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SPECIFICATION forming part of Letters Patent No. 742,315, dated October 27, 1800.
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To all whonm it MaYy CONCErTy:

Be it known that I, HENRI HARMET, a citi-
zen of the Republic of France, residing at St.
Etienne, Loire, France, have invented certain
new and useful Improvements in the Elsctro-
metallurgy of Iron and Steel, of which the fol-
lowing is a specification.

My invention has relation to an apparatus
for the continuous and complete conversion
of iron ores into iron and steel by a series of
electrometallurgical operations in which the
ore is first fused, then reduced, and finally
refined, and in such connection it relates to
the construction and arrangement of such an
apparatus. o |

In a former application for patent filed by
me on September 30, 1901, under the Serial
No. 77,012 an apparatus is shown in the na-
ture of an electrie blast-furnace wherein iron
ore may be first reduced and then fused by

electrometallurgy. The present apparatus |

differs from that of my former application in
that it is designed to first fuse and thereaiter
rednce the oxids prior to their treatment in
the refining-oven.

The nature and scope of my invention will
be more fully understood from the following
description, taken in connection with the ac-
companying drawings, forming part hereot,
in which—

Figure 1 is a longitudinal sectional view of
a complete apparatus for carrying oub the
process of my present invention; and Figs.
2, 3, and 4 are detail views in section, illus-
trating the construction and arrangement of
the refining-oven wherein the crude metal is
refined. | o

Referring to the drawings, it will be found
that the complete apparatus for carrying out
the process of my present invention com-
prises three connected parts—namely, a fu-
sion-chamber, a reduction-chamber, and a re-
fining-oven. It will also be observed that
the fused materialsleave the hearth or eruci-
ble of the fusion-chamber to enter directly
the hearth or erucible of the reduction-cham-
ber, pouring or running over an inclined sole

in its passage between the two crucibles..

Again,thereduced materials leave the hearth
or crucible of the reduction-chamber by pour-
ing or running over an ineclined scle and gut-

ter into the refining oven or crucible, travers- | and then

f

ing in its passage a column of highly-heated
reducing-carbon, as will be hereinafter more
fully deseribed.

The fusion-chamber 1 is conical and ex-

pands at its base into a flaring bell-mouth,

forming the crucible 3 of the fusion-chamber.
The top of the chamber 1 is preferably open

| for the ready charging of the ores and fluxes,

as well as for the exit of gases which are use-
less in the process. The walls of the cham-
ber 1 .are pierced at intervals, as at 2, t0 per-
mit the entrance of stoking-tools when re-
quired; otherwise the holes are bricked up
or closed by removable bricks 2. The cruct-
ble 3 or fusion-hearth of the chamber 1 18
preferably circular in herizontal section and

‘has asloping sole, upon which are supported
‘the inclined electrodes 6, which give to the

crucible 3 the additional heat required for
fusion. The column of the charge in the
chamber 1 rests upon the sole 5 (see Fig. 1)
in pyramidal form and does not completely
fill the crucible 3, there being an annular
space 4 around the charge in which combus-
tion and circulation of the gases may take
place and from which the gases may pass
into and through the mass of oxids to heat
the same. Aftertraversing the chargein the

chamber 1 the gases pass out of the open

' mouth of the chamber 1 and are dispersed,

since after their passage through the fusion-
chamber they are burned out and of no value.
The fusion of the oxids is caused by gases
passing outof the reducing-crucible 7 through
the opening 8. These gases are mainly com-
posed of carbonie oxid, and the heat rendered
up either by their combustion or by theilr
cooling is ordinarily sufficient to fuse the
oxids on the sole or hearth of the crucible .
When the gases pags ont through the open-
ing or passage-way 8, they are mixed with
air under pressure forced through the twyers
or blowpipe 9. When so mixed, they play
upon the base of the column of oxids, which
has already been highly
the oxids upon the base or sole of the cruci-
ble 3. The gases then spread around the
column in the annular space 4 and complete
their combustion.
burned gases filter into and through the por-
ous column of cxids, heating it progressively,
pass out of the mouth. "the hot
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1nto the fusion-cruecible 3.
the electrodes 14 and 15 also pass through the |

=2

gasesfrom the redueing-crucible 7 are usually
suificient to fuse the oxids in the erucible 3:
but it is preferable to have an auxiliary
source of heat in the crucible 8 in the form
of an electric current. This electric heat
supplies any heat necessary in addition to
the gaseous heat and also regulates the fusion
upon the sole of the crucible 3, since said
sole being very large and the blowpipe or
blowpipes 9 acting mainly upon the base of
the column of oxids there may not be suffi-
cient heat to fuse with regunlarity all portions
of the oxids resting upon the sole, and espe-
cially the portions farthest away trom the
blowpipes 9. A current of electricity capa-
ble of giving the additional heat required is
passed through two electrodes 6 parallel with
the sole of the furnace and passed through
openings in the upper surface of the inclined
plane forming the sole. The current, how-
ever, may be led in through vertical carbons
or electrodes, if desired, or in any other man-
ner. 1t is, however, preferable to so Arrange
the electrodes that they shall heat those
pointsof the sole remote from the blowpines 9.

1The reducing-furnace is composed of a ver- |

tical charging-chamber 10, preferably circu-
lar in cross-section and adapted to receive
the coke, charcoal, or other reducing agent
at the top, and a crucible 7, through one end
of which the chamber 10, with its charge, ex-
tends. "I'he top of the echamber 10 is elosed
by a charging apparatus 11 of the usual con-
struction arranged in such a manner as io

brevent the passage of gases out through the |

mouth or top of the chamber 10 during the
charging operation unless it is desired to per-
mit the exit of a portion or all of the gases
from said mouth. The crucible or reducer 7
isahorizontally-arranged furnace, preferabl y

circular in eross-section, with its lateral walls.

practically vertical. The base or sole of the
reducing-crucible 7 is inclined in the direc-
tion in which the materials are to low—that
1s to say, from the point of arrival of the fused

oxids, as at 8, to the point of the outlets 12 |

and 13 for the fused and reduced metal and
dross into the regulator or refining-oven 20.
The dome of the crucible 7 has the general
shape of a portion of a sphere and is provided
with.a large circular opening above the dis-
charge or outlet 12 of the crucible and per-
mits the charge of earbon in the chamber 10
to descend in the form of a column upon the
base or sole of the crucible 7. The dome also
has an opening 8, which is the passage-way
for the gases from the reducing-crucible 7
When preferred,

dome of the crucible 7. The lateral walls of
vthe crucible 7 may, if desired, be provided
with deors forexamination and inside repair-
ing, and if the ecarbons or electrodes 14 and 15
are horizontally arranged the walls of the
crucible 7 may be perforated to admit these
electrodes. The outlet end of the crucible 7

should also be provided with at least two |

742,315

| openingsoroutlets 12 and 13. 7The outlet 12,

as before explained, is for the passage of the
fused and reduced metal from the crucible 7,
while the ountlet 13, situated above the out-
let 12, is for the tapping of the slag or dross
loating above the fused and réduced metal.
The two openings 12 and 13 are situated in
the rear of the column of reducing-carbon, so
that the metal and the slag must both trav-
orse this column before being tapped or with-
drawn from the crucible 7. Inasmuch as in
the crucible 7 the reduction of the oxids ab-
sorbs more heat than is produced by the
transformation of the carbon or coke reduc-

| — ]

75

ing agent into carbonie oxid, the crucible °

18 heated by an electric current. This cur-

‘rent is led in through the electrodes 14 and

15, which enter the erucible 7 to a depth
80 as to reach but not penetrate the dross
or slag 18 in the erucible. The reduction in
the crucible 7 takes place as follows: After
working for some time a first layer of metal
106 collects upon the sole of the crucible and
1s surmounted by a layer 17 of incompletely-
reduced oxids more or less mixed with a top
or third layer 18 of dross or slag. The main
column of coke in chamber 10 remains resting
at its base upon the sole of the erucible; but
fragments of the coke are lifted by the metal
and dross and float upon the liquid mass,
spreading everywhere until it {ills the entire
lower portion of the crucible 7, rising to the
height1919. (Indicated on Fig. 1 of the draw-
ings.) The liquid mass now circulatesin the
spaces left between the fragments of coke, as
in ordinary blast-furnaces. The melted ox-
1ds discharged from the fusion-crucible 3 fall
upon a mixture of coke and dross and are
then reduced under the influence of the high
temperature produced by the electric cur-
rent. ‘T'he freed gases, also highly heated,
then pass out through the passage-way 8 into
the fusion-crucible to fuse the oxids therein.
The reduced metal falls to the sole of the
cruecible 7 and there collects, and upon this
reduced metal floats the dross or slag, de-
prived of nearly all of the oxids. Before the
reduced metal or the dross can be tapped
from the crueible 7 they must both pass
through the ceolumn of reducing-carbon,
which at the point the metal and dross pass
through it is in an ineandescent state, and
this perfects the reduction. After the re-
duced metal leaves the crucible 7 it flows
into the refining-oven or regulator 20. This
regulator 20 is a crucible of preferably cir-
cular cross-section having a charging-door
21, a channel or passage-way 22, through
which the crude metal enters, a tap-hole 23

for the metal 24, and a tap-hole 20 for the

dross or slag 26. The crucible 20 is heated

by the electric current through two elec-

trodes 27, which pass either vertically or in-

~clined through the dome or through the lat-

eral wall of the erucible. These electrodes

27 penetrate the liquid in the erucible 20.
ining operation in the regulator-cruci-
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ble 20 is conducted in a manner analogous to |

the operation conducted in the Maltm refin-
ing-oven. When but one regulator 201is used
to receive the metal, the reduced metal is al-
lowed to accumulate in the reducer 7 and
then discharged en bloc into the regulator
without disturbing, however, the continuous
working of the reducer. In many cases,
however, it will be found advantageous to
have for each reducer two ren"ulatms or re-
ining-ovens,into which the er ude metal flows
regularly as soon as produced. In this in-

~ stance one of the regulators receives and be-

5
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35

comes charged with the metal while the other
is bringing the refined metal to the point of
herdnese and the composition required.

Having thus described the nature and ob-
jects of my invention, what I claim as new,
and desire {0 secure by Letters Patent, 18—

1. In an apparatus for the complete and
continuous conversion of iron ores into iren
and steel by electrometallurgy, a fusion-cru-
cible having a sole and passage-way, a reduc-
mmeruelble located adjacent to the sole of
Sald fusion-crucible and communicating with
said eruciblethrough said passage-way,means
wherein the redueinﬂ*- arbon is charged and
traversing said reduemﬂ'-erumble and a re-
fining oven or crucible into which the redue-
1nn'-eru01ble directly discharges, means for
heetmﬂ' the fusion-crucible by a blast of hot
gases fmeed from the reducing-crucible into
the fusion-crucible and means for heating
each crucible separately by the electric cur-
rent.

2. In an eppmetus of the character de-
scnbed

a fusion-chamber of frusto-conical |

=

shape, a horizontally-arranged crucible form-
ing a bell-mouthed base of the chamber, an
inclined sole for the crucible, an opening
formed in the erucible at the lowermost por-
tion of the inclined sole, a horizontally-ar-
ranged reduemﬂ‘-erumble located below the
sole of the fuswn crucible and communicat-
ing directly therewith through the opening,
means for blowing gases arising in the reduec-

ing-crucible into the fusion- erumble, means

fer electrically heating the reducing-crucible,
and a refinin n‘-eruelble located below the sole
of the 1eduemﬂ'-cluclb1e and in direct com-
munication w1bh said reducing-crucible.

3. In an apparatus of the character de-

‘seribed, a fusion-crucible having an inclined

sole and a passage-way at the lowermoet por-
tion of said sole, a reducing-crucible located
below the sole of the fusion-crucible and com-
municating directly with the fusion-crucible
through sald passage-way,a chamber wherein
the 1eduemﬂ‘ carbon is charged and travers-
ing the reducmﬂ'-m ucible et its outlet or tap-
ping end, a 1eﬁn1nﬂ*-01 ucible located below
the sole of the fusmn-cruclble and communi-
cating therewith through a passage-way nor-
melly obstructed by the charge of reducing-
carbon, all combined with means for heetmn'
the reduemﬂ' crucible and 1eﬁn1nn'-e1uelb1e
separately by means of the electric current.

In testimony whereof I have signed this
bpeclﬁeatlou in the presence of two SlleGI ib-
ing witnesses.

HENRI HARMET.

Witnesses:
DAVID GUILLA,
HASTINGS SUMMEYS.
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