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from ccrtain slags. Silicates of iron and zinc are formad, while 
sulphur retains the copper in the regulus. 

Chemical Agents.-Certain sulphurising agents are employed 
in metallurgical processes. These are specially useful in the 
treatment of silver and copper. The agents are iron or copper 
pyrites, barium or calcium sulphates, and, less frequently, alkaline 
sulphides. Nickel and cobalt behave with regard to arsenic as 
silver and copper do in the case of sulphur. These metals may 
be protected, by means of their affinity for arsenic, from the scori
fying action of silicates. 

Chlorine is largely used in the treatment of gold and silver 
ores. It is employed in the gaseous state as an aqueous solution, 
or in the forro of alkaline hypochlorites. The perchlorides of 
iron, copper, and mercury act as chloridising agents by being 
converted into lower chlorides. They are obtained usually by 
the direct action of hydrochloric acid on peroxides. Iodine in the 
forro of iodide is used in the metallurgy of silver, and bromine in 
that of gold. 

The agents employed for effecting the solution of metallic sub
stances are very varied. The most important solvent is water, 
which is used for dissolving sulphates of iron, copper, zinc, and 
silver, and chloride of gold. Other salts are dissolved by salt 
solutions; thus, chloride of silver is dissolved by an aqueous 
solution of sodium chloride, or hyposulphites of sodium or calcium. 
The use of v~ry dilute solutions of potassium cyanide in the 
extraction of gold 1 has assumed great importance, and numerous 
patenta for its production have been secured ; 2 sodium cyanide, 
also, is now largely used in the treatment of gold and silver ores. 
Metallic oxides are dissolved by acids; gold and platinum are dis
solved by aqua regia; and in the amalgamation of gold and sil ver, 
mercury is the solvent employed. 

In metallurgical processes there are scarcely any limits to the 
use of ordinary chemical reagents beyond those imposed by the 
price of the material. 

1 Rose, Metallurgy o/ Gold. 
2 MinM"al Jndustr1J, 1894, p. 79. 

CHAPTER IX. BIBLIO ,'ECA 

FURNACES. 

Materials used in the Construction of Furnaces.-In addition 
to the ordinary building materials used for the exterior portions 
of furnaces, refractory bricks and materials are required for the 
interior where a high temperatura and the scouring action of 
metallic oxides have to be resisted. 

There are three classes of refractory materials :-
1. Acid--Dinas rock, ganister, and most fire-clays. 
2. Basic-Dolomite and magnesita. 
3. Neutral-Bauxita, chrome-iron ore, graphite, and a few fire

clays. 
Acid Refractories.-Siliceous materials are most generally em

ployed, as in the great majority of cases all that is required is a 
material capable of resisting high temperatures, and also mechani
cally strong under great variations of temperatura. It is only when 
the chemical reactions involved are such that a siliceous lining 
would interfere or be fluxed away that neutral or basic linings 
are used. For roofs, side walls, and all those parts of the furnace 
which do not form part of the hearth or "laboratory," siliceous 
bricks are almost universally employed in all metallurgical works. 
Thus all copper-smelting furnaces, all reheating and aQnealing 
furnaces, whether for copper, steel, or other metals, ore-roasting 
furnaces, rnany steel-smelting furnaces, and practically ali blast 
furnaces, are built with some k.ind of siliceous fire-bricks, sorne
times nearly pure silica, when very high temperatures have to 
be resisted, at other times of difütrent k.inds of fire-clay. 

The question of contraction and expansion is an irnportant 
consideration in selecting a fire-resisting material, as some expand 
much more than others, and for certain parts of a furnace this 
may be a serious disadvantage, while for others it is of no con
sequence, and may even be an advantage. 

These materials may be used either in the natural state or 
as bricks. Of the natural materials, sandstones are most largely 
employed, the best varieties being those in which the quartz 
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grains are cemented by a siliceous material. In the form of 
quartz, silica is able to resist all temperatures up to that of 
the oxyhydrogen blowpipe. Coarse-grained sandstoues, such 
as millstone grit, are frequently ad vantageously used. The 
Dinas rock found in the Vale of Neath, South Wales, is an 
example of this type. It usually contains 98 per cent. of 
silica. The pulverised rock is mixed with a little lime or clay 
to make it cohere, and is pressed into bricks. These resist a very 
high temperature, and are especially useful for the arches of 
reverberatory furnaces, as they expand with heat. Their com
position, however, does not ene.ble them to resist the action of 
metallic oxides. In steel-melting fuma.ces, where Dinas bricks 
are used for roofs, the tie-rods must be slackened as the heat 
increases, and tightened when the furnace subsequently cools. 
Ganister is a siliceous material, somewhat similar to the Dinas 
stone, found in the lower coal-measures of Yorkshire; most 
fire-clays are also siliceous, . that is, they contain an excess of 
silica. 

Fire-bricks are mostly made of fire-clay, mixed with quartz or 
burnt clay. The admixture of graphite is not usual for fire
bricks, but is used for refractory crucibles in which metals and 
alloys are melted. 

Fire-clays consist essentially of hydrated aluminium silicates, 
having the following composition :-

Si(½. 

66 to 65 

Al:¡()3. 

22 to 36 

H:¡0. 

10 to 15 

When lime, magnesia, potash, or soda are present in quantities 
exceeding 1 per cent. the clay becomes fusible. In aluminous 
clays less than 0·7 per cent. of these oxides does not depreciate 
their refractory value, but, as a rule, a small amount of these 
oxides or of ferrous oxide is sufficient to condemn a clay. Thus 
ordinary shale fuses at a compa.ratively low temperature, on 
account of its large percentage of alkaline oxides and ferrous 
oxide. 

The plasticity of clays dependa upon the fineness of the particles 
and the amount of water present. Plasticity is tested for by 
means of standard needles, the degree of penetration being noted 
under definite pressure. After being calcined, clays cease to be 
plastic when moistened, on account of the molecular alteration 
brought about by the calcination. Fire-clays contract when 
heated, even after all their combinad water has been driven off, 
but heatiog up to 100º does not affect plasticity; it merely drives 
off the hygroscopic water. The quality of the clay is largely 
dependent upon the free silica it contains. Windsor fire-bricks, 
useful when the temperatures are not high, are made of a mixture 
of sand and fire-clay in equal proportions. 

The mortar employed for setting fire-bricks is preparad from 
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the sam~ materials as the bricks themselves, or from good 
clay. Lime mortar must not be employed for fire-bricks or 
fire-clay.1 

~exton 2 gives details as to refractory materia.Is, while excellent 
art1cles by Ferry 8 dea.1 with tbe principles underlying the success
ful manufacture of fire-brick. 

Basic Refractories.-These are now very largely employed in 
the manufacture of steel, both for lining Bessemer converters and 
open-hea~h fumaces. There are only two materials used to any 
extent, v1z. burnt dolomite, known as "basic material " and 
magnesita. The use of a basic lining is essential both '¡n the 
Bessemer and open-hearth process when a phosphoric pig-iron 
has to be used, as without it the phosphorus present cannot be 
removed. Dolomit:e containing as little silica as possible, pre
ferably not exceedmg 1 ·5 per cent., is calcinad at a very high 
~mperatur~ to ?ompletely expel the 002 and thoroughly shrink 
1t, after wh1ch 1t doe~ not very readily absorb moisture, and if 
pro~cted from. the d1rect action of the air, can be transported 
considerable d1stances by rail without serious deterioration. 
After calcination it is ground fairly fine, and either mixed with 
tar and ~0~1lded. into bricks or used as a ramming for making the 
fuma.ce hmog : m the case of open-hearth fuma.ces it is more 
usual now not to mix it with tar, but to frit it on to the furnace
bottom in the dry state. 

Magnesita forms a still better refractory lining than basic 
materi¡L~, a~d magnesita bricks are now very largely used. The 
magnes1te 1s "dead burnt" and then moulded into bricks 
sufficient fusible material being addcd to frit the magnesi¡ 
to~ether and form a bard brick which will bear transport. Tbese 
br1cks. are mucb more expensi ve than "basic material," weight 
for we1ght, but tbey last so much longer that for certain parta of 
steel furnaces the extra cost is more than compensated for by the 
longer life. 

Li~e. from a cbemi~l. standpoint, is just as good as basic 
material; ~ut altbo~gh 1t 1s _extremely refractory, no one has yet 
succeeded m producmg a satisfactory mechanical brick, as, owing 
to tbe readiness with which it becomes hydrated tbe bricks 
rapidly disintegrate. ' 

Neutra~ Refracto~es. - These are not very largely used, 
although m ~oo:ie spe~1al cases the hearth or "crucible" part of 
the furnace 1s lined w1th them. Thus bauxita has been used for 
resisting the act(on of ~etallic o~ides, but it is not very refractory 
as comparad ~1th bas1? _materials. It consista essentially of 
hydrated alumma, contammg varying quantities of oxide of iron 
but only the purest varieties are suitable for the manufacture of 

1 Snelus, Journ. lr011. and Stul lnJt., 18i5, p. 513. 
~ Sexton's Fml. 
' Mineral lnd111tria, vol. iv., 1895, p. 113; ibid., vol. vü., 1899, p. 129. 
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bricks, and it should approximate to the following percenta.ge 
composition :-

Si(}.¡. 

2·0 to 4 10 to 15 

Another neutral material which has been used to a limited 
extent is chrome-iron ore, which has been ~ound to. be usef11;l to 
form a neutral joint between basic ~nd am~ _mater1als; variouR 
attempts have also been made to use 1t as a lmmg for ~pen-he~rth 
steel furnaces but this has not been successful. Oxides of 1ron 
have also bee~ usad for the hearths of different furnaces, and also 
the slags produced in various operations, many of which may be 
regarded as neutral bodies. . . 

Graphite in admixture w1th alummous fire-clays has also been 
used for soma special purposes, but, apart from the manufacture 
of crucibles, has never been largely employed. . 

Crucibles.-For special metallurgical purposes, crumbles, ~s 
in the case of cast steel, and retorts, as in case of zinc and arsemc 
smelting, are used. . 

CrucibleR are required to resist (1) h1g~ temJ:>eratures; (~) 
alternating temperaturas; and (3) the corrodmg action of metalhc 
oxides. They must also not be brittle or "tender" when bot. 
They may be made of clay, ~agnesia, g~aphite, gas-carbon, and 
many other materials, accordmg to reqwre?1en~s. When made 
of clay, two-thirds are raw clay and one-th1rd 1s burnt clay, ~r 
pulverised material obtaine~ fr?m ol~ but clean pots. By th1s 
addition contraction on drymg 1s avo1ded. 

In order to test fire-clay, a piece is fashioned _w~th sharp an~les, 
dried and exposed to a white heat in a muffie; 1t 1s then examm~d 
to se¿ if the edges have fused. A simila~ test shoul~ be mad~ m 
a reducing atmosphere, the test--piece bemg placed m a crnc1ble 
packed with charcoal. . . . 

In order to test the resistance of a crumble to corros1on, 1t may 
be half filled with copper, which is then melted, and a little borax 
insertad so as just to form a ring round the edge of the mol~n 
meta.l and yet leave the centre free for oxidatio1;1. The bo~ax w1ll 
absorb the oxide and rapidly corrode the cr~c1ble unless 1t ~e of 
excellent quality. The bebaviour of the cruci?l~ under the we!ght 
of tbe copper melted indicates tbe other quaht1es of the cruc1ble. 
In sel~cting clay for crucibles, specia~ care must be taken that 
neither iron pyrites nor more tha~ a m1~ute percenta~e of potash 
or soda is present. A small quant1ty of hme 1s of less 1mportance. 

The so-called plumbago crncibles are made of clay and 
graphite, in the proportion of ~1 of the former·to 49 ~f the lat_ter. 
Only certain va.rieties cf graph1te can be used fo~ cl"11:c!ble-makmg, 
the textura being of great importance : th~ s11:1ta~1hty can only 
be determined by experiment. The graph1te 1s p1cked, g!ound, 
sifted, and mixed with the fire-clay, and left for sorne time to 
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" mellow" a_fter it has been kneaded damp. The crucibles are 
moulded, dr1ed, and then burnt in kilns. Obviously, an oxidising 
atmosp~ere mu~t always be avoided. In order to prevent 
absorpt10n of mo1sture and salts, as in cases of shipment and to 
enable. rapid alterations of temperature to be better wi'thstood 
the fimshed_ cruci~les are dipp~d in milk ~f clay, dried, glazed; 
and then d1pp~d m tar. Cruc1bles made m this wa.y by the 
B~ttersea Crumble Company will stand forty meltings of gold 
w1thout sensible deterioration. 
. The pots used in ~he chlorination procesa for parting gold and 

sllver are soaked m borax solution, dried, and heated. The 
borax t~en melts. and cl_ogs. the pores, and prevents the escape 
of the s1lver chlonde, wh1ch 1s very fluid. 

?lassification . of Furnaces.-The words hearth, Jorge, and 
fu1 na_ce are ap~hed to structures in which ores or metals are 
~ub~it~ed to high temp~ra~ures. A _furnace is composed of an 
mt:en01 part, of fire-res1stmg mater1als, and an exterior part 
built for the purpose of consolidating the interior structure' 
Furnaces may be_ divided into two classes-(1) those in which 
~he charge and sohd fuel are in intimate contact, there being no 
mdependent hearth or fireplace; and (2) those in which the solid 
!uel and ore are kept separata, the fuel being burnt in an 
1~d~pendent h~arth. T~e first class of furnaces may be sub
dmded, accordmg to their height and construction, into hearths 
and shaft-f~es; the former are appliances that usually do not 
wor~ contmuously, whilst in the shaft-furnace the action is 
co~tmuous. The s~cond _class is suhdivided into (a) reverberatory 
fui naces, a group m wh1ch gas-furnaces may be included • and 
(b) 1·etort/wrnaces. In the former, the charge only com~s in 
?ontact w1th the fl.ame of the fuel, whilst in the retort--furnaces 
1t does not come into contact with the combustible gases of the 
fuel a~ ali, but is separated from them by walls that merely 
transm1t the heat. These walls usually form part of separate 
closed vessels, crucibles, muffies, or retorts, but occasionally they 
are part of t~e furnace itself, as in the case of the Bessemer 
converte_r, wh~ch may_ be ~e~cribed as a vessel usually pear
shap~d, m whwh the 1mpunties contained in the metal treated 
const1tute the fuel, which is burnt by a forced current of air 
Furnaces may be further divided into those worked by means of ¡ 
natural current of air, and those worked by a forced current of air 
The classification of furnaces may then be summarised thus :- · 

I. HEARTHS. 

(a) W o_rked by mea?s of ~ natural current of air. ( 1) Roastiug
hearth (piles, stalls, p1ts, k1lns); (2) Liquation-hearth. 
. (b) Worked by meaos of a forced draught (the smith's forge 
iron refinery). ' 
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II. SHAFT-FURNAC&S. 

(a) Draught--furnaces (iron ore calciners). 
(b) Blast--furnaces (iron blast--furnaces, Raschette-furnaco, Pilz

furnace, cupola-furnace). 

III. REVERBERATORY FuRNAOES. 

(a) Worked by moans of a natural draught (puddling-furnace). 
(b) Worked by means oí a forced draught (cupellation-furnace). 
(e) Automatio reverberatory furnaces (rake-oalciners). 

IV. CwsED-VESSEL FunNACES, 

in which may be included various forms oí crucible-, tube-, and 
retort--furnaces, converters, etc., and which may be divided, 
according to the procesa carried out in them, into-

(a) Smelting-furnace (ordinary assay-furnace). 
(b) Oxidising-furnace (copper and steel converter). 
(e) Liquation-furnace (bismuth). 

~ 
Distillation-furnace (zinc, mercury). 
Sublimation-furnace (arsenious acid). 
Cementation-furnace (cement steel). 

v. ELECTRICAL FURNACES, 

in which the combustion oí carbon need not, even indirectly, 
produce heat. 

General Principles.-Whether natural or forced draught is 
used, the general principies imolved in fuel combustion apply. 
The fuel employed in either case may be the same, but the pro
ducts of its combustion may be widely dilferent. The form and 
dimensiona of the furnace will ohviously give rise to very varied 
results; on them depends the amount of fue! that can be burnt 
in a. given time, a.nd the degree oí perfection of the combustion 
tha.t can be attained, the temperature actua.lly engendered being 
dependent on the calorific power of the fuel. In a. furnace 
without an ind,ependent heartb, tbe most important part is tbat 
in which tbe work is principally done. This ma.y be conveniently 
localised as the zone of combustion. Tbus, as Gruner expresses 
it, for a. given fue! burnt in a. certain way, tbe heat developed 
will simply be proportional to tbe weight oí fue} burnt, whilst 
tbe temperature dependa on tbe rapidity of combustion-tha.t is, 
on the ratio between the volume oí the zone of combustion and 
the weight of coal or coke burnt in an hour. Tbe smaller this 
ratio, the higher tbe temperature will be. 

In order to show how varied the conditions may be, the 
following two cases roa.y be cited :-(1) An ordinary coal-fired 
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Gjers _calcining kilo, such _as !or years has been almost uoiversally 
used m the Cleveland d1stnct for calciniog ironstone with a 
natural draught of air. The height of the furnace is 33 feet and 
its total interna! capacity is 8000 cubic feet; but the wo;k of 
the_ furnace-na.me~y, that of ?riving off carbonic anhydride and 
mo1sture from ao 1ron ore-1s not confined to a limited zooe · 
indeed, the volum~ oí this zone of co11;1bustioo may be taken t~ 
be about 1400 cub1c feet. Compare th1s with (2) a modern blast-
furnac~, such as that used ~t the present time in Middlesbrough. 
The be1ght of the furnace 1s about 76 feet, and its output may 
be 4000 to 5000 toos per month, or about 140 to 160 tons of 
pig-iron. in ~weo~y-four hours. I~ tbis case the air previously 
hea.ted 1s dr1ven m, a course wh1ch is necessa.ry in order to 
overcome the resistance of the superincumbent aod partially 
fused mass of ore, fue), and flux, and the result is tbat the 
combustion of the fuel is more or less limited to an intensely hot 
zone of combustion. 

Furnaces with iodependent hearths a.re usually reverberatory 
furnaces, although there are cases in wbich vat-shaped furnaces 
are supplemented by fire-grates, w~ich ar~ usually symmetrically 
arranged :ound the base. Tb~ ObJect of 1solating the fnel from 
the ore 1s to prevent cbem1cal action of a. kind that is not 
wanted, a.nd generally to eoable the nature of tbe products 
of combustion admitted into tbe furnace to be controlled. It 
would be useless, for iostance, to admit torreots of carbonic oxide 
into a furnace whe_re an oxidising action was wanted, and, con
versely, the predommance of an atmosphere of carbonic anhydride 
would be fatal to a. reducing action. 

It is usual to consider a reverberatory furnace as consisting of 
a. grate to hold tbe fue), and the "laboratory" portion in wbich 
a given operation is conducted. Tbe nature of the operatioo 
may be infinitely varied, and the tempe~ture of the laboratory 
may vary f~om the dull red_ hea.t requ1red for roasting pyritic 
ores ~ the_ mtense heat rEl9_uired for meltiog steel. Obviously, 
the d1mens1ons of the grate m relation to those of tbe laboratory 
will vary considerably according to the nature of the operation 
to be carried on in tbe furnace. 

l. Hearths.-.A hearth is a low fnrnace in which the material 
to he treate~ is exposed ~ the direct action of solid fue). Heaps, 
stalls, and k1lns for roastmg ore are also included in this category 
as the actio~ of the fue! is the same. Coosequeotly, beartbs ar~ 
not neces~r1ly enclosed furnaces, but may exist without the aid 
of any bnckwork at all. The pyramidal heaps in which the 
roasting of copper ores is effected, are free or u'nwalled about 
30 feet square at the base, and built u pon level ground. 'A bed 
of wood, about 1 foot in tbickness, is formed, and on tbis 
alternated layers of ore and charcoal are piled to a vertical height 
of 10 feet. Sorne iroostone from the coal-measures may be 
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roasted in heaps without the addition of fuel. • The proportion 
of bitumen in the copper shale of Mansfeld is almost sufficient 
for its calcination. With sulphuretted ores, a bed of fuel is used, 
the burning sulphur keeping up the roasting temperature. 
Petera 1 describes the large-scale American methods of heap
roasting. The liquation-hearths formerly employed for separating 
easily fusible constituents out of metallic mixtures also belong to 
this class. 

Hearths worked by means of a forced current of air may be 
employed for melting, or for heating a substance to a very high 
temperature without altering its state of aggregation, as in 
welding and forging metals that are not readily fusible. 

An example of this class of hearth is the refinery formerly 
largely used in the manufacture of wrought iron. It consista of 
a rectangular hearth, provided with inclined tuyeres, through 
which air is blown upon the surface of the molten iron, so that 
the silicon in the iron is oxidised, forming with a portion of the 
iron a fusible ferrous silicate. This process is confined to a few 
localities making special qualities of wrought iron. 

Further examples are afforded by the shallow hearths used for 
lead-smelting. In the north of England a furnace of this kind, 
known as the ore-hearth, is sometimes used. It consista of a 
cubica} chamber about 22 inches side, lined with cast iron. In 
the back wall is fixed a tuyere for the introduction of tbe blast. 
In íront is the work-stone, which is placed ata slight inclination 
to the bottom of the hearth. The melted lead fiows from the 
hearth down an oblique channel in the work-stone to a lead pot 
placed before the work-stone. The operation lasta about twelve 
hours, the production being 1 to l½ ton of lead. Peat was formerly 
used as fuel, but it has now been abandoned, and coal is generally 
employed. 

In hearths and kilns of this class the introduction of cold 
material renders the combustion of the fuel, whether gaseous or 
solid, more or lesa imperfect, so that the products of combustion 
contain an inordinate amount of unburnt gases, especially of 
carbonic oxide. As a rule, in a kiln the position of the zone of 
combustion is fixed, but it occurred to Hoffmann,2 a German 
architect, to devise a kiln in which the position of the zone of 
combustion can be varied at will, and he thus succeeded in 
effecting a considerable economy of fuel. In an ordinary kiln 
there is a continuous ascending column of gas, and a descending 
column of solid material. In the Hoffmann and kilns of this 
type, on the other hand, the solid material remains stationary, 
while the gaseous current alone moves. The kiln may be either 
circular or oval in section. This is shown in fig. 148. It consists 
of a circular tunnel, MM, which can be divided into any number 

1 Peters, Oopper Sme.lting, cbaps. vi. and vii. 
2 Annales des Mines, 6th Series, vol. xx. (1871), p. 325. 
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~ compartments, twelve or sixteen being the usual number. 
eahlse c~mpartments are, ho,~ever, in direct communication with 

e ot er except at one pomt, where an iron plate p p Iaced 
~cross ~he tunnel, interrupts the continuity. This plate 'niay be 1
~serte th_rough the roof of the tunnel down grooves n n pro

vided for its reception, in the walls. Each space bet~ee~ two 

FIG. 148. 

sets of grooves is provided with an interna} flue E E h · h 
b~ the removal ~f a damper, can be placed in ~om1uiti~i:a::~ 
w1th a central ch1mney, and each space has also a <loor B B · 
the outer wall. Only two of t hese doors are open at' a ti~~n 
The_ whole of_ the tunnel is kept ful! of material (ores to b~ 
?ª11med, or bncks to be burnt), except on.e compartment which 
;s a w;ys empty. The position of the empty compartment varies 
rom ay to <lay. Let the plate occupy the position, p P, shown 
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in fig. 148. The newest material has been charged in behind it 
into compartment 16. Air enters in front of it through the open 
door of the empty compartment No. 1, and through the door, also 
open, of the next compartment, which contains finished material 
that has been longer in the furnace than the rest, and has but 
little heat to give up to the incoming current of air. This current 
is drawn by natural draught round the entire tunnel, and can 
only enter the chimney through one or more of the fl.ues tbat 
have been opened behind the plate. After an interval of twenty
four hours from the last charging, the position of the iron partition 
is shifted to the next groove to the right, the compartment No. 1 
is filled, and the one, No. 2, in front of the plate is emptied. 
Thus new material is continually kept behind the plate, and 
finished material in front of it. Air entering comes in contact 
with material which gradually increases in temperature, for it 
will be obvious that the position of the hottest part of the furnace 

must be continually travelling round 
(~• ~ the cirole, and that in a number of days, 

,¡~~~ 1~ corresponding with the number of com-
~f~\~C ,\~ partments, the zone of combustion will 

'~l ;, have travelled completely round the 
circuit. The air and the material to be 
treated enter and leave the furnace in a 
cold condition, so that there can be no 
waste of heat, provided that the adjust
ment of the dampers in the fl.ues 
through which the gases pass to the 
chimney is carefully effected. In order 

Fio. 149. to remedy local irregularities of com-
b11stion, air may, if necessary, be ad

mitted through suitable orífices in the roof. 
The volume of each compartment may vary from 282 to 1765 

cubic feet. In order to facilitate charging and to secure perfect 
uniformity of temperature, the height of the tunnel should not 
exceed 9 feet. 

In Catalonia a low hearth, the Catalan furnace (fig. 149), is 
still occasionally to be met with. It is used for the production of 
malleable iron direct from the ore. It is made of blocks of cast 
iron and has a sandstone bottom. The tuyere is made of sheet 
copper. The blast is supplied by a water-blowing machine, or 
trompe, which may be made from a hollow tree trunk, 15 feet 
high, at the top of which is a water-box with a plug. Tbe 
water falls down the pipe into the wind-box, carrying air with 
it, aud causing a pressure of l½ to 2 lbs. per square inch in the 
hearth. 

II. Shaft-furnaces.- In most of the members of this group 
the fuel and ore are charged into a common receptacle, the major 
ax.is of wbich is vertical. Certain of them, as the kilns in which 

• 

• 
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li_mestone or ore. is calcine?, are worked by a natural current of 
a1r, the furnace 1tself formmg a ~apacious chimney. 

The forro of these furnaces is very varied according to the 
n~ture of the ore and of t~e f?el employed. Furnaces of this 
k_md 

1
may b~ egg-shape~, cylmdr1cal, or conical. Small kilns with 

c~rcu ar horizontal sect1on effect the most uniform roasting ive 
r1s~ to . the least loss of he~t by radiation, and wear well. ' ihe 
he1ght is dependent on the s1ze of the pieces and on the fusibility 

1 

FIO. 150. 

of the ore. The wid_th is de~endent on the quantity of ore to be 
ro~sted. . In large k1lns of Circular section it is difficnlt to main
tai_n ~ umform temperature. Large kilos have conse uentl an 
ellipt1cal or rectangular section. In the latter case die co~ers 
are,rounded off. 

. The best examples of this type of furnace are afforded b the 
kilns em~loyed for calcinint i~on ores. One of the best for~s is 
~~at _of GJers (fig. 150), wh1ch 1s extensively used in the Cleveland 
1strict. The drawing, to the scale of 10 feet to the inch, shows 
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this kiln partly in elevation and partly in section. The body is 
of fire-brick cased with wrought-iron plates. The bottom of the 
brickwork rests on a cast-iron ring, a, and the whole is supported 
by cast-iron pillars, b, leaving a clear space between the bottom 
of the kiln and the floor. The latter is covered by iron platea, 
e, on the centre of which is fixed a cast-iron cone, d, 8 feet in 
height and 8 feet in diameter at the base. This causes the 
descending roasted ore to pass outwards. Fresh ore and coa! 
are constantly being added from the filling gallery, e. Around 
the lower tier of plates are openings, f, which are usually closed 
by doors, but which serve for the admission of air or tools in 
case of the ore becoming clotted. These kilns are usually 
33 feet in height, 24 feet in diameter at the widest part, and 
have a capacity of 8000 cubic feet. They calcine 1000 tons of 
iron ore per week, the consumption of coal amounting to 1 ton 
for 25 tons of ore. 

The most important member of the group of furnaces without 
separata hearth is the blast-furnace. As its name implies, it is 
worked by a forced current of air supplied by blowing-engines. 
In formar times charcoal was exclusively the fue! employed, 
whilst at the present time coke is mostly used. Raw fue! (coal 
or anthracite) is only adoptad in special cases. The modero 
blast-furoace, in which coke is used as fue!, is 70 to 80 feet in 
height, sorne of the larger examples attaining to 100 feet. Char
coal blast-furnaces are considerably smaller. Formerly the blast
furnace was a heavy conical mass of masonry some 30 feet in 
height. It is now a much lighter structure, formad of a wrought
iron casing lined with brickwork. In order to distingµish it from 
the older forros, it is termed a cupola blast-furnace. In the upper 
opening, or throat, fuel, ore and flux are charged, being allowed to 
fall into the furnace, usually through sorne forro of appliance for 
distributing the charge. In the lower narrow portion of the 
furnace, highly compressed air is forced through a number of 
horizontal nozzles or tuyeres arranged in a circle. When the blast 
is previously heated, water-cooled tuyeres are always employed, 
which consist of hollow trunca.ted eones provided with an annular 
space ali round, in which water freely circulates. In the space 
in front of the tuyeres the combustion of the fuel is largely 
effected, this being already highly heated in its descent through 
the furoace, and a temperatura of more than 2000º is obtained. 
The plane in the blast-furoace where the greatest diameter is 
reached is termed the boslus, and the cylindrical portion at the 
base is the lua1·th, in which the molten material collects. The 
top of the furnace is surrounded by a charging-gallery, and is 
usually covered in by an iron cup and cone, the latter of which 
roa.y be lowered by a counterpoise and winch, or by a hydraulic 
cylinder, when material is to be charged in; the waste gases 
pass through a side tube, whence they are led to the stoves for 
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heating the blast, burnt under boilers, or used in interna! gas
combustion enginos. The stack is carried on an iron ring resting 
upon iron columna, the object being to bave all the working parts 
of the furnace readily accessible, so that they can be repaired 
from time to time. 

The hearth or crucible of the furnace is circular, and its capa
city largely determines the output of the fuma.ce. The bottom 
is made of refractory sandstone, carefully jointed. The tap-hole 
should be placed midway between two tuyeres, so as to be cool 
and easy of access and on a leve] with the bottom of the furnace. 
The slag notch should be placed away from the tap-hole and at 
a certain distance below the tuyeres. The irou is run into sand 
moulds, forming pigs about 3 feet long. 

A large modero blast-furnace produces 75 to 200 tons of pig
iron in twenty-four hours, and in American practica a daily output 
of 400 to 500 tons is not unusual, whilst small charcoal blast
furnaces yield only 5 tons in the same time, and large ones up to 
40 tons. 

A convenient classification of blast-furnaces is that based ou 
the ratio of the maximum diameter to the height. In this 
manuer the following three classes may be distinguished :-

1. Squat furnaces, in which tbe height is less than, or equal 

to, three times the diameter, § < 3. 

2. Ordinary furnaces, in which the ratio ~ varies between 3 

and 4, but is usu.ally about 3·5. 

3. Elongated furnaces, in which the ratio § is greater than 4. 

The following table gives comparativa data of the dimensions 
and workings of ten blast-furnaces used for the smelting of iron, 
the outlines being shown in fig. 151. 

Cubic Total Die.meter Die.meter Die.meter Da.ily Time .Fue! per 
Ca.pa.city. lleight. a.t a.t a.t Out- in Fur- Ton of 

Hearth. Boshes. Throa.t. put. na.ce. Metal. 
---· -- - -
cub. ft. ft. ins. ft. ins. ft. ins. ft. ins. tons. hours. lbs. 

1 30,000 85 o 8 o 28 o 19 o 1 70 150 2308 
2 18,000 80 o 11 o 22 o 16 o 270 21 1863 
3 15,000 75 o 11 o 20 o 15 4 175 24 2116 
4 14,000 75 o 8 o 21 o 14 o 107 36 2130 
5 8,824 73 8 9 6 15 6 11 9 142 20 1943 
6 6,676 i2 4 8 6 14 o 9 6 114 19 1697 
7 2,000 50 o 5 6 10 o 5 6 48 8 1R70 
8 1,872 49 8 4 6 10 4 3 4½ 24 10 1365 
9 1,235 37 3½ 5 8 8 4½ 3 l½ 24 4 1653 

10 1,000 37 6 5 6 7 9 3 o 20 7 1585 
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In the first six furnaces coke is the fuel employed, whilst char-
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F10 151.-Outlines of Iron Blast-F'urnaces. 
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coa! is used in the last four. The names and situations of tho 
furnaces are: l. Newport, England; 2. Edgar Thomson "F," 
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Pittsburg, United States; 3. North Chicago, No. 6, Chicago, 
United States; 4. North Lonsda.le, No. 3, Lancashire; 5, Union, 
No. 3 a.nd No. 4; 6. Union, No. 2, Chicago; 7. Midla.nd, Cra.w
ford County, :Missouri, United States; 8. Treiba.ch, Austria.; 9. 
Ferdinand, Hieflau, Austria.; 1 O. W rbna, Eisenerz, Austria. The 
first four of these furnaces belong to the second cla.ss, in which 

~ is leas than 4, wbilst the last six a.re elonga.ted furnaces in 

which the ratio ~ is gres.ter than 4. The following a.re exa.mples 

of the first class, in which ; is 3 or less than 3 :-

1 

N11me. Cuhíc Di11meter Diameter l Oaily 
Ca!J11City. Height. at at Output 

1 

Throat. Boshts. 

--
1 

cub. ft. ft. ft. ins. ft. ins. tons. 
11 Longwy, F'rance . 14,656 65 13 6 23 o 40 
12 Clarence (old type) . 6,003 50 7 10 16 6 so l 13 

Thornaby 
" 12,784 60 14 9 20 o . .. 

14 Ormesby 
" 40,984 90 15 9 80 o ... 

In furnaces of this type tbe working is irregular on a.ccount 
of tho contraction at the throat, whicb renders it difficult to 
apply a.ny mechanica.l method of distributing the charge 
uniforrnly. 

The student should refer to the excellent pa.per by Grenville 
Jones on "A Description of Messrs Bell Brothers' Blast-Furnaces 
from 1844 to 1908 " 1 for a. well-illustrated historica.l account of 
the development of blast-furnace practica in this country. 

A modern American blast-furnace is shown in fig. 152, in 
which a.n a.utomatic charging appa.ra.tus is seen, which consists 
of an inclinad girder tra.mway, on which there a.re generally 
two lines of rails, so that the weight of the ascending 
skip is bala.nced by tha.t of the descending skip on the other 
lme. 

These skips a.re ma.de of strong sheet steel, and carry a.bout 
2 tons. Arrangements are ma.de by mea.ns of guíde rails a.t the 
top of the tramwa.y for the automatic tipping of the contents 
of the skip into the double cup and cona. 'fhe skips are filled 
from hopper-shaped bins which a.re arra.nged nea.r the foot of the 
fuma.ce hoist. Separa.te bins are provided for ores, coke, e.nd 
limestone. 

It wa.s formerly the practica to allow the waste gases to burn 
1 Juurn. lro1~ and Sleel I,i.t,, 1908, Íli. p. 59. 


