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STATES

PATENT OFF!

CHARLES WILLIAM -SIEMENS,_ OF WESTMINSTER, ENGLAND.

IMPROVEMENT IN PROCESSES AND APPARATUS ‘FOR THE PRODUCTION-OF CAST-STEEL FROM ORES.

Specification forming pard of Letters Patent No. 28,584, dated Aprir 11, 1871,

v

To all whom it may concern :.

Be it known that I, CHARLES WILLIAM
- SIEMENS, of Westimninister, in the county of
- Middlesex, England, civil engineer, member

of the Royal Soeiety, doctor of eivil 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; and I, the said CHARLES WILLIAM
SIEMENS, do hereby declare vhe natufe of the

_said invention, and in what manner the same

is to be performed, to be particalarty described
and ascertained in and Ly the following state-
ment thereof, reference. beiug 'had to the ac-
companying drawings, and to the figures and
letters marked thereon—that is to say:

In my British Patent of 1866, No. 2,413, 1
described a process. and apparatuy for the.
produection of cagt-steel directly from the ore,
with or without the addition of pig-iron, ard
of ferro-manganese or spicgeleisen. ’

"This process cousisted, essentially, in effect-
ing the reduction or deoxidation of the ore by
the reaction upon it of carbonaceots matter
under the influence of intense furnace hieat,
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, that the deoxidation of
the ore and the adjustment of the chemiecal
condition of the metallic bath were attended
with greatdifficulty undert hosecircumstances;
to remove which Isubsequently separated the
process of deoxidizing the ove from that of
effecting its liquefaction and chemical adjust-
ment by the introdaction of vértical or other

retorts, or of rotating- muffles, as described |

in my British pateuts of the 21st of August,
1867, No. 2,393, aud of the 10th of June, 1863,
No. 1,892, respeetively. ' .
Nothwithstanding these improvéments it
was-difficult to realize all the conditions nec-

~essary to insure s.8atistactory refuls,  The re-

duetion of iron ¢r'e in closerretorts or muftles
is essentially a slow and expeunsive process,
and the pulverulent iron produced thereby,
upon being introduced . into the melting-fur-
nace, floats upon the. wetallic bath for a con-
siderable léngth of time without being incor-
porated with it. Being exposed, in the medn-

-time, to the oxidizing and sulphurizing action

“beds or molds., This latter door, accorlin

of the flame, the metallic oxide thus piiuced
corrodes the banks of the metal bath, 5.4, be-
ing a non-conductor of heut, causes the fuid
metal below to set. o

. According to my present inventicn scast-
steel is produced by the concerted action of
two separate. processes, the one serving to
convert the raw ore iuto lumps or loaves of
caleined, fluxed, and partially or whelly deox.
idized material, and . the. other to %melt and
couvert this material, with or without tha ad-
dition .of pig metal. inta cast-steél of any de-
sired temper. ,

- The first or preparatory process may be

-carried out in several different ways. Ac-

cording to one method a furnace is employed
(Ly preference a regencrative gas-furnace) re-

-sembling in- form a copper-smelter’s or large

puddling-furnace, having charging-dears at
the sides or in the roofs, and a door in front,
for withdrawing the smelted material into pig
* {0
otte arrangement, has its sill-plate oi . lavel
with the bed of the furnace, but has fales sills
or bricks'placed upon it for retaining the Auid
material in the farnace until the completion
of thie 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; ov stop-
pered discharging - apertures may Le formed
below the ordinary doors of the farnans  The
bed and sides of the furnace are maids con-
veniently of alaminous bricks resting
iron plates; but refractory iron ore, =unh g
liematite, may be u'sed ‘with advantags in re-
pairing thesides from time to time,

The chemical operation performed in this

farnace, ccording to ‘one arrangement, is as

foliews: = The ore to e operated upon, which
I will suppose to be hematite ore-cou taining
ten per cent. of siliea, being erushed to the ex-
tent that no:pieces exceed the size of wainuts
or apples, is mixed with about five per cout, of
crushed limestone, (or with other Huxing ma-
tevial,) and with about three per cent. of smail
¢oke or anthracité, A ton (orother quantity)
of this’ bateh being prepared; the furnace is
heated to whiteness, and ‘charged, tirst, with
about oue hundred-weight of light cole, such
as gas-coke or ‘¢harcoal spread uniformly over
the bottom, whereupon the bateh is intro-
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over the bed of the furnaee. The furnace-
doors are thereupon ciosed; and & good weld.
" ing-heat is maintained for threé or four hours.
By the reaction, under the inftuence of heat, of
the three per cent.'of carbon mixed with the
. ore, the peroxide of iron of which it consistsis
converted into fusible magnetic oxide, while
-the silica which it contains combines with the
limestone, forming a fusible stag.  This action
commences at the sarface and extends down.
ward until the layer of carbon is reached,
when a further reaction upon the fluid.ove (ac-
companied by ebullition)ensues; vesalting in
its partial deoxidation. Before the boiling
has quite ceased the mass is-stirred, and on
the Larrier on the sill of the tapping-door be-
Ing removed the semi-fluid mass partially lows
and is partially raked forward into the molds.
Previous to discharging the furnace these
- molds should be charged, first, with a layer of
dcébris of paitially-reduced ove from previous
operations, and, next, with hard carbonaceous
matter, such as coke or charcoal, amounting
to from five to ten per ¢ent., by weight, of the
ore charged into tha furnace.

The fluid portion of the mass diselarged
from the furnace {ills the interstices of the
colic and débris, and binds the whole together
into Tamps or loaves, ready for use in the
smelting furnace; but, owing to a reaction be-
tween the heated oxides or e¢inder and the imn-

Cprisoned coke, a furtlier deoxidation of the
latter is effected within the moelds, or within a
heated chamber or hot-store furnice near the
melting-furnaee, to Le préseutly deseribed,
where the loaves shoald be. kept in a reduce-
ing-atmospliere uotil they are actually re-

“quired.  The process of deoxidation of these
Toaves may thus be-carried to a greater or less
degree of completion, according to the per-
centage of carbeon emploved, and according to
the time of exposure te heat in a reducing-at-
mosphere,

I the available reducing agent is binding- |

coaly, containing only & small percontage of
sulphur, the operation of the preparatory fur-
nace may be varied by mixing tlie crushed ore
and Hux with from twelve to sixteen per cent.
of crushed eoal, (aceording to the degree of
deexidation or carburization required,) aud
by charging this mixture into the furnace
either continnously or in.batches.. If fed in
continuously, ay, is preferred, the mixed.ore
and coal are chavged through o Wopper it a
thick layer down the inclined side of the fur-
nace, where the flames, in acting upon the
surface of the layer, canse the réduction of the
ore, which runs down in & more or less liquid
condition. onto the bed of the furnace, and
from whiel it is removed from’ time to time
into the molds, us befors described.

-1f the ore is introduced in batehes, the bed
of the furnace is divided iuto ecompartments
by putting flat iron or steel bars on edge, or
by means of bLricks or slabs of fire-clay pus
on edge. If irou or steel bars are nsed, the
thickness of mixed ore charged sbould exeeed

“porated with the metallic bath,

the height of the bars, in order to cover them
compintely and save them from oxidation.

© Heat being applied for several houts, the
mixtere will have formed into partially or
whaoliy deoxidized lumps or loaves, which may
y the melting-furnace instead of the
vlueed by fusion of the ores; or, the
produeing ¢
ing the ore mixed with fluxing materi-

posi )
furnace-heat in a closed heated clmmper or
Tiet-store furidee, such as bétore mentioned,”
in-order to effeet the deoxidation of the ore..

According to avother ‘method, I produce .

lamps of reduced ivon ore by placing masses

of raw together with solid thel into a
close: store wnuitle or kiln, heated exter-
naliy, coustruetion of which will be here-
inat iad,) the solid fuel employed in
suh v being, by preferehde, placed in
wose compartment or compartments, by
whie 15 the earbonic-oxide gas generated

in the first instance from the hented fuel is
caused to renct upon the heated lups of ore,

taking up ox

gen from the same, while the

these lumps.may be varied

carbonic-acid gas thus formed, in returning by
a general clvenlation of the gases to the heap

>

D iuel, takes ap another equivalent of
csowverting 16 baek into carbouie ox-

1

el agnin atfacks the ore, aud this ae-

of &
carts
ide,
tion

taes until the ore is wholiy reduced
Ho iron, {(excepting its earthy cen-
in which state it may then be
imte the steel-melting furnace. Such
« niasses of ore may alse be employed

o

chare
reduee

for other porposes than for making steel in-

an opes-heatth furnace.

The before-nentioned hot-store mufle or
i, hy preforence, so arranged as to effect
and ealeining of the ove in a shalt,
v therewith, preparatory to the

of the ore into the hot-store, as
stnufter deseribed. :

)

ing

i :L-melting fnrnace employed is simi-
lar ¢ the furnace deseribed in my British Pat-
ent o, 1,802,.01.1308, except that the air and

gas are miked differently, thit the furnace
bottom is prepuared in a manner to be deseribed
herisinafter, and that the furnace is-provided
with a charging-chamber at the back. - A steel-
melting heat having been reached in this fur-

‘nage. i matal is charged to form a metallic
bati, wheo the loaves or lumps from the pre-
paraseey furnaee or furnaces, before deseribed,
ave intooduged into thecharging chamber, and
are sively pushed forward into the melt-

2, 1 order to become. fused or incor-
The loaves,
cousisting partly of deoxidized iron and partly
of gxides, will, by virtue of their gravity, sink
to some extent below the surface of the liquid
bath of
active

iy

builition, resulting from thie reaction
¢ ihe oxide and the earbon of the fluid
Cwhieh ebullition, in causing intermix-
ruinotes the dissolution of the loaves

theamelting-furnace, and will cause an.
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and the decarburization of the liquid bath to
the requisite degree,  Fhis degree is ascer-
tained by taking samples of the metal from
time to time, which, when chilled in water
and hroken with a hammer, should no Tonger
break short, but should show considerable
toughness, and o fractured surfuce of honey-
combed and sitky appearanse,

Metal presenting this appearance eontajus
from 0.1 te 0.15 ber cent. of earbon, and in
adding spiegeleisen” to the bath the pereent-
age of carbon may be increased to the extent
required for producing the desired fenmpar,
while at the same time manganese is litro-
Quced, whicl is ueeessary to prevent red-shor
ness; or, in plase of using spiegeloisen, the
requisite carbon and manganese may be in-

troduced in the form of lumyps, made accord-

ing to ong
o seribed. .

Before adding the spiegeleisen either in the
solid or liquid form, or the lumps of reduced ore
containing maganese, it is necessary to stir

of the methody hereinafter de-

the metaliic batl well with an iron hoolk o1 |

rake, which operation is accompanied Ly an
aetive or eyvep Niolent.ebullition, Care must
also be taken that the cinder covering the me-
tallic bath neverexceady oue or two inches in
{hickness, that it is always liquid, and that
it preseuts, when cooled and broken, & glossy
light brown appearance,

Lt the slag should, during the operation of

melting the luaves, accamulate to greater
thickness; it is vemoved by skimming or dis-
charging it over the sill-plate of the frong
door of the furnace, whieh lLutter may be raised
or lowered by pldcing apon it or removing the
fulse sills, lovse Lricks, or iroun packing-bavs,
1f the eool and fractared slag presents a dark

or erystalline appearance, timg must be given.

for ity clearange, which will be-accelerated by
stireing thebath, “ Bhotld the metal become
too soft before the slag is sufficiently elean, it
is necessary to add small quautities: of pig-
iron. The ladle skulls and serap from previ-
ous meltings ‘may also be reintroduced inte
the furnace before the spiegeleisen is added,
or pulvernlent ivon, produnced by other pro-
cesses, may be introduced in addition fo the
loaves hereinafter degeribed,  The process
may be varied between wide limits, secording
totherelativeabandance and quality of the ma-
tevials used. It pig metal, of sufficient purity
from sulphur and Phosphorus, can be had
in abundanee, and vieh or pure ore is scaree
. orexpensive, it will be ad antageous to de-
oxidize the ore only partially in the prepara.
tory furnace, in ‘order that it may retain the
powed of decarburizing two or three times ity
own weight of pig metal in the melting:ie
naed; whereas it rieh ore i
hemitite or apathic ore or clay, ironstons, or
@ mixture of several) is cheay, as ¢himpared

with hematite or othep good descriptions of

pig metal, the deoxidation of the ore should
be carvied lurthér in the breparatory process,
Ly adding o Jarger proportion of earbou in

(which may 1o

ture of sauds, has hithierto Lean

the preparatory furnace or in the molds, Al-
thigugh the use of pig metai forming the
primary bath in the melting nace, il the
use of spiegeleisen in comy re thie operas
tion, are extremely convenient, where those
metals of a suitable quality can be obtained '
atareasonable cost, yet both or cither of these
may be entively dispensed wirh, Iy this ease
three deseriptions. of lumps o loaves of de-
oxidized ore should be used, the first contain-
inga considerable excess !
what is neeessary for its mey
seooud being of the nature
before described, and the thire
highly - carburized compoun: .
iron and manganese, which muy be made ae-
cording to one of the following methods: Ore
vich in manganese, titanium, or other oxidiza.
ble.meral, intended to be incorporated with
the bath, may be reduced in Timps in prox-
inity to solisl earbonaceous mutioy in hot-store’
turnaces heated to o considerable degree, or
may be erushed and-well mize? with srushed
dvy elay, and binding-coal f frova sulphar,
in the "propertions of abeu; cup hondved
parts, by weight, of ore, twensy fve parts of
coal, and ten parts of clay. B oomponnd
is then sprinkled with water, sod mixed H ip
barely. binds in -the hand, afier which it is
filled into molds and consolidated by pressure,.
as before deseribed, with reference to ordinary
iron-ore. These lumps or Lricks are stacked
ina hot place (over a furnace for, say, two

me beyond
taction, the
voportions -
yaguin o

arey of

S

“days, and are then charged into the Defore-

mentioned heasted chamber ov hot-store fur-
uace, where they are kept for twenty - four
Bours,or more, and whenee o are tnken in
& hot.state to be charged into the hath of the

steel-melting furnace, toward the end of tha

operation.  In working solely with thess de.
oxidized and earburized ores, the bed of the.
meltitig-furnace is first covered "with a Inyer
of coke, charcoal, or anthracite, upon which
the highly-carburized loaves 6w mentioned
are charged in a beated con ition; which in
melbing will form a metallic bath covered with
cinder, and form a foundation 7. the after
operation,

fustead of using any hemaii
processes, I prefer to mix the s
#eeous of spathic ore in such ;
the gangue of botl ores forms sible slag,
wihereby the use of limeis a3 Titunie
iron-sand may also be used with advantage,
Thesaecess of this process depends greatly
upon the foundation ef a sonud {nruace hot.
tom in the wmelting-furnace, - Band, or a mix-
witly em-
wese {re-

:in these
ithargil-
vtious that

ployed to formn such bottomsg, |
auently meltor rise. in large
surface of the metal buth, in
thickness of the slag is greatls i
he metal frequently “sets? i
bettouruf the furndce.

These ditfienlties ave, in a groal easurs,

avoided by forming the furnace bottow in the
£,

I

.

following manner: Pure silicions sand is obe
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a great. measure 'gwoided by forming the fur-
nace-bottom 1in the following manners,

Pure silicious sand is obtuined, whieh is]

baked, in order to destroy any organi¢-mat-.|

ter that may be mixed with it, and is passed
through a sieve, in order to separate lmnps or
foreign natter. 1f the sand contains iron or
lime it is first of all washed with muriatic or
other acid. ‘One hundred parts of this puri--
fied «(ry sand are mixed intimately with:about
. three per cent. of fine gluss powder by pass-
" ing both together through a sieve, and the
wiixture is put aside for use. _

In making a new bottom, the iron-plated
furnace-bottém 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 Dottom to the . thickness of about two
inches, after which time is allowed until the
surface has commenced to havden, iy conse-
quenee of the particles of glass melting, and
thus binding adjacent particles of the white
. sand togetlier without being sufficientin quan-
. tity to fuse them.- Another aud somewhat
thinner layer of the dry powder is mexf ap-
plied, and the heat is raised, so as to produce
a’more complete fusion of the - glass powder,
and conisequently a greater degree of hard-
_ness. aitd cohesion of the mass. A still thin-
ner layer-of the mixture is then applied, and
this process is repeated until a bottom of the
requisite form and thickness is obtained. The.
‘furnace-doors are thereupon thrown open, and
the admission of gas aud air from the regen-
crators 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 mixtare is
 resorted to for mending the bottom- between,
the charges. - - Lo
. The melting-furnace whi¢h I employ-is, as
bheforestated, similar to those I have deseribed
in.some of my‘former British patents; but I
~ improyve the arfangement for niixing the heat-
vd-combustible gases-aiid the heated air aris-
ing ffom the regenerators by raising the ver-:
. tical air-ports very nearly to the roof of the
furnace, and by bringing the side walls of the
Mues forward toward the heated chamber in a
. cohtvergent maunner qntil they meet. By this
afrangewment the gasis introduced into the
Lieated chamber-below the air through chan-
nels illereasing iw width téward the furnace,
where- it is met by the air passing in in'diverss
" directions, effecting its thorough combustion
-while traversing the heated chamber, the un-
combined air being at the same time prevented
fromicoming into contact with the metalin
“the bed of the furmace. . '
In 4arranging steel-works I place several
“melting-furnaces side by side, with théirtronts
oc tapping - holés facing the foundry; or I
place two such rows. opposite to each other,
with the foundry between them. Fronr edch
center of the furnace or tapping-hole a trench
extends at right angles to the line of furnaces

“out the before-iz
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into awiderand deépertrench,running through
the+middle of thé foundry, parallel with the

Jline of furnaces.

line of -rails is laid upon the edges of the
¢eross-trenches, and_across the central trench,

_upon girders, which line of rails carries the

ladle-carriages, by which a ladle, when sunita-

| bly lined and heated, may be drawn close up

to the tapping-hols t receive a charge of steel,

and be moved Ly » 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-tracks may
be conveniently moved to and fro by an end-

‘less traveling chiain passing over pulleys atb

the bottom of the pit, and being actnated by
medns 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 upon 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. L
Having thus described the nature of my in-
vention, and in what mauner the sane is to
be performed, 1 will now proceed mwore par-
ticularly to describe the arrangement of fur-
naces which I profar to employ for carrying
eribed. processes, for which -
purpose I shali refer to the -accompanying
drawings. ‘ :
' Figure1shows 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-atmospherée until re- -

quired for conversion in the steel-melting fur-
nace at Z. The constraction of each of these
furnaces is shown more clearly to an enlarged
seale in Figs. 2 10 10,
tudinal section of the preparatory furnace on
line 2 2, Fig. 4. Iig. 3 shows a transverse
section of the same on line 3 3, Fig. 2; and
Fig. 4 shows a sectional plan on line & 4,
Fig. 2. . _
%n this furnace the crushed ore A A, mixed
with the requisite percentage of flux and car-
bouaceous matter, as before described, is fed
continnously onto the bed B through the hop-
per @, into which i is charged from trucks
W, running ou rails, as shown at Fig. 1. The
ore is caused to pass gradually from the hop-
per in a thick 'ayer down the inclined side
D of the furnace, situated .opposite the gas
and air ports, which areall placed on one and
the same side of  tlie furnace, in a similar
manner to arrangements already patented by
me both in Bnglaud and in the United States.
The bed B and inclined side D of the furnace
are constructed of strong metal plates b.d,
covered with fire-biick o @, the plates being
eutirely open to the sir, so as to be kept cool;

-

Tig. 2 shows a longi- -
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purpose below the.ied by the formation of a

chimney-fiue, B, passing through the partition-
wall B! between the two sets of gas and air
passages FF G T/ (¥, and communieating with
a chimney, 12, above the furnace, as showun.
The bed of the furnace is inclosed on - the in-
ner side by means of a waler.bridge or box,
H, through which cold water is made to ¢ir-
culate by means of the pipes b #, Vig. 4, in
order to keep the bridge of the furnace cool.
"The combustible gas and air rise from the
regenerators below the furhace respeetively
through, say, the passages If and G, the air-
passage G being raised somewhat above the
gas-passage I, as shown, and in entering into
combustion in the passage J the resulting

flames are cansed to impinge in a downward

direction upon the layer A of mixed ore, coal,
and Huxing material, | After acting upon this
compound the produets of combustion escape
through the passages:J’, F/, and G’ into the
other set of regencrators, in & manner well an-
derstood. The heat thus prodiaced in the fur-
nace -effects the before-deseribed partial re-
duaetion and fusion of a portion of the ore.

When a sufficient quantity of ore has thus
been acted upon, the more-or less liguid mass
is stirréd ap by -means 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 showu
in Wig. 1, and the liguid 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 trausverse sections
at Figs. 11 and 12.. They are opem at top and
bottom, and are made to rest with the grooved
flange m upon a layer of sand, clay, or carbon
upon the table of the tryek N. Before filling
them with the partially-conyverted ore, they

- receive layers of débris of partially-reduced
“ore, and of coke or chircoal, as. before de-
‘geribed. The flnid portion of the ore, on flow-
:ing into the molds, fills the interstices and
"binds the whole together into lumps orloaves
10, When the mass has solidified, it is re-
‘moved from the mold, the ribs m m/ of which
form deep grooves in the loaves O, as indi-
~cated at Fig. 1, in order that the whole mass
imay be more uuiformly, acted upon in the
*.subsequent processes. These loaves are then
‘removed to the reducing oven or muffle at Y,
‘Fig. 1, the construction of which is showy, to
an enlarged scale, at Figs. 5 to 7.
shows a longitudinal section on line & 5, Fig.
7. Fig. 6 shows a transverse section on line
6 6, Fig. 5, and Fig. 7 shows a sectional plan
on line 77, Fig. 3. '

. This furnace consists of a series of inelosed -

chambers, P I P, accessible through doors
Q, which chambers are contained within the
farnace R, in which a full red-heat is main-
tained by the combustion of air and gas pass-

Fig. &

ing in throngh the passages § % at the ouse
end or the other from the regenerators 1 T
T, intthe usual manner, The tops of the
climbers P arve formed, by prefereace, 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. Into
thesaiehambers the lumps or loaves of par-
tially-converted ore mixed with carbon, or the
consolidated and unconverted lumps of oré
mixed with carbon and Auxing materials, as
before described, are introduced and main-
tained at o full red-heat in a redneing-atmos-
phere, so as to promote theiv reduetion, for
whicly purpose either solid or gaseons carbon-
aceous matter may be introduced into the
chambers. In either ease the chambers are
entively inclosed so as to exclude any sul-
phurons gases arising from the combustion
takingplace in the smrounding furnace. As

“the Inmps or loaves are required for use they

are removed from the lieated chambers or hot-
store furnace and carried to'the steel-melting
furnace at 7, Fig. 1.

Figs. 14, 15, and 16 show my before-men-

tioned bot-store furnace, mn#le, or kily, for

reducing the Inmps of ore entiraly by means
of carbonaceous gases, accoriing to the last
process hereinbefore described. @ig.i4shows
a transverse section through the hot-store on
line 14 14, Fig. 15. TFig.15showsa longitadi-
nal Section on line 15 15, Fig. 14, and Fig. 16
shows a part sectional plan on line 16 16, Fig.
14.

The reducing maffle or kiln is here shown
construeted ‘in duplicate, the ! separate
wufles being employed eithey v veducing
one aud the same kind of ove, av two differ--
ent kinds of ore, as herveinafior explained,
The muffle consists of a cbarmber, A, of dre-
brick, with a discharging-opening, BB, at
each end, which, when the muffie is in opera-
tion, are effectually closed agaiust the entrance
of air; On each side of the chamber A sepa-
rate spaces © C are formed, by means of lon-
gitudinal bars D D, which spaces are provided
to receive the carbonaceous muterials serving
to act upon the ore, and whicu are charged
into such spaces through the ideors B. The
ore is introduced into the conival port of the
chamber A through the v boshafts 1,
which arve charged from astaging, ¥, throngh
the opening ¥ at the top, proevided witha slide,
G.  The chambers A are inclosed in the fur-
nace. H—by preference a regenerative gas-tur-
nace; as shown—into which the heated gas and
air rise through the passages & I, communicat-
ing with the regenerators below, @ rranged and
operating as ordinary regenerative gas-fur-
naces.

The operation of these reducing-muffles is
as follows: Assuming the - beumbers & to be
charged with ore and carh s matter,
as deseribed, aud heated ¢
Hames in the furnace I,
is first generaced from the &

eoxide goas-
the spaces
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imperfeet combustion with the air contained
in the chambers. This carbonic-oxide gas
passes among the heated lumps of orve, and,
in taking np oxygen therefrom, 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,.

whicl 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 quiek rate, inas-
much as the circulating carbonic-oxide gas
is virtually free from mitrogen, which latter
retards the operation of reduction in ordi-
nary kilus or.Llast-furnaces.

gas generated in the chambers A'rises in a
heated condition into the charging-shafts 1 B,
filled with rawore.  In these shaftsare formed
air-hofes T, so that, as the gas rises, it is
brought in contaet with jets of afmospheric
air entering throngh these holes, and’ conse-

-quently enters into combustion therewith, the

gaseous products of this-combustion being al-
lowed to escape at the top Ly partially open-
ing the slide (. 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
-watér and sulpbur, antil it reaches the air-

~holes 1, whence downward it passes, through

a gaseousreducing-atmosphere, into the heated
_chamber A,
 If necessary, the heat in the shaft I way be
further inereased, either by the adwission 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 sotid fuel eniployed in the reducing-cham-
bers A might also (but not so advantageously)
be mixed with the ore. o

The construction of these hoppers and hot- _

stores may be materially nodified.  Thus the
hoppers may be inclined, and,instead of being
in the middle of the hot-chambers, may be
placed at one end, and may, moreover, be ar-
anged in form to resemble a kiln, with a stag-
ing and valve arrangement at the top, onto
which the ore is lified it the usual manner.

Wihen the reduction of the ore in the cham-
bers A has been completed, the doors at B B

- are opened, and the charge is-drawn out into

scoops on wheels or pivots, to be introduced
into the stecl melting furnace, or to be em-
ployed for other purposes. A fresh charge of
caleined and partially-reduced ore then de-
scends into the chambers A from the shatft 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 deseriptions. Thus, if
three reducing-chambers 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
the reduted ore from the one wid the other

_ While this oper- |
- ation is going on the excess.of carbonie oxide

that the earthy matters contained in them

-form a fusible slag in the. steel-melting far-

nace, and render tho use of separate fluxing
materials unnecéssary; or the masses of re-
daced ore may be charged eonjointly with
Iamps produced by fusion of ores with lime
or other fluxing material; as hercindefore de-
scribed, which luwps or loaves mmay conven-
iently be contained in the hot-store M at the.

' side of the reducing-mutiles, as shown at Fig.

15; or thess reduced masses may be used to-
gether with metallic lnmps produced in any
other way. In working upon only oue descrip-
tion of ore-the solid lnmps may be picked ous
and reduced by the process above described,
whereas the small ore may be consolidated
and inixed with the necessary fluxing agents
by the methods previously deseribed. -
The construction of the steel-melting fur-
nace is shiown to an enlarged scale at Figs. 8
to 10. FiZ. ¢ shows a longitudinal section on
lihe 8 8, iy, 10, Fig. 9 shows a transverse
section.on line 9 9, Fig. 8; and Fig. 10 shows
a sections! plan on line 10 10, Fig. 8., This
furnace is mainly of thé sane construction as
those previously described by me in the speci-
fications to my former patents. The principal
difference consists, first, in the addition there-
to of the heating-chamber A, for tlie reception
of the lumps or loaves of more or less con-
verted ore before introduction into the melt-
ing-chamber B of the furnace; and, secondly,
in the pecuilar construction of the combusti-
ble gas and air passages O D /.1, for effect-
ing the wixture of the heated combustible
gases and a2l vising up from the regenerators
F ¥ F F. The air-passages D 1’ are raised’
.very nearly te the roof of the furnace, while
the gas-passages C U/ open into the chamber
B at a considerably lower point, as shown, at
Tig. 8, and the side walls G G/ of the air-flues
are brought forward toward the chamber B-in
aconverging manner until they meet, as shown .
at Fig. 10, thus forming widening passages B
B/ for the gas to issue through, the gases, on -
their ascont, being deflected aund directed into

such widening passages Ly means of theslabs: -

N, fixed over the vertical passages C.CY, while”
the air is cansed to enter the furnace in di- -

-verse directions, above the combustible gases,, . G

so that these gases, inrising, become thoroughly’
mixed with the air, aud tlius their comple te
combustion is effected, while any uncombin ed
air, in remaining at the roof of the furnace,, is
prevented from coming into contact with'-the
metal on the Led I of this furnace. This bed

is formed of pure silicions sand, prepared and’. . - 5
mized wiili glass powder, and then laid in .
layers upou the fire brick lining I of the iron o
‘bed J, in the manner as fully hereinbefore de-

seribed. _

The- iron bed J is open to.the surrounding
air, in-order to cool the satrey as in former
constructions of my furnaces. o

For tapping off the bath of steel when ready
for use, & hole is formed in the said bottom
by the introduction of a tool through the spogt;)
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{ the bath of steel when ready for use, s hole is
“formed in the sand bottom Ly the intreduetion:
of a tool througl the spoub%K’, through which
hole and spout the steel then Alows off into
the Indle Lien the carriage M, shown in Fig,
L The deexidized . aud earbonized loaves O,

-having been introduted ints the echarging-"

chamber A, through the door Al are there
heated to the requisite degree by the radiated
beat or by flame from the melting-chamber, a
portionof such flame or hot gases being caused
to enter the chamber A through the aperture
B, and to eivenlate thron gh the same by means
of the chimneys A2, the tops of which are pro-
vided with slabs A3 for regulating the draft,
When sutficiently heated, the loaves are suc.
cessively pushed forward thraugh the apep:
ture B/, inte the. bath of molten metal in the
chamber B, where they are melted, and the
process of preparing the bath is carried on in
the manner hereinbetore deseribed. A chiarge

of molten steel baving beén received from the

furnace in tlie ladle T, the carriage M is ran
upon theo rails P, either over a mold-earringe

runhing upon railsin a longitudinal trench, ag

hex'einbeﬂ)re deseribed; or the ladle is con-
veyed to wherever required,

Wig. 13 shows a plav ot the Lefore-mentioned
-arrangement of steei?aﬁalting furnaces with
transverse and lengitndinal trenches and tram:
ways., 2 % are the furnaces, arranged in two
oppesite rows, from ths discliarging-spouts K
ol which rails P P, laid along the sides of
trausverse trenches QQ, extend toward and
across a longitudinal trench; R, so that the
ladle-trucks £ M ean be ran over the latter,

o thelongitudinal trenel isthe mold-carriage
3, moved along upon the rails T, cither by a
chain, U, driven by an engiue, or by any other
suitable menns, A charge of liquid steel hav.
ing beed run iuto the ladle L, the carriage 3
is moved over the trench R, and the wold-car-
riage 8 s run underneatl it, 50°as to enable
the metal to be discharged from the Jadle in-
tothe molds. These are then conveyed by the
Learriage to wherever reguired, _

Having thus descrilied the nature of my in.
vention, aud the begt
with for carrying the
wish it to DLe
fs— »

1. Producing cast-steel by first converting
ferruginous, ore into tumps or loaves of par-
tially or wholly redaced metal, either with or
without admixture of Quxing materials, and
by then charging these tumps in a Lieated con-
dition into an open-hearth steel-melting fup-
hace, to be there liquefied by being- broaght
into contact with » bath of cast-iron or with

" other ca-x'bmméeous‘nmtter, sibstantidlly ag
bereinbefoie described, . N
2. The methogd of reducing masses of iron

same into Practice, §
understood that what I claim

‘ure; wherehy the ore is subjected to the action -

of carbonic-oxide gas, generated from carboi-
aceous materials coutained wish the.ore inside

% cloge chamber heateqd externaily, while the | ditien into the melting-chamber, sul

resulting earbonie-acid gas is ag

 ward the end-of each operation, in

meansg I am acgnainged .
‘substautially as hereinbefore dese

-a$ deseribediin the sixth
& separate vegeptacle or

or-other materials to be used, are intraducsy s

converted

Lo heated

into carbonie oxide by contact
fuel, substantially as set forth,

3. Preparving loaves of wholly ot partially
reduced iron ore, oy melting the ore or mix-
ture of ores with flaxing materinis in eontaeh
with carbon, and by charging this
into molds containin g coke, charsoal, or other
solid: earbonaceous matter, which ioaves are
therenpon maintained for some hou vaaf a full
red-ignt in a reductng-atmosphers within a
heated ¢hamber or hot-store re before
they dre eharged into the stect-muniting foe-
nace, substantially as deseribed.

4. Prepaving loaves similar i
said by erusbing the ore, by minin
mately with fluxing mwaterials and with

Y

2 afore.
it inti-
bind-

teg-eoalyby foreing or placing the mixture
in oidy, and exposing the sawe for » son-

siderable number of hoars to & ful} red-heat in
a closed heated chamber or hot-stere furnace,
substantially as deserihed, .

5. Preparing loaves. similar o o
said from ores righ in mangan
equivalent easily - oxidizable n
with aw exéess of carbon, to be
the finid bath of the Steel-melti

wes 1o-
vder to
impart those metals to the bath, tantially
sovibed.
5. Uoustructing hotstore furn:
or kilns for reducing iron ore, whey
Is eontained together with carbon;
ter inside a closed chamber
situated inside g regenerative g
other fupnace, substantially as de :
7. Coeustrusting hot-store furna tlag,
or kilus for ealeining or reducis . sinare,
whereine the ore, -in the form of mps, s
caused to descend through a vertical or in-
clived shaft onto'the bed of a close cliainber
Reatad ernally, in which chamber varbona.
seous materials are placed, the excoss of cap-
bonaceous gasas being eawsed to rise through
the vertical shaft, where they are be
ter into combustion with atmosply
treduced through side apertar
effeet the ealeination of the dess

muifles,
i the ore
-
niers

AV N
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reference to Figs, 14, 15, and 18 of
ings,

8. Arranging in hot-store reducing-fmrnacea; .
and seventh claims,
receptaclers: fip the
carbonaceous materials, so as to bring the ore
only in coutact with the carbonacetn= gases

- gencrated from siuch carbonaceous wiaderials,

substantially as described. ‘

2, Coustracti ng -the. steel- meltiyg
with g charging-chzunber,throng
portion of the hot gaseous produoct:
bustion can be madas to circulate
the aforesuid lumps, as well as the

¥
oIy

piy metal

to pe thense'yushed forward in & hested non
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10. Constructing the bed of the steel-melt- | leading to each of the furnaces, upon.the é\dges

ing furnace of a mixtare of pure silicious sand
with glass powder, substaritially as hereinbe-
fore deseribed, ' R
11, Constructing the air and gas ports of a
Steel melting furnace in such manuer that the
vertical air-ports rise nearly to the roof of the
farnace, while the side walls of the flues arve
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 tue-
ing alongitudinal trench, with lateral trenches

2

of or over which treuches rails are fixed, cross-.-
ing the main trench, ladie-carriages being ar-
ranged to run over the latera! trenches, in or-
der that the tlnid wietal may be discharged
into molds carried upon rails in the central
trench, facilitating their preparation and re-
moval, as hereinbelore deseribed.

In testimony whercof Thave signed my name
to this specification in the presence of two snb-
scribing witnesses this 23d day of December,
1870. ' :

¢. WILLIAM SIEMENS.

Witnesses:
L. Crows,
Epwn, W, PAcE.



