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To all whony it may coneers:

Be it known that I, ALFRED H. COWLES, a
citizen of the United States, residing at Cleve-
land, in the county of Cuyahoga and State of
Ohio, have invented certain new and useful
Improvements in Electric Furnaces and in
Methods of Operating the Same and Control-
ling the Ore Reductions Therein; and I do
hereby declare the following to bea full, clear,
and exact description of the invention, such
as willenable othersskilled in the art towhich
it appertains to malke and use the same.

The object of the present invention is to
offect the reduction and smelting of ores in
an electric furnace or the reduction of any
compounds capable of being treated in an
electric furnace in a more uniform way than
has been heretofore practiced and to secure
more perfect reductions and results.

The admigsion of a gas or of a gas or vapor
produecing fluid into an electric furnace has

heretofore been practiced, but the gas or the
fluid or material producing the gas within
the chamber has always been introduced and
passed through the furnace-chamber in a uni-
form direction, and the flow of the gas within
the chamber where the latter is charged with a
body of ore or of a material or mixture of dif-
ferent materials to be treated hasalways been
constant whenever it has been given any di-
rection, and the effect of the steady flow of
oas through such a mass in a uniform direc-
tion tends to elevate the temperature of the
mass on the side of the outflow of the gas
and to lower it on the side of the inflow.

I will not in the present case consider in
detail the special effects of the reversal of the
oas flow within an interstitial mass, but will
present the particular features incident to
the present application of the invention.

In the accompanying drawings, Figure 1 1s
o vertical sectional view of an electric fur-
nace; and Fig. 2, a horizontal section of the
same, taken on the line 2 2.

A is a furnace-chamber filled with a charge
3 of mixed broken granulated ore and carbon
or ore alone or other material or mixture ca-
pable of being reduced or treated in the fur-
nace. For the purpose of the present inven-
tion it matters not what the charge may be
so long as it is a charge of material to be sub-

I

jected to electric heat and to the action of the
oas flowing through or over its mass.

C is an electrode leading down into the
mass, the bottom of the furnace-chamber on
the reduced material forming the other clec-
trode. Thiselectrodeis adjustably supported
in any preferred way. Ifor example, the up-
per end ¢’ of the holder 1s serew-threaded and
engages with a hand-wheel nut ¢, properly
supported in a girderc’. One of the clectric
cables is attached to the holder at ¢'. Pro-
vision is made for cooling the carbon-holder
by means of a flow of water therethrough.
The lower part of the holder is made hollow
and provided with a water-pipe ¢, leading
into the bottom of the hollow chamber within
the rod, and with a water-discharge pipe c’
at the upper end of the same. “Thetfurnace-
chamber or crucible is also provided with a
water-jacket ¢’ and with water-pipes «® for
the inflow and outflow of water therefrom.
The structural features of the water-cooled
carbon-holder above described are made the
subject of a divisional application hereot.
Hlectrical connection is shown as made with
the outer iron shell of the furnace at a, the
current passing through the carbon filling or
block A’ to the charge in the furnace-cham-
ber. Extending out laterally on opposite
sides of the furnace-chamber, and at a suili-
cient distance above the bottom of the same
to form a sump D below, there are the lateral
flues, passages, or pipes Ik E diametrically
opposite and leading outward through the
furnace-walls, and these flues are filled with
coarsely-granulated or broken carbon e, the
interstices of the same forming carbon-lined
passages for the gas. Connected with these
1ues E E'are the gas-pipes I! IV, respectively,
properly protected by water-jackets f ', said
oas-pipes leading into the reversing-valive
chamber G, which chamber has a oas-supply
pipe IT and a discharge-pipe I. The latter
may, for example, lead to a oas-holder, or to
such apparatus as may be proper for the sub-
sequent treatment orhandling of the product.
Connected with the gas-supply pipe 11 there
is an air-supply pipe II', which admits air
under pressure to the gas, and the supply of
air can be regulated and controlled by the
valve /.
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Thefurnace-chamber, as indicated, is filled
to the top with the charge of ore and carbon,
with the top covered over with a surface cov-
ering of fine carbon b. This is a sufficient
closing in of the furnace-chamber for cases
where the gas-pressure is lieht, but the cham-
ber may be completely closed in and sealed
when necessary.

IC 1s a tap for drawing off the molten ma-
terial collected in the sump. Acecess is gained
to the flues E E', for cleaning them out and
for filling them with coke, by removin o the
caps K' I’ on the ends of the pipes.

In operation, a furnace having heen charged
and heated up to a working temperature by
means of the electric current, the gasis turned
on and the air-valve 7 is opened to a proper
extent to feed into the gas a requisite amount
of air for action in the furnace-chamber. A
current of gas flows through the passage I K,
for example, into the fu rinace-chamber, pass-
ing through the interstices of the ore-body
and through the central field of heat, where
the reduction of the ore, or the chemical
change in the charge of the furnace, takes
place, or the major portion of the same is ef-
fected, that being the ficld of the greatest
electrical energy.

The mixing of air with the gas produces a
combustible mixture which burns within the
Interstices of the ore-body and adds to the
neated field the heat due to the combustion of
the gas, and in this way the clectric heat is
supplemented and increased by the heat of
combustion. |

A current off gas passing through the fur-
nace-chamber flows outward thron oh the pas-
sage K’ and the interstices of the carbon e,
filling the same, and through the pipe K and
the proper channel in the reversing-valve G
and the discharge-pipe I. The current of
hot gasses passing throueh the central in-
tensely-heated field to and through the flue
E' gradually extends the field of heat in the
direction of this point of exit, while the in-
flowing current of gas cools the opposite side
of the chamber, and if the flow of oas 1s long
continued in one direction it ogradually works
the side of the sphere or zone of heat inward
toward the center of the mass. The center
of the zone of highest heat, barring an are
center, by reason of the carrying inward of
the heat on the inflowing side and the CATTY-
g outward of heat on the outflowing side,
18 being gradually moved toward the point
of exit of the gas or products of combus-
tion from the chamber. The particles of
S00t, dust, and sublimated matter picked up
and carried along by the gas-currents are,
on the inflowing side, carried inward toward
the center of greatest electrical acti vity and
the region most favorable for chemical
changes and reductions in the ore - bodies,
thus clearing out and opening up the chan-
nels for the free passage of the gas through
the mass on that side. On the side of exit
the gas-currents as they get away from the
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heating -field deposit within the interstices
of the mass and of the exit-passage the dust,
soot,and sublimated powders carried by them.
After the gas has been flowing through the
furnace for a proper interval of time the re-
versing-valve G isshifted, making connection
of the gas-supply pipe II with the pipe T
and of the pipe IV with the gas-discharge pipe
L. The flow of gas is now through the fur-
nace-chamber from the flue T’ to the flue E
in the opposite direction from what it has
been flowing and in an opposite dircetion
through the interstices of the ore-body:.

The effects above set out oceur now in the
opposite direetion. Thearea of intense heat,
which extended laterally toward the flue I,
now moves ward and travels toward the
new pointof exit—the flue E—and the deposit
of fine matter in the interstices of the mass
i1s carried back into the heated field, while
the formation of new deposits in the inter-
stices of the mass on the opposite side and in
the flue £ may be going on. Thus with a

- proper periodical reversal of the gas-valve it

will be seen that there is secured a perfect
control of the field of heat in the furnace, and
it can be either held central, by making the
reversals of the flowsufficiently frequent, or it
can be caused to move from side toside at com-
mand. DMoreover, the regenerative principle
comes into play. With each sueccessive re-
versal of the gas-flow the material through
which the gas passes before it enters the zone
of electrical heat Decomes hotter and hotter
and the inflowing gas enters the field of ac-
Lion at a constantly inereasing temperature.
L'he electric heat is thus supplemented not
only by the heat of combustion but by what
would otherwise be waste heat recovered and
utilized by the reversal of the gas-flow.

1The movement of the field of heat is the
most marked in an incandescent furnace
where there is no fixed arc center. The heat
can then be bunched and the center of oreal-
est heat moved along
the gas through the mass to the point of exit
and then caused to travel back again. If a
charge of ore is of an elongated form with
the gas inlet and exit passages at the ends,
the field of concentrated heat or bunch of
highest heat can be made to travel toward
the point of exit and to concentrate cloge up
to that point, and then by the reversal of the
direction of the flow of the gas through the
charge the hunch of highest heat can be made
to traverse the length of the charge to the
other end, and thus travel back and forth.
The electrical heat action on the ore charge
and the action or reduction due to the oas 18
thus under control, and more perfeet results
are obtainable than is possible when such
control is wanting,

I am aware that in combustion-furnaces it
has been proposed to pass a flow of gas
through a body of incandescent fuel for the
purpose of changing the composition of the

- gas, and also to reverse the flow of the 228
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through the fuel, bat this 1s not done for the

purpose of controlling a heat center produced

otherwise than by the gases themselves, nor

is there any other heat present.
What I elaim as my invention is—
1. The method of treatment of ores or other

compounds or mixtures of material of low

conduectivity herein deseribed, which consists
in passing anelectric current and generating
within the mass of the material electrical
heat, and in periodically passing gas there-
through in opposite directions, as and for the
purpose set forth.

2" The combination in an electric furnace,
of an clectrie-furnace chamber with gas inlet
and outlet flues or passages and a reversing
valve connected with the said inlet and outlet
flues or passages and adapted to change the
direction of the flow of gas through the elec-
trically-heated field of the furnace-chamber,
as and for the purpose set forth.

3. In an electric furnace, a furnace-chant-

~ ber adapted tobe charged at the top and hav-
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ing a central adjustable electrode extending
down into the chamber, lateral gas inlet and
outlet flues or passages, opening into the Lfur-
nace-chamber and filled with granulated or
broken earbon, together with gas connections
with said inlet and outlet flues or passages
for the supply of gas to the furnace-chamber
and the removal of the same therefrom, as
and for the purpose set forth.

4. In an electric furnace, a furnace-cham-
ber, adapted to be charged at the top, and hav-
ing a central adjustable electrode extending
down into the chamber, lateral gas inlet and

Iy

outlet flues or passages opening into the fur-
nace-chamber and filled with oranulated or
broken carbon, together with gas connections
with said inlet and outlet flues or passages
for the supply of gas to the furnace-chamber
and the removal of the same therefrom, and
means for reversing the flow of gas through
he inlet and outlet flues, as and for the pur-
pose set forth.

5 The combination in an electric furnace
of an electrie-furnace chamber, having elec-
trical connections for the passage of an elec-
trie current through the same, of pipes con-
nected therewith for the inflow of gas and air
and for the outflow of gas, and means for the
reversal of the direction of the flow of gas
through the electrically-heated field of the
furnace-chamber, as and for the purpose set;
forth.

6. The combination in an electric furnace
of an electrie-furnace chamber, having elec-
irical connections for the passage of an elec-
trie eurrent through the same, of pipes con-
nected therewith for the inflow and outilow
of cages, a reversing-valve in operative rela-
tion to said pipes to reverse the flow of gas
through the electrically-heated field, and an
air-pipe connected with the oas-supply pipe
outside of the reversing-valve, as and for the
purpose set forth.

In testimony whereof I hereto afiix my S1Q-
nature in presence of two witnesses.

ALFRED . COWLIES.

Witnesses:

CHaAS. M. VORCY,
WM. G, TAYLOR.
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