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UNITED STATES FATENT OFF 
CHARLES WILLIAM SIEMENS, OF WESTMINSTER, ENGLAND. 

MPROVEMENT IN PROCESSES AND APPARATUS FOR THE PRODUCTION OF CAST-STEEL FROM ORES, 

Specification forming part of Letters Patent No. 113,3S4, dated Apriy 11, 1871. 
- 

To all whom it may concern : . 
Be it known that I, CHARLEs WILLIAM 

SEMENs, of Westminister, in the county of 
Middlesex, England, civil engineer, member 
of the Royal Society,'doctor of civil law, (Ox 
ford,) have made a new and useful invention 
of Improvements in Treating Iron Ores, and 
in processes and apparatuses for the pro 
duction of cast-steel where such ores are em. 
ployed; ald I, the said CHARLES WILLIAM 
SIEMENS, do hereby declare ule nature of the 
said invention, and in what manner the same 
is to be performed, to be particularly described 
and ascertained in and lay the following state 
ment thereof, reference beiug had to the ac 
companying drawings, and to the figures and 
letters marked thereot-that is to say: 

In my British Patent of 1866, No. 2,413, I 
described a process. and apparatus for the 
production of cast-steel directly from the ore, 
with or without the addition of pig-iron, and of terro-manganese or spiegeleisen. 
This process consisted, essentially, in effect 

ing the reduction or deoxidation of the ore by 
the reaction upon it of carbonaceous matter 
under the influence of intense furnace heat, 
and in effecting the liquefaction of the reduced 
ore within the same furnace by the further ad 
dition of carbonaceous matter. It was found, 
however, in practice, tlat the deoxidatio of 
the ore and the adjustment of the chemical 
condition of the metallic bath were attended 
with great difficulty under those circumstances; 
to remove which I subsequently separated the 
process of deoxidizing the ole from that of 
effecting its liquefaction and chemical adjust 
ment by the introduction of vertical or other 
retorts, or of rotating muffles, as described 
in my British patents of the 21st of August, 
1867, No. 2,395, and of the 10th of June, 186S, No. 1892, respectively. . 
Noth withstanding these improvements it 

was difficult to realize all the conditions nec. 
essary to insure satisfactory iesult. The re 
killetion of iron (ife in close retorts or muffles is essentially a slow and expensive process, 
alad the pulverulent iron produced thereby, 
upon being introduced into the melting-fur 
lace, floats upon the metallic bath for a con 
siderable length of time without being incor. 
porated with it. Being exposed, in the mean 
time, to the oxidizing and sulphurizing action the bottom, whereupon the batch 

of the flame, the metallic oxide thus it via ced 
corrodes the banks of the metal bath, hiti be: 
ing a non-conductor of heat, causes the fluid 
metal below to set. 
According to my present inventioi East 

steel is produced by the concerted action of 
two separate. processes, the one serving to 
convert the raw ore ill to lumps or loaves of 
caleined, fluxed, and partially or who is ties. 
idized material, and the other to snelt and 
convert this material, with or without, thf ad 
dition of pig metal. infin cast-steel of any de 
sired temper, 
The first or preparatory process uiay be 

carried out in several different ways. Ac 
cording to one nethod a furnace is employed 
(by preference a legenerative gas-furnace) re 
sembling in form a copper-smelter's or large 
puddling-furnace, having charging-do's at 
the sides or in the roofs, and a loor its front, 
for withdrawing the smelted material is to pig 
bels or olds. This latter door, acco' ling to 
oile arrangement, has its sill-plate oil i. i.evel 
with the bed of the furnace, but has faii's sills 
or bricks placed upon it for retaining the fluid 
material in the furnace until the completion 
of the operation, when these false sills or the 
bricks are removed, and the semi-fluid con 
tents of the furnace are raked forward into. 
molds arranged in front of the furnace; or stop 
pered discharging apertures may be foilined 
below the ordinary doors of the furna 33 ?he 
led and sides of the furnace are mai; coll 
veniently of aluminous bricks resting {} 
iron plates; but refractory iron ore, R.S. 
hematite, may be used with advantage in re 
pairing the sides from time to time. 
The chemical operation performed in this 

furnace, according to one arrangement, is as 
follows: The ore to be operated upol, which 
I will suppose to be hematite ore colitaining 
ten per cent. of silica, being crushed to the ex 
tent that no pieces exceed the size of waii uts 
or apples, is mixed with about five per crit, of 
crushed limestone, ()' with other fluxing ina 
teriai,) and with about three per cent, of si:ail 
coke or alth racite. A tol) (or other qual: i (y) 
of this batch being prepared, the flate is 
heated to whiteness, and charged, first, with 
about oue hundred-weight of light colke, such 
as gas-cake or charcoal spread uniformly over 
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over the bed of the furnaee. The furnace. the height of the bars, in order to cover tlhein 
doors are thereupon closed, and a good weld- comietely and save them from oxidation. 
ing-heat is maintained for three or four hours. 
By the reaction, under the influence of heat, of 
the three per cent.' of carbon mixed with the 
ore, the peroxide of iri ()f which it consists is 
converted into fusible magnetic oxide, while 
tile silica which it contains combines with the 
limestone, forming a fusible slag. This action 
connel ccS at the surface and extends town. 
ward until the layer of carbon is reached, 
when a further reaction upon the fluid ore (ac 
companied ly' ebuliitii) ) ensues, resulting in 
its partial deoxidation. Before the boiling 
has quite ceased the inass is stirred, aid on 
the barrier on the sill of the tapping-loor lbe 
ing removed the semi-fluid mass partially flows 
and is partially raked forward into the molds. 
Previous to dischargiug the finillace these 
Inolds should be charged, first, with a layer of 
(i(loris of partially-reduced ore from previous 
opelations, aid, next, With hard carbonaceous 
latter, such as coke or charcoal, amounting 
to from five to ten per cent. by weight, of the 
ore claarged into the furnace. 
The fluid portiui oil the mass lisclarged 

fi') in the fill'inace fills the intel's tices of the 
coke and del)ris, and binds tie whole together 
into tain's () loaves, ready for use i) the 
Smelting furlace; ) it, owing to a reaction be. 
tween the heated oxides or cinder act the in 
prisoned coke, a futler deoxiciation of the 
lattel is effected within the molds, or within : 
heated claimber or hot-store frace lear the 
melting-furnace, to be résettis described, 
where the loaves should be kept in a reduc. 
ing - at Ospliere u \til they are actually re 

The process (f icoxidation of these 
loaves may this be carried to a greater or less 
degree of completioli, according to the pel'. 
centage of carbon e1) aloyed, and according to 
the time of exposure to heat in a reducing-at 
inos) here. 

If the available reducing agent is binding 
coal, containing only a strial percentage of 
sulphur, the operation of the pleparatory, fur. 
llage lay be varied by mixing tie crusted ore 
and flux with from twelve to sixteel per cent. 
of Clusled coal, (acciding to the degree of 
deoxidation or carburization required,) and 
by charging this mixture into the furnace 
either continuously or it batches... if fed in 
continuously, as, is preferred, the mixed-ore 
and coal are charged through a lopper in a 
thick layer do win the inclined side of the fur 
lace, where the flames, iii acting upon the 
surface of the layer, cause the reduction of the 
ole, which ulas down in a more or less liquid 
condition onto the bed of the furnace, and 
fl'oin which it is removed from time to time 
ill to the molds, as befox'e described. 

If the ore is introduced in batches, the bed 
of the furnace is divided into compartments 
by puttting flat irol) or steel bars on edge, or 
by means of bricks or slabs of fire-clay put 
on edge. If iroll or steel b21's are used, the 
thickness of mixed ore charged sillould exceed 

nat: 

poraikki 

eat being applied for several hours, the 
mixture will have formed into partially or 
whiti, ie oxidized lumps or loaves, which lay 
le it the neiting-furnace instead of the 
lulili, duced by fusion of the ores; or, the 
mod: if 'oducing these lumps may be varied . 
by forcing the ore mixed with fluxing materi 
ais : indig-coal into' molds, and by ex 
posing his 'isolidated bricks or lulls to 
furnace-leat is a closed heated chalmber or 
hot-store Fariace, such as before melationed, 
in ore to effect the deoxidation of the ore. . 
Acco'ding to another method, I produce 

lumps of reduced iron ore by placing lu asses 
of 'a, together with solid fuel into a 

store nutie o kiln, heated exter 
to struction of which will be here 
bribed,) the solid fuel employed in r being, by preference, placed in 

S. f : {{!!}): itinent or compartments, by 
whic: na:ns the carbonic-oxide gas generated 
in the first instance from the heated fuel is 
causex to react, upon the heated lurips of ore, 
taking 1 oxygen from the same, while the 
cariotic-acid gas thus formed, in returning by. 
a general circulation of the gases to the heap 

' 'el. takes up another equivalent of 
is a ring it back into carbolic OX 

: ag:ii) attacks the ore, at ( this ac 
intil the ore is wholiy reduced 

ic il', (excepting its eartly con 
s in thici state it may then be 
to the steel-melting furnace, Stlch 

retius' asses of ore may also be employed 
for other it rises than for making steel in 
a ) {}} ("}}-4::fth furnace. 
The lefore-mentioned hot-store muffle or 

kiln is, is preference, so arranged as to effect 
the initing and calcining of the ore in a shaft, 
in : {i}; there with, preparatory to the 
in ti's { } {}f the re into the hot-store, as 
wi: , , , , "...: 'ter escribed. 

'': :i-inetis furnace employed is simi 
lar ; ; ; it furnace described in my liritish Pat 
ent, c. ,892, of 1868, except that the air alid 
gas are mixed differently, that the furnace 
botton is prepared in a manner to be described 
heriina 'ter, and that the furnace is provided 
with a charging-clamber at the back. A steel 

is leat, having been reached in this fur 
nystal is charged to form a metallic 

Sugi 

bati, , , , of ti: loaves or lumps fi'olu the pre 
Dal': in 34: or furnaces, before described, 
ale, get into the charging chamber, and 

sively asled forwart into the melt 
iing , it order to become fused or incor 

it is the metallic bath. The loaves, 
coasis tig partly of deoxidized iron and partly 
of (xiles, wiii, by virtue of their gravity, sink 
to see extent, below the surface of the liquid 
bath of the neiting-furnace, and Will gause all, 

tiliti{}}}, resulting from the reaction 
}re oxiie, and the carbon of the fluid 

'iis, glulitiou, in causing intermix 
:::::sies the dissolution of the loaves 
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y and the decarblarization of the liquid tail to 

the equisite degree. This degree is ascer. 
tailed by taking samples of the metal from 
title to tie, which, when chilled it water 
and broken with a haminer, should no longer 
break slot, but sluould show considerable 
tough less, and a fractured surface of honey. coin bed and silky appearance. 

Aletal presenting this appearance coataiis 
from 0.1 to 0.15 per cent of carbon, and in adding spiegeleisen to the bath the percent 
age of carbon unay be increased to the extent a'equired for prodicing the desired fei: ), 
while at the same title manganese is it'o- 
(lice, which is necessary to prevent red-sli ort. 
iness; or, ill place of using spiegeleisen, the 
requisite carbon and naganese may be in 
troduced in the form of lumps, made accord 
ing to one of the nethods hereinafter de scribed. 

Before adding the spiegeleisen either in the 
solid or lituid foru, or the lumps of reduced ore containing Inanganese, it is necessary to stir 
the lanet alie bat}} well with an iron inook o' 
l'iike, which operation is accoun)anied by a 
it 'tive Ol' even violent. ebullition. Care must, 
also be taken that the ciuder covering the nae. 
tallic bath lever exteeds one or two inches in 
hicliness, that it is always liquid, and that 

it presents, whein cooled and broke, a glossy 
light brown appearance. ... ." 

if the slag should, during the operation of 
inelting the loaves, accumulate to a greater 
thickless, it is leu oved by skimming or dis 
charging it over the sill-plate of the front 
tloor of the furnace, which latter may be raised 
(): lowered by placing upon it or removing the 
alse sills, lose laicis, or irot packing-bars. 
df tile cool and factured slag presents a dark 
or crystalline appearance, time must be give. 
to its clearance, which will be accelerated ly 
stirrig the bath. Silotild the metal becoine 
too soft before the slag is sufficiently clean, it 
is let'essary to atti suall quantities of big 
iro1. The ladle skulis audi scrap frota previ 
ouls ineltings may also be reintroduced into 
the firinace before the spiege.eisen is addei, 
ol' pulvertilent iron, produced by other pro 
{esses, lay be introduced it addition totle 
loaves he'eil after descriled. The process 
}}lay be varied between widelimits, according 
to tie relative abundance ancil quality of the ina 
terials used. If pig aeta, of stificient purity 
f'(11) sulphul' and phosphorus, can be had 
i lou} dauce, and rich or pure ore is scarce 
or expellsive, it will be advantageous to de 
oxidize the ore only partially in the prepara 
tory furnace, in order that it may retail; the 
powei of decal'burizing two or three times its 
OW in weight of is letal ill tie unetti: ; ; ; ; it - 
lace, whereas if ricii (re (which lay is: 
helnitite or spathic ore or clay, iroustone, or 
a lixture of several) is cheap, as coin}a}'ed 
witi ellatite or ther good tiesciitions of 
is netai, tie (lexitiation of the ore should 
be ca'lied further in the preparatory process, 
ly adding a larger proportion of carbols in 

i 

the success of this process deeds 

thickness of the slag is greatl is 

3 

the reparatory furnace or iii. i. 1) oils. Al 
light lie use of pig metai it it it!g the 
primary loath in the melting. : " : 'e, ill it the 
ise of siegeleisen in colliesi is tit: )}{e1':- 
tiou, are extremely conveniej , y is ere til 9so 
metals of a suitable quality can loe obtailed 
at a reasonalble cost, yet botli ()i :iti i}} {}f these 
aay be entirely dispensed wifi. ill this case 
three descriptions of lumps (; it it: ves of de 
oxidized ore should be used, the first coatin 
ing a considerable excess ( : '...}} eyond 
wi;t is necessary for its in: ' ' ' 'lifiti, the 
sect?: il being of the at Lil' "otitious 
efore described, and the ti: ; ; ; ; ; ; ; ; ; ; ;tii ill 

highly-carburized compoulis ; : 4 23 of 
iron and manganese, which as be inade a 3 
cording to )ne of the followilig atti oils: Ore 
Iriel in aanganese, titanium), oi' other oxidiza 
ble metal, intended to be incrporated with 
the bath, may be reduced in in this in prox 
inity to solid cartootaceous inities' ili hot-store 
furnaces heated to a considerable degree, or 
may be crushed and well ani it rushed 
dry clay, and binding-goal f '''C'a salilur, 
in the proportions of abol: , ; it (, it in tired 
parts, loy weight, of ore, twelty. iV: };}}rts of 
coal, and tea parts of clay. s:{}li: )0 tilti 
is then sprinkled with water, , ; ; ; ; ) ixtti till it 
barely bids in the had, aii, which it is 
filled into holds and consolidated by pressure, 
as before described, with reference to ordinary 

43 

iroi ore. These lumps or lorii is are stacked 
in a hot place (over a furiage) for, say, two 
days, and are then charged in to the before 
mentioned heated chainlyer (''' {t-store fir 
nace, where they are kept for twenty - four 
is ours, or more, and whence {i : 'e takell in 
a hot state to be charged inte it bati of the 
steel-melting farnace, towari it is eiid of this 
operation. In working solels with these de 
oxidized and carbulized ores, t , led of the 
meltiig-furnace is first covered with a layer 
of coke, charcoal, or anthi'a cite, ui of which 
the highly-carlourized loaves it: }; eliticalled 
are chargedl in a heated coil iiiigin; Shich it. 
melting wiil form a metallic lo: th (28 vered with 
citader, and form a foundatio: " : the after oileration. 

instead of using ally hella: 
rocesses, I refer to mix the s: 

:33 eous or spathic ore in sulci is is 
the garague of both oies for 38 : iii sible stag, 
wiseisely the use of line is avoisiex. Titanic 
iron sand may also be used witl advantage. 

greatly 
a join the foundation of a solati 14 "trace bot 
tain ia) the melting-furnace. Sainti, or a nix 
ture of sauds, has hither to been: i) {}stly eral 
played to form such bottoms. i*i; inese fe 
?tiently melt. or rise in large is to the 
starface of the metal bath, i. it case tie 

S. 

is these 
: iii) argil 

ig is that 

tle neta frequently “sets’ i. 
botto {}f tie filt: lice. 

lese lificities are, if a g?'...iii. it; existic, 
avoided by forning the furnace is tit}}l in the 
following manner: Pure silicio's said is ob 
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a great measure avoided by forming the fur 
nace-bottom in tie following unainner:. . . 

Pure silicious sand is obtained, which is , 
baked, in order to destroy any organic mat 
ter that may be mixed with it, and is passed 
through a sieve, in order to separate lumps or 
foreign matter. If the sand contains iron or 
lime it is first of all washed with muriatic or 
other acid. One hundred parts of this puri 
fied (lry sand are mixed intimately with about 
three per cent, of fine glass powder by pass 
ing both together, through a sieve, and the 
mixture is put aside for use. 
In making a new bottoir, the iron-plated 

furnace-bottem is first covered with bricks, 
and the heat of the furnace is raised to white. 
'ness. A layer of the dry mixture of sand and 
glass powder is thereupon spread over the 
brick bottom to the thickness of about two 
inclues, after which time is allowed until the 
surface has commenced to harden, in conse quence of the particles of glass melting, and 
thus binding adjacent particles of the white 

... sand together without being sufficientin quan. 
tity to fuse them. Another and somewhat 
thinner layer of the dry powder is next ap 
plied, and the heat is raised, so as to produce 
a more complete fusion of the glass powder, 
and consequently a greater degree of hard. 
lness and cohesion of the mass. A still thin 
her layer of the mixture is then applied, and 
this process is repeated until a bottom of the 
equisite form and thickness is obtained. The 
furnace-doors are thereupon thrown open, and 
the admission of gas and air from the regen 
erators is reduced, in order to allow the bot 
tom to set hard, when it is ready for receiving 
its charge of pig metal and reduced ore. The 
same method of charging the dry mixture is 
'esorted to for mending the bottom between 
the charges. 1 
The melting furnace which I employ is, as 

before-stated, similar to those I have described 
in some of my former British patents; but I 
improve the arrangement for mixing the heat 
ed combustible gases and the heated air aris 
ing from the regenerators by raising the ver. 
tical air-ports very, nearly to the roof of the 
fittinate, and by bringing the side walls of the 
flues forward toward the heated chamber in a 
convergent manner until they meet. By this 
arraingement the gas is introduced into the 
heated chamber below the air through chan 
nels increasing it width toward the furnace, 
where it is met by the airpassing in in diverse 
directions, effecting its thorough combustion 
while traversing the heated chamber, the un 
combined air being at the same time prevented 
from coming into contact with the metal in 
the bed of the furnace. 

In arranging steel-works I place several 
melting-furnaces side by side, with their fronts 
() tapping-holes facing the foundry; or I 
place two such rows opposite to each other, 
with the foundry between them. From each 
center of the furnace or tapping-hole a trench 
extends at right angles to the line of furnaces 

out the before-de: 
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into a widerand deeper trench, running through 
the middle of the foundry, parallel with the 
line of furnaces. ... ." 

line of rails is laid upon the edges of the 
cross-trenches, and across the central trench, 
upon girders, which line of rails carries the 
ladle-carriages, by which a ladle, when suita 
bly lined and heated, may be drawn close up 
to the tapping-hole t receive a charge of steel, 
and be moved by ), wheel and pinion or other 
agency over the central trench. A line of 
rails at the bottom of this latter carries trucks, 
upon which the molds to receive the fluid 
metal are arranged. These mold-trucks may 
be conveniently moved to and fro by an end 
less traveling chail passing over pulley's at 
the bottom of the pit, and being actuated by 
means of a small winding-engine fitted with 
reversing-gear. By opening the stopper in 
the bottom of the ladle these molds are filled, 
and the truck than which they are mounted 
is moved out of the foundry to a crane, or into 
an annealing-stove, if the castings are not to 
be hammered or rolled. By this general ar 
rangement the preparation of the molds and 
the removal of the cast ingots or castings is 
greatly facilitated. - 

Having thus described the nature of my in 
vention, and in what mainer the salne is to 
be performed, I will now proceed more par 
ticularly to describe the arrangement of fur 
naces which I prefer to employ for carrying 

cribed processes, for which 
purpose I shall refer to the accompanying 
drawings. 

Figure shows sectional elevations, respect. 
ively, of the preparatory furnace at X, for pre 
paring the lumps or loaves, as before described, 
and the heated chamber or hot-store furnace 
at Y, for maintaining the lumps or loaves 
in a heated reducing - atmosphere until re 
quired for conversion in the steel-melting fur 
nace at Z. The 'instruction of each of these 
furnaces is show' more clearly to an enlarged 
scale in Figs. 2 if 10. Fig. 2 shows a longi. 
tudinal sectioli of the preparatory furnace on 
line 22, Fig. 4. Fig. 3 shows a transverse 
section of the same on line, 33, Fig. 2; aud 
Fig. 4 shows a sectional plan Oil line 4 4, 

) "..., Fig. 2 
f this furnace the crushed ore A A mixed 

with the requisite percentage of flux ald cal'. 
bonaceous matter, as before described, is fed 
continuously on to the bed B through the hop 
per C, into which it is clharged frolin trucks 
W, running ol rails, as shown at Fig.1. The 
ore is caused to :ass gradually from the hop 
per in a thick layer down the inclined side 
D of the furn a ce, situated opposite the gas 
and air ports, which are all placed on one and 
the same side of the furnace, in a similar 
manner to arrangements already patented by 
me both in England and in the United States. 
The bed B and inclined side D of the furnace 
are constructed of strong metal plates bid, 
covered with fire-blicly bid, the plates being 

he air, so as to be kept cool; , eutirely open it 
  



28,584 5 

purpose below the led by the formation of a 
chimney-fue, E, assing through the partition 
wall E between the two sets of gas and air 
passages F G. F. G', and communicating with 
achinney, E, above the furnace, as shown, 
The bed of the furnace is inclosed on the in 
her side by means of a water. bridge or box, 
EI, through which cold water is made to cir 
culate by means of the pipes h h', Fig. 4, in 
order to keep the bridge of the furnace cool. 
The combustible gas and air rise from the 
regenerator's below the furnace respectively 
through, Say, the passages if and G, the air 
passage G being raised somewhat above the 
gas-passage F, as shown, and in entering into 
combustion in the passage J the resulting 
flames are caused to impinge in a downward 
direction upon the layer A of mixed ore, coal, 
alid fluxing material. After acting upon this 
compound the products of combustion escape 
through the passages J, F, and G' into the 
other set of regenerators, in a manner well tan 
derstood. The heat thus produced in the fur 
Inace effects the before-described partial re 
ductioll and fusion of a portion of the ore. 
When a sufficient quantity of ore has thus 

been acted upon, the more or less liquid mass 
is stirred up lyrians of tools introduced 
through the side doors L. L., after which one 
or both of the side apertures K, below the 
doors L are opened by removing the ore or 
slag with, which they are closed up, as show a 
in Fig. , and the liquid mass is raked out 
through them into the boxes or. molds M, brought up to the spouts of the apertures 
upon the trucks N. 
The construction of these molds is shown in 

enlarged longitudinal and transverse sections 
at Figs, ll and 12. They are open at top and 
bottom, and are made to rest with the grooved 
flailigen upon a layer of sand, clay, or carbon 
upon the table of the truck N. Before filling 
then with the partially-converted ore, they 

... receive layers of débris of partially-reduced 
ore, and of coke or charcoal, as before de 
scribed. The fluid portion of the ore, on flow 
Sing into the Enolds, fills the interstices and 
binds the whole together into lumps or loaves 
O. When the mass has solidified, it is re 

: moved from the mold, the ribs in an of which 
form deep grooves in the loaves O, as indi 

... cated at Fig. 1, in order that the whole mass 
illnay be inore liformly acted upon in the 
'subsequent processes. Rhese loaves are then 
removed to the reducing oven or muffle at Y, 
Fig. , the construction of which is show; to 
an enlarged scale, at Figs, 5 to 7. 
shows a longitudinal section on line 55, Fig. 
7, Fig. 6 shows a transverse sectiou on line 
66, Fig. 5, and Fig. 7 shows a sectional plan 
on line 77, Fig. 5. - 
. This furnace consists of a series of inclosed . 
chambers, PPP, accessible through doors Q. 
Q, which chambers are contained within the 
furnace R, in which a full red-heat is main 
tained by the combustion of air and gas pass 

I of air. 

Fig. 5 

ig in through the passages S S : F, the othe 
eld or the other from the rege: ''': lo's TTT 
T, in the usual manner, The tel}s of the 
chambers P are formed, by prefi: eiice, of hol 
low fire-bricks, as shown, in order that the 
heat of the furnace may be readily transmit 
ted to the interior of the chambers. It to 
these chambers the lumps or loaves of par 
tially-converted ore mixed with carboi, or the 
consolidated aid unconverted lins of ore 
mixed wif b carbon and fluxing haterials, as 
before described, are introduties 'id main 
tained at a full red-heat in a 't' fleilg-atmos 
plaere, so as to promote their 'til (tion, for 
which purpose either solid or gaseous carbon 
aceous matter may be introduced into the 
chambers. In either case the chambers are 
entirely inclosed so as to ext:lide any sul 
phurous gases arising from the combustion 
taking-place in the surrounding furnace. As 
the lamps or loaves are required for use they 
are removed from the heated cally el's or lot 
store furnace and carried to the steel-tuelting 
furnace at Z, Fig. 1. 

Figs. 14, 15, and 16 slow is before-men 
tioned bot-store furnace, miffle, or kiln, for 
reducing the lumps of ore entirely by means 
of carbonaceous gases, acco 'til 2 to fle last 
process herein before described. Fig, id shows 
a transverse section through the hot-store on 
line 1414, Fig. 15. Fig.15 shows a longitudi. 
ital section on line 15 15, Fig. 14, and Fig. 16 
shows a part sectional plan oil line 1616, Fig. 
l4. 
The reducing maftie or kill is here shown 

constructed in duplicate, the "o separate 
tnuffles being employed eit 'educing 
one and the same kind of ri'?, £r tyo differ. 
ent kinds of ore, as hereinafter & Slained. 
The muffle consists of a cl: it ei, A., of fire 

brick, with a discharging-oileriig, B B, at 
each end, which, when the nati e is in opera 
tion, are effectually closed against the entralice 

On each side of the cinanber. A sepa 
rate spaces C C are formed, by meals of lon 
gitudinal bars D D, which spaces are provided 
to receive the carbonaceous attatrials. Serving 
to act upon the ore, and which are charged 
into such spaces through the leo's B. The 
ore is introduced into the { it of the 
chamber A through the yi's shafts E, 
which are charged from a stagi (, K, through 
the opening F at the top, provided with a slide, 
G, The chambers A are i? sed in the fur 
nace H-by preference a regenerative gas-fur 
race, as sinown-into which the heated gas a lad 
air rise through the passages: i, cotlan) illnicat 
ing with the regenerators beio Y, arrainged aud. operating as ordinary regenerative gas-fur 

CeS. . 

The operation of these redicig-tauffles is 
as follows: Assuming the 'ri let's A to be 
charged with ore and cal' it is in atter, 
as described, aid heated ally by the 
flames in the furnace, Ei, () is:-oxide gas 
is first generated from the fit? in the spaces 

  

  

  

  

  

  



in perfect combustion with the air contained 
in the chambers. This carbonic-oxide gas 
passes annong the leated lumps of ore, aid, 
in taking np oxygen there from, is converted 
into carbonic-acid gas, which again passes to 
the fuel, where, taking up another equivalent 
of carbon, it is converted into carbonic oxide, 
which again attacks the ore; and this action. 
continues until the charge of ore has become 
entirely reduced. This reduction takes place 
very thoroughly and at a quick rate, inas 
much as the circulating carbonic-oxide gas 
is virtually free from nitrogen, which latter 
retards the operation of reduction in ordi 
nary kitus or blast-furnaces. While this oper. 
ation is going on the excess of carbonic oxide 
gas generated in the chambers. A rises in a 
heated condition into the charging-shafts EE, 
filled with 1'aw ore. In these shafts are formed 
air-holes L. L., so that, as the gas rises, it is 
brought in contact with jets of atmospheric 
air entering througll these holes, and conse. 
quently enters into combustion there with, the 
gaseous products of this combustion being al 
lowed to escape at the top by partially open 
ing the slide G. By this means the ore, in 
gradually descending in the vertical shaft, be 
comes more and more heated, and is thus de 
prived of its volatile constituents, including 
Water and sulphur, until it reaches the air 
holes II, whence downward it passes, through 
a gaseous reducing-atmosphere, into the heated 
chambel' A. - 

If necessary, the heat in the shaft E may be 
ful'the' increased, either by the admission of 
combustible gases, separately generated, or 
by mixing solid fuel with the ore charged in 
at the top, or by heating the shaft externally. 
The solid fuel employed in the reducing-cham 
bel's A night also (but not so advantageously) 
je nixed with the ore. 
The construction of these hoppers and hot. 

stores 1)ay be Platerially unodified. Thus the 
hopers Bay be inclined, and, instead of being 
in the middle of the lot-chambers, may be 
placed at one end, and may, moreover, bear 
'anged in form to resemble a kiln, with a stag 
ig and valve arrangement at the top, onto 
which the ore is lifted in the usual manner. 
When the reduction of the ore in the chala. 

bel's A has been completed, the doors at BB 
are opened, and the charge is drawn out into 
scoops on wheels or pivots, to be introduced 
into the steel melting furnace, or to be em. 
ployed for other purposes. A fresh charge of 
calcited and partially-reduced ore then de 
scends into the chamber's A. from the shaft E, 
which is filled up from time to time with raw 
ore at the top. 
As before stated, the two or more separate 

chambers may with advantage. be charged 
with ores of different descriptions. Thus, if 
three reducing-clambers are provided, and 
the one is charged with hematite, the second 
with spathic ore, and the third with clay iron 
Stone, it will be possible to use so much of 

; verse directions, above the combustible gases, 
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that the earthy matters contained in them 
form a fusible slag in the steel-melting fur 
nace, and render the use of separate fluxing 
materials unnecessary; or the masses of re 
duced ore may be charged coljointly With 
lumps produced by fusion of ores with line 
or other fluxing material, as herein before de 
scribed, which lumps or loaves inay conven 
iently be contained in the hot-store M at the. 
side of the reducing-muffles, as slown at Fig. 

reduced masses may be used to: 
gether with are tallie lumps produced in any 
other way. In working upon only one descrip 
tion of ore the solid lumps may be picked out 
and reduced by the process above described, 
whereas the small ore may be consolidated 
and mixed with the necessary fluxing agents 
by the methods previously described. 
The construction of the steel-melting fur 

nace is shown to an enlarged scale at Figs. 8 
to 10. Fig. 3 shows a longitudinal section on 
line S8, Sig. 10. Fig. 9 shows a transverse 
section on line 99, Fig. 8; and Fig. 10 shows. 
a section: ilan on line 1010, Fig. 8. This 
furnace is tainly of the same construction as 
those previously described by me in the speci 
fications to any former patents. The principal 
difference consists, first, in the addition there 
to of the heating-clhamber A, for the reception 
of the lumps or loaves of more or less con 
verted ore before introduction into the Enelt 
ing-chambei B of the furnace; and, secondly, 
in the peckiiar construetion of the combusti: 
ble gas atti air passages CD O'D', for effect 
ing the mixture of the heated combustible 
gases and ising up from the regenerators 
FF F. F. The air-passages D ID' are raised 
.very nearly to the roof of the furnace, while 

15; or th 

the gas-passages C C open into the chamber 
B at a considerably lower point, as shown at 
Fig. 8, and the side walls G. G' of the air-flues 
are brought forward toward the chamber. Bin 
a converging manner until they meet, as shown. 
at Fig. 10, thus forming widening passages E 
E. for the gas to issue through, the gases, on 
their asceit, being deflected and directed into 
such widening passages by means of the slabs. 
N, fixed ove: the vertical passages C.C., while 
the air is caused to enter the furnace indi-, 
so that these gases, in rising, become thoroughly 
mixed with the air, and thus their complete 
combustion is effected, while any uncombined 
air, in remaining at the roof of the furnace, is . . . 
prevented from coming into contact with the 
metal on thi? led H of this furnace. This bed. 
is formed of pure silicious sand, prepared and 
mixed wiiia glass powder, and then laid in 
layers upon the fire-brick lining I of the iron. 
bed J, in the juanner as fully hereinbefore de 
scribed. 
The iro led J is open to the surrounding 

air, in order to cool the satme, as in former 
constructions of my furnaces. - - 
For tapping off the bath of steel when ready 

for use, a hole is formed in the sand bottom the reduced ore from the one and the other by the introduction of a tool through the spout) 
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the bath of steel when ready for use, a hole is 
formed in the said bottom loy the introduction 
of a tool through the s: through which 
hole and spout, the steel the flows off into 
the ladle L on the carriage M, shown in Fig. 
1. The deoxidized and carbonized loaves O, 
having been introduced into the charging 
chamber A, through the door A', are there 
lated to the requisite degree by the radiated 
heat ol' by fame fro: the melting-clhaniber, a 
portion of such flame or hot gases being caused 
to enter the chamber A through the apeitti'e 
B', and to circulate through the same by means 
of the chimney's A*, the tops of which are pro 
vided with slabs A for regulating the tiraft. 
Wheli sufficiently heated, the loaves are sac 
cessively pushed forward through the aper: 
ture B', into the bath of moltel anetal in the 
chamber 3, where illey are melted, and the 
process of preparing the bath is carried on in 
the manner hereinbefore described. A charge 
of moltea steel having been received from the 
furnace in the ladie , the carriage Ai is run. 
apon the rails P, either over a mold-carriage 
rulining upon rails in a longitudinal trench, as 
hereii) before described, or the ladle is con veyed to wherever required. 

Fig. 3 shows a plan?f the before-linentioned ari'a ingement of steel-melting furnaces with 
transverse:blad longitudinal trenches and train Way S. 

tralis verse t'enches (, Q, extend toward and 
across a longitudinal trench, R, so that the 
laide-trucks can be rul over the latte‘. 
in the longitudinal trench is the mold-carriage 
S, noved along upon the rails T, either by a 
chain, U, driven by an engine, or by any other 
suitable aleus. A charge of liquid steel hay. 
ing beef 'un into the ladle L, the carriage M. 
is moved over the treach R, and the noid-car 
liage S is utu underleath it, so as to enable 
the metal to be discharged from the ladle in 
to the molds. These are the conveyed by the ... carriage to wherever required. 
Flying thus described the nature of nyin. 

ventioi), ald the best in eans aim acquainted 
with for carrying the same into practice, 
wish it to be understood that what I claim S- . 

1. Producing cast-steel by first converting 
ferruginous, ore into lumps or loaves of par. 
tially or wholly reduced incial, either with or 
without admixture of fluxing materials, and by then charging these lumps in a heated con 
(lition into an open-hearth steel-melting fur 
nace, to be there liquefied by being brought 
into colitact with a bati of cast-iron or with 
other carbonaceous matter, substantially as 
hereinbefore described. . - 

2. The method of reducing masses of iron 
ure, whereby the ore is subjected to the action 
(of carbonic-oxide gas, generated from carbon 
close chamber heated externally, while the 

2, Z are the furnaces, arranged in two 
opposite rows, 'On the disci arging-spouts K. 
of which rails. PP, laid along the sides of 

resulting carbonic-acid gas is a g: 

84. 

into carbonic oxide by contact 
fuel, substantially as set forth. 

3. Prepairing loaves of wholly artially 
reduced iroi ore, oy melting the ore or nix 
ture of ores with fluxing materials in contact 
viii. 33.rbon, and by charging tilis ill.iid mass 
into molds containing coke, charcoal, or other 
solid carbohaceous matter, which io: Yes are 
thereupon maintained for some is a 31's 18, a full 
Fei-heat, in a reducing-atmosphere within a 
eigd earlier or hot-store f' 2, before 

they are clarged into the steei-1} .iiig fur 
ace, substaintially as describel. 
4. Preparing loaves similar i ; 

said by crusiliig the ore, by nai 
nately with fluxing materials and wit, 
ig-coal, by forcing or placing the mixture 
ii) to acids, and exposing the sail : 33 - 
siderale intaiyaber of hours to a filii ret 
a closed heated chamber or hot-stere furnace, 
st lostantially as described, - 

5. Freparing loaves, similar to 
said froz2 ores rich iii mangane 
equivalent easily - oxidizable in 
with all excess of carbon, to be 
the fitaid bath of the steel-meltii). 

getiher 
{{ in to 

ward the end of each operation, it order to 
impart those metals to the bath, s: 3 tilitially scribed. 

{}ostructing hot-store furnac: ; 2.Éties, 
or kills to: reducing iron ore, whereii the ore 
is 39ntained together with carbo: S 3 
terials inside a closed chamber aliers 
situated inside a regenerative g: : 68 ?ix 
() the fiellace, substantially as des 

'i. 34 instructing hot-store furn: 
or iiii is for calciuing or reduci: - - - 
wherein the oie, in the form of "laps, is 
caused to descend through a verticai or in 
clied shaft, on to the bed of a close chanier 
hea, be?t externally, in which chamber 'arbona 
2eous tilaterials are placed, the excess of car 
botaceous gases being eaused to rise through 
the vertical shaft, where they are image ig en 
ter ill to coin blastion with atmost: - 
treiuced through side apertures, 
effett the calcinatioh of the desia; 
Stasia in tially as herein before desc 
reference to Figs. 14, 15, and 16 of t. ings. 

8. Arrauging in hot-store reducing-farnaces, 
as described in the sixth and seventh claims, .3, Sep: 'alie receptacle or receptacle?' fi the 
carbonaceous Yaterials, so as to bring tie.ore only in cou tact with the carbonaces, 
generated from slich carbonaceous Baeterials, substaitially as described, 

9, Colist}"tacting the steel-meltilag it artia ce. 
with a charging chain ber, throug 3, 
portion of the hot gaseous produ is cois. 
bustioia can be made to circulate, ity. 
the aforesaid lunajs, as well as the pig is etal 

o or other materials to be used, are infiddiggi, aceous materials contained with the ore inside to be 4. 

ince ushed forward in a heated gon. dition into the melting-chamber, st tw. 
  



10. Constructing the bed of the steel-melt. 
ing furnace of a mixture of pure silicious sand 
With glass powder, substaitially as hereinbe. 
fore descriled. '' is 

11. Constructing the air and gas ports of a 
steel melting furnace in such mailer that the 
Vertical air-ports rise nearly to the roof of the 
fill'Inace, while the side walls of the flues are 
extended forward in a convergent manner un 
til they meet, in order that the air may issue 
into the furnace in diverse directions above the 
combustible gas, substantially as hereinbefore 
described with reference to Figs. S to 10 of the accompanying drawings. 

12. Arranging one or more rows of steel 
melting furnaces with their tapping-holes fac 
ing a longitudinal trench, with lateral trenches 

2 
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leading to each of the furnaces, upon the edges 
of or over which treiches rails are fixed, cross 
ing the main trench, ladle-carriages being at'- 
ranged to run over the lateral trenches, ji or'- 
der that the lid metal may be discharged 
into molds carried upon rails in the central 
trench, facilitating their preparatioli and re 
moval, as herein be core described. 

In testimony whereof have signed my halone 
to this specification it the presence of two sub 
scribing witnesses this 23d day of December, 
1870. 

C. WILLIAM SIEMENS. 
Witnesses: 

L. CROWE, 
EDWID. W. PACE. 

  

  


