclined
to the front, the open end being the lower, and are arranged
in tiers one above the other.

Figs. 137, 138, show the arrangement. A (Fig. 137) is
the furnace chamber—-the back wall being vertical, with pro-
jecting ledges on which the ends of the cylinders rest. B is
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the fireplace ; ¢ the flues. 'The front of the chamber is closed
by a cast-iron frame, D, protected on the inner side with
fire-brick. Each of the compartments of the frame holds two

i
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O

F1c. 137.—Bclgian furnace. F16. 138.— Belgian furnace.

retorts, which lie with their mouths resting on the framework.
Each furnace holds from 4o to 8o of such retorts, and they
are built in blocks of four, back

to back, with a common stack. <©
The metal is condensed in fire- )

. Fic. 139.—Condenser with
clay receivers of the form shown g v q.nser attached.
in Fig. 139; one of which is adapted
to the mouth of each retort. A sheet-iron cone with a
small aperture fits on this to condense fume. Before their
introduction into thc furnace, the retorts are carefully
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heated to redness. The spaces in the front frame are
stopped with clay (cement of ground pots and raw clay),
and the temperature gradually raised during 12z hours, the
mouths of the retorts being loosely stopped with clay
plugs.

The charge is a mixture of calcined calamine or blende
with carbonaceous mattcrs—anthracite or other non-caking
coal, coke-dust, etc., as finely divided as possible, and slightly
moistened. It is introduced by means of a scoop with a long
handle. Each retort receives a charge of from 3o to 6o Ibs.,
the lower oncs, being most strongly heated, reccive the
heavier charges.

Aflter charging, the condensers are adapted (resting on
a brick) and luted round. As soon as distillation com-
mences, the fume-condensers are put on, a wet rag being
often applied at the joint to prevent escape. The operation
is judged by the flame of carbon monoxide which is ignited,
and burns at the small opening at the mouth of the fume-
condenser. At first the fumes are brown, and result from the
cadmium contained in the ore which distils off first. This is
succeeded by the greenish-white characteristic zinc flame,
with white fumes, which continues as long as the operation
lasts. The metal is scraped out of the condensers, which are
hot enough to keep it molten, at intervals; the fume con-
denser is removed for this purpose. The distillation occupies
about 12 hours. When completed, the residues are raked out
of the retorts into the pit below, and recharging commences.

The yield of zinc by this process from ore containing so
per cent. varies from 30 to 40 per cent. About one-half the
remainder is recovered from the residue (fume, etc., caught
in the fume-condenser), and the rest is lost, mainly as vapour,
partly due to imperfect condensation and partly to cracked
retorts, etc.

The fume is marketed or returned to the retorts for
reduction.

The zinc is received from the condensers by a large iron
ladle, and, after skimming, is cast into ingots. Gas firing, with
regeneration, has now become common. The Hegeler and
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Dor-Delattre furnaces are modified gas-fired furnaces of the
Belgian type.

Silesian Process.—The retorts employed in this process
are ()-shaped, and are supported throughout their length,
thus permitting of the employment of a more intense heat
without collapsing. They are about 39 inches long, 8 wide,
and 12 to 18 inches high. One end of the muffle is closed.
At the other end an opening at the top is provided for adapting
the condenser, and another below for introducing the charge.
This is, when working, closed by a flat fire-clay stopping.

The furnace is shown in Figs. 140, 141. It is divided into
a series of bays on either side of the fireplace. each capable of

KIG. 140.

containing two muffles, which rest on the bed, and are thus
heated only on the crown and sides. The roof is dome-shaped.
The ends of the retorts project through the side-walls of the
furnace into a small outer chamber. From 12 to 32 muffles
are contained in a furnace. The condenser is shown in
Fig. 141, the metal flowing into a receptacle at . An opening,
¢, at the bend, which is covered by a plate luted on during -
the distillation, is provided for removing obstructions.

This form of condenser has been largely superseded by
that shown in Fig. 139, capped by fume-condensers, as in
the Belgian process. -

The operation lasts 24 hours; and the charge varies from
200 to 500 lbs. per muffle. The muffles last about 4 or 5



364 Mectallurgy

wecks. Cracks are stopped with a wash of clay applied by a
mop.

‘The loss of zinc in this process is somewhat greater than in
the Belgian (though the residues contain less zinc), owing to
greater leakage by cracking of the retorts.

Ir'urnaces with a double row of muffles, one above the
other, are employed at Freiberg and elsewhere, 64 mufiles
being sometimes used in a furnace of this kind.

7
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¥1c. 141.—/, muffles; y, charging door; p, condenser; &, receptacle for
zinc; z, fireplace ; x, vaults.

Gas firing is now superseding the use of solid fuel. The
type of furnace used is one in which the producer is attached
to the furnace, the gas passing directly into the furnace
chamber, or into a small combustion chamber, prior to
entering the furnace. The air supplied for its combustion
is heated by ciiculating through flues under the bed, heated
by the waste heat from the furnace. Chambers for the
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calcination of calamine and the preliminary hcating of
mufiles are also somectimes arranged to be heated by waste
gases from the furnace.

Furnaces in which both Belgian and Silesian rctorts are
employed are also in use. The Silesian muffles occupy the
lower part of the furnace, and the Belgian retorts are placed
above. The more refractory ores are treated in the Silesian
muffles.

Modern furnaces employ Silesian muftles with condensers
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F16. 142.—Ruck furnace for zinc.

similar to those used in the Belgian furnace. They are
heated by gas and are provided with regenerators. In order
to secure the maximum amount of condensation as liquid
zinc and the minimum of fume, the condensers are kept hot
by being enclosed in an outer chamber which virtually forms
part of the furnace. Only the conical prolongs or fume
condensers project beyond the line of the furnace.

Method of Working.—Great difficultics are encountered
in making satisfactory retorts, and special means are adopted
to secure refractory, tough, non-porous, highly conducting
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retorts with the minimum tendency to soften and sag at the
temperature of the operation. Careful selection and ad-
mixture of clays and burnt material is made, and hydraulic
presses of great power are employed in the manufacture to
secure uniformity and freedom from porosity. The retorts
are air dried and seasoned over long periods beforc use.
Satisfactory retorts play no small part in the economical
working of the process. When put into use they must be
slowly hecated. It is important that the materials used shall
resist the attack of the lead and iron oxides and other com-
pounds always present to a greater or less extent in the
charge.

The charge consists of the roasted ore mixed with about
50 per cent. of its weight of anthracite or other coal with a
high carbon content. The materials should be finely divided
to ensure good contact between ore and reducing agent.
The amount of carbon present should be sufficient to ensure
the production of carbon monoxide only in the issuing gases,
as zinc vapour is oxidised by carbon dioxide. The reduction
is effected by both carbon and carbon monoxide, but if the
amount of carbon is sufficient the dioxide is at once reduced

/n0 +C = Zn -+ CO
27n0 4 C = 27n + CO,
7n0 + CO = Zn + CO,
CO, + C =2C0

if the tempcrature be maintained. The formation of the
materials into briquettes has been attempted to ensure better
contact and facilitate charging. A little common salt is often
added. It is said to increase the amount of spelter.

As pointed out above, oxides of iron, manganese, and
lead present in the ore attack the retorts. The amount
present varies, but the charge should not contain more than
10 per cent., of which not more than 2'5 per cent. should be
lead. Charges containing greater amounts are worked in
some cases, but with greater difficulty, and in purchasing
ores deductions are made if the amount be excessive.

The charge is introduced into the muffles either by means
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of a scoop-like shovel or by machine. In thc former case
each shovelful is thrown to the back of the retort and packed
so as to fill the retort completely. A rod is then thrust
through the material at the top of the retort to the back to
make a passage for the zinc and the condenser luted on.
Its mouth is temporarily stopped. Mechanical chargers are
of the nature of an endless conveyer band, which throws the
material to the back.

When charging is complete the gas and air are turned
on, and the temperature rises rapidly until a white heat is
attained. The coal distils first and a Juminous gas flame
appears at the mouths of the condensers. When the reduction
begins this is succeeded by the blue flame of carbon monoxide,
which in turn becomes bluish-white when zinc vapour is
present. The prolongs are then fitted and the distillation
proceeds. If cadmium is present a brown smoke precedes
the blue zinc flame.

As previously noted, the condensation temperature is
important, and as this depends on the furnace temperature,
very careful regulation is necessary. Too high a temperature
leads to loss of zinc; too low a temperature increases the
amount of blue powder in the prolongs.

The molten zinc is removed at intervals by scraping it
from the condensers and cast into flat ingots. ¢~

In modern zinc smelting the loss varics from 10 to 15 per
cent., made up as follows: 4 to 5 per cent, as blue powder,
2 to 5 per cent. in the residues, 5 to 6 per cent. lost as vapour
and through the breaking of retorts.

In case a retort breaks it is at once removed to avoid loss
of zinc and also to the formation of deposits in the regenera-
tors. The distillation occupies about 18 to 19 hours.

After the removal of the zinc the furnace is allowed to
cool and the residues scraped into the pit in front. The
residues from the front of the retort often contain zinc due
to imperfect heating. They are collected separately and
added to subsequent charges.

Reduction of Lead Contents.—In the treatment of zinc
ores containing lead, as much as 6 per cent. may be carried



368 Metallurgy

over by the zinc vapour. This is removed by melting the
crude zinc in a reverberatory furnace with a slightly sloping
bed, and provided with a well at the lower end, where a door
for ladling out the metal is situated. By maintaining the
temperature of the furnace just above the melting-point of
zinc the lead—almost insoluble in zinc—settles to the bottom
and collects in the sump. The nearer the temperature to the
melting-point of zinc the more complete is the separation.
The furnace holds a large amount of zinc—up to 20 tons—
and as purified zinc is ladled out a fresh addition of crude
metal is made. This takes place usually every twelve hours.

Zinc for rolling is thus treated, as more than 1 per cent.
seriously impairs its malleability. Redistilled zinc contains
ahout o'z per cent.

When the zinc contains much iron, a deposit of hard
zinc is formed on the surface of the lead, and is separately
removed. After melting the zinc the surface is skimmed
to remove dross.

The purified zinc is ladled into iron moulds and the lead
which separates is removed from time to time. It carries
about 2 to 6 per cent. of zinc.

As the zinc retains from 1 to 1'5 per cent. of lead this
process is only applicable to spelter containing over that
amount of lead. The crude metal from the condenser in
extreme cases may contain 6 per cent. of lead.

The removal of oxide of zinc and also of arsenic may be
effected by the action of ammonium chloride. For the
former purpose the salt may be melted on the surface only
and the metal agitated ; but for the latter the salt should be
forced below the surface, preferably in zinc tubes at a red
heat.

Treatment of Zinc Fume.—The zinc fume which collects
in the fume-condenser consists of oxide of zinc and finely
divided metal. It is returned to the retorts and redistilled
with carbon, or treated by the Montefiore process.

In this process the zinc-dust and oxide are placed in up-
right clay tubes, the ends of which pass through the bottom
of the furnace. They are heated to 500° or more, and the
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finely divided zinc caused to run together by compression
with a clay piston attached to an iron bar introduced into the
tube. In from 2z to 3 hours the clay stopping at the bottom
of the tube is picrced, and the collected metal flows out. The
contents of the tube are again stirred up and compressed, and
a second flow of metal obtained. As much as 8o per cent.
of the zinc in the fume is thus obtained.

Blast-furnace Methods.—P’roposals have been made for
the reduction and volatilisation of zinc in blast furnaces, the
metal being obtained by arranging a scrics of condensing
flues. The large volume of escaping gascs which would
render its complete deposition almost impossible, the oxidation
by air and carbonic acid gas in the escaping gases—which are,
of course, mixed with the zinc vapour—and many other
reasons render this matter one of the greatest difficulty. In
the most feasible methods the gases from the furnace are led
through heated chambers or towers containing coke at high
temperature, whercby CO, is reduced to CO, and any zinc
oxidised again reduced. The metal is then obtained in con-
densing pipes kept hot enough to melt the zinc.

WET METHODS OF EXTRACTION

Many wet methods have been proposed for the treatment
of complex ores containing large amounts of iron, copper,
and lead, which cannot be roasted and trcated in the ordinary
manner, owing to rapid corrosion of the retorts. The zing,
having been obtained in a soluble form, is precipitated as
oxide by lime, and reduced, or the solution electrolysed.

Electrolytic Processes.—In these processes the zinc
is converted into sulphate either by the careful roasting of
blende (see p. 309) with the formation of the maximum
amount of sulphate, or by dilute sulphuric acid acting on
the oxide. There are a number of by-products containing
zinc oxide. In roasting blende containing much iron the
solubility of the zinc is diminished by the formation of zinc
ferrate.

The solution obtained is submitted to electrolysis—after
2 B
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the removal of the iron and other impurities, notably cadmium,
copper, lead, nickel, and cobalt, which seriously interfere
with the deposition of the metal.

Zinc or aluminium cathodes which revolve, and lead or
other anodes are employed. After the recovery of a portion
of the zinc the regenerated acid liquor is used for the treat-
ment of further batches of material. Diaphragms of nitrated
ccllulose or other material are employed to separate the
anodes and cathodes. The solution should not contain a
large amount of free acid, as the quantity increases as the
deposition proceeds.

Solutions of zinc chloride arc also sometimes treated
clectrolytically. They arc less easy to deal with. The
difficulties attending the production of dense coherent zinc
are great. Spongy deposits entail great losses by oxidation
in melting up the metal for casting purposes. In early pro-
cesses, when the zinc was deposited on iron cathodes, the
metal was thrown down in a soft spongy form from which
the liquid was squeezed by passing between iron rollers.
The loss in melting was enormous. Zinc of 9y 95 per cent.
purity may be obtained by electrolysis.

Electric Reduction Furnaces.—Where * white fuel ’ is
available, as in Sweden, clectric furnaces are in use. Usually
the zinc condenses as blue powder and a spelter high in lead.
‘The amount of the latter metal carried over owing to the high
temperature is large. The products are redistilled for market.

ANTIMONY

The metal has a bluish-white colour and is highly
crystalline and brittle. The surface of the pure metal ex-
hibits beautiful crystalline fern-like markings, technically
known as the ‘ star.” ‘ Star” antimony is a guarantee of
refined antimony. When iron and other metals arc present
the markings are absent and the crystalline surfaces of the
fracture have a frosted appearance. Owing to improve-
ments in methods of extraction the metal now produced is
much purer than formerly. Fig. 143 shows the appearance
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of very good antimony. The specific gravity is 6'7 to 6'8, and
the melting-point 632° C. At a white heat the metal slowly
volatilises.

The metal combines with oxygen when heated. Three
oxides exist: Sb,0; antimony trioxide, Sb,O, antimony
tetroxide, and Sb,0jy antimony pentoxide. The trioxide is
volatile delow a red heat, and the pentoxide decomposes,

[

Cooksons, C, brand.)
F1G6. 143.—* Star’ antimony.

forming the tetroxide, which is the stable form produced on
heating. It is a white powder. It is used as a pigment.
The sulphide Sb,Sj is produced by combination of the
clements when heated, and occurs naturally. It is very
fusible, and is volatile. When heated in air oxide of antimony
is formed, but no sulphate (see Zinc). Its presence in mix-
tures of sulphides lowers the melting-point considerably.
Ores.—The principal sources of antimony are stibnite,
the sulphide SbyS;, which occurs as a lead-grey mineral
with a very brilliant metallic lustre usually in elongated
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crystalline forms—ncedle ore—giving it a striated appear-
ance. The mineral has a density of 4'63, and is soft enough
to mark paper.

Oxides of antimony occur as senarmontite and valentinite
—crystalline forms—and as antimeny ochre and cervantite,
usually in association with the sulphide.

Extraction.—In the older method of extraction the ore
is concentrated by placing the hand-picked material in
crucibles with perforated bottoms placed inside another, or
on grids, and heating sufficiently to melt the sulphide, which
drained into the lower receptacle constituting crude antimony.
This method is followed owing to the impossibility of trcating
the metal in the ordinary way by fluxing off the gangue.

The liquated product so obtained when heated with iron
is reduced thus—

szS:; "{* 3FC = 3FCS —I“ ZSb

The crude metal is heated under alkaline slags containing
oxide and sulphide of antimony to remove the iron taken up
in solution until it develops *‘ star ”” on casting. This method
is wasteful.

In the new methods the ores are calcined at temperatures
sufficiently high to volatilise the sulphide and oxide, thus
cnsuring the removal of the antimony from the gangue.
The volatile products which become almost completely
oxidised are recovered in bag filters, or some similar appliance.
Some lead and arsenic are carried over.

The recovered oxide is reduced by carbon, yielding a
much purer product.

Uses.—The mectal is principally used for hardening lead
and tin alloys, and to a limited extent for addition to acid-
resisting copper alloys. It is used in ornamental castings.

Antimony is soluble in lead when melted, but completely
insoluble in the solid state. Hence in alloys the separation
of the harder metal embedded in the soft lead matrix pro-
duces a hardening effect. The low melting-point of the
alloys makes them specially suitable for type and stereotype
metals.
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Antimony is also used for hardening tin, producing alloys
which cast well. Up to 10 per cent. of antimony the alloys
can be rolled. With larger amounts antimony forms a com-
pound with tin SbSnj.

White metals for bearings consist of lead and tin alloys
hardencd by antimony, usually with the addition of copper.
The amount varies with the nature of the base of the white
metal—lead basc or tin base. The former are hardened lead
alloys, and the latter hardened tin alloys. ‘The antimonial
compounds separate from the basc in both cases, and form
a hard skeleton, embedded in a softer base, on which the
shaft is supported. The structure facilitates lubrication and
uniformity of wear. Regulus metal used for taps, ctc., in
connection with sulphuric acid appliances is lead hardened
with antimony.

Antimony is used to a limited extent in the manufacture
of hydrochloric acid pumps, not being attacked by that acid in
the absence of oxygen and oxidising agents. The old name
for metallic antimony was * regulus of antimony.” * Anti-
mony "’ was sulphide of antimony.

CHAPTER XIX
NICKEL AND OTHER METALS

NickEL—a white, hard metal—is used to a considerable
extent, on account of its resistance to atmospheric action and
its whitening effect on copper, in the manufacture of German
silver, It is also alloyed with steel. Platinite is a nickel-
steel alloy containing 46 per cent. of nickel. Its coefficient of
expansion is the same as glass. Nickel is malleable, ductile,
tenacious, and weldable ; fuses at about the same temperature
as iron, and is affected in the same way by the same
impurities as that metal. Its specific gravity is 88, and,
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like ironm, it is magnetic.l It oxidises when strongly heated,
and combines readily with sulphur and arsenic, and is soluble
in acids. It is found with iron in meteorites. In naturc
it occurs principally in combination with arsenic and sulphur
in kupfernickel and millerite, and in magnetic iron pyrites,
or as a hydrated silicate of nickel and magnesia in garnierite.

Arsenical ores are concentrated much as in copper smelt-
ing for the production of a spezss.

The process of extraction from speiss is essentially a
chemical process, the nickel being ultimately obtained as
oxide. This is mixed with lamp-black and oil, the mixture
compressed and strongly heated. The oxide is reduced by
the carbon.

Sulphide ores—mainly sulphide of iron—such as the
pyrrhotite which occurs in very extensive deposits at Sudbury,
Ontario, containing from 1'5 to 2’5 per cent. nickel,2 are
smelted in water-jacketed cupolas for the production of
matte. The same principles underlie the concentration of
the metal as operate in the case of copper. If a mixiure of
nickel oxide, iron sulphide, and silica be heated, iron silicate
and nickel sulphide result.

The ores after dressing are calcined and afterwards
smelted with fluxes. The matte contains all the nickel,
cobalt, and copper present. Nickel matte, if not sufficiently
rich, may be calcined and again melted, or it may be Besse-
merised to enrich it. Copper sulphide if present in excess is
separated by fusion with sodium sulphate in a cupola. The
latter salt is reduced to sulphide. Copper sulphide is soluble
in fused sodium sulphide, nickel sulphide is not. The fused
products separate into layers, the layer rich in nickel sul-
phide at the bottom. Two or three meltings remove the
copper, and iron is removed as in copper smelting.

The pure nickel sulphide may be subsequently reduced
by calcining to oxide and reducing with carbon, or, the
nickel may be cxtracted by the Mond process.

1 It loses its magnetic properties at 320° C.  Steel containing about
26 per cent. nickel is non-magnetic.

per ce gnetic .

2 This forms at present the main source of nickel.
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Monel metal is an alloy containing 67 per cent. nickel,
29 per cent. copper, 2 or 4 per cent. iron and manganese.
It is made from the enriched matte without separating
the copper. The matte is calcined to oxide and reduced
by carbon. Monel metal has a tensile strength of 35
tons, and, like all nickel alloys, possesses a high degree
of elasticity, which is less affected by heat than in other
copper alloys. [The latter is one of the most valuable
properties of nickel alloys to engineers.] Its resistance to
corrosion and chemical action is high, especially to fixed
alkalies, and it is used in filter and other appliances used in
the manufacture of caustic soda. Its resistance to atmo-
spheric action is nearly equal to that of nickel.

The alloy contracts considerably on solidification and
cooling, making its use for castings almost as difficult as
stecl. Further, it must be kept out of contact with carbon
and silica during melting.

Extraction from Garnierite.—The silicate is run down
in small cupolas with gypsum (sulphate of lime) or alkali
waste (calcium sulphide) ; a matte of nickel and iron
sulphide is obtained. The iron is removed as in copper
smelting, and the pure sulphide obtained is roasted to oxide
and reduced as before.

Mond Process.—When freshly reduced nickel is brought
into contact with carbon monoxide it forms a volatile com-
pound, nickel carbonyl Ni(CO)y, the boiling-point of which
is 43° C., which decomposes when heated to a higher
temperature. In the Mond process the mixed oxides of
iron and nickel produced by roasting the matte are exposed
to the action of water gas (scc p. 118) at a temperature
below 300° C. in order to reduce the oxide of nickel without
affecting the oxide of iron. The hydrogen in the gas is used
in this reduction and CO, passes over.

This gas is passed over incandescent carbon to provide
a supply of nearly pure carbon monoxide, which is brought
into contact with the reduced metal at 50° C. in a volatilising
tower. The nickel carbonyl vapour is led into a decom-
poser, a cylindrical vessel filled with nickel granules, heated
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to 200° C. At this temperature the carbonyl decomposes.
Nickel is deposited and carbon monoxide separated. This
is passed back to the volatiliser. Special means are provided
to keep the granules in circulation. When the granules
are large enough they arc withdrawn and passed out.

If a nickel granule be ground flat it will be seen to
consist of a number of coatings of varying thickness. These
can often be separated like the layers of an onion.

Nickel is rendered malleable by the addition of small
quantitics of magnesium or manganesc.

COBALT

Formerly the principal uses of this metal werc for colour-
ing glass and glazes for earthenware. Its oxide gives a fine
blue colour to glass. Its use in the metallic state was very
limited. It is harder and more tenacious than iron, and
is used to some extent for electroplating as superior *‘ nickel ”
plate, and in alloy, for increasing the elasticity of bronzes.
Its properties are similar to those of nickel and iron.

Alloys of cobalt are now in extensive use. Stellite is an
alloy of 75 per cent. cobalt, 16°5 chromium, with molybdenum,
nickel, iron, etc., which is used for rapid cutting. It is cast
into form. It has a melting-point of about 1450° C.

Other steel alloys for tools and magnets contain cobalt.

Cobalt is highly magnetic and retains magnetism to 1115°.

TUNGSTEN

Tungsten is largely used in the manufacture of * air
hardening,” ‘“ rapid cutting 7 steels, which may contain up
to 18 per cent. of the metal. It is also used for making
filaments for incandescent clectric lamps. The metal has
a very high melting-point, 3267° C., and is infusible at
ordinary furnace temperatures. It is brittle, but by working
in a special manner it becomes ductile and very fine wires
are obtainable. It occurs naturally as wolfram, tungstate
of iron, a very heavy black mineral associated with tin stone,
and scheelite, tungstate of lime.

The metal is obtained by preparing the oxide and reducing
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it with carbon or hydrogen. Obtained in this way it is a
heavy black powder. It may also be produced by the
Goldschmidt reduction process and by reduction in electric
furnaces.

Tungsten has a sp. gr. of 19'1.

Its introduction into steel is due to Mushet.

MANGANESE

The metal has no application in the arts, except in alloy
with other metals. It is a hard metal, and takes a fine polish.
Its colour is white. It oxidises quickly in moist air, and is
dissolved by acids. Its affinity for oxygen is so great that the
oxide is not reduced to metal when heated in hydrogen or
carbon monoxide, only manganese monoxide being produced.
The oxide is reduced when hcated with carbon ; the metal
is also produced by the reduction of the chloride, in admixture
with potassium chloride, by metallic magnesium or sodium
in crucibles. In the Goldschmidt process, finely divided
aluminium is mixed with the oxide to reduce it. It readily
takes up carbon and silicon.

Rich alloys with iron, spiegelicsen, ferromanganese, and
with silicon, silico-spicgel, for use in steel-making, are pro-
duced in the blast-furnace by smelting ores containing oxide
of manganese.

Manganese steel contains upwards of 10 per cent. of the
metal. It is very hard, whether rapidly cooled or not. It
is used for the hard parts of crushing appliances, tram-
crossings, etc.

Manganese is also used in the manufacture of bronzes
and brasses, and in the production of alloys for clectrical
purposes, such as manganin and constantin.

CHROMIUM

This metal is only used in alloy, generally in steel, on
which it confers increased elasticity and hardness. It is used
in armour plate, shells, and in “ rapid ” cutting steel. With
nickel and sometimes iron it forms the alloys of the Nichrome
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serics used, as wire in electrical heating appliances, and for
vessels for resisting oxidation and chemical action. Pure
chromium is more infusible than platinum, and is as hard
as emery. It is permanent in air, and may be heated to
redness without oxidation. .

The metal is obtained by reduction of the oxide at high
temperature with carbon or aluminium, by electrolysis of the
double chloride of chromium and ammonium, or by fusion
of the sesquichloride with zinc or magnesium, the excess of
zinc being afterwards removed by acid. Chromium is
unattacked by nitric acid, but dissolves in sulphuric and
hydrochloric acids.

MAGNESIUM

This is a brilliant silver-white mctal, which, however,
rapidly tarnishes in moist air. Its specific gravity is only 1'74.
It is highly tenacious, about 14'5 tons per square inch. It
fuses at about 800° C., and at a high temperature can be
vaporised and distilled, like zinc. It burns in air with a
brilliant white light, and is used for photographic and other
purposes. Heated to 450° C. it can be worked, rolled,
and pressed readily, giving forms of great cxactness and
sharpness.

It is malleable, but not ductile, except at clevated ten:-
peratures. It is used in conjunction with aluminium in the
production of light alloys of great strength for aeroplane
construction. Magnesium wire is made by sguirting the
metal, in a heated state, through holes.in a steel plate.
The ribbon is made by flattening the wire in heated rolls.

Minerals containing magnesium are abundant : magnesite,
the carbonate (MgCOj3); and dolomite (CaCO3MgCOy) ;
carnallite (MgCl,. KCL.6H,Q), kainit (MgSO,.KClL6H,0)
and kieserite (MgSO4H,0) occur at Stassfurth.

The metal was prepared by decomposing a mixture of
magnesium chloride mixed with sodium or potassium chloride,
by metallic sodium, equal to } or § of its weight, in iron
crucibles heated to redness. The resulting chloride of
sodium is dissolved in water, and the magnesium purified
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by distillation in a wrought-iron still, provided with a lid
secured by a screw. The still is connected by a tube which
passes ncarly to the cover, with an iron condenser beneath.
The air is removed by a current of coal gas, before heating
up the still. The metal is remelted and cast into ingots.
The metal is now produced by electrolysis of the fused
chlorides—carnallite. (See Aluminium.)

ALUMINIUM

This metal, although fairly hard, is characterised by its
extreme lightness. Its specific gravity when cast is only
2'56, which on rolling is increased to 2°68. It is highly
malleable and ductile. Its tenacity is about 17 tons per
square inch, and its elasticity is about equal to that of silver.
At about 700° C. it melts, and contracts on solidifying.

In mass, it is unalterable in dry or moist air, at any
temperature, but when finely divided, takes firc and burns
on heating, forming the oxide Al,O3, which is not reducible
by carbon at furnace temperatures.

It was formerly obtained by decomposing the double
chloride of sodium and aluminium with metallic sodium. In
the methods now followed for its extraction, the melted
fluoride, or a solution of the oxide in fused cryolite, is de-
composed by an electric current, the metal being liberated,
as in the Hall and Heroult processes.

Aluminium forms many valuable alloys, see p. 390.

PrLATINUM

Is a silvery or tin-white metal, almost as hard as copper.
It is exceedingly malleable and ductile, being only inferior
to gold and silver in these respects. Its specific gravity is
21'5. It is only fusible at the highest temperatures, e.g. in
the oxy-hydrogen blow-pipe flame. It occludes oxygen like
silver when molten. At a red heat it occludes nearly 4 times
its volume of hydrogen. Its expansion by heat is 0'0000264
per degree, and is nearly equal to that of glass, 0'0000258.
Wires can, therefore, be fused into glass without risk of
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breaking away—a point of great importance in the manu-
facture of electric lamps, etc. It welds when strongly heated.
Owing to its not being readily attacked by acids or
chemical reagents, it was largely used for making chemical
vessels, such as crucibles and dishes, stills for concentrating
. vitriol, parting, etc. Fused
silica has largely taken its
place for chemical purposes.

It occurs native, in grains

in alluvial deposits, and

'" associated with the rare
W} metals, rhodium, osmium,
iridium, ruthenium, rubi-
dium. After chemical treat-
ment, it is finally obtained
as the double chloride of
ammonium and platinum.
This is decomposed by heat,
leaving finely divided, spongy
platinum, which is fused by
an oxy-hydrogen jet in a

z
e
///4///%/;///{/ small furnace made of blocks

F16. 144.—Lime furnace for fusion f)i lime (Fig. '144) ; or the orc
of platinum, is smelted with galena, and

the lead obtained cupelled.
Electric arc furnaces are now used for the fusion of
platinum,

77

BismuTtH

This is a highly crystalline, brittle metal, of a white colour
with a tinge of pink. Its specific gravity is 9'82. It melts
at 268° C., and volatilises at high temperatures. The vapour
burns with a bluish flame. It expands on solidifying.

Its principal use is for adding to alloys of lead and tin—
whose melting-point it lowers—for making * quick ”’ solders
for pewter, and fusible alloys (see p. 388).

It occurs native and as sulphide. The metal is simply
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liquated out of the ores in which it is native, and the sulphide
is decomposed by iron, sodium carbonate being used as a
flux. A considerable quantity of bismuth is extracted from
the cupels used for cupelling rich silver lead alloys.

CADMIUM

Cadmium is closely allied to zinc, with which metal it is
generally found associated. It is more volatile than zinc,
and in the distillation of that metal comes over first. The
vapour burns in air, giving brown fumes of cadmium oxide,
CdO—brown smoke of the zinc smelter.

TANTALUM

This rarc metal is being used for the making of the fila-
ments for incandescent clectric lamps.

CHAPTER XX
ALLOYS

Many of the most important uses of a metal arc in admixture
with other metals as alloys.

In the molten state at a sufficiently high temperature the
metals in an alloy are mutually soluble.

When metals are melted together, or are brought together
in a molten state, they may—

(1) Combine to form chemical compounds.

(2) Dissolve in each other in any proportions with or
without the formation of a compound.

(3) Dissolve partially.

(4) Remain undissolved.

In the latter case if mixed together they will separate
in layers according to their specific gravities.
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Examples of this kind are furnished by—
Aluminium and lead.
Lead and zinc.
Copper and lead.

The solubility increascs with the temperature, and if
heated strongly, solution—as in the case of copper and lead—
may occur ; but during cooling the metals separate.

Influence on Melting-point.—The melting-point of an
alloy varies with the proportions of the components.

If two metals form alloys or compounds the addition of
onc to the other has generally the effect of lowering the
melting-point of the mixture. Thus tin added to lead pro-
duces an alloy of lower melting-point than lead; but lead
added to tin yields an alloy with a lower melting-point than
tin, although the melting-point of the added lead is higher
than that of tin.

If the melting-points of a series of alloys containing the
same metals be plotted to form a curve in which the normals
represent temperature and the abscissac percentages, the two
branches will intersect at the point which represents the
composition of the alloy which has the lowest melting-point
in the serics. This is called the eutectic alloy.

When an alloy solidifies as the temperature falls to the
melting-point of any particular percentage composition, there
is a tendency for that alloy to become solid, thus robbing the
liquid of a larger proportion of one or other component and
leaving the remaining liquid richer in the component that
promotes fusibility, 7.e. tends to produce an alloy having a
lower melting-point. For this reason, except for the eutectic
alloy, there is always a tendency for the composition of an
alloy to vary in parts, always towards the production of the
eutectic alloy, so that the portion remaining fluid to the last
is richer in the component lowering the melting-point.
Hence the interior and exterior may show marked differences
in composition from the average.

When no separation occurs the components remain dis-
solved in each other and constitute a solid solution.

If an alloy. consisting of a uniform solid solution be
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cxamined under the microscope it presents an appearance
like Figs. 6 and 7,

If an cutectic separates it may be like Fig. 145.

It is possible for two different solid solutions to be pro-
duced, as in Fig. 8.

In some cases the metals are completely insoluble in the
solid state, and consequently separate on solidifying, the
solid material consisting of the two metals mixed. This
occurs with lead and antimony. Antimony or lead separates
till the eutectic composition is reached, and then when the
eutectic  solidifies the
metals separate in inti-
mate admixture, pro-
ducing a laminated or
granulated appearance.
Eutectics can always
be recognised by ap-
pearing to be moulded
upon the grains, and
to act as a filling be-
tween them (Fig. 145).

When both metals
are more or less soluble
in the solid state, the B
eutectic consists of two g, 145.—The white body is an cutectic
saturated solutions, onc surrounding the crystallites first formed.
of cach metal in the
other., When it solidifies these separate—each being satu-
rated, and produce a result similar to that produced when
two metals separate from an eutectic.

The homogenceity, the properties of the particular solutions
present, and the presence or absence of the eutectic alloy,
determine the general physical properties of the alloy and the
uses to which it can be put.

Copper, for example, forms several solid solutions with
zinc. The first three arc known as a, B, and y. The alpha
range at the point of solidification contains from 100 to 70
per cent. copper ; beta, from 70 to 53'5; and gamma, 535
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to 40. The first series includes the tough strong alloys, the
second are much less tough but useful for casting and other
purposes. The third series are extremely brittle. If the
cooling of an alloy containing more copper than is required
for the gamma series is irregular or chilled, it is possible for
the abstraction, by the solids that form first, of an amount
of copper larger than the average proportion, to so
impoverish the fluid alloy as to produce some gamma brass,
and thus render it extremely brittle. In some cases it is
possible to remedy this by annealing, during which the
diffusion of the constituents occurs in the solid state.
NotE.—This is only the merest outline of what may occur in the

solidification of alloys. Further information must be sought from works
on Metallography.

Metals are mixed with each other for the purpose of
modifying their propertics in order to fit them for special
applications. The principal objects are: (1) to harden;
(2) to increase the strength, toughness, elasticity, or power
of clongation; (3) to facilitate the production of sound
and workable castings; (4) to lower the melting-point;
(5) to modify the colour or structure ; (6) to resist corrosion.

Thus gold is hardened for coinage and other purposes by the addition
of copper and silver and occasionally zinc and other metals. Silver by
copper, and so on. Copper is hardened by zinc, and its colour altered to
yellow shades, in the various forms of brass. In gun-metal its strength 1
1s increased by the addition of tin ; its elasticity, strength, and power of
clongation by nickel ; while addition of zinc, etc., increases the soundness
of the castings obtained.

Speaking generally, the alloying of one metal with another lowers the
melting-point of the Jess fusible, and sometimes reduces it below that of
the more fusible constituent.

The introduction of zinc and aluminium into copper to produce imita-
tion gold alloys, and of nickel into brass to produce ‘ nickel” silver alloys,
are instances of modified colour

The following list gives the metals in the order in which they affect
the colour of the alloy into which they enter, each metal producing a
greater effect than that following it : —

1. Tin. 4. Manganese 7. Zinc 10. Silver
2. Nickel 5. Iron 8. Lead 11, Gold

3. Aluminium 6. Copper 9. Platinum

1 In the cast state.
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Thus an alloy of 1 part tin and 2 parts copper is white, but nearly
2 parts of zinc must be added to 1 of copper to whiten it.  Most metals
alloy together when melted, but many have a tendency to separate while
cooling. In the production of castings where this tendency is manifested,
the alloy should be poured at as low a temperature as possible, while en-
suring the filling of the mould and proper admixture of the constituents.
The specific gravity of alloys often differs somewhat from that of the
mean of the constituents, being sometimes above and sometimes below.

Heat is frequently evolved by the combination of metals. The
tendency of metals to alloy with each other varies greatly ; thus, copper
and zinc alloy well in all proportions; of the copper-tin alloys, those
represented by the formule CugSn, Cu,Sn, Cu,Sn, are the only ones that
show no tendency to liquate, while the copper-lead alloys can be almost
completely separated by liquation (see Silver,’p. 321); similarly lead and
zinc do not alloy (p. 367). The liquation of an alloy causes it to solidify
piecemeal. Definite alloys separate at different temperatures throughout
the mass, before complete solidification of the whole takes place. This
can often be made apparent by etching the surface with acid.

The purity of the metals employed is of great importance, since
minute quantities of impurity frequently exert a marked influence on
the properties, 0'2 per cent. of bismuth in copper, used for alloying with
gold for coinage, destroys the malleability to such an extent as to unfit
it for that purpose.l

Production of Alloys.—(1) By fusing the metals together, or mixing
them in the molten state ; (2) by compression of the finely divided metals
(p. 262) ; (3) by electro deposition.

In making alloys, the metals, if not volatile and their fusing-points
not too widely apart, may be melted together ; but if, as in the case of the
copper-tin alloys, one metal is much more readily fusible, it is best added
after fusion of the other has been effected.

When one of the metals is volatile, as in the copper-zinc alloys, the
volatile metal should be added at as low a temperature as possible after
fusion of the copper, in successive portions, each being kept below the
surface till melted. In this way it is taken up by the copper as it melts,
and is less readily volatilised. The first portions added lower the melting-
point, and also cool the mass by absorption of heat in melting. Less
loss of zinc occurs in this way. The mixture should be stirred. Oxidation
should be prevented during melting by a covering of coke or other
carbonaceous body.

Copper-Zine Alloys.—These are commonly known as
brass, but alloys containing tin also, are often thus designated.
The zinc hardens the copper, causes it to cast sounder, and
diminishes the toughness so as to permit of more easy working.
The alloys are strong, and many of them are malleable. Lead
diminishes the strength. Brass seldom consists merely of
copper and zinc ; iron, lead, etc., are often added for special
purposes.

1 Roberts-Austen, S. and A. Jour., 1888.
2C



386

Copper.l Zinc.

55-60

83
72

66°6
60

50
60-73

80-841

75

20-47

38-44

17
28

333
40

50

27-34

15-20

20-25

53-80

Tin.

o5

Mectallurgy

{ Iron. Properties.

Strong as mild stecl,
highly clastic, less mal-
leable than other alloys.

Softer than most alloys.

1'5-4

o |
1

! ¢ Malleable, ductile ; rolls
well ;  bright yellow
colour.

Casts and works well.

Rolls well hot ; resists
corrosion. -

Yellow, unsuitable for
rolling and drawing.

Yellow, suitable for roll-
ing and wire-drawing;
very malleable and
ductile.

Highly malleable yellow
alloys.

Yellow, malleable ; suit-
able for stamped work.

i
i Brittle, but will bear
i slight pressure.

TABLE OF COPPER-ZINC ALLOYS.

i Description.

Aich, Delta, and

Sterro metal.

I Red brass, tenacity
14°5 tons.

Best brass, Bristol
sheet.

Ordinary English
brass.

Muntz or yellow
metal for sheath-
ings.

Common brass an
brazing spelter.

Pinwire brass.

Dutch, Bath, or
gilding  mectal.
Oreide gold.

Mannheim, or Mo-
saic gold, Similor,
Princes metal.

White brass ; imi-
tation platinum,

“Tombac” is a name given to alloys ranging from nearly
pure copper to 30 per cent. of zinc.

ENGINEER’S BRAss

This generally contains tin in addition to copper and zinc.
Its composition varies from 75 to go per cent. copper, 2 to

6 per cent. of tin, and from 2 to 20 per cent. of zinc.

It is

stronger than ordinary brass, and some of those containing
little tin are tougher,

1 Tin is sometimes added,
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TABLE OF COPPER TN ALLOYS

Propertics.

Very tough, finely granu-
lar, yellowish-grey frac-
ture, tenacious (18 tons).

o' IIard, sonorous, brittle,

homogeneous, granular.

" Hard, brittle, silver white,
conchmdal fracture,
takes a high polish, and
is used for reflectors, etc.

Copper.| Tin ’ Zine. Lead
90 10 »
|
75-80 | 20-25 i
95 4 1 [ !
82-92 | 2-6 [3-810-3 ]
666 | 333 | |
| |
88 10 2 |
|

Copper-Antlmony Alloys.—These metals alloy well

meml

387

Description.

Gun metal.

Bell metal.

Coinage bronze.
Statuary bronze.
Speculum metal ;
zinc, nickel, silver,
and arsenic are
sometimes added.
Admiralty gun

The

al]loy of equal parts of the two metals has a fine violet colour.
It is hard, crystalline, and very brittle, and has no application

in the arts.

It is known as “ Regulus of Venus.

”  Antimony

is sometimes mixed with brass to resist action of acids.
Tin, Lead, Antimony, and Zinc Alloys.—These comprise
the soft solders, type metals, stereotype metals, pewters, etc.

Tin. Lead.}Zinc.
II I
50 50
45 10! 45
3 I
2 I
I I
I 2
! Cu
75-94 0-8|1-9
| 8o
20 : 60
i

mony.

5725

20
20

|
i
|

Antl- [

Properties. ’

Description.

Very malleable and white.

Casts well, fairly hard.

Casts well and works
easily under graver.

Hard and tenacious.

Lowest melting-point of
series.

Like most others of the |
series becomes plastlc‘
before solidifying. !

Spurious silver leaf.
Pattern alloy.

For small orna-
ments

M.P. 198° C.

Fine solder. M.DP.
189° C.

Tinman’s solder.
M P. 205 5° C.

Plumber’s metal.
M.P. 245° C.

White, rolls and works; Britannia metal, for

well.
Expands on cooling.
Lower melting - point.
Bismuth often added

to lower melting-point. |
i

spoons and plate

| Type metal.

For small type and
stercotype.
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Many alloys, consisting of tin, antimony, lead, and copper,
are employed as bearing metals. Some consist of as much as
82 per cent. tin, and others as much as go per cent. of lead.

FusiBLE METALS AND ALLOYS

Tin, Lead, Bismuth Alloys, used for fusible plugs and
“ quick ”’ solders for pewter, etc.

Tin. | Lead |Bismuth.{Cadmium | Melting-point. Description.

20 | 30 50 197° F. | For fusible plugs, taking
12 5 ‘ 25 50 12°5 150° F. impressions of dies, etc.
| Expands on cooling.

588 294 | 11'8 Pewterer’s solder has a

lower melting-point than
| work to be soldered.
1 b l
GoLD, SILVER, AND PLATINUM ALLOYS
Gold. Silver.: Platinum.| Copper. | Zinc. Description.
- R o - -
92'§ 75 English standard silver.
90 10 French and German coinage.
75 25 German silver plate.
91°66 834 Indian rupee, Brazilian coin.
94°5 | 5'5 Netherlands coin.
60'6 i 22'2 11°'1 | Silver solder.
91°66 833 British, Turkish, Brazilian gold
coin.
989 ; I'1 Hungarian ducat.
90 i 10 German, French, Italian, Belgian,
! Spanish, United States, Swiss,
| and Russian gold coins.
10 6 | 4 Gold solder.
65-83, 17-35 Dental alloys.

See also pp. 298 and 345.

ALUMINIUM AND MANGANESE BRONZES

Aluminium Bronze.—The proportion of aluminium alloyed with the
copper varies from I to 10 per cent. The alloys are as strong as mild
steel, highly malleable, elastic and ductile. The presence of other metals
impairs the quality. An alloy containing 10 per cent. has a tensile
strength of 40 to 45 tons per square inch.
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Marfsanese Bronzes contain copper, manganese, aluminium, zinc, iron,
and tin. Sometimes they are characterised by hardness, elasticity and
strength combined with toughness and resistance to corrosion. They can
be rolled and forged hot. An important application is for the propellers
of steam-ships. It is also used for general engineering brass work. The
manganese is generally introduced in the form of ferro-manganese or as
manganese Copper.

Phosphor Bronze is a bronze containing a small proportion of phos-
phorus, introduced either as phosphor tin (obtained by dissolving
phosphorus in molten tin ; it contains up to 20 per cent. of phosphorus)
or phosphor copper, after fusion of the ordinary ingredients. The tin
varies from 4 to 10 per cent., and the phosphorus from o°1 to 1. Where
toughness and ductility are required, the phosphorus should not exceed
o'I. Metals containing more, increase in hardness and are used for
valves, bushes, cog-wheels, etc. It should be cast at as low a temperature
as possible.

Silicon bronze contains silicon. It is harder and stronger than
ordinary bronze.

The beneficial effects of phosphorus and silicon are generally attri- |
buted to the powerful deoxidising influcnce they exert on account of
their affinity for oxygen.

NICKEL ALLOYS

B |
Nickel. | Copper. | Zinc. | Iron. | Tin. } Description.
|

14-31'5 | 40-56 | 23-26 2-3} 04 ‘ Arguizoid, Chinese white copper.

35!
15 60 25 | Common German silver.
21 56 23 | Medium ’ ’
25 50 25 | Good ) i)

20 8o i Cupro-nickel 7

283 | 383 | 333 }Best "
l

These alloys are white in colour, tough, and malleable.
For rolling, a little lead is often added. The last is used as a
sheath for the bullets of rifles, being hard and very suitable
for drawing.

hro- | Manga-|

i Cl
4Nxckel.“ mium, | nese. Iron. \
—— ————— —— e e —
|
Nichrome . ] 60 1 12 2 26 || Chemically resistant, resists
Chromel . | 8o 1 20 oxidation at red heat;
1' | used for resistance heating.
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Nickel. | Copper. “I‘f.:ls'f *
e Rt -

i

Nickeline 15 ] 60
Constantan . | 40-55 | 45-60
Manganim . | 2-16 50-85' 10
Monecl metal 67 l 28

Mo lyb -

Metallurgy

Chemically resistant,strong.

Zinc. 1
e N
25 ' Used in electrical resist-
1 ances, low temperature
Il coefficient.
\

Nickel. ‘] Copper. Iﬁ:‘\;&- denum.
T o T T
Hlium?! . .| 61 6 21 5 ’Strong, resistant. Calori-
3 ! meter_bombs.
; ‘ Tungsten.
Nickel tung- | 82— 90 | 10-18 | Acid-resisting alloy.
sten alloy |
I T o
ALUMINIUM ALLOYS FOR CASTINGS
Known as ‘ﬁﬂx" Copper. ! Zinc. |
Ls 85 2’5 12°§ General work, casily machined.
Li1 91°75 7 |1'25; tin 1'25| Stronger than L5 when hot;
} used for cylinders.
1.8 88 12 ‘
L24 92°5 4 |Niz2; Mgi-25i Used for pistons.
Magnalum| go— Mg to 10
97°5 per cent.

Alloys with silicon from 5 to 13 per cent. silicon are said
to shrink less and be stronger than other alloys.

DENTAL ALLOYS

Platinum .
Silver

17 to 35 per cent.
83 to 65 ,,

”»

Require much skill in making to

secure proper admixture.

DENTAL AMALGAMS

Amalgams of tin and mercury, and mercury with cad-
mium, are employed for filling teeth. These amalgams

! Iron, aluminium, tungsten, and manganese make up the remainder.
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become plastic by pounding or kneading when slightly
warmed as in the hand, but sct hard without contraction.
A copper amalgam was formerly much cmployed, but it
requires stronger heat to make it plastic.

Tin amalgam is made by grinding 1 part of tin with
4 of mercury and squeezing out the excess mercury in
chamois leather. The soft residue hardens in a few days.

Tin cadmium amalgam is made by melting 2 parts of
tin with 1 part of cadmium, and adding an excess of mercury.
The excess is removed as before, after well grinding in a
mortar.

An amalgam of tin, silver, and gold is used as a cement
for teeth, 1 part of gold, 1 tin, 3 silver arc melted together.
The alloy is pulverised ew/kile s0f, an equal weight of mercury
added, and thoroughly kneaded together.

Sodium amalgam is produced by adding sodium to
mercury ; the combination causcs great cvolution of heat.
It is prepared in considerable quantities for export. For
this purpose it is packed in lime, to prevent access of
moisture or carbon dioxide, in metal-lined cases. The
amalgam contains about 3 per cent. of sodium, and is
tolerably hard and semi-crystalline.

IrON ALLOYS

Nickel Steel.-- Nickel steel is being largely used for
armour-plates and other purposcs. Generally from 1°5 to
3’5 per cent. and occasionally 5 per cent. of nickel is present.
It increases the toughness of the metal, and diminishes
atmospheric action and the action of sea-water.

“ Harveyised ”” armour plates are nickel-steel plates, case
hardened on the surface by heating in contact with charcoal
after the manner of making blister steel.

Chrome Steel.—This usually contains about 1°5 to 45 per
cent. of chromium. Its presence increases the tenacity and
hardness without diminishing the toughness, while the metal
welds readily. Tt is used in the manufacture of shell-cases,
armour, and in “ rapid " cutting steel. Most structural
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steels used in automobile work contain a small proportion
of chromium. The amount varies up to 1'5 per cent.

Tungsten Steel.—All self-hardening, rapid cutting steels
contain tungsten. The amount varies up to 18 per cent.
Mushet’s special steel was a self-hardening tool steel, con-
taining up to 9 per cent. of tungsten. It is extremecly
hard and strong, breaks with a conchoidal fracture, which
has a faintly yellowish or brownish tinge.

Molybdenum is introduced for the same purpose, a
smaller quantity producing similar results.

Aluminium is added to steel to produce sound castings.
The ¢ Mitis ” castings owe their superiority to the presence
of this metal.

Manganese Steel.—Manganese in excess produces great
hardness. The alloy is tough, but almost unforgeable. It
contains from ¢ to 13 per cent. It is very fluid when molten,
and casts soundly. It is non-magnetic.

Vanadium is present in steel in quantitics varying from
o'l to o'5. It increases the toughness and reliability. In
tool steel it furnishes ameans of controlling the heat treatment.

Cobalt is used in steel alloys, both for cutting purposcs
and for making magnets.

Iron and Zinc.—Iron dissolves in zinc, heated to nearly
its boiling-point to a considcrable extent. The iron in delta
metal is introduced by saturating molten zinc with iron, and
adding this alloy to the copper in sufficient amount. A hard
alloy of zinc and iron forms in galvanising pots, and zinc
melted in iron vessels takes up iron.



PRINCIPAL ELEMENTS AND ATOMIC WEIGHTS

Aluminium
Antimony
Arsenic .
Barium .
Bismuth.
Boron
Bromine.
Cadmium
Calcium .
Carbon
Chlorine .
Chromium
Cobalt
Copper
IFluorine
Gold
Hydrogen
Todince
Iridium .
Iron

Lead
Lithium
Magnesium
Manganesc
Mercury .

Al
Sb
As
Ba
Bi
B
Br
Cd
Ca
C
Cl
Cr
Co
Cu
I
Au
H

1
Ir
e
Pb
L1
Mg
Mn
Hg

27
120
75
137°4
208
1I
30
11274
40
12
35'5
52
59
635
19
197

127
193

207

243
55
200

Molybdenum .

Nickel
Nitrogen
Osmium .
Oxygen .
Palladium
| Phosphorus
Platinum
1 Potassium
Rhodium
Rubidium
Selenium
Silicon
Silver
Sodium .
Strontium
Sulphur .
Tantalum
Tellurium
Tin
Titanium
Tungsten
Uranium
Vanadium
Zinc
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Mo
Ni

Ta
Te
Sn
Ti
%%

Zn

2 C

90
587
It
191
10
10067
31
195
39
103
855
792
28
108

2

876

32
181
127°5
119

48
184
2385
5L
054
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Afterblow, 217

Air reduction processes, 42

““ All-mine pig,”’ 132

Alloys, 381

, aluminium, 390

——, antimony, 387

—~—, bismuth, 388

change in composition in

liquid state, 7, 15, 38

——, chromium, 389

——, conditions of solidifica-
tion, 382

—-—, copper-tin, 387

——, copper-zinc, 385

—---—, dental, 390

—--, gold, 388

——, iron, 391

——, nickel, 389. 390

—-—, platinum, 338

-——, production of, 385

——, properties, 381

, tin, Sh, Pb, and Zn, 387

Alpha iron, 198

Aludels, 292

Alumina, 67, 72

Aluminium, 379

——, alloys, 390

—-~in iron, 128

Alundum, 72

Amalgamators, 332

Amalgams, 288, 299, 300

, treament of, 300

Annealing, 18

——, effects of, 12

Anode, 48

Anthracite, 97

Antimony, 370

y

I
I

I
|

Appolt coke oven, 103
Arsenic removal, 40
Augustine process, 314
Austenite, 199

B

Ball mills, 330, 335
Banket ore, 324
Barft’s process, 129

: Barrel amalgamation for silver,

307
Basic lining, 66, 252
refractory materials in
copper smelting, 245,252
slag, 217
Bauxite, 67
Beehive coke ovens, 1071
RBertrand-Thiel process, 222
Bessemer process, 211
-—— ——, basic, for steel, 216
-—— ———, chemical changes in,
215
-, for steel, 211
--, for copper, 249
Tropenas converter,

218
Bismuth, 380
alloys, 388
, expansion of, 15
——, use in alloys, 15
Black-heart castings, 174
Blast furnace, 49
——, blowing in, 158
——, bosches, 147
——, burden, 152
, charges for, 152
——, chemical reactions,
in, 162

395
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Blast furnace, cyanides in, 165
~——, down-comer, 151
~— —--- —, dry blast, 158
— - ——-, dust, 172
-— ——, economy 1n, 51
——-, for copper smclting,
240
— — — — for lead, 270
~—-- gases, 171
——, hot blast for, 153
~—— —-—, iron, 138
- - — —-—, modern, 143
- -— ———, p1g moulds, 101
, Sahlin bosch, 147
slag, 109
—— -—— stoves, 155
== -=— —— Cowper, 150
- — —-— ~, Wlatwell, 158
———= ——- tops, 150
————— —- tuyeres, 141
Blister steel, 207
“ Blue billy,” 133
Bone ash, 068
Bosches, 146
Bower’s process, 129
Brass, 227
——, solid solutions, a, B, ¥, 9,
10
Brazing, 29
, fluxes used for, 29
Breceia, 324
Brinell test, 3
Brittleness, 2.4
Bronze, 227
Brown coal, 94
Bruckner furnace, 55
B.Th U, 75
Buckplates, 59
Buddles, 35
Bull-dog, 185
Burnt iron, 125
By-product coke ovens, 105

Cadmium, 381
Calcination, 39

———, effects of, 40
—— of iron ores, 135
Calorics, 75

Index

Calorific power determirfation,
78

of tuels, 74

—-, net, 77

Calorimeter, bomb, 82

- ——, Thomson’s, 79

, Wild’s, 8o

Cannel, 95

Carbide of 1ron, 122

-—— ——, decomposition of, 122

Carbon, graplite, 124

~——1n iron, 121

—- -, methods of impart-
g, 122

Carborundum, 72

Casc haidening, 210

Cast crucible steel, 209

Casting, qualities of metal {or,

15, 10

— - -, steel, 222

Catalan hearth, 177, 203

Cathode copper, 255

Cathodes, 48

Cementation, 204, 210

Cementite, 201

Cements, 320

Changes in
T

Charcoal, 86

- -— burning, 87

-— —, composittion, 9o

Chemical reactions in blast fur
nace, 102

Chili bar, 201

Chill castings, 173

Chloridising roasting for silver,
3I1

Chromite, 07

Chromium, 377

——- alloys, 390

—-—-1n iron, 127

Classifier, hydraulic, 34

Claudet process, 314

Coal, 94

, anthracite, 96

rash, 97

— -, brown, g4

—-—, chlorine 1n, 98

, frce-burning, 94

——-, specific gravity, 97

——, steam, 95

—-~, sulphur 1n, 97

solid materials,




Index

Coal, technical examination of,
98

, volatile products, 99

Coins, striking of, 20

Coke, 98

—— oven types, 100

, Appholt, 103

——— —-—, beehive, 101

—— ——, Coppée, 104

—-— —— Simon-Carves, 106

— — —— by-product, 105

—-—, qualities of, 108

, sulphur in, 108

Coker eftect, 12

Coking by-products, 99

n heaps, 99

——— 11 kilns, 100

— — of non-caking coal, 108

temperature, 99

Cold short, 15

Colouring of red lead, 203

Compound plates, production of,

27
Concentration of force (Coker
etfect), 12

processes, 45, 229, 273

Conductivity, 29

Copper, 128

—— alloys, 385

——-, Bessemer process, 249

—-, B.S,, 238

——, blister, 236

——, coarse metal, 234

— —, chloridising roasting, 258

———, dressing, 229

——-, dry, 225

——, effect of cuprous oxides on,
225

——, electrolytic recovery of,
260

————, electrolytic refining, 253

——, extraction principles, 229

——-, fine, blue-white, pimple,
metal, 235

-——, gassed, 224

—~—, impurities in, 226

-—-—, lead in, 238

-—-—, Longmaid and Henderson
process, 259

——--, native, 227

~—— ores, 227

ores, briquetting, 243
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Copper, overpoled, 226

pitch, 237

properties, 225

——, reaction processes, 231

— —, refining and toughening,

237

| ——, reverberatory furnace, oil

fired, 244

--—— slimes, 256
, smelting in blast furnaces,

240
—— sulphatc roasting, 257
—— sulphides, 226
—— -tin alloys, 387
tough cake, 220, 237
——, underpoled, 226
varicties, 261
-——, Welsh process, 232
——-, wet extraction, 258
—— -zinc alloys, 386
Cordurie’s process, 283
Coring, 9
Cornish process for lead, 270
Cowper stove, 156
Crucibles, 68
——, making, 70
, brasqued, 71
Crystalline structures of metals,

4
Crystallisation from centres, 4
Cupellation process, 317
Cupola, 51
Cyaniding for silver, 311
for gold, 333

D.

Darby’s process, 222

Dead-melting steel, 210

Density of coal, 97

Dinas bricks, 63

Dolomite, 65

, composition of, 66

Dorr distributing machine, 336

Drossing, 263

Dry-crushing silver mills, 306

Ductility, 20

——, influence of other proper-
ties on, 21

| ——, order of, 21
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Llasticity, 19

——, limit of, 19

—---, modulus of, 20

Electric furnace processes, 224

——, steel making, 224

—, types of, 58

—— welding, 27, 28

Llectrolytic recovery of copper,
200

—-——refining ot copper, 253

—— —— of gold, 344

of lead, 321

of zinc, 369

Lilectrode welding, 28

Electrostatic concentration, 30

Elongation, 20

Llutectics, 8

Iixpansibility, 13

Expansion of brick work, 03

IExtrusion, 20

v

Ferro-chrome, 127

manganese, 168, 224

Fireclay, oo

——, analysis and mixtures, 61

——, contraction of, 61

Flint, usc of, 01

Flintshire processes for lead, 200

Flotation process, 37

IFlowing power, 2.4

Flow lines, 25

Fluorspar flux, 45

Fluxes, 42, 45

Foundry cupola, 51

Fossil fuels, 92

Iracture, 14

Free milling ores, 320

Frosted silver, 298

Froth flotation plant, 39

—— unit, 38

TFuel (see also Coal, Coke, Gas,
Wood, etc.)

——, calorific power, 74

——, dust, 119

——, oil, 118

, organic and inorganic, 73

, uscful effect of, 77

Index

Furnace (see also Blast Tufnaces,
etc.)

——-, Bruckner, 55

——, electric, 58, 224

—— heads, 117

—-—, McDougal, 57

- -+, mechanical, 30

- -—, muffle, 54

—-—-, regencrative, 54

, reverberatory, 53, 244

——, revolving, 55

——, Spirlet roaster, 58

—— tower, 506

—— tube and rctort, 55, 367,
365

— types, 19

, White-llowell, 55

Iusibility, 14

L'usible alloys, 15, 388

G

Galena, 204

Galvanising, 355

Gamma iron, 198

Gangue, 38

Ganister, 62

Gas blast furnace, 171

-- — fuel, types of, 109

-~ -, Mond, 117

— -—, natural, 118

-——, producer, 110

—-—, thermal changes in pro-
ducer, 116

--—, water, 118

Gjer’s kiln, 137

Glazy pig, 168

Gold alloys, 345, 388

——, causes of loss in {ailings,
320

~——, clean up, 332

——, cyanide process, 333

——, free milling ores, 320

——, hydraulic mining, 324

-—-—, occurrence of, 323

—-— panning, 324

—— parting, 341

precipitates, treatment of,

340
——, properties of, 322
——- quartz, treatment of, 326
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Gold Slimes, 330

stamp battery, 328
———, Sulman’s process, 334
, toughening, 344
——, zinc boxes, 338
Goldschmidt process, 41
Gossan, 326

Graphite, 68

———in iron, 122

Grizzlys, 325

H

IHematites, 130

Hard head, 47, 350

Hardinge mill, 335

Hardness, 2

Head’s furnace, 117

Hearths, 49, 177

Heat treatment, cifects on stecl,
201

—— unit, 75

Honeycombing, 210

Huntingdon mull, 330

Hydraulic mining of gold, 324

1

Internal structures of metals,
methods of investigation, 3

Iron, 119
alloys, 391

, alpha and gamma, 198

——, aluminium in, 128

, blast furnace (see Blast
furnace), 138

burnt, 125, 195

——-, carbide, 122

, —— decomposition of,

122

——, carbon in, 121

-, chrommm in, 127

——, copper in, 128

founding, 172

——, graphite in, 124

——, manganese ifi, 125, 164

merchant, 195

——, molybdenum in, 127

, nickel in, 127

|
|
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Iron ores, 129

——, calcination of, 135

—-— ——, preparation of, 131

—— oxides, 128

——, phosphorus in, 1206, 164

-——, pig (see pig iron), 105

~——, properties of, 119

—-— rolling, 192

—— , shingling, 789

-—-—, silicon in, 125, 163

——, smelting, 133

—-~, sulphur in, 126, 164

——, tin in, 128

— —, tungsten in, 127

——-, vanadium in, 127

—- —, varicties and commercial
use, 120

——, wrought, 173

lzod test, 23

Jigs, 34

X

Keith’s process, 321
Kettle amalgamation, 302
Iilns and stalls, 50

Kish, 172

L

Latent heat, eftect of, 4

—— . —— of fusion, table of, 16

l.ead, 201

—, action of water on, 264

alloys, 387, 388

——— burning, 28

—~—, Cordurie’s process, 284

——, Cornish process, 270

——, desilverisation of, 279

———, Flintshire and other rever-
beratory furnaces, 266

~—— {ume, 286

——- in copper, 6, 238

——, Keith’s process, 321

——, Parke’s process, 283

——, Pattinson process, 279
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Lead processes—Flintshire, 266

——, reduction of lithage, 278

——, — —— silicates, 270

——, Rozan process, 282

—-—, Scotch ore hearth, 276

——, slag hearth, 274

—-— smelting, 265

————— , blast furnaces, 270,

274

——, softening and improvement
of, 278

Lignite, 93

Lime, 65

Liquation, 47, 227, 350

Longmaid and Henderson'’s pro-
cess, 259

M

Magnesia, 05

Magnesite, 05

Magnesium, 378

Magnetic concentration, 36, 135
Malleability, 22

on, 22

—— of zinc, 23
Malleable castings, 174
Manganese, 377
in iron, 125, 164
Mansfeldt process, 239
Marl brasque, 68
Martensite, 199
Matte, 46, 229
smelting, 243
pyritic ores, 246
, treament of, 248
McDougal furnace, 57
Melting-point, lowering of, 7
Melting-points of silicates, 43
, table of, 17
Merchant iron, 195
Mercury, 287
——, extraction of, 289
, shaft furnace, 293
—— ores, 289
——, purification of, 295
——-, sickening and flouring of,

289, 332
Metal burning, 28
Metallic inclusions, 5

|
|

, effect of other properties |

Index

Metallurgical terms, 30
Mexican process for silver, 299
Moh'’s scale of hardness, 3
Molybdenum in iron, 127
Mond gas, 117

process, 375

Monel metal, 374

Moss copper, 235

Muffle furnace, 54

N

Native metals, 30
Natural gas, 118
Neutral course, 67
Nichrome pots, 72
Nickel, 373

alloys, 389
-—-1n iron, 127

——, Mond process, 375
ores, 374
Non-caking fuels, 92

(¢
Oil fuel, 118

| Open hearth stecl, 218

, basic, 221

! Ore-dressing, principles of, 33

Ores, classification of, 30
, general properties, 31
——, mincrals associated with,

33

——, modes of occurrence, 32
-——, refractory, 337
, self-fluxing, 45
, washing operations, 33
Oxide of iron, refractory, 67,

252 -
Oxidised silver, 298

l)

Parke’s process, 283
Parting, 48, 341
Pattinson process, 279
Pay-dirt, 324
Pearlite, 201

Peat, 9o
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Peat, ash of, 91

——, preparation of, 91

Percussion tables, 36

Percy-Patera process, 315

Phosphorus in coal, 98

in iron, 126, 164

Physical properties of metals, 1

Pig-boiling, 188

Pigging-back, 221

Pig iron, 105

—-—, cold blast, 168

——— ——, low grade, 167

——, refining, 180

Piping in steel, 210

Pitch 1n copper, 237

Platinum, 379

Plumbago, 68

Producer, chemical changes in,
114

-——, effect of water vapour on,
116

—— gas, 110

, advantage of, 109

——, thermal changes in, 116

Producers, mechanical, 114

, Sitemens’, 110

—-—-, water bottom, 112

, Wilson, 111

Puddling, 184, 204

, dry, 188

Pulp, 3206

Pyrites, iron, 132

Pyritic smelting, 246

o

Quasi-arc welding, 28

R
Racks and washing-tables, 35
Rail testing, 24
Recalescence in steel, 199
Recarburisation of steel,
222
Red lead, manufacture of, 263
Reducing agents, 41
Reduction, 41
of sulphides, 41
Refining copper electrolytically,
253

215,
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Refining pig iron, 180

processes, 40

-—— silver, 321

Refractory matecrials, 60

, acid and basic, 64

——, basic for copper smelting,
245, 252

| ———, burning temperature of, 62

——, general consideration ot,
7I

——, s1ze of, 62

——-, table of properties of, 72

———, testing of, 62

Regenerative furnace, 54

Regulus, 40, 229

Removal of sulphur and arsenic
in calcination, 40

Repeated applications of stress,
eftect of, 14

Resistance to impact, 23

Reverberatory furnace, 53

——, oil-fired, 244

Ridge furnace, 359

Riffles, 325

Rolling iron, 192

Rozan process, 232

Russell process, 316

S

Sahlin bosch, 147

Salt, eftect in lowering freezing-
point, 7

Sand, 64

Saniter’s process, 133

Sclerometer, Turner’s, 3

Scleroscope, Shore’s, 3

Scorification, 48, 237

Segregations, effect of, 5

Self-fluxing ores, 45

Serpentine, 64

Sectting-up, 268

Sherardising, 355

Shingling, 189

Siemens’ gas producer, 110

Siemens-Martin, 221

Siemens’ process, 220

regenerative furnace, 219

Silica and Dinas bricks, 63

Silicates, constitution of, 45

——, in slags, effect of admix-
ture, 43
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Stlicates, melting-point of, 43

Silico-manganese, 168

Silicon-cisen, 168

Silicon, influence on carbon, 105

n iron, 1235, 103

Silver, 296

—— alloys, 298, 388

—--, amalgamation process, 299

--—, Claudet process, 314

——, cupellation process, 317

—-—, cyanide process, 311

—-—, Mexican process, 299

—-- ores, 298

——, refining, 321

——, Russell process, 316

-——, sulphide reduction of, 313,

310

———, Washoe process, 303

Silvering murrors, 289

Simon-Carves, 100

Sintering, 137

Slags, bases in, 44

——-, fusiblity of, 44

—-—, scouring, 105

Shmes, 336

, copper, 250

Sluices, 325

Smelting, 38

Soaking pits, 223

Soapstone, 64

Soldering, 29

Solders, 15, 37

Solidification of metal, partial, 7 |

Solid solutions, 8

Solution, lowering of melting-
point by, 7

Solvent powers of metals, 6

Sorbite, zor1

Sows, 161

Specific gravity, 12

Speiss, 46, 273

Spiegel-cisen, 168, 224

Spirlet 10aster, 58

Steel, 196

, Bessemer, 211

—-—, blister, 207

—-—, case-hardening, 210

-——, cast crucible, 207

- —, casting, 222

. , before and after
annealing, 12

———, Catalan forge, 203

Steel, cementation, 204

crystal, 4

, compressed, 223

--—, constituents, 199

——, hardening and tempeting,

197

-——-, heat treatment eftects, 201

——, honeycombing n, 210

mgots, 22

—— making, 203

—-—-, open-hearth, 218

—-—, p1ping 1n, 210

——-, puddled, 204

—-—, recalescence, 199

—-—, recarburisation, 215, 222
——, removal of impurities from
pig-iron, 210, 215, 210, 222

, shear, 207

-——, slowly and rapidly cooled,

I3

——, sulphides in, 0

, varieties, 202

Steam coal, 95

Sulman process, 334

Sulphate roasting, 257

Sulphating roasting, 309

Sulphur 1n coal, 97

, removal of, 97

——-in coke, 108

——-1in iron, 120, 164, 183

——, removal by calcination, 40

; Swedish-Lancashire hearth, 183

T

Tantalum, 381

Talbot process, 222

Tap cinder, 188

Temper, 196

Temperature produced, con-
siderations determining, 84

Tenacity, 17

, table of relative, 17

, effects of impurities on,
18

, effects of temperature, 18

Test schedule, 20

Thermite process, 41

Tie rods, 59

Tin in iron, 128
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Tinni‘r)lg, 355

T1in ores, 347

——, properties of, 346
-~ plate, 351

—-— refining, 350

——, removal of tungsten from,
- 348.

smelting, 348

Toughness, 24

Troostite, 199

Tropenas converter, 218

Tube and retort furnace, 55, 301,
305

mills, 330

Tungsten, 370

n 1ron, 127

——, removal from tin, 348

Tuyeres, 141

U

Useful metals, 2
——- propertics of metals, 1

v

Vanadium in iron, 127
Vanner, Frue, 36
Vegetable matter,
curring in, 9o
Vermillion, 288
Volatile metals, 17

changes oc-

A\\Y
Washoe process, 303

Water-bottom producer, 112
Water gas, 118

THE
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Water-jacketed furnaces, 52,
148, 241, 271
Weathering, 137
Welding, 20
——, clectric, 27, 28

fluxes, action of, 27
Wellman furnace, 222

Welsh process for copper, 232
Wet crushing silver mills, jo5
— ~- processes for silver, 309
White-bearing metals, 11
White-Howell furnace, 55
Whitwell’s stove, 158

Wilfley tables, 30

Wilson gas producer, 111
Wind furnaces, 49, 207

Wire drawing, 20

— — testing, 24

Wrought iron, 175

| —— —~—~, direct processes, 175
| —— ——, finery processes, 183

—— ——, indirect processes
Wood, 85
—-— ash, 86

» 179

Z

Ziervogel process, 313
Zinc, electrolytic process, 369
extraction, 357
fume, 368
—_ galvanising. 355
ores, 356
, calcination, 358
precipitating boxes, 338
-, propertics of, 354
, removal of lead from, 367
-, Ridge furnace, 359
, Ruck furnace, 305
-, Sherardising, 355
——, Silesian process, 363

END

PRINTED IN ENGLAND BY WILLIAM CLOWES AND SONS, LIMITED, BECCLES





















	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif
	00000062.tif
	00000063.tif
	00000064.tif
	00000065.tif
	00000066.tif
	00000067.tif
	00000068.tif
	00000069.tif
	00000070.tif
	00000071.tif
	00000072.tif
	00000073.tif
	00000074.tif
	00000075.tif
	00000076.tif
	00000077.tif
	00000078.tif
	00000079.tif
	00000080.tif
	00000081.tif
	00000082.tif
	00000083.tif
	00000084.tif
	00000085.tif
	00000086.tif
	00000087.tif
	00000088.tif
	00000089.tif
	00000090.tif
	00000091.tif
	00000092.tif
	00000093.tif
	00000094.tif
	00000095.tif
	00000096.tif
	00000097.tif
	00000098.tif
	00000099.tif
	00000100.tif
	00000101.tif
	00000102.tif
	00000103.tif
	00000104.tif
	00000105.tif
	00000106.tif
	00000107.tif
	00000108.tif
	00000109.tif
	00000110.tif
	00000111.tif
	00000112.tif
	00000113.tif
	00000114.tif
	00000115.tif
	00000116.tif
	00000117.tif
	00000118.tif
	00000119.tif
	00000120.tif
	00000121.tif
	00000122.tif
	00000123.tif
	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif
	00000128.tif
	00000129.tif
	00000130.tif
	00000131.tif
	00000132.tif
	00000133.tif
	00000134.tif
	00000135.tif
	00000136.tif
	00000137.tif
	00000138.tif
	00000139.tif
	00000140.tif
	00000141.tif
	00000142.tif
	00000143.tif
	00000144.tif
	00000145.tif
	00000146.tif
	00000147.tif
	00000148.tif
	00000149.tif
	00000150.tif
	00000151.tif
	00000152.tif
	00000153.tif
	00000154.tif
	00000155.tif
	00000156.tif
	00000157.tif
	00000158.tif
	00000159.tif
	00000160.tif
	00000161.tif
	00000162.tif
	00000163.tif
	00000164.tif
	00000165.tif
	00000166.tif
	00000167.tif
	00000168.tif
	00000169.tif
	00000170.tif
	00000171.tif
	00000172.tif
	00000173.tif
	00000174.tif
	00000175.tif
	00000176.tif
	00000177.tif
	00000178.tif
	00000179.tif
	00000180.tif
	00000181.tif
	00000182.tif
	00000183.tif
	00000184.tif
	00000185.tif
	00000186.tif
	00000187.tif
	00000188.tif
	00000189.tif
	00000190.tif
	00000191.tif
	00000192.tif
	00000193.tif
	00000194.tif
	00000195.tif
	00000196.tif
	00000197.tif
	00000198.tif
	00000199.tif
	00000200.tif
	00000201.tif
	00000202.tif
	00000203.tif
	00000204.tif
	00000205.tif
	00000206.tif
	00000207.tif
	00000208.tif
	00000209.tif
	00000210.tif
	00000211.tif
	00000212.tif
	00000213.tif
	00000214.tif
	00000215.tif
	00000216.tif
	00000217.tif
	00000218.tif
	00000219.tif
	00000220.tif
	00000221.tif
	00000222.tif
	00000223.tif
	00000224.tif
	00000225.tif
	00000226.tif
	00000227.tif
	00000228.tif
	00000229.tif
	00000230.tif
	00000231.tif
	00000232.tif
	00000233.tif
	00000234.tif
	00000235.tif
	00000236.tif
	00000237.tif
	00000238.tif
	00000239.tif
	00000240.tif
	00000241.tif
	00000242.tif
	00000243.tif
	00000244.tif
	00000245.tif
	00000246.tif
	00000247.tif
	00000248.tif
	00000249.tif
	00000250.tif
	00000251.tif
	00000252.tif
	00000253.tif
	00000254.tif
	00000255.tif
	00000256.tif
	00000257.tif
	00000258.tif
	00000259.tif
	00000260.tif
	00000261.tif
	00000262.tif
	00000263.tif
	00000264.tif
	00000265.tif
	00000266.tif
	00000267.tif
	00000268.tif
	00000269.tif
	00000270.tif
	00000271.tif
	00000272.tif
	00000273.tif
	00000274.tif
	00000275.tif
	00000276.tif
	00000277.tif
	00000278.tif
	00000279.tif
	00000280.tif
	00000281.tif
	00000282.tif
	00000283.tif
	00000284.tif
	00000285.tif
	00000286.tif
	00000287.tif
	00000288.tif
	00000289.tif
	00000290.tif
	00000291.tif
	00000292.tif
	00000293.tif
	00000294.tif
	00000295.tif
	00000296.tif
	00000297.tif
	00000298.tif
	00000299.tif
	00000300.tif
	00000301.tif
	00000302.tif
	00000303.tif
	00000304.tif
	00000305.tif
	00000306.tif
	00000307.tif
	00000308.tif
	00000309.tif
	00000310.tif
	00000311.tif
	00000312.tif
	00000313.tif
	00000314.tif
	00000315.tif
	00000316.tif
	00000317.tif
	00000318.tif
	00000319.tif
	00000320.tif
	00000321.tif
	00000322.tif
	00000323.tif
	00000324.tif
	00000325.tif
	00000326.tif
	00000327.tif
	00000328.tif
	00000329.tif
	00000330.tif
	00000331.tif
	00000332.tif
	00000333.tif
	00000334.tif
	00000335.tif
	00000336.tif
	00000337.tif
	00000338.tif
	00000339.tif
	00000340.tif
	00000341.tif
	00000342.tif
	00000343.tif
	00000344.tif
	00000345.tif
	00000346.tif
	00000347.tif
	00000348.tif
	00000349.tif
	00000350.tif
	00000351.tif
	00000352.tif
	00000353.tif
	00000354.tif
	00000355.tif
	00000356.tif
	00000357.tif
	00000358.tif
	00000359.tif
	00000360.tif
	00000361.tif
	00000362.tif
	00000363.tif
	00000364.tif
	00000365.tif
	00000366.tif
	00000367.tif
	00000368.tif
	00000369.tif
	00000370.tif
	00000371.tif
	00000372.tif
	00000373.tif
	00000374.tif
	00000375.tif
	00000376.tif
	00000377.tif
	00000378.tif
	00000379.tif
	00000380.tif
	00000381.tif
	00000382.tif
	00000383.tif
	00000384.tif
	00000385.tif
	00000386.tif
	00000387.tif
	00000388.tif
	00000389.tif
	00000390.tif
	00000391.tif
	00000392.tif
	00000393.tif
	00000394.tif
	00000395.tif
	00000396.tif
	00000397.tif
	00000398.tif
	00000399.tif
	00000400.tif
	00000401.tif
	00000402.tif
	00000403.tif
	00000404.tif
	00000405.tif
	00000406.tif
	00000407.tif
	00000408.tif
	00000409.tif
	00000410.tif
	00000411.tif
	00000412.tif
	00000413.tif
	00000414.tif
	00000415.tif
	00000416.tif
	00000417.tif
	00000418.tif
	00000419.tif
	00000420.tif
	00000421.tif
	00000422.tif
	00000423.tif
	00000424.tif
	00000425.tif
	00000426.tif

