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To all whom it may concern:

Be it known that I, CARL JOHANN LUDWIG
OTTO, a subject of the King of Prussia, Ger-
man Em peror, residing at; Dlesden Kin frdom

of Saxony, German Empire, have nwented &

certain new and useful Method of and Fur-
nace for Making Iron and Steel Directly from

- the Ore, of Wthh the followmw IS a Spemﬁuaﬂ

[0

tiomn.

The direct production of wr ouwht -1ron from
the ores has not been hitherto 4 smenhﬁc_su C-
cess, as after a long process.and considerable
consumption of fuel the result has been
spongy iron saturated with slag, the further
treatment of which is not only complicated
and expensive, but also considerably dimin-
1shes the quality of the product on account

- of oxidizing influences which it is impossi-
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ble to avoid.
I propose to melt the iron in a reduction-
chamber in a neutral atmosphere under high
pressure, but to let the reduction proper take
place quickly at such a low temperature that
iron of great purityremains and at the same
time the formation of slags is prevented. I
must completely reject the possible view that

in the present apparatus a direct reduction

takes place at a moderate temperature from
a mixture of iron ore and coal-—that is to say,
the view that the carbon combines directly
with the oxygen of the ore. Asaccepted al-
ready in similar processes, the process in this
apparatus is reduction by prewously formed

~ carbonic oxid. This shows that in the old

process it was a mistake to let the carhonic
oxid, which was strongly heated in open fur-
naces, expand freely .?md so act on the orein
an -insufﬁciently dense state. With regard

- to this I usein my process a furnace in which
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the consumption of the fuel and the reduec-

tion of the ore take place under pressure.’
Such a furnace with compressed air fulfils at
the same time the conditions of melting the

spongy iron, forin such furnaces, asis kn OWn

from Bessemer’s experiments, the highest
‘melting temperature can be reached in aquick

- and secure manner, even with a pressure of

one atmosphere.

Decomposition of the iron

ox1id by the same quantity of heat as became
free atthe formation of the oxid from metallic
1ron and the oxygen of the atmosphere could
not be accomplished without expenditure of |

Saved

To obviate these drawbacks,

through diffusion.

the process.

| Work, as the oxygen returninginto its gaseous

state has to overcome the atmospheric pres-
sure. Inlimiting by using high pressure this
work, which 11606%S1tates an e*itm expendi-
ture of heat, the heat, equivalent to the work
S 1tbelf
some of the heat which must be absorbed in

the decomposition of the remaining portion

of the ore, which has not been yet decom-
posed. Theloss of heat which arisesin course

of the process in producing the pressure is
-easily recovered afterward f1 om the outgoing

gases during the quick decrease of tempem-

m"ed and used to furnish

6o |

tut'e in the%e gases as they subsequently ex-

pand. Under pressure a part of that waste-

heat can therefore be used for the reduction,
which is of great economical importance.
The heat expendltm eforthereduction,which
latter is helped and made more rapid by the

pressure, increases at the same rate at which

the heat production for accelerating the proc-
ess 1s increased in the high-pressure furnace.

Therefore there is nonecessity to overstep the

moderate temperature, which is a necessary
condition for the direct production of iron

and for insuring the retention of the silicon,

sulfur, and phosphm us in the slag. The dis-
sociation of the carbonie oxid formed is pre-
vented by the pressure thereon.. The reduc-
ing action of the gas 1s still more increased.

by theelimination of the nitrogen,whichgrad-

ually disappears from the reduction-space
The furnace fulfils the
condition of higher heat-supply, not by rais-

ing the pyrometrical, but by increasing the
absolute calorimetric effect of the consump-

tion-gases, which 1n relation to the space they
occupy, bemﬂ* condensed, take up a greater
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quantity of 116313 than ‘[hey WDHld When ex-

panded.
~ For the process the reduction vessel oun*ht

to be produced collectsisinthat region of the
furnace in which the temperature is the high-

est and sufficient for melting thespongy iron.

As a rule this temperature will be reached

only when the expenditure of heat for the re-

duction becomes smaller—. e., at the end of
A bath of molten metal in the
mentioned place is advantageous.
sists of highly-carbonized iron, then it gives
steel production. The dissolution .of the

to be so shaped that the place where the iron
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spongy iron formed in that molten bath can
be facilitated by supporting the furnace so
that it can move, in the style known in Bes-
semer converters, in order to bring more
quickly the molten metal in contact with the
spongy 1ron by swinging and inclining the
furnace. Also iron ores containing gold and
silver can be treated according to my proe-
ess with simultaneous extraction of the pre-
cious metals. Some ore is, for instance, py-
rites containing gold. Insuch casethe high-
est temperature 18 to be kept up till the pre-
cious metal is deposited by liquation on the
bottom of the reduction vessel.

Especially economical is my process when
the escaping compressed gases are used ac-
cording to Popp’s method for compressed-
fluid motors or when the energy of these
gases 18 ufilized in some other way which the
release of gases during the reduction accord-
ing to my desecription seems to invite. Ior
this purpose the temperature of the gases is
reduced by mixing them with cold air or by
passing them through chambersinwhich heat-
consuming processes are made to take place
in order to distribute the heat on large
masses. In such way the heat of the gases
can be utilized, for instance, for preliminary
heating and calcination of ores, for cement-
ing the iron extracted, or for tempering of the
cast-iron placed in the furnace. |

Especially advantageous for the process ap-
pears to be a high-pressure furnace the gas-
furnace of which can be easily regulated for
producing any desired temperature and in
which the highest temperatures can be pro-
duced with a small fuel consumption.

A similar furnace suitable for the process
on a small scale is represented in the accom-
panying drawings.

Figure 1is a longitudinal section of italong
the line 11 of Fig. 3; Fig. 2, a longitudinal
section along the line 2 2 of Fig. 3, and Tig.
5 a cross-section along line 33 of Fig. 1.  Tig.
4 18 a cross-section on line 4 4 of Fig. 1.

1he furnace is connected by a pipe E with
a pipe bringing compressed air and is sur-
rounded by a jacket M, which is fixed by bolts

to the foundation-plate P, which jacket can

resist a pressure of several atmospheres.

IFrom the generator G,whichisfired through
a grate G, two canals ¢ g, Fig. 2, lead to the
hearth d, where also come at a little higher
level the twyers for supplying the blast from
the top. A conical piece ¢, with a hole in the
middle, is in the opening made in the refrac-
tory brickwork leading from the air-cham-
ber & to the hearth. By means of a spindle
¢’ this cone ¢ can be pushed from under-
neath into the conical neck of the hearth d
when 1t is desired to decrease the draft 2
The chamber & below the conical piece is con-
nected with a circular canal o', out of which
come the twyers 0% by means of a branch ca-
nal o°, Fig. 1.

The blast-pipe I is divided into two up-
wardly-extended branches« and o, which ean
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be shut off each separately by valvese and ¢/,
Fig. 2. In FFig. 2 at the top onthe right-hand
sidle one of these branches o joins zigzag-
shaped canals o, which lie around the shaft
of the furnace in a half-circle and at thelower
end ¢° join a canal o', communicating with
the hearth. Opposite this set of zigzag canals
o* there are other similar canals u*, which are
joined at the top by the other blast branch
w. These canals at their lower end v’ merge
into an upright canal v, which at the bottom
1s divided into two branches 1?2, which enter
passages g, debouching upon the conical piece
aforesaid under the grate. The last-named
blast branch u, with the other canals commu-
nicating with it, is the path for the blast com-
ing fromunderneath. Theotherblastbranch
0, with its connections and twyers 0%, conducts
the blast from the top to the flame. Thereis
a great heating of the compressed air on its
way through the zigzag channels.

The flame produced at the hearth develops
in the furnace-shaft under the crucible T,
which is surreunded by gaseous products
of combustion in spiral flues 4. These flues
v are formed Dby the cruecible resting close
agalnst the edges of stepped brickwork II,
which edges have the shape of a spiral on
a cone. Therefore the crucible-opening is
closed to the fire-gases, which escape later-
ally through a suitable exit ». On the cruci-
ble there is placed a loose cover T', which
does not close hermetically and which allows
the carbonic oxid developed in the crucible
to escape. I'rom the hollow space above the
crucible-lid this oxid is led through a canal
R"tothehearthd. Thecanalr, leading from
the spiral channels, is forked in the lower
part of thefurnace and two branches ' there-
of lead to chambers B, which, according to
my former explanations,are used for utilizing
the heat of the outgoing gases and decreasing
the loss of that heat. Ior this purpose in the
chambers B, I can place cementing-boxes A.
IFrom the chambers B finally go canals 72,
which merge in a canal +°, which leads to a
reservolr or to a compressed-air motor. Atf
4, Kig. 1, the compressed outgoing gases can
bemixed, if desired, with cold compressed air.

Lo start the furnace, the outer jacket M
thereof is lifted by means of hooks m by a
crane and the inner furnace-structure made
accessible by lifting the cover M’ thereof and
the cover 1" of the crucible T and by taking
out certain parts 2 2’ 2° of the structure, these
parts consisting of blocks of refractory ma-
terial which fit in corresponding openings
and can be pulled out by means of iron hooks
or the like. Then follows charging of the
crucibleand firing through the grate G'. The
charge of the crucible ought to consist of a
thorough mixture of ores and coal with the
fluxesnecessary for formation of fusible slag,
or, if desired, should also comprise a bottom
lining of iron or steel pieces for producing a
molten bath. When all the apertures are
closed, the jacket M is let down and serewed
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tightly in place.
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be observed.
plece e, atoresaid, can be adjusted whenitis
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VYalves e and ¢ are then
opened in order to enable compressed air to be
forced through the blast branches, the outlet-

canal 73 bemﬂ' temporarily closed. The blast

from under neath enters through w w* w® w° w*
into the generator - ehambels G below the
hearth, while the top blastis supplied throu oh
its Specla,l canals o 0* 0° 0* and twyers o' to the
combustion-hearth d to be mixed with com-
bustible gases escaping from the generator-
chambers  &. Ior the combustion-hearth
a peep-hole covered with mica 18 provided,
through which the progress of the firing can
According to that the eomeal

not possible to follow the changes of pressure.
As the temperature at the beginning ought
to be a moderate one and as the qumnht;y of
generator-gases is increased by addition of
the cmbonw oxid resulting from the Process

of reduction, the blast f10m the top has to be |

kept up stronn‘ in the beginning and then
gradually to be decreased t111 nally an in-
tense combustion takes place without super-

fluous air, which combustion secures melting

of the extracted iron. When the process is
finished, which 18 recognizable by the fact of

the waste heat increasing in temperature, the
furnace is opened, aftel the wind- s11pply has

been closed and the still remaining pressure

relieved, in order to lift out the cruelble for.
'ploduemﬂ‘ the intended ea,stmﬂ‘s after the

slag has been taken off.
The size and dimensions of the fm nace and

the manner of supporting the same form no

part of the invention and are susceptible of
cation, as Wlll be appar ent.

Ielaim—

1. The process of producing iron and steel
direct from the ore, consisting in heating a
mixture of the ore and coke in a closed ves-

sel under high pressure and constant volume,

carrying the carbon oxid produced in the re-

| ductmn chambers into the hem th and subse-

quently m eltinﬂ*'the spongy iron produced, in
a neutral &tmosphele without removal from
the furnace, substantially as described.

2. The process of extracting precious met- -

als from ore, consisting in heating the orein
a reduction vessel closed to the fire-gases,
supplying a blast of air to the combustlon-
hearth and to the generator-chambers below
the hearth, m._«mmtalmnfr the Dblast to the

hearth strong in the beginning, and then

gradunally decreasing it, whereby an intense
combustion takes place without superfluous
air; substantially as desceribed.

3. Ina furnace for direct produection of iron
and steel, the combination with the crucible,

hearth below the crucible, the passage-way
leading from said eha,mb_er to the hearth, the
two sets of zigzag channels partially sur-
rounding the shaft of the furnace, generator-
chambers below the hearth, and pipes com-
municating with said channels, for conduct-
ing a blast of air to the hearth and to the
generator - chamber;
Se11bed

4. In afurnace for direct production of iron

and steel, the combination with the erucible,:

the chamber above the crucible, the hearth

below the crucible, the passage-way leading
from said ehamber to the hearth, the genera-
tor-chamber channels commumcatlnﬂ' with

the hearth and generator-chamber, pipes com-

substantially as de-
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the cha,mbel or space above the crucible, the 6o

70

municating with said channels, 'and_ with a

source of compressed air and the chambers B

through which compressed outgoing gases are
8o
In testimony whereof I have hereto set my

led; substantially as described.

hand in the presence of the two subsecribing
w1tnesses

CARE JOHANN LUDWIG OT10.

W 1Lnesses | -
0110 WOLIT
Huco DUMMER
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