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ALEXANDER SATTMANN AND ANTON HOMATSCH, OF DONAWITZ, AUSTRIA-

HUNGARY.

PROCESS OF MANUFACTURING IRON OR STEEL.

- SPECIFICATION forming part of Letters Patent No. 580,427, dated April 13, 1897.
Application filed June 6, 1893, serial No, 476,774, (No specimens,)

To all whom it may corcerr:

- | same time heating the fluxing materials; sec-
Be it known that we, ALEXANDER SATT- | ond, the reduction of the ore and the carburi-
MANN and ANTON HOMATSCH, subjects of the | zation of the spongy metal by means of a gas-
- Emperor of Austria-Hungary, residing at | eous redueing and carburizing agent; third, sz
5 Donawitz, in the Province of Styria, in the | the smelting of the spongy carburized metal
Empire of Austria-Huangary, have invented by means of solid fuel, and, lastly, the refin-
certain new and useful Improvements in the | ing or convertin gof the crude metal by means
Manufacture of Iron or Steel; and we do here- | of a gaseous oxidizing agent and its conver-
by declare the following to be a full, clear, and | sion into & more or less decarburized metal.. 6o
10 exactdescription of theinvention, such as will The first and second steps in the process
enable othersskilled in the art to'which it ap- may Dbe carried out by means of a variety of
pertains to make and use the same, reference | combustible gases or vapors, as, for instance,
- being had to the accompanying drawings, and | natural gas or gas or vapor obtained by the
to letters of reference marked thereon, which evaporation orvolatilization of vaporizableor 65
15 form a part of this specification. - | volatilizable combustible liquids or gases or
B Our invention has relation to the manu- vapors derived from the dry distillation orin-
facture of iron, as well as to the manufacture | complete combustion of hydrocarbonsorother
of steel, direct from the ore. o carbonaceous materials, such as the cheaper
In the manufacture of malleable iron or | fuels above referred to and found in the vi- 70
20 steel the ore as a rule has heretofore been re- cinity of mines or ore beds or deposits, as coal
duced to crude or pig iron in the blast-fur- | of inferior quality, brown coal, lignite, &e.
nace. ‘1'hisoperation involves the consump- | Ontheother hand, the waste gases or products
tion of a.comparatively expensive fuel, such | of combustion derived from the operations of -
as charcoal, coke, or anthracite coal, and | heating or roasting and smelting may be util- 75
25 where such fuel is not at hand the additional | ized In similar subsequent operations or for
expense of transportation is incurred, either | the same purpose in a continuous process of
or both of which increase the prime cost of | heating or roasting, reducing, smelting and
the crude metal, while the less expensive fuel, | refinin g, or converting, which is of special ad-
such as is usually found in the vicinity of | vantage when natural gas 18 not available or 8o
30 mines or ore beds or deposits, as coal of in- | when gases substantially free from nitrogen
ferior quality, brown coal, lignite, turf, or | cannot be obtained at a reasonable cost.
waste wood, is generally not available for use |  We have above alluded to the use of gases
in the blast-furnace. | substantially free from nitrogen, which is of
Our invention has for its object the provi- | great importance in our process in that the 8;
35 sionof meanswhereby fuelof inferior quality, nitrogen present is not only an absolutelyin-
such as above referred to, may be made avail- | ert factor producing no useful result, but, on
able in the manufacture of iron orin the man- | the contrary, is an absorbent of heat, so that
ufacture of steel direct from the ore; and our | the amount of heat absorbed py the nitrogen
sald invention consists, essentially, in a novel | is practically lost. IHence the smaller the 9o
40 process of melting or of smelting and refining proportion of nitrogen in the gaseous com-
~or converting, furnaces of special construc- | bustibles used the less loss of heat. 'I'husin
tion being provided whereby the last-named | the use of the waste gases resulting from the
operation may be more effectually carried out | heating or roastin g of the ore or intheuse of
than in the reverberatory furnace by means | gases derived from incomplete combustion of g3
- 45 of decarburizing gaseous agents brought into | such materials or fuels as hereinbefore re- ]
| intimate contact with the crude metal. | ferred to for the preheating or roasting and
The process forming a part of our inven- | for the reduction of the ore and the subse-
“tion involves the following steps: first, the | quent carburization of the sponge, which
preparing of the ore and fluxing materials | gases contain already considerably less nitro- 100
5o forreduction either by simply preheatingsaid | gen and more oxygen than atmospheric air, or
- materials or by roasting the ore and at the |

before the gas is allowed to come in contact
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with the heated orroasted ore, we carburet the

same, that 1s 1o say, we charge or saturate it
with carbon by passing it over, preferably
through, a bed of incandescent carbonaceous
material, not only for the purpose of charging
or saturating the gas with carbon, but also for
the purpose of still further reducing the per-
centage or proportion of nitrogen in the gas,
and forthis purpose the said cheap fuels rich
in carbon may alsobeemployed. The reduc-
tion in the percentage of nitrogen in the gases
1s due to the absorption by the latter of the
oxygen evolved from the ore, the resultant
gas containing more oxygen and less nitro-
gen than atm%pherle air. Ontheotherhand,
when sald gases are carburized, the propor-
tion of carbon taken up will be equal to the
proportion of oxygen present, whereby the
volumetric percentage of the nitrogen is still
further reduced. If such a gasisrepeatedly
used and each time subjected to the carbu-
reting or saturating or restoring process
referred to, the composwmn of the gas will
finally become afixed orsettied one, as it were,
in that nearlyif not all the nitrogen combined
therewith will have been eliminated, a por-
tion of the gas being necessarily consumed in
generating heat at each use, so that a final
gas 18 obtained that is considerably poorer
1n nitrogen than even a gas derived from the
mcomple_t@ combustion of a carbonaceous ma-
terial or such materials as above referred to.

Under certain circumstances the heat neec-
essary to the second step of the process,
namely, the reduction of the ore, may be de-
rived from solid fuel, in which case there will
be a further reduction in the proportion of
nitrogen in the resultant or waste gases, the
1*educm o power of which will be corre%pond-
ingly 1nel*ea,sed though the operation will
necessarily involve the use of the more ex-
pensive fuel hereinbefore referred to, other-
wise required for smelting only and which we
alm to avoid, yet inasmuch as the spent or

waste gasesresulting from the use of this more

expensive fuel may be utilized the expense
will be correspondingly reduced. DBy the use
of gases poor in nitrogen and rich in carbon
oxid the process of reduction is greatly accel-
erated, while in the subsequent use of the
waste gases for other purposes more favorable
results will be obtained than before, because
less heat 1s lost in the escaping produects of
combustion by reason of the small proportion
of nitrogen present.

When the ore is roasted in the presence of
carbonates, the waste zases will become richer
1n oxygen by reason of the carbonic acid pres-
ent being converted into earbonie oxid, and
if these gases are repeatedly carburized or
Satur'a,ted with carbon a gas poor in nitrogen
will at all times be avmlﬁbble By means of

these gases the ore isheated and, if necessary,
roasted and reduced, the 8p0119'e being at the
same time carburized.

The third step in our process, namely, the
smelting of the spongeiseffected immediately

| molten metal and slag.

after the reduction by means of a deoxidiz-
ing gas derived from the combustion of solid
fuel richin carbon. Inasmuchasalarge pro-
portion of the fuel is converted into carbonic-
acld gas in the vicinity of the blast, it 1s nec-
essary that the bed of incandescent fuel be-
tween the sponge and twyers be so propor-
tioned that the major portion of the carbonic-
acid gas before reaching the sponge will again
be converted into carbon monoxid during its
passage through the bed of incandescent car-

bonaceous fuel. The temperature obtained
in this operation is quite sufficient to melt the
spongy metal together with the slag present.

The fourth or 1*eﬁ11ing‘ step of the process
1s carried out by means of an oxidizing flame
brought in intimate contact with the molten
crude metal, which may be decarburized to
any desired extent, dephosphorized, and freed
from silicon after removalof the slag, so that
any foreign substance that may still be com-
bined with such crude metal and which 1t is
desirable foremove will be wholly or partially
consumed in the operation of refining.

If the temperature in the collectin ﬂ'-chfmm-
ber for the crude metal is su :elently high to
maintain the metal in a fluid state, more or
less refined crude iron or ingot iron or steel
will be obtained. If, on the contrary, the
temperature in said chamber is below that of
the melting-point of the metal, a weldable
iron or steel will be obtained.

The process may be carried out intermit-
tingly or continuously, and we have devised
suitable apparatus for eitherpurpose, asillus-
trated in the accompanying drawings, In
which—

Figure 1 is a vertical sectional elevation,
and Fig. 2 a top plan view, of a construc-
tion of smelbm plant suitable for carrying
out the first t]11 eesteps of the process. Kig.
3 1s a vertical section of the reducer and
smelter. FIig. 4 is a sectional end elevation
of Ifig. 3. Fig. His alike viewillustratingthe
combination with the reducer and smelter ot
a refiner or converter. Ifig. 5* is a detall sec-
tional viewillustrating the arrangement of the
twyers in the converter. Kig. 6 1s a vertical
section of a modified construction of reducer
and smelter., Figs. 7 and 9 are vertical sec-
tions of furnaces adapted forcontinuous op-
eration; and Figs. 8 and 10 are cross-sections
taken, respectively on, lines = and «' x’ of
Figs. 7 and 9.

Similar symbols refer to like parts when-
ever such may occur in the figures of the
drawings just described.

Referring now to Figs. 1 to 5, which illus-
trate a construction of plant for intermit-
tingly carrying out our process, A indicates
a stack the lower portion ¢’ of which 1s grad-
ually contracted from the portion a to, or
nearly to, its lower end, and b indicates the
combustion-chamber, located on one side of
the stack A and extending below the hearth
«° thereof to form a sump or reservoir for the

The said hearth a®
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~Is arranged the wind or blast twyer ¢’ and a
little below the same the slag-hole %, a suit-

20

25

‘hole k&, Fig. 3, for affordi _ |
hearth ¢’ and walls of the stack for removal
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18, a8 shown, inclined toward the combustion !

or smelting chamber b to facilitate the flow
of the molten materials from the lower end of
the stack into said chamber. Both the stack

A and combustion-chamber b are provided

with charging-holes at their upper end adapt-

ed to. be closed by any usual or other suit-

able means, as shown at a* ¢t, respectively.
Furthermore, the stack A is at or near its
upper end connected with a gas-exhaust main
/5 and the combustion-chamber is at or near
1ts upper end connected with a gas-supply
main ¢.  Immediately opposite the hearth ¢

able tap-hole ¢, Fig. 4, or a passage ¢, Fig. 5,
leading to the converter or refiner hereinafter
described being provided, as well as a man-
] fording access to the

of material adhering thereto or for effecting
repairs. N N

It 'has been stated that the ecrude metal may
be more or less refined or converted immedi-
ately after smelting. To this end we combine
the smelter with a converter C, as shown in
Fig. 5,1n which case the passage 7' above re-

~ Terred to is so arranged as to constantly kee

30

a body of metal on the hearth or floor o of
the smelter to prevent slag and cinder from
passing over into the converter C. This we
effect by means of a tymp », extending across

~passage ¢ below the slag-hole, and by means

35
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of a bridge m within the converter about on
a level with the lower edge of the tymp n to

keep the passage ¢’ sealed with molten metal,

the hearth ¢® of the smelting-chamber slop-

ing downwardly into the converter beyond

the tymp » and then upwardly to the bridge-
wall m. The face of the vertical wall of the
converter-chamber / on the side of the bridge
m 18 stepped, the tread of the successive steps

m' from the bridge m downwardly increasin o

~ In width, so that the metal will flow in a thin

45
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sheet over the said bridge m, then over the
successive steps m', during which time such
metal will be exposed to the action of an oxi-
dizing flame obtained by admitting waste
gases from the exhaust-pipe f of the stack
through branch pipe /% into.the converter-
chamber [ and combining therewith a suit-
able proportion of air injected into the cham-
ber [ through blast-twyers 7, (see also TFig.

5*,) which, as shown, are arranged below

and substantially on a line with the outer

edge of each step m’and the bridge m, which

constitutes the upper step of the series. The

_ steps m’ of the converter-wall are cooled by

60

the means of a fluid, as cold air or water,

caused to circulate through pipes p, extend-
Ing through the steps near the outer edge of

their tread, as shown in Fig. 5. -
V 1s a-valve in pipe f* for controlling or

L

cutting off the supply of waste gus to the con-

verter-chamber /, and #? is the discharge-gut-

ter for the refined metal.

Instead of arranging the combustion and

smelting chamber on one side of the stack A,

as described, 1t may be arranged at the bot-
tom of said stack, as shown in Fig. 6, gas and
alr supply pipes being arranged accordingly,
g' g* indicating the blast-twyer connected

with the air-main. g, and d' the gas-supply
~Jets or nozzles connected with the gas-supply

main d, the charge of ore and fluxing mate-

rial, as well as the solid fuel, beingintroduced

through the charging-hole a*. There are two
sets of blast-pipes ¢’ ¢° the former being lo-
cated a little above the slag-hole A, while the

latter are arranged above the space ¢,in which
‘the solid fuel is contained when the furnace

18 1n operation, the reduction of the ore taking
place in the lower part a’ of the ore-space a.

- We have stated above that the waste gases
from the furnace may be used over and over
again, but when so used these waste gases are

each time carbureted or saturated with car-

bon in order to convert the same into a re-
ducing and carburizing gas. This we accom-

-plish as follows: The gas-exhaust pipe 7 has
two branches

f*and 13, Figs. 1 and 2, con-
nected with the injector-casings o', in which
are arranged steam-injectors o, said casings

being connected each with a recuperator '

and 7 below the grate thereof, and the spaces
above the grates of said recuperators are con-
nected by means of branch pipes d? with the

gas-main d, leading to the upper part ¢ of the

combustion-chamber. _ _
By means of the steam-injectors o and the

air-blast ¢’ or ¢? Fig. 6, in the smelting--
chamber a cireulation of the gases and prod-

ucts of combustion is insured, and the gas-

exhaust as well as the gas-supply main are

provided with a branch f' d3 respectively,
Figs. 1 and 2, by means of which the surplus

gases not needed in the process may be con-

ducted elsewhere and utilized, said branch

pipes being in practice provided with suit-.

able cut-off valves. The recuperators ' and
r* are used alternately—that is to say, when

the bed of incandescent fuel on the grate in

one is exhausted that on the grate in the other

1s or has Dbeen lighted by injection of air

through pipe r—suitable valves v being pro-

vided to divert the exhaust-gases from the
exhaust-main 7 from one into the other re-
cuperator, and a suitable valve or valves 2’ -

being provided whereby communication be-
tween one or the other recuperator and the

the case may Dbe.
Jector o forces the gases coming from the ex-
haust-main f
low its grate, thence through the bed of incan-

descent carbonaceous material on the grate

thereof to the gas-supply main d and upper
part c of the combustion-chamber b, the gases
leaving the recuperators as reducing-gases,
the carbonic acid from the fuel on the grate
being converted into carbonic monoxid.

From what has been said it is apparent that

the recuperation or conversion of the waste -
| non-reducing gases into reducing-gasesiscar-

into one of the recuperators be- .
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feed-main d may be cut off or established, as
The jet of steam from in-
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- haust-pipe s into one of the recuperators.
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ried on continuously or as long as the opera- |

tion of reduction or smelting may last.

The operation in the eonstluetlon of fur-

nace described is as follows: The stack A

having been charged with ore and flux and
closed, the smelting - chamber b being of
course also closed, reducing-gas is then ad-

mltted through main d and air through twy-
ers ¢g', the -gases being ignited by means of

sufficient mGandescent fuel placed in the

smelting-chamber 6 or by the heated fur-
nace-walls due to prior operations.

troduced into the furnace and mixed there-

with, pass through the bed of ore and fluxes,
heat the same, expel the carbonic acid if car-

bonates are present, and escape through ex-

When the charge of ore in the stack has been
brought to a eondition for further treatment,
the Volume of air admitted is so reﬂ‘ulated
that the gas supplied will produce a reduemﬂ'
and CcH’bIlI‘IZlDU“ flame.
heat occur in consequence of the reduction,
a sufficient amount of solid fuel is bumed

along with the air supphed to the smelter.

When the reduction of ore is completed, the
supply of both air and gas is cut off and solid
fuel is introduced into the smelting-chamber
b, unless this has already been done after
roastmﬂ' the ore.
the resultmn* heat melts the spongy metal

nearest the source of heat or on or about the
hearth o° of the stack A,the mass of ore and

fluxes gradually setthncr as the lower portion
theleof is melted and collects in sump or
lower part of chamber 6. As the sump or
lower portion of chamber b fills the slag and
cinders or solid products of combustion from
the solid fuel are run out through tap-hole 7,

while the crude metal, after the charge has
- been melted, 1s run o:

i through tap- hole 1, a
fresh cha,r-n*e of ore and ﬂm:es being mtro-
duced 111L0 chamber a.
from the smelting operation instead of re-
cuperating them, as before described, may be
utilized for any other purpose. The crude
metal obtained may, however, be refined or
converted as fast as it is melted by combin-
ing with the furnace a converter C, as above
set forth and as shown in Fig. 5. Inasmuch
as the converter C and the operation of con-

verting or refining the crude metal have been
fully described hereinabove, it is not neces-
sary to again deseribe the same, except to say

that by means of the described waste-gas and
airsupply the temperature of the crude metal
1s suificiently raised to effect the decarburiza-
tion. The crude metal and slag remaining on
the hearth 7’ after the charge of ore has been
melted and the metal converted or decarbu-

rized are discharged through a special tap-
hole. (Not shown. )

In a furnace of the construction illustrated
in Iig. 6 the operation may be briefly de-
scribed as follows: The combustion-chamber

The ig-
nited gases, which are either neutral or OXi- |
dizing, according to the proportion of air in-

Should any loss in

Air is now admitted and

The gases resultmﬂ‘ |

580,427

18 first Supplie.d with a sufficient quantity of
solid fuel, which in starting is introduced in

a partly incandescent state, a bed of prefer-
ably comminuted ore and fluxes being spread
over the fuel, soas to fill up the furnace to a
point a little below the gas-nozzles d’, the re-
maining space being then filled with ore of

any size and fluxing materials, after which
‘the charging-orifice o is closed. A reducing

and carburizing gas is then admitted through
gas-nozzles d', together with the necessary

amountof air to support combustion through

twyers g°. 'The preliminary heating or the
roasting of the ore is effected in this furnace

in the same way as in the furnace described
in reference to Figs. 1 to 5, theair to support

the combustion of the gases being supplied, as
stated, by twyers ¢° and the air necessary to
supporb the combustwn of the solid fuel
through the twyers ¢'.

In elthel construction of furnace the nature
and composition of the final product may be
varied at will, either by a more or less per-
fect reduction or the maintenance of suitable
temperatures and the consequent more rapid
or slower smelting of the reduced ore and the
subsequent conversion of the solid metal.

In Figs. 7 to 10 we have illustrated a con-
struction of smelter designed for continuous
operation. Thegas-exhaustpipe f ishere ar-
ranged centrally in the head of the stack A,
which is of such construction as to form in
its interior the charging and preheating or
roasting chamber or space a, the reducing-
space ¢, and the smelting-chamber b, one be-
low the other in the order named, the solid
fuel being fed to the smelting-chamber b
through lateral ducts ¢’ by means of suitable
conveyers p,as shown in Fig. 9, or said smelt-
ing-chamber b may be located on one side of
the stack A, as in Figs. 1 and 3, this con-
struction being illustrated in Fig. 7.

As shown in Figs. 7 to 10, the twyers or
air-nozzles ¢? are connected by branch pipes
with the air-main ¢ and are interposed be-

tween the charging and preheating or roast-

ing chamber or space a and the reducing
chamber or space o', as in Fig. 6, while the
twyers or air-nozzles g® extend into the gas-
nozzles d', arranged between the reducing
chamber or space ¢’ and the melting-cham-
ber b, as shown in Figs. 7, 8, and 9, said gas-
nozzles d’ being connected by branch pipes
with the gas-main d.

In the eonstructlon of fumaee Figs. 9 and
10, we use a plurality of blast- twyers g for
the smelting-chamber 0, preferably one for
each fuel-duct ¢', of which we have shown
three, (see Fig. 10,) said twyers being so ar-
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ranged that the direction of blast will be sub-

stantially at right angles to the direction of

feed of the solid fuel and on lines radiating

to the center of the smelting-chamber. Al-
though not shown, recuperators ' and r°, as
described in reference to Figs. 1 and 2, as
well as a refiner or converter, may be com-
bined with the form of furnaces described in

13"




[O

reference to Kigs. 7 to 10, as wﬂl be readily

understood.
The continuous operation is as follows: The
smelting-chamberbissupplied with solid fuel,

the eombustlon being supported by an air-

blast preferably hot, suppiied through twy-

ers ¢', the supply of fuel being kept up either

@thomatlcally by suitable conveyers and feed
ducts or trunks, as shown in Fig. 9, or by
hand or other supply, Fig. 7, sufﬁclent heat
being generated to Smelb the reduced ore or

spongy metal together with the slag formed-

| dminﬂ' such red uetion Thisreduction of the

20

| 0

reduced and melted.

ore 18 effeeted not only by the reducing-gases

generated in the smelting-chamber, but by
the reducing-gas derived preferably from the
waste gases of the furnace previously carbu-

‘reted or saturated with carbon, as described,

adue proportion of air bemﬂ*supphed throu nh
the nozzles or twyers ¢', while the material is
preheated or prepared f01 reduction orroasted
by the excess of waste heat and by the excess
of unconsumed reducing-gases supplied w1t11
a due proportion of air through the twyers g2,
the ore and fluxing material bemﬂ‘ fed to the
stack in propor fion as the contents thel eof are
Itis apparent that here
also the nature of the final product may be
controlled or determined, more especially
when the furnace is constr uetod with auto-

matic solid-fuel feed-trunks ¢', whereby the

- quantity of fuel supplied to the smelting-

35

chamber may be readily varied, so that the
process 1tself 1s to some extent made inde-

pendent of the composition of the ore used, .

as well as of the quantity of moisture in the
fuel or other similar incidental conditions.

The advantages of our process over the or-

dinary blast- fumace process may be briefly

4.0

enumerafed as follows: first, thesubstitution
for the major portion of the expensive fuel

. heretofore used of a cheaper inferior fuel;

50

55

second, a material reduction in the consump-
tion of solid fuel, consequently a correspond-

ing reduction in the amount of slag formed,

and hence a saving in fluxing m&teu&ls :emd

1&1)01 third, the pos&blhty of dispensing with

sepm ate 10&31;111 g-Turnace, if it be at all nec-
essary to roast the ore, and the possibility of
utilizing the gases evolved 1n the operation of
roastmﬂ for the reduction of the ore; fourth,

‘theoper ?LthIl with gases poor in nitr oﬂ*en, POS-

sessing eonmdela,bl'e heating and reducing
power, by utilizing and recuperating or car-

‘bureting the waste or exhaust gases evolvedin

the process, using for the recuperation cheap
carbonaceous materials; ﬁna]ly the saving

‘not only in fuel and labor but in the cost of

working, as eompned w11;h the cost of work-

580,427 - 5

ing the ordinary blast-furnace, and convert-
ing or refining the metal in a reverhelatory

60

furnaee, in view of the fact that the conver-

| sion or refining may be carried out without

reheating by running the molten crude metal

into the converter, as described.

- Having thus descrlbed our mventmn what
we elalm as new therein, and desire to secure
by Letters Patent, is—

1. A process of manufactuunw 110N dlt'ect
trom the ore, which consistsin addmﬂ' acharge
of ore to a chamber then treating 113 therein
first with an O‘EIdIZng -gas then Wlth a reduc-

1esu'1t1nﬂ crude iron by means of a reducing-

oas obtained from these operations and which

has previously been recuperated, said gas be-
ing enriched with carbonic oxid and its tem-
pemture raised by bringing the same into

contact with a bodyof 1nca11desce]:1t solid car-

bonaceous material isolated from the ore, sub-
stantially as set forth.

2. The continuous process which consmts n
the following steps, to wit: adding a charge

ing-gas, then carburizing and smelting the
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of ore to a chamber treating it therein first

with an oxidizing- gas and then with a reduc-
ing-gas, recuperating the gasesresulting from

these operations 1113111Z1]1'-T a portion of stuich

recuperated gases with a reducing-gas ob-
tained from e&rbonaceous materials in the
process of reduction carburizing and effect-
ing the smelting of the sponge by the action
of the recuperated gases enriched with ear-
bonic oxid and whose temperature has been

raised by bringing such gases into contact

with an mea,ndeseent body of solid fuel iso-
lated from the ore, substantially as and for
the purpose set forth.

5. The bherein-described process of fining
crude metal, which consists in causing the
molten metal 0 fall in a thin sheet throucrh
space, and Injecting an oxidizing-gas 111130
such sheet in the direction of its width.
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. The herein-described continuous proe-

eqs whleh consists in subjecting the ore to
the action of a non-reducing gas and then to
the action of a reducing-gas, smelting the re-
sulting sponge by means of a deomdlzm g-oas,

“and ﬁmnn the crude metal by causing it to

fall throu 0‘]:1 space in the form of a thin sheet

and mgectmg an oxidizing-gas into such sheet

in the direction of its width.
In testimony whereof we a ix our swna,-
tures in presence of two witnesses.
ALEXANDER SATTMANN.
"ANTON HOMATSOH
Witnesses:
CHARLES SEDLAGRESH
A. SOHLESSING
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