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UNITED STATES

PATENT OFFICE.

--THOMAS J. CHUBB,

IMPROVEMENT IN F‘ROCESSES AND FURNACES FOR MAKING GAS AND IRON AND STEEL DIRECT

OFEWILLIAMSBURG NEW 'YORK'.

FROM THE ORE.

Speelﬁeetmn formm part ef Letters Patent Ne 133 %029 dated Nm ember 19, 1872

-

To all fwhmn it ma J CONCErN:

Be it known that I, THoMAS J. OHUBB of
- W’ﬂhemsburg, Kings county, New York, have
~invented certain new and useful Improvements
in Processes and Apparatus for Making Gas,
and for Making Iron and Steel Dlrectly from

"~ the Ore; and I do declare that the tollowing
.18 & full and exact description of the same,

reference being had to the accompanying
~drawing and to the lettels of reference marhed

-~ thereon.

In making gas from coal for 11111mmat1011 Or

- for heating purposes, it is desirable, from mo- |

~ tives of economy as well asto get a better and

- more uniform article, that the process should |
- be continuous and equable; that the costly

~ and frail retorts in common use should be dis-

pensed with; that the usnal residunm (coke)
irom the coel should be utilized in the form of

gas, and the remainder converted into a fluid
state for convenience of removal without in-

terrupting the work of the furnace. It is also
highly important to employ such processes

that the poor and. now nearly worthless coals

- and coal-dust may be capable of conversion

~.1nto an excellent quality of gas.

In making iron and steel of various grades
directly from the ore, in the desire of dispens-
ing with the great outlay connected with the
- construction of blast-furnaces, many processes
and much apparatus have been invented for

treating ore in what is known as the “sponge.

method.,” This ‘method, however, has not
'ploved entirely successful

Moreevm 1ron ore in its natural state com-

monly eontﬂuns so large a portion of foreign
‘matter, and mineral coal has frequently so.

much. sulphur, phosphorus, and other noxious
~ elements, that the “spenn‘e” requires so much

- melting, 1emelt111g and refining to bring it to

a proper quality th‘lt the proeess becomes too

. expensive.

To avoid theee dlﬁl@lﬂtles e method has

| _'been adopted of gxmdmg iron ore into fine
~dust, and foreing the same by swift currents

of eeld fl.tmospherle air into the furnace. This

~ method is faulty in use, because it is difficalt
to obtain or maintain sufficient heat to deox-

- 1dize the ore in 1ts repld treneit to the hearth, .

bemuee the
- “sponge” was of such a struetm:e and com-

 position that a large portion of it in treat-
- ment became eeuverted into slag or -cinders.

[ and it produces an injuriousﬁ a-et._ien of the
‘ashes of the coal upon the molten metal.

The object of my invention is to ]pmﬂde

‘processes and apparatus which shall be free

from the general objections before named, and

which shall utilize inferioriron ore, and ceels,
and coal-dust, now practically Werthless and

produce excellent varieties of iron and stee]
a,nd ogas of a supe110r quality.

My invention consists, first, in makmﬂ* oas

from coal-dust or coal cmshed or redueed to

| considerable fineness by dropping the same in

a long vertical flue or chamber made air-tight
or protected from the outer air in such man-
ner o that each particle in dropping is sub-

merged and enveloped in an atmosphere of '
intensely or highly heated air or oxXygen gas, -

nearly in a state of rest, and contained in such
flue or chamber. Te produce, however, a
highly inflammable and pure gas, I mechanic-
ally separate and purify the coal before I use

it in the furnace, preferably by the process .
‘and apparatus patented to me August 13,1872,
‘No. 130,478, by means of which all forelou'
‘matters are extreeted mechanically from the
and the use of such mechanically-pre-
-pared and purified coal, for the purpose of
‘making a purer gas, is the second part of my- |
‘invention.

coal ;

To employ this gas thus mftde most eﬂ"ect-
1vely in the reduction of iron ore, it is essen-
tial to dispose of the coke or resuluum of the

coal by converting the same, through the_--""f 5

action of intensely-heated air, or of intensely- L

heated air and gas acting together, in part
into an additional supply of gas, and in part

into a fluid state, in which it can be conven-

iently tapped and drawn off; and this consti- o
‘tutes the third part of my 1nvent1011

To this gas thus generated, purified, end

intensely heated, and filling the long vertical
chamber before nemed in a state, neerly, of
rest, I subject pulvemzed iron ore, by drop-

pmﬂ the same and a proper portion of coal-

dust or pulverized coal into said chamber from

the top or near the top thereof, the ore drop- =
| ping through the gas and throu rrh the pertmlee i hie
of ceal and simultaneously abSIStlIl.E,’ in the ..
-_eonverswn of the coal into gas, and belng as- ...
sisted by such- conversion in a change from '
ore to iron; and this process 1is. the fourth"*""
p'lrt Of my lnventlml ::'_ R




To the process just described of converting
pulverized iron ore direectly info iron, I suluect
~ore mechanically prepared and separated,
preferably by the process and apparatus pat-
ented to me August 13,1872, No. 130,475; and
when said ore 18 converted into iron, as before

described, in a continuation of the sqme pro-

€ess, 1t is drawn off into refinin g-chambers,
successivel y, and becomes refined iron or c;tee]
as desired ; and this is the fifth part of my
| mventmn. |
" The method of submerging and enveloping
‘ore, mechanically prepared and separated as
" de%mbed in an atmospliere of gas heated toa
temperature of 10000 I‘%hrenhelt or over, for
the purpose of producing abetter article of iron
~and steel; and the method of intensely heating
steam by passing it through a regenerator, or
~ similar heating apparatus, “alone or mixed with
oxygen gas, or with atmospheric air, and em-
ploying it for making gas, or refining metals;
and the method of dlSt}flbule“ the hwhl)
heated air into the gas-chamber so as to avoid
any fast currents; and the method of feeding
pulverized ore, or coal-dust, or both, into a
vertical chamber n such a 11’1‘11111{3]? that said
material or materials shall serve to prevent
the escape of the hot air or gas upward out of
the said chamber, or the entrance of cold air
- therein, form the remainin o part of my inven-
tl?‘], as included in arts, processes, or-meth-
ods.

In addition to these I employ a peculiar

- construction and arrangement of a shaking- |
-closing the same which flue enters into an 111-

box, serew conveyer, and hopper, operated by
smmble means, so that there may be a econtin-
uous equable supplv of pulverized ore, or ot
coal-dust, or both, into a vertical chamber in
such g manner Elb to prevent the escape up-

ward, from said chamber, of heated air or gas,
or of "both air and gas, or the entrance of cold
air therein. I also employ, in combination
with a furnace, a long vertical chamber or
hearth, and means for feeding and distrib-
uting pulverized ore, or coal- dusf or both,
into the top, or near the top, of smd chamber
I also arrange and combine, in one furnace,
a1 air- hedtinn‘ apparatus, a gas-producing ap-

paratus, a (:.E‘,OKIC].IZIDW a melting, and a refin-

g chamber, I also combine an air- heating
ﬂpparatu a gas-producing apparatus, a de-
oxidizing, 2 melfing, or a refining chamber so
arranged as to be oaerated too‘ether- and
these constructions, Lombnmtmns, and’ ar-
rangements constltute the remaining part of
my 1m*ent101] as included 1n flppamtus, all
substantially as hereinafter more fully de-
scribed and explained.
Like letters denote like parts in each figure
in the drawing, which are described as tollows,
Viz
Tligure 1 is & vertical section of my furnace;
Hig. L, a similar section of a meoedification oi
the gas-producing portion; Ifig. 3, a similar
“section of my furnace with a modification of
Hig. 1; Iig. 4, a similar section with another
madlﬁcatmn of Fig. 1 Ifig. 9, a vertical trans-

1nsald figure.

terveningeccentric,

L+

verse palt' al seetion through the lines T and
T/ of Hig. 4; 11g. 06, & VBI‘thELl fransverse sec-
tion ‘thlouqh the lines S and & of Fig. 4; and

Fig. 7, & view In perspectwe of my farnace
partially broken away at the top.

In the furnace, which is built of the usual
materials, and commonly with a rectangular
base, ﬁom which spring two rectapngular
stachs, A denotes the regenerator or air- heat-

| ing apparatus, divided into compartments by

dwlsmns extending horizontally {from one ot

the side walls alternately, as shown in Iig. 1,

and provided with pipes arranged as shown

meltlnﬂ ch amber and connecting-fine, hzwmn
a hearth d. Over one end of thls melbmn-

_ahamber is erected the gas-producing chamber
G, pyramidal in form, and having much great-

er height than bI‘B‘ldﬂ]. This chamber spould
have an altitude of from twenty to one hun-
dred feet, ‘lCCOI‘d]H“‘ to the kind of cocal used,
anthmute requiring the greatest altitude and
the most intense he &t cmd has connection with .

the melting-chamber bx, means of the opening -

¢ between the partitions ¢t.  Over the oppo-
site end of the melting-chamber 1s erected the
uptake-flue D, hawng a cover, D/, the s tu(}j’nk
of which flue is of about the same altitude 2
the stack containing the gas-producing cham-
ber U, KFrom & pomt near the top of the fine
D is a gasflue, I, Fig. 1, for conducting the
oas to the reﬁ'ervmr or ph(,e of consumptlon,
and connected again with the flue is a down-
take-flue, L, prmlded with a valve, L/, fon

dependent fuma(,e B, for heating in the first

instance the 11enenemu,r A andits tvbes. Con-

nected with t]m; independent furnace is a door,
BL and béneath it is a hot-air flue, I/, and be-
tween it and the end of the regenerator 1s &

‘conducting-flue, g. - Arranged beneath it and

in the lower part of the 1efrenerftt0r IS an open-
ing for the entrance of cold air, and on the op-
L}oalte side of the regenerafor is a tlue, 7, con-
necting with the chimney for conductmg off

the. W%ste ogases from the furnace 1t after they

have 1)assed_ in a tortuous course through the
ipes or tubes. Within the gas- chdmbe}: O,
nmde of fire-clay or other refractory maternl
is a flue, K, perforated with openings ¢ at smtd-
ble dlsmmes as shown, and arranged in any
convenient 01*{1@1‘ in the top of smd £as-
chamber is a shaking-box, H, with a perfo-
rated omeemnnula‘ced bottom, abov e which box
again, and m‘mnﬂed SO as to plfw into it, 18 &
conveyer-screw, (xl connected with a hopper,
. Motion is communicated to the shaking-
box H by means of the puliey H’ and an In-
Arrows ¢ show the course
of the heated : air, and arr ows b the course ot
the waste gases.
The above desecription is particularly appli-
cable to flﬂ“ 1. |
In Fig. 2 is a modification of the fire-clay
flue, shown by the letter X, cylindrical in
for m and centrally arranged i in the gas- (,h VI3 -
ber, amd suitably perfora ted.

- Above this are armnﬂ'ed the
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1In I‘ws 3 and 4 is shown a modification of
the oas- chambel having a central division or
wall therein for sepmatmg the ore from coal,
and having an additional conveyer, m’, and
hopper m.

In what is shown as the uptake ﬂue stack
- in Fig. 1 there is a vertical reduction-chamber,

provided with hot-air flue, conveyer G2, hop-
- per & and shaking-box. The hearth of the
.meltmﬂ' chamber is also divided, by bridge-
walls, 111t0 several melting and refmmﬁ chan-
bers, B2 B3, and B There is also 'shOwn 3!
hot- alr plpe, K, arr anged in the melting-cham-
ber under the vertlcal chamber C. This mod-
ification is employed for making iron, refined
iron, or steel; as desired. |

B | mmke use of my processes and ftppamtus
in the following manner: To make gas I take
the prepared coal and convey it into the hop-
per G from a large supply-hopper above, (but

not shown,) or by any means that will keep
the hOppel G continuously Supphed when 1

operation. I then kindle a fire in the furnace
E, Fig. 1, and also on the hearth of the cham-
Der B?, the fuel being put in by means of the
‘door, (B1 being at other times closed.)
close a valve in flue I' (not shown) and open
the cover D/ on the top of chamber D to form
 a draft for the fuel on the hearth B>
the chambers A, B?% and C are sufficiently

heated I put the Shakm o-box H in motion by

means of the -eccentric H’ and also the screw
conveyer 3/, which conves s the coal from the

hopper G mto the box H, where it is evenly
distributed over its perfomted bottom, and
gradually and evenly falls through the holes
in the bottom of the box, (which is not a sieve

‘or used for sifting or sizing, but only as a dis-
tributer,) so that the coal falls into and down
thlolwh chamber C in an open disintegrated

manner, and the highly-heated air entersin the
dlrectwn indicated by the arrows a a «, and
through the openings ¢! ¢! ¢! into the chamber
U, and fills 1t full of hwhly -heated air. The

- coal falling through it, 18 converted 1111:0 gas; .

and, 'when the quahty of the oas 18 suf

iciently

- B q“00(1 then the cover D’ is put on, and the

valve in the flue I is opened and the gas con-
ducted away to the place of comumptwn 1
then open valve 1/ in branch flue L and let
part of the gasinto chamber L for heating the

- air around the tubes ¢ ¢; or the tubes ¢ ¢ may

be continuously heated by any othel equiva-
~lent means.

The hopper G bemn wntmuously supplied

- with coal, which falls continuously into the
- highly-he ated air, the process of making gas
is continuous; &ﬂd any residuum from the coal

falling upon the hearth of chamber B will be
melted and may be tapped out at the tap-hole

at the lower end of the hearth in a fluid con-

~dition. Thistap-hole may be opened and closed
in the usual way with a lump of clay, care be-
ing taken that not a particle of cold air be ad-
" mitted at any part of the furnace, except into
the regenerator at opening f, or the quality of
the gag will be deprecmted Care should also

I then

When | converted into metal.

W

be taken that the smallest possible amount of

‘air be admitted by the regulating-valve (not

shown) at the opening £, through the regener-
ator into the chamber O, consistent Wlth the
amount of coal converted into gas. |

To make refined iron and steel I take the
black erystallized oxide of iron, so abundant,

particularly on the Western Continent, an d
preferably such ore as has been recently mined
from below the surface, where it has been sub-

merged in perpetual Water and not submitted

or exposed for a long time %o the action of air.

Such ore retains all the original crystallization
of its phoslahates, sulphm ets, and other mat-
ter. 1 crush this ore into mecha;mmlly de-
tached - crystals by any of the well-known

crushing-machines, but preferably by rollers,

and then mechamcall y separate the pure crys-
‘tal of the oxides of iron from all the foreign
‘matter, preferably by my separators, herein-
before mentmned

If these separated pure
crystals of oxides of iron, in the form of sand,
are not small enough for speedy deomdatmn,

I further reduce them in size by erushing them.
Large quantities of black sand (iron ore) are
found on banks of rivers and ocean beaches,

‘and in alluvial deposits and placer gold mines,

suitable for this process, and may be proﬁta,bh
I take the prepared
ore and place it continuously into one of the

hoppers m on top of the chamber U of a fur-

nace like that shown in the drawing, 1110 4,
the other hopper G on top of chamber b bL-
ing contmuouslv supplied with fine particles- .
of coal. A fire is then kindled on the hearth

in the back of the furnace beneath the cham-
‘ber C so as to heat up all parts of the several
chambers in the farnace, and when all are
sufficiently heated the shakm o-box H and the
screw conveyer G/ connected with the coal-

hopper G are set in motion, and the heated
alr from the regenerator or 311 -heating appa-
ratus A 1s tmned into the chamber C, the coal

falling into and through the ‘ttmOSphere of

highly-heated air; then the process of making
gas 18 commeneed and when the chamber B3
becomes heated by the combustion of the gas,

“and a further supply of highly-heated air be-

ing admitted into chamber B through open-

ings ¢t ¢' ¢t and ¢* ¢, up to anintense heat, then

the screw conveyel m’ attached to the ore- -hop-
per m is set in motion and the ore is fed into
the shaking-box H with the coal, and becomes
thoroughly mixed by the .sshf-.llmlfr motion of
the box, and falls with the coal throu oh the-
clnmber C. DPart of the highly- heated air

having been shut off from chamber C, by
valves not shown, the coal depends 011 the

oxygen of the ore ior part of its oxygen. The
afﬁmty of the intensely-heated carbon be-
comes so great under these conditions thatthe
small particles of ore take fire in this atmos-

phere of intensely -heated earbon, and burn
with a glowing heat, increasing the intensity - . <
of the heat so that nemrly all the heated air .

has.to be shut off. The metal cannot be burned-

| Hp? but becomes mrbomzed 11.1t0 a ~carburet of




iron and falls on the hearth belowin a melted
condition. The melted metal lows toward the
lower end of the slightly-inclined hearth,

where it may be tapped out in the form of

cast-iron or be allowed to flow through an
opening in the bridge-wall between section B2
and section B’ which opening is opened and
closed at the option of the workman, in the
usual way, well known fo iron- makels by a
lamp of fire- -clay or otherwise. In this second
division of the hearth B? the metal may be
boiled and refined in the usual way of oper-
ating a puddling-furnace, and be balled up
and taken out in the eensmteney of refined
- 1ron, puddle-steel, or tapped out as cast-steel,
or 113 may be ellowed to low or be otherwise
removed into the third section of the hearth
B* and there converted info refined -cast-
steel. Over the section B?® there is a second
gas-generator, D, or the hot air may at times
be dispensed with in this chamber D, and fine
coal or other substances, such as manganese,
speigeleisen, or other proper material may be
thrown in, or it may be dropped in or on the
surface of the metal, further carbonizing or
recarbonizing, or deearbomzmg of the metal
at the option ef the workman; and by aid of
a reducing or carbonizing ﬂa,me or otherwise
by the mnnaﬂ‘ement of the Snpply of coal or
the heated air, the same effect upon the metal
may be produced. Chains (not shown) are
arranged to hang down close to the furnace-

doors or other convenient place so that the
workman can change the speed of the several

screw conveyers, increasing or decreasing the
supply of coal or ore at lns option, and as
practice will dictate. The valves eJnd their
connections (not shown) regulating the sup-
ply of heated air to all or any special parts of
the furnace are conveniently arranged so as
to command immediate action of the alr for
any and all the various pmposes the metal-
worker may require.
- Gas produced by this process may be em-
ployed for all illuminating, mechanical, and

- ¢hemical purposes, and this furna,(,e also may
~ be employed for manmulatlnw other metals.

For very refractory ore 1 empley oXygen gas,
admitted at opening f of the regenerator A ;

or steam admitted at the opening f, with o1
without atmospheric air, will operate differ-
~eutly, and produce different results than can
be produced from steam admitted into an or-
dinary coal-fire or gas-generator. The steam
. admitted at f and allowed to pass through the
regenerator becomes so intensely heated that
1t will decompose immediately what it comes

in contact with, the fine particles of intensely-.

heated coal or permeles of carbon struggling
to get some other matter to combine with to form
into gas. The oxygen of the steam attacks one
- pertlen of the carbon, forming carbonic oxide,
while the hydrogen ef. the steem attacks an-
other portion of the carbon and forms carbu-
reted hydrogen. Thus gas is produced with-
out any or very little nitrous-acid gas. When
air elone is ueed it being composed of eight

123,202

parts of nitrogen to one of oxygen, more or
less nitrous-acid gas must be the result of its
combustion. When the gas is employed, and
suffers total combustion in the same furnflce
the waste heat and gases may pass down the

-downtake-flue ¢ into-the regenerator A and

be employed for heating the incoming or eeld
alr, oxygen gas, or steam, as shown in Fig. b

and indicated by the ATrOWS b b 6, and the ar-
rows a a @ 1n cross-section, Kig. 6 which indi-
cate the direction of the ineeming‘ alr. Arx-
rapgements are also made with valves, damp-

ers, (not shown,) or otherwise, so that the in-

ternal pressure inside the furnace and the
external pressure of the atmosphere are about
the same, whereby no cold airwill be driven or
forced into any part of the furnace except at
opening f. Should any of the sands of ore

Tail to be fully carbureted or melted in their

tall throungh chamber C they will drop upon
the furnace-hearth, directly underneath cham-
ber U, and the particles of coke or coal, or
partially-converted coal, should be allowed to -
fall also on the hearth, so as to be mixed with
the partially-deoxidized ore, and thereby a to-
tal combustion of the coal takes place and
completes the carbureting and melting of the
ore or metal. With some kinds of ore, the
coal and the ore should be kept separate in
the chamber C, which can be done by the part-
ing wall R extending down to near the hearth
in chamber C, as shown in Fig. 3. By cold
or moderately heated air I mean air that can
be conveyed and delivered into the furnacein
1ron pipes without destroying them. By high-
ly-heated air I mean air heated to a tempera-
ture of 500° to 2000° IFahrenheit; by intense-
Iy-heated air I mean a temperature 2000° to
(000° Fahrenheit. 1 prefer using two regen-
erators under the furnace, so that an extra
supply of highly or even intensely heated air
can be brought into use at any moment that
the workman may require it, without interfer-
ing with the general operation of the furnace
or any part thereof, Should there be any
ashes or residuum from the coal it will be
melted 1nto slag or fluid cinder, and tapped
and removed 1n the usual way of tapping and
drawing out the fluid cinder in blast-furnaces.

My process and apparatus differ from the

| tollowing apparatus in the manner described,

and such processes and apparatus are dis-
claimed by me.

I am aware that they use in the old blast-
furnaces the coal and iron mixed together,
and fed in at the top of a perpendicular ex-
panding-chamber, that hot air is used, and
the metal and Slen or cinder are tapped off in
a fluid condition. So far this process agrees
with mine. They pass their waste gases ont at
the top of the chamber; I pass my gases out

at the bottom of the ehember Their ore and =~

coal liein a solid mass; my ore and coal in an
open, disintegrated, eentlnnonsly falling con-
dition. They melt the impurities with the ore,
causing them to chemically combine with the
metal; T mechanically remove the impurities
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. before. subm1ttmg them to the ﬁre They pro |
- duce common crude, cast, or pigiron; I pro-

duce refined iron and steel
- I am also aware that there is a class of

furnaces which have an outside or indepen-

dent fire or gas producer, and pass the |

heat or the gas over into the deoxidizing-
chamber. I employ all the heat produced in

~converting the coal into gas to aid the de-
- oxidizing “of the ore, and the oxygen of the

ore assisting to convert the coal into gas.

They introduce large volumes, currents, or

blasts of cold or moderately- heated air, which
have a tendency to lessen the degree oi heat

required in refining iron or steel in a reverber-
- atory-furnace, and blow, by the force of their

currents, laro‘e q11ant1t1es of ashes over onto or
1into the metal I employ every possible means
of keeping out: the large volumes, currents,

or blasts of cold or modera,tely heated ‘111,

and by this means so lessen the volume and

increase the degrees of heat that the ore is.

successtully deomdwed carbureted, melted,
and settled in one chmmber an effect i 111:11}0351-
ble where Jarge volumes, blasts, or currents of
air are used. They produce iron that will not
make a good quality of cast-steel without fur-

ther heatmg melting, refining, converting, &c.;

I produce reﬁned c&st -steel direct from the 01e

~ at one operation.

I am also aware that there is a class of fur-

naces which employs blasts of cold air from a
- blower, in which is mixed a quantity of very
fine ﬂoatmo* coal-dust, (called carbonized air,).
blown info a eombustlon chamberthrough iron

pipes and ftuyeres, and then over into the de-
ox1dizing, heatmg, meltin g, or refining cham-
ber. Some of their inventions also mix a por-

tion of heated air with the cold-blast, and

some blow the ore or coal in on top ofa: cham-

ber resembling chamber C in the accompany-

ing drawing, and cold air is also drawn or
forced in at intervalsalong and down thesides
and into said chamber. - All these inventions
employmore orless cold air introduced into the
deoxidizing, heating, melting, orrefining cham-
ber; Ido 11013 They desulphurlze deoxidize, or
melt the metal only; 1 produce gas, reﬁned
iron, and steel allin one and the same furnace,
and wt one contmuous heator olneratlon dir ect

~ from the ore.
Having thus deseribed my proceases and

apparatus, what I claim as new therein, and
my own inventsion, 1§—

1. The process herem deseribed of making
gag continuously without retorts by subjecting

- coal-dust falling continuously in a flue to the

contact of intensely-heated air without blasts
or currents sufficient to prevent the dust from
falling through said heated air.

2. The method of producing gas by submel o
mg small particles of coal into highly- heated

‘alr in a perpendicular chamber, and melting

the residue, so that it may be removed from
the furnace in a fluid conchtmn subbtantmlly

‘as described.

. The combination of a furnace constructed

for makmg gas with a regenerator or other
equivalent air-heating apparatus and a means

of feeding the coal and 1em0vmﬂ the residue

in a flnid condition.
4. The employment of hlghl} -heated air for

converting, or assisting to convert, coal into o
gas and melting the res1due into a fluid condi- -
tion, for the purpese and subst‘mtmlly as seb;

forth.

and substantially in the manner as set forth.
6. The process of making iron direct from
the ore, as herein described, 1n combination

with the process of mmkmg gas herein de-

scribed.

7. The process of making refined iron and
steel direct from mechanically purified or sep-
arated ore at one continuous heat and opera-

tion and in one furnace, and by aid of gas

produced substantially as deseribed.

8. The arrangement of a gas- prodncer, a
deoxidizing- clmmber, a melting-and-refining
chamber, and an air-heating apparatus, all in
one structure, substantml]y as shown and de-
scribed.,

9. The combination of a gas- producer, de-

oxidixing - chamber, a melting - and - refining
chamber and an air-heating apparatus, so as
to be 0pemted together, as described.

10. The employment of a gas-producer, a
melting - and - refining chamber, and an air-

heating apparatus, so arranged t}l’bb they may .

be operated together, for the purpose set forth.

11. The method ot keeping out currents of |

cold air from the interior ot the furnace? sub-
stantially as deseribed. *
12. The method of submerging and em’el

5. The method of hea‘tmo the air and mtlo
ducing into the gas- p].oducel, for the purpose

oping the prepared ore into an atmosphere of

highly-heated gas, for the purpose set forth..

13. The method of feeding the material into

the chamber C in such a manner that the top

of the furnace can be kept air-tight, substan-

tlally as and for the purpose set torth |

14, The method of distributing the air into
chamber C so as to avoid any fast currents,
substantially as shown.
- 15, The method of mtensely heating steam
by passing it through a regenerator or simi-
lar heating ‘Lpp&l:‘&tllS, alone or mixed with

‘oxXygen gas or with atmospheric air, and em-

ploying it for making gas or refining metals.

16. The arrangement of the box: H, con-

Veyer G/, and hopper G, constructed substan-
tially as descubed for the purpose of feedmn

material into the ﬂue, as set forth.

17. The employment of the improvements
herein set forth in combination with the pro-
cess and devices set forth in my Patents N

.67 497 and No. 67,498 applicable hereunto. L ;-_;;;
- THORS. J. (JHUBB

VWitnesses:
D, . BROW*\I
H C. SMITH,
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