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- To all whom it may concern:

Be it known that we, Franz von KU6EL-
GEN, a subject of the German Emperor, and
GeORGE O. SEWARD, a citizen of the United
States, both residing at Holecombs Rock, in
the county of Bedford and State of Virginia,
have jointly invented certain new and use-
ful Improvements in Electric-Furnace Proc-
esses, of which the following is a specifica-
tion.

In our application No. 243,494, filed Jan-
uary 31, 1905, patented July 2, 1907, No.
858,400 we have described a resistance fur-
nace or an electrolytic apparatus in which
one or both of the electrodes is cooled by
circulation of water therethrough, which
cooling permits the substitution of metal for

-carbon electrodes with' certain advantages

specified therein in detail, and which cooling
may also be used to advantage in connection
with carbon electrodes. '

The present application is in part taken
from the previous application, and is based
on: the application ofp the process to carbon—
usually graphite-—electroSes; in which appli-
cation there are certain peculiar advantages
referred to hereinafter in detail.

We have discovered that, by cooling a

- carbon or graphite electrode, it may be used
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in resistance furnaces and still avoid the in-
troduction of carbonaceous matter into the

groduct; as for example in the process of re-

ning a high carbon metal or alloy to a lower
carbon metal or alloy and when reducing
oxids by other agents than carbon (asin the
Greene and Wahl process patented Janu-
ary 31, 1893, Ne. 490,961, and December
10,1901, No. 688,510). Under such circum-
stances and in such processes, we may replace
the water cooled metallic electrode specific-
ally claimed in the above-entitled applica-
tion by a water cooled carbon or graphite
electrode, and often this substitution 1s of
great benefit.

Whenever the expression ‘‘pyro-conduct-

1ve charge’’ is used herein it means a charge

of material which when cold is a non-con-

-ductor of electricity or substantially so, and

which becomes an effective conductor only
when heated to a high temperature, either to

. fusion or to an approach to the fusing point.

We have discovered that, by cooling a car-
bon or graphite electrode.to a temperature
considerably below that at which it would be

otherwise maintained by the heat of the
bath, the electrode is protected from attack
by the material of the bath and of the charge,
even though such material is of a very oxi-
dizing nature such that it would rapidly con-
sume the electrode if the latter were not so
cooled. We have found that, by observing

proper conditions in conducting the opera-.

tion, it is possible to almost entirely and in
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some cases entirely preserve the carbon or

graphite electrodes intact in a very oxidiz-
ing bath such as a mixture of metallic oxids.
These discoveries are of value for the follow-

‘ing reasons:—Though * the idea of water-

cooling a metallic electrode to a temperature
such that it will not be attacked or melted
by the bath of an electric resistance furnace
or electrolytic furnace is of great value and
enables us to successfully operate processes
where, without the water-cooling, the mate-
rial of the electrodes would inevitably con-
taminate the product, the substitution of
water-cooled carbon or graphite electrodes
for the cooled metallic electrodes, enables us
to.accomplish the same result with less loss
by cooling and with greater immunity from
possible damage to the electrode through
temporary abnormal conditions 'in the fur-
nace which may cause small arcing between:
the electrodes and the bath. Such substi-
tution is found to be of special advantage
in resistance furnaces where it is necessary
to maintain a very high temperature to ac-
complish the desired reactions.

By water-cooling the carbon electrode we
are enabled to immerse it in the most oxidiz-
ing: slag or bath, such as molten mixtures
of oxids suitable for refining high carbon
metals, without danger of reactions between
the electrode and bath and consequent car-

burization of the product.

We have maintained such a highly oxidiz-
ing bath as a molten mixture of chrome ore
and lime at an intersely high temperature
for days by the passage of an electric current
therethrough between water-cooled graphite
electrodes without appreciable effect on the
electrodes.

Most oxids, mixtures of oxids, salts and
slags are pyro-conductors, displaying a con-
siderable conductivity only when heated to
certain temperatures. It is important that
the bath immediately in contact with the
electrode, and therefore that portion of the
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electrode itgelf, shall be maintained at a tem-

* perature high enough for the bath to be suit-
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ably conductive, so that the current may be
conducted from the electrode to the hotter
“working portion of the bath”.

By the “working portion of the bath” we
mean that part of the bath remote enough
from the cooling effect of the electrodes to

be maintained, by its resistance to the cur-

rent, at a temperature sufficiently high to
bring about the desired reactions. This
‘“working portion of the bath” will in all
cases be higher in temperature than the por-
tions surrounding the electrodes.

Depending on the nature of the charge
and the temperature at which the bath be-
comes suitably conductive, that portion of
the bath in contact with the electrode may
be in some cases solid, in some cases molten,
and in other cases passing through various
degrees of pastiness. ,

ere the portion of the bath in contact
with the electrode is reduced to a solid or
pasty state by the cooling, it forms a con-

ductive coating on the electrode and becomes’
practically the working electrode connect--

ing the electrode proper to the working por-
tion of the bath. ~In fact, it may be found
desirable in some cases to lower the tempera-
ture sufficiently to form such a working elec-
trode and thus perfectly protect the elec-
trode proper. - ‘

The process is adapted also to the elec-
trolysis of molten electrolytes. '

Tie accompanying drawings
suitable apparatus. .

Figure 1 is a longitudinal section through
a resistance furnace, and Fig. 2 is a hori-
zontal section through the same. These
figures show the method of applying the
water cooling to rectangular blocks of graph-
ite acting as electrodes. Fig. 3 is an eleva-~
tion of one of the electrodes illustrating the
method of arranging the water pipes %‘igs.
4,5, 6 and 7 are views similar to Eig. 1 illus-
trating more or less diagrammatically the
application of the improvement to other ar-

llustrate

~ rangements of the electrodes.
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Referring to the furnace illustrated, A is
the body or wall of the furnace or “lining”’,
which may be made of chrome ore or other
suitable material, depending on the nature
of the charge. The wall is held in shape by
an iron shell B. The bath in Figs. 1 and 2
occupies the oblong space or chamber C be-
tween the two electrodes which, in the pres-
ent embodiment of the invention are com-
posed of pencils D and blocks E. A suf-
ficient quantity of the bath is maintained to
be always in contact with the exposed ends
of the electrodes.

For cooling the exposed end of the graphite

electrode, water is conducted through the

blocks It bi;_mcuns of inlet pipes F and outlet
pipes G. Pipes F and G are inserted through

880,743

blocks E by first boring holes of the proper

size, and these pipes are then connected to
each other by a pipe H, and to the sugfly
and discharge pipes J and K, the pipes H, J
and K being beyond the sides of the block.as
illustrated. The block with its several pipes
attached is then molded in place in the
chrome ore lining. The water circulating

‘through the pipes E and G at the desired

rate, reduces the temperature to a point de-
Eending on the conditions and nature of the
ath. '
An example of the application of the in-
vention is the refining of ferro-chrome, and in
this case the bath consists of a refining slag of
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chrome ore and lime, and the charge is the -

metal to be refined or a mixture of same with
ore or ore and lime. The bath is maintained
at about the level indicated, and the prod-
uct (low carbon ferro-chrome) collects-in the
bottom of the crucible. “The resistance of
the-bath N to the electric current is in this
case the only source of heat. The same
principle may be applied to practically all
types of electric resistance furnaces. For
example Fig. 4 is a diagram of a furnace in
which only one pole, the carbon electrode D,
is cooled, the other pole being the metallic
product M itself. The cooling in this case is
accomplished by passing water through ad-
mission and discharge pipes J and K, enter-
ing the hollow stem of the electrode so as to
maintain this stem always full of water. A
larger graphite or carbon block E’ is used for
the contact end of the electrode.

This is
the type of furnace commonly known as
“‘single pole.” It can, of course, be varied

by using a number of electrodes of the same
polarity in place of the electrodes D’ E’.
Fig. 5 illustrates the application of the in-
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vention to a common form of ‘‘double pole”

furnace. In this furnace the current enters
the bath by one of the electrodes D* and
leaves it by the other, instead of leaving it
by & metallic connection with the product at
the bottom as in Fig. 4. In this construe-
tion the current passes in part directly
through the bath and in part through the
bath ?rom one electrode to the product and
thence to the other electrode, the division of
current following Ohm’s law. This type of
furnace might also have two or more elec-
trodes of each polarity, forming the type
known as ‘‘double pole multiple electrode”.
The electrodes are s{lown inclined, but other-
wise they do not differ from the carbon elec-
trode of Fig. 4.

Tig. 6 is a diagram of a double pole fur-
nace in which the clectrodes are of hollow
carbon, preferably graphite, and are cooled
by a circulation of water through the metallic
cores O which also form the electrical con-
nections. As indicated the electrodes aré of
opposite polarity, and the current goes in
part directly through the bath from elec-
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trode to electrode and in part by way of the
metallic product. The same construction
might be used, only making both electrodes
of the same polarity and connecting the metal
at the bottom with the opposite pole of the
circuit. The advantage of this construc-
tion is that the electrodes may be rotated
when it is necessary to expose a fresh sur-
face to the bath, and this feature makes it
one of the best types of furnace for the pur-

ose.

P Fig. 7 shows a cored metal ring P through
whic% a circulation of water is maintained
and a graphite ring D* constituting the elec-
trode and fitting accurately the metal ring
which serves both to coel the graphite ring
and convey the current to it. This is a sin-
gle pole furnace, the metal at the bottom of
the bath constituting the other pole, and is a
very practical form of furnace.
ations will suffice to show that the invention
is applicable to all types of electric resistance
furnaces where the resistance is a fluid oxid
bath, or other fluid bath. .

Though we have described with great par-
ticularity of detail certain embodiments of
the invention, yet it is not to be understood
that the invention is limited to the particular
embodiments disclosed. Various modifica-

These vari--

8

tions thereof may be made by those skilled in
the art without departure from the invention.

What we claim is:— . -

1. The method which consists in treating
in an- electric furnace a pyro-conductive
charge by passing through 1t from a carbon
electrode in contact with it a current suffi-
cient to maintain the charge molten, and
cooling said electrode sufficiently to protect
it from attack by the portion of the charge in

‘| contact with it.

2. The method which consists in treating
in an electric furnace a pyroconductive
charge by passing through it from a carbon
electrode in contact with it a current suffi-
cient to maintain the charge molten, and
cooling said electrode sufficiently to cause a
portion of the charge to be chilled in a pro-
tective but conducting coating thereon,
whereby such chilled portion forms in effect
a new working electrode.

In witness whereof, we have hereunto
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signed our names in the presence of two sub- -

scribing witnesses. L
"FRANZ VON KUGELGEN.
GEORGE O. SEWARD:
Witnesses:
GEo. T. LANCASTER,
FriEDR. voN KIDDER.




