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To all whom it may concern:

Be it known that I, Warter E. F. Brap-
LEY, 8 citizen of the United States, residing
at Nyack, in the county of Rockland and
State of New York, have invented certain
new and useful Improvements in Electric-
Furnace Construction, of ‘which the follow-
in%‘is a'specification. . -

he present application is a division of
my prior application entitléd Method of
producing iron and steel, filed July 17th,
1918, Ser. No. 245,368.

In the said prior application I have de-

" scribed a method and apparatus for.reduc-
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ing iron ore, including in the term “ores”,
all materials containing iron chemically
united with oxygen, -such as for example,
hematite or other concentrates and the like.

The process described involves the use of

an electric furnace for supplying heat to the

material under treatment, while at the same

time passing through the material a.hydro-
carbon gas, such as for example natural gas
or methane. S . :

The invention contemplated by the pres-
ent application resides in the mechanism or
apparatus by which a reducing gas is intro-
duced into the material to be reduced and by
which this material is supplied with the nec-
essary heat. )

As already explained in my said prior ap-
plication, the introduction of a reducing gas
into a molten mass of material requires for
commercial considerations a tuyére of par-
ticular material, and the requirements.are
not satisfied by use of metal or ordinary re-

~ factory materials. It is also necessary for
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the performance of certain functions in-
volved in the reduction of iron ore by gase-
ous reducing agents that the furnace be of
the tilting type, that is to say, capable of
manipulation by which the tuyére may at
one time be disposed beneath the molten
bath, and at another time be withdrawn
therefrom. The principles of construction
and operation by which the required func-
tions are performed according to the pres-

. ent, -invention will be more clearly under-
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- stood from the description of a specific em-

bodiment of the invention in an ore reduc-
tion ‘system. - . .
The accompanying drawing .shows in

purely diagrammatic form an ore reduction
system in which an electric furnace con-
structed and operated in accordance with
the invention is employed.

‘In said drawing, 1 indicates an electric
arc furnace, 2 the feed conduit normally
connected with and leading thereto, 3 a ro-
tary drum furnace discharging into said
feed conduit 2, 4 the feed conduit for intro-
ducing to furnace 8 the ground flux and ore
from hoppers 5 and 6, while 7 may. repre-
sent the stack by which gaseous products of
the system are finally discharged. Hoppers
5 and 6 are assumed to be properly sup-
plied with finely divided flux and ore which
pass therefrom into the supply conduit 4
from which they are introduced into the

_rotary drum furnace 8. In passing through

the furnace 3, the flux and ore ‘are thor-
oughly mixed by tumbling and sliding
movement imparted to then by the rotation
of the drum, and the mixture is discharged
through the feed conduit 2 into the interior
of the electric furnace 1. The electric fur-
nace is closed to the atmosphere and the hy-
drocarbon gas such as for example, natural
gas, or methane, is introduced from a suit-
able source such as supply pipe 8 through
tuyere 9. The charge during the reducing

‘stage covers the mouth of tuydre 9, so that

the gas passes upwardly through it. At the
high temperature maintained by the elec-
tric arc between electrodes 10 and 11, the
charge is in'a state of fusion. ,
The temperature at which the hydrocar-
bon gas is here exposed, effects dissociation
of the gas in the presence of the iron oxide,
the chemical action involving the reduction
of iron oxides by carbon and leaving the gas
in the form of a mixture containing carbon
monoxide and hydrogen, as will be more
fully explained Kereinafter. The mixture
containing the carbon monoxide and hydro-
gen is discharged through the mouth of the
electric furnace into the feed conduit 2, and
thence it passes into the rotary drum fur-
nace 3 where the ore and flux are being
mixed. These gases leaving the electric fur-
nace 1 at a high temperature, and still pos-
sessing reducing properties, preheat the ore
and flux which is being mixed within the
rotary drum furnace 3, and effect a partial
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preliminary reduction of the iron oxide con-
tained therein. Assuming, for example, the
treatment of magnetite, the chemieal action
taking place within the preheating furnace
3 may be represented by the equation

9CO-+-8H}-Fe,0,—
- Fe+2Fe0+4CO4-CO,+H,0-4-6H.

The remaining gas containing carbon mon-
oxide, carbon dioxide, water vapor and free
hydrogen, passes out through stack 7 and
may be used as fuel to supply heat for any
purpose.

Referring again to the final reduction
which occurs in' the electric furnace 1, the
chemical action may be represented as fol-
lows:

Fe}-2Fe0+-2CH,=3Fe+2CO-}-8H.

A flux which I have found satisfactory
for the operations herein described, is one
containing, or made up of sodium carbon-
nate or sodium chloride. The electric fur-
nace is preferably of the basic lined type
having for example, a linin% of pure mag-
nesia or magnesite brick. To protect this
lining from attack by the flux or slag, it is
desirable to maintain a basie condition in
the slag. The sodium carbonate or chloride
answers this purpose alone or it may be sup-
plemented by additional basic material

* which need not have such low melting point,
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such as lime, magnesia, or the like.” The
amount and composition of the flux depend
on the amount of Si0,, Al,0,, and other im-
purities in the ore.

As already stated, the successful use of
hydrocarbon gas as a reducing agent, re-
quires a particular construction and manip-
‘ulation of the electric furnace, an -important
detail of which resides in the provision of
a suitable form of tuyére through which the
gas is introduced into the molten charge. I
have found metal to be entirely unsuitable
as a material for the construction of the
tuyére, because of its high heat conductivity
and relatively low fusion point. When
artificially cooled, it tends to become stopped
up. At the temperatures employed, it is
chemically acted upon by the carbon or re-
ducing agent. Tuyéres of refractory ma-
terials such as magnesia, silica and the like
are chemically active, and furthermore are
useless because they rapidly wear away or
become stopped up. I find, however, that
tuyéres. composed of carbon answer the re-
quirements. They have comparatively low
heat conductivity, withstand the high tem-
perature to which they are subjected, and
are protected from chemical action with the
charge by the atmosphere of reducing gas
which is passing through them.

When the reduction is complete, it is
necessary to stop the flow of gas through the
charge, since to continue the supply of gas
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would alter the resulting composition of
the steel or iron, and would not permit of
separating the slag and ~+eel, due to the
agitation. It is impossible to turn off the
gas supplied to the tuyére while it is below

- the level of the liquid charge without caus-

ing the tuyére to stop up, therefore it is
essential that the furnace be of the tilting
type, so that the tuydre may be removed
from below the level of the bath. The gas
may then be turned off completely or partly
as desired. The furnace is preferably ar-
ranged to have its intake or mouth suitably
connected with the feed conduit 2 when the
furnace is moved into receiving position, but
permitting disconnection to be made for tilt-
ing the furnace and pouring off the slag and
metal.

In the system shown, the supply of mixed
ore and flux to the electric furnace takes
place continuously over a considerable pe-
riod of time during which the reduction is
continuously proceeding. Thus the mixture
is treated as fast as introduced and the en-
tering fresh material is continuously de-
Iivered! upon the surface of the molten mass,
where it 1s most directly exposed to the heat
of the arc and thus most effectively acted
upon. The introduction of heat from the
electrodes above into the charge beneath is
in this way much more advantageously ac-
complished, than where the entire charge is
introduced into the furnace before the heat-
ing stage begins. When the operations are
proceeding properly and uniformly through-
out the several parts of the system, the
temperature within the electric furnace re-
mains constant. As the various parts of the
system are dependent upon each other with
respect to chemical, thermal, and mechanical
conditions uniformity of operation can be
obtained by proper adjustment of the gas
supply, the rate of feed, and the supply of
electric power with respect to each other.

Having deoxidized the ore and obtained
the metal in substantially pure form, the
slag containing the impurities is poured off,
after which the necessary additions are in-
troduced to make the quality of steel desired
and the heat continued long enough to ob-
tain the necessary commingling of the in-
%redients into a uniform homogeneous state.

arbon, manganese, nickel and any other
ingredients required to make steel of a
specified analysis can be added as alloys or
compounds. Carbon can also be added by
passing an additional quantity of hydroca: .
bon gas through the steel after the Temoval
of the slag.

By this process, it is possible to produce a
very high grade of pure iron or steel of
practically any analysis desired.

I claim:

1. Reduction apparatus comprising in
combination an electric furnace having suit-
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able electrodes and a carbon tuyére inde-
pendent - of said electrodes and means for
supplying a reducing gas to said tuyere.

9. Reduction apparatus comprising in
combination an electric furnace of the tilt-
ing type provided with suitable electrodes,
a’ carbon tuyére independent of said elec-
trodes and disposed in position to be covered
by the molten charge in one position of the
furnace, and removed therefrom in another,
and means for supplying a reducing gas to

said tuyere.

3. Reduction apparatus comprising in
combination an electric furnace of the tilt-
ing type, provided with suitable electrodes
and, having an outlet for pouring, and a
carbon tuyére independent of said electrodes

and disposed in position to be covered by

the molten charge in the reducing position
of the furnace and removed therefrom in

the pouring position, and means for supply-
ing a reducing gas to said tuyeére. . :
4. An ore reduction apparatus comprising
in combination an electric furnace of the
tilting type provided with. suitable elec-
trodes and having an inlet through which
the charge is received and an outlet through
which the slag and reduced charge may be
poured, a rotary drum furnace having suit-

able communication with the electric fur-

nace inlet for delivering materials into the
furnace and receiving gaseous products
therefrom, a carbon tuydre independent of
said electrodes and disposed in position to
be covered by a molten charge in the electric
furnace in the receiving and reducing posi-
tion, and to be removed therefrom in the
pouring position, and means for supplying &
reducing gas to said tuyere.
" WALTER E. F. BRADLEY.
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