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To all whom 1t may concern.:

Be 1t known that I, Caru Herixeg, a citi-
zen of the United Stfltes re51d1n0* 1 the
of Philadelphia, county of Phlladel-

phla, and State of Penneylvama.. have in-
vented a new and useful Electric-Furnace

Process and Electric Furnace, of which the

tollowing 1s a specification.

My invention relates to electric furnaces
and furnace processes, and resides in fea-
tures of construction, proportionment, mode
of operation, and other matters.

My 1nvention resides in an ‘electric fur—'_

nace wherein the resister comprises a col-

umn or columns of molten material, elec-
trodes furnishing communication with sa1d.

columns, the heat in the column resister
being communicated to the main body or
mass of molten or other material under
treatment by conduction from such resister
and chiefly by convection and rapid circu-

lation; and 1t 1s a further feature of my in-

vention that I so construct and proportion
the column resister that the “ pinch effect”
1 such column is usefully availed of for
causing more or less violent circulation and
movement of the heated material from the

columns 1nto the mass of molten matemel

under treatment.

My invention resides also in other forms
of electric furnace in which the “pinch
effect ”, above referred to, is usefully availed
of for causmo* stirring or agitation of ma-

terial under tleatment

My invention resides also 1n other modi-
fied forms of this type of furnace herein-
after described. --

My invention resides also in the nse with
such furnaces of furnace electrodes, which,
1f made 1n accordance with my. mventmn
are far smaller and cheaper as compared
with former general practice and which
greatly reduce the electrode losses, whereby
the efﬁmency of the furnace is censldezz'abl};r
increased,

My mventmn re31des also in the 1mproved
processes of electrically treatmg materla,ls
as hereinafter described.

My invention resides in other features
hereinafter pointed out and claimed.

1
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communicating with the

For an illustration of some of the forms
my invention may take, reference is to be
had to the accompanying drawings, in
which: B

Figure 1 1s a vertical sectional view of an
electric furnace in which the resister is in
the form of a column or columns of molten
material contacting with the electrodes and

molten material above it. Fig. 12 is a cross
sectional view of a modified form of con-
ductor column or channel. Fig. 2 is a ver-
tical sectional view of a similar furnace in
which, however, the resister column i§ in-
clmed wherebv there will be less hydro-
static pressure in the resister column. Fig.
3 1s a horizontal sectional view of a furnace
similar to the type shown in Fig. 1 and
adapted for the use of three phase “alternat-
g currents. Fig. 4 1s a vertical sectional
view of a plural furnace, such as may be
used, for example, in the productlon of steel
CllI'eCtIV from iron ore. Fig. 5 is a vertical

‘sectional view of an arc furnace, the arc
‘being struck between two baths of fused

metal the furnace involving also other
features herein described. Fig. 6 is a side
elevational view of a metallic or conductmg
starter. "Figs. 7 and 8 are vertical sectional

views of combined arc and resister furnaces

wherein a plurality of arcs are employed in
series. Kig. 9 1s a vertical sectional view of

an arc furnace in which the arc is started

by the * pinch effect.”

Referring to Fig. 1, an electric furnace is
shown in vertical sectlon and having a broad
flat hearth A, which is especially suitable
for the treatmert of iron, or other materials
when a large exposed surface is required;
the hearth may take any suitable or desired

form, as the heat producing resister is prac-

tlca,lly independent . of the proportions of
this hearth or of the amount of material in

it. Upon the hearth A 1s a mass B of mol-
ten iron or other conducting material under

treatment, the molten material extending
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also- downwerdly into the columns C and D '

the molten material in these columns makmg
‘electrical contact with the furnace electrodes

E, E which extend through the bottom or
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wall of the furnace, and may terminaté out-

side 1n conducting enlargements If, F which
may be cooled, 1f desired, as by a water
jacket. The furnace extends upwardly in
the form of a dome (x, preferably enlarging

toward the bottom, such dome being prefer-
ably filled with the charging material H, as
1ron ore or other material, which may be in-
troduced through the opening I at the top,
and which 1s thereby preheated. The fur-
nace may be started by a charge of molten

‘material by a casting preferably of the

same material as that to be treated, extend-
ing downwardly in the columns C and D
into contact with the electrodes L, kK, such
casting being continuous and bridging the
columns C and D at the top. When the cur-
rent 1s turned on, it flows from one electrode
through one of the columns and out through.
the other column and other electrode, the
casting becoming hotter and hotter until
Then the usual mixture of
ore, carbon and flux 1s mtroduced, it being
preferably i1n sufiicient quantity above the
hearth to force masses of 1t into the molten

mass, whereupon the heat of the molten

mass B 1s rapidly conveyed to it,thereby has-
tening the chemical action such as the com-

bination of iron and carbon on the one hand, |

and the combination of the carbid, thus
formed, with the iron oxid, on the other
hand, as 1s well understood in the art. J
represents the slag. And a further opening

L may be provided for the introduction of.

air, as by a blast, for burning any possible
unburned gases which may be formed, like

carbon monoxid, thus preheating thé ore and

thereby increasing the economy of heat of
the furnace. In fact, the part of the fur-
nace above the mass B may be an ordinary

~ blast furnace where the necessary heat is

45
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procured by ordinary combustion.
duced metal then collects. as the mass B in
the hearth A where it i1s further heated elec-

trically and where, by the introduction of

more ore, 1t can be directly oxidized into
steel. By this arrangement, cooling and re-
heating 1n a separate chamber or furnace is
avolded with resultant. increased. economy.

M 1s a tap hole communicating with the
column C for drawing off the reduced iron
or other material, and a similar tap hole N
may be provided for communicating with
the other column D for the same purpose, if

desired. Or the tap hole may communicate
with the bottom of the hearth A, if desired,

~or tap holes may be placed at both places.

- In operation, the heat is produced by the
current 1n the columns C and D, the molten
masses 1n these columns constituting the re-
sister. 'This heat is then conducted to the
mass B through the columns C and D, and
the delivery of the heat'to the mass B is fur-
ther procured, and chiefly, if desired, by the
“ pinch effect ” caused in the columns C and

T'he Te--
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D by the currentﬂoﬁ_ihg thfou’gh them, this

“pinch effect” causing the molten metal to
flow up through the central axis of the col-
umns and the hydrostatic pressure will then
cause 1t at the same time to flow downwardly
at the circumference of the columns. This
pinch effect may be made so great, 11 desired,
as to cause an actual squirting of the molten
material up through-the mass B into contact
with the lower layers of the ore and slag.
This pinch effect may be secured by properly
proportioning the cross section of the col-
umns C and D with respect to the current
traversing them. The pressure developed
by the current flowing in such a column of
igquid conductor may be expressed by the
following formula: -
| - c(?

P="g

where p represents the pressure in pounds per

square 1nch at the central axis, ¢ is a con-
stant, C the current in amperes and S the
cross section of the liquid column in square
inches. It 1s apparent, therfore, that to se-
cure a strong pinch effect the ratio of the
square of the current to the cross section of
the column should be large. The greater
this ratio the greater will be the pinch effect,

‘and, as above stated, this effect may be made

so great as to actually squirt the molten ma-
terial upwardly through the mass B in the
hearth A into contact with the lower layers
of the ore or other material to be reduced or
otherwise treated, whereby effective stirring

or agitation 1s procured, and the heat gen-

erated in the resisters is rapidly conveyed to
the mass above them.

A side column O communicating with the

mass B and with a column, as D, at a dis-

tance below the mass I3 may be provided for
further stimulating the circulation of the
molten mass. The section of the column O
may be so chosen that, with the current pass-
ing through it, a different pressure is pro-
duced by the current within it from that pro-

‘duced 1n the column, as D, with which it

communicates, so that this difference in pres-
sure 1 the two columns will cause a circu-
lation. However, such side column O may be
omitted and the pinch effects in the main col-
umns themselves may be availed of for se-
curing the circulation and rapid transfer of
heat to the mass above. -

The columns C and D are preferably made
slightly conical with the greatest diameter at
the end nearest the bath B in order that
when the metal solidifies 1n the bath and col-
umns the columns will not break due to the
contraction of the soliditying metal. And
as shown at ¥ one or more of the columns
mayv be contracted just below the molten
mass B 1n order to have a greater pinch ef-
fect 1n the region of the contraction.

As shown in Fig. 1* in cross section, the
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columns C and D may be entirely surround- |

ed by a tube or partially surrounded by a
rod. or plate ¢, the tube, rod, or plate extend-
ing substantially the entire length of the col-
umn and being of a material which conducts
at high temperatures so that if the column is
ruptured, due either to the pinch effect or
any other cause, the circuit will not be
broken and the conduction through the col-
umns may be again started. Carborundum,
siloxicon, or other suitable material conduct-

~ 1ng at high temperatures may be used for the
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tube, rod, or plate. And in the furnace wall

or in the furnace material lying between the

columns C and D may be provided an air
space © to 1nsure that current will not pass
directly from one column to another through

the furnace wall material in case such ma-

terial should be conducting at high temper-
atures; S |

In Fig. 2 the arrangement and construc-
tion are substantially the same as shown in
Fig. 1, except that the columns are inclined,
in place of vertical, so that less hydro-static
pressure 1is developed in the columns. By
this means, the pinch effect developed is re-
quired to overcome a smaller hydro-static
pressure of the molten material, and the
angle through which the furnace must be
tilted in order to completely empty it, be-
comes much less. - _

Since by this construction of the furnace,

the current flows through a resister column

and then through the mass of molten ma-
terial in the hearth, alternating current of
three phases, or other number of phases, may
be readily employed. As shown in Fig. 3, in

- horizontal section, there communicate with

40

45

the hearth A three columns C, D, and P,
one for each of the three currents, the con-
nection being then a Y connection, the mass

of molten metal in the hearth A forming the

common junction for the three legs or col-
umns of the three phase circuit. |
~In Fig. 4 I have shown in vertical section

~a plural furnace, the left hand unit being

50

substantially the same as shown in Fig. 1.
In this left hand unit the ore may be re-
duced or otherwise treated to form a molten
mass B, as heretofore described. From time
to time the tap hole Q may be opened, access

“to such tap hole being provided by the open-

i35

60
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ing R in the opposite side of the second unit.

In this second unit the refining is done by

treatment by the usual slags, oxids, or other

materials which may be introduced through.

the top opening I’, the molten mass B’ be:
1Ing drawn from the mass B in the first unit.

Here again the liquid columns C and D,

communicating with the electrodes E, E, are
provided with tap holes M’ and N’ for draw-

ing off the refined material. ‘

By a furnace of this construction steel

may be made directly from iron ore. -The

reduction or treatment of the ore occurs in !

3
the left hand unit and the refining in the
right hand unit. By this process, steel may
be made from the ore without cooling and
reheating the unrefined iron. The ore 1s re-

duced by electrically produced heat in part 70 _

‘or wholly, and with a minimum loss of heat,

and therefore with a maximum efliciency.
In a furnace for making and refining
steel, 1t 1s important to have a moderately

large surface of molten metal for the slag 75

and other ingredients to act upon, as some

of the refining action takes place only at this
surface of contact. In my furnace this sur-
face can be made as large as one desires
without changing the electrical constants,
because the electrical resistance is always.

80

practically entirely in the columns, as C, D,

and 1s not materially changed by increasing
the surface or deptﬁ of the mass B 1n the
hearth A. And the stirring action due to
the * pinch effect” may be made as great as
one desires even to the extent of a violent
squirting of the material through the slag
and material above 1it, thus exposing a very
large surface to the slag and other mate-
rials. I may, therefore, use the furnace as
shown 1n Fig. 1 for the direct production of
steel from the ore by feeding the mixture of
ore, carbon and flux in at I, which will
cause the solids to be forced into the bath
B of molten material, thereby coming into
direct and Intimate contact with it. The
heated gases will give off their heat to the
descending raw material, thereby also utiliz-
ing 1t and in addition the combustion heat

85
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‘of the carbon monoxid may be utilized, if

burned with a blast of air, introduced at L.
The reduced cast iron may then be oxidized
or otherwise treated to form steel, and re-
fined. Or the reduced molten cast iron may 105

‘be drawn off into a second furnace as shown
| 1In I'1g2. 4 where it is oxidized into steel and

refined. In either case this may be done
by the well known methods of adding oxid

of 1ron, or ore, to the pig iron to reduce 110

the carbon, and the various slags may be
added to reduce the sulfur, phosphorus, etc.

All this becomes very simple and rapid in a
furnace in which the heat is generated in
the material of good conductivity and trans- 115
ferred from it by rapid agitation to the
other ingredients. And as described in con-
nection with Fig. 1, the first unit of the
plural furnace shown in Fig. 4 may be re-
placed by an ordinary blast furnace where- 120
in the necessary heat is secured by combus-

‘tion, the molten material then being drawn

off to the second unit, as above described,

for further treatment.

It 1s possible, of course, to use this type of 125
furnace for many other metallurgical proc-
esses besides the reduction, oxidation and re-
fining of iron and steel. It can be used in
other operations in which the heat can be
transmitted from the liquid resister to the 150
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mass to be heated, like ore,. slag, glass, or

mixtures of materials, as for instance, in
the reduction of zine, production of arsenic

~either as metal or oxid from its ores, also
the production of calcium carbid, ferro
alloys, etc., whenever the temperature re-

quired 1s less than the volatilization tem-
perature of the liquid resister. The spe-
citfic gravity of the resister should then be

oreater than that .of the material to be treated
should preferably not

and the two materials
be miscible. . o

I have found that the energy loss in the
furnace electrodes may be reduced greatly

below what has heretofore been common

practice. I have discovered the law of the
clectrode losses and from it I have found
that for a minimum amount of loss in the
electrodes, such electrodes must be so pro-
portioned that the C*R loss (heat generated
by current in the resistance of the elec-
trodes) shall be equal substantially or ap-
proximately to twice the heat conduction

loss of the electrodes. By heat conduction

loss T mean the loss of heat from the inte-
rior ¢f the furnace through the electrodes
by heat conduction, when no current is flow-
ing. I have found that for any other rela-
tion befween these two losses the combined
loss becomes greater. As'a result of propor-

tioning the electrodes so that this relation

shall hold, the losses of energy in and
through the electrodes become very small as
compared with prior practice. The total
loss 1n the electrodes will then be equal to

the electrical resistance loss only, (C2R loss).

as there will then be no heat lest by conduc-

tion, because the temperature of the hot end
~of the electrode will then be equal to that of
the furnace, and the electrode will therefore

be the equivalent of a perfect heat insulator,
allowing no heat to pass through it from the
furnace, although the electrode remains a

very good electrical conductor. No material

1s known which has these two qualities com-
bined, namely, heat insulation and electrical
conductivity ; but by proportioning the elec-
trodes according to the laws which I have
discovered, the practical equivalent of these
two properties can nevertheless be realized.
From these laws I find that the minimum
loss 1s generally least for the metals, and
that 1t is very considerably less than for the
usual materials carbon and graphite. Tt is
a part of my invention, therefore, that metal
electrodes are employed, preferably of the
same metal as 1s melted in the furnace, or
of metal or material which does not con-
taminate the material or metal fused in. the
furnace, and thereby I can greatly reduce
the electrode losses.  To obtain this advan-
tage of a lower minimum loss for metal elec-
troeles they must be proportioned so that the

heat conduction loss, with no current flow- |

988,036

ing, will be equal to half the C?R loss ap-
proximately or substantially. But my im-
provement 1s not limited to metal electrodes,
for, by observing the novel proportions here-
1n described, carbon and graphite electrodes,
giving minimum losses for those materials,
may be employed, and the loss wili be found
to be much sinaller than for the carbon and
oraphite electrodes
From the laws which I have discovered it
follows that this economy of material will
be greatest, that is, for any given length the
cross section will be least, when the square
root of the product of the electrical and the

65

70

as heretofore used.

70

thermal conductivities is greatest. Hence, I

| ind that as far as economy of material is

concerned, those materials are best in which
this product 1s greatest. From the conduc-
tivities of different materials as far as they
are known, I find, from the law which I have
discovered, that the square root of these
quotients and products are as a rule great-
est for the metals.as distinguished from the
usual electrode materials, carbon and oraph-
ite. The difference is great. IHence, I have
found 1t much more economical to use metal
electrodes whenever. possible. _
When metal electrodes are used and pro-
portioned 1n accordance with the laws which
1 have discovered, they will remain solid at
the external ends although they will be at

‘the temperature of fusion at the inside or

furnace ends. The reason is that, when so

proportioned there will be no heat conduct-

80

85

90

95

ed by the electrodes from the interior of the

furnace, and all the heat generated in them
by the current will be led off at the cool or
outside end just as fast as it is generated in
1t; hence their temperature will not in-
crease and they will remain unfused except
at their extreme inside ends. If continu-
ously covered with fused metal at their in-
side or hot ends they will not be consumed
and 1f made of the same metal as that fused

‘1n the- furnace, or of one which is non-mis-
-cible with the fused material, they will not

contaminate the latter. This state, as T have
found, 1s also the state of least total loss in
the electrodes. |

IFrom the laws above stated 1 ‘have de-

-duced the following formula:

X =2.894 CA/%rT

in which X is the total minimum loss in
watts 1n or through the electrodes, 2.894 is a
constant 1nvolving no physical properties,
C 1s the current in amperes, % is the heat con-
ductivity in gram calories per second, cubic
inch units, » the electrical resistivity in

ohms, cubic inch units, and T the tempera-

tnre difference between the inside and out-

side ends of the electrode in centigrade de-
grees. And I have deduced the following
tormula for determining the condition of
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proper proportions of the electrodes for ; be more useful heat generated in the fur-
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~given minimum loss 1n ‘the electrodes, this

current. | .
If by the electrode efficiency is meant the

minimum loss:

S _ 4 [
7 =0.3456 C‘/ﬁ. .

1in which S is.the cross section of the elec-
trodes 1n square inches, L their length in
mches, C the current in amperes, », & and T
being the same as above. The electrodes

must have this proportion in order to obtain -

the minimum loss given in the first formula.

“When the thermal conductivity % in the
above formula 1s expressed in watts in place
of 1n calories per second, the numerical con-
stants 1n these formulee, namely, 2.894 and
0.3456, disappear, and a factor 2 accompa-
nes the factor %, so that these formuise take

the form, respectively, as follows: )

- X=CN2T
S 7
L= Ve

This second formula gives the ratio of the
section to the length of the electrodes and
therefore leaves a choice of either, but not of
both. The length should be made as short
as possible: it 1s usually determined by the
general design and thickness of the furnace
walls or other considerations. The quantity
of electrode material increases as the square
of the length. It follows. therefore. that in
accordance with my discoveries and inven-
tion, I may greatly reduce the size of. and

therefore cheapen, the electrodes heretofore

used 11 the art and at the same time secure a
minimum loss of energy in the electrodes.

thus leaving greater amounts of energy for:

useful work within the furnace and. in con-
sequence, 1ncreasing the efficiency of the fur-
nace. And in a furnace involving the
“pinch effect” as herein described, with a
certain amount of energv available, there re-

mains, because of this electrode efficiency, a |

greater amount of energyv and current avail-
able within the furnace, and the greater cur-
rent thus available not only produces
greater heating effect, but also materially

nereases the “ pinch effect ™, since that et-

fect 1s dependent upon the square of the

ratio of the energy set free in the interior of

the furnace, that is,between the hot ends of
the two electrodes, divided by the total en-

ergv between the two cold ends, then for a

“efficiency will evidently be higher the

60

~greater the drop 6f voltage between the hot |
ends, as compared with the drop of voltage

1n one of the electrodes. By my invention
the latter may be made very small, much
smaller than heretofore, hence for a given

e A S e i

i

|

nace. But to increase this efliciency still

more the drop of voltage between the two

hot ends should be made as great as possible.

Lo do this with a liquid resister may require

this resister to be made long and small in
section, hence I may in-those cases prefer to
use the arc as this has a relatively high drop

of potential i a small space. Or still bet-

ter I may use several ares in series.

In Figs. 5.7, 8 and 9 I have disclosed fur-

naces involving an electric are or ares, in

certain relations, and the electrodes E, E
may be such as those hereinbefore described,

and the columns of molten material with

which they are in direct contact may be the
“pinch effect” columns hereinbefore de-
seribed. | - 5
~In Fig. 5 I have shown an arc furnace
having the metallic electrodes E, E commu-
nicating with the separated baths B, B’ of
molten material, a dividing wall or member

> being provided. The arc may be started

by a bridge piece such as shown in Fig. 6
made of the same metal as that in the baths
B, B’, by placing the same over the divid-
Ing member S; the member then melts and

| an arc 1s formed between the two baths B

and B’. Or the arc may be started by gran-
ular conducting material extending over the
member. S into contact with the two baths,
or the baths mayv be agitated to come mo-

<
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mentarily into contact with each other abovée
the member S, or any other means may be ;

emploved. The dividing member S may be

kept from fusing by a circulation of water
or other cooling material through the open-

ing or tube T. Or the magnetic blow-out
principle may be used to keep the arc far-
‘ther from the dividing member S. Or the

member S may be made of a conductor of
the second-class which will conduct after
being heated by the arc. |

Tf desired. two or more arcs may be used
as shown 1n Figs. 7 and 8, thereby obtaining
a higher heat efficiency and a single large
hearth surface. It will be noted from TFigs.
¢ and 8 that the openings I in the cover or

columns and the electrodes in communica-
tion with these columns, whereby the col-
umns or channels are readilv accessible

through the roof or covering of the furnace.

Or the arc may be automatically started by
the * pinch effect” as shown in Fig. 9, and

- 1n which the metal level is higher than the

top of the dividing member S. The current
passing through the constricted portion over
the dividing member S will, when properly
proportioned, part the metal and form an
arc. o |
In all of the forms of furnaces herein
shown, 1t will be noticed that the two ter-

~ scurrent and voltage of a furnace there will ! minals or electredes may be brought out

-
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roof of the furnace are disposed opposite the |
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- said columns or channels, the square of the
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close together, thereby facilitating the con-
nections to the transformer and thus in-
creasing the power factor, since the area
inclosed by the conductmcr Joop formed
within the fumace 1S O*reatly reduced. Also

that the electrodes are not consumed and |

therefore do not contaminate the fused

product and do not have to be advanced

into the furnace. In consequence, the con-
struction of the furnace 1s greatly simplhfied
and cheapened. Unless proportioned as I

have shown, the losses through metal elec-

trodes may become very lartre due to their
high heat conductivity.

By the construction and mode of opera-
tion of the furnaces I have herein described,

I am enabled to heat the molten metal to so

high a temperature that there is a rapid

~and great transfer of heat from the mass of
molten metal to the slag or other treating |
material through their surface ot contaet'
whereby the sla,ﬁ' treating process or other _

treating process is greatly facilitated, as
distinguished from those cases where the
slag or other material above the molten
metal 18 heated for the same purpose. Be-
cause of this rapidity of transfer of heat

from the molten metal to the slags or other

materials, a given amount of metal may be
treated in a smaller furnace.

While I have herein disclosed 1mprove—
ments in the electrodes themselves of appli-
cation to electric furnaces generally, I herein
claim such electrodes only in combination
with other features, and reserve for a divi-

sional application the subject matter relat-

ing to these electrodes themselves, or their
employment in other combmat].ons

What I claim 1s: °

1. In an electric furnace, a hearth for
containing a mass of molten material, col-
umns or channels communicating with said
hearth and adapted to be filled with molten
material in communication with said molten
mass to constitute the furnace resister, and
electrodes 1n end on communication. with

current transmitted throuo'h sald electrodes
to the molten material in said columns. or

channels with relation to the cross section

of said columns or channels being great,

whereby said mass of molten material is.

| automa,tlcally stirred.
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9. In an electric furnace, a molten mass,
and a column of molten conduetlng material
In communication with sald mass, the ratio

of the square of the furnace current trans-
mitted through said column to the.cross

section of said column ‘being great, whereby
the molten material is automatically agi-
tated by the resulting * pinch effect.”

3. In an electric. furnace a mass of mol-

ten material, and a eolumn of molten con-
ducting material in communication with

said molten mass and serving as a furnace

resister, said column bemn of such cross
section Lompared with the furnace current
iransmitted that the “ pinch effect ” is pro-

duced, whereby. said molten material circu-

Iates.

4. In an electric furnace, a plurality of
molten resisters, a molten mass forming a
common connection for said resisters, where-

by the currents in the different ph‘lS@S of a

polyphase Y copnected system may be trans-

mitted through said resisters, the ratio of

the square of the furnace current transmit-

ted through each resister to the cross-sec-

tion of said resister being great, whereby
the molten matelnl 1S automatmn]lv 201-
tated. '

. In an electric fumqte employlncr alter-
nating current, a mass of molten material
through which alternatmo current 1s passed,
the ratio of the square of said current to
the cross section of said mass being great,
whereby the molten material is automati-
cally apitated, and in contact with said

‘molten mass electrodes proportioned for

minimum electrode loss, w hereby the dis-
tance between said electrodes is small and
the power factor of the furnace is great.

6. In an electric furnace, the combination

with a hearth adapted to hold a molten mass,
of a channel adapted to contain a column
of molten conducting material In commu-

"nication with said molten mass, and a side

or branch channel forming a commumeatlon
between said first named channel and .said
hearth, the ratio of the square of the fur-
nace culrent transmitted through the col-
umn 1n sald first mentioned channel to the
cross section of said column bemﬂ' oreat,
whereby the molten ‘material is autornati-
cally agitated. o

7. In an electric fur nace, the combination”

-with a hearth adapted to hold a molten mass,
of a channel adapted. to contain a column

of molten conducting material in communi-
cation with said. ‘molten mass, and a side or
branch channel forming a communication
between said first named channel and said
hearth, the ratios of the squares of the fur-
nace currents transmitted through the col-
umns 1n sald channels to the cross sections
of said columns being great, whereby the
molten material 1s automatlcally agitated.

8. In an electric turnace, a column of con-
ducting material serving as a resister, the
ratieef the square .of the furnace current
transmitted through said column to the
cross section of said column being great,

.whereby the molten material is automati-

cally ayitated, and an electrode of substan-
tially the same cross section as said column
in electrical communication with said col-
umir of molten material, said electrode being
so proportioned that the furnace- current
passing therethrough to said column raises
sald electrode at it_s furnace end.by 1ts own
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resistance to a temperature substantially

equal to furnace temperature.

9. In an electric furnace, the combination
with a hearth adapted to hold a molten mass,
an electrode, a plurality of channels adapt-
ed to contain molten conducting material in
communication with said electrode and with
sald molten mass, the ratios of the squares
of the furnace currents transmitted through
the conducting material in said channels
to the cross sections of said channels being
great, whereby the molten material is auto-
matically agitated. |

10. In an electric furnace, a hearth adapt-
ed to hold a mass of molten material, and a

chamnel communicating with said hearth

and adapted to contain a column of molten
material in communication with said mass
of molten material, and a contraction in said

20 channel near its communication with said

23

hearth. -
11. An electric furnace provided with a

hearth for containing a bath of molten con-

ducting material, a molten column in com-
munication with said bath, the ratio of the
square of the furnace current transmitted

‘through said column to the cross section of

sald column being great, whereby the molten
material 1s automatically agitated by the re-

30 sulting  pinch effect.”
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12. In an electric furnace. the combina-
tion with a mass of molten material, of a

‘moltenn mass 1n communication therewith

serving as resister, the ratio of the square
of the current through said resister to its
cross section being great, whereby circula-

tion of molten metal is produced, and an
electrode 1n communication with said re-

sister having such dimensions that the C2R
heat developed in said electrode by the cur-
rent traversing saild resister shall be equal
to substantially twice the heat conduction
loss through said electrode when no current

~1s flowing.

13. In an electric furnace, a mass of mol-
ten conducting material, means for passing
an electric current through said molten ma-

terial, and means for giving to said molten
material through which said current is

passed a predetermimed cross section, the
ratio of the square of said current trans-
mitted through said material to said cross
section of said material being great, wherebhy
the molten material is automatically ag1-
tated -by the resulting “ pinch effect.”

“14. In an electric furnace. a mass of mol-

ten conducting material, means for passing
an electric current throngh said molien ma-
terial, and means for giving to said molten

material through. which caid current ‘is
passed a predetermined cross section, the
ratio of the square of said current tiaiis-,

mitted through said molten material to gaid

cross sectior of said molten material beine |

i
|
65 great, whereby the “ pinch effect ” caused in |

7

sald material and the hydro-static pressure
due to sald material causes circulation or
agitation of sald molten material. '
15. In an electric furnace, a molten con-
ducting mass, means for passing an electric
current therethrough, and means for giving
to said mass through which said current is
passed a predetermined cross section, the
ratio of the square of the current trans-
mitted through said mass to said cross sec-
tion of said mass being great, whereby the

“pinch effect ¥ 1s produced in said mass to

cause a continued circulation of said molten
mass. - ., |
16. The method of treating a mass of
molten material in an electric furnace, which
consists 1n passing through said molten ma-
terial an electric current so proportioned to
the cross section of said material as to pro-

‘duce the pinch effect, whereby said molten.

material 1s automatically agitated.
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17. The method of treating a mass of -

molten material in an electric furnace, which
consists 1n passing through said molten ma-
tertal an electric current so proportioned to
the cross section of said material as to pro-
duce the pinch effect. whereby said mol-
ten material 1s automatically continuously
stirred.

- 18. The method of treating a bath of mol-
ten material in an electric furnace, which
consists in passing an electric current
through a mass of molten material in com-
munication with said bath, said electric cur-

rent so proportioned with respect to the

cross section of said mass as to produce the
pinch effect, whereby the molten material is

‘automatically agitated. °

19. The method of treating a bath of mol-
ten material m an electric furnace, which

through a mass of molten material in com-
munication with said bath. said electric cur-
rent so proportioned with respect to the
cross section of said mass as to produce the
pinch effect, whereby the molten material is
automatically continuously stirred.

20. The method of treating a mass of mol-
ten materal, which consists in passing
through said molten material an electric
current so proportioned with respect to the
cross section of said material as to produce
the pinch effect, said pinch effect and the
hydrostatic pressure due to said molten ma-
terial causing a continued circulation of said

‘molten material.

~ 21. The method of treating a mass of mol-
ten material, which consists in passing
through a portion of the entire mass an elec-
tric current so proportioned wich respect
to the cross section of said portion that the
isudicit ciiect is produced, whereby continued
aulomatic cireulation of the molten material
13 produced. . |

22, The furnace process of treating a mass
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consists 1n  passing an  electric current
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of molten material, and drawing an arc be-
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of molten material, which consists in passing

‘through a portion of the mass of molten

material an electric current, the current
strength compared with-the cross section of
said portion of the molten material being

so great that the “ pinch effect ” is produced,

whereby automatic circulation of the molten
material 1s produced. |

93. In an electric furnace, a mass of mol-
ten’ material, means for passing an electric
current through said molten material, and
means for giving to. said molten material
through which said current is passed a pre-

determined cross section, said current pass-

ing through said cross section of said ma-
terial electrically heating said mass of mol-

ten material, and the strength of said heat-

ing current compared with said cross sec-
tion of said molten material being great,
whereby said molten material is automati-
cally agitated by the resulting *pinch
effect.” o

- 24. The method of tfe'ating'a mass of
molten material in an electric furnace, which-

consists in passing through said molten ma-
terial an electric current sufficient to pro-
duce a vrecurring or continued ‘ pinch
effect . I

95. The method of treating a mass of mol-
ten material in an electric furnace, which
consists in passing through a portion of said
mass of molten material an electric current
sufficient to produce in said portion a re-
curring or continued “ pinch effect”; where-

by said molten material is automatically

agitated. _
" 796. The method of treating a mass of mol-
ten material in an electric furnace, which

“consists in passing through said molten ma-

terial a heating current, said heating cur-
rent causing in said material a recurring or
continued “pinch effect ”, whereby said heat-

ing current automatically stirs said molten

material. L
9%7. The method of treating a mass of mol-
ten material in an electric furnace, which

“consists in passing a heating current through

a register, said heating current being sufli-
cient to cause a recurring or continued

“ninch effect ”, whereby said heating cur-
rent automatically stirs said molten ma-

terial. -

98. As an improvement in the art of op-
erating an -electric  furnace, the process
which consists in passing through a .mass
of molten material a current sufficient to
produce a “ pinch effect” to divide the mass

tween the parts of said mass so divided.
99. The process of treating a mass of mol-

ten material in an electric furnace, which'

consists in passing through said material a
current to cause a recurring or continued
“pinch effect”, and subjecting said moiten
material to the effects of an electric arc.

088,936

30. The process of treating a mass of mol-
ten material in an electric furnace, which

‘consists in passing through said molten ma-

terial a current causing a recurring Or Con-
tinued “ pinch effect ”, producing an electric
arc, and subjecting said molten material to

‘heat derived from said arec.

31. The electric furnace process which

consists in bringing raw material Into con- -
tact with a bath of molten material, passing

an electric current through sald molten ma-
terial to produce the * pinch effect”, where-
by said molten material is automatically
stirred, liberating combustible gases from
said raw material, and burning said gases
in contact with said raw material within
said furnace to preheat said raw material.

39. The electric furnace process which
consists in bringing raw material into con-
tact with a bath of molten material, and
passing an electric current through said mol-
ten material to produce a “pinch effect”,
whereby said molten material is projected
against said raw material to transfer heat
thereto. | B

33. The process of reducing oxid ores,

which -consists in producing a bath of molten
metal reduced from the oxid ore, passing a

current through said molten metal to pro-

duce therein the “pinch effect”, whereby
said molten metal is brought into intimate
contact with the oxid ore, and dissolving car-
bon and the oxid ore in said molten metal,
whereby the dissolved carbon and dissolved
oxid ore react upon each other to reduce said
oxid ore to metal. | | .

34. The process of reducing oxid ores,
which consists in producing molten metal,
bringing the oxid ore and carbon into con-
tact with said molten metal, passing an elec-
tric current through said molten metal to
produce the “pinch effect”, whereby said
molten metal is brought into intimate con-

| tact with said carbon and oxid ore, dissolv-

ing carbon and the oxid ore in said molten
metal, liberating combustible gases, and
burning said combustible gases and adding
resulting heat to the raw material.
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95. The process of reducing oxid . ores.

which consists in producing molten metal
reduced from the oxid ore, passing current

‘through said molten metal to produce the

“ ninch effect”, whereby said molten metal
is automatically stirred, dissolving carbon
and oxid ore in said molten metal, liberat-
ing carbon monoxid, and burning sald car-

bon monoxid and adding resulting heat to

the raw material. - o
36. An electric - furnace comprising a
hearth and a cover therefor, a channel 1in

communication with said hearth, and an
opening in said cover in substantial aline-
‘ment with said channel. |

37. The.. electric furnace« process which

| consists in passing a current through molten
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material, said current producing heat insaid | In testimony whereot I have hereunto

molten material sufficient to maintain the | affixed my signature in the presence of the 10
same molten, and the ratio of the square of | two subscribing witnesses.

said current to the cross section of the path |
5 o said current through said molten material | CARL HERING
being great, whereby said molten material | Witnesses:
1S automatically stirred by the resulting | May E. GILL,
“ pinch effect”. .« A. K. STEINBOCK.

Corrections in Leiters Patent No. 988,936.

It s hereby celtlﬁed that in Letters Patent No. 988,936, granted Aprll 4, 1911
upon the application of Carl Hering, of Phlladelphla, Pennsylvania, for an improve-

ment in *“ Electric-Furnace Processes and Electric Furnaces,” errors appear in the
printed specification reqmrmcr correction as follows: Throughout the specification

and claims the word ‘‘ resister” should read resistor and the word “‘resisters” should
read resistors; page 2, line 12, after the word “materla ” the word or should be
_1nse1ted page 7, line 87, the word ““metal” should read mater zaé, page 8, line 48,
the word “1.eglstel ” should read resistor,; and that the said Letters Patent should be
read with these _c’drrections therein that the same may conform to the record of the
case in the Patent Office. o _ o : “ '
Signed and sealed this 9th day of May, A. D., 1911.
[SEAL.] o - C. C. BILLINGS,

Acting Commnissioner of Patents.
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