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CHARLES WILLIAM -SIEMENS, OF WESTMINSTER, ENGLAND.

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

k-

. Speeification forming part of Letters Patent No. RE3,5'84, dated Apriv 11, 1871,

Ty

o

o all whow it may concern: -

Bé it known that I, CHARLES WILLIAM

- SIEMENS, of Westminister, in the county of

- Middlesex, England, civil engineer, member |
of the Koyal 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; aud I, the said CHARLES WILLIAM

I-I.I-

...... .
th g,

© SIEMENS, do hereby declare vhe nature of the

8ald invention, and in'what manner the sane
18 to be performed, to be particularly described
-and ascertained in and Ly the following state-

~ment thereof, reference. being had to the ac-

companying drawings, and to the figures and
letters marked thereon—that is to say:
In my British Patent of 1366, No. 2,413, I
- deseribed a process. and apparatasg for the.
- produaction of cagt-steel directly from the ore,
with or without the addition of pig-iron, anrd
cof ferro-manganese or spicgeleisen. |
Lhis process consisted, essentially, in effeet-
1ng the reduction or deoxidation of the ore by

the reaction upon it of carbonaccous matter
ander the influence of intense furnace heat,

and i effecting the liquefaction of the reduced
ore within the same furnace by the farther ad:
dition of carbonaseous matter. -It was found,
‘however, in practice, that the deoxidation of
the ore and the adjustwment of tlhe chemieal
~ condition of the metallic bath were attended
- with great difficulty under thoseciren mstances;
to remove which I subsequently separated the
process of deoxidizing the ore from that of
‘effecting its liquefaction and chemical adjust-
ment by the introdaction of vértical or other:

retorts, or of rotating- muitles, as deseribed |.
patents ot the 21st of August,

in my British _
1567, No. 2,399, and of the 10th of J e, 1863,
No. 1,802, respectively. 7 .

- Nothwithstanding these improvéements it

| _.N\'&S.‘diﬂjclﬂt:tt}-1'{-’*1-11;2(*.'&1][- _l";"lle:‘.,(_‘:(};-l-{'lit,i;()ng nee- |

-essary to insure o 8atistactory resuls. The re-
duetion of iron ¢re in close retorts or muftes
18 essentially a slow ang eXpensive process,
and the pulverulent iron produced thereby,

upon being introduced  into ‘the melting-fur-
hace, floats upon the metalljic bath for a con-
siderable length of time without bein g 1neor-

porated with it. Being exposed, in the mean-
time, to the oxidizing and sulphurizing action

Iron plates; but refractory iron ore, =k

| of the flame, the métallic oxide thus pduced

corrodes the banks of the metal bath, a:.4, be-
ing a non-conductor of heut, causes the fluid
metal below:to:set. - -

- According to my present inventic: ecast.
steel 1s produced by the concerted action of
two separate. processes, the one serving to

convert the raw ove into lumps or loaves of
cileined, Huxed, and partially or wheliv deox.
ilized material, and - the. other to smelt and
convert this material, with or without #he ad-

1 dition.of pig metal. into cast-steél of any de-
‘sired temper. | |

-The first or preparatory process may be

carried out in  several different ways. Ac-

(by preference a regenecrative gas-furnace) re-

cording to one method a furnace is employed

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

puddling-furnace, having charging-doors at

the sides or in the roofs, and a door in front,
Tfor withdrawing the smelted material into pig
“beds or molds., This latter door, accorling to

one arrangement, has its sill-plate on .« lavel
with the bed of the furnace, but has fates sills

or bricksplaced upon it for retaining the Auid

magerial in the furnace until the completion
of the operation, when these false sills or the
bricks are removed, and the semi-flnid con-
tents of the furnaee are raked forward into
molds arranged in front of the furnace; ov stop-
pered discharging - apertures may Le lormed
below the erdinary doors of the furnass The
bed and sides of the furnace are muadic con-
veniently of aluminous bricks resting uwunon
ltematite, may be used with advantage in re-
pairing the-sides from time to time,
The chemical operation performed in this k

furnace, hecording to one arrangement, is as
{ follews:  The ore to he operated upon, whicl

L will suppose to be hematite ore. containing
ten per cent. of silica, being crushed to the ex-
tent that no:pieces exceed the size of wainuts

or apples, is mixed with about five perceuti of
crushed lumestone, (or with, other Huxing ma-

terial,) and with about three. per cent. of zimnuil
coke or anthracités A ton (orother quariity)
ot this™ bateh being prepared, the furnaceis
heated to whiteness, and charged, firss, with
about oue hundred-weight of light coke, such
as gas-cuoks or'¢harcoal spread uniformly over
the bottomn, whereupon the bateh is imfro-
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over the bed of the furnaee. The furnace-
doors are thereupon closed, and a good weld.
- Ing-heat is maintained for three or four hours.
By the reaction, under the infiuence of heat, of
the three per cent. of earbon mixed with the
_ore, the peroxide of iren of which it consists is
converted mto fusible magnetic oxide, while
-the silica which it containg combines with the
limestone, forming afusible slag.  This action
commences at the surface and extends down.
ward until the layer of carbon is reached,
when a further reaction upon the fluid ore (ac-
companied by ebullition)eénsues; resulting in
its partial deoxidation. Before the boiling
has quite ceased the mass is stirred, and on
‘the barrter on the sill of the tapping-door be-
mg removed the semi-Juid wass partially fows
aid 1s partially raked forward into the molds.
Previous to discharging the furnace these
- molds should be charged, first, with a layer of
dcbris of partially-reduced ore 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 the farnace,

The fluid portion oi the mass diseliareced
from the furnace tills the interstices of the
coke and debris, and binds the whole together
mmto Jamps or loaves, ready for use in the
smelting furnaece; but, owing to o reaction bLe-
tween the heated oxides or einder and the in-
prisoned coke. o fruther deoxidation of the
Jatter 1s effected within the molds,or within a

heated ehiamber or hot-store furnace near the

melting -furnaece, to be presently deseribed,
where the loaves should be. kept in a redue-
ing -atmospliere until they are actually re-
Cquired.  The process of deoxidation of these
loaves may thus be-carried to a greater or less
degree of completion, according to the per-
centage of carbon emploved, and according to
the time of exposure te beat in a reducing-at-
mosphere,

It the available reducing agent is binding- |

coal, coutaining only & small percontage of
sulphur, the operation of the preparatory fur-
nace may be varied by mixing the crushed ore

and flnx with from twelve to sixteen per cent. ;

of crushed eoal, (according to the degree of
deoxidation or carburization required,) aud
by charging this mixture into the furnace
either continuously or in.batches. It fed in
continuously, ay, is preferred, the mixed-ore
and coal are charged through o Wopper in a
thies layer down the inclined side of the fur-

nace, where the idames, it acting upon the

- surface of the layer, cause the reduction of the
ore, which rans down in & more or less liguid
condition. onto the bed of the furnace, aund
from whielr it is removed {rom time to time
into the molds, as belore deseribed.

- 1f the ore is introduced in batehes, the bed
of the furnace is divided into compartments
by putting flat iron or steel bars on edge, or
by means of bricks or slabs of fire-clay put
on edge. If iron or steel bars are used, the

thickness of mixed ore charged should exceed

poraicd withh the metallie batb.

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

- Ileat being applied for several hoabs, the
mixtive wiil have formed into partially or
wholly deoxidized lnmps or loaves, which may
De e jn the melting-furnace instead of the
lanig aoduesd by fusion of the ores; or, the
mods of producing these lnps. may be varied
bi foreing the ore mixed with fluxing materi-
als ondd Linding-coal into” molds, and by ex-
posing (he consohidated bricks or lumps to
furnace-beat in a closed heated chamber or

Chot-siore furivace, such as betgre mentioned, .
inovider to effeet the deoxidation of the ore..

According to another method, I produce .
lumps of redaced tron ore by placing masses
of rar ore together with solidd thnel into a
close:” bef-gtore wmudtie or kiln, heated exter-
nally, (ohe construetion of whicelr will be bhere-
inatter deseribed)) the solid fuel employed in
such chamber being, by preferehde, placed in
G seicvate compartment or compattments, by
which meansg the earbonic-oxide gas generated
in the first instancee from the heated fuel 1s
causet Lo react upon the heated luwps of ore,
taking up oxyvgen from the same, while the
carbonie-acid gay thus formed, in returning by,
a geueral clveulation of the gases to the heap
of aoiid fuel, takes up another equivalent of
cart=: . sonverting 16 back into carbome ox-
Wde, ok aenin attacks the ore, aud this ac-
tion corfinues until the ore is wholiy reduced
inte sesiniio iron, (excepting its earthy con-
stituonie) in which state it may then be
chareed into the steel-melting furnace, Such
rediieed niasses of ore may alse be employed

Hor other purposes than for waking steel in:

a0 ppen-heavth furnace.

The bejore-mentioned lhot-store muifie or
kil is, by preforence, so arranged as to effect
the houting and ealeining of the ove in a shatt,
i couacelion therewith, preparatory to the
mti-ceen of the ove into the hot-store, as

wii Lo oreinatter deseribed.
Tho srechomelting farnace employed 18 suni-

lay to the furnace deseribed in my British Pat-
ent Lio. 5,007,.01.18G8, except that the air and
oas are miked differently, thit the furnace
bottom is prepuarved in a manner to be described
herveinalter, and that the furnace is-provided

with a chargmg-chamber ab the back. A steel-

melting heat having been reached in this fur-

nace, o metal is charged to form a metallic

bate, when the leaves or lumps from the pre-
paraeoy furnace or furnaces, before deseribed,
are intodnged into thecharging chamber, and
ave cuoessively pushed forward into the melt-
mg-fiurnace, inoorder to become fused or incor-

The Ioaves,
counsisting partly of deoxidized iron and partly
of ¢xides; will, by virtue of their gravity, sink
to somos extent below the surface of the liguid
bath of theapelting-furnace, and will cause an.
active obmblition, resulting from the reaction
beby 2on the oxide and the carbon of the fluid
HIGES cLbullition, 1 causing intermix-

ture., cremotes the dissolution of the loaves

R S
SRR
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amt the decarburization of the liquid baih to |

the 1equisite degree, This degree is ascop.
tained by taking samples of the metal from
fime to time, which, when ehilled i water
and broken with a bammer, should -no longer
break short, but should show considerable
toughness, and & fractured surface of Lhoney-
combed and sitky apnearanee, |

Metal presenting this appearance eontajns

from 0.1 to 0.15 per cent. of carbon, and in
adding spiegeleisen” to the bath the pereent:
g6 of carbon may be increased to the extent
reqatred for producing the desired fomper,
while at the sume time manganese is intro-
duced, whicly iy i aeessary to prevent red-short.

HCSS; or, 10 plage of using spiegeleisen, the
S requisite carbon and manganese may be in.
troduced in the form
mg to one of the
o seribed. | |

Before adding the spiegeleisen either in the
solid or Jiguig form,or the lumps of redneed oye
contaiming man ganese, it Is necessary to stir

- the metaliic bath well with s iron hook or

rake, which operation is accompanied by an
detive op Bven. violent.ebBullition. Ustre must:
Uso be taken that the cinder covering the me.
tallic bath neverexveedy 0N or two inehes in
thickness, that it iy always liquid, and that
It presents, when cooled ang broken, & glossy
Tight brown appearangee, - =

of lumips, made acceord.
ethodsy nereinafter de-

L the slag should, during the operation of

melting the loaves, accamulate to & greater
thickness; it is vewoved by skimming or dis-
charging it over the stll-plate of the front
door of the turnace, whiech latter may be raised
oI lowered by plicing upon it or removing the
false sills, lovse Lricks, or iron packing-bars,
11 the cool and tractured slag presents a dari
or crystalline appearance, time m nst be given
Hor ity clearance, which will be-accelerated by

stireing the bath. * Shotld the metal beeome |

too sett befors the slag is snficiently clean, it
Is necessary to add small quantities: of pig-
Con. Wha ladle siulls and s ap from mevi-
ous meltings -may also be reintroduced into
the furnuce Lefore
O pulverulent iron, produced by other
CESSES, may be introdueed i
loaves ereinatter deseribed, The procesy
nay be varied between wide Himits, according
totherelativeabundance and quality ef the ma-
tevials used. If pig metal, of sufficient purity
from sulphur and phosphorus, can be hadl
Anabundauee, and rich or DUre ore 18 Seares
OY expensive, it will
oxidize the ore only

E‘P]‘-.'O-

partially in the prepara.

tory Turnace, in order that it may retain the

power of decarbu PIZING Lwo or three times ity
own weight of pig metal in the meltingiee-
naed, whereas i rieh ore (which may .1
hemiifite or spathic ore or clay, iroustone, oy
@ mixture of several) is chieap, as ehmpayed

with hematite or othep good descriptions of

pr metal, the deoxidation of the ore should
e carvied furthér
by adding

.....

the spiegeleisen iy added,

noaddition to the |

be advantagecus to e-

in the preparatory process,
@ larger proportion of earbon in L

-y be entively dispensed wirh,
three deseriptions of lumps or
oxidized ore shounld be used

steel-melting furnace, toward
eperation,

the gangue of both ores forms o

- Thevsacvess of this

3

the preparatory furnace or in the molds. Ad-
tipugh the nse of pig metal forining tho

primary bath in the melting-furnnce, amt the

use of spiegeleisen in compizting thie opera-
Lo, are extremely convenient, where those
metals of a suitable quality ean e obtained
at-areasonable cost, yet both o1 cither of these
Chn this case
foaves of de-
, Lhe first contain.
g a considerable excesy of corton beyond
wiith 1s neeessary for its mers vidbnetion, the

second being of the nature i proportions -

before deseribed, and the this Dy again o
highly - carburized compouns ¢ Jhe ores of

ron and manganese, which Ay be made ac-

cording to one of the followin g methods: Ore

rich it manganese, titaninm, or other oxidiza-
Ule.metal, intended to bo incorporated with
the bath, may be reduced in famps in prox-
ity to solid carbouaceous mitler i hot-store
furnaces heated to s considerable degree, or
may.be erushed and - well miresd with crushed
dry elay, and bindin g-coal fror fromg saulphnr,
i the "propertions of abon: aue b o red
parts, by weight, of ore, twon by-five parts of
coal, and ten parts of clay, s componndg
15 then sprinkled with water, sod mixed till ig
varely. binds in -the hand, atror which 16 1s
filled into wolds and consolid ated by pressuve,
s before described, with referenee to ordinary
iroi-ore. These lamps or Lricks are stacked
o hot place (over a furnace) for, say, two

‘days, and are then charged intsy the before-

mentioned heated chamber or- hot-store fur.
wace, where they are kept for twenty - four
zours, or wmore, and whence Ery avetaken in
a hot state to be charged into the hath of the
e e of tha
Iy working  solely with these de-
oxidized and carburized ores, the Lod of the:
melting-furnace is first covered with o layer
of coke, charcoal, or anthracite, upon which
the highly-earburized loaves et osnentioned
are charged in o beated coniition; which in
meiting will form a metallie Lath an vered with
cinder, and form a foundaticn . the after
operation., |

Ctustead of using any hematito oros i
processes, L prefer to mix the same with qred
iBeeows or spathic ore in such provoviions tha
insible slag,
wherehy the use of lHme is avoided, Titanic
ron-sand may also be used witls advantage,
5 Process depends greatly
upoii the foundation ef a sonud

frrnace bot-
tom 1 the melting-furnace, . SR, O & Inix-

Il
ol
iy

=y

ture of sauds, bas hitherto beay mostly em-

ployed to form such bottomg, Lt thege fré-

»avently meltor rise. in large nasses (0 the
- surface of the metal bath, iy

P ' - 3 .
Wi gaxe the

tiekness of the slag is great!y prevensed, and
the metal frequently “gets?” i e deepaned

votfourof the furndee.

- Whese diffienlties are, in o gronl uedsnre,

avolded by forming the turnuce bottomw in the
lowing wmanner: Pure silicions sand s ob-

.J:lj- ﬂ:[* 4




a greftt measure avoided by

nme-bottmn in the following manners,
Pure SJ]]GIOII"S sand is obtmned

‘baked, in:order to destroy any 01‘gam(, mat-.
ter that may De mixed with it, and is pa.sbed

through a sieve, in order to separate lumps or

iormnn matter. ” 1f the sand contains iron or
lime lt is first of all washed with muriatic or
other acid.

fied dry sand are mixed intimately with:about

" three per cent. of fine glass powder by pass-

~ing both together  through a sieve, and the
wmixture is put aside for use.

In making a unew bottom, the iron-plated
~ furnace- bottem is first covered with bricks,
and the heatof-the furnace is raised to white-

‘ness. A layer of the dry mixture of sand and

“glass powder is. thu*eupon spread over the

- brick bottom to the  thickness of about two
" inches, after which time is allowed until the
surface has commenced to havden, in conse-
quence of the particles of glass melting, and
thus binding adjacent particles of the white
.sdand together without being sufficient in quan-

. tity to fuse them.- Amnother 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-
ness and cohesion of the mass:
ner layer-of the mixtare is then applied, and
~ this. process is repeated until a bottom of the
‘requisite form and thickness is obtained.
{urnace-doors are l:hereupcm thrown open, and

the admlssmn of gas and air from the regen-

~ crators is reduced, in order to allow the bot-
 tom to set hard, when 1t is ready for l'ecewmg

“its charge of plg metal and reduced ore.. - The
same method of charging the dry mixture is

resorted to for mendmg the bottom hetween_,

~ the charges.

The melting-furnace which T employ H, as
lmf'ol eptated, similar to those I have deseribed
in.some of- my"iormer British- patents; but 1

~improye the arrangement for mixing the heat-

cd-combustible gases aiid the heated air aris-

ing from the regenerators by raising the ver- |

~tical air-ports very nearly to the roof of the
{urnace, and: by bringing the side walls of the

Hlues forward toward the heated chamber in a |

~cohrvergent manner gntil they meet. By this
arrangement the gasis introduced into the
~ heated chamber below the air through chan-
nels i moredsmg it width téward the furnace,
‘where it is met by the air passing in in diverse
" directions, effecting its thorough combustion
‘while traversing the heated {,lmmber the un-
~¢combined air beir g at'the same time prevented

irom coming into confaet with the mutal 11
“the bed of the furnace.

In arranging  steel-works I place several

| meltmg furnaces side by side, with théirtronts

o¢ tapping - holés facing the foundry; or 1
place two such rows oppomte to each other,
with the foundry between them.
center of the furnace or tapping-hole a trench
extends ab right angles to the line of furnaces

One hiundred parts of this puri--|

A still thin-

The

Ifrom eachr
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f'ormmﬂ' the fur- mtoamderanddeepertrench runmngthrou h

{ the+middle of the toundry, pa,ra,llel with the |

whlch 134 line of furnaces.

line of - rails is laid upon the etltres of the_
cross-trenches, and acrogs the centml trench,
.upon_ girders, 'which line of rails carries the
ladle-carriages, by which a ladle, when suita-
- bly lined and heat cd, may be drawn close up
to the tapping-hole tn receive a charge of steel,
~and Le moved Ly » wheel and piuion or obher :
agenicy over the central trench. A line of

| rails at the bottom of thislatter carries trucks,

apon which thée molds to receive the fluid:
metal are arranged. ‘These mold-trucks may
be conveniently “moved to.and fro by an end-
less traveling ¢hain passing over pulleys at
the bottom of the pit, and being actnated -by
medns of a small winding-engine fitted with
roversing-gear. By opening the stopper in
the bol:tom of the ladle these molds are filled,
and the truck upon which they are mounfed
| is moved out of the foundry to a crane, or into.
an annealing-stove, iff the castings are not to
| be hammered or mlled "By this general ar-
rangement the preparation of the molds and
the removal of the cast ngots or castmga 1:3
greatly facilitated. |

Having thus described the natare of mj' in-

{ vention, and in what mauner the samne 1s to

be performed, I will now proceed more par-
ticularly to describe the arrangement of fur-
| naces which 1 prefor to emplo;, for .carrying
out the before-uascribed. processes, for which
{ purpose I shall refer to the wcommnymg
LlI‘:l.Wlll“b.

Flgurb 1 shows sectional Llw&tmns, 1*espect |
wely, of the preparatory furnace at X, for pre-
paring the lamps or loaves, as before desu'lbed
and the heated chamber or hot-store turuace
at Y, for maintaining the lumps or loaves
in & heﬂted reducmg-qtmosphere until re- -
qmred for conversion in the steel-melting fur-
| nace at Z. The constraction of each of thiese
furnaces is shown more clearly to an enlarged”
scale in Iigs. 2 1o 16, Ifig. 2 shows _&,10,11“[-
tudinal section: of the preparatory furnace on
line 2 2, Fig. 4. Fig. 3 shows a transverse.
section of the same on line 3 3, Fig. 2; and
Fig., 4 shows a sectional pla,n 011 lme 4 4,
IFig. 2.

! n this furnace the crushed ore A A wmixed
with the requisite percentage of flux and car-
bonaceous matter, as before described, is fed
| continuously on Lo the bed B through ihe hop-
per @, into which it is charged froth tracks
W, runuing ot i ails, as shown at Fig. 1. The
ore is caused to nass gradually from the hop-
per in a thick layver down the inclined side
D of the furnace, situated .opposite the gas

the same side of . thie furnace, in a similar
| manuer to arrangements alre: uh patented by
me both in LnanI and in the United States.
The bed B and inclined side D of the furnace
are wmtructed of strong metal plates b_d,
covered with fre-biick O df, the plates hemn
| entirely open to the sir, so ms to he kept cool, ;

and air ports, w hich areall placed on one and
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.pmjpﬂse below the bed by the formation of a
chimney-flue, B, passing through the partition-
Cwall Bt between the two sets of gas and air

passages F & F/ (¥, and communieating with

a chimney, K2 above the furnaee, as showu.

The bed of the furnace is inclosed on the in-

~mer side by means ot a waler.bridge or Lox,

H, through which cold water is made to eir-
culate by means of the pipes b W/, Fig. 4, in
order to keep the bridge of the furnace cool.

The combustible gas and air rise from the

regenerators below the furnace respeetively

- through, say, the passages I 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 resuiting

flames are cansed to impinge in a downward

direction upon the layer A of mixed ore, coal,

- and tlaxing material. | After acting upon this

compound the produets of combustion escape
‘through the passages:J’, I/, and G/ into the
other set of regenerators, in a manner well an-

- derstood. The heat thus produced in the fur-

nace effects the before.deseribed partial re-
daction and fusion of a portion of the ore.

. When a sufficient quantity of ore has thus
- been acted upon, the more-or less lignid mass

is stirred up by -mwans 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 shown

Cin Rig. 1, and the liguid mass is raked out

ine in throngh the passages £ &7 af the ous
end or the other from the regencrators TTL
1/, in-.the usual manner, The tons of the
chambers P are formed, by prefereunce, of hol- -
low fire-bricks, as shown, in order that the
hont of the furnace may be readily transmit-
ted to the interior of the chambers. luto
thesesehambers the lumps or loaves of par-
tially-converted ore mixed with carbon, or the
consolidated and anconverted lumps of ors
mixed with carbon and Huxing materials, as
hefore described, are introduce:d and main-
cained at o full red-heat in a rerdneing-atmos-
bhiere, s0 a3 o promote theiv reduction, for
whicly purpose either solid or gaseons: carbon-
aceous matter may be introdueed into the
chambers. In either case the chambers are

entively inclosed so as to exclude any sul.
phurous gases arising from the combusfion
takingplace in the surrounding furnace. As

the lnmps or loaves are required for use they

are removed from the heated chiambers or hot-
store furnace and carried to'the steel-melting
furnace at 7, Fig. 1. o R

Pigs. 14, 15, and 16 show my before-met-

tioned bot-store furnace, mntfe, or kiln, for

reducing the Inmps of ore entirely by means
of carbonaceous gases, accoriing to the last
nrocess hereinbefore described. Bie 14 shows

a transverse section through the bot-store on '

line 14 14, Fig. 15. TFig. 15 shows alongitudi-

nal Section on line 15 15, Fig. 14, and Fig., 16

shows a part sectional plan on line 16 16, g.

-1-‘-'_3:. .

through them inte the boxes or.molds M,
brought up to the spouts of the apertures

. _ The reducing maffle or kiln is here shown
‘upon the trucks M.

| o . - | constructed 'in duplicate, thie fwo separate

The construction of these molds isshown in | wuffles being employed eithoy v reducing
enlarged longitudinal and transverse sections | one and the same kind of ove, or two differ--

at Figs. 11 and 12. They are open at top and | ent kinds of ore, as hereinafrer explained.

- bottom, and are made to rest with tae srooved | The wuffle consists of a cbnmber; A, ot dre-
flarige m apon a laver of sand, clay, or carbon brick, with a discharging-ovening, B B, at

..~ . upon the table of the truck N.. Refore filling | each end, which, when the m nfie is in opera-
© them with the partially-converted ore, they | tion, are effectually closed against the entrance
7 o receive layers of deébris of partially-redueced | of air. On each side of the chamber A sepa-

"o . ore, and of coke or chdrcoal, as before de- | rate spaces O C are formed, by means of lon-
ot geribed.  The finid portion of the ore, on flow- oitudinal bars D D, which spaces are provided
st :inginto the molds, fills the interstices and | to receive the carbonaceous maetarials serving
.+ binds the whole together into lumps or loaves | to act upon the ore, and wlhiva are sharged

w30, When the mass has solidified, it is re- | into such spaces. through the idoera B, ‘The
. :moved from the mold, the ribs m m/ of which | ore is intvoduced into the eeniral part of the
. e Jdorm deep  grooves. in the loaves O, as indi- | chamber A through the voelinal ghalts W,
Cuaioooooccated at Fig. 1, in order that the whole mass | which are charged from a staging, ¥, throngh -
- oo 'may be more auniforinly, acted upon in the theopening I at the top, previded with a slide,

- .o ‘subsequent processes. These loaves are then | &. - The chambers A are inclased in the far-
-~ .. removed to the reducing oven or muffle at ¥, nace H—Dby preference a regenerative gas-fur-
L0 Fig. 1, the construction of which is show, to nace. as shown—into which the heated ocas and

~ " an enlarged scale, at Figs. 5 to 7. Iig. & aiv rise through the passages I I, communieat-
.. shows a longitudinal section on line s 9, Mig. | ing with the regenerators below, arranged and -
""" %, Fig. 6shows a transverse sectioun on line’ operating as ordinary regenerative gus-fur-
6 6, Fig. 5, and Fig. 7 shows a sectional plan | naces. - - o | o
~on line 79, Fig. o. S 1 The operation of these reducing-mufes 18

. This furnace consists of a series of ineclosed | as follows: Assuming the < bambers & to be
chambers, P P P, accessible through deors charged with ore and carininocons matier,
Q), which chambers are contained witain the | as described, aud heated cetornally by the -
furnace B, in whieh a full red-beat is main- dames in the furnace I, sarbonic-oxide gas .

 tained by the combustion of air and gas pass- | is first generaced from the 2! in the spaces

p—




Cimperfeet combustion with the air contained
i the chambers,  This carbonic-oxide gas

passes among the heated lumps of ore, and,
S n taking ap oxygen therefrom, 1s converted

------

into carbonic-acid gas, which ‘again passes to
~the fuel, where, taking up another equivalent
of carbon, it is econverted into carbonic oxide,

which again attacks the ore; and this action

continues until the charge of ore has become
éntirely reduced. This reduction takes place
very thoroughly and at a quick rate, inas-
much as the circulating carbonic-oxide gas
s 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 carbonie oxide
gas generated in the, chambers A rises in 2
) ] g, " - . . » XN
heated condition into the charging-shafts I L,
filled with rawore.  In these shaftsare formed
air-holes LIy so that, as the gas rises, it 1s
brought in contaet with jets of atmospheric
air entering throngh these holes, and’ conse-

-quently enters into combustion therewith, the

gaseous products of this-combustion Leing al-
lowed to escape at the top Ly partially open-
g the slide G. By this means the ore,
gradually descending in the vertical shaft, be-

‘comes more dnd more heated, and is thus de- |

prived of its volatile coustituents, including
cwater and sulpbur, antil it reaches the air-

_holes I, whence downward it passes, through

agaseousreducin
- ¢hamber A, | -
Lt necessary, the heat in the shaft E may be

g-atmosphere, into the heated

further inereased, either Dy the adwmission of

combustible gases, separateiy generated, or

by mixing solid fuel with the ore charged in
-at the top, or by heating thoe shaft externally.
The solid fuel eniployed in the reducing-cham-
Dbers A might also (but not so advantageously)
e mixed with the ore. I

‘The construction of these hoppers and hot-

stores may be materially modified. Thus the

honpers may be inclined, andyinstead 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 lifted it the nsnal maouer.

bl
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that the earthy wmatters contained in them

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

nace, and render thoe use of separate fluxing
materials nnnecessary; or the masses of re-
daced ore may be charged conjointly with
Inmps produced by fusion of ores with lime
or other fluxing material, as hercindefore de-
scribed, which lumps or loaves may conven-

iently Le contained in the hot-store M at the.
“side of the reducing-mufiles, as shown at Fig.

15; or thess reduced masses may be used to-
gether with metallic lnmps produced in any

otlier way. In working upon only one deserip-

tion of ore the solid lamps may Le 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 deseribed. -
The construction of the steel-melting fur-
nace i1s shown to an enlarged scale at Figs, 8
to 10. Fif. & shows a longitudinal section on
lihe 8 8, g, 10, Tig. 9 shows a transverse
section on line 9 9, Fig. 8; and Fig. 10 shows
a sectionsi plan on line 10 10, Fig. 8., This
furnace is mainly of the same construction as
those previcusly described by me in the speci-
fieations to my former patents. The principal
difference consists, first, in the addition there-
to of the heating-chamber A, for the reception
of the Iumps or loaves of more or less con-
verted ore before introduetion into the melt-
tng-chamber B of the furnace; and, secondly,
in the peculiar construetion of the combusti-
Lle gas aud air passages C D C/. D, for effect-
ing the mixture of the heated combustible
gases anc aiv viging up from the regenerators
FIF B F. The air-passages D D’ are raised
very nearly to the roof of the furnace, while

the gas-passages 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 B-in
a converging 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 and direeted into

such widening passages by means of theslabs - -
N, fixed ovev the vertical passages C.C/; while”
| the air is cansed to enter the furnace in: di- .

~ When the reduction of the ore in the eham- |- verse directious, above the combustible gases,, .
~ bers A has been completed, the doors at B B so that these gases, inrising, become thoroughly
- are opened, and the charge is.drawn out into | mixed with the air, and thus their complete =
Scoops on wheels or pivots, to be introduced | combustion is effected, while any uncombined
‘inte the steecl meiting furnace, or to be em- air, in remaining at the roof of the furnace,is = = .
ployed for other purposes. A fresh charge of | prevented from coming into contact with:the
caletned and partially-reduced ore then de. | metal on the bed H of this furnace. Tliis bed. '
scends into the chambers A from the shatt E, | is formed of pure silicions sand, prepared and' . . :
which is filled up from time to time with raw | mixed wish glass powder, and then laid in .o
~ore at the top. i -| layers upou the fire-brick lining I of the irom - -

A8 before stated, the two or more separate | bed J, in the inanner as fully hereinbefore de-
~chambers may with advantage be charged | scribed.

The iron bed J is open to the surrounding
alr, in-order to cool the sawmre, as in former
constructions of my furnaces. o
For tapping off the bath of steel when ready
for use, & hole is formed in the sand bottom
by the introduction of a tool through the spogﬁt) |

~with ores of different deseriptions. Thus, if |
three reduocing-cliambers are provided, and |
- the one is charged with hematite, the second
with spathic ore, and the third with clay irou-
stone, 1t will be possible to use so much of
the reduted ore from the one and the other




© Tfurnace in the ladle T,

o trausverse trenches

- ¢hain, U, driven by
- suitable means.
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~ {the bath of steel when ready for use, 2 hole iy
“formed in the sand bottor
of a tool through tli%ﬁpﬁﬁb%lﬁ, through which
‘hole and spout the steel ther Hows off into
the Indle Lion the carriage M, shown in g,
A, The deoxidi
- having been introd
~chamber A, through the door. Al are there
heated to the requisite degree by the radiated
~heat or by flame from the
portioirof such flame or hot gases being cansed
to enter the chamber A
B’ and to cireulate thron gl the same by m
of the chimneys A2, the tops of which are
vided with slabs A7 for regulating the
W’l'u.an-‘ﬂuﬂiciently e
~cessively pushed for
Jtare B/, inte the bat _
chamber B, where tiey are melted, and the
process of preparing the bath is carried on in
the manner hereinbetore tleseribed. A chiarge
- of molten steel having he

eans
Pro-
raft.
ated, the loaves are sue-
ward thraugh the aper:

nupon theerails P, either over a mold-carriage

running o bou railsin a longitudinal tr'mic%;-?'amf' .
15 con-

hereinbefore deseribed, or the ladle
. veyed to wherever regquired,
o Fig 13shows a plan af the 1
- -arrangement of steel-meltin
transvarseand longity dinal
ways., 4% ave the fr

efore-mentioned
g Iurnaces with
i/ _
oppesite rows, from the dischargin
ol which rails P P, 1aid
&, extend toward and
L trench, R, so that the
be ran over the latter.
at trench is the mold-carria Lo
y Woved along upon -the rails T, cither by a
an engine, or by any other
A charge of Hquid steel hay.
g bees run into the ladle L, the earri
s moved over the tre el Ry and the wold-ear.
S lage S s rau anderne
the metal to be disel
~ tothe molds, These.

ACross & longitadinal
Jadle-trueks £ M ean
Ao thelongitudin
%

arged from the ladle 111-
are then conveyed by the

- wcarriage o wherever required,

“Having thus deseribod

the nature of my in.

vention, aud the best means I am acguainged .
Practice, T |

with for carryin g the
owisl
R . .
1. Producing
terruginous, ore

_ same 1nto
116 To be understood that what I claim

into lumps or loaves of par-
tially orv wholly redaced metal, etther with or
Wwithout admixture of Juxing materials, and
by then charging these tamps in a lieated con.
~dition into an open-he
- haee, to be there liqueted by being bronght
- Into contact with a buti. of cast-iron or with
other carbonageous ‘mafter, sabstantially as

‘ereinbefore deseribed, : o
- 2. The method. of  reducing
- ure, wherebhy the ore is an 1yje
Of carbonic-oxide gas, generated from carbon-
1eeous materials contained wigh the.ore juside
% close ehamber heated externally,

mnasses of iron

melting-chamber, a

through the aperfure

ath it, 80" as to enable

cast-steel by first convertiy o

arth steel-melting fup-

cted to the action

zed and carbonized loaves O,

thr-of molten metal in the

en received from the
, the carriage M is T

age M

’ |

T s B

n by theintroduction:

uted inte the charging-

trenches and tram: |
rnaces, arranged in two |
g-spouts K
along the sides. of

l

iy - A g

reduced iron ore,

solid: earbon

~ward tha end-of eaach operation

~or kilns for reducing iron ore, wher
18 eontained together with

oth

‘clined shaft .
heated extarpall Yy 1n which chamber parbona-

- generated from sich ¢

b .

a8 deseribed in the sixtl an

& sens,

with a charging cham __ |
| bortion of the Lot gaseous producis ¢ OO -

or other materialg
e | to ne thence pnsh
while the | dition ins

resulting carbonic-acid gas is agei converted
into sarbounic oxide by contaet witt *iy ented
fuel, snbstantially as set forth, |
3. Prepaving loaves of wholly o partially
0y melting the ore or mix-
ture of ores with flaxing m atevizis in contact
with carbon, and by charging this duid mass
inte molds containing coke, chareoal, or other
aceous matter, which loaves are
therenpon maintained for some houvvs @b a full
re-heat in a reducing-atinosphers wi thin o
peated ehamber or hot-store itnrnnee before
they are chiarged into the stesi-jn: ang furs
vace, substantially as deseribed. |
- 4 Preparving loaves similar & uose afore-
sail by crusbing the ore, Dy mining ib inti-
Tmaiely with fluxing waterials and with bind-
ing-eoals:by forein § or placing the mixture
inte wolds, and exposing the same for 2 eopp-
siderable number of hours to a tul} red-heat in.
a clos_ed_.heawd_.;_chamlmr Or hot-stora furpace,
substantially as degeribed, o
- & Preparing loaves, similar o

saud from ores rich Il Imanganeas op other
equivalent easily - oxidizable metal, sogetber
Wit an excess of carbon, to be oi aroed into

G
& Huid bath of the _steel-z}leltiz;g_:s;'-s'ajsi-*mm::ﬁ 50~
, 10 order to
impart those metals to the bath, silstantially

a% dIngariBed,

& Uoustructing hot:gtore farnecos, maffes,

eii the ore

carbov: sonts ma. |

tevials inside a closed chamber o SRER T

situated inside a regenerative gas hnes gy
er flurnace, substantially as desaritind, :

‘. Usnstrueting bot-store furnacre - itfles,

or kilus for calcining or veduci;:: ron ore,

A

whercine the ore, -in the form of ftmps, is

caused o descend throngh
shaft ontothe bed

& vertical or in-
of a close chamber

ceous matarials are placed, the excess of gar-
DOBACEOUS pases heine eatrsed to rise throueh
\ D _ _

the- vertical shaft, where $h ey-are mave o en-

ter into combustion with atmospleric sir ip.

Song te
SCALLLLE ors,
as hereinbéfore deseribe: with
to igs. 14, 15, and 16 of 1 drasw.

creatced through side apertures,
effcet the ealeination of the de

substantially
reference

. Arrangin g in hot-store redl;ming-fumm.ceﬂ; ,,

d seventh ¢laims

w4 ;

%

r

» 80 &8 to bring the ore

he carbonacesis oASeY

_ arbonaceous wiaserialg,

substaniially as deseribed. o -
9, Ce;:}Lgﬁtmmtiing_-the.-steel-m_eltim&:":E'ﬁz:;:ﬂ::.r..te__ =

ber, -througth: which 4

only in coutact with t

bustion can be made to circulate, i.::: o
bhe aforesaid In nps, as well as the pi & metal
$o beused, are introduce] :1
ed forward in & heated pont

to h@ m @1 t,i n g.{jha,m hﬁ}?‘? 1K :,1;‘ Y t.q fhi :: .

T I A i :
Lises afore:

iy T

vate veceptacle or receptacis- for the
-carbonaceous materials



10. Construect

Ing furnace of a mixture of pure silicious sand

1 - L

with glass powder, substantially as hereinbe-

fore deseribed. | | .
11. Constructing the air and gas ports of a
-Steel melting furnace in such manner that the
vertical air-ports rise nearly to the roof of the
fnrnace, while the side walls of the flues are
extended forward in a convergent manner un-
til they meet, in order that the air may 1ssne
into the furnace in diverse directions above the

combustible gas, substantially as hereinbefore

- described with reference to Figs.

the accompanying drawings. o
- 12, Arranging one or more rows,.of steel-
‘melting furnaces with their tapping-holes fuc-

8 to 10 of

ing alongitudinal trench, with lateral trenches '

-------

.

2

118,584

ing the bed of the steel-melt- | leading to each of the furnaces, upon the edges -

of or over which-i;ruucheﬂmils are fixed, cross-
ing the main trench, ladle-carriages being ar--
ranged to run over the Iateral trenches, in or-
der that the flnid metal may be discharged
into molds carried upon rails in the central
treneh, factlitating their preparation and re-
moval, as hereinbelore deseribed.
In testimony whercot Thave signed my name
to this specification in the presence of two snb-
scribing withesses this 23d day of December,
1870. | | e

. (. WILLIAM SIEMENS.
Witnesses: | S -

1. ORO\' iy
Epwbn., V. PACE.

7y
Ijl 3
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