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To all whom it may concern: '
be itknown that I, CHARLES ADAMS, & citi-
zen ot the United States, residing at St. Louis,
in the State of Missouri, have invented or dis-

5 covereda certain newanduseful Improvement

in Apparatus for the Manufacture of Ironand
Steel, of which improvement the following is.

a specification. |
My improvement consists in an apparatus

10 adapted for the manufacture of iron and steel

by continuous process direct from the ore, in

which the ore is to be subjected to the action
of & reducing or carbonizing atmosphere, and

thereby converted into sponge, and then con-

15 ducted directly to an open-hearth furnace for

conversion into steel, and in certain details of
construetion hereinafter more particularly
described. | -

To enable others skilled in 't-he art to con-
20 struct and use my improved apparatus, I will

proceed to describe its construction, arrange-

ment, and in connection therewith explain

1ts operation as applied to the manufacture

of tron and steel. | o .

25 The accompanying drawings, illustrating

- my invention, consist of five sheets, each con-
taining one figure. | - S

IFigure 1 is a vertical representation of my

improved furnace, partly in section. Tig. 2

30 1s a sectional elevation of my improved fur-

nace on the dotted line II IT of Figs. 1 and 3.
I'ig. 3 is a horizontal plan and section on the

line 11I IIT of Fig. 2. Fig. 4 is a side eleva-

tion of the furnace, showing its connection

35 with an open-hearth furnace, the latter being

in section. Fig. 5 represents a modification
of my apparatus. -
Like letters of reference denote the same
parts of the apparatus in each of the fisures.
A is the furnace, built of brick-work upon
a foundation B, which, as shown in the draw-
ings, isrectangular and oblong, but: may be
circular, elliptical, or other convenient shape.
Suitable proportionate dimensions are a
45 length of ten times its width and a height
which will allow of the sufficient subjection
of the ore to the reducing atmosphere—say
ten to fifteen times its width. These relative
proportions, however, are not of the essence

40

| of the invention and are given merely as a so

statement of proportional size which has been
found successful in practice. The interior
of the furnace is furnished with checker-
work C C’ of fire-brick, arranged on each side

‘and at the two ends of the furnace, as shown s
1n Figs. 2 and 3, the checker-work C ¢ being

so arranged, as shown in those figures, to leave

‘& clear vertical space D from the top to the
‘bottom of the furnace.
ore 18 charged and is reduced. -
1s long and narrow, as shown in Fig. 8, and

In this space D the
T'he space D 6o

tapers upward 1n width, being narrower at

‘top than at bottom, so as to give the neces-
sary clearance for the descent of the charge.
This'working-space D is closed at top by a 63

covered hopper E, which has, besides its cover

at the bottom of the hopper, a hinged trap-
‘door ¢ for the admission of the charge, which

is normally kept closed by a weight w. The

-working-space D is also closed at the bot- 70 _

tom either by a removable door of ordinary
construction or, preferably, as shown in the

drawings, Fig. 2, by being placed over a
tightly-closed reservoir F, which forms part
-of the foundation B. This reservoir F is the 75’
receptacle into which the reduced ore (iron
sponge) is discharged from the working-space
D of the furnace, and is provided with one or

more inclined chutes G, from which the re- -

duced ore is removed from time to time, don- 8o
ble sliding doors b D being provided to each

- chute, so that one may be closed when the
‘other is open, so as practically to exclude the
air from contact with the hot sponge.

The checker-work C C’, &e., in the interior 83

|-of the furnace A is placed within a series of
8eparate chambers formed by the horizontal
shelves or diaphragms II II’, &ec., which ex-
tend from end to end of the furnace and from
-each side to the central working-space D; but oc
the diaphragms IT on one side of the space D

are not on the same level as those H’ on the
opposite side, (see Fig. 2,) the diaphragm H
on one side being placed in a horizontal plane
about midway between two diaphragms H’ on g5
the opposite side. . |
Below the furnace A are placed two regen-

L erators K K/, fitted with brick checker-work .
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the furnace.
nects the topmost of the checker-work cham- |

L in the usunal way. 'These regenerators are

connected by uptakes M with a horizontal

flue N, which extends the whole length of the
furnace and connects by numerous adits n
with the checker-work C*in the lowest check-
er-work chamber of the furnace on one side,
as shown in Fig. 2. Valves P P’ (preferably
made of fire-clay tile) are connected with the
flue N, by which the regenerators K X’ are al-
ternately connected with the checker-work
C? in the lowest chamber in the interior of
A short horizontal flue R con-

bers C of the furnace with a downtake or
draft-flue Q, which conveys the gas as it
leaves the furnace downward to one of the
regenerators IX{ KX’ through the butterfly-valve
S, which can be set so as to admit the gastrom
the top of the furnace into either of the re-
generators, the valves P, P/, and S being re-
Vorsed from time to tlmo, so that When the
regenerator I’ is in connection with the fur-
nace the other regenerator K is connected
with the downtake-flue Q, and vice vexrsa.

A steam-ejector T, placed in the downtake Q,
determines the direction of the draft down-

ward from the top of the furnace A to the
regenerators and regulates its amount and
velocity. A flue U connects both of the re-

oeneraters K K’ with a stack or chimney to
carry off the products of combustion, and a

valve u, according as it is set, connects.one
or other of the regenerators with the ﬂue.or
chimney.

The reducing-gas by which the ore is to be
reduced may be either carbonic-oxide (CO)
or hydroom*bon gas or vapor, which 18 pre-
pared in a Separa,to gas-producer of any de-
sired construction. If carbonic oxide is used,
the common Siemens
employed; if hydrocarbon gas or vapor, it

may be manufactured in any suitable appa-
ratus, or may be simply a vessel charged with
petloloum or other liquid hydrocarbon and

heated sufficiently to vaporize it.
V is a valve for admitting the carbonic-

oxide or hydrocarbon gas or vapor from the

producer to one or other of the regenerators
K or K’, according as the valve V 1s set.
- 'The spout of the chute G may be extended

by a movable spout g, as shown 1n IFig. 4, so

as to conduct the hot sponge or reduced ore
directly from the reservoir ¥ into the open-
hearth furnace W, previously provided with
a charge of molten-bath metal. The open-
hearth furnace W, being of any ordinary con-

struction of such apparatus and well known
to those skilled in the art, needs no turther

description here.

In case it 1s desired to dlbpeose with the
use of the regenerators K K’, a simpler con-
struction of my furnace may be used, as shown

in Fig. 3.
"The furnace itself, with the WOI‘LIH“‘-SI}&CG

D, portltions H H’, :md checker-work C C/,

placed in separate chambers, is the same as

gas-producer may be

431,863

' e1=ator's K K, their ﬂues and valves, and flue

N and openings 7, I place underneath the
furnace a pair of fire -places X X, in which
solid carbonaceous fuel is consumed by slow
combustion, so as to produce carbonie oxide,

which is introduced into the lowest echecker-
In this

work chamber C?through a flue c.
case the downtake Q is furnished with the
ejector T, and the escaping gas from the top
of the furnace is conducted under the steam-

‘boiler to serve as fuel; or, if preferred, by

closing the valves Y and opening the valve
Y’ the oas will pass off to the stack or through
the pipe Z to be used for any purpose tlmt
may be desired.

The operation of the opp.:uatuc; hereinbe-
fore described as applied to the reduction of
iron ores and the manufacture therefrom by

a direct and continuous process is as follows:

When the furnace is first used, or when first

used afterhaving been omptled of its charge,.

the reservoir I may be filled up to the bot-
tom of the working-space D with ore, coke,
coal, wood, or other suitable material, 'which
will not injure the reduced iron by its slow

combustion, and which will serve to sustain
The ore to-

the burden of the charge of ore.
be reduced is then charged into the furnace
through the hoppers K, which, by using the
trap- door e, will serve, if desu’-od, as a meas-
ure of quantity of the charge. 'The ore be-
fore being introduced may, it (lesired, have
mixed With it a small quantity of some car-
bonaceous solid, such as coke, coal, char-
coal, &e. I have found it advantageous to

use for this purpose coke to the amount of

tentofifteen per cent., by weight, of the charge
of ore. The working-space D isfilled with this
charge from top to bottom, and if a continu-
ous process is desired the working-space is

kept filled up with ore (or ore and carbon) as

the reduced ore gradually passes away be-
low. Before commencing the operation of
reduction the 1'etrenel*atol*<5 K K’ are both
heated to from 800° to 1,200° Fahrenheit.
The supply-pipe of the ejector T is con-
nected with the live-steam space of a steam-
generator, the hopper E is closed, as also the
qhdmn doors b b in the chute of the reservoir
T, so as to exclude as much as possible the

external atmospheric air from the interior of

the furnace A, and the valves S, >, and V are
set so as to connect one regenerator, as K,
with the flue N, and thus with the lower

chamber C? of one side of the furnace A. The

valve is set so as to connect the same regen-

erator I with the gas-producer, and the valve
S is set so as to connect the downtake Q from

the top of the furnace with the other regener-
ator IX’. Theapparatus being thus adjusted,

the carbonic-oxide gas from the gas-producer

enters the flue, and thence passes up through
previously-heated checker-work in the regen-

erator I and becomes thereby heated to a
temperature of from 800° to 1,200° Fahren-
heit, and thence arises through the uptake M

already described; butin plaoe of the regen- | into the flue N and enters the lowest checker-
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work chamber C* at one side of the furnace | erated from the ore has a tendency to com-
“bine with the carbonic oxide (CO) and form

through the adit n, heating the checker-
work in the furnace as it traverses it. Asthe
gas finds no passage-way upward, being ob-
structed by the partition or diaphragm H, it

passes sidewise with the mixed ore and car-

bonaceous matter at the lower end of the
working-space D. Here, its nupward passage
through the superincumbent charge of ore
being difficult, the gas, following the path of
least resistance, enters thelowest of the cham-
bers C” on the opposite side of the furnace.

~Here 1t rises through the checker-work until

15

20

it meets the obsfruction of the first partition

of thatsideof the furnace, which is at a higher |

level than the first partition on the otherside,
and 1s forced to pass again sidewise into the

charge of ore, &c., in the working-chamber D,.

and, again taking the path of least resistance,
1t enters the checker-work on the side of the
furnace at whieh it first entered, but into a
chamber higher up, and thus, owing to the ob-
struction presented by the partitions H H,

- &e., on one side and H’ I’ on the other side,

and to the position of the partitions on one
sicdle of the space D being ona different level

~from those on the opposite side, the reducing-
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gas 1s compelled to follow a zigzag course
backward and forward through the column
of ore 1n the working-space D until it reaches
the horizontal flue R, through which it enters
the downtake Q and passes down through the
valve S, set to conduct it into the other re-
generator I, Here the gas meets and com-
bines with a current of atmospherie air ad-
mitted in any desired and regulated quantity
to secure complete combustion by means of
the valve W’ communicating its heat to the
checker-work in the regenerator. The pro-

ducts of combustion thence pass off through

one of the flues U and valve % to the stack
or chimney placed at any convenient point.
The downward draft through the downtake

Q, and consequently the upward current

through the furnace A, is secured and regu-
lated by the ejector T, situate in the down-
take Q.

In order to preserve the required uniform

temperature of gas passing through the fur-
nace, the regenerator-valvesshould be shifted
every ten or fifteen minutes, so as turn the
supply-gas from the producer into the re-
generator, which has just been heated up by
combustion of the escape-gas from the top of
the furnace, and thence through the valve P
and flue N 1nto the bottom of the furnace,
and to change the course of the escape-gas
from the top of the furnace through the

downtake Q by the valve S into the regener- |

ator through which the supply-gas has just
been passing. _

- 'T'he reactions produced by the use of my
improved apparatus, as above described, are
as follows: T'he heated reducing-gas (earbonic
oxide) passing through the body of the ore
in the working-space D of the furnace effects

carbonic acid, (CO,,) the presence of which
would arrest the deoxidation of the ore; but
this tendency is counteracted partly by the
carbon when used mixed with the charge of
ore, but chiefly by the constant access from

the gas-producer or source of supply to the.
interior of the furnace of fresh earbonie-oxide

or hydrocarbon gas or vapor preheated by

3

70

/5

passage through one of the regenerators and

by the heat of the furnace, which is such
that carbonic acid cannot exist in the pres-
ence of carbon. FKurthermore, the desired
degree and uniformity of temperature of the

reducing-gas is maintained within the fur-.

nace by the heat communicated to and stored
up by the checker-work in the several cham-
bers of the furnace, which absorb and take
up any excess of heat of the incoming gas
which may oceur, as in case of the reversal
of the valves turning the gas through a
freshly-heated regenerator, and give out this

stored-up heat to the gas when its tempera-

ture 1s reduced by the cooling of the regen-
erator previous to such reversal, and thus by
means of the use of the apparatus herein de-
sceribed the reducing quality of the gasas well
as the necessary uniform degree of heat is
maintained throughout the furnace and dur-
Ing its entire operation. | -

The result so far as deseribed is the pro-
duction of deoxidizediron ore, properly called
“Iron sponge.” As this is formed without
fusion, the pieces do not adhere together, but
preserve very nearly the size and shape of
the pieces of ore charged into the top of the
furnace. Inconsequence of the reducing-gas
passing back and forth through the charge of
ore repeatedly before it escapes at the top of
the furnace and being unable to rise up di-
rectly through the charge, the ore is much
more thoroughly treated than it can be in any
other apparatus of which I have any knowl-
edge, and as the gas after each passage across
the working-space through the ore is com-

pelled to enter the checker-work before re-

turning through the ore its temperature is
regulated and rendered uniform, as herein-
before explained. The iron sponge thus pro-
duced drops down gradually into the recep-
tacle or reservoir If, which, extending under
the entire length of the furnace, will hold a
large amount of sponge. The doors b b being
kept closed, the sponge is substantially pro-
tected from the access of external atmos-
pheric air, which would rapidly oxidize the
sponge, especlally when in a heated condi-
tion. R S

In order to effect the conversion of the iron
sponge into steel, I place an open-hearth far-
nace W, Ifig.4,sufficientlynear to the reservoir
I¥, so that the hot sponge may be conveyed by
a movable spout ¢, connected with the chute
(, into a prepared bath of molten carbide of
Iron in the open hearth. It is proper to state

the deoxidation of the ore. The oxygen lib- | in this connection that in the use of my ap-
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paratus the supply of atmospheric air to the |

open hearth should be turned oft during the

time that the hot sponge is being introduced

in order that it may not be exposed tothe ac-
tion of an oxidizing atmosphere, and that the
mode of using the open-hearth furnaceis the

same as ordinary, excepting that less time 18
required for melting the sponge than for melt-

ing the ordinary wrought-iron additions in
the bath. |

In using my 1mproved apparatus for the
manufacture of iron or steel carbureted- hy-
drogen gas or hydrocarbon vapor may be em-
ployed as the reducing agent, in which case

a smaller proportion of solid carbon, or some-
- times none at all, needs to be mixed with the.
charge of ore, the operation of my improved
apparatus being the same in either case as to
the deoxidizing of the ore and preservation

of the desired uniformity of character and
temperature of the reducing agent due to the
described construction of the reducing appa-

1'&13115
In case the furnace is nsed without the re-

generators, as shown in Fig. 5, the combus-

tion of the carbonaceous fuel in the furnaces

is conducted with a limited supply ot air, so
as to produce carbonic oxide rather than car-

bureted hydrogen and fuliginous matter.
The apparatus thus construct@d is simpler
and cheaper than that shown in the other fig-
nres and can be used to great advantage;
but it is more difficult to preserve a uniform
heat or a uniform quantity and quality of the
reducing-gas, because every time the fire 18
stirred or fresh fuel is added to it more fu-
liginous matteris evolved and the production

of carbonic oxide 1s decreased. |
My improved apparatus is capable of use

to great advantage for other purposes than
the manufacture of iron and steel—as, for ex-
ample, for the manufacture of coke and char-
coal and by-products therefrom—and I desire
to cover by this patent the use of said.appa-
ratus for such purposes.

I have described my improved furnace as
vertical and having a vertical working-space
and arranged with checker-work so disposed

that the reducing-gas must pass upward and

across through the charge, because I believe
this to be the best arrangement; but I desire
not to limit my invention, either as to process
or apparatus, to such vertical arrangement
and upward movement of the gas, as it 1is
quite possible to accomplish similar results

with a horizontal or inclined furnace and a

rforc_ed draft.

431,863

I do not herein claim the process of manu-

facture of iron and steel herein desecribed, as

I purpose filing a separate apphe%tlon there-“

for; but

What I claim as my invention, and desire
to secure by Letters Patent, 18—

1. A furnace for reducing oxide of iron,
consisting of an outside .shell divided 111ter

‘nally by horizontal partitions into separate

heat-chambers exterior to and on opposite
sides of a central space for the reception of

ore, the partitions being located at different

levels on opposite sides of the furnace, con-

nected at the lower end with apparatus for

supplying reducing-gas and with an opening
for the discharge of reduced ore, and at the

‘upper end with a charging-hopper and exit-

flue for the escape of the waste gas, the charg-
ing and discharging openings bem prowded
with devices for the exclusion of the external
atmosphere, substantially as deseribed.

9. The combination, with a pair of checker-
work regenerators and a source of supply of
reducmu’-was and suitable reversing valves
and plpeq of a furnace containing checker-
work surrounding aworlﬂnﬂ‘-‘spaee for recep-
tion of the eh&rge, sald checker-work being
divided inside the furnace by imperforate
partitions into separate chambers, with charg-
ing and discharging apertures provided with
devices for the exclusion of the external at-
mosphere, substantially as and for the pur-
pose described.

3. The combma,tlon, as a plant for the man-_
ufacture of iron and steel by a continuous

process direet from the oré, of the following
elements, viz: an open-hearth furnace of any
suitable construction, a furnace for the con-
tinuous deoxidation of iron ore containing
checker-work around a central working-space
divided into separate chambers by impertfo-
rate partitions, a pair of reversible regener-

ators of checker-work, with their necessary

reversing valves and pipes for heating the
oas supplied to the furnace, and a source of
supply of reducing-gas, constructed and ar-
ranged substantially as herembefore de-

| Scrlbed

In testimony whereof I have hereunto set
my hand.

CHARLES ADAMS.

Witnesses:
W. B. CORWIN,
J. K. SMITH,
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