| 0. LUGO, |
Electrodes for Electric Lights.

Paten’_ted Sept. 3, 1878.

No. 207,753.

Figure 2. Figared. Figured. Figured.

Figure A

; i AR %& e e e i seiwreerrereErirrrm=os
L ot oy A L
fEad et A b R g ,.,.%ﬂﬂuh‘wh%_ . X .

R R AR

oy ey g e e T T ot L Al e e o ol ol etk S 50

e

s
G, A MeTE,

Wilnesses
(el "I,

N RETARS, PHOTO-LITHOGRAFHIN, WASHINETON, O L.




UNITED STATES PATENT OFFICE.

+

ORAZIO LUGO, OF FLUSHING, NEW YORK.

IMPROVEMENT IN ELECTRODES FOR ELECTRIC LIGHTS.

Specification forming imrt of Letbers Patent No, 207,758, dated September 3, 1578; application filed
August 28, 1878. .

CasE .B°

To all whom it may corcern:

Be it known that I, ORAZ10 LUGe, of Flush-
ing, Long Island, New York, have invented
certain lmproveents in Electrodes for Em-
ployment in the Production of Eleetric Light,
of which the following is a specification:

My improveinents relate to the introduction
of -air and other fluids into the electric are;
and my present invention consists in either
making my electrodes tubular or in combin-
ing each of them with a tube which is wholly
or partially surrounded by the earbon or other
material of which .the electrode is eomposed,
for the purpose of affording a channel throngh

which air or other fluids may be conducted

and may be discharged from the points of the
electrodes into the eleetrie arc.

In another application of even date here-
witl, designated as ¢ Case A,” I have deseribed
the nse of electrodes of porous material, and
also tubular electrodes containing fibrous wick-
ing for conveying a hydrocarbon or other com-
bustible flnid into the electric are by capillary
action,

In my present invention I may make my
tubular electrodes open at both ends, and rely
upon the natural draft for ereating a current
of air through them; or I may connect them
with pipes, through which air or any desired
fluid or fluids may be forced from a distant
point or points into and through the electrodes
with any given pressure.

The accompanying drawings illustrating my
improved electrodes are as follows: Figure 1
is a ceniral longitudinal section of my fubular
carbon electrode. Tig. 2 is a similar section
of a tubnlar electrode having inserted in it a
metallic or other pipe for supplying it with a
comdustible fluid from a distant reservoir.
Tig. 8 is a similar section of a tubular elec-
trode Lhaving a metallic supply-pipe connected
with its base, and a pipe inserted laterally in
it near the base, for the purpose of supplying
it with fluids from two different sources. Fig,

4 is a similar section of an electrode connected
at its base with a pipe for supplying gas, the
mouth of the pipe being provided with a Bun-
sen burner, aud the electrode being provided
with lateral openings for admitting air into the

interior of the electrode toassistin the combus-
tion of the gas. Tig. 5 is a longitudinal section
of an electrode, the material of which partially
surrounds a metallic tube contained inalongi-
tudinal groove on one side of the electrode,
the tube being for connection with a distant
reservoir of flnid, which is to be introduced
into and burned in the electric are.

- My electrode A is made preferably of car-
bon, and has a central hole, B, extending lon-
gitadinally through it from end to.ead, as
gshown in Fig. 1. : '

- If desired, a small metallic tube, b, may be
insertéd in {he hole B, as shown in Fig:.2.

The tube b may.be connected with a reser-
voir of fluid, placed at any convenient point,
and may thus serve to ¢onduct such finid from
the reservoir, and discharge it at any pre-
seribed pressure from the point of the electrode
into the electric are. . :

"The tube  may.be inserted in the base of
the electrode, as shown in Fig. 3, and another
tube, 3', may be inserted laterally in the elec-
trode a short distance above its base, the two
tubes being for the purpose of supplying two
different fluids to the electrodes, if desired.

“The tube b, inserted in the base of the elec-
trode, may be provided at its mouth with a
Bunsen burner, §*, and lateral apertures ° may
be made in the lower part of the electrode, for
the admission of air when the tube b is con-
nected with a reservoir of gas.

. Instead of having a central hole in the elec-
trode, it may have upon its surface the longi-
tudinal groove C, as shown in Fig. 52"111 which,
may be placed the connecting-pipe U’ for dis-
charging afluid from the point of the electrode.

I preferably incase my carbon electrodes in
a metallic shell, for facilitating their electrical
connection with the plus and minus wires of
an electrie cireuit supplied with a current from
a battery or other source of electricity. -

The passage of air or other fluid through
my electrodes tends to keep them cool and
retard their consumption.

My electrodes may be employed for the pro-
duction of the electric arc substantially as
other electrodes have heretofore been so em-
ployed; but it will, of course, be understood
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that if my eleetrodes ave fed toward each ofher
by positive mechanical motion—as, for exam-
ple, by clock-work—it will he necessary to
lessen the nsual rate of speed of such clock-
work, beecanse my electrodes last so much
longer than those Lheretofore nsed.

Instead of arranging my electrodes verti-
cally, one above the other, I prefer to arrange
them side by side, with their upper ends in-
clined toward each other. The advantage of
this mode of arrangement is, that stronger
drafts of air are established through the elee-
trodes when they are in an upright position.
When so arranged, air is diseharged into the
electrie are from DLoth eleetrodes; and, more-
over, when the electrodes are in an upright
position, fluid may be introduced into them
with less danger of overflowing from their
points, and the rate at whieh the Auid is sup-
plied to them may be casily gradnated to the
rate of evaporation,

The effect of the enrrents of air discharged
from the points of the electrodes is to promote
the steadiness in position of the electrie are,
and also to greatly increase its illaminating-
power, and to malke it practicable to consider-
ably increase the distance between the elee-
trodes, and conseqnently the lengtl of the are.

When my electrodes are placed in line ver.
tically, one above the other, it will he advis-
able to connect the upper electrode with an
air pump or blower, to force air downward
through it into the clectrie are. The natural

upward draft will ordinarily be safficient to
supply air tbrough the lower electrode.
Iclaim as my invention and desire to secure
by Letters Patent of the United States—
1. In apparatus for producing the electric

light, longitudinally tubuolar electrodes, rela-
tively so arranged that air or other flnids may
be diselarged from the opposed ends of the
eleetrodes into the electrie are, substantially
as and for the purpose set forth.

2. A tubular electrode of any sunitable ma-
terial, having inserted in it a pipe for supply-
ing a combustible floid which is capable of
being evaporated and ignited in the eleetrie
are, substantially as deseribed.

3. An eleetrode of snitable material, having
a hole extending longitudinally through it, and
having near its base one or more lateral open-
ings extending from the longitudingl hole to
the surface of the eleetrode, substantially as
and for the purpose set forth,

4. A tabular electrode of any suitable ma-
terial, provided near its base with one or more
lateral openings extending from the longitud-
inal hele to the surface of the electrode, in
combination with 4 Bunsen burner affixed to
a pipe iuserted in the base of the electrode,
the pipe being for the purpose of discharging
gas into the tube of the electrode, and the lat-
eral opening or openings for the purpose of
supplying a earrent or currents of air to assist
the combnstion of sneh gas in the elecirie are,
substantially as deseribed,

5. An electrode of any suitable material, in
colnbination with a tube applied longitudi-
nally thereto, and wholly or partially surreund-
e by the material of which the eleetrode is
composed, sabstantially as shown and de-

scribed,
ORAZIO LUGO.
Witnesses:
RopERT H. PoLLoCE,
EpwD. PAYSON,
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UNITED STATES

PaTeENT OFFICE,

LEDYARD COLBURN, OF BIRMINGHAM, CONNECTICUT, ASSIGNOR OF ONE-
HALF TO RICHARD R. COLBURN, OF SAME PLACE.

ELECTRIC-ARC LAMP.

SPECIFICATION forming part of Letters Patent o. 316,240, dated April 21, 1885.
Application filed March 13, 1884, {No modol.}

To all whom it may concern:

Be it known that I, LEDYARD COLBURN, of
Birmingham, in the county of New Haven and
State of Coonecticut, have invented a new
Improvementin Eleetric-Are Lamps; and Ido
hereby declare the following, when taken in
connection with accompanying drawing, and
the letters of reference marked thereon, to be
a full, clear, and exact deseription of the same,
and which said drawing constitutes part of this
specification, and represents a sectionai side
view showing the two carbong of an are lamp
with the gas-jet and air-jet arranged inde-
pendent of the carbons,

This invention relates to an improvement
in electric-are lamps, the ohject of the inven-
tion being to reduce the electrie eurrent with-
oufi diminishing the hrillianey of the light;
and my invention consists in combining with
the carbons of an electric-are lamp a jet of air
and gas impinging dirvectly npon the points of
the carbons, so that the alr and gas wili min-
gle at those points and produce an intense
heat upon the points, and whereby the elec-
trie current may be reduced to the extent that
the carbons are heated by the gas, as more
fully hereinafter deseribed.

A represents one carbon and B the other
carbon of a common are lamp, to each of which
the lines are led to form the are between the
points of the two carbons.

(Cisacontracting tube, terminating near the
points of the carbon; D, aliketube, preferably
arranged directly opposite the point of the tube

C. To one of the tubes—say C—gas is sup-
plied, and to the other tube, D, air is supplied,
the quantity of air and gas being regulated by
cocks E or otherwise. _
Whenthe circuit is elosed and theare formed
between the two burners, the gas is supplied

33
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through the tube C, and iostantly ignites. At -

the same time air is introduced through the
other tube, D, in sufficient quantity to mingle
with the gas and produce perfect combustion.
Therefore this combined gas and air produces
an intense heat directly at the points of the
carbons, and which, with a greatly-rednced
electric current, will heat. the carbons to a
point of brilliancy equal at leasé to the most
brilliant effect produced by the usual strong
electric current.

The air and gas may be supplied by any de-
vice which will deliver them under the requi-
site pressure.

Idonotclaim, broadly, supplying mixed gas
and air at the points of the electrodes, as such,
I am aware, is not new. '

I claim—

In an electric-are Jamp, the combination of
the two carbons A B with the tibes C D, ap-
plied to direct, respectively, a gas and an air
jet between the points of the carbons, substan-
tially as desecribed.

LEDYARD COLBURN.

Witnesses:
JoaN E. BEARLE,
Jos. C. EARLE.
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UNITED STATES

PATENT OFFICE.

ALFRED APPS, OF LONDON, ENGLAND.

ELECTRIC-ARC LAMP.

RPECIFICATION forming part of Letters Patent No. 438,134, dated October 14, 1850,
Applicativii filed Juns 17, 1800: Herial No. 364,790, (Ho model)

To all whome & may corcerh:
Be it known that I, ALFRED APPS, 4 sub-
jeet of the Queen of England, residing at £33

Strand, London, in the county of London,

England, have invented certain newand use-
ful Tmprovements in Electric-Arc Lamps, of
which the following is a specifieation.

My invention has for its objeet to inerease
the intensity, improve the color, and aug-
ment the steadiness of the electrie-are light
obtainable from a given amount of energy.

I am aware that for this purpose hydrocar-
bon vapors have been conducted through the
interior of the carbon, and that a speeial
method of using hydrecarbon vapors and pre-
venting the stoppage of the bore-hole through
which the vapors pass consists in inseriing
a wick made of asbestus. Thave discovered,
however, that no wick is necessary for keep-
ing the bore-hole open and allowing the hy-
drocarbon vapor to pass.

Instead of using a wick Iline the bore-hole
of the carbon with a suitable insulating (oth-
erwise refractory) material-—such as kaolin,
lime, plaster-of-paris, vitreous paint, japan,
stone, or earthenware——so as to form a thin
capillary tube, which varies in size with the
gize or length of the carbon, and which in the
case of ordinary carbons has from one-hun-
dradth to one-fiftieth of an inch clear width
or diameter for the passnge of the vapors.
The eross-section of the vapor duct or tube
may be cireular or of other snitable shape.
In making this capillary tube or lining the
lime, plaster, or ofher mineral matter is in-
troduced in a plastic condition, so that it ad-
heres readily to the interior of the carhon,
and a thin wire or other core is inserted and
afterward withdrawn in order to preserve
the necessary aperture. Asthe tube or lining
is very thin, and therefore the guantity of
mineral matter very small, it hurns or falls
away in proportion asthe earbon is consumed,
thus keeping the hole open for the easy pas-

sage of the vapors from the lower parts of
the carbon or from the vessel containing oil
or other souree of hydroearbon vapor.

Another objeet of the lining or tube is to
prevent the deposit of earbon from the vapor
on the walls of the passage, which deposit
would form an obstruction to the flow of va-
pors.

In the further deseription reference will e
made to the accompanying drawings, in
which— :

Figure 1 is a vertical section, and Fig. 2 a
cross-section, of a carbon embodying my in-
vention.

The carbon A is fitted into a vessel B, con-
taining oil up to the level C, which oil as-
cends by capillary attraction through the
small axial perforation k. "This passage % is
formed by the tube or lining K, of kaolin,
plaster-of-paris, or other snitable refractory
material. B’ is a brassrod or tube, by means
of which the vessel B can be fixed in the lamp-
holder. The part B may, however, be placed
in any other convenisnt position.

The vessel is provided with an opening,
which can be plugged by ascrew 8, and serves
to admit air to the interior when required.

Instead of using a vessel B, the hydrocar-
bon cil may be supplied by a separate reser-
voir placed in any suitable position and con-
nected with the inlst end of the earbon by a
wick.

What I clahin is—

A carbon for electric-are lamps, having an
axial perforation provided with a lining or
tube adapted to supply liquid by eapillary
attraction, substantially as deseribed.

In testimony whereof I have signed this
specification in the presence of two sahserib-

ing witnesses.
. ALFRED APPS.
Wilnesses:
J. WETTER,
ErNEST C. BARKER.
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UNITED STATES

PaTeENT OFFICE.

”WALTER 8. RICHARDS, OF NATICK, ASSIGNOR OF ONE-HALF TO GEORGE

B. JAMES,

OF BOSTON, MASSACHUSETTS.

"ARC-LAMP ELECTRODE.

SPECIFICATION forming part of Letters Patent No. 458,378, dated August 25, 1891,
Application filed Jannary 8, 1891, Serial No. 377,143. (No model.}

To all whom it may concern:

Be it known that I, WALTER S. RICHARDS,
of Natick, in the county of Middlesex and
State of Massachusetts, have invented certain
new and useful Improvements in Electrodes
for Arc Lamps, of which the following is a
specification.

This invention relates to carbon electrodes
for arc lamps which are provided with capil-
lary eondnctors of refractory material adapt-
ed to conduect a liquid hydreearbon to the are
or burning end of the electrode, where said
hydrocarbon is converted into gas, which in-
tensifies and improves the quality of the light.
Carbon electrodes to which this p1‘1nelple is
applied have heretofore been made hollow or
tubnlar, each electrode having a central lon-
gitudinal passage entirely surrounded by the
materlal of the electrode and containing a
capillary conductor of refractory material,
such as ashestus, said conduetor extendmg
through the center of the burning end of the
electrode at a point where the heat attending
the produetion of the illuminating are is the
greatest. Twoserious objections attend this
construction of the electrode, namely: first,
the capillary conductor being entirely sur-
rounded by the hurning mass of earbon is o
acted on by the intense heat that it soon be-
comes entirely consumed and rendered useless
for a considerable distance into the body of
the electrode, and therefore fails to conduet
the hydrocarbon or other agent into the nee-
essary proximity to the areto give the desired
increased illumination; second, the hydro-
carbon passing through the capillary con-
ductor being entirely surrounded by the ma-
terial of the electrode has no access to the
atmosphere until it reaches the are, so that it
does not assume a gaseous form as readily
and rapidly as it would do if the air had freer
aceessto the hydrocarhon passing throngh the
capillary conduector,

Myinvention has for its object to overcome
the above-mentioned objections; and to this
end it consists in a carbon electrode having
a capillary conduector of refractory material
arranged at the exterior or the electrode and
extending lengthwise thereof, the said capil-
lary conductor being exposed along its entire
length to the atmosphere, so that it is not at-

tacked and destroyed by the heat, excepting
attheimmediate point wheve the arcis formed,
and exposes the hydrocarbon condueted there-

by to the action of the air to such an extent g5

that ihe conversion of the hydrocarbon into
gaseons form is more rapid than it wonld be
if the capillary conduetor were entirely sur-
rounded by the material of the electrode, as
heretofore.

" In the accompanying drawings, forming a
patt of this speecification, Figure 1 represents
a side view of a carbon electrode and a eapil-
lary conduector thereon, the electrode having
in its surface a longitucinal groove, which re-
ceives the capillary conduetor or a poriion
thereof and retains the same in place, at the
same time exposing it to the atmosphere. Fig.
2 represents a seection on line 2 2 of Fig. L.
Fig. 3 represents a side view of an eleetrode
having the capillary conductor placed wpon
its surface instead of in g groove and secared
by external fastenings. Fig. 4 represents a
section on line 4 4 of Rig. 3.

The same letters of reference indicate the
same parts in all the figures,

In the drawings, @ represents a earhon elec-
trode of the general form ordinarily used in
electric-arc lamps, and & represents a capil-
lary conduetor or wick of anysuitable refrac-
tory waterial, such as mineral woel. The
said capillary conductor extends the entire
length of the electrode, and preferably projects
beyond the end of the same opposite the end
where the arc is formed so that it mnay enter
asuitable reservoir containing a liquid hydro-
carbon,

My invention, as aboveindieated, is carvied
out by locating the capillary conductor b upon
the exterior of the electrode, so that itsentire

length will be exposed to the atmosphere in--

stead of being surrounded by the material of
the electrode, as heretofore.

In Fig. 11 have shown the capillary-con-
duétor located in a shallow longitudinal
groove ¢ in the surface of the electrode, said
groove receiving the capillary conductor, but
not excluding the air therefrom. The ob-
ject of the groove is simply to retain the cap-
illary conductor in place, and this may be
accomplished my making the conduector of
such size that it requires to be compressed to
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enter the groove, or the conductor may be
fastened by any suitable means to the sur-
faces of the groove,

In Pigs. 3 and 4 I show the conducior b as

5 bearing on the swiface of the electrode, no
groovesbeing provided in the latter, In this
case the conductor may De held in place Ly
independent fastening ¢ ¢, which are here
shown as pieces orbands of wire. These fast-

10 ening will be readily consumed by the electric

action when the electrode burns down to the
point, where they are located. It will be seen
that by locating the eonductor b at the exte-
rior of the electrodes the conductor is so ex-

15 posed-to the atmosphere that it cannot be de:

stroyed by the heat at a point far enough from
the are to prevent the hydrocarbon gas car-
ried by the conductor from properly entering
the are. Tt will also beseen thai the free ac-

7o cess of the atmosphere to the conductor b fa-

458,376

cilitates the conversion of the liguid hydro-
earbon into gaseous form.

I ¢laim— .

1. An electrode having a capillary con-
ductor of refractory mmaterial extending along
its exterior, said conduetor being exposed to
the atmosplere, as set forth,

2. A earbon electrode having an open lon-
gitudinal groove in its surface, combined with
a capillary conduector of refractory material
contained in said groove and exposed to the
atmmosphere, as set forth.

In testimony whereof I have signed my
name to this specification, in the presence
of two subseribing witnesses, this 2d day of
January, A. D, 1891,

WALTER S RICHARDS.

Witnesses:

EwiNg W. HAMLEN,
C. F. BROwX. .
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UNITED STATES

PaTENT OFFICE.

LEON HULIN, OF FROGES, FRANCE, ASSIGNOR TO GROSVENOR P. LOWREY,
O" NEW YOREK, N. Y.

MANUFACTURE OF

CARBON BLOCKS.

SPECIFICATION forming part of Letters Patent No. 473,841, dated Aypril 26, 1892,
Applioation filed Apil 25,1890, Hertal Wo. 348,103, (Nomodsl) Patented in Prauce November 7, 1889, No. 201,784,

To all whom it may concermn.:

Be it known that I, LEow HULIN, a citizen of
the Republicof France, residing at Froges, De-
partmentof Isere, France, haveinvented anew
and useful Improvemenst in the Process for
the Manufacture of Carbon Blocks, (for which
I have obtained Letters Patent of the Repub-
lic of France, No. 201,784, dated November 7,
1883,) of which the following is a specification.

My invention relates to a new process for
manufacturing “blocks of carbon,”and by this
term T mean articles of any desired size and
configuration, which process has been fonnd
to do away with many of the difficulties at-
tendant upon the use of the masses of carhon
of any considerable size when made by the
methods commonly employed.

Inasmoch as the making of electrodes for
use in electro-metallurgical and electro-chem-
ical operations is the field for which my in-
vention was primarily devised and in which it
will be most likely to be put into immediate
commercial use, the following specification
treats more particnlarly of this specific appli-
cation of my invention, though T desire it to
be nnderstood that the invention isinno way
limited to the making of electrodes alone; but,
on the contrary, may be availed of in the
manufacture of carbon conductors, crucibles,
molds, or other articles, all of which are in-
tended to be covered by my claims.

The general natureof wy invention may be
outlined by observing that I prepare separate-
ly a number of plates or laming of carbona-
ceous material, from which I build up the de-
sired block, putting an intermediate coating
of agglomerating material hetween the plates,
and finally I bake the built-up block in any
suitable form of furnace.

My invention is illustrated in the accompa-
nying drawings, wherein—

Figure 1is a perspective view of a single
one of the plates or laminz, and Fig. 2 is a
similar view showing a completed electrode.

I first talce pieces of retort-carbon or petro-
leum-coke or any other preferred form of car-
bon and I pulverize them in a crusher. "The
pulverized carbon is then passed through a
grinder and the dustisdried and mixed thor-
so oughly with gas-tar antomatically sprinkled
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over the earbon in definite proportions, by
weight. The paste is then moided and rolled
into plates, whieh are trimmed to the required
shape and dimension and then dried by ex-
posure to the open air and subsequently ina 53
beated chamber. These various steps are all
well known in the art of carbon-making as
now practiced, and I vefer to them not as a
part of my invention, but simply to illustrate

a suitable way in which to prepare the ear- 6o
bon plates or lamin® with which my inven-
tion deals. These plates will of course be
made of various shapes and sizes, according

to the configuration of the article which it is
desired to form, and one of them snitable for 65
an electrode is illustrated at A, Fig. 1. The
plates A have the same snperficial dimen-
sionsasthe desired electrode. Theyaretaken
from the drying-chamber when they have he-
come &tiff and fragile, but net sonorens, and 7o
are then coated with a thick layer of the ag-
glomerating substance, generally counsisting

of a eomposition of seventy per cent. hot tar
and thirty per cent. carbon dust, the applica-
tion of this composition being made to one 73
side or surface only of said ecarbon plates.
The plates thus coated ave then fitted upon
one another and accurately adjusted, so asto
form an electrode B, Fig. 2, of the required
shape. When thus joined together, the elee- 8o
trode ov other built-up earbon Dblock is in-
serted into a cast-iron erucible, which is then
put into a furnace, in which the temperature

15 gradnally raised for abouf eighteen hours,
when it isallowed to cool gradually, the maxi- 85
mum heatof thefurnaee being about a bright
red heat of iron. The carbon produced in
this way is specially adapted to withstand ex-
posure to an extreme heat, such as is found

in the electric furnaces used for smelting aln- go
minous and otherores. When carbon blocls

as ordinarily made are used for the electrodes

in such furnaces, they break or shaiter and
pieces tall to the bottom of the erueible, pro-
Qucing short cireuits, which can only beinter- g5
rupted by stopping the dynamo or otherwise
breaking the ¢ircuit, and thereby stopping the
operation of rednetion in order to pick ont
the broken pieces of carbon. This result is
chiefly due to the fact that when alarze piece 100
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of carbon is exposed to the high heat of the | size construeted in any other method of which

furnace there will be snch a difference of
temperature hetween the center and outside
portions of the mass as will prodnce very un-
equal expansion therein, so that as the elas-
ticity of the carbon is small and its expansi-
bility under heat considerable it has been
found that large blocks of carbon made solid
are not well adapted to resist intense heat.
Carbon blocks or electrodes, however, made
Iy my present invention have the same lib-
erty of expansion as when the electrode is
formed of a number of plates mechanically
bound together and at the same time have
not the effect of non-homogeneity, which very
often produces electric ares between the
plates, bad contacts, and resistances, all of
which tend nob only to weaken the current,
but also to make tne plate break., Further-
more, it is found that a very considerable and
Important economy results from the use of
carhon electrodes construeted as above indi-
cated in all electro-metallurgical processes
conducted on a commercial seale, prineipally
owing to the fact that said blocks of carbon
conduct the current perfectly well without
any noticeable heating of any paré of the
mass, thereby indicating a materially less re-
sistance than in any mass of carbon of equal

I am aware.

I elaim as my invention—

1. The herein-described process of making
articles of earbon, which consists in shaping
and preparing ready for baking separately a
number of comparatively small plates ov
blocks of earbon, building up the desired ar-
ticle from such plates while still unbaked,
and then baking the arficle thus formed, as
described.

2, The herein-described process for form-
ing a carbon electrode, which consists in shap-
ing from carbon paste and preparing ready
for baking separately a nuinber of plates or
blocks of carbon of comparatively small size,
fitting such plates together with a snitable ag-
glomerating material to form an clectrode of
the desired dimensions, and haking the elec-
trode thus formed, as set forth.

3. A earbon couductor consisting of anum-
ber of separately-prepared carbon plates or
slabs fitted together and baked, substantially
as deseribed,

In presence of—

OSCAR MALMROS,
ITASTINGS BURROUGHS.
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SPLOIFICATION forming part of Letters Patent No, 655,176, dated Avgist 7,1900, - -
Application filed Octobet 20, 1899, Berlal No. 784,168, (Nomedeld -~ . -~ -

To all whom it may concern: - o
BeitknownthatI,JORANN FRIEDRICH ACK-

ERMANN, a citizen of the United States, resid-

ing at New York, (Brooklyn,) in the county of
Kings and State of New York, have invented

certain newand useful Improvementsin Elee- |

tric-Are Lights, of which the following isa full

and complete specification,such as will enable

those skilled in the art to which it appertains
to make and use the same. .

Thisinvention relates toarc-lamps; and the
object thereof is to provide alamp of thisclass
which shall be economical and efficient in use
and which shall be capable of long-continued
operation without attention or replenishment
of material,and is especially adapted for light-
honge and search-light use. _

Myinvention is fully disclosed in the follow-
ing specification, of which the accompanying
drawing forms a part, in which the several
parts are denoted by reference characters
aud which represents a side elevation of my
improved are-lamp partly sectioned to dis-
play the internal construction of several novel
portions thereof. -

Referring more particularly to the draw-
ing, Thave shown at 2 the negative pole mem-
ber and at 3-the positive pole member of my
improved are-lamp, each of which eonsists of
a stick or rod formed of material adapted to

conduct a eurrent of electricity, snch as very.

hard carbon or challt or similar material. The
negative member 2 is provided at its upper

_end with a erater orrecess 4, the positive mem-

ber being pointed at its lower end, as at 5,
The members 2 and 3 may be supported by
any snitable means, as by a bracket 6, (shown-
in dotted lines,) provided with a set-screw 7.
The positive member 3islongitudinally cham-
bered; as at 8, and an ejector device 9 of any

- ordinary or suitable construction enters the

45
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rear end of the chamber 3, said ejector being
ingulated from the member 3, as shown at 10,
From the air-blast channel and feed:-channel
of the ejector extend pipes 11 and 12, respec-
tively, to a compressed-air reservoir or air-
compressor {represented at 13) and aréservoir
for containing pulverized carbon, (repre-
sented at 14.}) The reservoir 14 may be pro-
vided with an air-inlet, as at 15, to facilitate
the feed of the pulverized ecarbon by action of
the ejector. Tle ejector connections 11 and

{12 have the nsual valves or cocks, as at 16

and 17, for regulating fhe oparation, . . -
- Thefuel-receptaclel4isnormally filled with
pulverized fuel (represented at18) consisting

material or other substance capable of com-
bustion when passed within the sphere of in-
fluence of an electric arc.- Pulverized carbon
of the grade nsed in are:lights as generally
constructed will be effective for the puirpose
just stated. I _
or other powder to obtain color affects.

are counected in circuit in ‘any suitable man-
ner—for instance, by binding-posts 19 and
20, with which line-wires 21 and 22 are re-
spectively connected. The members2and 3
are spaced apart suffieiently to form an are
between the same, as shown in the drawing,
dand when they are in circuit it is only neces-
‘sary to operate the ejector mechanism, so
that the air-blast will draw the pulverized
fnel 18 from the reservoir 14 and eject it
throngh the ehamber or bore 8 to the space
‘hetween the members 2 and 3, where the elee-
trie are will at once superheat and consume
said fael. ' o
It is manifest that the exact construetion

proved are-lamp as above set forth are not
essential to the embodiment of ayinvention;
but that I may vary the same widely and still
come within the spirit and seope of my im-
provements,

By means of my improved are-lamp a dis-
integration of the two members 2 and 3 is
largely avoided. It is manifest that said
members may be constructed to last i opera-
tion a greater length of time than the pres-
ent arc-light carbons, as the heat of the are
expends itself npon the pulverized fuel, and
as the continuous feed of a larger quantity
of fuel may be maintained wo attention will

siderable time. It is further manifest that
all the fuel is. made use of in my improved
lamnp, which produces economy of operation,
and the amoennt of fuel admitted to the zone
of the ar¢ may be readily varied by adjust-
ment of the gjector. _

Any suitable means of actnating the mem-

I may, however; use magnesinm

. The positive and negative members 3and 2-
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be required by my improved lamp for eon-
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bers 2 and 3 to make, maintain, and break -
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the arc between the same may be employed,

such forming no part of my invention. . .
Having fully deseribed my invention, I

claim as new and desire to secure by Letters

s Patent—
1. In anarc-lamp, a neoatlve pole. member.

and a positive pole member, oue of which is

recessed at one end and the other pointed. at-

one end and chambered longitudinally, an

16 ejector communicating with =aid chamber,
a fuel-receptacle -arranged to communicate
.with said ejeetor,a source of compressed-air ;

supply communiecating with said ejector, aud

. devices for re"ulatlng the feed of the fuel o
t5 the ejector, subatant:ally a3 shown and de—

scribed..

2, In an are-lamp, a negative pole mem bar ;
and ‘a positive pole member, one_of whieh
. members is chambered longitudinally, an |
20 ejector communicating with satd’ chamber, & |

fuel-receptacle arranged tocommunicate with

said-ejector, means communicating with said |
eaector for . forcmcr smd fuel throuo'h ssud_ :

3. Inan are-lamp, a negative pole member
and a positive pole member, one of which is
chambered longitudinally, an ejector commu-
nicating with said chamber, a fuel-receptacle
arranged to communicate with said ejector,
and provided with a gnantity of pulverized
carbon oranalogous material, and means com-
municating with said e;ector for foreing said

_pulveuzed ‘earbon or analogous material
_through said chamber, and devices for regu-

lating thefeed from said fuel-receptacle, sub~

"stantially as shown and described.

In testimony that I claim the foregomg as

“my invention I have signed my namé, in pres-

ence of the subseribing witnesses, this 10th
day of October, 1399, ~ -
JOHAEN I‘RIEDRI(‘H AG]LERMM\N
‘Witiesses:
F. A, STEWART
V. M. VOSLER.

chamber in sald pole member, and devices for
1 regulating the feed of the fuel to the ejector,
.substantially as shown and described.
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UNITED_ STATES PATENT OFFICE.

- SAMUETL P. WILBUR, OF WILKINSBURG, PENNSYLVANIA, ASSIGNOR TO WESTINGHOUSE

ELECTRIC & MANUFACTURING COMPANY, A CORPORATION OF PENNSYLVANIA.

ELECTRODE FOR ARC-LAMPS.

No. 9831,160.

Specification of Letters Patent.

Patented Aug. 17, 1006,

Application filed April 28, 1906. Serial No. 314,207,

To all whom i may concern:

Be it known that I, SasiveL P, WiLeur, a

“citizen of the United States, and a resident

of WVilkinsburg, in the county of Allegheny
and State of Pennsylvania, have invented a
new and useful Improvement in Electrodes
tor Arc-Lamps, of which the following is a
specification. : ' : '

My invention relates to arc lamps and
particularly to lamps in which the arc is of
the character commonly known as *flam-
ing? or * luminous,”

“The object of my invention is to provide
an electrode for an arc laap of the character
specified whicli shall enable starting or
lighting thereof and removal of the fumes
produced by the arcs, :

Arc lamps have hevetofore been provided
in which one of the electrodes is composed
of a metal and is substantially non-consum-
able, and the ofher of which 1s composed of
a muaterial, or a mixture of materials, that
is more highly refractory than carbon, ov
other materials commonly employed, and
that is, consequently, much less rapidly con-
sumed. Electrodes which have been found
suitable in practice have been variously com-
soged of titamium carbid, or mixtures of

‘metallie titanime and earbon, titanium oxid

and eavbon, and various other compositions.
In the operation of such a lamp a slag is
formed npon ithe end of the composition
electrode, which becomes 2 non-conductor

when cold and which often interferes with

starting -of the lamp after it has once been
in use. Fumes are also given off by such
lamps which form deposits upon the elec-
(vodes and other parts, often in such a man-
ner as to obscure wore or less of the light
imd to interfere with the operation of the
amp. _

Acecording to the present invention, T pro-
pose to construct the metallic or non-con-
sumable electrode n the form of a tube, the
inner diameter of which is less than the
diameter of the other electrode, so that, when
the electrodes are brought together, the tube
will cut the slag and permit electrical con-
tact between them, the tubé also serving as
a chimney through which the fuines may be
conveyed from the lamp by weans of the
draft set up by it. '
. The figure of the accompanying drawing

‘the

is a view, partially in section and partially
in elevation of the electrodes of a lamp that
embody my invention, '
Lower electrode 1 of un are lap to which
my invention may be conveniently applial
may be composed, as before described, of
titaniun carbid or of mixtures of titaniuw
oxid and carbon, metallic titanium and ear-
bon or of other suitable substances that are

 highly refractory and that impart a * flan-

ing” or “luminous” character to the arc.

Upper electrode 2, which is preferably com-
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posed of copper but which may also be com- -

posed of iron or other suitable metal ov
metals, is tobular in form and its inner di-
ameter is less than the outer diameter of the
electrode 1. It will be undevstood that when
the electrodes are brought together, in the
usual manner, to start the ave the tubulax
electrode will cut or break any insulating
slag that may have been formed on the other
electrode. The tube also serves as a chim-
ney through which fumes that are given off
by the arc may be conveyed to the exterior
of the lamp by means of the draft set up by
the lamp. In order, however, to insure re-
moval of all the fumes in this manner, the
lower end of the tube is provided with a
plurality of apertures at 3, and is surround-
ed by a conical shaped hood 4 that collects
umes and directs them into apertures.
An annular flange 5 is also secured to the
tube at the upper end of the hood which
fuacilitates the radiation of heat from the
electrode. _

The struetural details of the tubular elec-
trode may differ considerably from what I
have specifically shown and described, and it
may be employed with composition elec-
trodes the characteristics of which may dif-
fer widely from those here described with-
ont departing from the spirit of the inven-
tion, '

T claim as my wnvention:

1. A tubular are lamp electrode of uni-
form diaineter from end to end and provided
with lateral apertures adjacent to one end
and with a hood that surrounds the aper-
tured end.

2. A {ubnlar upper electrode for are
lamps having open énds and a plurality of
side apertures adjacent to its lower end.

3.\ tubular arc lamp electrode of uni-
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form diameter from end to end and having
open ends and a plurality of side apertures
agjacent to its arcing end.

4 A tubular are lamp electrode of umi-
form diameter from end to end and. pro-
vided with side apertures adjacent to one of
its ends and with a flaring hood that sur-
rounds the apertured end. :

5. A tubular arc lamp electrode provided
with side apertures adjacent to its lower
end and with a flaring hood that surrounds
said apertures.

t

" 6. A tubular arc lamp electrode hav(i’gﬁ

01113911 ends and provided with g flaring h

In testimony whereof, I have hereunto

1906.

‘subseribed my name this 21st day of April,

SAMUEL P. WILBUR.

‘Witnesses:
Buxr Bay,
Bmyey Hines,

at surrounds said electrode adjacent to 15
‘one of its ends. S

e
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CARL WILHELM SODERBERG, OF CHRISTIANIA, NORWAY, ASSIGNOR TO DET NORSKE
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ELECTRODE FOR ELECTRIC FURNACES AND PROCESS FOR MANUFACTURING THE
SAME. :

Application flled September 8, 1919, Serial No. 322,480,

To all whom it may concern.:

Be it known that I. Carl WILURLM SGDER-
pERG, 2 subject of Norwav, and a resident of
the ity of Christiania, Kingdom of Norway,
5 have invented certain new and useful Im-
provements in the Electrodes for Electric
Furnaces and Processes of Manufacturing
the Same, of which the following is a speci-
fication, '

This invention relates to electrodes for
electric furnaces and the object of the inven-
tion is an improved electrode, and a method
whereby the same may be produced in =
simple and economical manner.

ectrodes for the purpose above men-
tioned are generally made from some car-
bonaceous material, such as coal, graphite,
ete, The material or materials selectecl are
veduced to the desired fineness and mixed
20 with a snitable biuder, such as tar or pitch.
The mixture is then moulded to the desired
form and baked in a furnace nutil the vola-
tile matter is driven off, and the electrode has
the desired density and conductivity.

In a prior U, 8. patent application {Serial
Number 205416 filed December 4, 1917) T
Liave disclosed a method for manufacturing
electrodes whereby the raw electrode mass 1s
tamped or moulded around oue or more iron
30 bars, and subsequently baked by heat elec-
trically generated in the iron bars together
with the heat from the electric furnace in
which the electrode is used. My present in-
vention is a modification of the process de-
35 scribed in the above application, although
the broad features thereof are present herein.

According to my present method elec-
trodes are manufactured by tamping or
pressing a suitable electrode miass into a
The mantle serves as a

mould and protects the electrode from oxi-
dation during the heating process. By em-
ploying a metallic mantle—preferably of
* jron—a fturther advantage is gained in that

45 such a mantle can carry up to 4 amperes per

square millimeter without excessive heating,
while an iron rod or core can carry only
1.5-2 amperes per square millimeter. This
may be explained by the well known fact
50 that an electric current will be distributed
very irregularly in an iron rod. In_the
centre of the rod the current density will be

small, while near its exterior surface it -will
Le great.

The raw electrode made in accordance
with my process may he baked to a compara-
tively low temperature, for instance 600-800°
. before it is mounted in the electric fur-
nace in which it is to be nsed. I prefer, how-
ever, to carry ont the entive baking process
in the electric furnace and to produce the
electrode continuously by adding sections of
the mantle and tamping in raw electrode
mass when necessary as the electrode is con-
sumed,

Where the electrode is wholly preduced in
the turnace in which it is employed. the hak-
ing of the electrode is effected in part by the
heat electrically generated in the electrode
itself and in part by the heat from the melt-
ing erater. Current is supplied to the. elec.
trode and to the furnace initially through
the mantle and as the raw electrode material
becomes baked and its conduetivity increased
it carries enrrent and the electrode eventu-
ally operates like 2 prebaked electrode. The
electrode comprising the electrode mass and
the enclosing mantle is fed into the furnace
as its lower or operating end is consumed.
The mantle in the preferved form serves not
only as a condnctor and as a protection for
the electrode mass but alse as a mechanical
means of retaining and supporting the same.

In certain chavacter of work and of elec-
trade furnace a difference in the coeflicients
of expansion of the mantle and electrode
mass becomes a factor which must be pro-
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vided for and this invention contemplates

siuch provision where necessary.

The preferred type of electrode is shown
diagrarmnatically  in  the accompanying
drawings which form a part of this appli-
cation but which it is to be nnderstood are
tor illustrative purposes only, and no undue
limitation is to be deduced therefrom. In
these drawings Fig. 1 is a vertical cross sec-
tion of an electric furnace, employed in cer-
tain metallurgical processes, with the elec-
trode mounted for manufacture and opera-
tion therein, the electrode being broken
away; and Fig. 2 is a perspective of a sec-
tion of the metallic mantle.

The electrode § comprises a metallic
mantle 6 filled with carbonaceous material,
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‘as illustrated in Fig. 2, suitabl

Tt is supported in the furnace by an élec-
trode holder 7 by means of a chain- lift 8
s0 that its position in the furnace may Dbe
regulated. Current is supplied to the holder,
and thence to the electrode, by means of a
flexible conductor 9. The return circuit is
illustrated as made through the lower elec-
trode or conductor 10,

The mantle 6 is built up of sections, such
fastened
together, It is made with internally extend-
ing ribs 11 which are provided with pro-

jections 12. These ribs and projections af- |

ford means of distributing current in the
carbonaceous material and act as a mechani-
cal support therefor to prevent slipping of
the carbonaceous material in the mantle,
The support thus afforded is sufficiently

- elastic to provide for the difference in ex-

pansion between the mantle and the carbo-
naceous material. This factor is alse taken
care of in part by water-jacketing the elec-
trode holder 7, water pipes 13 being sup-
lied for this purpose. The mantle 6 is
urther preferaEly perforated as at 14 so
that gases produced by the baking may es-
cape without deforming the mantle. *

The mantle is made of sheet metal, usu-
ally of sheet iron. I have found that for an
electrode having a diameter of 600 milli-
meters and carrying an electric current of
15,000 amperes, a mantle made of sheet iron
1 to 1.3 millimeters in thickness gives satis-
factory results. :

In the production of the electrode the
carbonaceous material, mixed with a sait-
able bhinder such as tar or pitch, is tamped
or pressed into the mantle, which conveni-
ently extends into what is commonly called
a tamping house located above the furnace
and so far as practical heat insulated there-
from. In starting the electrode it is pref-
erable to place a layer of conductive mate-
rial such as coke in the furnace at the bot-
tom of the electrode. This serves as a suit-
able resistance between the electrode and its
return circuit during the preliminary heat-
ing of the furnace and electrode. The cur-
rent is then applied, and the baking of the
electrode is started by the heat electrically
generated in the mantle and its ribs and

by the heat developed in the coke. The

lower end of the electrode soon becomes
baked and the temperature of the -furnace
rises, When the furnace has reached the
desired working temperature the charge is
added gradualf . As the temperature of
the furnace increases, baking of the ‘elec-
trode progresses, due in part to the heat
from the melting crater, and extends up-
wardly in the electrode to a distance de-
pending upon the temperature of the fur-
nace and other local conditions.

In producing the electrode continuously
in the furnace in which it is employed, sec-

1,440,724

tions of the mantle are suitably fastened to
the top of the mantle of the electrode as
by welding or riveting and are filled with
fresh electrode mass in the tamping house.
The electrode holder is moved upwardly on
the mantle of the electrode as 1s necessary
and the baking continues as above described.

As above indicated if desired the elec-
trode may he partially baked before it is
placed in the electric furnace in which- it
Is to be used, the comparatively low tem-

eratures of ¢00° to 700° C. .above stated
Eeing employed. The partially baked elec-
trode mass will then be sufficlently strong
to withstand the elongation of the mantle
which takes place when the electrode is sub-
jected to the higher temperatures of the
electric furnace. This prior baking thus
takes care of the difference in expansion
between the mantle and the carbonaceous
matrial without the use of the elastic con-
tact between the two described in connec-
tion with the preferred form of this inven-
tion.

This same result may be also accomplished
when the electrode is produced in the fur-
nace in which it is to be employed, by pro-
viding sufficient cooling to keep the mantle
at a comparatively low temperature until
the electrode mass has become sufficiently
baked. In the latter case the lower part of
the electrode and the mantle surrounding
it will become very hot, but as the electrode
at this point is hard the expansion of the
mantle will have no serious effect upon it.

The foregoing detailed description has
been given for clearness of understanding
and no undue limitation should e deduced
therefrom, but the appended claims should
be construed as broadly as permissible in
view of the prior art.

What I claim as new and desirve to secure
by Letters Patent of the United States is:

1. The process of forming an electrode
which comprises building the electrode up at
one end in sections and applying heat, eack
section comprising an enclosing metallic
mantle and electrode mass.

9. In the manufacture of electrodes for
electric furnaces the process which comprises
tamping raw electrode mass into a metallic
mantle which constitutes a part of the elec-
trode and which is provided with projec-
tions extending into the electrode mass, and
passing electric current through the mantle
whereby heat is generated and distributed
intg the interior of the electrode mass and
baking of the latter thus effected.

3. lgn the manufacture of electrodes for
electric furnaces the process which comprises
tamping raw electrode mass into a metallic
mantle which constitutes a part of the elec-
trode and which is provided with projec-
tions extending into tlfxe electrode mass, and
passing electric current through the mantle
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whereby heat is generated and distributed
along the bordering surface and into the
interior of the electrode mass and baking of
the latter thus eifected.

4. In the manufacture of electric furnace
electrodes the process which comprises tarip-
ing raw electrode mass into a metallic man-
tle which constitutes a part of the electrode
and heating ‘the mass to a comparatively
low temperature whereby the mass becomes
sufficlently hard to withstand the tension
cauged by the expansion of the metallic man-
tle at the comparatively high temperatures
subsequently employed.

5. In the manufacture of electric furnace
electrodes the process which comprises tamp-

ing raw electrode mass into 2 metallic man- -

tle which constitutes a part of the electrode,
placing the mantle and electrode mass in an
electric furnace and leading an electric cur-
rent through the mantle and eléctrode mass,
thereby baking the raw electrode mass with-
in the metallic mantle. '

6. In the manufacture of electric furnace
electrodes the process which comprises tamp-
ing raw electrode mass into 2 metallic man-
tle placed in an electric furnace which man-
tle constitutes a part of the electrode and
leading an electric current through the me-
tallic mantle, thereby first baking the part
of the raw electrode mass nearest the melt-
ing crater of the electric furnace by means
of heat generated in said melting crater and
also in the metallic mantle, and completing
the baking of the electrode mass partly by
heat generated in the metallc mantle and
partly conducted from the baked electrode
mass near the melting crater.

7. In the manufacture of electric furnace
electrodes the process which comprises tamp-
ing raw electrode mags into a metallic man-
tle placed in an electric furnace which man-
tle constitutes a part of the electrode and
leading an electric enrrent through the me-
tallic mantle, thereby first baking the part
of the raw electrode mass nearest the melt-
ingi—lcrater of the electrie furnace by means
of heat generated in said melting crater and

also in the metallic mantle, completinfg the.
¥

baking of the raw electrode mass partly by
heat generated in the metallic mantle and
partly conducted from the haked electrode
muags near the melting crater, placing a new
section of metallic mantle on the top of the
electrode and taiiping raw electrode mass
thereinto, thus continuously making the elec-
trode in the electric furnate in which it is
used. E

8. An electric furnace .electrode compris-
ing a carbonaceous portion and an enclosing

a8

metallic mantle, the carbonaceous portion of
the electrode being baked at one end of the
electrode and unbaked at the other.

9. An electric furnace electrode compris-
ing electrode mass and an enclosing nantle,
and means for elastically connecting the
mass and the mantle.

65

10. An electric furnace electrode compris-

ing electrode mass and an enclosing mantle,
the mantle being provided with projections
extending into the electrode mass.

11. An electric furnace electrode compris-
ing a continuous core of electrode mass and
an enclosing mantle in sections, the core
being remewable at one end without break
in the continuity thereof. _

12. As & new and useful article of manu-
facture an electrode for electric furnaces
comprising a metallic mantle and electrode
mass tamped thereinto said mantle heing
provided with ribs penetrating into the elec-
trode mass and securing an intimate elec-
trical and mechanical contact between man-
tle and electrode mass,

13. As a new and ugeful article of manu-
facture an electrode for electric furnaces
comprising a metallic mantle and electrode
mass tamped thereinto, said mantle being
provided with ribs and saidribs being pro-
vided with projections, the ribs penetrating
into the electrode mass and securing an inti-
mate electrical and mechanical contact be-
tween mantle and electrode muss,

14. As a new and useful article of manu-
facture an electrode for electric furnaces
comprising a metallic mantle provided with
holes and electrode mass tamped into said
mantle.

15. As a new and useful article of manu-
facture an electrode for electric furnaces
comprising a metallic mantle provided with
holes and electrode mass tamped into said
mantle, the mantle having ribs penetrating
into the electrode mass and thereby secur-
ing an intimate electrical and mechanical
contact between the mantle and electrode
mass. '

16. As a new and useful article of manu-
facture an electrode for electric furnaces
comprising a metall’c mantle provided with
holes and electrode mass.tamped into said
mantle, the mantle having ribs penetrating
into the electrode miss and thereby securing
an intimate electrical and mechanical con-
tact between the mantle and electrode mass,
said ribs being provided with projections.

Signed at ghristia,nia, Norway, this 15th

day of July, 1919.
CARL WILHELM SODERBERG.
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I'Q'aZZ.tia)mn;ét.my concernc

Be it known that I, Carw WILHELM SEDER-

BERG, 8 subject of Norway, and-a resident.
. of Christiania, Kingdom of Norway, have

5 invented' certaln. new an;df usefnl Imégrove-:

ments in the: Processes of Baling Carbon

Electrodes, of which the following is a speciz;:
. L ; L tex_‘. case a pOl"t-iOIl' of the bakmg is ACEOMA-.,
_plished by the heat of the furnage in which.

fication: - .- -1 ot T omees e
~ This.invention relates, to the mapufacture
10 of electrodes for use in.electric furnaces:and
as. anades. or-cathodes . in, various. electro-
lytic processes. - The.object. ofithe inyention

is ai - improved, process -for, manufacturing..
the same and the.electrode obfained there-.

15 by, - -

Electrodes for the. purpose..above men-.

tioned are generally made:from some car-
honaceous. material such as coal, coke, graph-

ite; ete..: The material or materials select-.
20 ed are-veduced to the. desired fineness and. .

mixed with, a suitable binder such agtar on
pitch. The. mixture is ther moulded to the

desired form and baked.in a suitable fui-

nace until the volatile products are driven

25 off and the electrode has the desired density:
and: conduetivity., . © . ... -

The.raw, electrodes. have a. comparatively.

high resistance and are not_conductive to
. The resistance, .
30 however,. depends somewhat upon the ma-.

any . -appreciable extent.

terials employed. in the manufacture; for
instance, an electrode of course graphite will
have a higher conductivity, than-one com:
posed of other carbonaceonus materials. In

35 most cases the raw electrode will have a con-.
ductivity about 10000 times lower than 1t

will have in the finished state. .
‘Many attempts have been made to bake
electrodes b
40 within the electrode. itself when made a part
of an electric circuit, but on account of
the high resistance of the raw electrodes,
i:l]l,is_1 method has been found to be imprac-
tical, - R :
Agcording to my invention thisdifficulty is
overcome by baking and rendering the elec-
trode conductive in a part of its cross-sec-
tion hy means of heat electrically generated
in s conductor connected in parallel with
50 the electrode. This conductor may .consist

45

of metal or of a baked electrode. Preferably.

it is_ one or more iron bars. inserted .in the
electrode itself.

As srill be understood from the following

"former furnishing sufficient current for the;-

'No. 1 may be placed on a carbon-block, that: -

means of the heat generated -

examples my method is susceptible of many; 55

-variations all of which emhady the process..

above outlined. Ifor instance, electrodes may -
be baked in a special electric. furnaes or; the.
baking may be carried. on.simultanecusly:
with the use of the electrode; itself 1 the 60
furnace in which it is meunted. In the:latr.!

the_electrode is employed.-..." - I

In either of the instances. cited ithe.zaw, 65
electrode may be. of the same. construction
and made in the same, manner...A mquld
may be employed in. this: process.in, whigh- .
is preferably mounted: a. core of, conduetive .
material, such as a rod of iron.in.diametay;- 70,
for example. &, or-a, small carbonageons,.
electrode. The raw matferials. for: the elec:.
trode ‘are tamped anound the core i the. .-
usual manner and the mould removed as.
will be readily understood.. - .. i..iiincee70
Where & separate furnace, is: to..be:em-,

‘ployed for: the baking of the -electrode, the..

ravw electrodes are placed therein. and. ave -
series-connected in the secondary:ef .a trans:.

80
baking. With ‘twenty electrodes, for .ex-.
ample, a 400 Lilowatt transformer of .the .
voltage regulator type l_._ﬁiving_ from. 920 to. ..
110 volts may be used: To this end electrode :

is connected- to one terminal of the secondary.:
On the top-end of the same electrode:is. plac-

‘ed a. short piece of carbon or graphite elec

trode of good conductivity. that will;.take.
the current over to the top-end of electrode, 90
No. 2. - The lower end of No. 2 rests; on.-
another piece of a carbon or. graphite elec-
trode. Electrode No. 3 is place?L on the same - .
piece of carbon or graphite, and so on, the -
last electrode of the series being connected
to the other terminal of the. secondaxry. The.
spaces between the electrodes are then: filled
with fine sand or finely ground charcoal.
Tf the current is switched on with ahout 200
volts between the terminals, the ameter will
immediately register abouf 800. amperes
The current drops slightly, at the start and.
then gradually rises to, about 2500 to 3000
amperes during a period of 24 to 36 hours.
as the baking of the electrodes proceeds. At
the end of thie time the baking -is finished
and the drop of potential: will be about 6.
yolts per electrode if the current is 8000:am.-:
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peres. T is possible to use a trangfornmner
without voltage regulation, hut ‘thethalmlg
wili then proceed more slowlv :

The electrodes baked as above are allowed
to cool before removing from the fmn.lce
This requires about 36 hours. . - - - -

Tf an ivon core has been employed 1ts pres-

ence it the finished electrode syouldsdepend

on the temperature obtained dlumrr baking.
Tf it is dsived to bake’at>{romi- FL500° £
16007 C. the iron will obviously melt and
the biked " portion alone of the”electrode
carry the current to complete. t‘le baking.
(fenerally so high temperatures aré. not nec-
essary and the ivon-rod will'be found in the

electrode: after the bakmﬂ'

20

L
=]

. same conductor,

30

35
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‘As & variation®in the above method of
baling in"a separate’ furnace, it is réadily’
]3055'1]319, if desired to make use of balced
electrodes in place of ap interior core.’ In
that case the following. arrangements of elec-
trodes will be employed.”

The raw clectrédes ‘and’ the, teddy bakeid
electrodes are:built™ap together, always one
raw and one baled eléctrode 'close ‘together
and with_ top“and bettom connected” o the
At first ‘the ‘current will
only pass through the baked electrode, but.
as' the heat erenerated in thig bakes the near
side of ‘the faw electrode this becoines

slightly éonductivé and takes part in the”
" transmission ¢f current.”
and the résulting héat dexe}opment mcredse .

until the faw electrm ¢ is finally haked. |
"The second” method of,, baking elec*mdes

partwularly advintageous” “wheré very long
electrodes are deszred thongh obviously not
hmlted thiereto. " The ptesent type of elec-
trode is about six feet long and to employ.
these in’ the furnaces referred to requires

their being joined together and the present

practice is to use a fraO'lle carbon nipple ‘for
this purpose. .The methpd now to be con-

sideredl not, only eliminates this difficulty but.
in making use .of the. electric furnage :|tsel" .

for bal\m‘r makes "possihl¢” the continnous
supply of ele(.t'od,e& withont shuttipg down
the fitrnace fm' fhe mqtnlhlmn of new. elec-
trodes.

This meﬂmd is Sho“ n (ll.tm Jnml.ltl{ ally
in the drawings’ which form™a part hev eol
and which it" i< t6 'he’ tmdms’mnd ate for,
iltustrative pur poses only.

In these drawings

Figure 1is a diagramumnatic vertwal srr‘hrm .

of a smlple eIectrlq, shaft furnace for the
manufacture of pig-iron: and .

Fig. 2 is n (_haf"l"l!nmt[lt" CroSs- c;elhnn of
the usual type of met’t]]m gical furnace:¥

The ﬁgureq 1llu'=tratt, not only the E[Tﬂ' er-.

ent types of furnace:fo which the process.is

applicable but different me_thods of b‘lklna_

the electrodes themselves.-

1,441,087 .y

“trode. need not be iron!

“The” conductnutv

v

The electrode in the construction of -
ure:1 is suspended ut the top of the;furnace
and extends centrally down the Ehaft, when
in use being surrounded by the ore and re-
ducing- mate1 ial.

is filled in the funnel 1 and tamped arountl

“one or more-iron bars 2. The current is led

to the furnace through one or more of these

-iron bars which may also serve as a suspend-

ing means for the eleetrode. The iron bars

may be corrugated or-prévided with small -

knots in order to ptevent the elechcvle fm‘m
sliding on them. -

As the raw, electrode mass is a pom con-
ductor, -the ' iron- bars initially will alone
carry the whole current above the shaft and

in ‘the upper and- cool part of the shaft.
'Through the heat electrically genevated iin

the bars and the heat | from the smelting
crucible the slectrode is gradually baked and
becomes conductive and will take part in the
transmission of the current. Still nearer the
zone of fusion—as at 8—the temperature of
the electrode is so high, that the iron core

alone carrying the current. _
The metal-used “for’ l?lIlfOlCln" the elec-
Anyv: ‘metal can e
used ‘ thdt *has ‘4 melting péint sufficiently
high dbove ‘the tempemture at which the
electlocle mass becomes’’ a* goad cnuduum
and which has sufficient lnechamc al strength.
The veinforcing metal’ can thus be chosen

Faccording to. the smeltmcr process in ques-
to wit, by thié usé ‘o1 the firnace in which |
" ‘they ‘are employed "ds heating. elements, is .

tion. :
In the e\ample just, decoubed ‘the’ entire

) - The mixture of -far, coke, 7
- and a.nthmmte used for making-the’ eleg’cl ode

-
=

=1
o

50

&5

90
melts out, the newly baked carbon electloqo '

o

95

[0

100

sméling current was' mm;al}v led to the fur-

nace through’ the iron eore and the cross-sec-
tion of . the ‘core muct ‘therefore be large
enough to carry the ‘whole current. "It is

105
LR

also p0551ble to"bake the electrode by 'a cur- .

rent that is only a.fraction of the current
used for the smelting operation. TIn this
case the cross-section of the iron-bars can be
much smaller.’” Fig. 2 illustrates the em-
ployment of sucha “method by, the use of i
separate tr: ansformer. T this fgnre the

portion 4 of the electrode used for smelting

15 dingrammatically illustrafed as already
having been haked and.as suspeided from
the electrode-liolder & through. which it is
supplied with the working eirvent. for ex-
ample. 18000 amperes. from the secondary 6
of the lawer transformer. The upper or raw
portion of the electrode’s lermned by Famp-
ing the raw material avound the irou ham
as is readily understood. i connected i se-

ries with the secondary 8 of the npper traps- .

former and supplied with a haking cuerent
safficient to cange slow baking: for exan e,
aboul 2000 amperes. This transforner

15

preferably of 'low voltage and’ potentl.ﬂ .

regulating type. As the lower portion 4 of
the electrode is burmed away, the electrode

130.
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holder 5 is shiftéd to the newly baked pore
tioit 7 of the eléctrode which is then used in
the smelting operation. o

The foresoing detailed’ deseription has
DLeeii  given foi cléarhiéss of uhderstanding
and o undue limitation should be dedueed
therefrom; bt the appeiided:daitns shetld
be cotistitted a8 broadly as- petiniséible n
view of the piioraft. ~

What I ¢ldini -8 e abd desité to secure
by Letters Patent of the United States s

1. The process of Baking:carbon éléctrodes

which cofisists ih confiecting s’ conductor in-

parallel with a:raw electtode and applying
an électri¢ eltrient wheteby as part of the
raw électrode 1§ baked and réndered condue-
tive by heat electrically
conductor  diid+ ‘the bﬁi
méaiis of heatr elestiicilly géirérated: in-the
conductor and_in the electrode itself. *
9: The’ pravess - of> bakif earbotr- elec-
trodes: which cotisisty: in: coithiseting & eon:
duetor in-parallel swith-a’viw' eléttrole ghid

: ayfjplying:aﬂ' lettrie Gitfert whereby a part
0

the raw eléstr6ds: is bikied and Tétidéred
conductive by hedt electrically- sefietated int:
the conductor and the bikilg: continved by
‘means of heat. elettitcally gerietatéd in the
conductor andl ifi-the® electiods - itvelf; said
conidictor béing iticorporated with the raw
eléctiode. ' o ‘ L

3. The proesss of baking carbon. eléc:
trodes: which @onsists it eunfiecting a- tétal
conduetor in: paiallel” with a- taw eléctrode
and applyifig: dii eléetiic cartent: wiiereby a.

art of the raw eléctiodé:is baked and:ren-
gered conductive by heat electrically gener-
ated in the metal conductor and the baking
continued by means of heat electrically gen-
erated in the conductor and in the electrode
itself.

4. The process of baking carbon electrodes
whieh consists in connecting a metal con-
ductor in parallel with a raw electrode and
applying an electric current whereby a part
of the raw clectrode is baked and rendered
conductive by heat electrically generated in
the metal conductor and the baking con-
tinued by means of heat electrically gener-
ated in the metal conduetor and in the elec-
trode itself, said metal conductor being in-
corporated with the raw electrode.

5. The process of baking carbon electrodes
which consists in connecting an iron con-
ductor in parallel with a raw electrode and
applying an electric current whereby a part
of the raw electrode is baked and rendered
conductive by leat electrically generated in
the iron conductor and the baking continued
by means of heat electrically generated in
the iron conductor and in the electrode jself.

6. The process of buking carbon-selec-
trodes which consists in connecting an iron
conductor in parallel with a raw electrode
and applying an electric current whereby a

- gemeruted i the:
ing- cohtinued’ by

o

part of the vaw electrode is balked and ren-
dered conditetive hy heat clectrically gen-
etated in the iton conductor and the baking
continued by tmeans of heat eleetiteally gen-
erated in the iron conductor and in the ciee-
trode itself;.said iron conductos being in-
cotporsted with the raw electrode.

7. The: process of baking carbon elec-
trodes which consists in connecting a- con-
ductor in parallel with a raw electrode and
applying an electrie current whereby a part
of the raw electrode is baked and rendéred
conduetive by heat electrically generated in
the conductor and the baking continued by
means of heat electrically generafed in the
conductor and in:the electrode itself, said
conductor and electrode being connected in
series with :another: conductor and electrode,
which.is- balted simultansously.

-8, The- process: of compensating for the
wasting: away of an ‘electric furnace- elec-
tréde at:its operating end-within a furnace,
which comprises adding raw electrode mate-
rialit6 the:opposite-end of the electrede and
baking said raw material after-its addition
thereto.

9.. The proeess of compensating for the
wasting away of an electric furnace elec-
trode dt its-operating end within a- furnace,
which comprises adding raw electrode mate-
rial to its opposite end and baking said raw
material paitly by passing an- electiic cur-
rent through the electrode and partly by the
heat- generated at tlie. operating: end of the
eleotrode when in use.

10: The process of producing carbon elec-
trodes continnously in the furnace in which
they are employed, which comprises supply-
ing in electrode form raw electrode material
together with a conductor in parallel con-
nection therewith and applying current
whereby the raw elecirode is baked and ren-
dered conductive in part by the heat eleciri-
cally generated in the electrode itself and in
part by the heat generated at the operatimy
end of the electrode when in use.

11. The process of baking carbon, clec-
trodes for electric furnaces which consists in
connecting a conductor in parallel with a
raw electrode and applying an electric ewr-
rent whereby a part of the raw electrade s
balced and rendered conductive by heat elec-
trically generated in the conductor and the
baking continued by means of heat electri-
cally generated in the conductor and in the
electrode itself, said electrode being the elec-
trode of an electric furnace. )

12. The process of baking carbon elec:
trodes for electric furnaces which consists
in connecting a conductor i parallel with
raw electrode and applying an electric eur-
rent.whereby a part of the raw electrode is
baked and rendered conductive by heat elec-
trically generated in the conductor and the
baking continued by means of heat electri-
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eally- gesserabed ju thiconductor and in the - ;
. the baking continued by means of heat elec- .

olectrodeitself, said electrode being the elec-

trode of an electric furnace, and the baking

of the electrode, being acceleraied by heat

cwenerated insaid electric furnace.

13. The process of baking carbon elec-
trodes for electric furnaces which consists
n connecting: a-conductor in parallel with a

raw electrode and -applying an electric cur- :
rent whereby a part of the raw electrode is

baked and rendered conductive by lieat elec-

trically geierated in the conductor and the .

baking continued by means of heat electri-

cally generated in the conductor and in the:
electrode itself, said electrode being the elec-

trode of an electric furnace, the electrode
being continuously formed in said furnaee.
14. The process of baking -carbon ' elec-

trodes for electric fnrmaces which  consists:
In connecting a conductor in parallel with.a Po
raw electrode and applying an.electric: cur--

rent whereby a part of the raw electrode is
baked and:rendered conductive by heat élec-
trically- generated in the conductor and'the
baking continued by means of heat electri-
cally generated in the conductor and in the
electrode itself, said electrode being the:elec-

trode of an electric: furnace, and said con--

ductor being able to carry the total electric
current led to the electric furnace. o

15. The process of baking carbon -elec-
trodes for electric fuinaces which consists
in connecting 2 conductor.in parallel with a
raw electrode and applying an electric cur-

rent whereby a part of the raw electrode -

is baked and rendered conductive by heat

1,441,087 ¢

electrically. generated: in the :conductor and-

trically generated in the; conductor and in'.
the .electrode itself, said electrode being-the

. electrode of am electric furnace, and. said -

conductor being able to carry only part of

_the total electric current led to the -furnace.

.18. ‘As a new and useful article of manu-.:
facture, an electrode comprising an initial.
condnctor and
tion.f:--'_=_ o e -

-17.- As a new. and useful article of mann-
facture,-an electrode comprising an initial
conductor and a carbonaceous unbalked ‘por-..
tion connected in parallel with each other. . -

40

415

a. carbonaceous unbaled por- - -

i3]

18. As a.new-and useful article of manu-..

facture, an electrode baked in the furnace
in which it is-used and comprising when in
use:a baked.portion and.a partially baked
rion, -+ 0 Co : .
19. ‘As a new and useful article of manu-

facture, an electrode baked in the furnace in

which it is used and comprising when, in use ,
a: body portion, a-part of which is baked

forcing. member’ of conductive material in
parallel electrical relation -therewith.

.20, Ag a:new and useful article of mahu-
facture, an electrode for:use in an electric.
furnace comprising a body portion strue-.
turally differing at its two ends and a rein- .
forcing. member.of conductive material in
parallel. relation . therewith, the conduetiv--
ity of the hody portion. being permanentlv
greater at the working end thereof.

CARL WILHELM SODERBERG.

55
g : . : el 1]
“and g part'of which is unbaled,; and a rein- . -
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- METHOD OF SUSPENDING ELECTRODES.

Application filed January 27, 1920. Berlal No. 354,369,

To all whom it may concern.:

Be it known that I, CarL WinmeLm
SODERBERG, a subject of I\forwa.y, and a resi-
dent of Christiam'a, Kingdom of Norway,
have invented certain new and useful Im-

rovements in the Methods of Suspending
El'ectr'odes, of which the following is a speei-
fication, '

This invention relates to electrodes being
balzed in the electric furnace in which they
are used and the object of the invention is
a method whereby such electrodes may he
suspended from t%eir lower part which is
baked and consequently hard. :

In the baking of electrodes in the electric
furnace in which they are used the electrodes
have either been suspended from a metallic
core around which the raw electrode mass
has been tamped such as set forth in my
U. S. patent application Serial No. 205416
filed December 4, 1917, or in a metallic man-
tle enveloping the electrode mass, Serial No,
322,840, filed September 8, 1919,

According to my present invention I
suspend the electrode from its lower baked
part, thus obtaining great advantage in that
the weight of the electrode instead of caus-
ing a strain in the electrode mass serves to
compress it and secure a compactness of the
e]lzctrode at the point where baking takes
place. ’

I can attach the holder to the baked elec-
trode mass in various ways. It may be ad.
vantageous to attach the holder externally
around the electrode, but it may also in cer-
tain cases be attached internally. In certain
types of furnace the latter arrangement may
be preferable as the holder may then be
placed very low down, even lower than the
roof of the furnace. .

On account of of the comparatively high
temperature in the lower part of the elec-

trode it may be necessary to arrange cooling’

of the holder either in the form of water
cooling or by other* known means. This iy
especially necessary when internal holders
are used. - :
By my method of suspending the electrode

also a tubular metallic lining to which the
holder may be attached.

As the lower part of the electrode is
gradually consumed the holder is detached

-and moved upwards, care being taken not

io move the holder above the baked and
hard part of the electrode. The holder is
then again attached and the electrode may
be lowered as commonly practiced with or-
dinary electrodes. New electrode mass may
be supplied to the top of the electrode in
channelled or solid electrode form through
a mold or otherwise as may be desired in
each special case. and the electrode thus be
made continuously in the furnace in which
it is employed; or in the alternative elec-
trodes of a definite length may be employed
which when consumed may be replaced by
new electrodes. In the latter case the in-
dividual electrodes must be prebaked at least
in the part to which the holder i attached.

In the drawings forming part of this ap-
plication I have il]ustratedp my invention,
Figure 1 showing an electrode suspended by
an external holder and Figure 2 by an in-
ternal holder.

In Figure 1 a designates an open electric

furnace, b the baked part of the electrode, ¢.

55

60

65

70

75

80

the unbaked or only slightly baked part of

the eleetrode, and ¢ a mantle into which the
raw electrode mass is tamped. This mantle
agillustrated in the drawings has the charac-
ter of a mold and does not follow the elec-
trode into the furnace but is displaced up-
wards together with the holder /. The sup-
plying of the electrode mass and the tamping
of the same into the mantle may be readily
effected from the platform e. The holder f
is illustrated as attached to the baked part
of the electrode below the mantle ¢ .and
suspended by cables g, the holders shown be-
ing of the well known clamped ring type.
In carrying out’ my invention with the

form illustrated in Figure 1, T proceed as

follows :—

- An electrode formed from raw electrode
mass and baked. at its lower end by a pre-
liminary heating is placed in the mantle &

_ a metallic core or casing may if desired be_and suspended over the electric furnace o

50

completely avoided, and no metal will then
enter the ¥urnace together with the electrode.
In many cases, however, it- is advantageous
with my present method to employ a metallic

“ mantle and in case of internal suspension

by means of the cables g. An electric cur-
rent is supplied to the holder either

" through the cables g or through a special con-
nection. The current will pass through the -
holder f and the baked part of the electrode

85 -
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into the electric furnace. The electrode
mass will gradually become baked alse in
its upper part by means of heat from the
electric furnace. The electrode holder f may
therefore gradually be moved upwards, the

electrode still being suspended only in its
Laked part. The mantle or mould « in this'

particular illustration is moved upwards to-
gether with the holder f, and it will be un-
‘derstood that no metal will be bronght into
the furnace by the electrode. As the elec-
trode is consumed and lowered new alectrode
mags is tamped into the mantle or mould 4,
the electrode thus being made continuously.

Figure 2 illustrates my invention in con-
nection with an internal holder. a closed
electric furnace % being shown. As in the
case of Figure 1 the Tower part ¢ of the
electrode is baked and the upper part % is
unbaked or only. slightly baked and a mold
or mantle ! is illustrated which does not en-
ter the furnace. The holder = is water
cooled. and extends into a longitudinal chan-
nel formed through the center of the elec-
trode. The holder consists of a tube split
at its lower end into several sections which
are pressed into holding engagement with
the baked part of the electrode ¢ by means
of a wedge n when the wedge is pulled up-
wards by means of the rod o.
ig attached to a clamp or similar device ¢
hanging in the chains or cables p. The
electric current is supplied through the
leads r.

In carrying out my invention with the
igure 2, I proceed as
follows :— :

An electrode formed from raw electrode
mass and baked at its lower end by a pre-
liminary heating is placed in the closed
electric furnace . The electrode is formed
with a channel through its .center and
through this channel I introduce the holder
m. When the lower end of the tube has ex-
tended down to the baked part of the elec-
trode ¢, I pull the rod o upwards thereby
raising the wedge and pressing’ the lower
end of the holder tight to the baked part
of the electrode. The electrode will now
hang from the lower part of the tube. As
the electrode becomes baked by means of
heat from the electric furnace and is con-
sumed therein the wedge may be pushed
down thus loosening the grip of the holder,
and the latter may be moved upwards to a
suitable distance from the melting crater of
the furnacé and again tightened. New elec-

trode mass is from time to time tamped into

the mould or mantle ? thus compensating
for the consumption at the working end of
the electrode.

As will be understood from above ex-
ample this method of suspending electrodes
offers special advant:lges or closed types of
electric furnaces, and the .channel through

The holder
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the electrode may then if desired be used fer

introducing or removing gas and also for.
charging the furnace.

The foregoing detailed description has
been given for clearness of understanding
only and no undue limitation should be de-
duced therefrom but the appended claims
should be construed as broadly as permis-
sible in view of the prior art.

"What I claim as new and desire to secure
by Letters Patent of the United States is:

1. Method of suspending electrodes being
baked in the electrie furnace in which they
are used which consists in attaching a hold-
er to the lower baked part of the electrode
and suspending the electrode therefrom.

2, Method of suspending electrodes being
haked in the electric furnace in which they
are used which consists in attaching a hold-
er to the lower baked part of the electrodo
and suspending the electrode therefrom and
from time to time moving the holder up-
wards as the electrode is consumed.

3. Method of suspending electrodes being
baked in the electric furnace in whieh they
are used which consists in attaching a hold-
er internally in a lengitudinal channel
through the electrode and suspending the
electrode therefrom.

4, Method of suspending electrodes being
baked in the electric furnace in which they
are nsed which consists in introducing a
tube into a longitudinal channel through the
electrode and attaching said tube to the
lower part of the electrode and suspending
the electrode from said tube. . '

5. Method of suspending electrodes being
baked in the electric furnace in which they
are used which consists in introducing a
tube into a longitudinal channel through the
electrode, said tube being split up at its
lower end and a rod passing through ‘the
tube provided with a wedge mounted on its
lower end, attaching the lower end of the
tube to the -baked part of the electrode by
pulling said wedge upwards and suspending
the electrode from said tube.

6. Method of suspending électrodes being

- baked in the electric furnace in which they

are used which consists-.in infroducing a
metal tube into a longitndinal channel
through the electrode, said metal tube being
split up at its lower end and a rod passing

-through the metal tube provided with a

wedge monnted on its lower end, attaching
the fower end of the metal tube to the baked
part of the elecirode by pulling said wedge
upwards and suspending the electrode from
said metal tube.

7. Method of suspending electrodes being
baked in the eleciric furnace in which they
are used which consists in introducing a

"metal tube into & longltudinal channel

through the electrode, said metal tube being
split up at its lower end snd a rod passing
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through the metal tube provided with a
wedge mounted on its lower end, attaching
the lower end of the metal tube to the baked
part of the elecirode by pulling said wedge
vpwards and suspending the electrode from
said metal tube, said metal tube being pro-
vided with water cooling. L

8. Method of suspending electrodes being

~ baked in the electric furnace in which they

© 10

15

20

are used which -consists in introducing a
metal tube into a longitudinal channel
through the electrode, said metal tube being
split up at its lower end and a rod passing
throngh the metal tube provided with a
wedge mounnted on its lower end, attaching
the Iower end of the metal tube to the baked
part of the electrode by pulling said wedge
upwarids and suspending the electrode from
said metal tube, said tube being provided
with water cooling, and from time to time

' moving the tube upwards as the lower end

30
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of the electrode is consumed. ) -

9. The process of producing carbon elec-
trodes in -the furnace in whicg they are be-
ing employed, which comprises baking the
lower part of the electrode by the heat from
said furnace, suspending the electrode by a.
clamping action exerted at the level of a
baked portion thereof, and supplying raw
electrode material to the top of the electrode,
whereby tensile strain in the electrode above
the baked portion'is avoided. :

10. The process of producing carbon elec-
trodes continuedly in the furnace in which
they are being employed, which comprises.
baking the lower
the heat from saicP furnace, suspending the
electrode by a elamping action exerted at the
level of a baked portion thereof by an elec-
trode holder, and supplying raw electrode
material to the top of tﬁe electrode and mov-,
ing the electrode holder upwardly in respect
to the electrode . as the electrode is con-
sumed. ‘ '

. 11. The process of producing a carbon elec-
trode provided with a longitudinal channel
in the furnace in which it is being employed,

- which comprises baking the lower part of the

50/
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- material to the top o

electrode by the heat from the said furnace,
suspending the electrode from thé baked por-
tion thereof and supplying raw electrode ma-
terial to the top of the electrode in channelled
electrode form, whereby tensile strain in the
electrode above the baked portion is avoided.
12. The process of producing . a carbon
electrode provided with a longitudinal chan-
nel in the furnace.in which it is being em-
ployed, ‘which comprises baking the %ower
part of the electrode by the heat from the
said furnace, suspending the electrode from
the baked portion thereof by an inside elec-
trode-holder, and su%)ply.inlg raw electrode
the électrode in chan-

nelled electrode form. - _
138. The process of producing a carbon

art of the electrode by -

electrode provided with a longitudinal chan-
nel continuedly in the furnace in which it is
being employed, which comprises baking
the Iower part of the electrode by the heat
from the said furnace, snspending the elec-
trode from the baked portion thereof by an
eleétrode-holder, and supplying raw eleec-
trode material to the top. of the electrode
in channeled electrode form and moving the
electrode-holder upwardly in respect to the
electrode as the electrode 18 consumed.

14.. The process of producing a carbon elec-
trode provided with a longitudinal chan-
nel continuedly in the furnace in which it is
being employed, which comprises baking the
lower part of the electrode by the heat from
the sard furnace, suspending the electrode
from the baked portion thereof by an inside
electrode-holder, and supplying raw electrode
material to the top of the electrode in chan-
nelled electrode form and moving the elec-
trode-holder upwardly in respect to the. elec-
trode:as the electrode 1s consumed.

15, The-process of producing carbon elec-
trodes' continuedly in the furnace in which
they are being employed, which comprises
baking the lower part of the electrode by the
heat from the said furnace, suspending the
electrode from the baked portion thereof
by an ‘electrode-holder; and supplying raw
ef:actrode material to the top of t}?e electrode
through a mold and moving the electrode-
holder upwardly in respect to the electrode
as the electrode is consumed.

16. The process of producing a carbon 100
electrode provided with a longitudinal chan-
nel continuedly in the furnace in which it
is being employed, which comprises baking
the lower part of the electrode by the heat
from the said furnace, suspending the elec- 105
trode from the baked portion thereof by an
electrode-holder, and supplying raw electrode
material to the top of the electrode through
a mold in channelled electrode form. and
moving the electrode-holder upwardly in re- 110
spect to the electrode as the electrode is con-
sumed. :

17. The process of producing a carbon elec-
trode provided with a longitudinal channel
continuedly in the furnace in which it is 115
being-employed, which comprises baking the -
lower part of the electrode by the heat from
the said furnace, susperiding the electrode
from the baked portion thereof by an inside
electrode-holder, and supplying raw elec- 120
trode material to the top of the electrode
through a mold in channelled electrode form
and moving the electrode-holder upwardly
in respect to the electrode as the eléctrode 1s
consumed.. L :

18. As a new and useful article of manu-
facture, a channelled electrode baked in the
furnace in which it is nsed and adapted for
the introduction into or removal from the

70 .

75

80

8s -

90

a5

’

furnace of gas, said electrode comprising 130




16

15

29

when in nse a baked portion and a partially
baked portion. '

19. As a new and useful article of manu-
facture, an electrode provided with a feed-
ing channel baked in the furnace in which
it 15 used and coniprising -when in use a
baked portion and a partially baked portion.

20. As a new and useful article of manu-
ficture, an electrode for use in an electric
furnace provided with a channel adapted for
charging the furnace and comprising a body
portion structurally differing at its two ends,
the conductivity of the body porfion being
permanently greater at the working . end
thereof. - '

21. As a new and useful article of manu-
facture, an electrode baked in the furnace in
which it is nsed and comprising when in use
a baked portion and a partially baked por-
tion, the compactness of the electrode in-
creasing toward the working end thereof.

22. The combination of an electrode pro-
vided with an internal longitudinal channel

. and means within the channel for support-

25
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40

inig the electrode.

23, The combination of a hollow electrode
and holder therefor projecting down into the

hollow of the electrode and movable longi-
tudinally in respect to the electrode.

24. An inside holder for a hollow elec-
trode comprising eooperatin
able in respect to each otﬁer to create g
clamping action in the holder to sustain the
electrode. :

25. An inside holder for a hollow electrod
comprising cooperating members movable i
respect to each other to expand the holder to
cause it to clamp the electrode.

26, In combinagion with a hollow electrode
having a clamping surface on its interior, a
holder therefor adapted to be inserted within

-the hollow of the electrode, and -comprising

members mov-:

1,442,081

cooperating members movable in respect to
each other to create a clamping action be-
tween the holder and the clamping surface
on the interior of the electrode.

27, In an inside holder for a hollow elec-
trode the combination of cooperating mem-
bers, movable in respect to each other and
operable therefor from outside the electrode
to create a clamping action in the holder to
sustain the electrode. :

28. In an inside holder for hollow elec-
trodes, the combination of a gripping mem-

‘ber comprising a plurality of gripping parts,

an actuating member therefor provided
with wedge-shape contours whereby the said
gripping member parts are brought into op-
eration, and means operable from outside the
electrode for effecting an operative engage-
ment of the actuating member with the grip-
ping member, .

29. In an inside holder for a hollow elec-
trode comprising cooperating members ex-
tending from sbove the top of the electrode
down 1nto the interior thereof and moval's

"in respect to each other to create a ¢clamping

action in the holder to sustain the electrode.
30. In an inside holder for hollow eler-
trodes, the combpination of a gripping mem-

ber comprising a plurality of gripping

parts, an actnating member therefor pro-
vided with wedge-shape contours wherehy

the gripping member parts are brought into

operation, means extending from the grip-
ping member and the actuating member
whereby the said members may be positioned
in -the electrode from the top thereof and
whereby an operative engagement befween
the gripping member and the actuating
member may be effectéd.

Signed at Christiania, Norway, this 15th
day of Aﬁril, 1919. o '

CARL WILHELM SODERBERG.
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UNITED STATES
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PATENT OFFICE.

JENS WESTLY, OF CHRISTIANSAND, NORWAY. ASSIGNOR TO DET NOBSKE AKTIESEL-
SEAB FOR ELEXTROEEMISK INDUSTRI OF NORWAY, OF OSLO, NORWAY.

SELF-BAKING_' ELECTROTE.

Application filed January 5, 1925, Serial Neo. 711, and in Notway January 17, 1924,

This invention relates to selfbaking elec-
trodes, that is, electrodes which aré baked
“in the furnace in which they are used, and
~_the object of the invention 1s the provision
5 of a contact supplying electric current to
the electrode without substantial loss of
voltage. : -
«In U. S. Patent No, 1,440,724 tliere is
described “self-baking” electrodes provided
10 with metallic mantles. In said. patent it is

stated that one of the functions of the

mantle is to transmit the current to the
electrode, which function is facilitated by
the employment of ribs or similar sttach-

15 ments projecting into the electrode mass and
giving a good contact therewith, The elec-
tric current is generally supplied to the
mantle and the electrode is also ,_supforted
by means of an external ele trode-holder
20 clamped tightly around the electrode. The
* contact thus -obtained between holder and

~ mantle is generally satisfactory. Some dust,
however, may gather on the electrode mantle
and during the digplacement of the holder

25 more or less of this dust may be carried

.in between the contact surfaces, causing a
certain resistance and consequent voltage
loss. This loss of voltage is generally quite
neghigible compared with the total voltage
0 of the furnace. In certain special cases it

may, however, be of importance to avoid

“this loss of voltage. An excellent example

is the application of the electrode in furnaces

. -for the production of aluminium, as the
35 total voltage of the furnace in this cace is
only 6,5-7 volts. If for instance the drop
in_voltage from holder to electrode is 0,35
volts this amounts to.5% of the total volt-
age. In furnaces for the production of
40 gluminium it has been proposed to sug{liy
" electrodes with ‘aluminium mantles. " This
_ metal readily. becomes coated with a thin

oxide film offering considerable resistance to’

the passage of the current. The loss of

45 voltage may therefore easily become rela-

Jvely large and precautions should be taken

to reduce the resistance, For this purpose

I have found it desirable to employ s con-

tact ar ent which in its principle is-
ﬁ:e

59 shown in the drawing forming part of this

spplication. -
pﬂ\ the drawing Fig. 1 illustrates s

modification in which the mantle is
~ -provided with a number of.straps which
3 are 80 as to extend outwardly

Pplaced in

from the electrode and to which the contact
arrangements arve firmly attached. Fig. 2
shows a contart arrangement clamped on to
two straps. Figs. 3 and 4 are sections.
through Fig: 1. 1 is the electrode, 2 the
mantle and 3 one of the two straps which
are held tightly between the two metal
blocks 4 and 5 by means of the bolt and nut
6. Thus” the. contact becomes practically
perfect and little or no loss of voltage can 65
be found in the contact. At the same time
the arrangement possesses the advantage
that the contacts may be raised one at a .
time while the other contacts maintain the .
supply .of current, no disturbance in the 70
working being cansed during the raising.

The independent electrical contacts may
ke made in different ways, for example by
clamping to straps as above described, or by
direct pressure against the surface of the
sheet metal, or by clampin[_r]1 conductors
firmly against the surfaces of the externally
projecting portions of the ribs, as herein-
after 'descriEed_. If tlie current is supplied
directly to the ribs the metallic mantle mag 80

60

he left out and for instance be replace

by a mantle consisting of netting.. If the -
netting is of sufficiently fine meshes it will
keep the mass inside during the baking.

e suspension of the electrode may be
effocted by means of the contact arrange-
ments, but. it is preferable to employ a spe-

85

.cial supporting . electrode-holder  such as

illustrated at 2* Figure 1, which for instance
clamps around the electrode. In many cases 90
it is advantageous to pla-e the contact ar- -
ra) ent at a considerable height above
the bath. . To.réduce the drop in voltage it
is often advantageous to reinforce the ribs
or prolongations to which the contact ar-
rangement is attached. This may for in-

o5

.stance be done by casting aluminium around.

the external parts of ribs as shown in Fig.
3, in which 1 is the electrode, 2 the mantie .
and 3* the metal cast sround the external 100
parts of the ribs. . : '
My contact arrangement may also be em-
ployed. in connection with hollow selfbak-
ing t}ll:(tzlt.rtidiles w]lllere the :ie(;tric current is-
supplied - through a. contact arrangement
Ipp in the &Aumel Such an arrange-
ment is shown in U. S, Patent No. 1,442,031,
The channel is provided with a suitable
metal lining, for instance in the form of a
tube having thin walls.” The tube may if 110

105
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desired be provided with holes to let out the

gases formed during the baking of the elec-

trode. The contact arrangement may for
example be so made that it projects into
the channel and grips around projections of
the armature and (or) the extensions of the
ribs.’ Fig. 4 shows an electrode provided
with such extensions, in which figure, 1.is
the electrode; 2" the ribs having projections
3° extending into the channel, and 4° is the
metal tube or lining, - -
It is of course to be understood that my
invention is not limited to the above illus-
trations as its mode of application may vary
according to the type of electrode used in
each special case. R
What I claim 2s new and desire to secure
Letters Patent of the United States is: .-
1. In self-baking electrodes provided with
metallic mantles, and electrode supportin
means for controlling the position and feed-
ing of the electrode, separate electrical con-
tacting means independent of said electrode

supporting Imeans and adapted to. intro-

duce current into the electrode with a mini-
mum loss in voltage at, their contact there-

- with. '

2. In self-baking ‘electrodes provided

-with metallic mantles, electrical contacting
grtions of said mantles-

means, attached to _
and “distinct from the electrode supporting
means, adapted to miniraize the voltage loss,
where current is introduced into the elec-

" trode.

_the electrode, for the

1,818,213

3. In elgctrodes of the kind t’tescrilaetl2 a 35

plurality of electrical contacting means, in-
dependent- of the electrode supporting.
reans and independently adjustable, adapted
to introduce current into the electrode with
a minimum drop in voltage at the contacts.
4. In electrodes of the kind described, in-
dependent electrical contacting’ means com-
prising conductors firmly attached to pro-
jecting portions of the metal mantle around

purpose of leading the ¢

current into it. - :

5. Contact arrangement for self-baking
electrodes, provided with metallic mantles
comprising a plurality of projections and
con(Fucting' members attached thereto of
which 2 number smaller than the total
number is caplsble of transmitting the cur-
rent to the electrode. : ‘
- 6. In electrodes of the kind described,
metallic ribs projecting radially from, the
metallic mantle and adapted to make con-
tact with electrical  contact means in the
external . circuit and conduct the current
into the electrode. '

7. In electrodes of the kind described, out-

&

' wardly extending metallic contact ribs form-

ing integral continuations of the internal
reinforcing ribs, and firmly attached to the

‘mantle, and adapted to receive the electric

current from the external circuit and trans- ©
fer it to the electrode.

JENS WESTL‘._E’._
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PROCESS OF BUILDING UP SELF-BAKING ELECTRODES.

*"'The present invention relates to electrodes
being baked in the furnace in which they are
used, and the object of the invention is a
process whereby such electrodes are built up
in a simpler and more practical way than
heretofore known. .~ L

+

In most of the stationary carbide “and

ferro-alloy furnaces the. builaing up of the

.relectrode-sections is effected by welding a

10

15

new section to the metallic mantle which en-
closes the electrode mass, and filling the new
séction with raw electrode mass. The oper-

ation is carried out in a closed room above
.-the furnace,  In furnaces arranged for tilt-

ing, as for instance steel furnaces, and in
plants where the space above the furnace is
too small for building e tamping-house, this
method. of connection cantiot converiently

.~be_used. T have now found that in such

30
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furnaces the conneéction may . conveniently
and safely be effected by placing a previ-
ously.prepared section of raw electrode mass
on the top of the électrode to which it is

to be connected, and connecting as helow de-

seribed. This enables the preparation of

such raw electrode sections outside the fur--

nace in which they are to be employed, as:

for example at electrode factories, and trans-

- porting N
I am aware of previous experiments of

e same to their place of use. -

connecting prebaked carbon electrodes by
giving their ends a suitable form and coat-
1ng with tar or electrode mass. It has, how-
ever, proved impossible fo attain a stable
connection between a prebaked electrode and
raw electrode mass which Is afterwards
baked on the electrode. By conmecting pre-
baked electrodes, no other contact is there-
fore obtained than that which is due to the
shape of the end pieces. They cannot be
pasted together by means of raw mass. The
only effective connection between two baked
carbon or graphite electrodes is therefore

-one with thread and mipple.

With unbaked electrodes, however, an ex-
cellent conntection may be attained by past-
ing. If the electrode mass contains sufficient
binder, it will at 100°-200° C. be semi-liquid
and between two sections of such mass a
completely homogeneous connection will be
formed, especially if the mass is subjected
to pressure during the baking. When using
selthaking electrodes, care should be taken
to keep the upper end of the electrode as raw
as possible when a new section is to be con-

- No Drawing. Application filed Septeriiber 26, 1925, Serfal No. 58,350, and in Norway October 4, 1924.

nected thereto, ‘According to my present in-

véntion, I make complete electrode-sections,
well timped or pressed, at some convenient
place, and then bring them. to the furnace in
which they are t0 be used. I thus avoid the
tamping of the electrode mass in or above
the electric” furnace and at the-same time
have the advantage of being able to employ
the niosteffective machinery and tools for
pressing or tamping the mass.  Tn cold state
the ‘mass is hard and little movable rela-
tively to the mantle and such mantle-sections
with raw mass inay, therefore, be subject to
trade afd transport ‘in the same way as
usual electrodes. The connection between the
electrode-sections will be just as:good as by
continuous tamping of electrode mass into
the nisntle bt the place where it is used.

The electrodesections may consist of raw
electrode tass alone or raw electrode mass
with ‘& metal ‘atinatiire, such for instance,
as & metallic casing ot mantle enclosing the
raw mass. This’ casing may again be pro-
vided with radial ribs penetrating into the
mass ‘as' 15 well known in the art. The mode
of building up an electrode from such sec-
tions vanes slightly sccording to the nature
of the metallic armature of the electrode in
questign, © - :
. Electrodes in which the external mantle
1s without ribs may be built up by placing
a'new mantle-section filled with raw mass
on top of the electrode in nse. The mantles
may be welded together end to end, or may
telescope slightly, the new section prefer-
ably entering a Iittle into the old one, which
should then not be completely filled with
original electrode mass. As soon as the new
section is sufficiently heated the mass is ren-
dered ‘movable relatively to the mantle and
will sink towards the mass in the electrode
below. To be quite sure of a complete in-
corporation, some binder or raw mass with
much_binder preferably heated may be
Elaced between the electrodes, Most self-

aking electrodes have besides an external
mantle also radial ribs or other metallic
veinforcement penetrating into the electrode
mass. The method of connecting will then
be as follows: The armature may be made as
described in foreign patent applications by
Jens Westley, of common ownership here-
with, as follows:

Norway, No. 25614, filed January 12,
1922; Finland, No. 2,255, filed January 31,
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1923; Sweden, No. 3.1564/23, filed November
14, 1923; France, No. 130,145, filed Novem-
ber 14, 1923; Canada, No. 283,085, filed De-
cémber 14,1923,

5  The ribs then only project at one end of
the mantle-section, and at the other end
working openings shounld be -arranged for
welding the xibs together. Or, in all sec-
tions the ribs are longer than the mantle,

10 the ends of the ribs projecting, for instance,
10 centinzeters bevond tlie mantle. The man-
tle.is fawped full of elecirode mass, bub the
ends of the ribs remain free. The connec-

~ tion may be euwried out above the electric

15 furnace.in which the electrode is used or
ithe short electrode in use may be lifted out
of the furnzee forr conneetion. The new see--
tion is brought in place so as to make the

.- 1ib-ends of both sections meet and the rib-

20 ends ave then connecied Ly welding or serew-

. ing.. Raw . electrode amass is then tamped
around the ribs and the openings are closed
by. welding thereto, a complete belt con-

-necting both mantles, or by bending back

26 and welding the mantle portions which
form the working openings.’

The foregoing Qetailed description of my
Jdnvention las. been given for clearness of

.- understanding only and no undue limitation

30 should be deduced therefrom but the ap-
pended claiws should be construed as broadly
as-petmissible in view of the prior art.
MWhat T claim as new and desire to secure

- by, Letters Patent of the United States, is:

35 1. The process of building up selfbaking
clectrodes which ‘comprises preparing elec-
trode: sections of raw electrode mass outside |
the furnace in which they are to be em-

¢ ployed, and connecting said sections to the

- 40 non-working endls of partly used electrodes. -
"9, The process of building up selfbaking
electrodes which comprises preparing elec-
trode sections of raw electrode mass outside

- the furnuace in which they are to be em-

45 ployed, and counecting said sections with
additional raw electrode mass to the non-
working ends of partly nsed electrodes.

. 8. The process of building up selfbaking

... electrodes provided with metallic armatures

50 which comprises preparing electrode sec-
tions of raw electrode mass enclosed in me-
tallic armatures outside the furnace in which
they are to be employed, and connecting said

...~ sections to the non-working ends of partly

55 yused electrodes of similar character.

4, The process of building up selfbaking

1,839,007
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electrodes provided with metallic armatures
which comprises preparing electrode sections

of raw electrode mass enclosed in metallic
armatures outside the furnace in:which they 60
are to be employed,and-electrically and me-
chanically connecting said sections to the
non-working ‘ends 56]?1‘3‘&&1)! used electrodes
of similar chargeter, .

5. The prodéss 6t building up-selibakitig 65
electrodes provided with metallic armatures
and metallic reinforcements which coinprises,
preparing electrode sections of raw electrode
mass enclosed in métallic arfiiatures’'and pro-’
vided with'metallic ‘reinforcements outside: 70
of the furnace in which they are, 'to’be ém*
ployed, and electrically and  mechanically’
connecting the .respective armatures and re-
inforcements of ;said. sectiohs to the; corré:’
sponding parts of the non-working ends of 75,
partly used electrodes of similar cliaracter) ™

6. Tha-process 'of. building up selfbaking”
electrodes, provided with imetallic ‘arfndtures”
having radial ribs whicl ‘coinprises’prepar-
ing electrode: sections 0f raw electrdde 'mass 80
enclosed in such mgtallic’ armatures otitside’ ™'
of the furnace i wlhich’ they ‘are’to be éin
ployed, electrically ‘and mechanically* éont”.
necting -the ‘respective drmaturés and ribs’
of said sections to“the corrésponding parts) 85
of the non-working ends ol partly "tsed’ ™
electrodes of similar. charsctel, And ¢ofinect:"
ing ‘the raw electrods mass of “the Séctjons
prepared outside, 6f the'sdid, furnace” with
additional raw electrode mass fo the elect 00,
trode mass. of the non-working énds of ‘said” ™
partly used eléctrodds. ™~ T L

7, The process of building up selfbaking
electrodes provided with metillic armatures:
having radial ribswlich ‘coniprises 'fépi'ft.os
ing electrode. sections ‘0f raw electrode mass
enclosed in such metallic armaturés;outside
the furnuce in which’ they. are to be ‘em="
ployed, electrically and mechanically con--

Fib:

necting the respective armatures and ribg of 100

said sections to the covresponding parts o
the non-working ‘enids of partly used ‘elec-
trodes of similar character, ‘anc{ connecting
the raw electrode mass of said sections pre-
pared outside of the said furnace to the elec: 105
trode mass of the non-working ends of $aid
partly used electrode by means of additional
raw electrode mass by the application of-
heat.and pressure. thereto. o
Signed at New York, N. Y., Sept. 22nd; 110

1925. . ,
MATHIAS OVROM SEM.
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. This invention relates to channeled contin-
uous electrodes for electric furnaces and the
object of the invention js a process for mak-
ing such electrodes whereby. first class me-

* & chanieal and electric qualities are obtained.
Tn my V1. S. Patent No. 1442031 1 have
deseribed n method of producing channeled

- continnong electrodes. My present process
is an improvement of the process described

.10 in that patent and is preferable in snch eases
‘when very hot gases or charges pass throngh

.. the electrode.

My present process may bhe used in connec-
. tion with any tvpe of electric furnace and

18 the suspension of my electrode may be cax-
ried out as desired in each specinl case. Tt
will especially be ndvantageons in connection
with closed furnaces and mnkes it possible
to carry out therein a number of processes

20 ywhich have hitherto only been carried out in
open furnaces. as for instance the produe-
tion of carbide. and many products which
get lost in open furnaces may now be recov-
ered. As an example T may state that a car-

28 hide furnace per ton carbide gives about
372 kg. of earbon monoxide which carry
along about 204 ke of dust. Instead of
being disagreeable to the neighbourhood of
the furnace these products may be recovered

30 hy employing my channeled electrode.

In order to carry out my invention I pro-
vide s usnal continvous selfbaking elec-

trode with one or more longitudinal chan-

‘nels. Such electrodes consist of a lower
8% haked part and an npper unbaked part. I
have found that it is essential to the produe-
tion of a first class electrode to always main-
tain a part of the electrode in unbaked con-
dition in order to give a homogeneons con-
40 nection with the new electrode mass to be
tamped therenpon. If now in the case of
a channeled electrode very hot furnace gases
are drawn out through the electrode the up-
per Eart of the electrode may hecome baked
4 by the heat given off from the gases. The
same may of course take place if very hot
gases are introduced through a channeled
electrode. I have now found that this difii-
culty may be avoided by placing a cooled
% tybe in the channel or channels at the npper
end of the electrode. The cooled tube will
then protect the surrounding raw electrode
mass from being baked. The tube may
either be in solid connection with the col-

lecting arrangements for the furnace gas or
in solid connection with the electrode and in
flexible connection with said collecting ar-
rangement. - Ag the electrode is lowered the
mnbaked electrode mass ontside the tube will
follow downwards. Consequently the tube

mnst from time to time be raised if it is in-

solid connection with the electrode. T may

of conrse also heat insnlate such a tube in- -

stead of cooling it so as not to bake the sur-
ronnding electrode mass. °

In the drawing forming part of the ap-
plication a vertieal seetional view of an eleo-
trode and furnace nsed in carrying ount my
invention is shown: -

Referring more particularly to the draw-
ing. 1 is a continmons selfbaking electrode
suspended by means of an external holder 2.
3 is wn electric fmrnace, 4 is a longitndinal
channel inside the electrode. 5 is a water
cooled tnbe in the vnbaked nart of the elec-
trode. 6 is the ontlet for the furmace gms,
7 and 8 are openings for cleaning the tubes.

When the furnace is in operation a strong
dratft will on aceount of the great heat form
in the channe! 4 actine as a flue and T may
now reculate the draft in snch manner that
the gases formed in the furnace escape with-
ont air being drawn in through the fur-
nace. I may if desired regnlate the condi-
tions so that part of the gas escapes each
weyv. The regulation may easily be carried
ont for instance hy means of a door or a fan.

Tt is easily wnderstond which improve-
ments in the operation of the furnace are ob-
tained by the removal of the furnace gus.
The great amounts of hot and intensely il-
Inminating gases which #re developed in the
nsnal earbide and ferroalloy furnaces form
the principal diffienlty in the handling of
the furnace. By having the gases removed
from the Intnace through a hollow electrode
all drawbacks are eliminated and the fur-
nace is easily and comfortably handled.

The method deseribed is of special im-
portance when smelting materials in powder
or with little porosity. Such material is for
instance a mixture of powdered iron ore
(purple ore or the like) with powdered coke
or similar powdered reduction material.
Such powdered materials are generally much
cheaper than other raw materials. They
have, however, the drawback that the charge

T0

108

becomes too tight and impenetrable for gaa. -



- at certain

10

18

‘charges which may partly

Consequently the furnsce “blows”, that is,
the gas will force its way through the charge
¢ laces, forming open channels
through which it eacapes, Little or no con-
tact between gas and material is therefore

‘obtained and neither the heat content nor the

reduction value of the gas is utilized. By
drawing gas out through the electrode the

- blowing is avoided and at the same time the

is collected and may subsequently be uti-
d for preheating, roasting or reduction of
be charged
through the electrode channel in counter
current with the gases.
A furnace such as that herein described is
especially noteworthy on eccount of the fact
that it tpossesses in combination the advan-
ta%es of both an open and a closed furnace.
f the furnace gases contain volatile ele-
ments as for instance zine, &Jhosphorus or the
like, these may be recovered as usual by lead-
ing the gas through a condensing system con-
nected with the furnace, .
As previously stated the process herein de-
scribed may also be employed for blowing
gas into the furnace, If desired I may of
course also draw gas through the furnace
and the electrode. Such procedures may for
instance be employed for effecting reaction

~of a gas with earbon, for instance in the pro-

duction of hydrocyanic acid.
What I claim as new and desire to secure

- by Letters Patent of the United States is: -

1. The process of making continuons self-
baking channeled electrodes for electric fur-
naces comErising_the introduction of a body
in the unbaked part of the electrode pro-
tecting the surrounding raw eleetrode mass
against the heat from the channel and thus
preventing the baking of said raw electrode
mass. -

2. The process of making continuong self-
baking channeled electrodes for electric fur-
naces comprising the introduction of a tube
in the unbaked part of the electrode protect-
ing the surrounding raw electrode mass

1,040,785

against the heat from the channel and thus
preventing the baking of said raw electrode
mum. .

3. The process of making continuous self-
baking channeled electrodes for electric fur-
naces comprising the introduction of a cooled
tube in the unbaked part of the electrode
protecting the surrounding raw electrode
mass against the heat from the channel and

thus preventing the baking of said raw elec-

trode mass,

4. The process of making continuous s»lf- -

baking channeled electrodes for electrie fur-
naces comprising the introduction of a water
cooled tube in the unbaked part of the elec-
trode protecting the surrounding raw elec-
trode mass against the heat from the channel
and thus preventing the baking of said raw
electrode mass. -

5. A channeled electrode baked in the fur-
nace in which it is nsed and adupted for the
introduction into the furnace or removal
therefrom of gas, said electrode comprising
when in use a baked portion an unbaked por-
tion and within a part of the unbaked por-
tion means for protecting the raw electrode
mass ngainst heat from the channel,

10

6. A channeled electrode baked in the fur- .

nace in which it is used and adapted for the
introduction into the furnace or removal
therefrom of gas, said electrode comnprising
when in use a baked portion, an unbake
portion and within said unbaked' portion a
tube protecting the raw electrode mass
against heat from the channel.

7. A channeled electrode baked in the fur-
nace in which it is used and adapted for the
introduction into the furnace or removal
therefrom of gas, said electrode comprising
when in use a boked gortion an urbaked
portion and within sai unbaked portion a
water cooled tube protecting the surround-
ing raw electrode mass against the heat from
the channel and thus preventing the baking
of said raw electrode mass.

CARL WILHELM SODERBERG.
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¢ Self-haking” electrodes (electrodes which
are bakeg in the furnace in which they are
usedt) provided with metallic mantle are de-
scribm] in  United - States Patent No.

5 1.440.724. The mantle has here the func-

tion of acting as a mould during the intro-
duction of the mass, of protecting the elec-
trode against oxidation and transmitting
the current to the electrode. Tt is often de-
10 sirable to provide the electrode with ribs

or similar extensions projecting into the.

electrode mass and further facilitating the
- flow of the current. ¥n the use of the elec-
trode the mantle and ribs ordinarily melt
15 in the fuwrnace and the metal contained
therein enters into the furnace product.
 Usually electrodes contain, according to
theirsize and the current carried,about 4-10%

metal, generally iron. The amounts of iron

20 supplied in this way to the furnace ars as
a rule so small that they do not interfere
with the working of the furnace or lower
the quality of the product. In some cases
it may, however, be of importance to avoid

25 or at least to minimize the introduction of
iron, as for instance in using the electrode

in furnaces for the production of aluminium .

in which about 6-700 kg. of electrodes are
consumed per ton of aluminium. - This

30 would cause the aluminium to take up about
3-3.5% iron from the mantle if the electrode
contains 5% iron, and thus the quality of
the aluminium produced would be greatly
lowered. Tt is therefore of great importance

35 for the employment of the electrode in these
furnaces that 2 method be found to avoid
introduetion of considerable quantities of
iron or other detrimental metals into the
-aluminium. This may be accomplished by
40 making the mantle and ribs of alumininm,
* Iron, however, on account of its high melt-
ing point and its cheapness has important

ad%antages as compared with aluminium,

wherefore if possible iron would Srefer-ably
45 be employed. Applicant has foun :
is possible by employing the method herein-
after desceribed, and illustrated in the draw-
ing. - -
. _In the drawing Figure 1 represents. an
50 clevational view partially in section show-
ing an electrode and holder utilizing -the
method, and Figure 2 represents an eleva-
tional view of a portion of the holder.
The method consists in removing the
56 metal mantle from the electrode before it

that this

reaches far enough down into the furnace-

so that the mantle melts off. It is then de-
sirable to employ a mantle of the smallest

“possible thickness; for instance with iron

plates a thickness of 0-3-0.4 mm. The man-
tles may then without difficulty be torn.or

cut away in pieces from the electrode asthe

electrode during its use is lowered into the
furnace.” It is desirable to arrange things

's0 that the electrode holder is placed on the

baked part of the electrode as far as possi-

ble. Whether this is possible depends on
the temperature in tlie furnace, size of the -

electrode and the. current carried, TUnder

favourable circumstances the heat may, if

70

conditions are rightly chosen, be drawn so .. -
high up in the electrode that it is already -

sufficiently baked before it enters the holder -

and the mantle may be removed there,” Qth-
erwise the mantle nmay. be conveniently re-
moved af the lower edge of the electrode
holder, for instance in. the form of strips
§-10 cm. broad. - To facilitate the tearing
off, arrangements may be made to give a
sharp lower edge to the electrode }%;Ider,
thus causing it to act as a knife. Further
the mantle may be scored horizontally at
intervals of 5-10 ¢m., to facilitate the tear-
ing operation.. The tearing operation may
preferably be repeated each time the holder
is moved. : : :
In the application of the self-baking elec-
trodes herein referred to it is often advan-
tageous to employ ribs. These can, how-
ever, only with difficulty be removed by
tearing off and as far as the ribs are con-
cerned one has the choice between letting
the amount of iron or other detrimental met-
al corresponding to the length of the ribs
pass into the furnace, or making the ribs

~of aluminium or other non-detrimental met-.
al or metal alloy. To be able to employ iron

in the ribs the size of the ribs must then

5

80
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in alumininm furnaces be reduced to the

minimum. Preferably the holder is as far

100

as possible placed on baked carbon, giving -

the most direct passage of the current from

- mantle to the electrode mass helow the hold-

er without passing through the ribs. The
ribs may therefore be greatly reduced and
in practice it has been possible to reduce the
amount of iron in the ribs so much that
the aluminium produced. only takes up

'0.05-0.1% iron from the ribs even if these

are allowed to melt down and entirely enter

103
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" the aluminium. As an exainple it may be

" . the bath. But the ribs were allowed-to melt
- and enter the metal. produced, which thus

10

18

20

25

30

mentioned that an electrode with 1 meter
diameter and for a capacity of 1 ampere
er square centimeter was made with 8 ribs
% centimeters broad. Both ribs and mantle
were of 0.3 mm. plate. The mantle was dur-
ing its use removed before it entered into

took uB.0.0‘M% iron, - -

In the cases when the mantle is removed

before it gets down into the gr_igging.mem-".

bers of the holder these may. be so made
as to scale off the metal mantle, For in-
stance as shown in the appended drawing.

1 is the electrode, 2 is a part of the holder

and 3 shows the mantle which is forced out
from the electrode by means of plough-

shaped holder parts. The mantle parts
which are forced out may be torn or cut

away or allowed to burn off. © - -
Tﬁe metal mantle will always stand out
a little from the electrode when this is baked.
The electrode shrinks during the baking and
the metal mantle expands. " If the metal
mantle is thin beforehand it will also be
more or less oxidized and brittle so it may
easily be scaled off againet the sharp upper
edge of the gripping members of the holder
when the electrode 1s lowered. ' '
Together with the mantle the detrimental
layer of dust is also removed thus giving
a clean contact between gripping members

and electrode,

- using self-ba.
trodé ‘is formed and baked within a pro-
tecting: metal mantle, the step comprising
from time to time removing:portions of the
-mantle from the baked end of the electrode -
in such a .manner 8s te reduce the smount~
‘of foreign metal entering the furnace, and 50

- trode is formed and, baketi, within a pro-

1,867,948 .

I claim: , :

1. In the process of manufacturing and
using self-baking electrodes, where the elec-
trode is formed and baked within a pro-
tecting metal mantle, the step comprisin
from time to time removing portions.o
the mantle from the baked end of the elec-
trode before siuch portions become. melted.

2. In the process of manufacturing and

Ein electrodes, where the elec-

35

46

at the same time protect the electrode dur--
ing the baking peried. . . -~ =~ . [ -

3. In the process of manufacturing and
using self-baking electrodes, where the ele;c.-;--55
tecting metal mantle, the step comprising .
1'em;1\$ing a portion "of ‘the ‘mantle above
the point” where it would melt and enter
the furnace charge. .

4, In the process of manufacturing and

using self-haking electrodes, where the elec-

trode is forined and baked within a pro-
tecting metal mantle, the step comprising
removing a portion of the mantle below the
electrode holder and above the point where 89
it would melt and enter the furnace charge.

JENS WESTLY,

40
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. 'The prese.:r:lt' invention relates to ‘the go- _
called continunoug electrodes, which are

. baked in the electric furnace in which they

10

15

£0

25

are used and the object of the invention is
to provide an improved electrode mass from
which an electrode is obtained having first
class mechanical and electric qualities,

“The usual carbon electrodes for electro-

thermic use are, as is known, made by mix-
ing anthracite, previously heated to a red
heat, cinders and other carbon materials
with a binder, comprising pitch with some
oil, or tar and piteh, to form a mass.which
is pressed or tamped into moulds. The elee-
trodes thus formed are then baked in spe-

cial baking furnaces where they are'slowly’

heated until the binder is coked, usnally to

-1100° C. :

. It is well known that giod. electrodes are
essential to an electric smelting furnace.
Much work has been done in the effort to
find the best methods for the production of
electrodes and the fellowing fundamental
rules, which must be followed to obtain a
first class result, have been established:
1. The raw electrode should contain the
least possible amount of volatile constit-
uents, The less volatilé constituents there
are contained in the electrode mass, the
higher will ‘he the specific gravity of the

“electrode,

2. The moulding of the electrode must be

. effected by means of high pressures or pow-

40

make good electrodes.

50

erful blows whereby the particles of the
mass are
tained is driven out.

The method which is usnally employed
and which is Zonsidered to be the best is to
press the electrodes in hydraulic presses, em-
ploying pressures of about 300 kg. per
square centimeter. The electrode mass is
subjected to this high pressure for a long
time and thereby the particles of the mass
are displaced relatively to each-other’ and
the air 1s driven out. '

Also by tamping one has been able tq
The process then
consists in subjécting the electrode mass to
s tamping b% means of a ram-like tampin
apparatus. Both with regard to the trans-
portation and the baking of the raw elec-
trodes and to make the mechanical treat-

ment of the mass effective the electrode mass-
must have e definite consistency. It must
as it is termed be able to “take pressing”

and “take tamping”.

- cases lead to breakage, the electro

ressed together and the air con-"

: . The mass must be
treated mechanically in such a way that a

solid and non-elastic electrode blocic resulis

- which shows a specific gravity correspond.

ing to that which it .is desired to obtain
in the finished: electrodes. :
Applicant ‘has, however, found that the

-mass which is used in the production of the

electrodes must have a

so-called selfbaki
lﬁﬂ'erent'from usual mass

consistency quite

60

5

to give.a satisfactory result, it being unsu- -

ally impossible to employ high pressures for

ressing the mass, or powerful tam ing.

only a light tamping may be 'used,'eﬂ'gcted
elther manually or by means of small pneu-
matic tamping devices. If it is attempted
to tamp usual electrode mass in this way it
will not be possible to force the mass suffi-
clently together and an electrode results

with lower sliveciﬁc gravity than usual elec-

trodes, and the coherence and electric con-

70
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ductivity will be bad. This has the effect, -

.that the electrodes stand less current density

in many
C ( es not be-
Ing strong .enouil; to stand the strains to
which they will be subjected. This behav-
iour is esFecially noticeable in the produc-
tion of selfbaking electrodes which are pro-
vided with an iron- or metal armature.
Such electrodes generally consist of an iron
mantle with inwardly directed radial lon-
gitudinal ribs and this armature encloses the
electrode mass and determines its form. In
the lower part of the armature facing the
furnace the electrode mass will. be ready

than first class electrodes and 'mag

80

a5

90

baked, in the upper part it is entirely raw.

The ribs transmit the current from the
electrode holder to thé baked part of the
electrode and hold this tight for which rea-
son they are provided with projections or
the like which prevent the hard balked elec-
trode from moving relatively. to the. ribs.
Such a continuons eléctrode is generally 4 to
7 meters long. '

Even if in using ordinary electrode mass
for such,electrodes it is possible by extreme-
ly accurate tamping to reach the right spe-

g cific gravity of the electrode, the resulting

electrodes will .nevertheless not be so re-
liable as desired. When subjected to special
straing electrode breakage may occur, The
electrode divides up in pieces of 30 to 90
centimeters length which fall into the fur-

‘nace when the iron armature is melted away.

o3
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during the tamping graduall

2 | 1,670,008

The reﬁ:tson for this is that the electrode mass
hardens as
the carbon particles are worked together.

The resulting hard non-electric mass s fixed ;
“non-tampable” mass is very apparent.

relatively to the ribs of the iron armature
which it envelops and to the other parts of
the iron armature. As the electrode is con-
sumed in the smelting furnace the arma-
ture is moved slowly downwards together
with the electrode mass. A little above the
furnace the electrode is heated to baking
temperature and the mass shrinks, the
binder being coked. The iron armature,
however, expands on account of the rise in
temperature and the electrode mass fixed to

- the armature is subjected to a strain which

may result in a division of the electrode into
ieces whose length varies with the electrode
Eiameter and temperature conditions.
I have now found that the difficulties
heretofore pointed out may be overcome by

fiving the mass a consistency with sufficient- .

low viscosity to allow the mass to settle
uring the heating in the electrode. To
reach the right specific gravity and corre-
sponding electric conductivity and mechani-
cal qualities the mass must during the bak-
ing make a slow settling possible.  The bak-
ing takes place in a mass subjected to pres-
sure from the column of mass above. I
obtain a suitable consistency by.increasing
the content of liquid comstituents in the

. mass. The ordinary elecirode mass for large

3%

40

45.
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electrodes generally contains a mixtare of
tar and pitch (for instance in the propor-
tion 3 tar: 1 pitch) constituting 10 to 11%
of the mass and is then easily tamped to a
hard mass. If now the amount of tar-pitch
is increased the mass will become more sticky
at the tamping temperature and consequent-
ly difficult to treat with the tamping ma-
c{zine. At 18 to 229 tar-pitch it cannot be
tamped at all. The treatment of one part
of the surface of the mass with a machine
for instance a pneumatic tamper with point
only results in pressing down this part of
the surface and raising the others, e con-
sistency of the mass is that of a dough and
the object of the tamping is in this case not
to beat the mass together to sttain a high
specific gravity as in the case of ordinary
Eressed or tamped electrodes but omnly to
ring the single portions of mass.into inti-
mate contact with each other and remove
greater air bubbles. . :

- My investigations have shown that such.

'a mass has at the lower part of the con-

tinuous electrodes a considerably higher

ecific gravity than newly tamped- mass in
the upper part of the electrode. Samples of
a ready baked electrode taken out from the
lower end of a selfbaking electrode have the
same specific gravity as the best pressed
electrodes of the trade. This shows that a

slow settling of the mass takes place while-

it is in the electrode subjected to heat from
the smelting furnace and charged with the
‘weight of the mass above,

The difference between “tampable” and

Tawmpsable mass subjected to a series of blows
from a tamper becomes harder at each blow,
At last-the tamper strikes the mass with a
sound as if striking a perfectly solid, non-
elastic body. In a non-tempable mass such
solidity is never obtained. In order to make
clear how the change in consistency takes
place when increasing the amount of liquid
binder I have carried out comparative meas-
urements of viscosity in a series of mix-
tures of finely pulverized anthracite and a
liquid binder. The viscosity was determined
by noting the number of seconds required
for a rod of definite weight to move throu

a layer of mass of definite thickness. The
results are given below:

At 24% binder the movement of the rod
was not noticeable. )

At 25% binder the movement of the rod
was Doticeable, but the time required was
more than 1 hour.

At 26% binder the movement of the rod
was a little quicker, but the time required
was still more than 1 hour,

At 27% binder time still more than 1 hour,

Amount of binder: 27.5%, 28%, 28.5%,
299, 30%., 32%. o

70
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Time required: 760, 100, 65, 58, 39, 20

seconds.

I the results are entered into 2 curve it

will be seen, that the curve makes a sharp
turning at 27.5 to 28% binder. This sudden
change in the JJlovabilit{l of the mass eppar-
ently corresponds to such a content of liquid
that the solid carbon particles of the mass
are no longer directly in touch with each
other, but slide on the “lubricant”, the
binders used in electrode production being
at the same time excellent ]i'ubricants. '

The absolute percentage at which the mass
ceases to be tampable depends on the amount
of fine particles in the electrode mass and
on the nature of the fines, and can therefors
not be determined beforechand, In the in-
vestigations referred to.abBove the “turning
point” of the curve was found to be at
27.5% binder, - This is of course only the
case in a mixture of definite fines with a
definite binder. If the quality or fineness
of the fines are altered the “turning point”
'will become displaced. Under all cireum-
stances, however, a curve for the viscosity
is obtalned giving a “turning point” at the
content of binder at which the mass becomes
noticeably “liquid”. -

In electrode mass for big electrodes gen-
erally 14 coarse particles are employed, that
is a carbon. material, for instance heated
anthracite, in form of pieces having the size
of a nut, 23 of the mass being fines and
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binders. The coarse particles require very
little binder to .become wmoistened, The

ieces are in the mass completely surrounded

y fines on all sides and the consistency of
the fines determines that of the mass. Prac-
tical experiments on a great scale now show,
that the cheracteristic change in consistency
by employment of the same material as in
the eerrlments previously referred to, but
with about 14 of coarse particles takes place
at about 18% binder, and at 209 the mass is
very movable. These figures are in good
accordance with those found above it being
considered that 14 of the mass requires very
little binder. If more coatse particles are

employed the change takes place at a lower

content. of binder. The mass is always treat-
ed in warm condition, generally at tempera-
tures ranging from 60 to 100° C. The mix-
ture of binﬁers used in practice is then

liqﬁid.

y making the content.of volatile con-
stituents and binder in the mass sufficiently
high tamping of the mass may be avoided
altogether and the production of the con-
tinuous electrodes more takes the character
of a casting. But also in such cases an ex-
cellent conductivity and specific gravity is
attained in the finished electrodes, this be-
ing due to the exceedingly favorable baking
conditions.

As mentioned above the iron mantle
moves slowly downwards together with the
electrode mass towards the crater of the fur-
nace, the temperature of the mass rising
slowly from about 60° C. to a bright red
heat at the point of the electrode. At about
200° C, the first distillation of the most vol-
atile constituents of the mass begins and
these escape in the form of vapor. At about
700° C. the binders are transformed to high-
molecular  carbon compounds which are

slowly transformed to a gradually harder.

coke,  Thereby the porosity of the electrode
is increased. © The raw mass during the
tamping still contains some air, but during
the storing in the electrode a part of the air
escapes and the porosity sinks to about 5%.
In the completely baked electrode it is about
15 to 20%. I have found that during the
distillation and coking the excess of binder
will together with the distillation products
try to escape downwards through the al-
ready baked and consequently most porous
part of the electrode, but as just this part
is heated to a red heat new amounts of car-
bon-hydrogen compounds will here contin-

ually be reduced, coke being formed and’
deposited in the pores of the electrode. The’

carbon ticles consequently become fur-
ther hmll)l::l to ethe!:?egnd the weight and
conductivity ‘of the electrode increases.
The foregoing detailed description has
been given for clearness of understanding

3

only and no undue limitation should be de-
duced therefrom but the appended claims
should be construed as broadly as permis-
sible in view of the prior art.

What I claim as new and desire to secure

'Ly Letters Patent of the United States is:

1. An electrode mass for use in forming

continuous electrodes, containing an excess.

of binder in proportions sufficiently high to
cause the mass in warm condition to seitle
in the electrode.

2. An electrode mass for use in forming
continuous electrodes, in which. the propor-
tion of binder content is sufficiently high to
render the mass elastic and non-tampable.

3. An electrode muass for use in forming
continuous electrodes, in which the propor-
tion of binder content is sufficiently high to
prevent reduction of the total volume of the
mass under a tamping action.

4. An electrode mass for use in forming
continuous electrodes, in which the propor-
tion of binder content is sufficiently high to
render the mass liguid.

5. An electrode mass for use in forming
continuous electrodes, in which the binder
content forms at least 14% of the mass.

6. The process of forming an electrode
baked in the furnace in which it is used, and
including - an enclosing mantle comprising
the steps of forming an electrode mass hav-
ing a binder content sufficiently high to ren-
der the mass elastic and non-tampable and
then casting the mass within the enclosing
mantle of the electrode.

7. The process of forming an electrode
baked in the furnace in which it is used and
including an enclosing mantle comprising
the steps of forming an electrode mass hav-
ing a binder content sufficiently high to ren-
der the mass liquid, and then casting the
mass within the enclosing mantle of the
electrode.

8. The process of forming an electrode
baked in the furnace in which it is used. and
including an enclosing mantle comprising
the steps of forming an electrode mass hav-
ing & binder content of at least 14% of the
mass and then casting the mass within the
enclosing mantle of the electrode,

9. An electric furnace electrode of the
kind which is baked during its use in any
electric furnace characterized by a baked
portion at the operating end and by soft elec-
trode. paste at the feeding end, said paste
being of such consistency as automnatically to
exert sufficient pressure by its own weight
to assure such compactness of the electrode

‘materials throughout the balked portion of

the electrodes as to afford physical and elec-
trical characteristics of a pre-baked elec-
trode.

CARL WILHELM SODERBERG.
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Patented Oct. 2, 192& |
UNITED STATES

1,686,474
PATENT OFFICE.

CARL WILEELM SUDEREERG, OF OSLO, NOEWAY, ASSIGNOE TO DET NORSER AKTIE-
SALAXAB FOR ELEXTROEKEMISK INDUSTRI OF NORWATY, OF 0810, NORWAY,

SELF-BAKING ELECTRODE.

Application filed September 18, 1986, Serial No. 136,275, and in Norway September 18, 1935,

The so-called self-baking electrodes, i. e.
electrodes that are baked while in use in the
electric furnace, ordinarily consist of one
baked and one unbaked part and means will

8 have to be provided for conducting the elec-
tric current to the baked part of the elec-
trode. A present this is ordinarily made ac-
cording to my U. S. Patent No. 1.440,724
dated January 2nd, 1923, by surrounding

10 the electrode by a metallic shell structure
consisting of a metal mantle provided with
inwardz ‘projecting ribs that give a good
electrical contact, Both casing and ribs pass
into the furnace as the electrode is consumed

18 and become a part of the charge. In man
instances the presence of this metal, whic
on account of the high temperature required
to properly bake the electrode is generally
iron, is not objectionable. However, where

20 the continuous self-baking electrodes are to
be used in the - electrolytic production of
aluminum and in similar cases, the addition
of iron from the electrode is very objection-
able as it renders the aluminum impure

25 For this reason as much as possible of the
shell structure may be made of aluminum,
but inasmuch as the aluminum melts at a
temperature considerably below that at
which the electrode has attained a reason-

30 gbly good electrical conductivity, the use
of aluminum for the whole shell has met
with difficulty so that the internally project-
ing ribs are now generally made of iron or
other comparatively diﬁicultl%fusible metal

33 (U. 8. Pat. 1,679,284 of Jens Westly), which
remains solid and conducts the current to s
point far enough down in the electrode so
that the voltage losses in the electrode do not
~ become too large a factor in the power con-

40 sumption of the furnace. These inwardly
projecting ribs, however, although very thin
introduce an apprecia’ble and un esired
amount of iron into the aluminum produced.

The object of the present invention is to

48 provide a shell structure for a self-baking
electrode, in which the mantle—if any—may
be made of an easily fusible metal such as
aluminum and the ribs may be made of a
difficuitly fusible metal such as iron, where

80 the ribs may be given a sufficient cross-sec-

tion so that the voltage loss in them is mate-

rially reduced as compared with that in the
" ribs previously employed, and where the
metal in these ribs is not permitted to enter
8 the furnace and contaminate the product.

This is accomplished by separating the ribs
from the shell so that they are mechanically
independent of each other and may be dis-
placed with relation to each other, especially
in a direction parallel to the axis of the elec-
trode. Thereby the ribs are converted into
special contacts inserted into or in other
ways brought in contact with the baked part
of the electrode. If a metallic mantle is
used, which encloses and shapes the elec-
trode, the same may therefore pass into the
furnace with it, while the ribs may be so
arranged that they carry a large part of the _
current to the thoroughly baked ?ower por-
tion of the electrodes, but are not permitted
to be fed into and consumed in the furnace.
Thus the mantle may be made of an easily
fusible metal, such as aluminum, and the
ribs of a more difficultly fusible metal such
as iron, without contaminating the furnace 73
]S)roduct with the difficultly fusible metal.
ince the invention is of particular impor-
tance in the use of the continuous self-baking
electrode for the Froduction of aluminum by
the electrolyses of its oxide in a molten bath,
the example chosen for description will re-
fer particularly to such an electrode, al-
though it should be clearly understoed that
the mvention is gslso applicable to other
cases where similar requirements have to be
met. '

In the attached drawing Fig. 1 shows a
horizontal section through an electrode in
which this invention is embodied, and Fig.
2 shows an enlarged vertical section along
the line a—b of ¥ig. 1.

In these drawings 1 is electrode mass, 2
is an aluminum mantle which, as will be
seen, is bent inwardly into the electrode mass
to give room for the ribs 3 and 4, which
are of iron., The ribs have an externally
extending portion 5 where the electric cables
6 may be connected. As appears from Fig.

70

80

a5

1

85

.2 the ribs are made of two parts 3 and 4,

which are wedge-shaped in such a way that 100
a blow on one part of the nb will canse the
ribs to be wedged against the surrounding
material and consequently make a good elec-
trical contact. It is most advantageous to
arrange the shell so that the lower ends of
the iron. ribs are so close to the fused bath
that the aluminum mantlé is melted off at this
peint. The ribs will then be attached di-
rectly to the already-baked electrode mass
‘and loss of voltage is thus practically avoid- 110
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ed. The ribs are made so long that they
yroject above the upper end of the mantle.

hen the lower end of the rib approaches
the melt, the rib is loosened by a blow on
one part of its upper end and the whole
11b is pulled u]lamwards a suitable distance.
It is thus possible to move ome rib at a time
and the operation of the furnace may at
oll times be continued without disturbance.
The mantle is made from sections which are
previously formed and placed in the posi-
tion shown with reference to the ribs, and
joined to each other by welding. The tamp-
ing of the electrode mass fakes place as is
usual with self-baking electrodes and the
clectrode may be supported in any known
way. The ribs should be suspended from
their upper part. The lower end of the ribs
will always take the temperature of the elec-
trode at this point, that is about 900° C. and
st therefore be provided with a non-oxi-
dizable coating of ferrochromium or the
like. To get the best possible contact the
ribs may increase in thickness, both towards
their lower end where the aluminum mantle
melts, and inwardly towards the axis of the
electrode. The supply of current may of
course take place in the usual manner
through the carrying mechanism of the elec-
trode as well as through the ribs. If desir-
able, the mantle may of course be provided
with projections or the like to provide bet-
ter attschment for the electrode mass.

Obviously the mode of application of the
present invention may be varied within
wide limits and the above example therefore
is not intended fo limit the invention.

Claims:

1. The combination of 2n electrode baked
while in use in the electric furnace, an elec-
trode holder, and a ecurrent-carrying con-
tact movable relatively to the electrode and
the electrode holder,

2. The combination with an electrode
baked while in use in the electric furnace,
of a metallic current-carrying contact ex-
tending into the electrode beyond the periph-
ery thereof and movable relatively to the
electrode.

3. The combination with an electrode
baked while in use in the electric furnace, of
a plurality of current-carrying contacts ex-
tending into the electrode beyond the periph-
ery thereof, such contacts being movable rel-
ative to each other,

4. The combination with an electrode
baked while in use in the electric furnace,
of a current-carrying contact extending into
the electrode beyond the periphery thereof,
such contact comprising parts relatively dis-
placeable with respect to each other, and
adapted when so displaced to engage the
electrode to make contact therewith.

5. The combination with an electrode
haked while in use in the electric furnace,

1,686,474

of a current-carrying contact extending into
the electrode beyond the periphery thereof,
such contact comprising a plurality of mov-
able wedge-shaped parts.

6. The combination with an electrode
baked while in use in the electric furnace,
of a metallic current-carrying contact ex-
tending into the electrode beyond the pe-
riphery thereof and movable relatively to the
electrode, the lower portion of such contact
being %rovided with a non-oxidizing coating.

7. The combination with an electrode
baked while in use in the electric furnace,
of a current-carrying contact extending into
the electrode beyont% the periphery thereof,
such contact comprising a plurality of rela-
tively movable parts suspended from their
upper ends.

8. The combination with and electrode
baked while in use in the electric furnace,
of a current-carrying contact extending into
the electrode beyond the periphery thereof
and movable relatively to the electrode, and
an electric lead directly connected with such
contact,

9. A metal shell for an electrode baked
while in use in the electric furnace charac-
terized by the fact that it comprises a plu-
rality of mechanically distinet parts mov-
able relatively to each other.

10. A metal shell for electrodes baked
while in use in the electric furnace compris-
ing 2 mantle containing the electrode mass,
and ribs displaceable with respect to the
mantle,

11. A metal shell for electrodes baked
while in use in the electric furnace compris-
ing a mantle containing the electrode mass
and ribs displaceable with respect to the
mantle, the mantle being made of a relativel
easily fusible metal and the ribs being made
of comparatively difficulty fusible metal.

12. A metal shell for electrodes baked
while in use in the electric furnace compris-
ing 2 mantle containing the electrode mass,
and ribs displaceable with respect to the
mantle, the mantle being made of aluminum
and the ribs being made of iron.

13. A metal shell for electrodes baked while
in use in the electric furnace, comprising an
aluminum mantle containing the electrode
mass, and a2 movable iron rib comprising
parts relatively displaceable with respect to
each other and adapted when so displaced
to engage the electrode to make contact
therewith.

i4. A metal shell for an electrode baked
while in use in thé electric furnace compris-
ing an aluminum mantle, and an iron cur-
rent-carrying contact extending into the
electrode beyond the perifvhery thereof, such
contact comprising a plurality of wedge-
shaped parts.

15. A metal shell for an electrode baked
while in use in the electric furnace compris-
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ing a mantle made of a relatively easily fus-
ible metal, and a current-carrying rib of

comparatively difliculty fusible metal extend-
ing into the electrode beyond the pehiphery

thereof, the lower part of such rib being pro-
vided with a non-oxidizable coating,

16. A metal shell for an electrode baked
while in use in the electric furnace compris-
ing a mantle of one composition, and a rib
movable relatively to the mantle and made

3

_of another composition, the rib being sus-

pended from its upper end.
17. A metal shell for an electrode baked

-while in use in the electric furnace compris-
ing a mantle of a relatively easily fusible 1
‘metal and ribs displaceable with respect to

the mantle and made of a comparatively dif-
ficultly fusible metal, and electric leads di-
rectly contacting with such ribs,

CARL WILHELM SODERBERG.
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UNITED STATES

1,691,505

PATENT OFFICE.

MABTIN WALTHER, OF OBLO, NORWAY, ASSIGNOR TO DET NORSEE ARTIESELSKAB I'OB
ELEEKTROEEMISE INDUSTRI, OF OSL0O, NORWAY. .

ELECTRODE.

Application filed May 14, 1926, Serial No. 108,180, and in Korway May 15, 1925,

The present invention relates to electrodes,
which are baked in the furnace in which they
are used and has for its object the arrange-
ment of 8 casing around the electrode outside
the mantle which is used as a mould for the
.electrode during the tamping. Thus the cas-
ing does mnot follow the electrode down
into the furnace and the electrode must be
able to slide down through the casing. It

will often be advantageous to make the cas--

ing with double walls affording opportunity
of artificial cooling either with a liquid or
with cold air, _

The arrangement of such a casing outside
the electrode affords many important advan-
tages. The electrode is protected against
dust and the contaet surfaces for introduction
of current will always keep clean. Omn-.aec-
count of the cooling effect of the casing the
electrode mass in the upper part of the elec-
trode will remain raw and a homogeneous

connection is thus obtained when new mass .

is tamped on the electrode. This is very im-
" portant as it is impossible to obtain agood
‘connection by tamping raw electrode mass on
partly baked mass. By being able to keep
the electrode mass above the holder entirely
ra2w by means of such a casing it will be possi-
‘ble to employ the continnous electrode in open
furnaces without building a tamping house
around its upper end. The building up of

- the electrode may then take place outside the

as

=

¢

T4

furnace and the electrodes installed %s is done
with ready baked electrodes. If desirable
the casing may be made in the form of two or
more telescopic tubes whereby the length of

the casing may be varied as desired.  Further
the casing may be used for suspension of the

‘electrode, by attaching the suspending device
to the upper part of the casing which is gen-
erally supplied with a stuffing box. In the
event the electrode is built up above or in con-
nection with the furnace in which it is em-

ployed, the suspending means may be erected:

.1n the tamping house. . By such arrangement
pulleys for suspension, bearings and wires
are protected from the heat of the furnace.
The suspension-devices are mounted -on a
frame which may be displaced horizontally
along or across the furnace. Thereby a very
simple means of altering the position of the
electrode within the furnace-is obtained. It
is of importance thus to be able to displace

‘ing, 11is an electric

the electrode simply and quickly when elec-
trical conditions of the furnace or the compo-
sition of the charge make it necessary. If
the tamping house is present provision must
be made for this lateral movement of the
electrode by making the electrode hole in the
tamping house floor sufficiently large.

Means may be provided for preventing the
electrode from shiding too far and short-éir-
cuiting the furnace when the gripping mem-
bers are loosened to displace t%e older rela-

tively to the electrode. ~ For example a stop-

ping ring may he fastened around the elec-
trode at a distance above the uppermost edge
of the casing corresponding to the maximum
allowable “drop” of the electrode,

When the electrode holder is loosened to
lower the eEIectrode the stopping’ring will
move with the electrode and stop its move-
ment by striking against the stuffing box of
the casing. After the electrode Is again
gripped by the holder, the stopping-ring is
loosened and placed higher up on the elec-
trode ready for the next “drop.”

Generally it will be advantageous to make
the casing of iron plate.

The electrode holder may be madé in known
way and any type of electrode holder may be
employed. Tt is, however, generally pre-
ferred to employ a holder which is so con-
structed that the electrode may be lowered
during full operation without breaking the
current. Such a holder is for instance de-
scribed in U. 5. Patent No. 1,498,582,

An example of the invention is illustrated
in the drawing forming part of this applica-

‘tion. In such drawing

Fig. 1 represents an elevational view, part-
ly in section, of a furnace installation incor-
porating one form of the invention.

Fig. 2 represents a. view similar to Fig, 1,

arts being broken away, illustrating another
orm of the invention, -

‘Referring more garticularly to the draw-

urnace, 2 1s a self-baking

electrode, and 8 is a ring having means for
tightening each single electrode gripping
member 4. The pripping members are sus-
ded in the lower end of the casing 5 which

13 placed outside the actual electrode mantle
6 and is led through the floor of the tamping
house 7 and at its upper end is fastened to the
suspension arrangement 8 which may be

70 -
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raised and lowered in known manner. 11 is
the stuffing box at the upper end of the casing,
against which the stopping ring 12 may en-
gage when the electrode has moved through
1ts maximum “drop.” The displacable frame
isindicated at 18. To the casing 5 is fastened
a carrier arrangement 9 for the electric leads
conducting eurrent to the electrode. Air or
other cooling gas for cooling the casing is ad-
mitted near the upliler end thereof as indi-
cated at 10. 'When the air is biown in it pene-
trates downwards between the electrode man-
tle 6 and the proteeting casing 5 and passes
out at the lower end of the casing. If it is
dlesired to cool by means of a liquid the casing
must of course be made with a double wall
as 1'lustrated at 5, Fig. 2, and special inlet
and outlet for the cooling fluid proviled, as
ilustrated at 10* and 10", respectively, Fig. 2,

The foregoing detailed description has been
given for purposes of clearness of under-

- standing only and ne undue limitation shoutd

23
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be deduced therefrom but the appended
claims should be construed as broadly as per-
missible in view of the prior art.

What I claim as new and desire to secure by
Letters Patent of the United Statesis:

1. The combination of an electrode haked
while in use In the electric furnace, and hav-
ing a mantle enveloping the electrode mass,
au electrode holder, and a casing surrounding

nd spaced frow the mantle, and arrang&zi_i
above the alectrode holder, the mantle to-
gether with the electrode therein contained
being movable longitudinally with respect to
the casing. '

2. The combination of an electrode baked
while in use in the electric furnace and hav-
ing a mantle enveloping the electrode mass, a
room wherein the tamping of the electrode
mass into the mantle is effected, and a casing
surrounding the electrode in spaced relation
thereto, the upper end of satd casing being
located in said room,

. 3. The combination of an electrode baked
while in use in the electric furnace and hav-
ing a mantle enveloping the electrode mass, a
casing surrounding and spaced from the
mantle, and means for introducing cooling
media between the mantle and casing.

4. A selfbaking electrode comprising a
mantle enveloping the electrode mass and a.
casing outside said mantle and above the
electrode holder, said casing being provided
with a double wall and inlet and outlet for
cooling fluid, the mantle with the electrode
mass therein contained being movable longi-
tudinally with reference to the casing.

5. The combination of an electrode, a cas-
ing spaced from and surrounding the elec-

trode, and an electrode holder suspended from .

1,691,508

the casing and engaging the electrode below
said casing,

6. A selfbaking electrode comprising a
mantle enveloping the electrode mass and a
casing outside said mantle said casing having
suspension devices mounted on a frame dis-
placeable in all directions transversely with
respect to the axis of the electrode.

7. A selfbaking electrode comprising a
mantle enveloping the electrode mass and a
casing outside said mantle, said mantle hav-
ing a stopping ring which stops the down-
ward movement of the electrode when reach-
ing the upper cnd of the said casing in which
the electrode is suspended. :

8. The combination of an electrode, a cas-
ing surrounding and spaced from the elee-
trode, said electrode being movahle longitudi-
nally with respect to the casing, and means for
introducing a cooling media between the elec-
trode and casing.

9. The combination of an electrode haked
while in use in the electric furnace, a casing
surrounding the clectrode and subject to the
action of a cooling medium to thereby cvol
the electrode, 1means whereby the casing may
be raised and lowered, and means carried by
the casing for suspending the electrode theve-
in, such electrode being movable longitud;-
nally with respect to the casing:

10. The combination of an electrode, 2 fluid
cooled casing surrounding the electrode,
means for raising and lowering the casing,
and a holder suspending the electrode withm
the casing, such holder being carried by the
casing,

11, The combination of an electrode baked
while in use in the electric furnace and having
2 mantle, a casing surrounding the mantle and
forming therewith a space for cocling medi-
um, and means for introdueing cooling medi-
um to the space for cooling the electrude.

12, The combination of an electrode baked
while in use in the electric furndce, a casing

‘surrounding the electrode, means for intro-

ducing cooling medium between the electrode
and the casing, and means carried by the cas-
ing for suspending the electrode therein.

13. The combination of an electrode, 9, cas-
ing surrounding the electrode and subject to
the action of a cooling medium to thereby
cool the electrode, and a lolder suspending
the electrode within the casing, such holder
being supported by the casing.

14. The combination of an electrode, a cas-

ing surrounding the electrode and with re-
spect to which the electrode is longitudinally
adjustable, means for raising and lowering
the casing, and a holder carried by the casing
for supporting the electrode.

MARTIN WALTHER.
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UNITED STATES

1,723,582

PATENT OFFICE.

MATHTAS OVROM SEM, OF 0SIO, NORWAY, ASSIGNOR TO DET NORSEE AKTIESELSKAE
POR ELEKTEOEEMISE INDUSTRI OF NORWAY, OF OSLO, NORWAY.
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. The present invention relates to the so-
called self-bakin
trodes which are
electric furnace. These electrodes consist

8 of a lower part where the electrode mass is
baked and is a good conductor and an upper

. part where the mass is raw and non-condue-
tive. To secure a good transmission of cur-
rent from the current supplying devices to

18 the baked part of the electrode special pre-
cautions must be taken and several modes

of application thereof have previously been
described, for instance in U. S. Patent No.
1,441,087 and No. 1,440,724, where various

18 conductive ribs and inserts have been shown.
Such inserts may consist of metal or of
ready baked pieces of carbon or graphite.
These inserts may be embedded in the
electrode mass in di}erent. ways, but I have

‘90 found that in many cases it is advantageous
to arrange them at the periphery of the elec-
trode in such manner that they are directly
in touch with the current-carrying contacts
or the part of the electrode casi
contacts, if an electrode casing 15 employed.
I have now found that in such casés and

especially with big electrodes it is difficult.

to get a good attachment of the peripheral
carbon imserts. These will easily fall off
‘the electrode at its lower part as no satis-

factory binding of the carbon inserts to the

adjacent electrode mass is obtained. The
carbon inserts must therefore be suspended
one in the other which is complicated and
unsafe. . . C

* The principal object of the present in-

vention is to provide a good attachment

between the inserts and the electrode mass
bl:): giving the carbon inserts such a shape
that the electrode mass may penetrate into
or surround the single parts of the carbon
inserts. When the mass-has been baked the
carbon inserts will then
“thereto. - _ _ : :
&  Another object of the invention is to pro-
vide a sélf-baking electrode inm which the
mantle or shell is formed of sections of pre-
baked electrode material, the core of the

_electrode, a8 usual being formed of raw

electrodes, that is elec-
aked while in use in the

inside said

be completely fixed

electrode mass. In such an electrode the
contacts make contact directly against the
pre-baked sections forming tﬁe shell.

' In the drawing forming part of this appli-
cation an example of my invention is illus-
trated, but it is to be understood that my
invention is not limited thereto.

In such drawing Figure 1 shows a longi-
tudinal section of a continuous electrode con-
structed in accordance with this invention.
Figure 2 shows a horizontal section of the
electrode illustrated in Fig. 1.

Referring more particularly to the draw-
ing electrode mass 1s indicated at 1’ and the
pre-baked sections forming the shell or cas-
ing of the electrode are indicated at 2’, such

50

b5

60

sections or inserts having cavities 3’, which

may be of different shapes as indicated in

the upper and lower sections or inserts re- -

spectively shown in Figure 1 and into which
cavities the electrode mass penefrates thus
fixing the sections. The current-supplying
contact clamps are illustrated at 6. In the
example of the invention shown the sections
or ingerts are arranged around the periphery
of the electrode, thus forming a casing or
shell for the core of the electrode mass.

What I claim as new and desire to secure
by United States Letters Patent is:

1. An electrode of the kind that is -baked -

while in use in the electric furnace compris-

“ing raw electrode mass and a casing, the

casing being formed. of pre-baked carbon

-inserts arranged at the periphery of the elec-

trode in abutting relation. - _
" 2. An elecirode of the kind that is baked
while in use in the electric furnace compris-

ing raw electrode mass and a casing, the cas-

ing being formed of pre-baked carbon inserts
arranged at the periphery of the electrode
in abutting relation and having
interlocked with the raw- electrode mass,
whereby when such mass is baked a reliable
fixation of the carbon inserts and the mass
will be obtained. ' '

- Sigmed at New York, N. Y. this 5th day of
April, 1927, '

MATHIAS OVROM SEM. .
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‘The present invention deals with the manu-
facture of electrodeés that are baked during
use in the electric furnace. Such electrodes
have been called self-baking electrodes.

§ They are made by filling raw electrode paste
into a form or mantle which ordinarily is
made from sheet iron. This form shapes the
electrode and holds the same together until
it is baked. In order to compensate for the

10 wear of the electrode in the furnace, new
paste is added to the fop of the electrode as
. the lower end wears off in the furnace,
Owing to the conditions under which these
electrodes are made, it has been found to be
18 of advantage fo use a paste having such con-
sistency as to be elastic and non-tampable,
such for instance as the paste that has been
described in U. 8. Patent No. 1,670,052, to
Soderberg. It is of particular importance
20 that this electrode paste has sufficiently low
viscosity to settle in the electrode durin%lthe
baking without the necessity of applyin
pressure or heavy blows. The paste should
therefore have a relatively high proportion
of binder, such as tar and pitch. These ma-
terials have a much lower viscosiiiy at higher
temperatures than when cold. It has been
the practice heretofore, in order to fill the
.paste into the electrode, to heat it to a fem-
rature above the melting point of the
inder materials and-apply 1t while hot. It
is possible, however, to make a paste without

25

30

heating if a suitable pitch is used as a binder,.

in which case, the materials can be mixed
with the pulverized pitch at ordinary tem-
peratures without any heating, In this case,
the paste, when ready mixed, is still a pow-
der. So far, however, this paste also has
always been heated before being filled into
the electrode. The hot paste has heen pressed
or rammed mechanically into the electrode,
for which purpose either pneumatic or hand
rammers have been used. The paste takes
more or less ramming, depending upon its
viscosity. The heating of the paste has or-
dinarily been carried out in special heating
ovens, where the paste has been filled in in
blocks, and heated to a temperature of 100°
to 140° C. at which temperature the paste has
been filled into the electrode.
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‘The present invention has for its principal

object a process whereby this previous heat-’

ing of the paste is avoided. The inventors
have found it is possible to fill properly pre-
pared cold paste divectly into the electrode
without pre-heating, and then apply heat to
the paste after its addition to _tge electrode,
and have provided an arrangement such that
the paste 1s heated to above the melting point
of the binder material after being filled into
the electrode. The paste will, of course, be-
come heated in any case during its passage
towards the baked end of the electrode. But
ordinarily the holder is water cooled, and
stops the heat low in the electrode. Further-
more, in order to have the best results, it is
important to melt the paste in the upper end
of the electrode so as to have the weight of a
long column of paste pressing on the baking
zone, If the paste is Elled in cold it is there-
fore important to apply heat in the upper end
of the electrode,

This heating can be carried out in different
ways. For open furnaces, the electrode is
made above a platform, which is arranged
over the furnace. Underneath the platform,
the electrode is exposed to the heat of the elec-
tric furnace. In such cases, it is frequently
sufficient to let this heat do the melting of the
paste in the electrode. In many cases, the
self-baking electrodes in open furnaces have
been provi?:led with a cooled dust shield, how-
ever, as described in 1. S. Patent No. 1,691,505
to Walther. The same counteracts the melt-
ing of the paste in the electrode. One can
improve this condition by leaving out the
cooling in the upper part of the dust shield.
If it is necessary to use a special means for
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artificially heating the paste in the electrode, -

this can be accomplished by using either gas
or electricity. Such heating can be done
either from the outside of the electrode, or
inside the same, for instance, by arranging
electric heating elements that go down into
the electrode paste. These can be operated in
such a way that the paste is filled in at night,
whereafter the heating elements are turned
on, giving enough heat to melt the paste dur-
ing the night. In order to save heat, one
may heat insulate the top of the electrode.
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The paste can be ellowed to settle all by itself,

* equipment, can be agplied.
I

or else a mechanicel treatment of the elec-
trode by  pneumetic rammers or similar

An illustration of one method of heatin
the top of the electrode, where an air-coole
dust shield is used, is to let the air pass
through iron’ pipes, arranged below the plai-
form, before it 1s forced into the dust shield.
Thereby, the air can be pre-heated to any de-
sired extent, and we have shown such an ar-
rangement in the sccompanying drawing.

¢ drawing represents an elevational
view, partly in section, of a furnace installa-
tion in which the invention may be carried
out, .

In the llustration, which shows an adapta-
tion to the present invention, of one form of
instellation shown in the aforesaid Walther
patent, 1 is an electric furnace, 2 is a self-
baking electrode, and 8 is a ring having
means for tightening the electrode gripping
members 4. The gripping members are sus-
pended in the lower end of the casing 5 which
1s placed outside of the actual electrode man-
tle 6, and is led through the floor of the
tamping house 7, and at 1ts upper end is fas-
tened to the suspension element.8 which may
be reised and lowered in known manner. A
stuffing box 11 is at the upper end of the
casing, against which a stopping ring 12 ma
engage when the electrode has moved througK
its maxhmum “drop”. A displaceable frame
is indicated at 13, through the operation of
which the electrode may be bodily moved
about. To the casing 5 1s fastened a carrier
arrangement 9 for the electric leads conduct-
ing current to the electrode. In order to heat
the upper portion of the electrode, to raise
the temperature of the paste which is fed in at
such upper end, 2ir may be blown in through
the pipe 10 suspended from the floor of the
tamping house, and therefore subjected to the
heat of the furnace, such air as it passes
through the convolutions of the pipe becom-
ing heated, and this heated air may be intro-
duced at 14 near the upper end of the casing
to thereby occupy-the space between the cas-
ing and mantle and heat the latter as it pene-
trates downward to pass out at the lower end
of the casing, The air is preferably heated
to about 100° to 200° (., the temperature
chosen depending upon the particular paste
being used, and the temperature to which it
is found most desirable to heat the paste for
Hurposes hereinbefore set forth. The de-
sired temperature 1.1:1&)1{l be attained by con-
trolling the speed of the in-blown air, or by
determining the length of pipe exposed to the

heat of the furnace through which the air

sses, or in other desirable manner,

It will easily be understood that the above
procedure will operate to best advantage if
an electrode paste is used, which will become
sufficiently fluid when exposed to heat in the

. 1,751,177

electrode. Such paste has been described in
the before mentioned Patent No. 1,670,052,
It should be sufficiently soft at the tempera-
tures in the electrode to be elastic and non-
tampable, If the sane s used, any mechani-

cal treatment of the paste in the electrode can

be avoided.

Having thus described our invention what
we claim as new and desire to secure by Let-
ters Patent is:— :

1. The process of forming an electrode
baked while in use in the electric furnace and
including electrode paste and an enclosing
mantle comprising ﬁﬁing in paste at temper-
atures below the melting point of the binder
material, applying heat to the filled in paste
and causing the paste to flow and form a solid
electrode. J

2. The process of forming an electrode
baked while in use in the electric furnace and
including electrode paste and an enclosing
mantle comprising filling in paste at tempera-

‘tures below the melting point of the binder
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material, applying heat to the filled in paste -

thereby softening the paste and applying
mechanical ramming or pressing so as to
malke the paste form a solid electrode,

3. The process of forming an electrode
baked while in use in the electric furnace and
including electrode paste and an enclosing
mantle comprising heating the upper end of
the electrode by air or gas of a temperaturs
of about 100°-200° C.

4, The process of forming an electrode

baked while in use in the electric furnace and

including electrode paste and an enclosing
mantle, comprising adding paste to the upper
portion of the electrode at temperatures
below the melting point of the binder content
of the paste, and heating the added paste to a
temperature sufficiently high to melt the
binder and cause the paste to flow and form
a:solid electrode,

5. The process of forming 2n electrode
baked while in use in the electric furnace and
including electrode paste and an enclosing
mantle or form comprising filling paste into
the electrode at temperatures below the melt-
ing point of the binder materials and apg(lf-
ing heat to the filled in paste after its addi-
tion to the electrode, said paste having a
binder content sufficiently high to render the
paste elastic and non-tampable at the temper-
ature in the electrode thereby causing the
paste to flow and form a solid electrode.

6. The process of forming an electrode
baked while in use in the electric furnace and

-including electrode paste and an enclosing

mantle comprising adding paste to the upper
unbaked end of the electrode at temperatures
below the melting point of the binder,and sub-
jecting the added paste to heat, other than the
heat generated in the electrode, to cause the
paste to flow and form a solid electrode. .

7. The combination_of an electrode baked
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while in use in the electric furnace including
electrode paste and an enclosing mantle, a
holder adjacent the lower baked portion of
the electrode for introducing current thereto,
a heater adjacent the zone of the electrode
above the holder, and means to heat the heater
to thereby cause the paste in such zone to flow
and form a solid electrode.

In testimony whereof we hereunto affix our
signatures.

MATHIAS OVROM SEM.
. CARL WILHELM SODERBERG.
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" This invention relates to improvements in

electrodes for electric furnaces.

Heretofore electrodes have been made in
cylindrical sections adapted to have the end
of one section secured to the end of another

section to form what is known as & continu- -

ons furnace electrode. These 91eetr(_)des 80
formed are maintained in continuous oper-
ation by successively adding sections to the
top of the electrode as the bottom section
is used up. Such sections have been made
of a preformed conductive shell ﬁlled.mth
o core of electrode material having a binder
of tar, pitch or resin mixzed therewith. At
least the first section of these electrodes are

* baked or coked prior to placing the electrode

into operation and the subsequent sections.

- are usually added to the electrode with the
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filling material in the raw state and these

‘materials are then baked in place from .th'c .:
heat of the furnace while it is In operation.’

Tt is known that such binding materials
give off & quantity of volatile matter while

“they are being converted into a solid state by .

the application of heat, and that an increase
in the quantity and in the rate of evolution
of the gases from the filling material causes
an increase in the porosity and a decreass in
the durableness of the electrode. _

-Therefore one of the objects of my inven-
tion is to perfect & method of baking an elec-
trode withont generating an excessive quan-
tity or.rate of evolution of gas.

. Another object of my invention is to pro-
duce a compact, durable electrode.

The invention disclosed herein is an im-
provement of the electrode described in my
concurrent application Serial No. 242224
filed December 23, 1927, '

According to my invention the electrode
comprises a hollow conductive shell into
which a carbonaceous filler is packed. The
filling material comprises finely divided coal
or a mixture of finely divided coal and an

inert material which contains little or no

volatile matter, such as coke, furnace dust
or primary materials to be treated such as
those described in U. S, Patent No. 1,707 406.
The filling material should have in itself cok-
ing properties necessary to produce a-solid

compsact mass at temperatures below 1000°

C. without the evolution of great quantities
of volatile matter. Therefore I desire to se-
lect a coal of a bituminous nature for at
least one ingredient of my filling material
and I desire to exclude such binding mate-
rials as pitch, resin or tar.

The coking factor of the filling material
may be controlled by varying the ratio of the
quantity of the coal to the quantity of inert
materials, that is materizls which evolve sub-
stantially no gas when subjected to heating.

As a further precdution fo eliminate the -

evolution of gases during the baking of the
electrode, it is desirable that the chosen filling
material be completely desiccated before it
is placed in the electrode shell. This may be
effected by commencing and then stopping
distillation at the proper point.

Also the proportion of ash in the filling ma-
terial should be, as far as possible, below 6%
in normal electro thermal cases and below
1% in the case of electrolysis such as that
of aluminum.

The grade of coke obtained in the coked
Eortion of the electrode is controlled not only

y the proper selection of the primary filling
materials for the electrode but it is also con-
trolled by the proper regulation of the tem-
perature to which the materials are subject-
ed at the various stages of their conversion
into the final coked product. '

The proper regulation of the temperature
is automatically controlled due to the fact
that the heat required to convert the filling
material into eoke is derived almost exclu-
sively from the heat liberated at'the lower
end of the electrode and this heat is gradu-
ally conducted upwards through the filling
material and the electrode shell. Substan-
tially no direct electro thermal heat is pro-
duced in the raw filling material by the pas-
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sage of current therethrough because the -

current in the electrode at this point is con-
fined almost exclusively to the more conduc-
tive electrode shell. Due to this action the
raw ﬁlling materials are gradually heated and
the rapid evolution of gases is effectually
prevented. _ _
- As a result of the above action-the filling
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material is converted into a “semi-coke” in
the mid upper half of the electrode where the
temperature is maintained at between 500° C.
and 600° C., and the coking of the filling
material is graduslly completed as the lower
end of the electrode 1s consumed and the elec-
trode is fed into the furnace. -

My invention is capable of being modified
and adapted for several uses. amp
an electrode may be formed by substituting
the electrode filling material described here-
in for that used to fill the hollow cylindrical
carbon shell described in U. S. Patent No.
1,707,406. In such a case where the filling
material is composed wholly of carbonaceous

" materials it will serve principally to pro-

tect the inner portion of the shell from the
furnace heat and to prevent the escape of
gases through the electrode shell, and where
the carbonaceous filling materials are mixed
with materials to be treated when the filling

materials act also as a conveyor of these ma--

terials to the furnace.

Due to the solidity of the packed raw fill-
ing materials used in my electrode it may be
provided with a shell of sheet metal and it
will not be subject to be deformed by the
pressure of the electrode holder as would be
the case if the filling materials contained
such deformable binding materials as pitch,

‘resin or tar. Due to the solidity of the elee-

trode it is not liable to slip in the electrode
holder. The ¢lectrode is therefore very de-
endable and it iz very suitable for use in
oth orlen and closed type furnaces.
" As the filling material used in my electrode

-cokes at a relatively low temperature the

electrode may be used in low temperature
furnaces as well as in furnaces which operate
with temperatures above 1000° C.

Among other uses of my elecirode it may
be used to superheat steam where the steam

is superheated to the neighborhood of 600° C.
In initially placing the electrode into

For example,.

1,820,625

formed material, a filler of unbounded coal
in the upper end of said shell and a filler of
coke in the bottom end of szid shell.

3. An electrode for electric furnaces said |

electrode having a conductive shell of pre-
formed material, a filler of unhonded cosl

and an inert material in the upper end of

said shell and a filler of coke in the bottom
end of said shell. '

4. The method of forming an electric fur-
nace electrode comprising packing unbonded
carbonaceous materials into a hollow conduc-
tive case; passing current through the elec-
trode and ‘converting the materials at a low
temperature into a compact mass with the
heat derived from the operation of the fur-

- nace.

5. The method of forming an electric fur-
nace electrode comprising packing unbonded
cozl into a hollow conductive case; passing
current through the electrode; and coking
the materials at a low temperature with the
heat derived from the operation of the fur-
nace.

In withess whereof I affix my signature.

PAUL LOUIS JOSEPH MIGUET.

operation it is advisable, but not indispen- -

sable, to previously bake the bottom end sec-
tion at a high temperature. The subse-
quent sections may be baked after they are
assembled in the electrode and during the
.ogeration of the electrode, It may be found
4

vantageous to compact the filling mate-

rials into the shell before they are assembled
on the electrode in operation instead of pack-
ing the materials into the shell after it has
been secured to the lower sections then in

‘operation. : :

T claim:

1. An electrode for electric furnaces said-
a conductive shell of pre-

electrode havin
formed material, a filler of unbounded car-
bonaceous material in the upper end of said
shell and a filler of bonded carbonaceous
material in the bottom end of seid shell.

2, An electrode for electric furnaces said
electrode having a conductive shell of pre-
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4 Claims,

The continuous anodes used so far in elec-
trolytic cells for the prodiction of aluminiam are
provided with current-carrying connections in-
fixed laterally, through the metallic casing, Into
the self-haking mass, These connections have to
be extracted and placed in higher positions from
time to time when it becomes necessary to avold
contact between them and the fused bath in the
cell, when the snode has to be lowered as it is.
consumed, .

The present Invention consists fundamentally
fn substituting for these connections threaded
bars or tubes (hereinafier called bars) arranged
inside the electrode, in such a way as to pass
lengthwise through the self-baking mass without
touching the external casing. The paste, as it
hakes, assumes the shape of a female screw at the
surface of contact with the current carriers, which
can therefore be unscrewed progressively from the
anode upwards as the need arises., The same
tubes’or bars may then also serve to suspend the
ancde itself. Tn order to allow the current car-
riers to be rotated easily without compromising
their electrical contact, It s advisable to adopt
a thread of special type, generated by the heli-
coidal movement of a scalene triangle, the longest
side of which is parallel fo the axis of the screw
and the shortest side of which generates the heli-
coldal sarface inclined downwards towards the
axis of the screw (while the third side generates
the helicoldal surface inclined upwards).

Figure 1 shows, in longitudinal section (I—I of
Fig. 2), an illustrative example of the device
claimed; Pigure 2 shows, on the left, the same
device as seen from above and, on the right, the
same device in transverse section (2—2 of Fig. 1).

3 shows the casing of the electrede. # repre-
sents the self-baking paste. 5 the current-carry-
ing bars which, in the example given, are four in
numhber,

The cell is provided with a cover 6 made of
heat-insulating materials, composed of remov-
able sectors, on which a hopper 1 is arranged.
This hopper surrounds the smooth surface of
the electrode and serves to feed the alumina. In
this way, the latier is preheaied at the expense
of the heat which is developed during the haking
of the electrodic paste. The material is dis-
charged from the cell in such 2 way as to avoid
corrosion of the electrode.

Devices for stirring the bath are arranged on
the cover § and comprise horizontal arms 8 to
which a vertical movement may be given by
means of levers 9; the device shown in PFigure 1
may be replaced by another device such as would

(Cl. 204—20)

allow also a horizontal movement around a verti-
cal axis in order to depolarize the cell In case
vertical stirring is not suficlent for the purpose.
The operations of charging the alumina and
ramming it may both be carrled out separately
in the various sectors of the cell.

fube (8 for the elimination of the gases and

dust produced may also be arranged on the cover

of the céll.

In the drawing, the cell is round and has one
anode only. The devices described may, however,
also be applied to other forms of cells and if
desired, furnished with more than one anode.

The fundamental advantage of the invention
is derived from the fact that the external casing
of the anode is perfectly smooth and without
holes or protuberances, in contrast to the types
of cell used so far. This characteristic allows a
more rational form to be given to the cell, facili-
tates the elimination of the gases freed (the cell
may easily be covered) and offers the possibility
of recovering the heat through the hopper 1.
Moreover, the use of this device notably simplifies
the suspension of the anode and diminishes the
fall in tension inside the latter by reason of the
minimum distance which can be maintained be-
tween the current carrier and the lower extremity
of the electrodic paste. The operation of regu-
lating the current carriers may be rendered con-
tinuous if a small motor 1s applied to eflect their
movenient. The current carrying bars § are
preferably set so that thelr lower ends are some
distance back from the bottom of the electrode
body 4 to protect them against melting and con-
taminating the bath.

Having now particularly described and ascer-
tained the nature of my said invention and in
what manner the same is to be performed, I
declare that what I claim is:—

1. An anode for an electrolytic cell for the
production of aluminum made from carbon paste
that Is baked during the operation in the cell,
provided with cwrrent carrying threaded bars
extending lengthwise through the electrode and
belng in contact with the baked as well as the
unbaked part of said electrode, said bars being
unscrewable upwards as and when it becomes
necessary in order to avoid contact between them
and the bath as the anode is consumed.

2. An anode for an elecirolytic cell for the pro-
duction of aluminum, made from carbon paste,
that is baked during the operation in the cell,
provided with at least four current carrying
threaded bars extending lengthwise through the
electrode and being in contact with the baked
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as well as the unbaked part of said electrode, said

-bars being unscrewable upwards as and when it

becomes necessary in order to avold contact be-
tween them and the bath, as the anode 1s con-
sumed.:

3. An anode for an electrolytic cell for the pro-
duction of aluminum, made from carbon paste
that is baked during the operation in the cell,

provided with current carrying threaded bars ex--

tending ‘léngthwise through the electrode and
being in contact with the haked as well as the
unbaked part of said electrode, said bars being

-unscrewable upwards as and when it becomes

necessary in order to avoid contact between them
and the bath, as the anode is consumed, fhe
thread of said bars belng generated by the hell-
coidal movement of & scalene triangle, the largest
side of which is parallel to the axis of the screw

2,100,927

and the shortest side of which generates the
helicoldal suriace inclined downwards towards
the axis of the screw. : .

4. In combination with an electrolytic cell for
the production of aluminum, an anode composed
of carbon pasfe that is baked during the gpera-
tlon of the cell, whereby the lower part of said
anode:is normally baked and the upper part un-
baked, and current carrying fhreaded bars ex-
tending longitudinally through the unbaked part
of sald electrode into the baked part thereof and
terminating above the level of the electrolyte in
the cell, sald bars being mounted so that they
can be turned to withdraw the same upward ip
said anode as the lower end of the latter is con-

sumed.
RAFPFAFLF, TREMATORE.
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This invention relates to selfbaking electrodes,
commonly called Sbderberg electrodes. .

The primary object of the invention i3 the con-

struction of a selfoaking ejectrode in which the

¢ adhesion of the electrode to the casing employed

in #z formation does not prevent the controlled

movement of .the electrode through the electrode .-

caszsing a3 the electrode is burned off st the bot-
tom in use; but on the contrary, permits the
10 electrode to be lowered through its casing while
in use and thereby makes possible the avoldance
of the melting of the casing at the bottom on
the burning away of the electrode with the de-
struction of the casing attendant thereto and In
18 certaln instances contamination of the melt.
Other oblects of the jnvention will be apparent
as this description proceeds.
The procedure usually employed in the opera-
tion of zelfbaking electrodes as at present con-
90 Structed consists in permitting the metallic cas-
Ing serving as a mold and armature for the
electrode to melt down into the electric furnace
in which the electrode is used, which casing 18

thus-consumed together with the electrode. Ex-

o5 periments have been made in the use of a perma-

nent casing through which the electrods may .

slide into the furnace without destruction of the
casing and without the casing passing into the
melt. In the practical application of such per-
30 manent casings such dificulties have been en-
countered that prior to the invention hereof per-
manent casings have not proved successful in
commercial production.
By continued work on this problem applicant
as has eventually arrived at s structure which in
- Imany cares may be applied in commercial pro-
duction with considerable advantage. Broadly
speaking, in applicant’s electrode the casing acts
as a permanent mold for the formation of the
40 electrode and the supply of current to the elec-
trode mass is independent of the caxing, so that
in the baking of the elecirode no current will
pass from the electrode casing directly to the
unbaked electrode mass within the casing,

Where the current passes from the casing to.

the electrode mass a sudden: coking of the binding
agents of the electrode mass in contact with the

casing occurs, which causes such adherence be-

50 tween the electrode casing and the electrode that
the baked electrode cannot in use paas through
the casing.

If, however, care is taken to supply the elec-

. tric current to the electrode independently of the

55 easms,thebmnxoﬂheelech-odewinaltowther
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take place from the inside and du.rlns the baking
the electrode mass will contract.

Provided a casing iz employed which is rigid
and not pressed against the electrode from out-
side, the connection hetween electrode casing and 5.
mass will gradually loosen az the baking pro-
ceeds. Thiz is not only effected by the said con-
traction of the electrode mass but also because
the casing which 1s warmer in itz lower than,
in its upper part expands during the heating. 10.
When used in 8 hot electric furnace the casing
will therefore during operation be slightly conical
with the wide end downwards even if it is cylindri-
cal in ¢old condition. Thiz efect may-if desired be
further improved upon by making the casing 18-
wider at its Jower than at its upper end. Usually
this 15 however not necessary.

" 'The practical application of the invention may

be modified according to the conditions in the
electric furnace in which the electrode is em- oy
ployed and the electrode construction must be
adjusted to suit these conditions. The invention

is especially suitable in connectlon with electrodes
which are used in aluminium furnaces in which.
special iron contacls are employed penetrating op
into the electrode from its outside. The inventlon
may also be used in connection with contacts ar-
ranged verticaily in the electrode mass inside the
electrode caaing. Special contacts may also be
arranged in the electrode masy registering with a9. -
the inside of the casing and receiving the current
Irom the casing without development of 50 much
heat that the binding agents of the mass are sub-
Jected to an intense coking.

In the drawing forming a part hereof, I have 35'
shown the Invention as applied to a closed fur-
nace particularly applicable as an aluminum fur-
nace. It should be understood, however, that this
iz purely for illustrative purposes and no undue
limtiation should be deduced therefrom. 1In the 4y

Flgure 1 is a vertical croas-section of the elec-
trode and furnace, the lower part of the furnace
. being broken away and certain parts of the struc-
ture being shown fn full lines; 4

Pig. 2 1s an elevation of the portion of the elec-
trode casing gtraightened into & plane for ready
filustration,

Reference being had more particwlarly to Fig,

1, the electrode f is illusirated as being formed pp
manironadnsormoldzwhlchissupported
on & fixed frame 3 suitably positioned in respect
to the electrode | and furnace i4. The casing . .
2 15 provided with a serles of vertical slots (3
through which extend contact studs 4. These 855 .
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- contact between the studs and casing is there- .

20

contact studs are illustrated as arranged in verti-
cal tiers, one tier for each slot:13 in the casing,

and the bottom contact stud in each tier is sup- .
ported as its cuter end by cable bars 6 which latter .

are in turn attached to a suspension frame 7,
the bars 6 serving the. double purpose of sup-
porting the contact studs and of supplying cur-
rent thereto.

The contact studs 8 are positioned midway in
the slots 13, and the slots 3 have a width In
excess of the diameter of the studs. Electrical

by avoided, except af the tilne when thé lower
row of studs has reached the limit of their travel

and rests on the casing at the bottom of the
slots. This position is illustrated in Fig. 1. Here, -
“however, the. baking of the electrode has. pro-

gressed to such a stage that coking which would
interfere with the movement of the clectrode
through the casing does not occur: and the elec-
trical connection of the contact studs with the
electrode is much better than with the casing. .
The suspension frame 7 taay be raised or low-

- ered in- known way, by means -of spindles or

25
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Jacks or other well known devices common in
the art but not illustrated in the drawing, Ex-
cept in the position iltustrated in Fig, 1, the
electrode. i 4in 'its travel through the casing 2
is supported in large part by its adhesion to

fhe casing, the frictional contact. between elec- .

trode and casing being sueh that about 50%

- of the load is supported in this way, the remainder

40

~ ‘the bottom of the slots I3 as indicated by the *

obviously being carried by the contact studs 3§

-which are connected with the bars 6.
. During operation the electrode is slowly low-
_ered relatively fo the bath surface as its lower

end is consumeéd. This is effected by lowering

‘the suspension frame 7.  When in this way the
- frame at last approaches its lowest position the

contact studs must be so arranged that the lower
row of studs will rest on the electrode casing at

reference numeral 5, and travel of the electrode
through its casing is thereupon arrested, The
contact bars 6 may then be disconnected from
the lower row of studs 4, the suspension frame and

contact bars 6 raised, the bars 6 connected with

the row of stuids next higher up, the lower row of

studs 4 thereafter transferred to a position at

‘the top of the slots 13, and the travel ‘of the elec-
trode through its casing reestablished. The nuts

. connecting the frame T with the vertical cable
" bars may suitably be supplied with springs (not

&5
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' --showmn) tHus forming & sliding contact allowing
the supply of current to be maintained even.
- while the frame Is lifted to its highest position.

‘The drawing indicates a closed furnace in
Which a collecting tube for the oven gas is placed
Inside the electrode mold, ‘The gas passes through
holes 8 into a gas passage 9 af the inside of the
€lectrode mold. This passage is connected with
an exhaust pipe (0. . The hood surrounding the
electrode is provided with a suftable number of

- doors 11,

The drawing shows a type of elsctrode casing

provided with 2 lining of aluminium 2 apertured’

in like manner ‘as the casing 2. This lining
possesses the advantage that the electrode mass

will more easily slide against an aluminiurm plate _

than against an iron plate. ;
During the starting of the oven while the elec:

trode is erude and unbaked if is difficult to make.

the elecirode slide in the mold. One may there-
fore. during the first period let the aluminium
lring slide together wi_th the mass. As soon as

2,150,188

the electrode is baked and conditions are normal -
the aluminium Iining will as a rule stop by itself.

“The electrode mass will slide inside the aluminium

lining and this may
casing 2. :

To prevent the unbaked electrode mass from
more or less: breaking out throligh the vertical
slots 13 for the contacts 4 the slots may suit-
ably be covered with an aluminium' plate (not
shown) which moves downwards together with
the contacts, as it is important that the elec-
trode mass does not get any chance to pene-
trate through the slots so far that it will adhere
to the bottom of the slots 13 during the lowering
of the electrode. It is, however, of course possible
to vary fhe mode of application in many ways.

. The foregoing detailed description and illustra-
tions have been. given for clearmess of under-
standing and no undue limitations should be de-
duced therefrom, it the appended elaims should
be construed as broadly as possible in view of the

therefore be attached to the

. prior art.

I claim: . o C

1. Arrangement for selfbaking electrodes where
the electrode mass slides in & permanent metallic
mold said mold having slots for contacts heing
inserted from outside into the electrode, said

-slots being of sufficient length to allow lowering
. of electrode and contacts during operation.

2, Arrangement for selfbaking electrodes where
the electrode mass slides in a permarllent metallic
mold said mold having slots for cohfacts being

1o
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inserted from outside  into the electrode, said .

* slots being closed at the lower end in such a way

that the downward movement of the electrode is
stopped untll the lower set of contacts has been
removed. )

35

3. Arrangement for selfbaking electrode where .

" the electrode mass slides in a permanent metallic

mold, said mold having slots for contacts being
inserted from outside into the electrode, said
contacts serving for suspension of the electrode.
4. The combination of a selfbaking electrode,
a fixedly mounted electrode casing therefor
which comprises a mold for the electrode and in
respect to- which the electrode is relatively maov-
ghle in a downward direction, said casing being
provided with slots positioned lengthwise in the
direction of movement of the electrode through
the casing, electrical contact studs extending
through said slots into the interlor of the elec-
frode, the comstruction of the said slots and

40
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contact studs being such that as the electrode -

is lowered through its casing there is no electrical
connection between the studs and the casing and

JcwrTent led to the said confact studs passes to

. the interior of the electrode for baking the same
~and such that the contact studs are movable
downwardly through the slots. :

5. The vombination of a selfbaking electrode,
a fixedly mounted electrode casing therefor

which comprises a mold for the electrode and in

respect to which the electrode is relatively mov-
able in a downward direction, said casing being
provided with slots positioned lengthwise in the
direction of movement of the elecirode through
the casing, rows of removable electrical contact
studs extending through said slots into the in-
terior of the electrode, the construction of the
said slots and contact studs being such that as
the electrode is lowered through its casing there

" 1s no electrical connection hetween the studs and

the casing and current led to the said contact
studs passes to the interior of the electrode for
baking the same and such that the contact studs
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are movable downwardly through the slots, the
lower walls of the slots comprising supports for
the bottom row of contact studs on reaching the
sald walls in thelr downward travel and through
the said coniact studs supporting the electrode
while additional contact studs are mounted in
the electrode ahove, .

6. The combination of a selfbaking electrode,
an electrode casing therefor which comprises a
mold for the electrode, sald easing being provided
with an innher lining, the casing being relatively
movable in respect to the electrode and the lin-
ing being held to the electrode by adhesion of
the electrode mass durlng the initial stage of the
baking of the electrode and during said baking
being relatively movable in respect to the casing,
the casing and its lining being relatively fixed
after the initial stage of the baking of the elec-
trode and said electrode being relatively movable
in respect to the lining thereafter, the casing and
its lining being provided with registering slots po~
sitioned lengthwise in the direction of movement
of the electrode through the casing, electrical
contact studs extending through sald slots into
the interor of the electrode, the construction of
the sald slots and contact studs being such that

-ag the electrode 13 lowered through its casing

there is no electrical connection between the

3

studs and the casing and current led to the sald
contact studs passes to the interior of the elec-
trode for baking the same and such that the con-
tact studs move downwardly through the slois.

7. The combination with a hooded electric fur-
nace of a selibaking electrode, an electrode cas-
ing therefore fixedly mounted in respect to the
furnace and comprising a mold for the elec-
trode, the electrode and casing being relatively
movable s0 as to permit the electrode to e moved
toward the charge to compensate for the burning
away of the electrode at the charge, sald easing
being provided with vertical slots, electrical con-~
tact studs extending into the interior of the elec-
trode through and movable lengthwise of said
siots, the construction of the said slots and con-
tact studs being such that as the electrode is
lowered through its casing there is no electrical
connection between the contact studs and the

10

15

casing and current led to the szid contact studs g

' passes to the interlor of the electrode for hak-

ing the same, sald casing being provided near
its top with gas vent apertures positionsd within
the hood of the furnace, and mesns cooperating
with the sald gas vent apertures for conduct-
ing gas passing therethrough away from the fur-

nace. . .
MATHIAS OVROM SEM.
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This invention relates to an improvement in the
production of oblong Soederberg electrodes.

It has previously been pointed out that the
upper part of the Soederberg electrodes consists
of paste which 15 sufficlently soft so that it will
flow and develop hydrostatic pressure tending to
deform the electrode and tending io cause the'
casing for the electrode to assume a cylindrical
shape. For this reason, it has previously been
suggested that the electrode be held in place by
+ Imetal bars or frames as shown, for example, in
Legeron Patent No, 2,169,563, or ‘Torchet Patent
No, 2,073,356,

In the present invention, we utilize a perma-
- nent caslng for the electrode such as is shown
in Sem Patent No. 2,189,183. If such a casing Is
made of sheet metal or thin plates, it will serve

to guide the electrode but does not have suf- -

b
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flcient rigidity to maintaln the electrode in the -

desired rectangular shape. .

It has also been suggested in the patents re-
ferred to, to employ metal studs which are 'driven
into the electrode primarily for the purpose of
transmitting the electric current intp the elec-
trode mass. These contact studs ‘ordinarily are
driven In at an angle relative to the horizontal
so that the Inner end is the lower end., These
studs have previously also been used as a means
for supporting the electrode mass.

It 1s to be noted that In these previous uses
of the contact studs they served ne function until
they had been firmly baked Into the electrode.
In previous experience where outside reinforce-
ment bars or frames were used, the contact studs
were Inserted Into the soft paste. ‘Then for sev-
eral weeks they did nothing until they had moved
down to become the next to the bottom row.
Then, a short time before the bottom row of studs
was to he pulled out, it has heen customary for
some of the current to be passed through the next
to the bottom row of studs. Finally after the
surrounding mass was fully hardened, these studs
were used to carry the weight of the electrode and
the row below was removed. '
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In the present case these studs are given a -

new function. As before, they are inserted into
the soff paste, with the inner ends below the
outer ends, and the fixed easing In which the
mass is assembled is cut away (st least in part?)
so that the studs can be driven in at a zone
where the mass iz still fluid.

Ordinarily the electrode will be provided with
the usual movable casing or sheath and as the
studs are driven Into the soft electrode mass quite

50
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close to lower edge portions of the fixed casing,
this inner casing or sheath will be stiffened suf-
ficlenily by the adjacent fixed casing so that in
this zone there is but little danger of deforma-
tion. As the electrode moves downwardly, the
effect of this stiffening from the fixed casing is
reduced and there is a zone ordinarily from 20
em, 0 40 em. wide within which the bracing
for the fixed casing is no longer sufficient to
support the movable casing and the hydrostatic
head of the electrode mass will cause deformation
to take place unless some Mmeans is employed to
prevent it. The central or inner part of the
electrode mass starts to harden even while the
outer part is sufficlently fluid to exert pressure
tending to cause distortion, and we have discov-
ered that if the zone Into which the studs are
driven is quite close to the zone in which the
central part of the mass has begun to harden,
then within the danger zone just referred to, the
inner and lower ends of the studs will be an-
chored sufficiently firmly in the harder and part-
Iy baked central portions of the electrode mass
so that they can be employed to overcome the
pressure of the softer portion of the mass which
is still fiuid. This result is accomplished by
employing heads or projections on the studs
which, elther directly, or indirectly through ex-
tensions of the fixed casing, cooperate with the
movable casing to hold the electrode mass in
desired shape.

As stated the electrode should be provided with
a shesth or movable casing which ordinarily will
be made of the same metal as is to be treated.
Bince this type of electrode is ordinarlly used
in the manufacture of aluminum, this means that
the movable casing or sheath should be made
of aluminum. As has previously been suggested,
instead of making the sheath of aluminum, thin
iron sheets may be used which are torn off or
unrolled, or iron plates may be employed which
are removed at the same time that the contact
studs are removed, It is to be understood that
where the shoulders of the contact studs bear
directly against the movable casing, the fixed
easing does not need to extend down far enough
to have slots formed in it, though obviously even
in this case projections forming such slots may
be employed.

‘While the method of this application may be
employed as the sole method of holding the elec-
trode against distortion, it is preferable to have
further reinforcement of the upper part of the
electrode. 3Buch reinforcement may be in the
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form of steel bars as has previously been sug-
. gested.

Our invention may readily be understood from
the illustrative example shown in the accompany-
ing drawings, in which Fig, I is a side view of a
furnace pot and electrode involving our inven-
tion, with the furnace pot and part of the elec-
trode shown in section; Fig. II is a sectional view
on line II—II of Fig. I. Fig. III is a sectional
plan view showing the upper end of one of the
contact studs in place in an electrode provided

~ with.a movable casing. Fig. IV is a perspective
view of the outer portion of such a contact stud.

Fig. V is a side view of a portion of an electrode.

in which the contact studs bear directly against

the inner casing and the permanent casing is

still provided with slots. Fig. VI is a construc-

_ tion similar to Fig. V where the fixed casing is
en’ rely cut away to permit the insertion of the
contact studs.

In these drawings, the electrode | may prefer-
ably be surrounded by a movable aluminum cas-
ing 2 attached to and forming part of the elec-
trode. The electrode as shown in Fig. III is en-
veloped at its upper end by g permanent casing
3 which runs down close to the bath surface and
is slotted to provide a place for the contact studs

- § which are inserted into the electrode as has
been described in earlier patents. The upper
ends of the bolts 4 are broadened out as shown
at 5 to form projections or shoulders which bear
against the casing' 3. The suspension of the
electrode is.effected by means of the contact studs
4 which are connected with the tie-rod T by
means of a chain 6 which engages notches- 10
in the heads of the contact studs. The rods 1
are adjustably mounted in the suspension bar §
which is vertically movable by mechanism de-
scribed in previous patents. For the purpose of
simplicity, the electrical connections are not
shown in these drawings, but are intended to be
made by the use of the holes {1 formed in the
heads of the contact studs. In the same way,
the suspension of the electrode is only illustrated
by two sets of chains 6 which are shown in Fig. I
and in Fig. II. Ordinarily the suspension will
be supplied through a large number of such chain
sets.

With an electrode of this type hardening takes
place more rapidly toward the center of the elec-
trode than toward the outside. Thus in Fig. II
we indicate the approximate zone of hardening.

It is of course understood that this will not ac-

tually be & sharp line of differentiation but will
be progressive.

‘When the contact studs are first inserted in
the paste it is very soft but as the electrode moves
downwardly it tends to harden so that the inner
or lower ends of the contact studs gradually
become engaged and locked in place by the hard-
ening electrode so that even though the paste is

- fluid adjacent the heads of these contact studs,
still the contact studs serve to preserve the cas-
ing in desired shape against the hydrostatic pres-
sure.

If desired, the bearing faces of the projections
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or shoulders on the contact studs may be so
shaped that when the contact studs are driven
home in the soft electrode paste and these bear-
ing surfaces are forced against the casing, the
contact studs will assume the correct angle in

“the electrode.

Fig. V shows a portion of the fixed casing and
of an electrode having g movable casing with the
studs driven in so that they bear directly against
the movable casing. In this figure the fixed
casing is designated by the numeral {2, the mov-
able casing by the numeral 13 and the electrode .
mass by the numeral 14. As before, the studs
are designated by the numeral 6. In this exam-
ple the casing 12 has projections I5 spaced far
enough apart so that the shoulders on the studs
5 bear directly against the casing (3.

In the example shown in Fig. VI the structure
is exactly the same as that shown in Fig, V ex-

-cept in this case the casing (2 is not supplied

with the projections such as are designated 15
inFig. V.

It is understood that the drawings are intended
only to illustrate this particular invention and .
that many modifications and variations, many of
which have been shown in previous patents re-
lating to the Soederberg electrode system, may be
employed in conjunction' with the present in-
vention.

What we claim is:

1. In a selfbaking electrode .construction, an
electrode mass having a casing which moves with
it, a fixed casing within which the electrode mass
can be collected having portions of its bottom
edge sufficiently high so that contact studs can
be driven into the electrode mass below such edge
portions to enter a zone where the mass is still
fluid but closely adjacent to a zone where in-
terior portions of the mass have begun to harden,
contact studs in approximately horizontal rows
extending into the mass with their inner ends
below their outer ends, and bearing surfaces near
the outer ends of such studs cooperating with the
movable casing so that as a row of studs moves
downwardly and away from said edge portions
of the fixed casing, the lower ends of such studs
become anchoreq in the hardened interior por-
tions of the electrode mass and said bearing sur-
faces serve to hold the movable casing in fixed
position relative to such interior portion and
thereby prevent the exterior portion of the elec-
trode from becoming distorted by the hydrostatic
pressure of the fluid mass. .

2. A structure as specified in claim 1 in which
the fixed casing has projections extending down
between rows of contact studs and the bearing
surfaces of the contact studs are shoulders which
bear against these projections and act through’
these projections to cooperate with the movable
casing to prevent the electrode from becoming
distorted. )

3. A structure as specified in claim 1 in which
the bearing surface bears directly against the
movable casing.

MATHIAS OVROM SEM.
JOHANNES SEJERSTED.
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The use of self-baking electrodes ls now stand-
ard in many planis where electrolytic processes
are carried on, particularly in the production of
aluminum, Such electrodes ordinarily are made
of rectangular shape and are quite large. The
lower part of the electrode is baked and hardened
by the heat of the furnace and has substantial
strength, but the upper part of the electrode 15 in
the form of a paste which has sufficient fluidity so
as to exert a substantial hydraulle pressure tend-
lag to push out the sides of the electrode casing.
To keep the electrode casing from bulging under
this pressure, it has been customary to provide
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steel framework surrounding the electrode well
above the point of consumption, which cooper-
ates with a plurality of groups of suspension meme
bers which suspend the electrode from the support
structure by attachment direct to the contact
pins,

Each such group of suspenslon members com-
prises suspension members of two types,. One set
or type 13 made up of movable suspension mem-
bers which are connected with appropriate mech-

- anism so that they can be lowered from time to

.- steel beams placed along the sides of the electrode

¢ and so to arrange them that as the electrode
moves downward, the bottom beams could be
periodically removed and again applied at the top.

In order to make the electrical contacts, con-
tactpmsmdrtvenintothesidesottheelectrodes
high enough up so that electrode matertal is still
soft, and as the electrode moves downward and
the electrode hardens, these ping become firmly
imbedded. The contact pins heretofore have been
driven through -appropriate holes made in the
side support beams, or these beams are arranged
directly below the row of contact pins. Hereto-
fore these support beams acting through & whole
row of contact pins have served alzo as a sspen-
oon means for the electrode. Such an arrange-
ment 18 shown for example in Torchet Patent No.
2,073,356,

As the use of these selt-baking electrodes has
increased, the iendency of the art has been to

1§

time i{o feed the electrode toward the point of
consumption. The other set of suspension mem-
bers, at least one of which is included in each
group referred to, is adapted to be connecled to
a contact pin near the bottom of the electrode
and suspend the electrode direct from the sup-
port structure so that the electrode can be held
substantially immovable when the contact pins
to which the movable suspension memberg are
connected are in approximailely their bottom

. position. Thus when the movable memberg have

been lowered about as far as is feasible, the sus-
pension membera which serve as fixed supporis
hold the elecirode against further movement.
This connection should he made manusally at this
time; it 13 possible, but not practical in ordinsary
operation to have this connection result from
the fixed suspension members serving as a limit
80 that when the electrode reaches a given posi-
tion, the weight of the electrode is automatically

_ taken up by these fixed suspension members.

lncreasethesimoftheelect.rodes, and now they

may be as large as 4 feet by 18 feet, or even larger,
‘When the electrode has a length (maximum hori-
zontal dimension) in this order, the beams necas-
gary to act both to keep the electrode in shape
and to suspend it, become heavy and cumbersome
and demand the use of substantial amounts of

siteel, Other patents have dlsclosed mechanism .

for retaining the electrodé¢ in szhape but when
these support beams are eliminated, the manner
of guspending the electrode so that it can be fed
downward without interruption has oﬂered sub-
stantial difficulties.

I have solved this problem by utilizing the fact
that the strength of the ¢lectrode and its grip on
the contact pins near the bottom is such that
the electrode can be suspended from not inore
than half of the contact pins in a given horizontal
row, and in many instances from as few as four
.such pins at ocne time. Utilizing this fact, I pro-
vide a suspension mechanism which comprises a
support structure for the electrode,

In any event, when the fixed suspension members -
are supporting their contact pins, the movable
suspension members can be disconfiected and
then raised and connected to an upper set of con-
tact pins. The fixed connections are then re-
leased and disconnected from the contact pins
to which they were connected and the suspension
is agaln made through the movable members, so
that the electrode can he fed downward as desired.
Various specific arrangements of the. two types
of suspension members in each group can be had,
but I prefer an arrausgement whereby the susperi-
slon members which serve as the fixed supports
can-also sexve to support the electrode during its
movement, I sccomplish this by supplying a .
movable beam along each side of the electrode.
The movable suspension members are connected
to these beams and the beama in turn are con-.
nected with sppropriate operating jacks. The
suspensioh members which serve as fimed sup-
poris pass through these movable beams and also
‘through fixed beams higher up in the structure,

such a8 a 5§ snd are provided with appropriate stop devices,
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such az nuts threaded on rods, above each of
these heams,

During the period that the electrode iz being
fed dowmwardly the nuts bearing sgainst the
movabie beam will control the position of this
suspension mnechanisin and therefore it will help
to carry the welght of the electrode while the
electrode is being fed downwardly. The nut at
the top of the rod of such a suspension member
above the fixed support should be so adfusted as
not to Interefere with the movement of the elec-
- trode, but when the contact pins of the row car-
tying the load resach approximately thefr bottom-

. 2,839,280

vertical cleavages and the elecirical cutrent muy
not be evenly distributed, These difficulties can
be overcome by driving in the contact studs in
palrs at different angles to s vertical plane per-
pendicular to the side of the electrode into which
the pins are driven. For example, the studs in
one row may lie in & plane at the usual angle to
the horizontal but at a deviation of 20° to the

_ left of a vertical plane perpendicular to the face

ie

most position and the operator considers it is

time to withdraw them, the top nuts are serewed
down so that they will bear against the fixed
support and prevent furiher downward move-
ment of the electrode. The suspension members
which serve ohly as movable suspension members
are then disconmected from thelr contact pins
and the nuts on the fixed suspension members
which bore against the movalie beain are screwed
back so that these beams can be rafsed up untit
the movable suspension members are in line
with, and can be connected to sl upper row of
contact pins. The nuts at the top of the fixed
supports can then be slacked off, releasing the
fixed suspension members which can be discon-
nected from thelr vontact pins and thent drawn
upwardly by tightening up the nuts bearing
.against the movable beam until they also ean be
connected to contact pins In an upper row and
again become part of the movable suspension
mechanism

‘This type of arrangement is usually employed
with the contact pins in successive rows being
placed in staggered relationship, which means
that ordinarily & set of movable suspension mem-
bers and fixed suspension members will be sup-
plied for the different vertical rows of contact
pins,

Az an alt.emative construction, two sets of
beams may be used, both of whlch are movable,
and each set being capable of being moved inde-
pendent of the other. In such case one of these
beams would serve as a movable support cooper-
ating with one row of contact pins and the other
would serve as the fixed support (cooperating
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with the next upper row of contect pins} to bhold -

the electrode immovable while the first set was
being changed over,. The function of the two
beams could then be reversed and the heam
which had been serving as the fixed support
wouwld become the movable support untit the
time arrived for another change.

According to another arrangement, the sus-
pension is simplified by having the contact studs
jnserted into the electrode in pairs, thus employ-
ing one common suspensicn errangement for two
adjacent contact studs. In such case, a single
suspension member may rim to a yoke forming
a cradle supporting the external end of two con-
tact studs.

By this arrangement the weighi is gsutomat-
jeally digtributed between the two fixed contact
studs giving a very economical design.  One
movable suspension ean run to two of the studs
and a fixed suspension can run to another adja-
cent pair of studs, If this design is used with
studs in staggered arrangement, the attachmens
to the shor{ beam must be made off-center so as
not fo interfere with the intermediate row of
contact studs. It the studs are placed in vertical
rows and not staggered, there is & tendency for
the elecirode to be weakened by the formation of
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of the electrode. The studs in the next row
above and the next row below may be positioned
in & similar manner but with a deviaticn of 20°
to the right of such perpendicular plane,

This invention may be readily understood by
reference to the aceompanying drawings in which
Fig. 1 is a side view of a furnace embodying my
invention but broken through the middle to
shorten the same; Pig. 2 i3 & section on lne 2—2
of Fig. 1; Fig. 3 is an enlarged detall of one of
the suspension members with the suspension
beam shown in section; Fig. 4 Is a view of the part
shown in Fig. 3 but taken at right angles; Fig,
5 is a detailed view of s modification, and Fig. 6
Is a section on line §—6 of ¥ig. 5.

In these drawings, the furnace 10 has mounted
thereon a superstructure comprising upright col-
umng 12, 8 top framework 14 and fixed suspen-
sion beams 8. Toward each end of each beam
i$ s positioned a jack 18, and all four of these
jacks are operated simulianecusly by a common
whee] 20. Tt is to be noted that only two of the
Jacks are shown in the drawings as the other two
wili be near the other end of the furnace, within
the portion that §s broken away and not shovm
in the drawings.

Suspended below the beams 16 are the movable
beams 22 connecied to the jacks 18 ag indicated
at 24. The beams 22 can be raised ‘or lowered
simultaneously by the operation of the hand
wheel 20,

The electrode is formed by introducing proper
peste Into the casing 26, In accordance with the
regular practice with such electrodes, this paste
is hardened hy the heat of the furnace so that
it becomes a solid electrode ai the bottom. Con-
tact studs 28 are driven into the electrode mass

-through appropriate slots in the éasing 26. In

the exampie shown in Figs, 1 and 2 there are
four rows of these confact studs with the studs
in slternate rows arranged in staggered relation-
ship. The electrical connections to the contact
studs 28 are made through the bus bars 30 and
the contact members 32 each of Which is here
shown &s carrying four contact terminals for at-

3 tachment to contact studs as deseribed in more

detafl in my copending applieation Ser. No.
426,585,

The welght of the electrode (which may be as
much as 20 tons) ‘15, during normal operation,
suspended from the movable beams 22 by alter-
ngte suspension straps 34. It is highly desirable
to have the weight of the electrodes carried by
fhe contact studs near the bottom where the
electrode mass has thé greatest strength, Ac-
oo;dingly these contact straps alternately sus-
tain the electrode from those contact studs which
form the Iowest row. _

As illustrated In Figs. 3 and 4, the contact
straps 34 are connected through a yoke 36 with
a rod 38. The rod 38 has ap enlarged threaded

* portion 40 running through tive movable beam 22,

18

antd this threaded portion &8C is here shown as
provided with a stop mecharism in the form of
a nut &3 which in nermal operation bears ggainst
the top surfuce of movable beam 22,
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Certain of the suspension straps 34 end with
the enlarged portion 40 but others (and at least
one near each corner of the electrode) continues
up through the fixed beam I and at its vpper
end Is provided with a nut 46,

In Fig. 1 of the drawings, the device is shown
in & normal position with the beam 2¥ lowered
part way down. It will he noted that in this
case the weight of the electrode 1s carried by the
contact studs in the second and fourth vertical
rows counting from the right band end, and by
the studs in the third and fifth vertical rows
counting from the left hand end. Of these, the
suspension mechanism supporting the stud in the
second row from the righi and the suspension
mechanism supporting the stud in the fifth row
from the left each terminates at the movable
beam 22, whereas the suspension mechanism for
thestuds in the fourth row from ithe right and
in the third row from the left run up through
the fixed beam 16,

‘When the time comes io withdraw a bottom
row of contact pins, the nuts 46 above the beam
‘16 are screwed down so that they will bear against
the upper surface of this fixed beam. A slight
further downward movement of the movable
‘beam 22 will then release all strain from
that beam. The contact straps which are sus-
pended only from this beam can then be swung
outwardly and disconnected from their eontact
pins and since the nuts 44 on those suspension
- rods which run up through the fixed beam are
no longer carrying any load, these nuts are
screwed up so that the movable beams 22 can be
raised through the operation of the hand wheel
20. When this is done, the suspension straps 34
in line with the third and fifth row of.studs
counting from the right hand end and in Hne
with the second and fourth row of contact studs
* ecounting from the left hand end will be drawn
up against contact studs in the second horizontal
row from the bottom to carry the weight of the
electrode. The nuts 4§ which previously had
carried the load are then slacked off and the cor-
responding suspension straps are loosened up and
disconnected. These rods are then lified and
the nuts 44 which has been unscrewed are again
screwed back in place. The weight 1s then all
carried by the zecond row of studs from the bot-
.tom and the bottom row of studs can be with-
drawn and again inserted in the appropriate po-
sitions to form a new top row. The electrical
connections usually are moved to an upper row
of gtuds about one day before the suspension
straps are moved. This helps to insure adequate
strength :

By the arrangement shown the weight of the
clectrode is carried by a relatively large nom-
ber of studs during normal operation and is car-
ried by a smaller number of studs during the
change when the weight is being transferred from
one horizontal row to the next. However, at all
times the weight of the elecirode is adequately
taken care of without risk of improper move-
ment taking place. At the same time there are
no heavy beams which need to be removed by
hand from a bottom position and lifted up to &
higher position, for the only beams that move
are those which are operated by the hang wheel
20 which functions through the jacks 18. .

It is obvious that as an alternative method of
operation when the change-over iz being made,
instead of carrying the load on the contact pin
in the fourth row from the right and in the third

3

operating with the contact pin in the third row
from the right and the fourth row from the Jeft
may be drawn up to suspend the elecirode from
the fixed support beams 16. "“This is a somewhat
less desirable method of operation as the elec-

‘trode is then being carried by & limited number

of contact pins in an upper row where the strength
of the electrode may not have fully developed.
In Figs. 6 and 6 the studs 28 are driven into

10 the electrode mass ai the same unegle relative to
- the horizontal ag before but instead of being

driven in parallel to a vertical plane perpendicu-
lar io the Tace of the electrode, alternaie rows of
thesestudsaredﬂveninatmanxletosuchver-

15 tical plane with the angles’ in -alternate rows

being rTeversed. This iz clearly illustrated in.
Fig.6. - :

In this case, 8 movabile suspension member com-
prises the yoke §8 having two loops 52 each one

20 of which embraces a contact stug 28. The yoke

58 is connected to a flexible cable 54, 5o that it
can be raised or lowered through the operation
of a wheel 5. In connection with the movable
suspension yoke 58 is another gimilar yoke 58

o5 connected to 3 rod €8 running up’ through the

fixed beam 18, This rod is equipped with a nut -
or similar stop mechanism §2.

With this construction the electrode is low-
ered with the weight carried by the movable yoke

20 5¢ and the cable 54 until it reaches approximate-

1y its bottom-most position when the nut 62 is
screwed down to engage the top of the beam (6.
The cable 54 15 then slacked off slightly and the
yoke 58 removed from the lower studs 28 and

35 engaged around the two studs immediately above

and the cable 54 is tighiened until it is carrying
the load. The nut $2 is then slackened and
screwed up far enough not fo jnterfere with op-
erations and the yoke 58 is moved up fto the

4p Next pair of siuds.  As before, the bottom studs

60

are withdrawn from the electrode as soon as the -
suspension mechanism is removed from them and
they are then driven jn at the top where the
elecirode material 15 comparatively soft.

By either of these arrangements the weight
is applied to a row of studs only when it is near
the point wheie the elecirode i3 consumedq and
when the electrode ig thoroughly baked and hard-
ened, As has already been stated, thiz may be
insured if a day or two before the suspension
members are chahged and two to three weeks
after the studs have initially heen driven into
the electrodes, the . elecirical conmections are
changed to an upper row of contacts 50 that the
mmctﬂcalcnrrmtwﬂlgiwaﬂnubm

It has been found that when the electrodes
are thoroughly baked, it may fake a force of as
much as from 10 to 20 tons to pull out a contact
stud where the contact stud has a diameter of
about 70 mm. and iz inserfed for a distance of

. approximately 300 mm. into the electrode. From

this, plus the fact that it has been found that
the electrode has suflicient mechanical strength,

‘it will be ssen that four coniact studs can carry

the weight of the elecirode during the ‘change-
over even with very large electrodes that may

_ have & capacity of 45,000 amperes or more. Ob-

To

viously there should be at least four supports at
any one time fo give stabiilty, go that, as a prac-
tical matter, the total number of suspension mem-
bers must be at least elght.

‘What I claim i5: -

L A suspension mechanizm for se].t-bakmz

row from the lefi, the support mechanizm co- 76 electredes of the type described, comprising a
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plurality of contact studs driven into the sides
of such an electrode, ixed support members, mov-
able suppoert members, and & plurality of suspen-
sion members, & part of which are adapted to
eonnect contact studs to the fixed support mem-
bers and s part of which are adapted to connect
contact studs to the movable support members,
whereby the weight of the electrode miay slter-
nately be carried by the fixed support members
and by the movable support members.

2, A structure as specified in claim 1 in which
contact studs are comnnected to the movable sup-
port members during normal operation and move-
ment of the electrode, and in which studs are
connected to the fixed support members while
the suspension members connected to the mov-
able support member are disconnected from the
studs.

3. A structure as specified in claim 1, which
includes a common movable support member for
two adjacent contact studs, such support mem-
ber comprising & beam suspended at an inter-
mediate point. '

4. A structure as specified in claim 1 in which
the suspension members that connect contact
pins with the fixed support members are also
sdapted to connect contact studs to the mov-
able support members while the electrode is he-
ing fed downwardly and are adapted to be dis-
connected from the movable support members
when a movable snpport member 1s heing moved
upwardly.

5. A structure as specified in claim 1 in which
the suspension members comprise flexible Joops
adapted to be hooked under the contact studs
and in which the support members comprise
beams running along the sides of the electrode,

6. A structure as specified in claim 1 in which

7. A suspension mmechanism for self-baking
electrodes of the type described, comprising a

 plurality of contact studs driven into the sides
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the contact studs are driven into the electrode 44

in horizontal rows with the studs in successive
rows approximately above each other but at re-
versed angles relative to a vertical plane at right
angles to the face of the electrode into which
the studs are driven,

46

of such an electrode and arranged in horizontal
rows, & fixed support structure for the electrode
and s plurality of ‘groups of suspension members
adapted to suspend such electrode from such sup-
port structure by attachment to such contact
studs, each group comprising at least two sus-
pension members, one of such suspension mem-
bers being a movable member adapted to be low-
ered from time to time to feed the electrode to-
ward the point of consumption and another of
such members in each group heing adapted by
direct connection between the fixed support struc-
ture and a contact stud to assist in holding said
elecirode against substantial movement when the
contact studs to which the movable suspension
members are attached are in approximately their

lowest; position, so that the electrode will be sup-

ported to permit the movahle suspension mem-
bers to be disconnected from the contact studs
in one row and permit such movable suspension
members to be connected to the contact studs
in a higher row, and means whereby such sus-
pension members holding the electrode against
movement may be released when the movable
suspension members are agzin connected to con-
tact studs to support said electrode. .

8. A suspensionn mechghism for self-baking
electrodes of the type described, comprising a
plurality of contact studs driven into the sides
of such an electrode and arranged in approxi-
mately horizontal rows, two pairs of support
members, a plurality of suspension members, at
least four of which are adapted to connect contact
studs to one pair of said support members and
at least another four of which are adapted to
conmnect contact studs to the other pair of said
support members and means for moving at least
one of szid support members wherehy the weight
of the elecirode may altermately be carried by
said two pairs of support members.

GEORG HAGERUP-LARSSEN.
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1

Artificial carbon pieces are made for different
purposes, for instance for electrodes of arc fur-
naces, for the sole of electrometaliurgical fur-
naces and so on. The method consists essentially
in mixing s carbonaceous raw material with a
binder and baking the mass at high tempera-
ture, eventually after pressing. One mixes for
instance ground coke with a pitchy binder (for
instance ¢oal tar), presses and then bakes it for
instance during severzl hours up to a tempera-
- ture of say 1500° €, The pressing of the mass
is done suitably in the heat, say at 60~140° C.
When the making of carbon electrodes is in ques-
tion one uses advantageously an exirusion press.

Artificial carbon pieces made by pressing sre
superior to artificial carbon pieces obtained hy
ramming or easting in molds the mass made suf-

19

ficiently plastic by using a material of suitable

size and adding a suitable quantity of binder.
They are much denser, have a better .electric
conductivity and are less subjected to oxidation.

Thorough Investigations carried out by the ap-
plicant on an industrial scale have shown that
artificial carbon pieces made by casting can be
considerably improved by subjecting the pasty or
fluid mass to mechanical vibrations of high fre-
quency, The frequency should amount to sev-

- eral thousand vibrations of an amplitude as large
as possible, for instance of 0.26 cm.,, per minute.
At 6000 vibrations per minuie for instance the
favourable efiect can be noticed; however, it is
better to work at 10,000 vibrailons and mote.

Cne produces the vibrations in the artificial
carbhon mass most suitably by immersing a vi-

. brator into the msass. . This is a device by means
of which vibrations of high Ireguency can be
commiunicated to the surrounding medium. Such
devices are used for instance in the making of
high-grade concrete, It is also possible to com-~
municate the vibrations from the ouiside,

The artificial carbon mass to be treated he-
comes suitably heated, for instance up to 140--200°
C., hefore being subjected to the mechanical
vibrations, The fact that the mass becomes more
fluid and shrinks shows the effect of the vibra-
tions,

The artificial earbon pieces of sultable compo-

26
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It was surprisingly notlesd that less binder 1s
needeq if the mass is subjected to vibrations.

In compsrison with the pressing of the artifictal
carbon pieces the casting method presents the
great advantage that one is not tied to any size

or form. It is for instance possible to make the -

sole of eluminum preducing furnaces by assem-
bling a relatively small number of monlded arti-
flcial carbon blocks; it 1s thereby possible to make
a part of the wall with & corresponding section
of the furnece sole in one piece, Up to the pres-
ent time such bottoms of sluminum production
furnaces were made principally by ramming 2
suitable mass, which becomes baked sfter the
starting of the furhace, or by assembling pressed
artificial carbon blocks, Arvtificial carbon blocks
made by casting were not successiully used up to .
now because of their insufflcient durability and -
their high porosity.

The- casting of a large artificial carbon block
according to the present invention is carriedq out
suitably in the following manner:

Cne pours at first the pasty mass into the mold
up to a helght of 20-50 ¢m., then infroduces the
vibrating device info the mass and filis the mold
up to the desired height, and raising the vibrat-
ing device by degrees. As this motion is a relative
one, the vibrating device can naturally remain at
the same height, the mold being lowered with the
same speed a8 it becomes Alled; it is also possible -
to raise the vibrating device snd lower the mold

" simultaneously,

(]

40

The invention can sl50 he snblied to continu-
ous self-beking electrodes such as are used In
Siderberg furnaces or to the botioms of certain

re-melting furnaces. With continuous self-baking

electrodes one pours the nasty electrode mass
into a metal shell, the mass becoming haked in
the neighbourhood ¢f the furnace sole because of
the high heat. The transition from the filline
zone to the baking zone takes place by degrees.

- It is indeed also advantageous to subject the mass

gition which are obtained by haking the mass '

which has been subjected to the vibrations show
s much better density (lower porosity), a better
mechanicsl strength and a better durability than
the artificial carbon pieces obtained without vi~
brations by casting the mass according to known
methods; the electric conductivity is also better.

&0

while still pasty to mechanical vibrations of high
irequency according to the present invention.

Instead of subjecting the carbonaceous mixsure
to mechanical vibrations after the pouring into
the mold or into the electrode shell, one can carry
out this treatment before the pouring, for instance
in a ladle, But it is generslly easier to undertake
& uniform vibration treatment in the mold itself,

Iclaim:

1. A method for making artificial carbon pleces
by casting, comprising subjecting a coherent,
pasty mixture of carbon and binder to mechanical




3 . -
vibrations of a frequency of at least 8000 per
minute and then baking the pleces. .

3. A method for making artificial carbon pieces
by casting, comprising subjecting a coherent,
pasty mixture of carbon and binder to mechanical
vibrations of a frequency of about 10,000 per

2,408,301

: 4
4. A method for making artiflcial carbon pleces
by casting, comprising forming & coherent, pasty

_ mixture of carbon and binder into bodies of de-

minute and an amplitude of the magnitude of .

0.25 cm. and then baking the pieces.

3. A method for making artificlal carbon pieces
by casting, comprising internslly applylng to a
coherent, pasty mixture of carbon and binder
mechanical vibrations of a frequency of at least
8000 per minute and then baking the mixture.

sired shape, subjecting the formed bodies to me-
chanical vibrations of a frequency of at least
€000 per minute, and then haking the formed
bodles, .

5. A method for making artificial carbon elec-

' trades by casting, comprilsing casting an electrode

10

mass into a desired electrode shape and subject-

ing the formed electrodes to mechanical vibra-

tions of a frequency of at least 6000 per minute,
ANDRE RICHON.
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1

The known t¥pe of continuously self-hurning
electrodes is based on melting down in a sheet
iron pipe a plastic mass consisting of erushed
anthracite or coke, to which are added pitech and
tar as binding agent. As this mass becormies com-
pletely liquefled by heating and firstly assumes
a solid state and then is coked at relatively high
temperatures, 1t is necessary that the sheet iron
pine follows the electrode mass down into the
i»ath and is here corroded away with the same,
It is here tc be noted that coking of the mass
is necessary in order to obiain a sufficient elec
srieal conductivity.

Stil another reason why the sheet iron pipe
raay not be separated from the mass is that the
lziter sticks and adheres to the sheet iron. The
disadvantage of this g¢lectrode is that the sheet
iron envelobe Increases the cost of the electrode,
wrimarily hecanse of the relatively high costs of
menufacturing the envelope, which generally
wnkes place by welding or riveting. Purther the
addition of iron received by the bath through
melting down of the sheet iron pipe may act
unfavorably in certaln metsliurgical processes.

4 constructionz] form of self-burning elec-
trodes has been suggested in which the sheet
iren pipe or mantel is aveided by suspending
the electrode ai its lower porticn, which hes
hzen burnt to such & degree that it has sufficient
firmmess t0 permil of the abtachment of the
susnension means,

The difficulty of constructing s econtinuous
glecirode without an iron mantei has been that

one has had no kinding agent for the mass which.

as o relatively moderate iemperature impaits
mechanieal Artiness to the same o permits of
string without $he mass adhering to the mantei,
7% pne Is to onerale with an electrode without
zm iron envelope, it is necessary to place the
surrent supplying jaws a distance below ihe Zone
i s7hich the electrode mass is sufficiently coked
I order to be ecurrent carrying, In cese this
dees nob {ake place before ai & very high teht-
pergture near the bath surface it will not be
nossible in praciice to maintain g lasting swrent
supply.

The preseni invention has for its object to
avoid the disadvantages mentioned shove tn the
completely continuous electrodes now used.

¥ the binding agent is of such a nature that
it hinds and cokes at 4 relatively moderate tem-
perature, at 200°-300° C,, for example it is pos-
sible in practice in this zone, without difficulty,
to supply the current by means of ordinary cur-
rent supplying jaws.
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2
temperature to undertake the necessary control
of the rate of feeding of the electrode.

According to the invention it has been found
that in evaporated sulphite waste 1ye from the
cellulose industry or other agqueous solutions of
saccharides, tannineg acids, resins and substances
which carbonize exothermally, for example lig-
nin and derivatives of lignin of substantialiy the
same composition as sulphite waste 1ye, one has
a8 means which In an astonishing way fulfilis the
requirements of a binding agent for obtaining
satisfactory results. Such materials give a hind-
ing agent which binds the clectrode mass with-
out the latter adhering to the swrrounding iron
maniel, because the mass shrinks and is solidified
when subjeeted io light drving and because the
coking begins at moderatie, low temperatures and
thereupon continues exothermaliy,

In praciice one may easily produce such a
solution with properties as mentioned above by
evaporation of sulphite lye to a dry material
content of about 50%. It has been found that
in the use of an elecirode mass based on the
employment of sulphite ive as binding agent in
=0 small quantities that the mass dees not adhere
substantially to the shaping iron eylinder, such
& great binding nower is obtained through a sub-
sequent light drying af low temperatures that
tire electrode mass may be slid out of the shap-
ing pipe and bhe sui@ciently mechanically strong
(o constifute an independeni elecirode body
which may be passed down into ihe melting bath
without suppert from the shaping eylinder,

It has further been found ihat dwring ihe
sald drying of ibe mass the latter is completeiy
released from vhe iren cylinder zo that the readgy
aried and shaped electrode bar may be zasily
moved ouwi of the shaping pipe,

Tt has been found that the quantity of suiphite
lye which should be added in grder ip obiRin a
sufficient binding power mayr advanizsgeously be
fized at between 10-35% . and that the sube
sequent drying may suitably toke mlace at a
temperature oi akove 150° C-208° C.

By the expression sulphitz wasie lye as used
above and in the claims shall be understood
waste lye from the production of sulphite cellu-
lose, regardless of whether it refers to the ordi-
nary sulphite process, which operates with eal-
cium bisuiphite, or other sulphite processes, for
exampie one in which aminonis bisulphite is used.

A solution according to the invention may
eventually also be produced by the mixiang of its
individual components. By way of example may
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be mentioned a solution produced by mixing and
heating to 80-80° C. of:

Per cent

" Qlucose . _ 5-10
Tanmin v 12-21
Natura] resing —____ 4.8

Calelum salt of ligho-sulphonic acld (flnely
. divided or decomposed lignin)
‘Water - -

The mass which is mixed and stamped down
into the shaping pipe and dried as mentioned
above, has the quality that it cokes relatively
easily at moderate temperatures because a tem-
perature of about 250° C. will Initlate & coking
process which develops exothermally, whereby
coking is easily obtained.

Becalse in the melting processes for which this
type of electrodes Is employed ample heat quan-
tities of the temperatures here discussed are
available, It rollows that in practice one may €x-
pedite the coking of the electrode mass so that it
becomes suficiently electrically conductive for
the connection of eleciric current supplying jaws
at a point of the electrode bar at which the
temperatures are still so moderate that this may
be done without practical difficulties.

As will be understood, the invention will be
particularly applicable in connection with a sta-
tionary pipe or mantel, mounted above the bath,
which shapes the electrode and holds it together
until the mass, through the influence of heat, has
turned consistent so that it may be passed down
into the furnace as it Is being consumed.

According to-an embodiment of the invention
there is mounted around the shaping plpe or
mantel, 8 casing of heat resisting material,
through which the hot gases from the melting
bath are passed in such a way thai the pipe and
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dicated by 9. The current i3 supplied through
the lead 18, which is sultably passed through the
casing 3.

I claim:

1. In the process of forming continuous elec-
trodes from a mixture of a crushed carbonaceots
madterial and a binding agent for electric furnace
use, the lmprovement which consists of empioy-
ing evaporated waste sulphite lye as the binding
agent, said evaporated waste sulphite lye having 2
dry material content of 50-60% and constituting
from 104 to 35% of the total elecirode mass.

2, In the process of foriing continuous elec-
trodes from a mixture of a crushed carbonaceous
material and s binding agent for electric furnace
use ahd wherein the mixture i1s glutinated and
coked in a heated guiding mantel, the improve-
ment which consists of employing evaporated
waste sulphite lye as the binding agent, said
evaporated waste sulphite lye having a dry ma-
terial content of 50-60% and constituting from
10 to 35% of the total electrode mass,

3. The process of claim 2 further characterizec
in that the mixture of the electrode forming ma-
terials is heated to o temperature of from 150° to
300° C, while in said mantel.

RAGNAR TANBERG, *
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consequently the electrode mass is heated to a o

few hundred degrees, so that the mass which is
passed through the pipe stiffens and hardens and
forms a firm, glutinated mass. In the appended
drawing this embodiment is shown diagram-
matically: | designates the furnace arch, 2 the
bath surface and 3 the casing of heat resisting
material mounted on the furnace arch. In the
upper closed end of this casing is placed the
shaping pipe 4, which at the top is provided with
a funnel shaped expansion § in which the elec-
trode mass consisting of a premixed mass of, for
example 90% coke- and/or anthracite powder
and about 10% concentrated sulphite lye is
stamped down. The hot gases from the furnace
pass through the casing 3 and out through a dis-
charge pipe 1, which is provided with a control
damper 8. Through influence of heat from the
gas the etectrode mass will first stiffen and there-
upon coke to a consistent electrode., Below the
pipe & are mounted current supplying jaws, In-
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This invention relates {0 the preparation- of
carbon-base: pastes, more particularly pastes
made of agglomerated carbon particles  of the
type used in varicus branches of: industry .and
especially in electro-thermal and -electrolytic
manufacturing proecesses, for the manufacture
of current-supply electrodes. Also, agelomerated
carbon is sometimes used in forming the: inter-
nal lining of electric furnaces and electrolysis
cells,

- Buch agglomerated carbon . compositions are
made from pastes, which comprise earbon pow-
der mixzxed with a binder and then shaped in
molds. Some types of agglomerated composi-
tions are fired in specia! furnhaces prior to their
use:in electrothermal manufacturing operations
or in electrolysis cells, the said firing step some-
times even heing pursued to the point of graphi-
tizing the agclomerated carbon particles. In
other cases, the agelomerated. carbon - particles
are subjected to firing within the electrothermal
furnace or the electrolysis cell during -actual op-
eration; as in the case for instance:of continu-
ous electrodes of the Soderberg type.

However, regardless of the . particular use to
which they may subsequently be put, the qual-
ity of such agglomerated products essentizlly
depends on the quality of the catbon-pastes from
which they are formed. )

- It is well known in this connection .that, .in
addition to the choice or control of the granu-
lometric composition of the carbonaeeous product
and the type of binder used, it is important that
the particles of the carbonaceous product in con-
tact with the binder should be effectively wetted
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by said binder throughout the entire surface of -

each individual particle, if it is desired that the
final electrodes resulting from zaid paste should
possess optimum characteristics. It is only when
the particles or grains are thoroughly wetted by
the binder that a desirably intimate bond is se-
cured between the paste constituents and -that it
is possible to ellmihate the mechanical losses
which occur Ih service with inadequate botided
pastes. It is further known that in order to
obtain as thorough as possible a wetting of the
dry carbonaceous material by the hinder, said
carbonaceous niazterial, which generally com-
prises a mixture of different sizes of pariicles, is
first bodlly introduced into a.mixer or the like,
then heated to a predetermined temperature,
and the binder is thereafter introduced and the
mixing operation is confihued until a homoge-
heous mass is obtained, o

" However the procedure just deseribed; while
universally --followed, - presents- a - mumber of
shortecomings. ‘The finer particies form a stable
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2 .
suspension with the binder, and said suspension,
in which the said fine particles comprise the dis-
persed phase, follows the laws generally prevail-
Ing in nonhomogeneous liguids.. As the concen-
tration of fines increases In the suspension, the
suspension increases in viscosity so that, for a
sufficient concentration of fines in the suspen-
sion, the  viscosity number of the suspension
reaches a value which is & multiple: of the vis-
cosity of pitch. In mixing with the hinder car-
bonaceous materials having various particie sizes,
the suspension of fines in the hinder reaches such
a high viscosity value that it becomes unable
of wetting the entire surface of the particles
and. can only partially, if at all, fill the pores
thereof. In addition, the pores of the particles
are Initlally filled with finer particles which,
prevent the penetration of the piteh or of the

fines-pitch suspension. This effect by itself may

cause. formation, within the mass, of totally un-
wetted agglomerates of particles. Such a paste
does not possess a. desirably Intimate bond be-
tween. Its constituents, and the parts molded
therefrom will not possess optimum character-
istics. after firing. An incomplete wetting . of
the grain surfaces, and/or the presence of en-
tirely unwetted particles in the mixture results
in losses oceurring in the utilisation of electrodes
made from such compositions, said losses as-
suming.the form of a production of coal-dust.

It 1s an object of this invention to provide an
agglomerated: carbon-base composition which is
generally free of the above defects. According. to
my invention, the carbonaceous material, ground
to the form of a carbon dust comprising par-
ticles of varlous sizes, is separated into two frac-
tions, a erudet and a finer fraction. The cruder
fraetion, which may range in weight from 30%
to 759% of the total weight of coal dust, is sepa-
rately mixed with the hinder until all of its
constituent particles are thoroughly wetted by
the binder; the bhalance of finer carbonaceous
mizterial i then added, and mixing is contihued
until a final mixture of highest possible homo-
genity is obtainhed.

The carbonaceous starting material used may
vary to a large extent depending on the char-
acteristics desired .in the final paste. When
petroleum coke and pitch coke are used, as in
the: production. of high purity elestrodes, par-
ticles -are - obtained after the grinding step in
which the: pores may reach. comparatively large
sizes, e. g. 0.3 mm. and more. When such.coke
materials are -used to maXe carbon pastes .ac-
cording. to the invention, separation.of the dust
Into two fractions is so effected that the small-
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est-sized grains of the cruder fraetion will be
similar in size to the pores of the largesi-sized
grains therein. On the other hand, if the car-
bonaceous starting material used is metallurgi-
cal coke or anthracite, which once ground pro-
vides particles in which the pores are exceed-
ingly small, the separation of the dust batch
inte two fractions should he so aceomplished
that the smallest-sized grains of the ecruder
fraction should have a dimension of about 0.2
mm.; for, should this minimum limit be exeeeded,
the resulting suspension formed with the par-
ticles during the mixing step would be so viscous
that it wouwld not insure a complete wetting of
the grains. The subsequently added fines act to
saturate the binder and form a suspension there-
with, and a final paste is thus produced in
which the pores of the particles and the gaps be-
tween the particles are completely filled and in
which the surface of all the grains is completely
wetted, A thorousghly bonded paste is thus ob-
tained and one in which the structure is thor-
oughly uniform, and, after baking, the resulting
molded part is found to possess optimum char-
acteristics.

The crude coal dust fraction may also be first
wetted with only part of the total requisite
amount of binder, the balance of binder material
being added subseguently at the same time as the
finey dust fraction is added. The binder may be
added in liquid eondition, and the mixing opera-
tion is then more rapidly completed; however the
binder may 2also be added in solid condition as for
instanee when the binder used is dry pitch; in
such a case, the wetting of the particles can only
be accomplished upon iiguefying the pitch by
application of heat.

In the production of a paste for electrodes,
when the method of the invention is used, it is
found that in order to obtaln an adequately fluid
pasbe, it is necessary to add from 1% to 3% more
binder (e. g. pitch) if the particle fraction with-~
out fines is first mixed with the hinder, and the
fines are only added upon completion of the mix-
ing step, than when following the conventional
procedure involving simultaneous mixing of the
entire batch of parficles with the binder. This
fact can only be explained in ohe way, i. e. that
when the entire batch is treated with the binder
(such as pitch) according to conventional pro-
cedure, the entire surface ares of the particles is
not wetted by the binder, whereas it is wetted to
a much greater extent when the procedure of the
invention is used.

Example I

A baich of carbonaceous material used in the
maniifacture of Stderberg paste, had the follow-
ing granulometrical composition:

_ 021 007502 | HLO07S5
| 3 mm, |2-3mm. | 1-2mm mrn, mm, @,
| 1.7% 1.5% B.2% 3L 2%, 10, 5% 6. 6%

A 8bderberg paste, when produced from a pul-
verized material of the above granulometry by the
conventional methods of mixing, should have &
pitch content of 28% in order to possess satisfac-
tory fluidity. The above mixture of particles was
treated according to the present invention with
the binder, which in the case in hand was hard
piteh, that is a pitch having a Krimer-Sarnow
softening point not less than 70° C. The operat-
ing procedure was as follows: the particte frae-
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tion in the range of from 0.2 to 5 mm, wag first
mixed with the hard pitch uutil the pores ¢f the
particles were filled and the surface of all the
particles entirely wetted. Then the particle frac-
tion of a size less than 0.2 mm, was added, and
the mixing was contimied until a hemogeneous
mass was obtained, The resulting Sodderberg
paste, in order to have satisfying fAluidity, should
contain 22.5% pitch, i. e. 1.5% more than when
the conventional mixing procedure is used.

A Siderberg electrode paste was thug obtained
which, after shaping and baking, showed the fol-
lowing characteristics as compared with those of
a paste produced according to the conventional
mixing practice:

Electrode -
obtained by Elwtr?de
conventional acﬁﬂ% ng
mixlng : iy
method invention
Apparent sp, geavity. o ... 1.42 LI6
Porgsity, Percent . _.___________ 25. 3 2.4
Registivity, ohms, mimn. sq./mm. . - g4 50
Crusbing strength, kg fem, sq. - ____.. 258 200

Instead of adding the binder (e. g. pitech) in
liguid condition fto the divided carbohaceous
material; the binder may be added in the solid
state. In such ease, the grain fraction in the 0.2
to 5 mm. range is first mixed with the solid binder.
During this mixing step, heat is applied until
the binder is compietely liguefied, and only after
the cruder particles are completely wetted by the
liguafied binder, the particles in the range of
sizes finer than 0.2 mm. are added, and mixing
of the whole batch is continued until the mixture
has attained its hichest pos:ible homogeneity.

Example II

Baked electrodes used in the electrolytic pro-
duction of aluminium were manufactured from
2 petroleum-coke hase carbonaceous paste, in
which the average size of the pores was of the
order of 0.3 mm,, the granulometric composition
of the coke-dust heing as follows: :

Percent
3.33-2.76 MM e 7
2.76-1.77 mm - — 9
1.77=0.76 MM o o o e e 15
096029 mm._ . __ e 15
0.29-0.16 mm e ——————— 13
0.16-0.075 mm..._____ 17
0.075-0mm. . __ 23

According to the invention, the particle fraction
of from 3.33 {0 0.29 mm. was frst wetted with the
binder, specifically hard pitch as in the foregoing
example, then the remaining carbon dust (par-
ticles from 0 to 0.29 mm. in size) were added.
The batch was thoroughly mixed and the result-
ing mass was molded under pressure. After fir-
ing, an electrode was obtained which has the fol-
lowing characteristics, against the corresponding
characteristics of another electrode produced
using the conventional mixing procedure:

Conventionzl Improved

electrode clegtrode
Resistivity, ohms, mm, sq.fm.__........ 72 5
Crushing strongth, ke.fom.sq. ... 45 315

Example IIT

A paste, intended for use as a coating for the
Internal lining of g furnace, was constituted by a
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mixture of 25% anthracite and 75% metallurgical
coke, of the following grenulomeirical compo-
sition:

Percent
5.54-2.67 mm___ _ 3
2.67-1.77 mm. i - 6
177099 N e e 5
0.99-045 mm___ 21
0.45-0,19 mm_______ 21
0.19-0.075 mm . 23
0.075-0mm._ . __________ 21

The anthracite used was not porous and the
pores of the metallurgical coke were less than
0.2 mm. in size. Acecording to the invention, the
particle fraction of from 554 to 0.19 mm. was
first wetted with the binder. The kinder used in
this example specifically comprised soft pitch,
i. e. pitch having a Krimer-Sarnow softening
point in the range of from 40° C. to 86° €. Then
the particle fraction including the sizes from 0
to 0,19 mm. was added and the whole batch was
intimately mixed.

Erample IV

Electrode pastes intended for use in electro-
therinal production processes comprised a mix-
ture of T0% anhihracite and 30% metallurgical
coke, having the following granulometric compo-
sition: )

Percent
254-11.9 mm e __ i}
11,9-5.54 mm e e ————— 7
5.54-267T mm_ . ____ i7
267177 MO e e . 5
17099 mm. o e . 4
099045 mm____ . ____ 4
045019 mm______ 8
0.19-0.09 mm oo ____ 22
0.09-0mm.__ 27

The anthracite used was not porous, and the
metallurgiecal coke constituent provided the finer
graing, less thah 0,16 mm. in size. Thus the car-
hon particles were practically free of pores.
According to the invention, the particle fraction
of from 26.4 to 0.19 mm. was first wetted with
the binder. The hinder composition used by way
of example in this operaiion comprised a mixture
of hard pitch and coal-tar. Then the grain frac-
tions in the range of sizes from 0 to 0,19 mm. were
added and the whole batch intimately mized. An
electrode paste was thus obtained which, after
molding and firing, gave the following compara-
tive test resulés:

Conventional| Tmproved
electrode electrode
Resistivity, ohms, mm. sq.fm_._________ i 51
Crushing strength, kg.fem. sg_ ... 295 375
Example V

A carbon paste for graphitized electrodes com-
prised, by way of example, petrol coke of the fol-
lowing grahulometric composition:

Percent
1.30-0.62 Mmoo __ 22
0.62-0.29 mm . _ 21
0.29-016 mm_— o e ———————— 7
0.16-0.10 mm e 13
0.10-0.075 Mmoo 4
0.075-0.008 MM e 4
0,058-0.050 mM.. e 4
0.050-0 mm. e 20
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The average dimension of the pores was about
0.3 mm. According to the invention, the particles
in the range of sizes of from 1.3 to 0.29 mm, were
first wetted with the binder, which in this instahce
was hard piteh, Then the particle fractions in
the range of from 0 to 0.29 mm. were added and
the whole bafch intimately mixed together. An
electrode paste was obtained giving the follow-
ing comparative test results:

Conventional
elechrode
paste

Improved
electrode
paste

Apparent specifie gravity_ ... ______ 1 876 1.718

It will of course be understood ihat the inven-
tion is in no way limited to the details of pro-
cedure and composgitions specifically mentioned in
the above examples, and that the scope of the
invention is to be construed as defined exclusively
by the ensuing claims.

What Tclaimis:

1. Method of producing a carbon paste from a
batch of finely divided solid carbonaceous mate-
rial and a bhinder for sald carbonaceous material
wherein the carbonacecus material consists of
particles of various sizes, which eomprises the
steps of separating the batch of carbonaceous
material into two fractions constituted respec-
tively of relatively coarse particles and fines
wherehy the smallest-sized particles in said frac-
tion of relatively coarse particles are substantially
similar in size to that of the pores of the lareest-
sized particles therein, mixing said binder with
the fraction of coarse particles uhtil substantially
all of said coarse particles are wetted by said
binder, adding the fines to the wetted coarse par-
tieles and cohtihuing the mixing operation until
no further noticeable increase in the homogensity
of the resultant mizture is obsgerved.

2. A method according to clalm 1, characier-
ized in that the separated fraction of relatively
coarse particles represents about 30 to 75% by
weight of the fotal amounrt of the hatch of finely
divided carbohaceous maierial,

3. A method according to claim 1, wherein the
smallest-sized partlcles of said fraction of rela-
tively coarse particles have a dimension substan-
tiaily equal to 6.2 mm. )

4, & method according to claim 1, wherein said
fraction of relatively coarse particles is wetted
with only a portion of the total amount of binder
used in the preparation of the pasie, and the bal-
ahee of said binder iz added together with said
fines,

5. A method according to claim 1, wherein said
hinder is added in liquid condition,

6. A method aceording to claim !, wherein the
fraction of relatively coarse particles iz mixed
with a binder in solid condition, heat is applied
to fiuidify said binder during mixing to thor-
oughly wet sald coarser particles, the fihnes are
added, ahd the mixing of the entire batch is con-
tinued until no further noticeable iherease in the
homogeneity of the resuliing mixture is observed.

STEFAN STANKO.
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4 Claims,

This application relates fo the production of
carhon elecirodes for the electrolysis of molien
salts. More particularly, it relates to the pro-
duction of carbon anodes used in the electrolytic
production of aluminum metal. Cur inveniion
is of particular importance when the anode is of
the self-haking or so-called Soederberg type, hut
it is also useful with other types of electrodes
such as the so-called “‘prebaked” types.

In the electrolytic production of aluminum,
the carbon anode serves for introducing the elec-
tric current into the bath and at the same time
‘acts as a reductant. The oxyeen liberated by
electrolysis at the anode reacts with the carbon
of the anode to forin a mixture of carbon dioxide
and carbon monoxide which leaves the furnace as
the anode gas. The consumption of ahode car-
bon is fairly high and amounts in commercial
operation to 50 to 80% of the weight of the pro-
duced sluminum metal,

The earbon anode consists of pitch coke, pe-
troleum coke, purified anthraclte or the lke
known as the “dry material” of the electrode.
This dry material is crushed and screened to a
suitable size and then mixed with a binder such
as coal tar, coal tar pitch or the like. The re-
sulting mixture is then shaped and carbonized
to transform the binder into coke thus produc-
ing a coherent carbon ahode.

In some installations the mixture of dry ma-
terial and binder is compressed to shape and
then carbonized in a special furnace made for
that purpose. Such electrodes are known as
“prebaked” electrodes. Under another system
~ the mixture of dry material and paste ig used
for forming continuous electrodes which are
sometimes callad “self-baking” or Soederberg
electrodes. The present invention is of par-
teular value in connection with the latter type
of electrodes.

One of the difficulties with the carbon elee-
‘trodes is their tendency to form carbon dust in
the molien electrolyie. The carbon dust in the
electrolyte does not take part in the electrolysis
and represents a loss of anode carbon. What
is even more important is that the carbon dust
accumulates in the electrolytic bath and tends
to cause trouble in the operation of the furnace
80 that it is necessary to remove the dust from
the bath at intervals. This removal disturbs
operations and tends to cause serious losses of
the valuable fluoride salts which make up the
electrolytic bath. If is therefore of great impor-
fance to be able to produce carbon anodes which
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produce as little carbon dust as possible in the
electrolytic bath.

We have discovered that the tendency to form
carbon dust in the bath is due to different gqual-
ities in the ground coke or so-called “dry ma-
terial” of the electrode as compared with the
baked binder with which the dry material has
ween hound together. We have furither discov-
ered that anodes which are greatly superior as
regards the formation of dust can be produced
if the dry material of the electrode has been
ziven its preliminary calcining at a temperafure
of not over 1200° C. (and preferably at a tem-
perature not over 1100° C.) and if the coke from
such dry materiai has a reaectivity to carbon di-
oxide (dejermined in the manner hereinafter
set forth) which is at least 75% of the reactivity
(determined in the same manner)} of the coke
resulting from the haking of the binder.

‘We have discovered that there are three char-
acteristics or qualities of the coke making up
the entire electrode which tend to cause the
coked binder to be eaten away before the par-
ticles of coke introduced as the dry materizl
When the binder is thus eaten away, particles
of the dry material coke are released and fall
into the hath formineg the carbon dust which we
seek to avoid.

The first of these characteristics ig the be-
havior of the coke when the so-called “anode ef-
feet” occurs. It is well recognized that as the
quantity of alumina dissolved in the bhath is re-
duced, a point is gradually reached at which the
bath does not adequately wet the elecirode and

5 the voltage necessary to cause the current fo
pass through the cell rises rapidly. We have
Tound that in electrodes now in use the anode

effect occurs more rapidiy with the particles of
coke introduced into the electrode as the dry
material than with the coke resulting from the
baking of the binder. Thus thers is a period
when virtually ail of the activity of the elec-

trode iz working through the binder coke due

to the fact that the bath is no longer wetting
the bound particles. This tends to cause the
hinder coke to be eaten away more rapidly than
the other particles, with the resuit that dust is
released.

The second characteristic has to do with the
difference in anodic electro-chemical over-volt-
age between the two types of coke. The over-
voltage in a bath of this type means the voltage
over and above the theoretical necessary to pro-
duce the desired electrolysis. We have found
that a greater over-voltage is required with the
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usual particles of coke introduced as dry ma-
terial than with the coke resulting from baking of
the binder. Again, this causes more rapid dis-
integration of the binder coke.

The phird characteristic is the .difference be-
tween the two cokes in reactivity toward carbon
dioxide. When, through electrolysis, the oX¥ygen
ig disassociated from the alumina in the bath
it tends to form carbon dioxide with the carbon
of the electrode mass and this carbon dioxide
tends to act on additional quantities of carbon
present to form carbon monaxide. We ‘have
found that ordinatily there:is.a difference in the
reactivity toward carbon dioxide .of the coke Te«
sulting from the dry material and the coke re-
sulting from the baking of :the binder. “This
difference in reactivity ordinarily is quite ap-
preciable, with the binder coke showing the
greater reactivity so that again it tends -te be
eaten away more rapidiy.

While the three characteristics may bhe s€p-
arately determined, we have found that for
practical purposes all of them can be approxi-
mately measured by measuring the reactivity of
the coke to carbon dioxide. Using this test, we
have found in general thai where the coke s
given a preliminary baking at high temperature
its reactivity is reduced and at the same time
1ts aetion relative to the anode effect and electro-
chemiecal over-voltage are mnade less desirable.

Ordinarily the coke used as the dry material
is calcined at a temperature of 1400° C. to 1500°
C. and it must be remembered that in producing
aluminym by the Scederberg system of continu-
ous electrodes the temperature at which the
binder is calcined never exceeds 950° C. As a
result, there is a great diffierence in the chat-
acteristics of the two types of coke found &t the
operating surfaces of the electrode. Even in
the case of prebaked electrodes the calcining
temperature of the finished electrode does not
exceed about 1300° C. so that in this case also
there is a marked difference in the coke char-
acteristics.

We have determined that as a practical mat-
ter the critical line where the difference in char-
acteristics of the two types of coke becomes ef-
fective is found where the reactivity of the coke
resulting from the dry material is at least 75%

of the reactivity .of the coke actually resulting 35

from the calcination of the binder. With a
smaller difference in characteristics the for-
mation of dust is so small as to be substantially
negligible but beginning at about the figure

named, the tendency to form dust increases .

rapidly. We have found that for general op-
erating conditions in order to get the necessary
glmilarity of coke characteristics, the dry ma-
terial should not be calcined at a temperature
above about 1100° C. However, by careful se-
lectlon and control, it is possible to.get the
desired results at a somewhat higher tempera-
ture, and therefore we set as our top limit for
the ealeination of the dry material the tempera-
ture of 1200° C.

For the purposes of determining reactivity as
we uge the term In this application, we have
developed a particular type of test as follows:

A known volume of the coke to be tested is
crushed and screened between sieves of values
of 20 and 35 on the Tyler screen scale, This
coke is placed inside a closed silica tube (the
one which we employed was 17 mm. inside di-
ameter), the coke resting on a perforated disk
of alloy metal. The tube is heated to a tempera-
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ture of 950° C. in & vertical tube furnace, the
temperature being measured by a thermocouple
in the center of the sample. A stream of pure
carbon dloxide Is passed through the bed of
.coke -at o known rate. For -example -100 mg.
of €0z are passed through in 5 minutes. This
rate of flow of COz going into the tube we call
6. At the temperature employed, a certain
amount of the carbon dioxide reacts with the
coke ‘sample to form carbon monoxide. To de-
termine the amount reacted we determine the
zate of Aow-of .0Q2 coming out of the tube (by
gravimetyic .determnination) and call this value
B, -Im other words, the amount of CO2 reacted
hy the coke is {(a—b}.

For .our purposes we use the natural logar-
ithm of the ratio -of the amount of COz going
into the tube during a given time interval (a)
to the amount of COz found to be coming out
of the tube during the same time interval (&),
Thus stated as a formula and-terming the rate
.of reactivity as ¥ we have

Y =nat. log. -.%

Tn determining the relative reactivities of
various -samples the same amounts -of the coke
should be employed in each case and they should
be ground to the same fineness.

By using this method we have determined
the relative reactivity of different cokes. Some
of the results are given below: :

A number of different binders of the types

_.employed -commercially were coked and caleined
5 -at 050°.C. ‘These gave reactivities of ¥ ranging

between .31 and .59.

On the other hand, raw peirol coke ealeined
at different temperatures has given the follow-
ing values: ' :

“Pempersture of Osleination, ® C. 'R’ea%triﬁw

ebos
BEER

From the foregoing figures if we consider a
carbon anode composed of coke ealeined at 1600°
C. (a usual temperature} as the dry material
and & binder coke giving a relatively high .de-
gree of reactivity caleined at 850°, it -will be seen
that the rvelative reactivities of fhe fwo will
differ very substantially. In faet, frem the
table shown, the reactivity of the binder coke
may be more than three times that of the dry
material. By maintaining the cgleination fem-
perature of the dry material below 1200° its
reactivity is materially inereased. At the same
time, a binder should be selected such that the
reactivity of the dry material coke is at least
75% of the reactivity of the kinder coke. By
using the method specified above the relative
reactivity of the two materials can readily he
determined,
~ As is well undersitood in the art of making
the carbon electrodes the electrode ordinarily
consists of pitech coke, pefroleum coke or puri-
fied enthracite coal. The binders are made of
such materials as coal tar, coal tar pitch or the
like all of which may be classified as “bituml-
nous pitches,” .

In cartying out our invention the deslred ma-
terial for the dry coke is calcined at a tempera-
turs of between 1000° C. and 1200° C. A sample
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of binder material is then calcined at the {em-
perature at which the electrode is to be formed,
which in the case of a continuous electrode will
be 850° C, The relatlve reactivities of the two
cokes are then tested. If the coke from the dry
material has a reactlvity of at least 6% of the
test sample of binder material coke, then the
selected hinder and coke can be combined and
used in the usual manneg.

In the case where the colte Is to be used in the
continuous electrode system, s so-called “paste’”
is formed following in general the instructions
of U, 8. Patent No. 1,670,052, issued May 15, 1928,
By terming the material g “paste” we do not in-
tend to imply that the material is necessarily
pasty ai ordinary room temperatures. In fact,
14 is now customary o use a hinder having a
melting point in the order of about 160° C. so
that at normal temperatiires the electrode mate-
rial is solid for handling, The impeortant thing
is that the mass when heated in the electrode
holder shall ecome soft enongh fo assume the
shaps of the holder without tamping.

I when the test described abowve is run, it is
ifound that there is too great g difference in re-
activity befween the dry material coke and the
sample of binder coke, it may be possihle to select
& different binder ccke, but it ordinarily will be
easier and preferable to lower the temperature
at which the dry msaterial coke s originally
calcined.

Paste made in this manner is a great improve~
ment on the pastes now being used and when
these instructions are followed, it will be found
that the resulting electrode will have an appreci~
ably greater life than those heretofore formed
and will result in much less carbon dust being
formed in the electrode hath.

‘What we claim is:

1. & method of preparing mixes for use in eleg-
trodes which comprises selecting bituminous
pitch as a binder material, earbonlzing a sample
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of such binder matferial at approximately the
temperature at which the electrode is to be car-~
bonized, testing the reactivity of such sample fo
COz as herein defined, calelning dry materisl
selected from the group consisting of pitch coke,
netroleum coke and purified anthracite ot o tem-
perature below 1200° C. and at a temperature low
enough so that the reactivity thereo? to CO» as
herein defined is at least 789% of the reactivity
of the test sample of binder material and gom-
hining such dry materizl in powdered form with
the binder material.

2. 4 method as specified in claim 1 in which
the binder materia! sample is carbonized at a
temperature of ahout 950° C.

3. A method as specified in claim 1 in which
the hinder maferial sample is carbonized at a
tempearature of about 950° C. and the dry mate-
rial is ealeined at a temperature below 1100° C.

4. A method of preparing so-called paste for
use in electrodes which comprises combining to-
gether bituminous piteh as binder material and
dry pulverulent carbonaceons material selected
from the group consisting of pitch ccke, petro-
lewn coke and purified ahthracite, such dry ma-
terial having been calcined at a temperature hot
in excess of 1200° C. and having a reactivity to
CO2 as herein defined equal to at least 75% of
the reactivity to CO2 of a sample of the hinder
material carbonized at 950° C,

JOHANNES SEJERSTED.
OLUF CHRISTIAN BOCKMAN.
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5 Claims.

This invention relates to conbinuous seli-
baking electrodes of the Soederberg type which
are subjected to heavy machanical shrains as, fgr
example, the relatively long eleciredes nsed in
closed furhaces or the electrodes used -st_eel
furnaces and the like, The eiectrodes to which
this invention relates are ordinarily used for
furnaces in which high temperatures are de-
veloped as distinguished from low voltage ele,-:.:-
trodes nsed for electrolysis as, for example, in
gluminum furnaces,

Prom the time of the first inveniion of the
Soederberg electrode (see for example United
States Patent Mo, 1,441,037 of January 2, 1923y,
it has heen custornary with electrodes of the type
{0 which this invention relates to employ an ont-
side easing or mantle for the electrode a_nd at a
very early date it was sugzested t.hat_mtemal
ribs be provided ¢n such mantle to assist in carry-
ing the electrical charge into the raass, ‘The 50~
called electrode paste is introduced into ‘t.h_e
mantle where it is either packed in place or it is
made of such consistency that when hez}t.ed it
will compact of 1iself without the necessity for
f{amping. The present jnvention relates to im-
provements on this §ype of electrode.

The constructions heretofore employed oﬁgred
certain difficulties due to the fact that the iron
rihs projecting in from the mantle, melt 1n the
lower part of the electrade and leayve continuous
slots dividing the peripheral portion of the -e_11ec-
trode into segments. It has-also Been noted that
after the iron ribs melt away, corroding gases or
fames go up through the residual sloks and tend
to enlarge them. Because of these factors the
cross-section of the elestrode is weakensd and
hreakage may occur,

Another difficulty with the use of ribs as here-
tofore employed is that the iren has a much
greater coefiicient of elongation under heat th_.an
the bhaked clectrode and this may cause crack_mg
of the electrode. It has not been found feasible
to do away with these vibs as they are I_leeded
to anchor the electrode mass to the casing to
prevent slippage and also in order to introduce
the electrical current info the mass.

According to fthe present invention we solve
" this difficulty by providing within the mantle
and spaced away from it one or more thin plates
or sheets which are intended {o econduect current
vertically through the elecirode 1mass. Of course,
some provision must be made for transmitting the
electrie current to these plates, and it is & feature
of our invention that we transmit the current
from the outside mantle to the internal plates by
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projections which are discontinuous in a vertical
line but in the aggregate have a ling of connection
with the mantle which is at least equal o 305
and preferably to about 50 of the vertical lengih
of the particular stvip involved. ‘To 4o this each
strip has projections on one of bhoth sides so that
the projections are staggered, that is, cus pro-
jection does not come directly bzlow the next ons
ahove it but there is a gap hetween 2y iwo pre-
jecticns in a vertical line, We have found that
this special arrangement gives very advanta-
geows results in providing eonductors which whea
they melt out do not form radial cracics 1unning
vertically in from the mantle for continwous
lengths, and at the same time a conducilve area
is provided great enough feor conducting ihe
nesassary current to bake the electiode mass
within the mantle. Where the electrods bhody is a
substantiaily continuous mass of maierial entire-

20 ly filling a relatively thin mantle, if the central

plates have a Jine of connection to the ouler
mantle less than ahouf 30% of the yeriical length
of the plate, either the amount of elechiiciiy
transmitted into the center of the elestrode will

25 not be great enough to bake the solid atass, or il
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the arrangements are such that a heavy load is
transmitted toward the interior of the electrode
the side connections may be burned out prema-
turely,

We have also found It advantageous to keen
the conductors removed from the aciual central
portion of the electrode, as having mesal down
the center geenms to unduly weaken the giructure.
For this reason we prefer t0 supply two or more
plates each with o double row of siapgered con-
nections running to the outside mantle and wisi
the plates preferably arranged syinmetrvieally

‘relative to the eenter of the elsctrode hut noi

actually lying in such center.

The plate members themselves may be made
continuous or they may be provided with opei-
ings through them at spaced intervals so thal
the electrode paste can close together {hrough
these openings. As an alternative other projec-
tions can be bent out from the central portions
of the plates which will provide boih for such
holes and for additional contacts with the else-
trode mass, These plates usuaily will be of the
same metal as the mantle or casing.

As regards the shape of the projeciions that
connect the central plate-like members with the
mantle, ordinarily they will be made rectangu-
lar. If they are made of Irregular shape, W= have
found #t somewhat advantageous to have the
larger dimensions adjacent the meanile, as this
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makes for an efficlent transfer of electrical power,
that is, the larger area comes at the place where a
formed connection has to be made. )

Our invention may be readlly understood by
reference to the accompanying drawings in which
Pig. 1 shows an elecirode casing in perspective
with the plates arranged on the inslde; Fig. 2
shows a plan view of the same; Flg. 3 is a ver-
tical section of the electrode along the line 3--38
of Fig. 2; Flg. 4 is likewise a vertical sectlon
through the electrode with flanges of slightly
modified shape and with perforations in the
plates; Fig. b is a perspective view gimilar to Fig. 1
but in this case the projections from the plates
are extending from one edge instead of both edges
and four plates are supplied which are arranged
radially of the electrode and Fig. § is a plan view
of the electrode of Fig. 5.

In these drawings the electrode consists of a
shest metal mantle {6 which is here shown of
eylindrical shape into which the raw electrode
mass is introduced. In Figs. 1 and 2 two plate
members are supplied in the form of parallel
pands !1 and {2 which extend in the longitudinal
direction of the electrode within the eylindrical
mantle 10. In these figures the connecting pro-
jections run from hoth edges of these plate-like
members and are here designated by the humeral
§3. Tt will be noted that in this figure the pro-
jections are spbaced apart a distahce equal to
approximately three times the height of a pro-
jection so that in any vertical row the projec-
tions only take up ahout 25% of the height.
However, staggered alternate projections extend
from the other edge of each plate which are of
the same ¢hape as the projections first described
so that the aggregate height of the projections in
the two lines is equal to approximately 50% of
the height of the plate |1 to which they are con-
nected. In this case, 85 shown in Fig. 2, the
plates {! and 12 are arranged symmetrically
relative to the center of the electrode but de not
cross the center and the projections 13 are bent
so that in the plan view they form radial lines
spaced approximately 90° apart.

In Fig. 4 the projections 14 are made with a
greater vertical dimension on the edze Goward
the mantle in order that the heating of the mantle
at the welded seam shall not be too high. Also
in Fig. 4 we show the plate member I§ {(corre-
sponding to members {1 and {2) as formed with
holes {5 through it.

Tn Fig. 5 the mantle 19 is supplied with four
separate plates {7 which are arranged radially
and spaced at an angle of 90° from each other.
Extending from a single edge of each plate {1
are two rows of projections (8 and (9 which
are bent in alternate directions relative to the
plate 7T so that In the plan view (Fig. 6) each
of these plates with its projections forms a Y.
Tt will be noted that in this case the aggregate
line of contact between the projections and the
mantle is substantially equal] to 100% of the
height of the plate but at the same time there
is no vertical continuity in the projections di-
rectly adjacent to the mantle to form radial lines
of weakness.

This application is a continuation-in-part of
our eatlier applieation, Serial No. 135,452, filed
December 28, 1949,

What we claim is:

1. In & continuous electrode of the type de-
seribed, the combination of a sheet metal mantle
forming the cutside of the electrode, elecirode
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paste within such manile and contaciing the
same, 3 plate-like metalllc member within the
mantle embedded within the paste, spaced pro-
jections connecting such member with the mantle
along two spaced vertical lines, with the projec-
tions making contact along one of sald lines being
staggered relative to the projections making con-
tact along the other of said lines and the aggre-
gate of such'lines of contact of sald projections
with the mantle egualling at least 30% of the
lenigth of the plate-like member with which they
are conhected.

2. A structure as specified In claim 1 in which
the ageregate line of contact of said projections
equals at least approximately 50% of the length
of the plate-lite member with whieh such pro-
jections are connected.

3. A structure as specified in claim 1 which
includes a plurality of such plate-like members
arranged substantially symmetrically within the
mantle but no one of which lies directly within
the center of the mantle.

4. In a continuous electrode of the iype de-
scribed, the combination of a sheet metal mantle
forming an open-ended tube, continuous elec-
trode paste in the tube directly contaciing the
interior of the tube so that the electric current
transmitted to the mantle will be transmiited di-
rectly to the outer portion of the electrode mass,
a plurality of plate-like members within the
mantle extending substantially the lengih of the
mantle embedded in the electrode mass and thin
projections connecting each such member direct-
ly to the manile at widely spaced points hut
with the lines aleng which contact of the pro-
jections from each of said members are con-
neected to the manile having an aggregate length
equal to at least 30% of the length of such mem-
ber so that eleciric current transmitted to the
mantle will also be transmitéed through the In-
terior of the electrode mass without such mass
being weakened by vertically continuous radial
flanges extending inwardly from the mantle.

5. In a continuous electrode of the type de-
seribed, the conbination of a sheet metal mantle
forming the outside of the electrode, electrode

paste within such mantle, a plate-like metallic

member within the mantle embedded within the
paste, spaced projections connecting such mem-
ber with the mantle along two spaced vertical
lines, with the projections making contact along
one of said lines heing staggered relative to the
projections making contact along the other of
said lines, said projections making a larger line
of contact with the mantls than with such piate-
like member.

FOLKE CARL EVALD JOHAMSSON.

MAGNUS GUSTAV GEQORG TIBERG.
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; 2§ Claims,

This invention relates to the electric furnaces
employing electrodes of the continuous or self-
baking type, and more particularly relates to im-
proved continuous or self-haking electrodes em-
ployed in electric furnaces.

Heretofore, continuous electrodes employed in
electric furnaces have heen of circular or oblong
configuration and arranged so that the lower
baked portion of the electrodes acis as an.anode

for conducting current from the furnace bath by

connectionr to the electrode of suitsble contact
means, such as contact studs inserted into the
baked electrode mass or conductor plates con-
tacting the electrode mass. As the lower sur-

face of the electrode is consumed, the electrode i

mass is vertically lowered toward the furnace
bath and the consumed portion of the electrode
is made up hy placement of carbon paste in
the upper portion of the continuous electrode,

which carbon paste in turn becomes baked during =

operation of the furnace. According to such
prior practice, complex suspension means were
required to support the electrode, and in the
preferred practice, where contact studs were in-
serted in the electrode mass, it became necessary
to periodically remove the contact studs and re-
blace them at an upper position involving con-
siderable expenditure of time and effort.

It is an object of this invention to present an
improved arrangement of continuous or self-hak-
Ing elecirodes employed in eleciric furnaces.

Ii is a further object of this invention to pre-
sent an improved type of cohtihuous or self-
baking electrode which eliminates the necessity

for insertion and removal of the electrical con- .

Tact studs in the electrode mass.

Ii is a stfll further object of this invention to
present an improved type of continuous or self-
baking electrode wherein new electrode surfaces
gre presented to the furnace bath hy rotation of
the electrode about a horizontal axis.

Ii has been found fthat the electrode mass con-
stituting a continuous or self-baking electrode
may be baked ahout a rotatable conductor and
that the portions of the electrode mass which
are consumed durlhg operation of the furnace
‘may he replaced by applying carbon paste to the
surface of such an electrode which has hecome
partially consumed during operation of the fur-
nace and confining the coated paste so applied
to the consumed surface for a time sufficient to
allow heat from the conductor to bake the paste,
After the new layer of paste has become baked,
it may be reintroduced to the electric furnace
bath and such surface of the electrode may again
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perform the function of carbon anode for further
operation of the furnace.

In order to illustrate specific examples of this
invention, reference is made to the aceompanying
drawings which are schematic in character and
partly in section, with various details of the
furnace which are khown to the art omitted for
the sake of clarity of illustration.

Figure 1 is a side elevational view of a portion
of an electric furnace ugilizing continuous elec-
trodes of an exemplary form as contemplated by
the present inveation. The view of Figure 1 is
taken generally along line {--i of Figure 2 with
various parts shown in section.

Figure 2 is a sectional view along line 2--2 of
Figure 1 showing the various details of a rotatable
continuous electrode as contereplated by the pres-
ent invention.

Figure 3 iz an end elevational cross-section
view of an electric furnace utilizing a rotatable
continuous electrode, wherein the drive means and
the conductor means associated with said ro~
tasable continuous electrode are arranged onh the
opposite sides of the furnace.

Fizure 4 is an end elevational cross-section view
of an electric furnace utilizing a rotatable con-
tinuons electrode, wherein the conductor means
Is located adjacent the furnsce pot and the
drive means located exteriorly thereof.

Referring to the figures, the furnace pot 19
has disposed thereover a plurality of rotatable
continuous elecirode units (4, each unit being
made up of a rotatable metal conductor $2 havineg
the carbon electrode mass {3 baked thereto. The
carbon paste which forms the electrode mass is
Introduced to a hopper means {& which is made
up of sides !5 and I8, side 16 being arcuaiely
extending downward the side of the rotatable
elecirode In the direetion of rotation as Indicated
at 17 so as to form a retainihg or mold portion
for the electrode paste as it is baked. Hopper
side 16 is mounied as in guldeway 18 positioned
in hopper end pieces I8 50 as to allow for radial
movement of side {6 to in turn allow the lower
edge 26 of side 16 to acl as a scraper against the
consumed surface of the electrode 12 as it is in-
troduced into the hopper feed area. Hopper end
pleces 19 are extended as are sides IT down-
watdly in the direction of electrode rotation so
that a confining and retaining mold section is
formad for the end surfaces of the rotatable elec-
trode 13, as indicated at &{. In order to obviate
any tendency for the portion of the elecirode mass
13 being haked in econtact with mold portion {7
and adhering thereto and thus prevent rotation
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of the rotatable electrode, a suitable shield means
such as aluminum foil 22 may be introduced be-
tween the electrode mass 3 and the mold por-
tion {1, if desired. The hopper means (4 are
securely mounted about the upper portion of the
rotatable electrode {3 as by securing the hopper
end pieces to the sides of furnace pot 10 as indi-
cated at 23. The centrally located metal conduc-
tor portion {2 of the rotatable electrode Il is
extended to form shafts 24 at the ends of the
electrode which shafts 24 are in turn supported
on the sides of the furnace pot i0 by bearing
surfaces 25. The respective conductor shafts 24
are rotatably driven intermittently or continu-
ously by suitable gears 26 locked to the shaft
24 as by key means 27 or as by welding. Gears
26 may be individually driven or may be ganged
to a common drive shaft 28 mounting worm gears
30.

Electric contact is made to the metal conductor
12 through shaft 24 by means of a contact disc
31, the periphery of which is immersed in an
electric current conductive liquid 232, such as
molten metal which is retained in conductive
position as by a container 33 attached to the
side of the furnace pot at 34. A suitable con-
necticn means 35 is provided for connecting the
container 33 to the furnace source of power.

I will be apparent that various modifications
and changes of the illustrated form of the in-
vention are possible. For example, although
metal conductor 12 is illustrated as being hol-
low, it is obvious that the conductor construc-
tion could be solid as well, depending upon con-
siderations of weight, strength and conductive
surface presented. Moreover, the surface of the
conductor {2 on which the electrode mass 13 is
baked may be roughened or otherwise made ir-
regular in order to promote adherence of the
baked electrode mass thereto, if necessary.

It will be further apparent that the arrange-
ment of rotatable continuous electrodes illus-
trated is susceptible oi utilization in furnaces of
considerable horizontal dimensions. For ex-
ample, it is contemplated that a furnace such as
is illustrated could be elongated to accommodate
a large number, for example, 40 or 50 horizontally
arranged rotatable continuous electrodes. In
such a furnace utilizing a large number of ro-
tatable continuous electrodes,
could be arranged parallel to each other or could
be arranged radially around the center of an
annular furnace pot.

Although as shown in Figure 1 the hopper
means (4 is arranged to feed vertically down-
ward to the consumed surface of the rotatable
continuous electrode, it will be apparent that the
hopper could be arranged further to the right
as illustrated in Figure 1, so as to overcome any
tendency for the newly introduced electrode paste
to flow counter to the direction of electrode ro-
tation, if desired.

It is further contemplated that more or less
electrode paste may be introduced to hopper {4
than is shown in Figure 1. Due to the relatively
close position of the paste introduced to hopper
14 to the hot conductor 12, in certain instances
there may be a tendency for the electrode paste
extending radially beyond the mold section 17
to bake and thus impede further rotation of the
electrode. In such event, a lesser amount of
paste introduction so as to eliminate the radial
protuberance of paste in the hopper area would
be necessary. It is also contemplated that where
it it necessary to increase or decrease the thick-
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ness of the layer of electrode paste deposited,
the side portion 15 and integral mold portion
{1 of hopper 4 may be made separable from
and adjustable with the end portions 18, {9 such
that portions 15, {7 may be moved outwardly or
inwardly with respect to the electrode I1. Xow-
ever, if the baking action is relatively slower, the
amount of paste fed to the hopper would be
correspondingly less critical so that a larger
amount of electrode paste could be maintained in
the hopper without adverse effect. With fur-
ther regard to rotation of the rotatable contin-
uous electrode, it will be obvious that the direc-
tion of rotation could be reversed by a reversal
of parts of the hopper and mold portions of the
electrode unit.

In normal operation of a furnace embodying
the present invention, any tendency for one con-
sumable electrode to be consumed fasier than
the others would be compensated for by virtue
of the fact that the decrease in distance of the
relatively unconsumed electrodes or portions of
electrodes and the melt in the furnace would
operate to increase the current density for the
relatively unconsumed sections and increase the
rate of electrode consumption in such section.
Accordingly, during normal operation there is
no necessity for individual vertical adjustment
of the respective electrode units. However, it
will be obvious that such vertical adjustment,
either for all the electrodes as a unit or for each
electrode individually, may be incorporated in the
disclosed arrangement, if desired.

As illustrated in Figures 1 and 2 the drive as-
sembly for rotating the respective continuous
electrodes is situated between and on the same
end as the contact disc means of the electrode.
It will be apparent that the drive means and
the contact disc or other similar conductor means
may be arranged on the shaft of the conductor
on opposite sides of the furnace, as illustrated
in Figure 3, or may be arranged so as to place
the liquid mass 33 adjacent the furnace pot I0
with the rotating drive placed exterior thereof,
as illustrated in Figure 4. An arrangement
whereby the conductive liquid is placed adjacent
the furnace, as illustrated in Figure 4, is par-
ticularly advantageous when the conductive
liquid is a metal of melting point sufficiently
above normal temperature so that additional heat
is required to maintain the conducting metal in
molten condition, the conductive metal by such
arrangement then absorbing the necessary heat
from the furnace itself.

Conductive liquids which may be employed to
deliver current to the respective contact disc
may be mercury, Wood’s metal, lead, zinc, or any
other metal alloy or solution which is liquid at
operating temperatures and which is not de-
stroyed during the process of current conduc-
tion.

Although the preferred form of the invention
adopts a liquid conductive means between the
stationary conductor input and the rotary con-
ductor 12, it will be apparent that other types
of conductors may be utilized. For example,
current conduction to the rotary conductor 2
may be through the rotational drive by use of
current conducting greases and bearing mem-
bers supported on the frame structure of the fur-
nace, or by any other suitable means, the use
of which makes possible the delivery of the high
amounts of current necessary to the rotary con-
ductor 12 with a minimum of power loss.

The various features and arrangements of ro-
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tatable continuous electrodes and means for con-
ducting. current thereto herein disclosed may he
embodied in eleetric furnaces for use in elee-
trolytie production of aluminum from alumina
and-for use in other general smelting operations,
the making of steel, the production of cslcium
carbide, and other similar fields of applications
wherein furnaces utilizing seli-baking electrodes
are employed.

What I claim is:

1. An electrode of the self-baking type com-
prising a substantially horizontally disposed,
elongated, current carrying, rotatable, metaliic
core member which is surrounded with a layer
of non-metallic, consumable elecirode material,
said layer having an upper unbaked portion
and a lower baked portion, and wherein said
upper unbaked portion and said lower baked por-
tion-are coextensive oves the longittidinal extent
of said layer.

2: An electrode of the self-baking type having
a lower baked portion and an upper unbaked
portion, comprising a substantially horizontally
disposed, elongated, metallic core member which
Is surrounded with a layer of non-metallie, con-
ductive electrode material, the inner section of
said layer being baked onto said core member
threughout substantially its eniire periphery
while the outer section of said layer on the
lower portion of the core member is baked on
the--inner- section and the outer section of the
upper portion of the layer is in unbaked con-
dition and is- attached to the inner section by
cohesion,

3. An electrode of the self-baking type having
a.lower baked portfon and an upper unbaked
portion, comprising a horizontally disposed,
elongated, rotatable, metallic core member, said
core member being covered with a layer of non-
metallic electrode material, said layer being en-
tirely in the haked condition on the lower por-
tion of said core member while only: the inner
section of the layer on the upper portion of
said core member is in the baked condition.

4. An elecirode of the self-baking type, com-
prising a substantially horizontally disposed,
rotatable, elongated, current-carrying core mem-
ber which is. provided with a layer of non-
metallic, consumable, electrode material sur-
rounding said core member, sald layer compris-

ing an upper unbaked portion and a: lower baked .

portion, said lower baked portion of. said layer
to be progressively fed into coniact with a fur-
nace hath by rotation of said core member
whereby a substantial portion of that part of
the baked layer in contaet with the furnace
bath is consumed,

5. An electrode of the self-baking type com-
prising a substantially horizontally disposed,
elongated, rotatable, current-carrying core mem-
ber provided with a layer of consumable elec-
trode material surrounding said core member,
sald layer comprising a lower baked portion to
be fed info contact with a furnace bath by ro-
tation of sald core member and thetrein be sub-
stantially consumed and an upper unbaked por-
tion to be baked onto said core member as the
member-is rotated,

6. An electrode as in claim 5 wherein said
col'e member is provided with a rough exterior
surface to enhance the attachment of said un-
baked electrode material thereto as it is pro-
gressively baked.

'T. Anr electrode as in claim 5 wherein said
core member is provided with:a hollow central
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portion- and the layer of electrode material is
co-extensive therewith,

8. An electrode of the self-baking type com-
nrising a substantlally cylindrical, rotatable,
current-carrying, substantially horizontally dis-
posed, metallic core member for rotation In a
horizontal plane above a furnace bath, said mem-
her being provided with a layer of consumable
electrode material covering the major: portion
of its length,; said layer comprising a-lower.haked
portion to he fed into the furnace hath. by rota-
tlon of said core member and therein substans
tially consumed and an. upper. unbzked. portion
to be progressively applied to the electrode: to
replenish that portion of the layer which is pro-
gressively consumed in the furnace bath during
rotation of said core member:

9. An electrode as in claim & wherein the con-
sutnable layer is composed of carbonaceous ma-
terial.

10. The comhination with an electrie furnace
of an electrode of the self-baking type compris-
ing a substantially cylindrieal, rotatable, metallic
care member rotating in a horizontal plane over
tile furnace bath, and a . layer of non-metallic,
consumabls electrode material  covering said
member along a major portion of iis length, said
layer comprising an upper unbaked portion and
a lower baked portion, said lower portion being
in contact with the furnace hath, means for
rotatably positioning said electrode over the fur-
nace bath, means for rotatably positioning said
elecirode over the furnace bath, means for ro-
tating said electrode, and means for supplying
electric current to said core member,

11, The combination according to claim 10
wherein a plurality of such. electrodes are ar-
ranged in a horizontal plane over a furance batkh.

i2, The combination as in claim 10 wherein
the current supplying means comprises & con-
taet disc member which is ssecured on one end of
the core memher, a conduetive receptacle con-
taining a eurrent conductive lquid, positioned
in such manner that the lower peripheral por-
tion, of said disc member is always immersed in
said liguid, and means for connecting said re-
ceptacle to a suitable source of power.

i3. The combination with an eleciric fur-
nace of an electrode of the self-baking typa eom-
prising a sgbstantislly cylindrieal, rotatable,
current-carrying core member rotating in o hor-
izontal plane over a furnace bath, and provid-
ed with a layer of consumable electrode mate-
rial surrounding said core member, said layer
comprising a lower baked portion to be progres-
sively fed into confact with the furnace bath
and therein be substantially consumed as the
core member is rotated and an upper unbaked
portion to be baked onto said. core member as
the member is rotated, means for supporting
the electrode at its ends over said furnace bath,
means for rotating said core member, and means
for connecting one end of said core member to
a suitable source of power.

14, The combination according to claim 13
wherein a plurality of such electrodes are ar-
ranged in a horizontal plane over the furnace
bath.

15. The combination as in claim 13 wherein
the metallic core member is hollow in the cenfral
portion thereof and has shaft-like projections
on each end not covered by colisumable electrode
material,

16; The combination as in claim 13 and in-
cludinhg the provision of a3 hopper extending
above and longitudinally of said electrode to feed
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unbaked paste-like electrode material progres-
sively down upon the top of said electrode to
replenish that portion of the electrode layer
which is consumed in the furnace bath during
progressive rotation of s2id core member.

17. The combination with an electric furnace
of an electrode of the self-baking type compris-
ine a substantizlly cylindrical, rotatable, cur-
rent-carrying, metallic core member rotating in
a horizontal plane over a furnace bath, said
member being provided with & layer of consum-
able electrode material covering the major vor-
tion of its length, said layer comprising a lower
baked portion to be fed into contact with the
furnace bath by rotation of said core member
and-therein bhe substantially consumed and an
upper unbaked portion to be progressively ap-
plied to the electrode to replenish that portion
of the baked layer which is progressiveiy con-
sumed in the furnace bath during rotation of
sald core member, means for supporting the core
member over the furnace bath, means for rotat-
ing said core member, means for connecting one
end of the core member in conductive fashion
with a suitable source of power, and hopper
means mounted on said furnace and extending
above and longitudinally of said electrode to feed
unbaked electrode paste material progressively
down upon the top of said eleztrode to raplen-
ish that portion of the electrode layer which is
progressively consumed in the furnace bath dur-
ing progressive rotation of said corg member,
sald hopper comprising two longitudinally ex-
tending side portions, the lowsr edge of one side
extending downwardly to a point closer to the
core member than said other side rortion, fhe
lower edge of said other side portion heing pro-
vided with an areuate section extending down-
ward about the eleetrode, and two end portions
forming, with said arcuate section, a three-sided
mold member for retaining the deposited elec-
trode paste material upon the electrode during
the baking thereof.

18. A hopper for feeding electrode paste ma-
terfal down upon an electrode of the self-baking
type comprising an elongated, rotatable, metal-
lic core memher provided with a layer of elec-
trode material surrounding the central portion
of said member, said hopper comprising two

spaced longitudinally extending side portions, I

the lower edge of one of the side portions ex-
tending downwardly a greater distance than the
other side portion, a longitudinally, downwardly
extending arcuate portion secured to the lower
edge of sald other side portion, sald arcuate por-
tion to act as a retainer for electrode vaste ma-
terial, which has been deposited upon the elec-
trode, while said paste is baking, and end por-
tions that at least cover that area defined hy the
ends of said side portions, said end portions
forming with said arcuate portion a three-sided
mold for retaining the deposited electrode paste
in desired position while it is baking.

19. A hopper as in claim 18 wherein one edge
of the end portions is integral with said side
portion provided with the downwardly extend-
ing arcuate portion and each end portion s pro-
vided with a downwardly extending slot for re~
ception of the ends of the other longltudinally
extending side portion.

20. A hopper as In claim 18 wherein the lon-
gitudinally extending side portions converge to-
ward each other at their lower edges and wherein
the lower edge of said end portions have a semi-
circular recess provided therein to be positioned
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closely adjacent over a predetermmined ecircum-
ferential portion of the rotatable core member.

21. In the method of replenishing the con-
sumable electrode material on an electrode of
the self-haking type comprising a substantiaily
cylindrieal, rotatable, current-carrying, metallic
core Mmember to be rofated in a horizontal plane
over an electric furnace bath and being covered
along the major portion of its length between
the end portions with a layer of consumsble
electrode material to be progressively fed into
contact with a furnace hath, said laysr compris-
ing a lower baked portion and an upper unbaked
portion, the steps of progressively rotating the
electrode which causes the lower baked portion
of the electrode layer to be progressively im-
mersed in the furnace bath wherein the major
portion of said layer 1s consumed, simultaneously
therewith progressively depositing unbaked elec-
trode paste material upon the electrode surface
that has previously passed through the furnace
bath to build the consumable electrode layer
back up to its original thickness prior to im-
mersion in the furnace bath, and thereafter pro-
gressively baking the deposited unbaked elec-
trode paste before such time that the deposited
€lectrode material is fed into the furmace bath.

22. A method according to claim 2@ wherein
the unbaked electrode paste is deposited upon
the electrode along a relatively narrow longitu-
dinzlly extending zone on the upper side of said
rotating electrode.

23. A method according to claim 21 wherein
the progressively deposited electrode paste layer
is restrained axially and radially until it has been
thoroughly baked onto the rotating supporting
meinber,

24, A meihod according to ¢laim 21 wherein
the rotation of the electrode is one of continuous
motion.

20. A method according to claim 21 wherein
the rotation of the electrode is one of intermit-
tent motion,

26. The combination with an electric furnace

3 0of an electrode of the self-baking type compris-

ing a substantially cylindriecal, rotatable, current-
carrying core member rofating in a substantially
horizontal plane over the furnace bath, and a
layer of consumable electrode material surround-
ing said member, said layer having an upper un-
baked portion and a lower baked portion, said
lower baked poriion being in contact with the
furnace bath, means for positioning said elec-
trode above the furnace bath in substantially a
horizontal plane, means for rotafing said elec-
trode, said means comprising a disk-shaped gear
element which is securely fixed to one end of said
core member, and a driving element, said driving
element heing provided on one end with a suit~
able worm gear for meshing with said disk-shaped
gear elemeni and baing provided on the other end
with means for rofating said diriving element from
a suitable source of power, and means for con-
ducting current to said core member,

References Cited in the file of this patent
UNITED STATES PATENTS
Number Name Date
826,742 Price oo ____ July 24, 1906
1,150,021 Favier .. ____ Aug. 17, 1915
1,169,384 Dwight . ____ Jan, 25, 1916
1,441,037 Soderberg .. _____ Jan, 2, 1923
1,406,232 Klugh .. ______ June 3, 1924
1,748,780 Marshafl . ___ Feb. 25, 1930
1,944,521 Migvet et al, ___._. _ Jan, 23, 193¢



Sept. 25, 1956 G. J. HORVITZ

2,764,539
CARBOMN ELECTRODES
Filed Aug. 21, 1952
\ q
N
8|

/  S

7 T T

ek v 3 Lo

BN\ “,////é,/{///"':%

St My,
Y gy %

%

L%,

Gerald J. Horvitz
INVENTOR

ATTORNEYS



United States Patent Off

2,764,539
Patented Sept. 25, 1956

1CC

2,764,539
- CARBON EL‘ECI'RODES
Gerald ¥. Horvltz, New York, N. Y., assignor, by mesne

. assignments, t0¢ Frank H. Morse, Gerald J. Horvitz,_

" and Benjamin Sack
Apphcatmn August 21, 1952, Serial No. 305,700
16 Clalms (Cl. 204—67)

- My invention relates particularly to new and improved
carbon electrodes; new and improved electrode-forming
compositions or mixtures or masses; new and improved
hard and crystalline carbon; new and improved carbon
briguettes; and new and improved methods for making
the same. - The invention includes said compositions or
mixture or masses, and said crystalline carbon, and said
briquettes, irrespective of the method of manufacture.
‘The improved carbon and the improved carbon bodies
disclosed herein may be used for any purpose.

This application is a ‘continuation-in-part of my appli-
cation Serial No. 298 623, filed on Jdly 12, 1952 (now
abandoned). -

Baked carbon electrodes whlch are used for electric
furnace work and in the electrolytic production of
aluminum, consist of body material and a binder. The
body material consists substantially of elemental carbon.
This body material is exemplified by calcined petroleum
coke, - other cokes, charcoal, certain types of coal and
lampblack. These body materials are ¢lassified in the
- technical literature as having an amorphous carbon struc-
ture, although X-ray analysis and other tests show minunte
crystallites.

The binder is exemphﬁed by petroleum pitch which is
a residue of the refining of an asphalt-base petroleum,
other pitches, and various tars. Many of these binders
consist of elemental carbon and hydrocarbons. Other
-binders which ave disclosed-in the technical literature in-
clude molasses, resins, turpentine and various products
. which are produced by distilling organic substances. The
binder may consist in whole or. in part of one or more
organic compounds, without any elemental carbon.
These binders usually include volatile material which is
largely eliminated by the baking. The residue of the
baked carbon binder consists substantially of elemental
carbon which bonds the particles of the body material.
All these binders are generally -desizoated as carbona-
¢eous binders for the purposes of this disclosure.

As one illpstration of the old method, petroleum coke
is crushed and calcined, and the resultant carbon body
material 5" grouind and this is mixed with the warm
binder, which is in the form of small particles. This mix-
ture ‘is cooled, crushed and ground to produce the e¢lec-
trode<forming composition. The ground electrode-
forming composition is heated in a mold uatil it becomes
pasty. The mold is then removed from the heating oven,
2nd the material in the mold is subjected to high pressure
in. satd molkl. The molded shape is then removed from
the mold and is baked in a furnace, with the exclusion
of air, in order to remove the volatile matter. Due to
the low thermal conductivity of the molded shape, the
baking process requires great care, and the finished elec-
trodes are often warped and have low conductivity, and
fow mechanical strength, due to improper baking, Also,
a long baking period of one to two- weeks is required,
especially if the electrode is of large size. Also, a long
cooling pericd of the furnace is required.

In another iype of the old method, the electrode-
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2 .
forming composttion is shaped into cylindrical plugs
which are shaped by extrusion. The extruded material
is cut into blanks of suitable length, which are baked as
above described.

The baking distills, or decomposes or cracks the binder,
drives off its more volatile ingredients as gases or vapors,
and finally converts the binder iuto a residue of coke.

The maximum temtperature of the furnace is about
1058° C. in a gas-fired furnace.

These old methods have been used for at least fifty
years, as evidenced by a text-book entitled “Electric Light-
ing” by Crocker, published in 1901 by D. Van Nostrand
Comipany.

Instead of using these old pre-baked electrodes, it
has also been well-known for many. years to feed the
initial paste mixture of body material and an unbaked -
binder into a metal shell, and to use the filled metal shell
as an electrode in smelting furnaces to produce ferro-
alloys, calicum carbide and other material. The initial
paste is baked in said metal shell, in order to provide said
metal shell with a filling of baked carbon electrode.
Fhis type of electrode is known as the Soderberg electrode
or self-baking electrode. The disadvantages which result
from the low.thermal conductivity and low electrical con-
ductivity of the initial electrode-forming paste are par-
ticularly objectionable in the self-baking electrode. The
low electrical conductivity results: in low electrical effi-
ciency. The electrode-forming paste is not pressed before
baking. In order to use the selfbaking electrode in the
electrolytic production of alominum, in an aluminum re-
duction furnace, it is necessary to drive electrically con-
ductive rods into the soft paste. The self-baked electrode
filling also often has a weak and non-uniform mechanical
structure, so that it chips and breaks. These disadvan-
tages have been known for many years.

The production of baked carbon electrodes, including
the self-baking electrode, and the materials used therein,
are described in “Industrial Carbon” by C. L. Maatell,
published in 1946 by D. Van Nostrand Company, Inc,

According to one important feature of my invention,
I use a body material which has not heretofore been
used in making baked carbon electrodes. This body ma-
terial is designated herein as ¢rude and ¢oarse oil carbon-
black. It is made by decomposing or cracking a fraction
of petroleum which is preferably an asphali-base petro-
leum, or by burning such a fraction with insufficient air
for complete combustion. This body material has been
well-known for many years, and it has been unsuccess-
fully attempted to use it in making pre-baked carbon
electrodes and in initial electrode-forming compositions
which are used for making the self-baked type of carbon
¢lectrode.

This crude and coarse oil carbon black has an amor-
phous structure, and a large particle size for this type of
carbon. Thus, the pure and expensive carbon black
which is made from natural gas, and which is used in
making printing inks, has a particle size of less than 60
millimicrons (0.000060 millimeter), The particle size of
lampblack is a maximum of 100 millimicrons, This ¢rude
and coarse oil carbon black usvally has a particle size of
200 millimicrons to 275 millimicrons. It also has a sub-
stantial proportion of volatile matter, which consists sub-
stantially of carbon compounds. It also has a blue-black
color. As commercially made and sold, it consists of
aggregates of its fine particles, These aggregates may
have a size of 0.42 millimeter or more. For these reasons,
this crude and coarse il carbon black ¢an not be used in
making printing inks, and it has been used as a fuel or as
a cheap filler. Tt may have a particle size up to one
Micron or more.

According to my inveation, I can utilize this amorphous
and coarse and crude oil carbon black as a body material,
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and I heat-convert it to a hard and erystalline carbon
which can scratch window glass, In its broader aspect,
the invention includes the tse of all other carbon body
mnaterials, although it is préeferred to use said coarse and
tinde oil carbon black as the paly body material, or in
a ratio of 4t least 25% of the body material. Thus, the
crude and coarse oil carbon black may be 50% or more
of the bady material. All ratios and proportions stated
hérein are by weight, unless otherwise stated.

The invention is further explained in the following ex-
ample and diagrammatic drawing, to which the invention
is not limited. The annexed drawing is a diagrammatic
vertical section, partly broken away, of 2 self-baking elec-
trode which has a metal shell S and a filling in the shell
which esséntially consists of pie-calcined briquettes B.
The briquettes B have intermediate spaces, which are
substantially filled with a carbon filler and a binder SS.
The briquettes B are substantially in contact with each
other and in contact with the shell S, as shown in the
drawing,

The body material in this example is said crude and
coarse oil carbon black. This has a soft and amorphous
carbon structure. It has a particle size of 200 millimicrons
to 600 millimicrons. These fine particles are in the form
of aggregates of much larger size than said fine particles.

This body material in this example consists substantially
of 75% of elemental carbon, 15% of absorbed or adsorbed
water, and 9% of volatile matter which consists of carbon
compounds,

If the crnde and coarse carbon black is made from an
asphalt-base petroleum or a fraction thereof, which is
highly preferred, these volatile carbon compounds are
members of the aromatic or nuclear or closed-chain series
or include a large proportion of the carbon compounds
of the aromatic or nuclear or closed-chain series.

This coarse and ¢rude and amorphous oil carbon black
preferably has a low percentage of sulfur and ash. Pref-
erably, it has not more than 0.75% of sulfur and not
more than 0.40% of ash. For certain purposes, it is
highly desirable to make an electrode which has a mini-
mum of sulfur and ash, as for use in the electrolytic
production of aluminum. Hence, all the materials which
are used in the manufacture of the electrode may have a
minimum of sulfur and ash, so that the finished electrode
‘will not have more than 0.75% of sulfur and pot more
than 0.40% of ash, and preferably less.

This crude and coarse oil carbon black is dried at 100°
‘C., in air under normal atmospheric pressure of 760
millimeters of mercury, This drying step removes sub-
stantially all of the water, without removing the volatile
‘matier. If any volatile matter s removed, the amount
which is removed is negligible.

The dried body material consists substantially of
90.5% of elemental carben, 9.3% of volatile matter, and
small percentages (if any) of sulfur and ash.

The dried body material is now mixed with an un-
baked dr unset hinder. This is preferably a residual pitch
of asphalt-base petroleum, as distinguished from pitches
and tars which are products of distillation. This pitch
which is used in the example softens at 71° C. T can use
such residual pitch which has a softening point of 70° C.
to 127° C. This pitch has 0.2% to 0.5% of water,

The binder pitch is melted in a tank at a svitable tem-
perature, such as 149° C, to 204° C. This is done in air
under said normal pressure. The fused pitch is a pourable
liquid at 149° C, to 204° C. The water is thus subsian-
tially or wholly eliminated from the pitch.

The dry body material is added to the dry and molten
pitch in the tank. The dry body material is in the form
of aggregates of ifs fine particles. The size of such aggre-
gates may be 0.42 millimeter. The dry body material
is added slowly in successive small quantities, with
vigorous rubbing and stirring to make a uniform mixture
and to break up the aggregates as much as possible to fine
particle size. The aggregates are rubbed against the wall
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of the tank or they are otherwise mechanically worked to
break up the aggregates, The temperature of the molten
pitch and of the mixture is maintained at 149° C. to 204°
C., and the final mixture is vigorously worked and rubbed
and stirred while said temperature is maintained, in order
to break up the aggregates. The fine particles of the
body material absorb or adsorb the molten piich fo a
maximum extent. The pitch coats said fine particles.
Little or none of the origina] volatile matter of the body
material may be driven off during this mixing step,

It is highly preferred to retain said original volaiile
matter of the body material or at least a major propor-
tion thereof in the mixture. However, the broader aspect
of the inventicn is not limited to this feature. The final
mixture is substantially free from water. One of the
important features of the invention is to break up the ag-
gregates of the body material into ultimate fine particle
size, and to cause said very fine particles to absorb or
adsorb a maximum of binder, and fo coat the very fine
particles with the binder, thus separating the very fine
particles by the binder coatings,

Another important feature is to bake or calcine this
body material after it has been formed with a binder into
a briquette of high density, which is optionally and pref-
erably of maximum density, instead of calcining this body
material in looss powder form, in which it is free from
binder.

Another important feature is to bake or calcine this
body material after it has absorbed or adsorbed a mazimum
amount of the binder and while its very fine particles are
separated by their individual binder coatings.

The final mixture is used for making bonded briquettes
or bonded aggregates.

As one illustration, the briquette-forming mixture has

substantially the following composition:

Percent
Elemental carbon of the coarse and crude oil black__ 80
Volatile matter of said body material__..__________ 8
Binder e e et e 12

As above noted, there may also be small percentages
of sulfur and ash.

In such case, the final briquette-forming mixiure is a
powdery mass at 149° C. to 204° C. When this mixture
is cooled to a briquetting temperature of %3° C. or to
20° C-25° C., it remains a powdery mass, which can be
briquetted without using additional binder. The binder
in this briquette-forming mixture is unbaked.

As another illustration, and disregarding the small per-
centages of sulfur and ash which may be present, the com-
position of the briquette-forming mixture may be sub-
stantially as follows:

Per cent
Elemental carbon of the coarse and crude oil black__ 77
Volatile matter of said body material____________ 7.7
Binder - e 15.0

In such case, the final briquette-forming mixture is a
paste at 149° C, to 204° C., and when cooled to 93° C.
and to 25° C. The separated fine particles of ihe ele-
mental carbon also adsotb or absorb a moaximum of the
binder and are also coated by the binder. There is 2n
excess of binder in this compositien, which produces its
paste structure, which is the preferred structure. This
paste can be briqueited in paste form without adding addi-
tional binder, or it may be cooled and ground io form
pasty pariicles whose size is 0.42 millimeter. These pasty
particles can be briquetted without using additional binder.

The briquette-forming mixture is briquetted under
suitable pressure, t0 produce a dense and uniform un-
baked briquette or bonded aggrepate. The briquetting
temperature may be 93° C. At this temperature, the
briquetting pressure may be 15,000 pounds per square inch,
or about 1050 kilograms per square centimeter. Higher
or lower pressures may be used at this ‘Sbriquetting tem-
berature, or at any other selected briquetting temperature.
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Th¢ briquetfing tefnpérature may be 20° C-25° C,, in
which case the briquetting pressure is increased above
15,000 pounds per square inch.
cases to make unbaked briguettes or unbaked Honded ag-
gregates of maximum density. For some purposes; less
thap maximum density is preferred.

These nnbaked briguettes are now baked, in the absence
of air, in a suitable furnace or oven. A gas-fired oven or
furnace is preferred. The original volatile matter of the
body material and the binder are thus baked. - The baking
evolves gases or ‘vapors which are driven off. The bak-
ing also produces a coked or cracked or calcined residue
of said original volatile material, and a coked or cracked
or calcined residue of the binder. These residves con-
sist substantially of elemental carbon. In this illustra-
tion, the weight of the residue of the baked binder is sub-
stantially - 34% of the original weight of the unbaked
binder, or of the binder in the unbaked briquette.

Although the briqueties are hieated in a continuous bak-
ing procedure, such heating procedure may be divided in a
gas-fired oven into four general stages as follows, in which
the temperature is the temperature to which the briqueite
is heated:

First stage.— Two hcmrs up to substantlally 1093° C.

Second stege—One additional- hour at substantially
1093° C. 10 1204° C.

Third stage—-An additional period of 35 mlnutes at
substantially 1204° C. to 1260° C.

Fourth stage—An additional period of 45 minutes at
substantially 1260° C. to 1296° C.

The baking temperature to which the briquette is heated
may be at least 1288° C. during the entire period of 45
minutes of this fourth stage.

During this fourth stage, the minimum baking tem-
perature to wilich the briquette is heated may be 1344° C,

The heating of the briquettes to an elevated tempera-
ture in this fourth stage, during a sufticient period of time,

is -an important factor in-:heat-converting the original.

amorphous structare of the fine and separated particles of
the crude and coarse oil carbon black into a hard and
crystalline structure, which can scratch window glass.

A typ:cal baking procedure which 13 nsed to bake the
briquettes is as follows:

Temperaturs of
Furnace in Cen-
tigrade Seale,

’i‘ime In Minutes from Beginning of Healing Pericd
. .. . Pagrees

Tornace Heating
Beging,

At the end of this total baking or heating period of

four hours and thirty-five minutes, the heat of the furnace -

is discontinwed, and the briquettes are cooled in the
furnace, with the exclusion of dir, to20° C,-25° C.

By thus baking separated small briquettes, whose baked
or unbaked weight may be 28 grams or less, I provide
uniform bakmg of said small briquettes, and I produce
briquettes of untformn and strong structure. I also greatly
lower the baking period and the cooling period which is
required to make the finished baked electrode, because I
use-a large proportion of these pre-baked briquettes in
making the finished baked electrode. The briquettes may
be :separated by sand or other packing material, while
they are being baked in the gas-fired furnace.

it is preferred in many -
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The hardness of certain materials in the wéll-known
Moh hardness scale is as follows:

Materlal

Graphite is even softer than tale in the Moh scale,

The hardness of the crystalline carbon structure of the
baked briquettes is at least Moh No. 6, and it is preferably
at least Moh No. 7. A hardoess of Moh No., 7 is
preferred.

A typical analysis of a baked briguette is as follows:

Percent
Elemental carbon or original body material and
residue of volatile matter of sald body material

and of the binder 98,32
Moisture 0.09
Residual volatile materlal 0.75
Sulfur 0.64
Ash 0.20

This briquette was made with the use of a briquette-
forming mixture of the previously mentioned paste type.
Microscopic examination showed that its elemental car-
‘bon consisted substantially of particles which had a
particle size ‘of 200 millimicrons to 600 millimicrons.

This baked briquette had an apparent specific gravity
or apparent density of 1.34, a real specific gravity or real
density of 1.96, and a volume resistivity at 20° C.-25° C.
of 0.00615 ohm cm.3,

This volume resistivity is the electrical resistance of a
cube whose edge has a length of one centimeter,

The maximum volume resistivity of the baked briquette
may be 0.008 ohm cm.>.

The difference between the apparent specific gravity
and real specific gravity of the briquette is due to the fact
that gases or vapors are evolved during the baking, which
produce pores in the baked briquette.

The apparent specific gravity of the baked briquette
was determined by giving it a thin water-proof coating
of paraffin, and weighing the coated briquette under water,
which showed that its weight was 1.34 grams per cubic
centimeter. This method is described in Thorpe's *Dic-
tionary of Applied Chemistry,” vol. VI, published in 1926,
at page 305,

The real specific gravity was determined by the method
which is generally described in szid text-book by Mantell,
The baked briquette was ground to a particle size of
0.044 millimeter to 0.074 millimeter, This ground ma-
terial was dried in air under said standard pressure for
one hour at 105° C,, and it was then weighed. The dry
and ground briquette material was then put into a specific
pravity bottle or pycnometer, which has an index mark
which indicates a known volume, and the ground briquette
material was covered with aohydrous kerosene. This
bottle was shaken until the kerosene thoroughly wetted
the water-free ground briqueite material. The bottle
was then subjected to a vacuum, in order to remove all air
from the ground briquette material. The bottle was then
filled with anhydrous kerosene to the index mark. The
bottle and ‘its contents were then heated to 116° C, and
were then cooled to 26.7° C., at which the bottle and its.
contents were weighed. The real specific gravity is cal-
cadated by the following formula:

AXspecific gravity of kerosene
A4B—C '

A is the weight of the ground and dry briquette ma-
terial, which is multiplied by the specific gravity of the:
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kerosene; B is the weight of the botile when it is filled

only with kerosene to its index mark; C is the final weight .

of the bottle when it contains the ground and dried and
air-free briquette material and a filling of air-free kerosene
up to the index mark.

In this briquette, the residue of the volatile matier or
the crude and coarse oil carbon black and the residue
of the binder are substantially or largely coke or elemental
carbon, so that the briquette contains at least 90% of
clemental carbon, and much more in this illustration.

In this illustration, the briquette has rather low ap-
parent specific gravity. Also, it has rather low thermat
conductivity, because in this example, it is intended to
use the baked briquettes to make a pre-baked or self-
baked electrode of low thermal conductivity. In some
cases, as in an electrode which is used in producing alum-
inum by electrolyzing a fused bath, low heat conductivity
of the electrode is desirable,

However, the apparent specific gravity of the briguette
and of the electrode can be increased by using a smaller
percentage of said residual petroleum pitch binder, or by
using another binder which evolves only a small amount
of gases or vapors during the baking. It is well known
to use binders which evolve only a small amount of gases
or vapors during the baking, when it is desired to make
a baked electrode of high apparent specific gravity.

The real density or real specific gravity of the baked
briquette is preferably at least 1.80. A preferred range
of real specific gravity is 2.02 to 2.08.

Also, the specific resistivity of the baked briquette and -

the electrode which is made with the use of the briguettes
can be lowered from said value of 0.00615 em.® by se-
lecting the materials and the apparent density, to 0.0055
ohm cm.? or less.

In this illustration, the weight of the baked briguette
is about 83% of the weight of the unbaked briquette.

The weight of the unbaked briquette may be 28 grams
or less. The preferred range of weight of the unbaked
briquettes is in a range of 28 grams to 98 grams. With-

out limitation as to weight, said weight of the unbaked -

briguettes may be as high as 140 grams.

The baked briquettes have substantially the same shape
as the unbaked briquettes,

All the briquettes which are nsed in an electrode-form-
ing mass preferably have the same weight, shape and
volume.

The shape of the baked briquettes is selected so that
when. the baked briquettes are assembled in a mass or
celumn in which the briqueties abut each other, there are
minimum spaces or voids between the abutting baked
briquettes. The baked briquettes may have the familiar
pillow-shape, in which they have opposed convex arched
walls, Each briquette may have one or more planar
surfaces, at which they can abut when the briquettes are
assembled in abutting relation in a mass or column.

Preferably, the electrode-forming mass or mixture or
composition consists of baked briquettes, carbon filler
and a binder for the carben filler material. This carbon
filler is preferably ground baked briquette material, which
is made by grinding a sufficient number of said baked
briquettes at ordinary room temperature to a particle size
of 0.74 millimeter, or less. The carbon filler material
thus consists substantially of elemental carbon which has
the hard and crystalline carbon structure.

The baked briqueties may comprise at least 40% by
both weight and volume of the electrode-forming mass
and of the finished baked electrode, preferably at least
50% by both weight and volume, and vp to 80-90% by
both weight and volume, in the electrode-forming mass
and in the finished baked electrode.

The uniformity in structure between the baked bri-
quettes and the carbon filler is an important feature of
the invention.

As one illustration, the total filler material between the

briquettes. may. consist. of 80% of said ground baked. bri- -
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quette material, and 20% of said residval petroleum pitch.

Hence, as one illustration, the electrode-forming mass
may consist of 40 parts of pre-baked briquettes, 48 parts
of carbon filler and 12 parts of binder, said proportions
being by weight.

As another illustration, the electrode-forming mass may
consist of 50 parts of pre-baked briquettes, 40 parts of
carbon filler, and 10 parts of binder, said proportions
being by weight.

Ag another illustration, the electrode-forming mass may
consist of at least 80 parts of pre-baked briquettes, in
which case said mass will have 16 parts of carbon filler
and 4 parts of binder, said proportions being by weight.

The proportion of filler material will depend upon the
shapes of the briquettes and the volumes of the voids be-
iween said brigueties in the electrode-forming mass or
composition or mixture. These voids are preferably of
individual minimum volume and of total minimum vol-
ume.

Also, the proportion of binder in the filler material may
be less than 20% of said filler material, thus further re-
ducing the percentage of binder in the electrode-forming -
mass or mixture or ¢omposition.

The ground briquette material and the binder are made
into a ovniform filler-material mixture, preferably using
the same above-mentioned procedure. which is used to
make the briquette-forming mixture. In this illustration,
the filler material is a paste. The filler material may be
a powdery mass, as above described. If the filler material
is a paste, il may be ground to a particle size of 0.42 .
millimeter.

In one embodiment, the pre-baked briqueties are mixed
with the filler material mixture, in order to make a uni-
form electrode-forming mass or composition or mixiure
which is used to make the electrode. Thus, the pre-baked
briquettes and the filler material mixture may be sepa-
rately heated to a temperature of 149° C, to 204° C., and
the pre-baked briquettes and the filler material may be
mixed in this temperature range in a tank, with optional
vigorous mixing, so that the filler-material coats the pre-
baked briquettes and fills the spaces between said bri-
queites.  As an alternative, the electrode-forming mix-
ture may be made at a lower temperature, which is at or
above the softening temperatere of the binder in the filler
material, but below the melting point of the filler binder.
Also, the mixture may be made at 20° C.-25° C.

If 4t is desired to rmake a pre-baked electrode, this
electrode-forming mass or composition or mixture is
forced into a metal mold under any selected pressure.
It is highly preferable to form an electrode-forming mass
in said mold in which the pre-baked briquettes abut each
other at substantial parts of their peripheries, through-
out the entire mass, in order to form a skeleton of abut-
ting pre-baked briquettes, and to embed said pre-baked
briquettes in a matrix of the pressed filler material, which
fills the spaces between said briqueites. Tt is also highly
preferable to make such an elecirode-forming mass in
which parts of the peripheries of those pre-baked bri-
quettes which are adjacent the inner wall of said metal
mold are exposed at the periphery of the pressed elec-
trode-forming mass, to contact said inner wall at spaced
points or areas of said inner wall, substantially along
said entire innmer wall. By using a ram under suitable
pressure, the briquettes can be forced to thus contact
with each other in the mold, or to be very <lose to each
other, even if they do not abut each other.

Although the pre-baked briquettes are of low or mod-
erate thermal conductivity in this example, such thermal
conductivity is superior to that of the initial paste which
has been made according to the old method. Hence,
in this preferred assembly, the pre-baked briquettes form
a continuous skeleton which transmits the external bak-
ing heat throughowt the electrode-forming mass, thus
producing .a mechanical structure of superior uniformity.
and strength in the final baked. electrode, ‘with minimum.
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;oict.‘;sci The baking and cooling period are greatly re-
uced.

The compressed electrode-forming mass or blank can
be baked in the mold, with the exclusion of air, either
with or without applied mechanical pressure during the
baking. 1If applied pressure is used during the baking,
any selected applied pressure can be used. Some gases
or vapors are ¢volved from the filler binder during the
baking, and they are allowed to escape.

The electrode-forming compressed mass may be formed

to the desired shape by extrusion or molding under pres-.

sure, and the resultant compressed and shaped mass can
be baked, with the exclusion of air, without using a mold.
In such case, the pre-baked briquettes also preferably
form a continuous abutting skeleton, as above described.

The electrode-forming mass is baked in a continuous
procedure, which may be divided into stages as follows:

First stage—2 hours at 316° C. to 1094° C,

Second stage—One additional hour at 1094° C. to
1204 C,

Third stage.~—-35 minutes mere at 1204° C, to 1260° C.

Fourth stage—45 minwtes more at 1260° C. to 1315°
C., with a minimum temperature of 1288° C, during sub-
stantially the entire period of this fourth stage. This
minimum temperature may be 1344° C. This baking
period and the necessary cooling period will depend on
the size of the electrode, but the baking period can be
ereatly reduced over the old method.

As an alternative, the pre-baked briquettes can be as-
sembled in a metal mold in abutting relation, to provide
an assembled column or skeleton of short length. The
filler material is then pressed into the voids of this skele-
ton. More pre-baked briquettes are then added to the
skeleton, in order to increase the length of the skeleton
and more filler material is then pressed into the voids
between the added briquettes, in order to fill the voids.
By using this procedure, contact between the pre-baked
briquettes throvghout the final electrode-forming mass is
insured; and the voids between the non-abutting parts of
the briquettes are filled with a matrix of compressed filler
material dn which the briquettes are embedded, save
where the briquettes contact with each other.

The above methods can be used for filling the metal
shell of a self-baking electrode of the Soderberg type
with the electrode-forming mass, so that the pre-baked
briquettes will form a- continnous pre-baked abutting
skeleton in said metal shell. -

While it is highly preferred to provide a skeleton of
pre-baked briquettes which abut each other at parts of
their peripheries, the invention also includes an electrode-
forming mass in which the pre-baked briquettes do not
contact with each other at one or more parts of the
electrode-forming mass, or in which the pre-baked bri-
quettes are even spaced from each other throughout said
mass. In such case, the pre-baked briquettes are very
close to each other at parts of their peripheries. The
pre-baked briquettes and the pre-baked carbon filler have
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a thermal conductivity which is much greater than that of -

the initial paste which is now used in the old method.

The invention is of particular ufility in making 4 self-
baked electrode in the metal shell of a Soderberg elec-
trode, because the original electrical conductivity of the
initial electrode-forming mass which is filled into said
shell, prior to the baking of the binder in said mass, is
much superior to that of the initial paste which is now
used in the old method. Also, the heat is conducted
directly from the metal shell to the briqueties, which
abut said metal shell, and from the pre-baked carbon
electrode iip to the briquettes which abut said tip, and
said heat is transmitted uniformly to the pre-baked
briquettes and the matrix in which they are wholly or
partially embedded within said metal shell, Even if
the pre-baked briquettes are spaced from each other with-
in said metal shell, a superior electrode-forming mass is
formed. ) ) _

As a mauch less preferred alternative, unbaked bri-
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quettes may be used in every embodiment instead of pre-
baked briquettes. In such case, the briquettes are baked
simultaneously with the filler material. The unbaked
briquettes are also preferably in abutting relation.

Alternative materials

Instead of using the coarse and ¢rude oil carbon black
as the body material, which is the greatly preferred
body material, I can use other carbon materials which
have been and are wsed in making carbon electrodes, as
disclosed in said text-book by Mantell, or other carbon
body material. Thus, I can wse pre-calcined coke, such
as pre-calcined petroleum coke, which has a maximum
of 0.5% of volatile matter and little or no water. Other
alternative body materials are exemplified by pitch coke,
tar coke, retort carbon, graphite, lampblack and carbon
black of any type. The selection of these body ma-
terials depends upon their cost and the intended use of
the finished baked electrode. .

The coarse and crude carbon black may be calcined
or baked in powder form according to the above-de-
scribed procedure for baking the briguettes, for use as
carbon filler material, or for use in making the bri-
quettes, However, the previously disclosed procedure is
greatly preferred. A mixture of coke or other alternative
carbon material may be mixed with binder and baked
or calcined in powder form as above described, in order
to create or improve original crystal structure.

Also, the pre-baked or unbaked briquettes may be
mixed only with a binder to form the electrode-forming
mass, thus eliminating the carbon filler in said electrode-
forming mass. If this is done, it is preferred to use
pre-baked briquettes which have small intermediate
spaces or voids,

The finished baked electrode preferably has a maxi-
mum volume resistivity of 0.008 ohm cm.?, and the.
above-mentioned smali proportions of suliur and ash,
and it preferably consists of at least 85% or 90% of
elemenial carbon. By using the preferred materials and
procedure, the entire finished electrode may consist of
fine bonded particles whose size is 200 to 275 millimi-
crons, or with a maximum particle size of one micron.
The finished electrode may thus have said hard and crys-
talline carbon structure, and it may have substantially
the same propsrtics as the pre-baked briquettes, The
brigquettes are integrally bonded in the finished electrode
with the matrix, which consists either of binder residue
alone or of binder residue and carbon filler.

I can use the various binders which are disclosed in
said text-book by Mantell. The invention also includes
any binder whick can fulfill the function of the carbo-
naceous binders disclosed or referred to herein, and any
binder which can fulfill such function is included in the
disclosure and claims, whenever a carbonaceous binder is
mentioned, .

However, it is highly preferred to use a petroleum
pitch whick is a residue of asphalt-base petroleum, in
combination with the ¢rude and coatse oil black.

Many changes and omissions and additions and sub-
stitutions can be made in the above-mentioned disclosure,
without departing fromn the scope of the invention. The
invention is further disclosed and defined in the ap-
pended claims.

It is noted that the hard and crystalline structure of the
briqueties is a hard and crystalline carbon structure.
The briquettes and the finished electrode, in this example,
have a very small percentage (if any) of the oxides
which form the ash. These oxides are oxides of silicon,
iron and other metals, Even if the silicon oxide is con-
verted to quartz during the baking, the percentage of
quartz is too small to provide the hard and crystalline
structure which is formed herein. Calcined petroleum
coke may be abrasive, due to the formation of some
silicon carbide in the calcination process, but this is en-
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tirely different. from the formation of a hard and erystal-
line carbon structure from carbon which has an original
structure which is only slightly abrasive, or which has
an original hardness in the Moh scale which is less than
No. 6 or No. 7.

Likewise, certain types of carbon black are abrasive,
because they contain a substantial proportion of siliceous
impurity.

1 claim:

1. A combination electrode-forming mass which con-
sists substantially of pre-calcined briquettes and carbon
filler and encalcined carbonaceous binder, the weight of
said briquettes being in a range of substantially 23 grams
to substantially 116 grams, said briquettes consisting sub-
stantially wholly of elemental carbon, the non-carbon
ingredients being substantially limited to less than one
per cent of sulfur and less than one per cent of ash, said
briquettes substantially abutting each other in said mass,
said mass having spaces of irregular shape between said
briguettes, said spaces being substantially fifled with said
carbon filled and said binder, said briquettes having a
minimum specific gravity of 1.34 and a maximum re-
sistivity of 0.00615 ohm ¢m.3.

2. A mass according to claim 1 in which said elemen-
tal carbon of said briquettes is crystalline and sufficiently
hard to scratch window glass.

3. A mass according to claim I in which said bri-
quettes have a real specific gravily of substantially 2.02
to 2,08 and a maximum resistivity of 0.0655 ¢hm cm.?

4. A mass according to claim 1, in which said briquettes
are at least substantially 40% by weight of said mass, the
elemental carbon of said briquettes is crystalline and
sufficiently hard to scratch window glass, said briqueites
have a real specific gravity of substantially 2.02 to 2.08
and a maximum resistivity of 0.0055 ohm cm.?.

5. A mass according to ¢laim 4, in which the material
of sajd carbon filler is substantially identical with the ma-
terial of said briquettes.

6. A mass according to claim 1, in which the material
of said carbon filler is substantially identical with the
material of said briquettes.

7. A method of making an electrode, which consists
in making a mixed mass of pre-calcined briquettes and
carbon filler and vncalcined carbonaceous binder, the
weight of said briqueties being substantially 23 grams to
substantially 116 prams, said briquettes consisting sub-
stantially wholly of elemental carbon, said briquettes hav-
ing a minimum apparent specific gravity of 1.34 and a
maximnm resistivity of 0.00615 ohm cm.3, enough bri-
queties being included in said mixed mass to substantially
abut each other in said mixed mass, said mixed mass
having irregular spaces between said briquettes which are
substantially filled by the mixed carbon filler and wncaj-
cined carbonaceous binder, and heating said mixed mass
to calcine said binder and to form a baked electrode
while maintaining said briquettes in substantially abutting
relation.

8. A method according to claim 7, in which the ma-
terial of said filler is substantially the same as the material
of said briquettes.

9. A method according to claim 7, in which the ele-
mental carbon of said briquettes is crystalline and suffi-
ciently hard to scratch window glass.

10. A method according to claim 7, in which said bri-
queites comprise substantially 40% to 90% by weight
of said mixed mass, the elemental carbon of said briquettes
is sufficienily hard to scratch window glass, and the non-
carbon ingredients of said briquettes are limited to less
than one per cent of sutfur and less than one per cent of
ash, the real specific gravity of said briquettes is sub-
stantially 2.02 to 2.08, and the maximum resistivity of
said briguettes is 0.0055 ohm cm.3,

11. A method according to claim 7, in which the ma-
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terial of said carbon filler is substantially the same as the
material of said briquettes.

12, A methed of making a self-baking elecirode in. a
longitudirial metal  shell, which consists in filling said
shell with a mixed mass, said mixed mass filling consisting
of pre-calcined briquettes and carbon filler and uncal-
cined carbonaceous binder, the weight of said briquettcs
being substantially 23 grams to 116 grams, said briquettes
being substantially uniformly distributed throughout said
filling and consisting substantially wholly of clemenial
carbon and kaving a minimum apparent specific gravity
of 1.34 and a maximum resistivity of 0.00615 ohm c¢m.5,
enough briquettes being included in said mixed mass fill-
ing to substantially abut each other substantially uni-
formly throughout said mixed mass filling, including the
face of said mixed mass filling which is directly adjacent
the imner surface of said metal shell, and applying heat
to said filling to form a self-baked electrode in said shell,
the spaces between said briqusttes in said mixed mass
filling being irregular and being filled by said filler mixed
with said bindey.

13. A method according to claim 12 in which the ele-
mental carbon of said briquettes is crystalline and hard
enough to scratch window glass, said briquettes have a
real specific gravity of substantially 2.02 to subsianlially
2.03, the maximum resistivity of said briquettes is 0.0055
ohm em.3, said briquettes comprises substantially 409%
to 90% by weight of said mixed mass filling, and the
non-carbon ingredients of said briquettes are substantially
limited to less than one per ¢ent of sulfur and less than
one per ¢cent of ash.

14. A method according to claim 13 in which the ma-
terial of said carbon filler is substantially the same as
the material of said briquettss.

15. A self-baking electrode which has a metal shell
and a filling in said shell, said filling consisting subsian-
tially of pre-calcined briqueties and carbon filler and un-
calcined carbonaceous binder, the weight of said briquettes
being in a range of substantially 23 grams to substantially
116 grams, said briquettes consisting substantially of ele-
mental carbon, the non-carbon ingredients of said bri-
quettes- being substantially limited to less than one per
cent of sulfur and less than one per cent of ash, said
briquettes substantially abutting each other in said filling
and-also substantially abutting the inner face of said metal
shell along the periphery of said filling, said filling having
spaces of irregular shape befween said briquettes, said
spaces being substantially filled with said carbon filler and
said binder, said briquettes having a minimum specific .
gravity of 1.34 and a maximum resistivity of 0.00615
ohm cm.3,

16. A self-baking electrode according to ¢laim 15, in
which said briquettes are at least 40% by weight of said
filling, the elemental carbon of said briquettes is crystal-
line and sufficiently hard to scratch window. glass, said
briquettes have a real specific gravity of substantially
2,02 to 2,08 and have a maximum resistivity of 0.0055
ohm cm.3.
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This invention relates to electric furnaces employing
electrodes of the contirzous or self-baking type, and more
-particularly relates to an improved suspension means for
a continuous electrode employed in an electric furnace for
use in the electrolytic production of aluminem from
alumina.

Heretofore continuous electrodes employed in eleciric
furnaces have been suspended by means of contact plates
exerting sufficient pressure on the sides of the electrode to
support the weight thereof, and later by means of contact
studs inserted into the electrode mass either vertically or
horizontaliy, the contact studs serving the dual fenction
of supporting the electrode by connection of suitable sus-
_pension means to the coniact studs, and further serving
to conduct electrical current to the baked electrode. mass.,
In the so-called horizontal contact stud type of suspension
it is necessary to insert the contact sted into the upper
portion of the electrode mass which is yet unbaked by the

"heat of the furnace, According to prior practice, a sub- -

stantial portion of the stud is left outside the electrode
mass so that the necessary counections for subsequent
electrode suspension and electrical current conduction
may be accomplished. As the lower portion.of the elec-
trode is consumed in operation of the furnace, it becomes
necessary to successively lower the continuaus electrode
with its contained protruding contact studs, Accordingly,
complex suspension means to allow successive movement
of ‘the electrode have been devised, such as the open
framework structure formed of alternating beams.as. dis-
closed. in ‘Torchet Patent No.. 2,073,336, which beam struc-
ture is constructed 1o allow successive removal of the

lowermost row of .alternating beams and for the replace-

.ment thereof in superimposed position on the open-frame
structure after additional contact studs have been inserted
in the unbaked portion of the electrode mass. It has aiso
been propaosed to eliminate the open-frame structure and
replace the beams by channels contiguously arranged as
disclosed in Legeron Patent No, 2,169,563. The contigu-
.gus arrangement of such channels as disclosed in -said
Patent 2,169,563 was made possible by the placement of

suitable holes in the channels for insertion of the contact 55

studs therethrough, In the suspension means of both
Patent No, 2,073,356 and Patent No, 2,169,563, the elec-
trode is supported through the contact studs which in. turn
rest.on the beam or channel, the beam or channel being
in turn suspended from suitable suspension means mounted
on the furnace frame, To accomplish the successive low-
ering of the electrode with either suspension and electrode
encompassing means, it is necessary to remove the lower-
most row of beams or channels and replace said row in
upper position in the frame structure. Another attempt
to simplify the suspension means for the so-called hori-
zontal coatact stud. system is disclosed in Sem Patent No.
2,159,183 wherein a stationary mold or casing is provided
for the continnous electrode, the vertical movement of
.the contact studs being provided for by vertically arranged

~slots in the stationary casing. Aside from structural .

B .irode.

-y
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weakuesses inherent in such a slotted arrangement, the
tenden¢y for the unbaked portion of the electrode to de-
form and extrude through the slots necessitates the use
of a relatively thick inner casing movable with the elec-
Other arrangements known to the art embody a
Jpermapent -casing for the electrode with a cut-out portion
to allow for insertion and movement of the contact studs,
such as is disclosed in Hagerup-Larssen, Patent No.
2,339,230, and British Patent No. 608,475, These ar-
Tangements, embodying a stationary casing with large cut-
out portions, likewise necessitate the employment of a
relativély thick movable inner casing to resist extrusion
and deformation of the unbaked portion of the electrode.

It .is ap object of this invention to present an improved
.arrangement of casing and suspension means for continu-
-ous electrodes-employed in electric furnaces.

Tt is a further object of this invention to present im-
.provements in electric contact studs for use with continu-
ous electrodes employed in electric furnaces.

It is a further object of this invention to provide an
improved arrangement of electric contact studs in a con-
tinvous electrode by use of which the employment of a
strong stationary casing and the minimization of deforma-
tion and extrusion of the unbaked portion of the con-
.tinuous electrode are made possible,

It has been found that the electric contact studs uti-
lized in the-so-called horizontal suspension system may be
sectionalized so as to remove the necessity for a movable
beam or channel structure and remove the necessity for
.employing. slotted or large cut-out sections in the station-
ary casing, Accordingly, the electric contact studs are
.sectionalized so that the inuer end portion which is to
-be baked in the electrode mass may be inserted at a point

s -sufficiently high in the usbaked portion of the electrode

.mass so that the lateral pressure of said unbaked portion
is relatively small. By such arrangement, the inper sec-
tion of the electric contact stud being baked in position
during -downward travel of the elactrode is contained

4g Wholly within the stationary casing. The stationary cas-

-ing consequently remains unbroken in areas of its surface
where a relatively high lateral] pressure of electrode mass
.is encountered. According to this invention, the station-
.ary casing ¢an remain unbroken along the line of contact
stud inper section travel from just below the point of

45 jusertion of the contact stud inner section to a point

where the electrode is fully baked and the contact stud
inner section firmly baked therein, Under operating con-
_ditions, : downward movement of the electrode mass will
cause.a row of baked-in stud sections to emerge below
the permanent casing a sufficient distance so that the cor-
.responding outer section of the studs may be connected
thereto, in turn making it pessible to reconnect the bus
bars to.the new row of studs whereon the lowermost row
-of .studs are removed in the conventional mapner.
Aside from the advantages of a stronger stationary
‘casing .of simpler construction.and the greatly reduced
tendency for the electrode mass to deform during opera-
tion of an electric furnace self-baking electrode suspension
-arrangement embodying the present invention, it will be
seen that substantiai savings in materials necessary for
-electric contact stud and beam or channel construction are
.accomplished, The saving in amount of material needed
for contact studs arises from the fact that only two rows

- of .outer stud sections per furnace are necessary whereas
6 by the.former practice complete studs were required for

-each.row. Where beams or channels have been previously
employed, operational advantages in the form of reduced
change-over tiine are realized since the necessity for han-
dling heavy beams or channels is eliminated.

. .In order to illustrate specific examples of the inven-
tion, reference is made to the accompanying drawings
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which are schematic in character and partly in section,
with various details of the furnace which are known to
the art omitted for the sake of clarity of illustration.

Figure 1 is a side elevational view of a portion of
an electric furnace utilizing a self-baking electrode and
embodying an exemplary form of the invention. The
view of Figure 1 is taken generally on line 1—1 of Fig-
ure 2 with various parts shown in section.

Figure 2 is an end elevational view of the partial
furnace comstruction illustrated in Figure 1, generally
along the line 2—2 of Figure 1 with various parts shown
in section.

Figure 3 is an expanded side view partially in section
of one form of sectional contact stud employed, wherein
the connectiori means between the inner and outer con-
tact stud sections constitute thread means and locking
‘nut ‘therefor. - :

Figures 4, 5 and 6 illustrate another form of connec-
tion means between -thé inmer and outer stud sections
whersin the connection means is of the bayonet or key

type; Figure 4 being an expanded side view partially in’

section, Figure 5 being an end view of the outer section
connection means, and Figure 6 being an end view of
the inner section ¢onnection means. :

Figure 7 is an expanded side view partially in section
of yet another form of sectienalized electric contact stud
which may be employed in the practice of this inven-
‘tion. The coanection means illustrated in Figure 7
embodies a female portion in the inner stud section and
an expandable male portion which is expandable by ad-
justment from the outer end of the contact stud outer
section.

.Figure 8 is an expanded side view partially in section
- of still anaothet form of contact stud employing expand-
able connection means similar to that illustrated in Fig-
ure 7, but embedying slanting contact faces on the re-
-spective sections so that the face of the inner contact
'stud section may be flush fo the statiomary electrode
casing when the inner section is imbedded in the elec-
trode mass. '

Figures 9, 10 and 11 illustrate an expanded side view
partially in section and end views of the respective stud
- sections of still another form of sectiomal contact stud
~which may be employed in the practice of this inven-
tion. The connection means illustrated in Figures 9,
10 and 11 contemplates the placement of the inner stud
sections in the ¢lectrode mass in a substantially hori-

zontal position so that any tendency for the comtact stud .

sections to separate while in operative relation is re-
moved. : :
Referring again in Figures 1 and 2, the elecirode mass
.16 is supplied at the top of the electrode and is con-
tained in a stationary casing 11 as the lower portion
. of the electrode is consumed and the electrode mass 10
.is successively lowered. The siationary casing 11 is

provided with a flange means 12, which serves to sus-

-pend the stationary casing 11 from the framework 13,

the flange 12 resting on a suitable sapdlock 14. A suit-
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- able inner casing 13, such as aluminum foil. may be pro- -

‘vided between the electrode mass and the stationary
.casing. to facilitate freedom of movement therebetween
by reducing the tendency for the. electrode mass 10 to
adhere to the stationary casing 11. Inner casing 15 may
-be omitted, however, if desired. Contact stud inmer
sections 16 which have been provided with suitable con-
- pection means 17 are countersunk into the unbaked
_portion of the electrode mass 10. - This countersuok

arrangement may be accomplished by placing the inner
‘sections 16 in position at the top of the electrode mass *

-19, thus eliminating the necessity of having any openings
)vhats_c_uever in the sides of statiomary casing 1%, or by
.inserting the inner sections 16 through suitable apertures
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18 provided in the stationary casing 11 at points where .

.the lateral pressure of the unbaked mass is relatively low.

‘During operation of the electric furnace and ag the elec-
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tric contact stud inner sections 16 progress downwardly’
as a result of movement of the electrode mass 10 and!
become baked in the electrode mass 10 by heat released
in the lower portion of the electrode, the row of contact
stud inner sections 16 emerge below the permanent cas-
ing 11. ‘The contact stud inner sections 16 may be ad-
vantageously provided with a removable or destructible
shielding means 19, such as an aluminum foil cap, in
order to protect the connection means from any tendency
of the unbaked portion of the electrode mass 10 to ex-
trude into the connection means 17 while the contact stud
inner section 16 is being baked in position. Such shield
means may take the form of an alumigum foil cap or an
aluminum disc with an upset portion to coutact the
sides of the female portion of the inmer section to lack
the shield means in place, Certain types of asphaltic
pastes having the property of low volatility at high tem-
peratures are likewise available to shield the conpecting
portion of the inner section. Similarly a plug pertion
made from suitable material, such as metal or wood,

‘could be utilized. Moreover, the plug means could

embady a sloping face to rest fiush with the opposing
stationary casing surface in much the same manner
as does the sloping face 53 of inner section 44 as iflus-
trated in Figure 8.

When the contact stud inner sections 16 emerge be-
low the permaneni casing 11, the shiclding means 19
may be removed or destroyed and contact stud outer
sections 20 connected to the contact stud inner sections
16 which have become baked in the electrode mass 10.

‘During the downward travel of the electrode the lower-

most row of contact studs become supported by aux-
fliary suspension means preferably depending from the
stationary casing, such as a plurality of chain means 21,
only one of which is illustrated on Figure 1 for the sake
of clarity. When not in use as auxiliary suspension
means, the' chain means 21 may be removed from the
operating area of the furnace, as by securing the free

“end of the chain means 21 to a suitable holding device

mounted on the stationary casing, such as eye 22. With
the lowermost row of confact studs supported by the

“auxiliary suspension means, the bus bars 23 may be de-
‘tached from the lowermost row of contact studs and

mioved to mew position adjacent the newly prepared row

-of siuds, as by vertical adjustment of the master bus
“bar 24 as indicated at 25. On arrival in mew position

the bus bars 23 may be connecied to the new row of
contact studs and the electrode weight retransferred to
the main suspension means operating through bus bars
23. Slight upward movement of the main suspension

-means will then release the auixilary suspension means
-21 -which is then removed from the operating area as

by sécuring the free end of chain means 21 to eye 22
as previously explained, at which time the lowermost
row of studs are removed in the usual manner.

The master bus bar 24 and the suspension bus bar 23 are
vertically adjusiable as indicated at 25 by suitable means
such as a jacking sysiem (not shown) similar to that
disclosed in comnection with Legeron Patent No.
2,169,563, Additional [urnace features necessary for

. efficient operation of the electric furnace, such as hood
. means 26 and gas collecting and exhausting ducts (not

shown), are well known in the art and have been omitted
for the purpose of simplicity of illustration. o
The conmection means necessary between the contact

-stud- inner sections X$§ and the contact stud outer sec-

tions 20 may be of any suitable type which will impart
sufficient strength and electrical conductivity properties
to the resulting connection. As an example of a suitable
conmection means having the requisite strength and elec-
trical properties, Figure 3 illustrates a threaded connec-

. tion whereby the contact stud intersection 30 is provided
. with a female thread portion 31 and the contact stud outer
" section 32'is provided with a threaded male portion 33 and
_a ‘stitable bis bar connection means 34 which may: be
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in the form of.an aperture or projécting bar-like. portions.
Though not essential, nut 35 may. be. utilized as at 36
to lock the.threaded sections together in any desired
relative rotational position to. allow the bus bar connect-
ing portion 34 to be in vertical position for conmection
with bus bars 23 irrespective of the relative rotational
position of the contact stud inner section 30, while at
the same time maintaining a pressure contact between
the threaded portions 31 and 33 to ensure a good condue-
tive contact through the connection. -

Figures 4, 5 and 6 illustrate another form of suitable
contact stud connection means wherein inner section 37
is provided with a female bayonet portion 38 which in-
cludes a stop ledge 39 and a locking ¢am surface 44
The outer contact stud section 41 js provided with a
bayonet type male section 42, having a widzned end
portion and. a suitable bus bar connecting portion 43
for connection. of the contact stud to bus bars 23. Fig-
ure 5 fllustrates an end view of the outer contact stud
section 41 shown in Figure 4, showing the widened male
end portion 42 of the connection means. Figure 6 illus-
trates an end view of the contact stud inner section 37
showing the widened hollow portion 43 suitable for in-
sertion of the key portion 42 and showing in dotted
line the female bavonet section 38 and stop means 39.
In use this form of connection means will require the
placement of the long dimension of opening 43 in hori-
zontal position when the contact stud inner section 37
is. countersunk in the electrode mass. Connection is ac-

cordingly accomplished by insertion of key portion 42 !

through aperture 43 followed by rotation of the outer
contact stud section 41 through 90° to place the outer
contact stud section in lock position and to allow the
bus bars 23 to be connected to the outer contact stud
section 41 as at 43. '

Figure 7 illustrates yet another form of connection
means wherein contact stud inner section 44 is provided
with a recess 45 of preferably conical ¢ross-section, The
coniact stud outer seciion 4§ includes a male connection
portion 47 made up of expandable sections 48 which when
in connecting position are expanded against the sides of
recess 45 of the inner section 44 by suitable means such as
bolt 4% acting through boit head 50 by pressure exerted as
by tightening nut 5. Suitable ¢onnection means 52 are
provided on the outer saclion 46 to allow connection of
the outer.section to suspension bars 23.

Figure § illusirates a form of sectional contact stud.
simijar to that illustrated in Figure 7 in that a male ex-
pandable section is used to comnect the outer section 44
to the inner section 44. Like parts in Figures 7 and 8
are mumbered identically. The form of contact stud in
Figure & differs mainly from that shown in Figure 7
by utilization of a sloped contact face between the inner
section 44 and the outer section 46, Such sloping sur-
face is advantageous in that the sloping face 53 of inner
section 44 may be arranged to be substantially flush with
the surface of stationary casing 11 while the inner sec-
tions are enclosed therein so as to prevent any tendency
for the unbaked paste to flow from the electrode mass
intg the comnection means 45. Sloping facing surface
54 on the stud-outer section 46 when in connecting posi-
tion will become flush with the sloping facing surface
53 of the contact stud inner section 44. The arrange-
ment of Figure 8 also differs from that shown in Figure 7
by utilization of another type of suitable suspension bar
connecting means as indicated at 55.
~ Figures 9, 10 and 11 illustrate yet another type of
sectioned contact stud wherein the inner section 56 is
provided with a female porticn 57 of polygonal cross-
section and the enter seciion 58 is provided with suitabla
suspensicn bar connection means 59 and the male portion
6% of matching polyzonal cross-section, Use of this type
of sactional stud contemplates the horizontal placement
of inner section 56 in the electrode mass so as to obviate
any tendency for the sections to separate when in opera-

10

16

20

25

49

45

6

65

70

76

6

tive arrangement. Figure 10 is & cross sectional view
along the line 10—18 of the outer end section illustrated
in Figure 9, showing an exemplary polygonal cross-sec-
tion of the mals portion 6. Figure 11 illustrates an end
view along the line 11—11 of contact stud inner section
5§ illustrated in Figure 9 and. illustrates an exemplary
polygonal cross-section of the female member 57.

According to conventional practice for the. so-called
horizontal stud arrangement, the contact studs are posi-
tioned in the electrode mass at an angle on the order
of 20° with respect to the horizontal dimension as illus-
traged in Figures 1 and 2. Such downward disposition
of the contact studs has bezn adopted so as to minimize
the power loss in the electrode mass by reducing the
distance between the inner end of the contact stud and
the lower surface of the electrode. However, such slant-
ing disposition gives rise to a tendency for the contact
stud to be forced laterally away from the electrode mass
by the action of the weight of the electrode mass. Place-
ment of the contact studs in a truly horizontal position
serves to remove the tendency for the contact sud to be
forced laterally away from the electrode mass so that
the structure of the contact stud sections may be simplified
since they need not be locked against longitudinal sep-
aration when supporting the weight of the electrode mass.
Such horizontal placement, moreover, need not materially
increase the power loss in the electrode mass since the
minimum average distance permissible between the sur-
face of the contact stud and the lower surface of the
electrode mass may be relatively reduced as a result of
such placement.

It will be obvious that the various features and arrange-
ments of sectional studs, stationary casing and suspension
means disclosed are susceptible of wide application in- the
art. Though the electrode cross-sectional shape illus-
trated in Figures 1 and 2 is rectangular, it will be apparent
such cross-section may be either circular or of other
oblong configuration. A fewer or greater number of
rows of countersunk inner contact stud ssctions than the
five illustrated in Figures 1 and 2 may be utilized depend-
ing on the electrode height desired and the relative posi-
tion of the unbaked portion of the elsctrode mass. More-
over, although the studs are shown in vertical alignment,
the stud sections ¢ould be arranged as well in a staggered
or alternating pattern. Similarly, other forms of suspen-
sion which operate directly from the frame structurs may
be utilized in lien of or in conjunction with the auxiliary
suspension chain means 21 and main suspension bars
23 without departing from the scope of this invention.
Moreover, the bus bar connection means at the outer end
of the outer section may take various forms other than
those disclosed in Figures 3, 7 and § for example, such
as protruding bars on the outer section cooperable with
hook means on the suspension bars 23 or a surrounding
sleeve arrangement mounted on the suspension bars to
encircle the outer end section. Such surrounding sleeve
connection means between the outer section and suspen-
sion bar would be particularly desirable in the stud form
disclosed in Figures 9, 10 and 11 where the stud is ar-
ranged substantially perpendicular to the suspansion bar,
since such arrangement would have an inherepf simplicity
of construction and ease of manipulation.

Although as shown in Figure 2, aperture 18, for the
inszrtion of the contact stud inaer sections into the elec-
trode mass has an axis perpendicular to the stationary
casing, it will be apparent that such aperture 18 may have
sloping sides to facilitate contact stud inner section inser-
tion if desired. Moreover, the contact stud inner section
16 may be placed in position at the top of the electrode
mass rather than being inserted into the sides thereof, thus
eliminating the necessity of having any break whatsoever
in the stationary casing side, if desired, thus further re-
ducing.-the height and weight of the electrode mass.

It will be further apparent that due to the unbroken
nature of the sides of the stationary casing, such casing
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may be externally ribbed in any manner desired if con-
siderations of weight and strength render additional lateral
support desirable.

What I claim is:

1. The combination of a self-baking electrode mass
comprising an upper plastic or unbaked portion and a
lower baked portion, a stationary casing surrounding said
electrode, said casing being provided with a row of spaced
apertures in that zone of the casing where the lateral
pressure of the elecirode mass is relatively low, said aper-
tures adapted to receive inner contact stud sections thers-
through, removable inner sections of two-part contact
studs inserted through said apertures and embedded
within the electrode mass in such manner as to provide
successive horizontal rows of embedded stud sections
along the vertical axis of said electrode, the outer ends of
said inner conlact stud sections being within said station-
ary casing but closely adjacent the wall thereof, each row
of embedded contact stud sections being securely fixed
therein as the electrode mass passes downwardly through
said stationary casing and is progressively baked, and
with the oufer sections of the two-part contact studs
adapted to be conductively connected to the outer end of
the embedded inner stud sections as each row of said
embedded stud sections emerges from the bottom of the
stationary casing.

2. The combination as in claim 1 wherein primary
suspension means are provided for detachable connection
with the outer end portion of the outer sections of the
two-part contact studs and auxiliary suspension means
are provided for detachable connection with the onter
“section of the two-part contact studs at such time when
the primary suspension means is being detached from the
lowermast row of contact studs and connected to the
outer section of the contact studs in the next higher row
which has emerged from the bottom of the stationary
casing. :

3. The combination as in claim 1 wherein the outer
end of the inner section of the two-part contact studs are
provided with means for connection with the onter sec-
tion, said means being in the form of recesses, said inner
stud sections being provided with shielding members
adapted to cover said recesses and to prevent any of the
unbaked electrode material from extruding into said re-
cesses during passage of the electrode mass and embedded
stud sections downwardly through the stationary casing.

4. The ¢ombination of a self-baking electrode mass
having an upper plastic or unbaked portion and a lower
baked portion, a stationary casing surrounding said elec-
trode, said casing having a plurality of spaced apertures
around the periphery thereof in a plane perpendicular to
the vertical axis of said electrode and being in that area
of the casing where the electrode mass is plastic or un-
‘baked, said apertures adapted to receive inner contact
stud sections therethrough, removable inner sections of
two-part contact studs inserted through said apertures
-and embedded in the electrode mass in such manner as
to provide successive horizontal rows of embedded stud
sections along the vertical axis of the electrode, the outer
ends of said embedded stud sections being flush with the
inner sarface of said casing, each row of embedded stud
sections being securely fixed in the electrode mass as it
passes downwardly through said casing and is baked, and
with. the: outer sections of the two-part contact studs
adapted to be connected in current carrying manner with
the outer end of the embedded inner stud sections as.each

" row of said mner stud sectiong emerges from the bottom
«of the stationary casing,

5. The combination as in claim 4 wherein primary sus-
pension means are provided for detachable connection with
the outer end portion of the outer sections of the two-
part contact studs and shielding means are provided on
the outer ends of the inner embedded stud sections during

10

15

20

25

30

35

40

GY

8

passage of the electrode mass through said casing to pre-
vent adherence of electrode maierial over said outer ends
and thus insure good conductive conmection between the
inner and oufer contact stud sections.

6. The combination of a self-baking electrode compris-
ing an upper plastic or unbaked portion and a lower
baked portion, a stationary casing surrounding said elec-
trode, a plurality of removable inner sections of two-
part contact studs embedded within the elecirode in such
manner as to provide successive horizontal rows of em-
bedded stud sections along the vertical axis of said elec-
trode, the outer ends of said inner contact stud sections
within said stationary casing being closely adjacent the
inner wall thereof, cach row of embedded contact stud
sections adapted to be securely fixed within the electrode
as the electrode mass passes downwardly through said sta-
tionary casing and is progressively baked, and a plurality
of outer sections of the two-part contact stads adapted
to be conductively connected to the outer end of the
embedded inner stud sections as each row of said em-
bedded stud sections emerges from the bottom of the
stationary casing.

7. The combination of a self-baking electrode compris-
img an upper plastic or unbaked portion and a lower baked
portion, a stationary casing surrounding said electrode
with said lower baked portion extending below the bottom

-of said casing, said casing having a plurality of spaced

apertures in that zone of the casing where the electrode is
Plastic or unbaked, said apertures adapted to receive inner
contact stud sections therethrough, removable inner sec-
tions of two-part comtact studs inserted through said
apertures and embedded within the electrode in such
manner as to provide successive horizontal rows of em-
bedded stud sections along the vertical axis of said elec-
trode, the outer eads of said inner contact stud sections
within said stationary casing being adjacent the inmer
wall thereof, each row of embedded contact stud sections
adapted to be securely fixed within the electrode as the
electrode mass passes downwardly through said stationary
casing and is progressively baked, and 2 plurality of
outer sections of the two-part contact studs conductively
connécted to the outer end of the embedded inmer stud
sections as each row of said embedded stud sections
emerges from the bottom of the stationary casing.
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The present invention relates to a process for the
operation of electric furnaces by means of continuous
electrodes provided with a metal shell and a metal rein-
forcement, said electrodes being baked in the furnace in
which they are utilized. Said process consists in fitting
the bottom edges of the current supplies in the unbaked
part of the electrodes about 1 to 5, possibiy also 2, or 3,
or 4 meters above the upper end of the baked part of the
electrodes, in conducting the current only through the
meial shell and the metal reinforcement to the baked
part of the electrodes, and in maintaining in these metal
paris a ¢urrent density not exceeding 2.5 amperes/mm.?
of the cross-section of the metal, for example the cross-
section of iron. The process furthermore consists in that
an elecirode is used of which the metal shell and the
metal reinforcement have a cross-section which, depend-
ing on the current density, suffices to prevent these metal
parts from becoming hotter than 4-360° C. in the course
of the operation when the current passes through them.
In addition, the specific current load exeried on the total
¢lectrode does not exceed 4 amperes/em.? of the cross-
‘section of the electrode,

The general make-up of a furnace and electrode as-
sembly which illustrates the siate of the prior art but
not the improvement as found in the pressnt invention is
disclosed in U.S. Patent 1,440,724 issued to Soderberg.

It has already been proposed to fit the current supplies
in the unbaked part of the continuous electrodes, and jt
bas, on the other hand, also been endeavered to utilize the
meial shell and the metal reinforeement of continuous
clectrodes for the current supply from the unbaked part
to the baked part of the electrode; however, up to now
the current supply has been positioned as close as pos-
sible to the baked part of the electrode or the current
supply has been mounted on that part of the elecirode
that had already bezen baked. It was thus atternpted to
keep the passage from the electrode supports to the lower
end of the electrode as short as possible and, in order to
attain this object, electrode supports projecting into the
furnace were used in which the current supply was fitted
in the closed furnace beneath the cover of the furnace.

Now, T have found ihat it is possible to dispense with
such electrode supporis projecting into the furnace and
to install the current supplies far above the upper end
of the baked part of continuous electrodes by maintain-
ing in the metal shell and the metal reinforcement a cur-
reni density not exceeding 2.5 amperss/mm.? of the
cross-section of the metal, for example the cross-section
of iron.

By limiting the current load, it is possible to conduct
the total current supplied througl the metal shell and the
metal reinforcement to the baked part of the elecirods
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when cobserving, moreover, the measure of maintaining
the cross-section of the metal shell and the metal rein-
forcement such that these metal parts do not become
hotter than +4-500° C. when the current passes through
them in the course of the operation.

When the current density is higher than about 2.5
amperes/mm.2 of the cross-section of the metal, for ex-
ample 4 to 5 amperes/mm.2 of the cross-section of the
metal, the metal shell and the metal reinforcement be-
come so hot due to the current passing through them
and due to the heat passing up from the furnace that
their breaking strength is impaired so that it occurs that
the electrode breaks in the vicinity of the baking zone
due to dits own weight.

When maintaining the cross-section of the metal shell
and ihe metal geinforcement great enough that both
metal parts do not become unduly hot even in the case
of a current density of, for example, 4 to 5 amperes, the
cross-section of the shell and the reinforcement would,
in the case of using iron, become so large that teo much
iron would get into the melt of the electric furnace which
would render it impossible to work in an economzc
manner,

Thus, according to the invention, the cross-section of
the metal shell and the metal reinforcement must be kept
small. It need only be such that a corrent density not
exceeding 2.5 amperes/mm.2 of the cross-section of the
metal, for example the cross-section of iron, Jdoes not
cause an undue haating.

The specific current load for the total electrode must
not exceed 3 to 4 amperes/cm.? of the cross-section of
the electrode in order that the baking zone is as close as
possible to the lower end of the elecirode, ie. that the
baked part of the electrode is short. When admiitting a
higher current density, for example 6 to 7 amperes/cm.2
of the cross-section of the electrode, the electrodz would
in any case be baked right into the zone of the current
supplies.

Experience has shown that continuous electredes can
only be operated in a satisfactory manner when the baked
part of the electrode js short, i.e. when its length does not
exceed double the diameier of the elecirode. When a
longer section of the electrode has been baked, this long,
baked trunk ds not only exposed to an jncreased extent
to mechanical transverse forces but, due to its higher
weight, is too much of a load for the electrode shell and
its iron reinforcement from which the baked trunk is
suspended wholly or to a considerable extent.

In comparison with the electrode supports projecting
into the furnace which have been used hitherto, the
process according to the invention has the advantage that
the complicated cooling device being installed in closed
furnaces below the furnace cover can be dispensed with
and that the support need no longer project as closely as
possible into the furnace bui, on the contrary, can be
fitted as high up as possible at the electrode.

Apart from the fact that the current supplies are thus
exposed to a lesser strain by the fumace heat and owing
to the less complicated construction, the invention offers
the advantage that the current supplies need only be ad-
justed at long intervals because, the longer the distance
from the cover of the furnace to the curreat supply, the
longer the intervals at which the current supplies on the
electrode have to be adjusted, The corrent supply on
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the elecirode can thms travel downward with the electrode
in the same manner as before for a considerably longer
distance before it becomes necessary to pull the current
supply up again because it has arrived at the bottem of
the furnace cover.

A further modification of the inventicn consists in using
stationary current supplies and supporting, lifting and
lowering 'devices engaging at she upper ends of the
electrodes.

In this manner the advantage is gained that the current
supplies need no longer be adjusted at all bacause they
ne longer travel dowmward with the electrodes and are
then pulled up again but are, for example, fixed opposite
the cover of the furnace. )

When working according to this modification, the cur-
rent supplies are suitably only used in this capacity.
The supporting, lifting and lowering of the elecirede is
effected Ly devices engaging at the upper end of the elec-
trodes, for example at the top section of the electrods
shell

For the operation of furnaces by ineans of ceniinnous
electrodes according te the invention it is, furthermore,
of considerable adwvantage that attention need not be paid
to the state of baking of the electredes.  The baking zone
of the electrode must, of course, remain beneath the cover
of the furnace.

It was to be expected that a current condensation to
the outside would occur in the electrodes so that the
cross-section of the iron shell and tie iron reinforcement
would not suffice to conduct the current from the current
supply to the baked part of the electrode without an
excessive heating of the iron parts occurring.

It was all the more surprising that, in spite of the
skin effect, such a passage of current is possible without
increasiny the plate thickness of the electrode shell even
when the cross-section of the metal shell and the metal
reinforcement is only as large as permitting a load of at
most 2.5 amperes/mm.? of the cross-section of the metal.

-The single FIGURE of the drawing is an elevation
partly in section showing the apparatus of the invention.

The following example serves fo illustrate the inven-
tion, but it is not intended to limit it thereto:

Example

In a closed electric furnace for the preparation of
phosphorus, three continuous electrodes 1 {only one being
shown) of each 1350 mm. cross-section are arranged at
the corners of an ¢quilateral triangle whereby the distance
between the axis of the electrodes is about 3000 mm.

The interior of the furnace is sealed against the out-
side atmosphere by a fornace lid 2 and by stuffing rings
3 arranged around the elecirodes. The elecirodes have
an iron jacket 5 of 2 mm. thickness of the sheet and have
2 total iron cross-section together of about 220 cm.2.

The electrodes extend downwardly from ihe furnace
lid about 3500 mm. average into the furnace interior
{a plus &). The combustion zone in which the clectrode
substance Is baked in the interior of the ¢lectrodes has its
upper end about 500 mm. below the surface of the fur-
nace lid . The electrode porijon § below this combus-
tion zomn¢ ig solid, but portion 7 above this combustion
zone is not baked and is somewhat soft.

The socket of the ¢lectrodes carrying the current con-
sisting of, i.e, of a ring of ten contact plates § pressed by
a throst collar 9 each of a length of 120 ¢m. ¢ is ar-
ranged so that it is above the furnace lid, namely with its
bottom edge about 1 to 5 m. above the upper end -of the
burned part 4, that is about 0.5 to 4.5 m. above the upper
surface of the furnace Iid c.

The furnace is now charged with the composiiion
known for the manufacture of phosphorus and consisting
of crude phosphate, carbon and silicic acid raw material
and with an electric current of about 55,000 amperes per
electrode. The wvoltage changes with the furnace effi-
ciency desired in each case and amounts to several 100
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volts. In the course of this operation, the electrodes do
noi become excessively overheated. The furnacs can be
operated in the usual manner.

1t should be noted in this copnection that the passage
of the curtent need by no means solely bring about the
heating but that the highest temperature occurs in the
vicinity of the baking zone, i.e. within a zone in which
the furnace heat passing up is also eflective.

The novel process offers the advantage that the elec-
trode supports projecting into the furnace and their com-
plicated cooling devices can be dispensed with, that the
electrode supporis supplyipg the corrent need only be
adjusted at longer intervals than usual hitherto or need
net be adjusted at afl at the electrodes, furthermore the
construction of the device serving to displace the elec-
trode can be more simple and the elecirode operated
solely according to operationai requirements, without
having regard to its state of baking. )

In the process of the invention, the baked trunk of the
electrode shall mot exceed a length of about double the
digmeter of the electrode and thus not exceed a weight
of, for example, 6 tons,

In a certain zone of the elecirods, i.e. where the sup-
porting fonction is transferred frem the iron shell to the
solidified electrode, the electrode, the iron shell and the
iron reinforcement are—when maintaining the aforesaid
weight—ijust about in a position to support the baked
trunk of the electrode with safety.

The corrent load of the cross-section of the metal shell
must, therefore, be kept below ithe aforesaid limit in
order that the iron of the shell, in the critical range just
above the baking zone, does not become hotter than is
necessary to bring about the solidification of the electrode
mass. Thus a normal electrode shell will not be heated
to a substantial degree upon ths passage of 2.5 am-
peres/mmi?  Only in the vicinity of a temperature of
+500° C. would a current density higher than 2.5
amperes/mm.? endanger the solidity of the iron.

The total load of the electrode may not exceed 3 to 4
amperes/cm.2 since, otherwise, there would be baked too
long and too heavy a part of the electrode so that, ac-
cording to experience, the stability of the continuous
electrode would be impaired.

The process for the operation of electric furnaces by
means of continnous electrodes equipped with a metal
shell and a mefal reinforcement, said electrodes being
baked in the furnace in which they are utilized, is thus
characterized according to the present invention by the
following features:

(#} The corrent supplies are fitted in the unbaked part
of the electrodes in a manner such that their lower edge
is about 1 to 5 meters above the upper end of the baked
part of the electrodes;

{5} The current is only conducted through the metal
jacket and the metal reinforcement to the baked part of
the electrodes;

(¢) The current density in the metal shell and the
metal reinforcement is adjusted such that it does nof ex-
ceed 2.5 amperes/mm.=;

{d) The proportion of the cross-section of the metal ~
shell and the metal reinforcameni to the ¢ross-section of
the total electrode is adjusted such that the specific cur-
rent load exerted on the total electrode does not exceed
4 amperes/cm.?,

Finally, there are used stationary current supplies as
well as supporting, lifting- and lowering devices which
engage the electrodes at their upper ends.

I claim:

In a process for operating electric furnaces with per-
manent electrodes equipped with metallic reinforcements,
said electrodes being baked in the furnace in which they
are used, wherein current is supplied to the unbaked part
of the electrodes at a spaced distance above the upper
end of the baked part of the electrodes and wherein said
current is conducted only through the metallic reinforce-
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ments to the baked part of the electrode while main- of the entire electrode does not exceed the valve of 4
faining the current density in the metallic reinforcements amperées per cm.Z,

up to 4 amperes per mm.? the improvement which com-
prises supplying the current to the unbaked part of the
electrodes at g distance of about 1 to § meters above the §

upper end of the baked part of the electrodes, aaintain- 1,440,724
ing the current density in the metallic reinforcements up 1,498,582
to at most 2.5 amperes per mm.2, and proportioning the 1,972,849
cross-sections of the metallic reinforcements to the cross- 2,193,434

section of the general electrodes so that the specific load 10 2,338,936
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The present invention relates to electde furnace proc-
esses which employ self-baking electrodes, More particu-
larly, the present invention relates te a method for mini-
mizing delays in electric furnace processes which occur
due to breakage of self-baking electredes during operation.

Self-baking electrodes of the type disclosed in United
States Patent 1,440,724 to S6derberg are employed in
variouis operations in the electric furnace industry. It is
@ characteristic of these electrodes, commonly called
“Siderberg” electrodes, that only the baked lower end
portion is electrically conductive to any appreciable extent
with the wpper portion of the self-baking electrode com-
prising a metal-sheathed highly viscous, plastic mixwmre
of carbonaceous matter with a binder such as pitch or tar.
Under operating conditions, electrically conductive clamps
are arranged in contact with the metal sheath for the pur-
pose of supplying electrical energy to the electrode. The
metal sheath serves as the main conductor of electric cor-
rent in the electrode column above the fully-baked portion
of the electrode, which portion extends downward from
just below or slightly within the contact clamps.

As the lowermost portion of the electrode is gradually
consumed in the electric furnace, the electrode column is
progressively lowered into the furnace through the clamps,
additional mix being added at the top of the electrode
colwnn for the purpose of maintaining continuous furnace
operation. As a result of lowering ihe elecirode through
the clamps, additional unbaked mix material is exposed
to the heat developed in the furnace and in the sheath.
This mix materizl is consequently baked and becomes
bonded to and integral with the already baked lower por-
tion of the electrode. In order to achieve continuous fur-
nace operation, it is necessary that an effective bond exist
thronghout the baked portion of the electrode. Since the
materials in the electrode mix, coal, pitch and the like, are
natural unrefined substances and therefore wvariable in
characteristics, satisfactory bonding is not always achieved.
As a consequence, when a poorly bonded zone is present
below the electrode ¢lamps, a break sometimes oceurs,
resulting in a so-called stub, and it becomes necessary to
shut-down the furnace., Under these circumstances, the
presently known practice Is to break up the stub, by blast-
ing or other means, so that it can be removed from the
furnace. After removal of the stub, a steel plate is welded
over the lower end of the electrode column to prevent, if
possible, loss of the nlastic mix above the break. The con-
ventional procedure for starting @ new electrode is then
followed in order to produce a sufficiently extended new
baked portion below the electrode clamps which can be
safisfactorily employed in the formace, This entire opera-
tion, ie. yemoval of the stub and generation of a new
baked portion, generzlly requires between six and eight
days, depending on the size, ie. diameter, of the electrode,
and accordingly a severe economic penalty is placed upon
the furnace operation.

It is therefors an object of the present invention to pro-
vide a method for restoring an electric furrace to fall
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operation with a minimum of delay after the occurrence
of a stub-forming break in a self-baking electrode em--
ployed in the furnace.

Other objects will be apparent from the following de-
scription and claims taken in conjunction with the draw-
ing in which:

FIGURE 1 shows, somewhat schematically, an eleva-
tion view of a self-baking electrode which has experienced
a stub-forming break.

FIGURE 2 shows the elecirode column of FIGURE 1
Iowered in position to establish a forcible mating contact
with the stub, and

FIGURE 3 shows a clamp for engaging the electrode
colomn and stub which can be used in those instances
when a satisfactory close fitting contact between the elec~
trode column and stub ¢annot be achieved.

In accordance with the present invention, a method for
repairing a self-beking electrode which has experienced
a stub-forming break in an eleciric furnace comprises
bringing the mating surfaces of the severed portions of
the electrode into forcible contacf; and supplying between
about ¥4 and ¥4 normal operating power o the electrode
vntil additional electrode material is baked which is suf-
ficient to permit normal furnace operation to be resumed.

With reference to the drawing, FIGURE 1 shows a
self-baking electrode X having an vpper unbaked section
3, enclosed by a metal sheath 5, and a lower baked sec-
fion 7, Electrically conductive clamps 9 are arranged to
contact sheath 5 and conductor 11 is provided to supply
eleciricai energy to the electrode from a suvitable source
{not shown). A portion of the baked section of the elec-
trode, stub ¥3, has broken away from the electrode column
and seitled slightly info the surrounding furnace charge
15 requiring shut-down of the furnace operation.

In accordance with the present invention, and as illus-
irated in FIGURE 2, the upper column of the electrode
is lowered and thereby brought into close mating contact
with stub 13, the stub being arranged in axial alignment
with the electrode column. When the mating surfaces
of the siub and electrode column are aligned and in
contact, a forcible contaet is provided by causing a por-
tion of the weight of the electrode column to be sup-
ported by the stub.

Under most circomstances, when repairing a 42 inch
diameter electrode, a force of about 2 to about ¢ pounds
per in.2 between the elecirode column and stub is suf.
ficient.

After forcible contact is established, electrical energy
is omce again supplied to the electrode through clamps
9. However, the value of the power input is restricted
to between about L4 and ¥4 normal operating value, The
amount of heat developed in the furnace by the reduced
power input will result in satisfactory continued baking
of the plastic mix while at the same time causing the
lowermost portion of the electrode to be gradually con-
sumed in the furnace. A higher power input, on the
other hand, will tend to disrupt the forcibls supporting
contact ‘betwen tihe electrode column and stub and also
prevent consumption of the stub ‘as a result of ibe in-
creased amount of heat and evolution of gas at the rela-
tively high electrical resistance contact between the stub
and electrode column. Lower values of power input
have not been found sufficient to provide setisfactory bak-
ing of additional mix to compensate for consumption of
the electrode,

Normal operating power values for electric furnace
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operaticas vary depending on the diameter of the par-
ticular elecirode and to some extent on the particular
mix employed. In general, however, normsal operaiing
power ranges between 12 megawatts and 25 megawatls
for electrodes having diameters between 42 and 56
inckes, Accordingly, the reduced power input values em-
ployed in the method of ¢he present invention witl most
ofien range between about 3 mw. and 3 mw.

In the practice of the present invention, the reduced
electrode power, i¢. between 34 and ¥4 normal value,
is applied continuously, except for short interruptions
about every thrze or four hours to permit safe observa-
tion of the contact between the elsctrode column and
stub. As previously mentioned, the lowermost portion of
the stub is. gradually consumed in the practice of the
present invention and accordingly the electrode column is
lowered, ie. slipped to the same extent. As a result of
the slipping, additional electrode mix is exposed to high
temparatures and is consegueatly baked and bonded to
ihe existing baked portion of the electrode.

Puring the period when the electrode power input is
between 4 and Y5 normal, the electrode is preferably
operated in a carbon deficient furnace so that the contact
between the electrode column and stub can be convenient-
ly inspected. In the case of a calcium carbide furnace,
the surrounding charge during ihis period would be pre-
dominantly Hme. :

Under most circumstances, with self-baking electrodes
of the type usually employed, the baking of a new portion
of clecirede mix sufficient to permit normal furnace opera-
tion will be completed in about 40 to 48 hours. Most
often the electrode stub will hiave been substantially con-
sumed in the same amount of time. If the stub has not
been completely consumed by this time, the application of

increascd power to the electrode will accomplish this re- :

sult in @ very short period. In comparison with the 40
tc 48 hours required in the present invention, when using
previcusly known techniques for the same purpose, be-
tween six and eight days were required before normal
furunace operaiion could be resumed,

It sometimes happens that a close fitting of the stub
and electrods column caanot be achieved over a major
portion of the joint. Under these circumstances, there is
& very substantial electrical resistance at the contacting
surfaces and the consequent I2R generation of heat is
considerable and causes excessive evelution of gas from
the mix binder which tends to disrupt the supporting con-
tact between the stub and electrode column and also ve-
duces consumption of the stub. In order to reduce the
excessive and undesirable generation of heat within the
joint, an electrically conductive path is provided between
the adjacent peripheral surfaces of the column and stub
and shunting the joint. In this manner, the amount of
heat at the vicinity of the joint is tolerabie while the cur-
rent in the lower baked portion of the electrode is suffi-
cient to provide the heat necessary for satisfactory baking
of additional mix as the electrode is slipped, and for con-
sumption of the stub, In a preferred embodiment, the
shuniing elecirically conductive patk is in the form of a
metal clamp of the type iflustrated in FIGURE 3. The
clamp of FIGURE 3 is suitably formed of steel plate and
is seen to be constructed in two sections, 17 and 49, al-
though more than two sections can be employed when
dasired.

When assembled, the clamp is cylindrical in form having
a diameter corresponding to that of the electrode to be
repaired. The clamp must be long enough to enclose the
joint and provide an effective contact between the elec-
trode column and stub, It is also of advantage to I.nalce
the clamp sufficiently long 1o 2 sist in mechanically
strengthening the joint. )

As shown in FIGURE 3, each section of the clamp is
provided with drilled flanges 21 and 23 through which

bolts may be fastensd to secure the clamps about the’

jeint (not shown). The inner surface of cach clamp
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section is provided with stubs 23 for the purpose of pene-
trating the electrode to thereby ensure good elecirical con-
tact and mechanical strengthening of the jeint by reduecing
the possibility of relative movement between the electrode
column and the stub.

The following examples are provided to more clearly
illustrate the present invention:

Example T

A three-phase electric furnace employing 42 inch di-
ameler Shderberg electrodes was in operation for the
manufscture of calcivm carbide. A break occurred in
one of the electrodes at between 6 and 14 inches below
the contact plates at an angle of about 10 degrees from
horizental. The resulting stub, about 75 inches in length,
seitled several inches into the surrounding furnace charge
and tilted slightly from wertical, The electrical power
input to the furnace was discontinued when the break was
detected.

The stub was returned to axial alignment with the elec-
trode colurn which was then jowered into mating contact
with the stub. In order to ensuvre improved conduciivity
across the break, a steel clamp of the type illustrated was
arranged around the joint between the electrode column
and stub. The clamp was made from 3% inch plate
having studs located on about 3 inch centers, The length
of the ¢lamp was 20 inches. -

After the clamp was in place, about ¥4 pormal operat-
ing power was applied to the electrode. At about three-
hour intervals the power was shut off for a few minates
10 permit safe inspection of the joint. As the lower end
of the stub was consumed and baking of the mix pro-
gressed, the electrode was lowered further into the furnace
and the forcible contact between the stub and electrode
column was maintained. :

After the elapse of 40 hours, 70 inches of new electrode
had been baked which was sufficient to permit normal
furnace opsration. Additionally, at the end of the same
period the stub had been substantiaily coansumed. The
elecirode power dinput was therefore gradually increased
to the normal value at this time and full operation of the
furnace was resumed.

Example I

In anotter furnace of the same type an electrods break
occurred and essentially the same procedure was followed
except that a ¢lamp was not employed since an almost
total close mating contact was achieved between the sev-
ered portions of the electrode., Full operation of the fur-
nace was resumed within 40 hours.

1t can be seen from the above description that the present
invention constitutes a beneficial contribution to the art
by providing a method for restoring an electric furnace to
full operation in a relatively short period of time after the
occurrence of breakage of a self-baking electrode in the
furnage.

Wiiat is claimed is:

1, A method for minimizing the delay in normal opera-
tion of a self-baking elestrode which results from a stub-
forming break in the baked portion of the electrode, said
method comprising bringing the opposite surfaces of the
severed poriions of the electrode into foreible coniact;
supplying between abouwt ¥4 and 5 normal cperating
power to the electrode aad providing a continuous supply
of unbaked electrode mix and progressively lowering the
electrode until sufficient electrode mix material is baked
to permit resumption of normal electrode cperation.

2. A method in accordance with claim 1 wherein the
stub of the electrode is caused to support a substantial
portion of the electrede weight to thereby provide a fore-
ibie contact between the severed portions of the electrode.

3. A method in accordance with claim 1 wherein an
¢lectrically conductive paih is provided between the pe-
ripheral surfaces of the severed porlions of the electrode
fo reduce the generation of heat at the contacting electrode
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surfaces and thereby avoid disruption of the forcible con-
tact therebetween.

4, A method in accordance with ¢laim 1 wherein an
elecirically conductive paih is provided between the pe-
vipheral surfaces of the severed portions of the elecirode
to reduce the generation of heat at the coniacting electrode
surfaces and thereby avoid disruption of the forcible con-
tact therebetween, said electrically conductive path being

6

in the form of a metal clamp engaging the severed por-
tions of the electrode,
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ABSTRACT OF THE DISCLOSURE

An improved elecirode for an electric furnace having
an elecirically conductive outer casing, and electrically
conductive, tubular shell positioned inside the casing to
form an annnlar space between the shell and the casing,
and electricalty conductive support means connecting the
shell and casing, & heat insulating material filling the an-
nular space between the shell and casing and an electrical-
Iy and thermally conductive, thermally sensitive carbon-
forming composition inside said tubular shell,

This invention refates to improved novel electrodes for
elecitic furnaces and to processes utilizing them. More spe-
cifically, it relates to an improved novel electrode for
electric furnaces utilizing carbon electrodes in the process-
ing and treatment of raw materials which are electrically
reduced,

There are a largs number of processes which use elec-
tric furnaces such as processes for the production of ele-
mental phosphorus, iron, and aluminum from ores con-
taining their respective oxides. Other well known proc-
esses are those in which alloys of various metals are pro-
duced such as alloys of silicon, chromium, manganese,
cobalt and the like and for the production of certain
chemicals such as calcium carbide, alumina and the like.

The electrodes most commonly used in electric for-
naces are carbon electrodes. These electrodes are con-
tinuously consumed during normal operations because of
the extremely high heat and the corrosive gas produced
from raw materials, The pre-baked solid carbon electrods
is one of the types that has generally been used heretofore
and is fabricated as a unit prior to insertion into the fur-
nace. As the electrode is consumed, continuous co}umns
are built by wsing various connecting means to join the

individual pieces together. In some instances, particularly

when the electrode is relatively large in diameter, that. is
excess of about 4 feet, the connecting means is ofteq in-
adequate and often results in a portion of the partially
consumed electrode dropping into the furnace. The e]‘ec-
trode “breakage” results in high electrode consumption
and unsatisfactory furnace operation.

Axt additional type of electrode has been used in some
instances and is referred to herein as the “self-ba!ung”
type of electrode, This electrode consists of an electrically
conductive casing and fins extending inwardly for sup-
porting a paste which is electrivally and thermally con-
ductive but which is thermally sensitive apd partially
decomposes to form carbon. The paste consists o:f rela-
tively small carbon granules and hydrocarbons. Thls’ mix-
ture is relatively plastic at the temperatures at which it
is placed into the electrode which generally are iq the
range of from about 0° to about 200° C. The higher
temperatures which exist inside the furmace cause the
hydrocarbons to vaporize and to decompose to carben.
The vaporized material escapes downwardly, the hydro-
carbons are decomposed 1o carbon due to the high tem-
perature and the carbon deposits in the voids between
the carbon granules. A carbon tip is thereby produced
which is extremely resistant to the high temperatures and
corrosive gases inside the furpbace. The gases ingide the
furnace are quite corrosive upon most materials from
which the casings are made, particnlarty at the high tem-
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peratures that exist in the furnaces, therefore, holes tend
to be corroded in the ¢asing. The vaporized hydrocarbosas
and the hydrogen which evolves during decomposition of
the hydrocarbons escapes through the holes in the casing
and not downwardly through the tip of the clectrode.
The escape of either the vaporized hydrocarbons or the
hydrogen in this manner results in a carbon which is less
resistive to the hot gases and high temperatures. The
electrodes are consumed more readily and in some in-
stances the lower portion breaks resulting in unsatisfac-
tory furnace operation. The seli-baking electrodes also
may be constructed in a continuovus manner by building
additional colemns of the casing and fins and then &lling
the ¢olumns with the electrode paste.

The problems with electrode breakage and elecirods
consumption become more acute with both types of elec-
trodes as the diameter of the electrode increases because
current density at the tip of the electrode increases as
the diameter increases. It has been reported that electrode
burn-off increases approximately as the ratio of the square
of the current density after an optimum current density is
reached. The optimum current density will depend upon
the particular furnace design and the particular process
employed. Electrode “breakage,” that is, the dropping
off of major portions of the electrode also increases as
the diameter of the electrode increases because of the
higher temperatures created by the higher current densi
ties.

The present invention overcomes many of the difficul-
ties heretofore encountered by the previous electrodes by
insuring that the carbon which is formed upon the de-
composition of the hydrocarbons is deposited in the voids
between the carbon granules in the paste,

The improved seif-baking electrode of this invention
has an outer electrically and thermally conductive casing,
and an electrically and thermally conductive tubular shell
positioned inside the casing to form an anmular space
between the shell and the casing. These elements will
generally be round in shape, however, other geometric
figures, such as ovals, hexagons, octagons and the like
can be used with satisfactory resulis. The casing and
the shell are connected and held in their relative positions
10 each other by electrically and thermally conductive
support means, which can be, in general, any shape such as
fins, studs, ribs and the like. The annular space between
the casing and the shell is filled with a heat insulating
material. Typical heat insulating materials include the
cements used in furnace mortar and brick work which
will be described more in detail hereinafter. The space
inside the shell is filled with an electrically and thermally
conductive, thermally sensitive, carbon-forming composi-
tion or paste, Typical examples include the electrode pastes
normally employed in self baking types of electrodes.
which also will be described in more detail hereinafter.

The casings which can be constructed from non-metallic
materials of construction such as electrically conductive
resing, structural carbor and graphite, fused silica and the
like or metallic materials which are either ferrous mate-
rials such as carbon steel, cast iron, the varions stainless
steels, copper-coated steel, alloys of irou and aluminum
and the like as well as the non-ferrous materials such as
nickel, various nickel alloys of nickel and tin, alloys of
nickel and copper, titanium, and the like. In most in-
stances, metallic materials will be preferred. In most
processes, ferrots materials will be satisfactory since they
are relatively inexpensive and are electrically and ther-
mally conductive, Of the ferrous materials, carbon steel is
especially preferred. In some instances, however, when
the temperatures inside the furnaces are relatively high,
such as in the production of elemental phosphorus, it is
preferred- to construct the casing primarily from carbon
steel and use a relatively thin layer of a highly electrically



3,365,533

3

conductive material such as copper, aluminum and various

highly eclectrically conductive alloys. This preferred em-
bodiment enables a reduction in the operating temperature
of the casing by reducing the electrical resistance and
retains a relatively low cost casing. In most instances
copper will be the preferred material for plating the
carbon steel. The thickness of the layer of the highly con-
ductive material will be dependent upon the parficular
elecirode and the thickness of the casing. In most in-
stances the layer will be from about 1.0% to about 25%
of the total thickness of the casing.

The shell and support means can generally be con-
structed of carbon steel, however, any of the materials
which are suitable for the casing can be used for either
the sheli or the support means. .

The heat insulating material can be, in general, any
material which is thermally and electrically stable up to
about 700° C, and has a thermal conductivity coefficient
of below about 12 B.t.u./hr./sq. ft./* F./ in, at about 500°
F. In most instances it is preferred to use an insulating
material which will undergo a hydraulic set at tempera-
tures as low as about 25° C. and will undergo a thermal
sef at temperatures of about 600° C. Suitable materials
include those which have thermal and electrical stability
equivalent to the various refractory materials such as a
high alumira content cement, cements prepared from
bauxite clay, chrome brick, fireclay brick and the like.
Especially preferred are the high almmina content cements
that have a thermal conduciivity coefficient of about 2
to 5 B.tu./hr./sq. ft./° F./in. at about 500° F.

The paste which is thermally and electrically conduc-
tive and which is partially decomposed to form solid
carbon is typically a blend of carbon granules and a high
temperature pitch such as that obtained from petroleum
and coal tar distillation. The carbon granules arc generally
smaller than about 34 of az inch and generally constitute
from about 75% to about 83% by weight of the mixture,
with the pitch constituting the remainder of the material.
Suitable materials include those known in the art used
in the traditional self-baking electrodes.

Electrode breakage is significantly reduced in the
elecirode of this invention because “weak”spots are not
developed in the carbon and mechanical linkages are not
employed in the carbon portion of the electrode. The
invention therefore enables the use of larger elecirodes
with apprecizble less electrode comsumption. The elec-
trodes of this invention can also be continuous electrodes,
that is, colemns can be built containing the casing, support
means and shell upon the partially consumed electrode
and then the cement and paste pours into place.

Electrodes for electric furnaces can be either solid
or “hollow.” The solid electrode is utilized on furnaces
where the furnace burden is fed to the furnace externally
to the electrode. “Hollow" electrodes have ore or more
passages running the length of the electrode and thereby
enable the burden to be fed through the electrode to the
furnace hearth. “Hollow” electrodes are also used to
provide a passage for removal of the gases which are pro-
duced in the furnace. The electrode of this invention can
be either the solid type or the hollow type as desired for
the particular use. In the hollow electrode of this in-
vention at least one tubular member runs inside the paste
the length of the electrode. This member can be con-
structed from any of the materials used for the casing,
however, in most instances it will be made of carbon
steel since the temperatures inside the passage will nor-
mally not be as high as those ouiside the electrode, since
the tubular member will not generally carry the electric
current. Tn most instances the tubular member will be
round in shape, however, other shapes can be used if
desired. In most instances only one tubular member is
necessary, however, if desired a plurality of members can

be used.

" Two specific embodiments of the invention will now
be described with reference to the accompanying drawings
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4
in which FIGURES 1, 2 and 3 refer to a solid electrode
and FIGURES 4, 5 and 6 refer to a hollow ¢lectrode.

FIGURE 1 is a longitudinal sectional view of a phos-
phorous furnace equipped with a solid electrode of this
invention. .

FIGURE 2 is an enlarged view of a horizontal seg-
ment taken along line 2—2 in the elecirode of FIGURE 1.

FIGURE 3 is an enlarged longitudinzal sectional view
of a segment of the lower portion of the electrode of
FIGURE L.

FIGURE 4 is a longitudinal sectional view of an elec- -
tric furnace equipped with a hollow electrode of this
invention.

FIGURE 5 is an enlarged view of horizontal segment
taken along line 4—4 in the electrode of FIGURE 4.

FIGURE ‘6 is an enlarged longitudinal sectional view
of a segment of the lower portion of the electrode of
FIGURE 4.

With particular reference to FIGURE I, a phosphorous
furnace 16 is provided with a solid electrode il. During
operation, a burden is supplied to the furnace through
a conventional means 12 and an electric current is sup-
plied to ths electrode 11 through a conduit 13. The carbon
steel casing 14, receives the curent and transmits it
through the carbon steel support means 15 (shown in
FIGURE 2 which are fins extending the length of the
electrode) and the carbon sieel tubular shell 16 to an elec-
trically and thermally conductive, thermally decomposable
paste 17. During operation the temperature of the lower
portion of the electrode 11 is about 2000° C. This results
in the electrode being gradually consumed. The tempera-
ture outside the furnace housing above the sealing means
18 will gencrally approach the temperature of the air,
however, due to the conduction of héat from inside the
furnace, the paste 17 will be at about 200° C, At this
temperature the paste is in a molten state but the hydro-
carbons contained therein have not reached their de-
composition temperature. The electrode paste 17 is a
typical paste used in 2 self-baking electrode and contains
carbon granules of a relatively small size, that is, smaller
than about 24" diameter and contains about 17% by
weight of a high temperature pitch derived from the
distillation of coal tar. As the electrode 31 is consumed
and moves down into the furnace, the temperature of the
paste increases so that inside the furnace the temperature
of the electrode paste ranges from about 400° C. at the
upper portion just inside the furnace 0 to about 2000°
C. at the lower poriion. The hydrocarbons in the paste
17 decomposes to form hydrogen and carbon at tempera-
tures of from about 400° C. to 600° C. The hydrogen
escapes downwardly through the electrode tip since the
tubular member 16 is protected from the heat and hot
gases by a refractory cement 19 and therefore is not
corroded. The carbon deposits in the voids between the
carbon granules.

The casing 14, the support means 15 and the tubular
member 16 are each constructed of carbon steel. The heat
insulating materizl 19 is a high alumina content refrac-
tory cement having a thermal conductivity coefficient of
about 3 and undergoes a hydraulic set outside the furnace
housing and a ceramic set inside the furnace when the
temperature of the cement reaches about 700° C,

Referring to FIGURE 3, the casing 14 is the first of
the members to be consumed since it is subjected to the
hot gases inside the furnace throughout the -period of
time which requires for the electrode to be completely
consumed and carries a large portion of the electric
current. The heat insulating material 19 is later consumed
becanse it is more stable to the higher temperatures than
is carbon steel and does not carry the electric current. The
carbon steel tubular shell 16 is consumed after it is di-
rectly exposed to the high temperatures by the consump-
tion of the heat insulating material 19. The paste 17 which
has partially thermally decomposed forms a carbon which
is extremely resistant to the high temperatures and to ths
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corrosive gases contained within the furnace 19. An in-
creased electrode life over any electrode heretofore known
is achieved. For example, an electrode having an outside
diameter of about 70 inches and operating at a current
density of from about 2 to 4 amperes per square centi-
meter is consumed at the rate of about ¥4 inch per hour
in a phosphorus fornace in which the temperature of the
electrode tip is about 2000° C.

In particular reference to FIGURE 4 an electric fur-
nace 24 is provided with a hollow electrode 21. A carbon
si¢el inner tubular member 22 (shown in FIGURE 5)
provides a passage 23 throughout thé length of the elec-
trode 21 for the introduction of a burden to the furnace.
During operation an electric current is supplied to the
clectrode 21 through conduit 24. The other elements of
the electrode 21, that is the casing 25, the support means
26 (shown in FIGURE 5), the tubular shell 27, the re-
iractory cement 28 and the paste 2% are each constructed
from the same materials and each function in the manner
as described in reference o FIGURES 1, 2 and 3.

The electrode is sealed in the furnace by a conven-
tional sealing means 30. The burden supplied to the fur-
nace is about 150° F., thus the temperalure of the carbon
steel inner tubular member 22 thereby is below about
1200° C. for the major portion of the electrode 21. At
the temperature no appreciable corrosion of the carbon
steel inner tubular member occurs.

The size of the electrode, the thickness of the casing,
shell and tubunlar member, if a hollow electrode is desired
will be dependent zpon the particular furnace design angd
can be determined from engineering guidelines established
for electric furnaces, Additionaliy, the width of the space
between the casing and the shell will be dependent upon
the temperature outside the electrode, the heat insulating
material used and the materials of construction used for
the shell. These factors, of course, will be depcndent upon
the particular fnrnace and electrode design and the
process in which the electric furnace is being nsed. For
example, in the production of elemental phosphorus, satis-
factory operation is achieved using an electrode having
a tubular carbon steel casing, having a diameter of about
6 feet and a thickness of about 0.2 to about 0.3 inch, and
a space of from about 2.2 to about 3.0 inches between
the casing and a carbon steel shell (having a thickness of
from about .08 inch to about 0.12 inch), which
space is filled with a high alumina content refractory
cement having a thermal conductivity coefficient of about
2 B.tu/hr./sq. fi./° F./in. at about 500° F.
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What is claimed is:

1. An electrode for an electric furnace comprising (a)
an electrically conductive casing, (b) an electrically and
thermally conductive tubular shell positioned inside said
casing to form an annular space between said shell and
said casing, (c) electrically and thermaily conductive
suppor! means connecting said casing and said shell, (d}
a heat insulating materizl filling said space between said
shell and said casing and {¢) an electrically and thermally
conductive, thermally sensitive, carbon-forming paste in-
side said tubular shell,

2. An electrode according to elaim 1 where said casing,
said shell and said support means are each metallic ma-
ferials.

3. An electrode according to claim 2 where said metal.
lic materials are ferrous metals.

4. An electrode according to ¢laim 1 wherein said sup-
port means are fins extending radially from said casing
to said shell and extend the length of said electrode.

5. An eleetrode according to claim 4 wherein said
casing, said shell and said support means are each con-
structed from a ferrons metal.

6. An electrode according to ¢laim 5 wherein said shell
and said support means are each carbon steel.

7. An electrode according to claim 6 wherein said
casing is carbon steel.

8. An electrode according to claim 7 wherein said
casing contains a relatively thin layer of copper.

9. An electrode according to claim 2 wherein at least
one inner tubular member extends the length of said paste
to thereby provide a passage extending the length of said
electrode,

0. An electrode according to claim 9 wherein said
casing, said shell, said support means and said inner
tubular member are each constructed from carbon steel,
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ABSTRACT OF THE DISCLOSURE

A self-baking electrode for electric furnaces, includ-
ing a cylindrical metal casing extending into an electric
furnace with means supporting the ¢asing with its lower
end located well above the furnace charge. A metal sup-
porting tube extends downward concentrically through
the cylindrical casing with coarse, deep screw threads
upon its lower portion. Means, such as motor-driven
gearing, is operatively connected to the upper por-
tion of the tube for rotating it relative to the cylindrical
casing. A contact clamp is clamped upon the lower end
of the cylindrical casing and connected by condutors
- to a lain transformer or other conventional source of
electric power. A ball and socket rotating contact and
non-rotating contact assembly is provided at the upper
end of the tube and is connected by conductors with
the electric power source, or to power factor correc-
tional devices if desired. Carbon paste is inserted into
the open tops of the cylinder and tube and as the paste
descends into the heat zone of the furnace it first be-
comes plastic and completely fills the cylinder and tube,
and then undergose a coking or baking process and
becomes hard carbon. From time to time, as the lower
end o the hard carbon electrode is burned away in
the furnace charge, the tube may be rotated within
the hard carbon electrode causing it to slide downward
through the casing into the furnace charge.

BACKGROUND OF THE INVENTION
Field of the invention

The invention relates to the construction and use of
self-baking electrodes in electric arc furnaces and to a
novel method of producing such electrodes, and more
particularly to an improvement in the art of making
and using self-baking electrodes in which virtually no
metal is introduced into the furnace charge by the elec-
trode.

Description of the prior art

Under present practice, self-baking or Soderberg-type
electrodes are produced in electric furnaces by suspend-
ing in the furnace cylindrical steel casings of the di-
ameter of the desired electrode.

These casings are held in the support clamps and
electrical power clamps ordinarily used to support elec-
trodes in electric furnaces and to conduct electric power
thereto, and they extend from the crucible of the furnace
upward to an area above the furnace, passing through
hoods or covers and having their upper open ends in
an area wherein men may work.

Each casing is provided with a number of internal
reinforcing fins equally spaced around the inside perim-
eter of the casing and extending radially toward the
axis thereof. These fins not only reinforce the electrode
in its formative stage but also serve to conduct elec-
trical current from the electric contact clamps to the
cured or hardened portions of the electrode, and further
serve the purpose of conducting heat from the cured or
hardened portions of the electrode to those portions
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thereof that are in the process of curing and for which
purpose much heat is required.

These casings are filled from above with carbon paste,
which is a mixture of powdered anthracite coal, pow-
dered coke and pitch. As this carbon paste descends
into the heat zone of the furnace, it first becomes plastic
and completely fills the casing, after which it under-
goes a coking or baking process and becomes hard car-
bon before it finally descends into the crucible zone
of the furnace.

As an electrode is consumed, new sections of metal
casing are welded to the top thereof, at both the junc-
tures of the casing sections and the reinforcing fins
therein, to make a continuous unit of uniform strength
and conductivity.

As the lower portion of an electrode is consumed the
clamps are operated in conventional manner to lower
the self-baked electrode, including the steel casing in
which it is enclosed, thus introducing the steel casing,
with the steel reinforcing fins therein, into the furnace
charge.

The iron contained in the casing and fins is consumed
by the furnace and enters into the product being made
in the furnace. Since iron cannot be tolerated in some
products, it has not heretofore been possible to use self-
baking electrodes in furnaces making such products.

In an effort to overcome this problem, the outer casing
has been constructed separately from a centrally located
reinforcing lattice or “Christmas tree” of stainless steel
imbedded in the electrode and supporting the weight of
the same.

The electrode is formed of carbon paste which is
hardened in the manner above described and the hard
carbon portion thereof is progressed into the furnace at
the required rate, while the outer casing is progressed
through the holders at the minimum rate possible, re-
sulting in a differential rate of progression between the
electrode and the outer steel casing thereof.

Although this construction reduces to some degree the
amount of iron carried into the furnace by the steel
casing of the electrode, it has serious disadvantages as
follows:

First, the metal contained in the central support lattice
or “Christmas tree” is carried into the furnace charge.
For this reason the lattice or “Christmas tree” must be of
very light construction to limit this contamination of the
product with iron.

Secondly, the necessarily light construction of the cen-
tral support lattice or “Christmas tree” renders it ineffec-
tive for the purpose of inducting heat from the cured or
hardened carbon portion of the electrode to the plastic
portions thereof.

Thirdly, since the central support lattice or “Christmas
tree” is not attached to the cylindrical steel casing, no
electrical power is made to flow into the central portions
of the electrode such as is the case when reinforcing fins
are attached to the interior of the casing.

Thus, the heating and curing effect of the electrical cur-
rent is lacking in the central portions of such electrodes,
thus limiting the possible diameter of any electrode thus
produced. In actual practice, such electrodes have, as of
the present, been limited to approximately 40 inches in
diameter.

SUMMARY OF THE INVENTION

In general terms, the invention may be briefly described
as including a cylindrical metal casing extending into the
top of an electric furnace, casing support clamp means
around an intermediate portion of the casing and suspend-
ing it from a support header by means of hydraulic cylin-
ders, contact clamps around the lower end portion of the
casing and connected by conductors to a source of elec-
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trical power such as a transformer. The contact clamps are
carried by a support structure to which the support header
is attached. This support structure extends upwardly and
is supported by hydraulic cylinders which may be. actu-
ated to move the entire electrode column vertically in
either direction relative to the furnace.

The support structure carries a nonrotating contact
spaced above the top of the casing and concentric there-
with. Flexible conductors connect the nonrotating con-
tact to the power source or to power factor correctional
devices as desired. A rotating contact is journalled in the
nonrotating contact or bearing in the form of a ball and
socket joint.

This rotating contact is fixed to the upper end of a metal
tube suspended axially within the casing and extending
some distance below the same. The lower end of this
metal tube has coarse deep screw threads formed upon
its exterior. Any suitable method of rotation of the tube
28 may be provided.

The upper end for the electrode casing is open and ex-
tends upward through various hoods above the furnace in
a conventional manner to an area suitable for workmen
to occupy to add carbon paste to the casing as needed, and
to weld casing sections upon the top of the casing if and
when the same may be necessary.

The upper end of the metal tube is also open so that
chunks of carbon paste may be added thereto as needed.
The rotatable tube together with its rotating contact or
journal and nonrotating contact or bearing are all con-
structed of a suitable strong and conductive metal.

As the carbon paste descends into the hot zone of the
furnace it first becomes plastic and completely fills the
casing, after which it undergoes a coking or baking proc-
ess and becomes hard carbon. From time to time, as
necessary, the support tube is rotated, unscrewing the
hard carbon electrode therefrom and feeding it down
out of the casing into the furnace charge.

As the chunks of carbon paste descend in the tube, the
carbon paste becomes plastic and entirely fills the open-
ing in the hard carbon electrode formed by the screw
threads on the lower end of the tube, after which it is
also cured or baked to become hard carbon.

It is, therefore, an object of the invention to provide a
self-baking electrode for electric furnaces which elimi-
nates virtually all metal from entering the furnace from
either casing or central reinforcing structure.

Another object of the invention is to provide a self-
baking electrode of the character referred to which pro-
vides means whereby heat is effectively conducted from
the hardened portions of the electrode to the plastic
portions thereof.

A further object of the invention is to provide such
a self-baking electrode which provides means whereby
electrical currents are caused to flow through the central
portions of the electrode in the curing zone.

A still further object of the invention is to provide
a self-baking electrode of this type which is so constructed
that it provides an improved distribution of electrical
current in the electrode.

Another object of the invention is to provide a self-
baking electrode of the character referred to which
greatly reduces, and in fact nearly eliminates, the casing
used and thereby reduces electrode costs.

A further object of the invention is to provide such
a self-baking electrode with improved means for progress-
ing an electrode or casing-enclosed electrode through the
casing support clamps and contact clamps and into the
furnace as required.

A still further object of the invention is to provide a
self-baking electrode of this type having means for sup-
porting and progressing the hardened electrode independ-
ently of the casing support clamps and contact clamps.

Another object of the invention is to provide a self-
baking electrode of the character referred to with means
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for conducting electrical current to the central portions
of the electrode independently of the contact clamps.

A further object of the invention is to provide such
a self-baking electrode with means for supporting and
progressing the electrode on an axially disposed vertical
feed screw.

A still further object of the invention is to provide a
self-baking electrode of this type with means for causing
electrical currents to flow to the central portions of the
electrode by way of said axially disposed feed screw.

Another object of the invention is to provide a self-
baking electrode of the character referred to with means
for connecting power factor correctional and control
devices to the electrode by way of said axially disposed
feed screw.

It is also an object of the invention to provide such
a self-baking electrode with a non-progressing axially dis-
posed feed screw connecting the hardened portions of the
electrode to a support and feed screw drive mechanism.

A further object of the invention is to provide a self-
baking electrode of this type in which the axially disposed
feed screw is hollow.

A still further object of the invention is to provide a
self-baking electrode of the character referred to having
means for introducing carbon paste to the electrode bak-
ing zone by way of the hollow axially disposed feed screw.

It is another object of the invention to provide a self-
baking electrode of the character referred to in which the
hollow feed screw is fluid cooled or heated.

And finally, it is an object of the invention to provide
such a self-baking electrode with means for conducting
electrical current between rotating and nonrotating parts
of the feed screw mechanism.

These and other objects, apparent from the drawings
and following description, may be attained, the above-
described difficulties overcome and the advantages and
results obtained, by the apparatus, construction, arrange-
ment, and combinations, subcombinations and parts, and
methods, steps, procedures, and modes of operation,
which comprise the present invention, a preferred em-
bodiment of which, illustrative of the best mode in which
applicants have contemplated applying the principle, being
set forth in detail in the following description and illus-
trated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical sectional view through self-baking
electrode mechanism embodying the invention; and

FIG. 2 is a diagrammatic view showing the connection
of the three electrodes of an electric furnace to a power
factor correctional and control device including a delta-
delta arrangement of transformers with means for con-
necting the same to capacitors.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now more particularly to the embodiment
illustrated, the upper portion of a furnace charge is indi-
cated at 1. The furnace itself is not illustrated in the
drawings. As in usual practice, there are various hoods
located above the furnace, one of which is indicated in
FIG. 1 at 2.

Each self-baking electrode is formed within a vertical-
ly disposed, cylindrical, metal casing 3, the lower end of
which extends into the furnace and terminates above the
furnace charge while the upper end of the casing is open
and extends upward through the various hoods such as
2, above the furnace, to an area suitable for workmen to
occupy while adding carbon paste to the casing as needed,
and while welding on a new casing section if and when
the same should ever become necessary.

.One purpose of the metal casing 3 is to contain and
give proper form and support to the carbon paste 4 after
it becomes plastic, as indicated at 44, and until it has
been cured and hardened into a hard carbon electrode,
as seen at 4b.
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Another purpose of the metal casing 3 is to conduct
electrical power from the contact clamps 5 to the ¢lec-
trode 4b. Still another purpose of this metal casing is to
conduct heat from the furnace charge 1 and the electrode
4b to the carbon paste 4 and 4a.

The contact clamps 5 consist of a flexible inflatable
envelope 6, within a rigid metal ring 7 which may cause
the metal clamping members 5 to grip the casing 3 when
the flexible envelope 6 is subjected to internal fluid pres-
sure which may be either gas or liquid.

The clamping members 5 are connected to conductor
support members 9 as by the depending conductors 10,
and the conductor supports 9 are connected.by flexible
conductors 11 to the main power supply transformer and
associated electrical equipment (not shown) that con-
ventionally supply electrical power to the electrodes of
an electric arc furnace.

In addition to being supported by the contact clamps
5, the cylindrical metal casing 3 is also supported by a
pressure clamp, indicated generally at 12, which includes
a flexible, inflatable member 13 within a rigid ring 14,
and which may be made to tightly grip the casing 3 when
the flexible member 13 is subjected to an internal pressure
of fluid in the form of either gas or liquid in any con-
ventional manner.

This type of electrode and casing support is conven-
tional in self-baking electrode furnaces and the construc-
tion and operation are well known and understood by
those versed in the art. The pressure clamp assembly 12
is attached to a support header 15 by means of hydraulic
cylinders 16 and cooperating piston rods 17. As in com-
mon practice, when the pressure clamp assembly 12 is
moved downward by the hydraulic cylinders 16 while, at
the same time the pressure clamp is made to grip the
cylindrical casing 3, the casing will be slidably moved
downward through the contact clamps 5.

And conversely, when the pressure clamp assembly 12
is released until it no longer grips the casing 3, it may
be moved upward relative to the casing, thereby prepar-
ing for further downward movement of the casing, if and
when necessary.

The support header 15 is attached to a structure in-
cluding the rods 18, connected at their lower ends to the
conductor support members 9, as indicated at 19, and at
their upper ends to the hydraulic cylinders 26, as indi-
cated at 21, The piston rods 22 of the cylinders 20 are
connected to a suitable support 23 as indicated at 23'.
The hydraulic cylinders 20 and piston rods 22 thereof,
may be actuated to move the entire electrode column up
or down relative to the furnace as desired.

The horizontal support member 24 is carried by the
upper portions of the rods 18, and forms a part of the
structure suspended from the hydraulic cylinders 20. A
nonrotating contact and bearing 25, having a partially
spherical central socket 26, is mounted upon the hori-
zontal support member 24.

A companion rotating, semispherical contact and jour-
nal 27 is rotatable within the socket 26 of the nonrotat-
ing contact and bearing 25. The rotating contact and jour-
nal 27 are rigidly attached to the exterior of the upper
end portion of a metal tube 28.

The metal tube 28 is suspended from the rotating con-
tact and journal 27 and extends downwardly therefrom
concentric to the axis of the cylindrical casing 3, and
terminates at a proper distance below the bottom of the
contact clamps 5.

A suitable section of the tube 28, preferably the lower
end portion thereof as shown in FIG. 1, is threaded on
the exterior with a coarse, deep screw thread as indi-
cated at 29. The wall of the tube 28 is formed of a
double shell having a space 30 therebetween whereby it
may be fluid cooled or heated by any conventional means,
either liquid or gas.

The entire tube 28, including the threads 29 thereon,
the rotating contact and journal 27, and the nonrotating
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contact and bearing 25 are all formed of a suitably strong
and conductive metal. The bearing surface between the
rotating contact and journal 27 and the nonrotating con-
tact and bearing 25 is made in such manner as to carry
heavy weight and, at the same time, conduct heavy elec-
trical currents while rotating as well as while stationary.

Suitably sized flexible conductor cables 31 are con-
nected at one end to the nonrotating contact and bear-
ing 25, the other ends thereof being adapted to be con-
nected to various electrical apparatus as hereinafter de-
scribed.

For the purpose of rotating the tube 28 when desired,
a rotational power unit is provided. For the purpose of
illustration only this is indicated as a motor 32 carried
by the horizontal support member 24, a bevel pinion 33
upon the shaft of the motor and a bevel gear 34 fixed
upon the exterior of the tube 38 and meshing with the
pinion 33. Any conventional electric circuit may be pro-
vided for the motor 32 with conventional switch means
therein for closing the circuit to the motor when desired.

The hereinbefore described rotating tube with screw
threads thereon, with its rotating contact and journal and
its stationary contact and bearing and support structures,
together with means for rotating such tube as desired,
and also with means for conducting electrical currents to
and through said tube comprise a part of this invention
which functions usefully with other parts hereinafter de-
scribed.

One method whereby the benefits of this invention may
be attained could be achieved by connecting the conduct-
ing system 29, 28, 27, 25 and 31 to the same main trans-
former or electrical power source conventionally con-
nected to the flexible conductor 11, thereby causing a
portion of the electrical power of the furnace to enter
the electrode at its center, at the area of 29, and generat-
ing heat in the central portion of the electrode 45.

Another arrangement of the invention is illustrated in
FIG. 2, in which is seen a three-phase transformer with
its low voltage windings 35 connected to the electrodes
4b by the flexible cables 31, the contacts 25 and 27, and
the tube assembly 28 and 29. The high voltage windings
36 of the transformer are connected to capacitors 37 by
conductors 38.

Circuit breakers 39 are located in the circuit for con-
necting the high voltage windings 36 to the capacitors 37,
or disconnecting them therefrom, or for changing the
amount of capacitance connected to the high voltage
windings.

‘Although the purposes of the invention may be achieved
by any one of several possible configurations of the wind-
ings of the transformer, a delta-delta arrangement is shown
in FIG. 2 for simplicity. Conventional means is diagram-
matically indicated at 40 for changing the number of
turns of the high-voltage windings 36 whereby the ratio
between the low-voltage and high-voltage windings of
the transformer may be changed

The interior of the tube 28 is kept supplied with carbon
paste, which may be in the form of chunks as indicated
at 41 in FIG. 1. The carbon paste descends in the tube
by gravity, or by reason of a gas pressure which may
be maintained above it, to completely fill the cavity left
as the electrode 4b is forced downward by the screw 29,

OPERATION

In the operation of an electric furnace equipped with
the self-baking electrodes embodying the invention, the
cylindrical casing 3, supported by the pressure clamps
14 and contact clamps 5, is adjusted to the proper posi-
tion in the furnace by the hydraulic cylinders 16 and 2.
Electric power is furnished to the cylindrical casing 3
through the contact clamps 5, depending conductors 10,
conductor supports 9 and flexible cables 11 leading to
the main power supply transformer (not shown).

The support tube 28 may be connected through the
rotating contact and journal 27, stationary contact and
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bearing 25 and flexible conductors 31 either with the
main power supply transformer or with power factor cor-
rectional devices as diagrammatically shown in FIG. 2
and above described.

Carbon paste 4 is continually supplied to the interioz
of the cylinder 3 through the open upper end thereof and
the same is heated by the electric current passed there-
through, becoming plastic and entirely filling the lower
portion of the cylinder, as indicated at 4a, and then being
baked or cured and becoming a hard carbon electrode, as
indicated at 45.

Whenever the lower portion of the hard carbon elec-
trode 4b is sufficiently burned away, the motor 32 may
be operated to rotate the tube 28 in proper direction so
that the screw threads 29 thereon will force the electrode
further down through the casing 3 into the furnace
charge 1. ’

Workmen are also continually supplying carbon paste
to the interior of the tube 28 as indicated at 41, and the
same becomes plastic, as indicated at 41a, entirely filling
the opening formed in the center of the hard carbon elec-
trode 4b by the screw threaded lower end 29 of the tube 28.

It will thus be seen that neither the metal cylindrical
casing 3 nor the metal supporting tube 28 is fed into the
furnace charge, only the hard carbon electrode 4b being
slidably moved downward out of the lower end of the

cylindrical casing 3 by rotation of the threaded lower end

29 of the tube 28.

From the above it will be evident that the essential
feature of the invention is the centrally located tubular
support 28 terminating at its lower end in the coarse screw
29 embedded in the hardened portion 45 of the electrode,
with means 32, 33, 34 for slowly turning the screw 29 so as
to force the elctrode down as through the casing 3 as
needed.

It will also be seen that until and unless the pressure
clamp assembly 12 is released, the hard carbon electrode
4b is extruded from the bottom of the casing 3 by proper
rotation of the screw 29. It will also be evident that only
if the feed screw 29 is rotated with the pressure clamp
assembly 12 released, will the casing 3 be carried down-
ward through the contact clamp 5 along with the elec-
trode. This insures that the use of the casing 3 in the
furnace charge may be limited to that amount inad-
vertently burned away at the point where the lower end
thereof emerges from the bottom of the contact clamps 5.

It will also be seen that, by reason of the transformer-
capacitor combination of FIG. 2 connected to the tubular
column 28, very heavy electrical currents may be made
to flow in the tubular column 28, the screw 29 and the
central portions of the electrode 4b immediately around
and below the feed screw. The heating effect of these cur-
rents, together with the heat-conducting effect of the
screw, is most beneficial to the proper curing of the
electrode.

Furthermore, it should be understod that the tubular
support column 28 and screw 29 may be fluid cooled or
heated by any suitable liquid or gas to any necessary
degree. The outer surface of the screw 29 should be kept
at temperatures consistent with coking of the electrode,
while the interior surface of the screw and tubular column
should be kept at temperatures consistent with a plastic
state of carbon paste.

It will further be obvious that by keeping the interior
of the tube 28 supplied with carbon paste which descends
by gravity, or by reason of a gas pressure maintained
above, it will completely fill the cavity left as the elec-
trode is forced downward by rotation of the screw, thus
forming a solid, homogeneous carbon electrode which is
inserted into the furnace charge without either an out-
side metal casing or interior metal reinforcing.

It will also be seen that a desirable feature of the in-
vention is that the electrical currents associated with
reactive-kilovolt-ampere component of the power may
be kept from flowing through the main power supply
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transformer and the associated electrical equipment that
conventionally supply electric power to the electrode by
way of the flexible conductors indicated at 11. Instead,
the current associated with the reactive-kilovolt-ampere
component of the power may be made to flow to power
factor correctional devices independently connected to
the electrode as shown in FIG. 2 and heretofore de-
scribed.

1t should be pointed out that although the principle of
connecting power factor correctional equipment to the
low-voltage structure of an electric furnace functions to
assist in curing and hardening a self-baking electrode, it
should be understood that this unique method of correct-
ing power factor on an electric furnace is not limited to
electric furnaces with self-baking electrodes. Power factor
correctional equipment connected as above described and
illustrated in FIG. 2 improves the operation of any elec-
tric furnace in that it relieves the main supply trans-
formers and associated electrical equipment of a con-
siderable part of the load, namely, that portion of the
current associated with reactive power which is offset by
action of circuit capacitance, as above described.

It should also be understood that although the arrange-
ment described an illustrated herein shows dielectric or
static capacitors as the power factor correctional equip-
ment, this is by way of simplicity of disclosure only and
other suitable power factor correctional devices such as
rotary condensers or the like are equally useful for this
purpose.

The benefits of the present invention may be realized
without recourse to electrical apparatus of any descrip-
tion being connected to the centrally located tube 28 or
feed screw 29. In such case, the metal mass of the feed
screw is so proportioned and its conductive-magnetic prop-
erties so arranged that it will be heated by internally cir-
culating currents arising from and induced by electro-
magnetic induction from electrical currents flowing into
the electrode by way of the contact clamps 4. Such induc-
tion-heating effect may be clearly enhanced by construct-
ing the feed screw of metal having magnetic properties.

We claim:

1. A self-baking electrode for electric arc furnaces com-
prising a vertically disposed metal casing, means for sus-
pending the casing with its lower portion in a furnace and
its lower end spaced above the furnace charge, a metal
tube suspended concentrically through said casing, ex-
ternal screw threads on said tube, the upper end of the
casing being open so that carbon paste may be placed
therein, means for connecting the casing to a source of
electrical power so that the carbon paste in the casing will
first become plastic and then be baked into a hard carbon
electrode, and means for rotating the tube so that the
screw threads thereon will force the hard carbon electrode
downward out of the tube and into the furnace charge.

2. A self-baking electrode as defined in claim 1 in
which the upper end of the tube is open so that carbon
paste may be placed therein, and in which the carbon
paste in the tube becomes plastic and fills the cavity left
in the center of the hard carbon electrode as it is forced
downward by the screw.

3. A self-baking electrode as defined in claim 1 in
which the lower screw threaded end of the tube extends
downward below of the lower end of the casing and the up-
per end of the tube extends upward above the upper end
of the casing.

4. A sclf-baking electrode as defined in claim 1 in
which there is means for connecting the tube to a source
of electric power.

5. A self-baking electrode as defined in claim 4 in
which the casing and the tube are both connected to the
same source of electric power.

6. A self-baking electrode as defined in claim 1 in
which there is means for connecting the tube to power
factor correctional equipment,
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7. A self-baking electrode as defined in claim 1 in
which a tube is connected to the low voltage windings
of a transformer and the high voltage windings of the
transformer are connected to power factor correctional
equipment.

8. A self-baking electrode as define in claim 7 in
which the power factor correctional equipment comprises
capacitors.

9. A self-baking electrode as defined in claim 7 in
which circuit breakers are located between the high volt-
age windings and the power factor correctional equip-
ment.

10. A self-baking electrode as defined in claim 4 in
which there is a rotating contact and journal fixed upon
the exterior of the tube rotatably supported in a non-
rotating contact and bearing,

11. A self-baking electrode as defined in claim 1 in
which the means for connecting the casing to a source of
electric power includes contact clamp means upon the ex-
terior of the casing, a supporting structure from which
the contact clamp means is suspended, pressure clamp
means on the exterior of the casing and adjustably sup-
ported from said supporting structure, and means for
adjustably supporting said supporting structure.

12. A self-baking electrode as defined in claim 11 in-
cluding a horizontal support member in said supporting
structure, a nonrotating contact and bearing mounted upon
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said horizontal support member, and a rotating contact
and journal fixed upon the exterior of the tube and ro-
tatably mounted in said monrotating contact and bear-
ing.
13. A self-baking electrode as defined in claim 12 in
which the means for rotating the tube includes a motor
and gearing operatively connecting the motor and the
tube,

14. A self-baking electrode as defined in claim 1 in
which the walls of the tube comprise spaced shells having
a space therebetween whereby the tube may be fluid tem-
perature regulated.
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ABSTRACT: A self-baking electrode of the Stderberg type
for electric arc fumaces comprises an outer metal sleeve con-
taining the electrode mixture and internal reinforcing mem-
bers for the electrode mixture, said reinforcing or structural
members being electrically insulated from the cuter metallic
sleeve, The internal wall of the sleeve preferably is provided
with radial ribs extending the whole Jength of the sleeve and
the reinforcing members are attached to the ribs by means of
insulating strips.
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SELF-BAKING ELECTRODES FOR ELECTRIC ARC
FURNACES

- The preserit invention quite generaily refers to.an electrdde_

13,595,977

- and more specifically to a self-baking or SGderberg-type elec- ~

trode for electri¢ arc furnaces, part:cular[y for submerged are’

" furnaces.
" 'The known electrodes of the type referred to, particularly
* those for electric submerged arc furnaces for the production

.‘)

-2

According 1o a known practice, the supporting structural

‘members inside the sleeve consist in nietallic strips or vanes 2
~which are welded to the inside wall of the sleevé 1 in radial
* position as shown in FIGS. 1 and 2 of the drawings. These

strips of wings 2 comprise openings 3 or beads 4 for anchoring
the baked electrode mass. Therefore, the weight of the baked

‘solid portion and of the electrode mass lying on it is supported

- by these strips or wings 2, which transfer the weight to the

-of ferroalloys, calcium carbide, silicon, electrofused oxides, -

- typically consist of a metallic sleeve, such as a cylindrical
sleeve, which is filled with a crude or green carbonaceous

electrode mass. These electrodes are vertically positioned
above the crucible of the fumace proper and their lower por-

tions are exposed to the high temperature within the crucible.
" Because of this high temperature, the green elecirode mass is
subjected to a baking process which transforms said green
mass into a solid carbonaceous body which is highly refractory
and has a relatively high electrical conductivity. The baked

portion of the electrode mass acquires the shape of the shell,.

whereas the latter is continuously melting away owing to ihe
high temperatures in the baking region of the electrode,

In a self-baking electrode there are consequently, as seen
from their bowom end upwardly, a solid portion with a rela-
tively high electrical conductivity and having temperatures
ranging between over 2,000° C. and about 800° C.; this solid
portion being followed at its upper end by a baking zone in
which the baking process istaking place, i.. in which the elec-
trode. mass is semifluid and, therefore, a poor conductor, the
temperatures in this baking zone ranging from approximately
800° C. to 300° C. In the zone above said baking zone there is
a zone in which the electrode mass is fluid, said zone having
temperatures ranging from about 300° C, to 100° C_, and in
which the ¢lectrode mass does not conduct electricity.

Finally, in the uppermost portion of the electrode there is a
-zone in which the electrode mass is particulate and has tem.
peratures below abowt 100° C. and in which, of course, the
electrode mass is not a conductor of electric energy.

The supply of electricity to the electrode is effected by
metallic conductors such as bus bars which contact the elec-
trode shell between the solid zone or portion and the baking
zone of the electrode. These conductors generally consist of
buses of copper or bronze having a large contact surface and
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“are generally thoroughly cooled in order to withstand the high

temperatures in this zone. Because of this thotough cooling of

the buses and of their contact surfaces respectively, the elec-

trode temperature in the contact zone is also limited, and con-
sequently the baking zone of the electrode is prevented from
passing the contact zone.

However, the metallic sleeve and the electrode mass being
the only components of the electrode assembly, same has
therefore, to be reinforced inside the sleeve by supporting
structural members. In fact, the weight of ihe solid baked por-
tion of the electrede and of the electrode mass lying on it may
not be totally supported by the buses and, if no other support-
ing means are provided, the solid portion and the ¢lectrode
mass lying on it often fall by their own weight into the crucible
of the furnace. .

The present invention will be described hereinafler in con-
nection with the accompanying drawing in which: .

FIG. 1 is a partal sectional view taken axially along the
length of a prior art electrode with the electrode mass having
been omilted for the purpose of clarity;

FIG. 2 is a cross-sectional view taken along line 111 of FIG,
I

'FIG. 3 shows a partial sectional view taken axially along the
length of an electrode, the electrodé mass having been
omitted for clarity, embodymg the novel features of the inven-
-tion; and

FIG. 4 is a cross-sectional view taken along the line V-1V
of FIG. 3.
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metallic siceve, which in turn is carried by suitable carrymg or
supporting means.

There are several patents descnbmg particular desngns of
supporting structural members for self-baking electrodes.
Some of these known designs are particularly adapted for
electrodes for the production of aluminum: the electrode
weight is carried by metal bars embedded in the clectrode,
said bars also serving to supply electric power. This known
design is not suitable for self-baking clectrodes for electric are
furnaces because of the different operating conditions {such
as temperatures, stresses, density of electric current, power
density) and also because electric arc furpaces usually operate
on AC power and the length of the embedded bars would
cause an undesired and harmful increase of electrode im-

' pedance.,

- Other known designs show particular shapes of the shelt or
of the structural members associated therewith, but these
designs huve other objects than those of the present invention.

During its operation in the furnace, the electrode is con-
sumed, i:e. more specifically is consumed at its lowermost por-
tion, It is therefore necessary to lower periodically the elec-
trode relative to the buses to maintain the electrode length
below the zone of contact of said buses. As stated above, the
buses are connected to the electrodes between the baked zone
{i.e..conducting zone) and baking zone {i.e. nonconducting
zone) of the electrode mass. When the electrode is ap-
preciably lowered relative to the buses to compensate for wear
by consumption, it may occur that the lowered electrode mass
is not yet a conductor or is a poor conductor. In si.lch_ cases,
the major portion of the power supplied to the electrode by
the buses has to pass the metallic sleeve, from which it passes
to the structural members (which constitute the supporting
elements}, and finally passes from the structural members te
the baked zone of the electrode. If now the structural mem-
bers do not have a sufficiently large cross-sectional area to
support the high-current densities, they will become red hot
because of -the Joule effect, thus losing their mechanical
strength and becoming unable to support any longer the elec-
trode weight, and conbequently causing breakage or failure of
the clectrode.

Failure of the type described is a frequent occu rrence in the
practical use of seli-baking electrodes, because, in fact, the
cross-sectional area of the structural members is not sufficient
to support the electrode current. Typically, an electrode hav-
ing an outside diameter of 1,000 mm. has a normal current
loading of about 50,000 a., and the structural members, being
usually made of stee]l by reason of mechanical stress, would
have to be designed to have 4 total cross-sectional area of
about 2,500 cm.? if the were to safely support the nominal cur-
rent loading, thus occupying about one-third of the whole
electrode cross section.

In order to minimize the risk of electrode breakages of the
type seferred to, it is necessary to adjust the electrode length
below the contact surface in very small steps, typically some
centimeters at a time, in order to ensure that the lower part of
the bus bars is always contacting part of the baked zone of the
electrode.

Of course, such frequent and small adjusiments are very
detrimental to efficient operation of the furnace while they do
not eliminate totally the risk of electrode breakage.

Moregver, it occurs frequently that the electrode is con-
sumed rapidly which results in a too short overall clectrode
length for efficient furnace operation, while a length adjust-
ment is not possible by the danger of electrode breakage as
described above. In such cases, the lowermost tip of .the elec-
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trode will be too far away from the crucible bottom, the cur-

rent uransferred thereto by the clectrode decreases, thus caus-

ing 4 decrease of the production rate of the furnace.

1t is, therefore, an object of the present invention to prowde
an electrode of the type referred 1o in which the drawbacks
described are substantially eliminated.

With this and other objects in mind, the invention provides
in a self-baking electrode for electric arc furnaces, particularly
for submerged arc furnaces, said electrode having a metallic
sleeve and internal structural member means affixed to said
metallic sleeve, the improvement of an electric insulation
means insulating the internal structural member means form
the metallic sleeve.

In this way, the internal structural members support the
weight of the baked portion of the electrode and of the elec-

- trode mass overlying it. These structural members being af-’

fixed to the sleeve transfer by the electric insnlation means the
electrode weight to the metallic shell as in the known elec-
trodes, but the insulation means between the structural mem-
" bers and the sleeve prevents in any case the structural support-
ing' member from being electrically overloaded and, con-
sequently, from being overheated to such an extent so as (0
lose the mechanical characteristics.

In-this way the danger of electrode breakage is completely
eliminated.

When an electrode is adjusted in length for compensating its
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wear by consumption, it might occur that the power supplying -

bus bars are connected to a zone of the electrode which is still
a poor electrical conductor: in this case, the internal structural
embers are not affected because they are protected by their
electrical insulation. In the zone of the electrode having a poor
electrical conductivity a higher voltage drop occurs than in
other zones of the electrode, and, because of thisvoltage drop
and of the current, a considerable quantity of heat is
developed causing, in short time, this zone of the electrode
contacted by the bus bars to be completely baked. This possi-
bility of rapid baking allows for adjusting more frequently and

" by longer steps the electrode length and prevents, therefore,
the risk of furnace operation with excessively short électrodes,
thus allowing a furnace operation at-higher power rating.

It has been found, by way of example, that applying the in-
vention to electrodes having a diameter of about 1,000 mm.
adjustments in length may be safely carried out twice as
frequently and by twice the amount without any risk of elec-
trode breakage.

Moreover, it has been found that with the inventive concept
it- is possible to considerably decrease (by about half with
respect 10 the conventional electrodes) the total cross-sec-
tional area of the internal structural members, such as of the
strips constituting such members: this was to be expected
because of the fact that in no case these structural members
are subjected to the passage of electric current and are, there-
fore, in no case overheated to such an extent that their physi-
cal strength is diminished.

Accordingly, it hasbeen found, for example, that in an elec-”
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trode having a diameter of 1,000 mm. it is possible to reduce
the number of radial strips forming the internal structurai
members from eight strips to four without incurring any risk of
electrode breakage.

An embodiment illustrative for the invention is shown in
F1GS. 3and 4.

In FIGS. 3 and 4 the cuter metallic sleeve is indicated by the
numeral-5. In the interior of sieeve 5 four radial ribs 6 (only
three shown) are attached such as by welding the extend along
the whole length of the slecve 8. To cach of these ribs 6 there
is affixed a strip 7 of an insulating material such as wood, card-
bodrd, fiber or micanitc. These strips may be affixcd by any
suitable means, such as by bonding with an adhesive.

To each of the strips 7 there is affixed another strip 8, the
strips 8 forming the internal structural members.

As in the conventional electrodes, the strips 8 have formed
therein apertures % (F1G. 4) or beads 10 which serve as
anchoring means of the strips 8 in the carbonaceous electrode

mass (not shown).
It is understood that instead of four ribs 6 and four strips 8

there may be provided a higher or lower number according to
the internal size of the sleeve andfor according to the physical
strength of the insulating strips 7 and of the adhesive joints.

- Moreover, each of the strips 8 may be affixed to the ribs by
means of a pair of insulating strips 7 bonded or glued to either
side of the strips 8 and of the ribs 6. The strips 8 may be
fastened to the sleeve 5 by means of the profile, such as a T-
profile of an electrically insulating material.

Finally, the internal structural members need not necessari-
Iy be in the form of s strips 8 as shown. The internal structural
members may be formed by a wire mesh either shaped as
lengthwise-running ribbons or as concentric inner tube con-
nected with and insulated by any suitable means to the outer
metallic sleeve.

What I claim is: :

1. A-self-baking electrode for electric furnaces comprising a
metallic cuter sleeve containing an electrode mixture, struc-
tural members within said sleeve, and insulating means

~ secured to the inner side of said sleeve and to said structural
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members for electricafly insulating said. members from said
sleeve. '

2. The electrode of claim 1 in which the internal structural
meémbers are affixed along their whole length 1o the outer
metallic sleeve,

3. The electrode of claim 2 in which the internal structural
members are forimed of metallic strips, said strips being
disposed inside said sleeve, said insulating means comprises

*strips of an insulating material and in which said metallic strips

are affixed to the outer sleeve by means of said strips of an
electrically insulating material.

4. The electrode of claim 3 in which the outcr metallic
sleeve is a cylinder or prismatic tube carrying said metallic
strips, said melallic sirips being disposed radially and having
affixed thereto said strips of electrically insulating matenal.
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CONTINUOUS METAL MELTING METHOD AND
FURNACE THEREFOR ’

This invention relates to a metallurgical method for steel
melting and to an electrical furnace which utilizes said
method.

According to known metallurgical techniques, the steel is
produced in electric arc furnaces wherein unheated scrap iron
is intermittently and subsequently heated up to its melting
temperature by an electric arc which is struck and maintained
between special electrodes made of carbonaceous material.

This method, widely employed, has the disadvantage of
being considerably- expensive due to the substantial use of
electric current for melting the scrap iron, the considerable
thermic losses through the large apertures where the furnace
is open to the atmosphere and, finally the consumption and
wear of electrodes, all of which factors affect considerably the
production cost.

Furthermore, the known furnaces are usually of complex
and expensive construction construction mainly because they
require tilting means.

The consumption of electrical energy may be reduced by
the provision of a nonelectric preheating of the scrap, such as
for instance by using fuel oil of gas burners but, heretofore, no
practical remarkable result has been obtained in this way due
to the fact that, in order to obtain tangible savings, said pre-
heating must reach at least several hundred degrees Cen-
tigrade. Serious problems arise in the handling of the scrap,
with ensuing thermic losses during the operation of charging
the scrap to the electric furnace.

The present invention obviates the above disadvantages by
using a melting method for scrap steel which permits the
elimination of the carbonaceous electrodes, the continuous
charging of the scrap to the electric furnace after a preheating
thereof with burners to more than 1,000° C., and the drawing
off continuously of the molten metal without moving the fur-
nace. :

Briefly stated, the method according to the invention com-
prises the compression of the scrap steel to form at least two
packs having an elongated shape and a substantially constant
cross section, the feeding of said two packs toward one
another with a continuous movement, the preheating thereof
with gas or oil burners to about 1,000°-1,200° C., the striking
and maintaining of an electric arc between the facing extremi-
ties of said packs to obtain their fusion and the collection and
conveyance by gravity into a special container of the molten
metal so obtained. .

The invention is also concerned with an electric arc furnace
without electrodes, suitable to carry out the method briefly
described above.

In a first embodiment of the invention the furnace com-
prises an elongate chamber, having a substantially circular
cross ‘section, hermetically sealed and thermally insulated,
The chamber has at its two extremities two cylindrical throats
extending within the chamber to form a pair of saddles or
semicylindrical guides intended for the guided compression of
the scrap, and two reciprocating compressing pistons movable
within the throats for the compaction of the scrap. The central
section of the chamber is provided at its bottom with a collec-
tor channel for the molten metal and, at its upper part, witha
carbon electrode which may be displaced vertically.

In a second embodiment, the chamber is provided with
three cylindrical throats, similar to those described above. At
the ends of each throat there occurs the compression of the
scrap, the introduction thereof into the furnace, the feeding of
the compressed scrap packs being effected independently for
each of the three throats of the same chamber end.

For a better understanding of the invention reference is
made to the accompanying drawings in which:

FIG. 1 is a schematic elevation view with partial section of
an electrical furnace using a single-phase electrical feeding;

FIG. 2 is a schematic plan view of a three-phase furnace and
the feeding electrical circuit;

FIG. 3 is an exploded perspective view of a detail of FIGS. 1
and 2.
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Referring to FIG. 1, the electric furnace according to the in-
vention is substantially formed by an elongated chamber 1
having a substantially circular cross section, which is stationa-
ry, hermetically sealed and thermally insulated; chamber 1 has
at its ends two cylindrical steel throats or tubes 4, which ex-
tend outwardly from the chamber for a considerable length
and extend inwardly within the chamber as saddles or
semicylindrical guides 14. Said cylindrical throats 4 within
which may slide a piston 7, are open on the upper part at their
ends and are in communication with hoppers 6 which are pro-
vided with a mobile bottom 31 to discharge the scrap metal 5.

The central section of chamber 1 presents an upper bell-
shaped part 2 wherein an electrode 11 may move vertically,
and a bottom transversal sloping recess or channel 3 to collect
and convey the molten metal. A number of burners 8 is
represented along chamber 1. )

An electrical source 13 is electrically connected by means
of conductors 20 and 21 to cylindrical throats 4. Furthermore,
avat or collecting chamber 12 for the molten metal and a pair
of cylindrical, compressed scrap metal packs 5' and 5’
complete the device illustrated.

The operation of the described electric arc furnace is as fol-
lows:

Scrap material § is charged in bulk to a hopper 6 and, when
the bottom door 31 of the hopper is opened, the scrap falls
unto the cylindrical throat end 4 which is provided with an
upper semicylindrical overturning cover 32. Then, the cover is
closed and piston 7, hydraulically actuated, compresses the
scrap within tube 4 against a retaining means such as a metal
diaphragm 33. When piston 7 has achieved the compression of
the scrap, the diaphragm is removed and the piston pushes
toward the center of the furnace the compressed scrap 5’
upon guides 14 and then moves back; the upper cover 32 of
the throat is again opened and another amount of scrap is al-
lowed to fall in bulk within tube 4.

The same occurs in the cylindrical throat located at the op-
posite extremity of chamber 1. Two cylindrical packs §’ and
5"’ of compressed scrap are thus obtained which are pushed
towards the central section of chamber 1, sliding on saddle
guides 14 formed by the extension of the cylindrical throats 4.
While traveling towards the central section of chamber 1, the
compressed bulks 5' and 5'' are heated by the burners. 8.
When the ends of the two packs 5§’ and §'' are almost in.con-
tact with one another, the electric arc furnace is ready to in-
itiate the melting operation. The electrode 11 is lowered and
voltage is applied to the two scrap packs by means of electrical
connections 20, 21 and tubes 4. When the arc is struck, the
electrode 11 is again raised and the arc is maintained, by the
surrounding ionized air, between the ends of the packs 5’ and
5'". Due to the heat of the arc, the scrap which was already
heated to more than 1,000° C., is further heated and melts,
and drops in channel 3 whence it passes by gravity into the
collecting vat 12 where it may be drawn off by known means.
The molten metal path is shown by the arrows f, f'. The cylin-
drical packs 5§’ and 5'* are continuously consumed but the
distance between their opposite facing ends remains substan-
tially constant due to compressing of material at the inlet ends
and by the continuous feeding of new scrap packs.

In this way, a practically continuous charging of scrap is ob-
tained and molten metal may be drawn off from the collecting
vat 12. Input tube 4 may extend for a considerable length
within chamber 1 in order to reduce the surface oxidation of
the material protecting it against a too direct action of burners
8.

Current is carried by shells 4, 14 against which the material
is pressed and this presents a further advantage in that it
avoids local welding effects between the scrap and slide guides
14. The carbon electrode 11 is used only sparingly for striking
the arc, and hence its consumption is reduced considerably.

In a modification of the furnace described hereabove, elec-
trode 11 is not necessary, and arc striking between the ends of
the two scrap packs may be obtained for instance by introduc-
ing ionized air in that central region. The furnace described
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may operate either with direct current or alternate single-
phase current.

For considerably large installations, a three-phase electrical
feeding, as shown in FIG. 2, may advantageously be used. In
that case, the furnace is provided, within a single chamber 1,
with three distinct pairs of compression and guide elements
for the scrap, shown respectively at 4a, 4b and 4¢. Each pair is
fed through electrical leads aa’, bb', cc', by three separate
secondary windings of a transformer 16 having a three-phase
primary winding ABC.

In FIG. 3 there is shown in greater detail one of cylindrical
throats or tubes 4 to compress and advance the scrap. A piston
7 is shown which is slidably fitted within the tube and com-
prises a compressing disk or head 9. Numeral 10 indicates the
mobile cover of the extremity wherein the scrap is charged in
bulk and 15 is the saddle guide which extends within chamber
1. Tube 4 has been represented as having a circular cross sec-
tion but its cross section may be trapezoidal or rectangular or
the like depending on the convenience of construction.

In another modification, channels 14 have their axes
inclined downwardly to facilitate the gravity feeding of scrap
along them.

The invention has been described with reference to several
particular embodiments, all of which show the following in-
ventive features:

The scrap is introduced into the furnace after a preheating
at a temperature of about 1,000°C.;

The scrap is compressed in alignment with the furnace
throat and then pushed into the feed channel, provided with
heating means;
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The scrap is fed into the furnace in a substantially continu-
ous manner; and

The scrap is melted by means of an electric arch which is
obtained between two scrap bulks, without the need of an
electrode.

What I claim is:

1. Electric arc furnace for melting of scrap metal which
comprises an elongated chamber having substantially a cylin-
drical shape, hermetically sealed and electrically insulated,
having at each of its two ends at least one cylindrical throat
with a semicylindrical guide portion made of steel and extend-
ing within said chamber as a saddle, a diaphragm positioned
transversely in said throat, a compressing reciprocating piston
mounted within each of said throats for compacting the scrap
against said diaphragm and feeding said scrap towards said
chamber, preheating means for said scrap metal internally of
said chamber and externally of said throat, said preheating
means being located axially along said chamber, means for in-
itiating an arc and a collection vessel for the molten metal.

2. Electric furnace, according to claim 1, wherein said cylin-
drical throats extend considerably within said chamber to pro-
tect the compressed scrap from the direct action of said pre-
heating means.

3. Electric furnace, according to claim 1, wherein the outer
ends of said cylindrical throats are provided with overturnable
lids which when in open position allow the charging of said
scrap metal into the throats and, when in closed position allow
the compression of said scrap by said reciprocating pistons.

* * * * *
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- ELECTRIC SMELTING FURNACE ELECTRODE
HAVING A WOODEN CORE

- BACKGROUND OF THE INVENTION

- One of the major disadvantages of large diameter

self-baking electrodes which carry heavy alternating

3,715,439

currents is that most of the current is conducted in the -

- peripheral layer owing to the so-called skin effect

. Which'is inherent in alternating current conductors.

~ The central region or core of an electrode conducts lit-
tle current, if any. Nevertheless, it had'been the custom
to make the central region of both prebaked and self-

b_aking_elec.trode_s of the same quality paste as that used.

in the outér more conductive peripheral layer. This is
an obviously inefficient use of the costly electrode
forming paste. ' :
The-amount of electrode material consumed in an
electric furnace represents a significant portion of the
- cost of making a ton of steel. A skilled furnace designer
will design a furnace systemn to minimize electrode con-
sumption or, at least, to-minimize the total cost of the
electrodes consumed. The least expensive electrode
forming paste is ‘that which has a high non-graphitic
carbon content and; of course, the most expensive is
 that which has a high content of carbon which is in the

2

. Briefly stated, the invention is most advantageously
used in connection with self-baking electrodes. The
electrode paste is fed into a casing which is supported
above an electric furnace and is open at its upper end, .
The paste is usually in the form of solidified blocks
which melt and eventually bake and solidify into a

. cylindrical form as the paste advances toward the hot

furnace. In accordance with the invention, one or more
cylindrical wooden logs are inserted axially into the
open end of the casing so that the paste will fuse around -
the logs and form an outer conductive sheath. The
wood chars as it nears the furnace and reduces the

“overall weight of the electrode because the density of
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more highly conductive and more thermally stable gra-

phitic form. In any event, the least expensive grade of
e_Iectroc_le_ material that will satisfy the operating condi-
tions in the furnace reasonably well is usually chosen
but in most cases it would be advantageous to use the
material with high. graphite content if it were not so ex.

" pensive. : : s . .
Presently, electrode. pastes are made by calcining

30

petroleum or asphalt cokes in either a fossil fuel fired

kiln or'an electric resistive heating furnace at below
1500°C. where graphitization .transformation begins.

35

- This essentially ungraphitized comminuted calcined

car@:on is mixed with bonding materials such as pitch or
tar in a heated state or is fed directly into the electrode
columns. The least amount of bonding material is used
50 that the electrode has the highest carbon content
possible consistent with strength, . o
In order to transform more of the carbon to graphite
_ and thereby secure a higher quality paste, the calcining
process must be carried out at temperatures well above
1500° C. for an extended period of time. Generally,
h'_lgh grade electrode pastes are made of electrically cal-
cined anthracite which has been calcined in the tem-
perature range where graphitization takes place. The
large amount of electric energy used for obtdining gra-
phitized carbon results in a
- high electric conductivity and mechanical strength, .

SUMMARY OF THE INVENTION

An object of the present i'nvemion is to reduce the
cost of electrodes by filling their non-conductive center
portions with rigid but non-conductive material such as
wood logs. : ' '

~Another object of this invention is to reduce the

weight of electrodes without sacrificing strength or
conductivity by substituting wood for higher cost paste
in the center portion of the clectrode. '

How the foregoing and other more specific objects
are achieved will appear from time to time throughout
the: course of a description of an illustrative embodi-
ment. of the invention which will be set forth
hereinafter, -~ :
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costly paste but which has _
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the wood after it has become charred is less than that of
the baked paste. Thermal cracking of the hydrocarbons -
provides additional carbon in the interstices of the al- ;
ready baked electrodes resulting in greater electric
conductivity and compressive strength.

An embodiment of the invention -will now be
described in reference to the drawings. ' :

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an elevation view of a self-baking elec-
trode forming casing associated with a schematicail
represented fragment of an electric furnace; ;

FIG. 2 is a top view of the electrode forming casing
shown in FIG. 1; o

FIG. 3 is a vertical cross section of an clectrode hav-
ing a central region comprised of a single wooden log;
and. - . S

FIG. 4 is a vertical cross section of an electrode hav-
ing a central region comprised of several wooden logs;

FIG. § is a perspective view of a bundle of logs
adapted for insertion in the electrode. :

DESCRIPTION OF A PREFERRED EMBODIMENT-

In FIG. 1 the schematically represented electric fur-
nace is generally designated by the reference pumeral
10. The interior furnace bottom 11, the side walls 12
and the top 13 were made out of the customary refrac-
tory materials,

One electrode forming device, generally designated
by the numeral 14, is shown associated with the furnace
for the sake of iliustrating the invention. This electrode
forming device has been widely used and is sufficiently
well known to obviate describing it in detail. However,
the forming device has several coaxial cylindrical sec- .

‘tions 15, 16 and 17 in which the paste that.is in-

troduced at the top of the device becomes progressive-
ly hotter as it approaches the furnace and bakes out or
solidifies. A solid cylindrical electrode 18 so formed ex-
tends into the furnace in a well known manner as
shown. _ _ '

- At the top end of electrode forming device 14 are a
pair of holding bands 19 and 20 which are coaxially ar-

~ranged and interconnected with several hydraulic

60

cylinders 21. The clamps enable lowering of the elec-
trode as it is consumed in the furnace. Clamp 20, for-
example, opens and moves upwardly to its dotted line
position 20’ while the electrode is held by its main -
clamp 19. When clamp 20 has reached its uppermost
position it closes and clamp 19 opens. Then the elec-
trode is lowered by the hydraulic cylinder 21 and the
holding clamp 19 closes after-the ‘slipping band has-

 reached its original position. For present.purposes, it is

“sufficient to observe that uncured blocks of paste are
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introduced into the top end of electrode forming device
14 and that a solidified baked electrode 18 emerges
from the bottom. The hoist which handles the paste
material at the upper end of forming device 14 is not
shown because it is conventional. The same hoist may
be used to handle and insert the wooden cores into the
center of the electrode in accordance with the inven-
tion,
FIG. 2 shows a top view of the electrode forming
- device 14. It comprises a hollow casing 26 from which a
plurality of fins 27 project radially inwardly. By way of
example, the radial dimension of these fins may be
about 10 inches and their axial length may be about 6%
feet in a device that is adapted for forming electrodes
having nominal 45 inch outside diameter. There may
be 10 such fins equiangularly spaced which means that
they would be about 36° apart. The blocks of uncured
electrode paste are dropped into casing 26 in the inter-
spaces 28 between successive fins 27. As the paste
material absorbs heat it melts and fills the existing cavi-
ties. Of course, as the paste progresses downwardly, it
absorbs heat in which case the paste in annular region
~ 29 and the fin interspaces 28 merge into a homogene-
ous viscous mass. In accordance with one aspect of the
invention, a wooden log such as 30 is introduced
through the top of casing 26 and blocks of paste are
_deposited around the log. The molten paste in the cas-
ing and the melting blocks of paste eventually encase
the log. Thus, cylindrical wooden log 30 constitutes a
core which fills a space that would normally be occu-
. pied by electrode paste. As the paste descends in elec-
trode forming device 14, additional blocks of paste and
.cylindrical wooden logs 30 are inserted as required to
produce an electrode that has a substantiaily continu-
ous central core surrounded by a sheath of car-
bonaceous electrode material. .
" The vertical sectional view of an electrode made in
accordance with the new method may be seen in FI1G. 3
-which illustrates how the central wooden core 30 is sur-
rounded by a homogeneous annular sheath of conduc-
tive paste which is marked 31. _
"~ For a small size self-baking electrode, such as is
“ shown in FIG. 3, it is feasible to use single cylindrical
~wooden logs 30 because logs of adequate size are com-
mercially available. For instance, in an electrode hay-
ing an outside diameter of about 50 inches a central
wooden core 30 of about twenty inches in diameter is
satisfactory because that will leave a cylindrical sheath
of conductive electrode material 31 about fifteen
inches thick surrounding the wooden core 30. A sheath
of this thickness is adequate for carrying the electric
current which ordinarily prevails in electrodes of this
size regardless of the skin effect. Thus, in FIG. 3, the
finished electrode has a single wooden core 30 sur-
- rounded by an electrode sheath 31 whose thickness is
about equal to the diameter of wooden core 30,
.~ For larger self-baking electrodes such as those hav-
ing outside diameters of up to 75 inches a central
wooden core having a diameter of about 40 inches may
be used. This leaves a conductive paste annulus of
about.17 inches in radial thickness which is adequate to
conduct the maximum current in an electrode of this
- size. However, wooden logs having a diameter of about
-40'inches are not readily available and, if they were,
‘would be extremely expensive. Consequently, for large
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size electrodes, the use of a plurality of smaller diame-
ter wooden logs is recommended. Thus, relatively low
cost logs of smaller diameter, such as about 6 inches
may be bundled or grouped as in FIG. § to produce a
composite core which may be easily handled and in-
serted in the central region of the electrode. The.short
logs may also be introduced individually to form a
group at the same level within the electrode forming
device, FIG. 5 shows a bundle of logs 33, which may or
may not be of equal diameter, bound together with
metal straps 34. The lengths of the various logs need
not be exactly the same. Bundles such as this are
deposited endwise into the upper open end of electrode
forming device 14 and consecutively to form a wooden
core that is continuous over the length of the electrode.
A fragmentary section of an clectrode core formed
with bundles of logs 33 is shown in FIG. 4 where one
may also see that the logs are surrounded by a conduc-
tive sheath of electrode material 35.

For the small size self-baking electrodes which are
commonly used, that is, for electrodes which have an
outside diameter of about four feet, the use of central
wooden cores permits a saving of 15 percent or more of
electrode forming paste. In large size electrodes, such
as those having outside diameters of about 75 inches, a
saving of electrode paste on the order of 30 percent can
be obtained. The cost of the logs is very small com-
pared with the cost of the electrode forming paste even
if the largest size logs are used. However, considerable
economy can be effected by using bundles of smaller
logs or bundles of rectangular or square or otherwise
cross sectionally shaped long wooden pieces in place of
logs. The basic concept of the invention is fulfilled by
using elongated wooden pieces singly or in bundles or
groups as a core for an electrode made of car-
bonaceous paste which cases the core and bonds with
it.

Those skilled in the art will appreciate that the prin-
ciples of the invention may be applied to making
prebaked electrodes as well as to self-baking electrodes
and that in connection with making prebaked elec-
trodes the wooden members may be inserted in the
mole form concurrently with the introduction of
melted electrode paste after which the pliable paste
cylinder may be removed from the mold in the custo-
mary fashion and baked.

Although embodiments of the invention have been
described in considerable detail, such description is to
be considered illustrative rather than limiting, for the
invention may be variously embodied and is to be
limited only by interpretation of the claims which fol-
low,

[ claim:

1. In apparatus of the class wherein an electrode is
formed in a casing baving upper and lower end
openings and which extends toward an electric are fur-
nace so that electrode paste introduced into the upper
opening melts in a region intermediate the openings
and bakes and cures to form hardened electrode
material near the lower opening due to heat conducted
from that portion of the electrode which emerges from
said casing into said furnace, the combination with said
electrode of a wooden core extending substantially
centrally of said casing through said paste in the regions
where said paste is introduced and where it is molten
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“and where it emerges from said casing and enters said
furnace, : : '
2. The invention set forth in claim 1 wherein:

a. said wooden core is comprised of a series of single -

elongated wooden elements disposed axially of
each other. I o
3. The invention set forth in claim I wherein:

a. said wooden core is comprised of groups of

. . wooden elements which groups are disposed axi-
ally of each other. . '
4. A method of forming a seif-baking arc furnace
electrode comprising: S ; '
. a: introducing unbaked electrode forming paste into
the interior peripheral region of the upper end of
. an electrode forming device from whose lower end

an electrode extends into a furnace, and
b. inserting-wooden elements axially of each other
into the central region of the said upper end so that
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when the paste melts due to heat derived from the
furnace said paste flows around each wooden ele-
ment and encases it.

5. The method set forth in claim 4 wherein:

a. said electrode is continuously advanced toward
said furnace to absorb sufficient heat for charring
said wooden elements consecutively before they
enter the furnace. :

6. The method set forth in claim 4 wherein:

a. the wooden elements are substantiaily the same
length and-are inserted to form groups which are

- disposed in end-to-end fashion in the central re-
gion of the electrode.

" 7. The invention set forth in claim 4 wherein;

a. the electrode forming paste is in the form of solid
blocks when being introduced into the upper end
.of the electrode forming device. o

£ % % * %
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(571 ABSTRACT

This invention relates to brushes for electrical appara-
tus and to methods for manufacturing same.

Carbon and electrographitized brushes for electrical
apparatus include, according to the invention, finely
divided abrasive additions uniformly distributed
throughout the whole volume of the brushes, mamly in
the form of silicon dioxide, and film-forming’ orgamc
polymers, such as cobalt linoleate or polyimide resins,
in a polymerized state.

The method for manufacturing said brushes consists in
that brush blanks are subjected to combination
treatment, for which purpose into the blanks are
introduced uniformly throughout the whole volume
thereof finely divided abrasive additions, mainly, in the
form of silicon dioxide, whereupon the brush blanks
are impregnated with solutions of film-forming organic
polymers with subsequent thermal treatment until full
polymerization of the impregnating composition.

4 Claims, 1 Drawing Figure
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BRUSHES FOR ELECTRICAL APPARATUS AND
METHODS FOR THEIR MANUFACTURE

REFERENCES

This application is a continuation-in-part of U.S. Pat.
applicaticn Ser. No. 749,390, filed on Aug. 1, 1968,
now abandoned.

INTRODUCTION

The present invention relates to heavy-current elec-
trical engineering and, more particularly, it relates to
carbon and electrographitized brushes featuring high
wear resistance and commutating power and designed
for use in electrical machines operating under stressed
commutating conditions, capable of operation both in
a normal atmosphere and in an atomsphere containing
volatile organosilicon compounds, as well as to a
method of manufacturing said brushes.

STATE OF ART

Attempts at increasing the reliability and prolonging
the service life of the electrical apparatus under heavy
operating conditions, with a simultaneous reduction of
their weight, have brought about the development and
use in electromechanical engineering of heat-resistant
insulation comprising organosilicon polymers (sili-
cones).

However, as shown by the practice of manufacturing
such apparatus, the organosilicon insulation featuring
a number of valuable properties, when heated in the
course of operation, evolves volatile compounds which
affet adversely the sliding contact, this resulting in the
disruption of the commutation and a marked increase
in the wear of the brushes, especially so in closed elec-
trical apparatus.

The development of special types of electrical
brushes presented one of the solutions to this problem.
In particular, it has been found that copper-containing
brushes do not react to the presence of silicon vapors
in the atmosphere.

However, such brushes feature a considerably de-
creased contact resistance and, therefore, are only suit-
able for use in apparatus with more favorable commu-
tating conditions.

For use under stressed commutating conditions, it
has been proposed to use carbon and electrographit-
jzed brushes without additions of copper and other
metals, however, containing up to 1 percent silicon di-
oxide.

However, the introduction of silicon dioxide into
brushes, whose protective action is based on the princi-
ple of fine polishing of the collector contact surfaces,
hampers the formation thereon of a high-quality polish,
which brings about a deterioration of the mechanical
and electrical characteristics of the sliding contact.

Thus, while the silicon dioxide content in the brushes
increases, their wear resistance likewise increases and
reaches the maximum when the weight of the silicon
dioxide addition is about 0.8 percent.

However, as the silicon dioxide content in the brush
increases, in the course of the required high-
temperature treatment, especially in the temperature
range of from 1,400° to 1,600°C, there occurs a reac-
tion of the formation in the brush of silicon carbides
which have an adverse effect on the contact surface of
the collector in the course of the brush operation.
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in order to avoid the formation of silicon carbides,
the thermal treatment of the brushes is carried out in
a protective atmosphere and the maximum tempera-
ture is brought down to 1,400°C; nevertheless, even in
case said conditions are observed, the presence in the
brush of more than 0.5 percent silicon dioxide, al-
though making for a longer service life of the brushes,
causes at the same time an increased wear of the collec-
tor plates.

For example, in the materials submitted to the 3 rd
Scientific U.8. Conference on Electric Insulation, held
in Chicago in 1960, W.H.Fifer of the U.S. Bureau of
Ship Building pointed out that, despite the progress
made, in electrical apparatus featuring organosilicon
insulation the reduction of the number of cases of insu-
lation damages was counterbalanced by a certain in-
crease in the brush wear. In units in which high resis-
tance of major insulation should be maintained without
inspection for a prolonged period of time no slight in-
crease of the brush wear could be tolerated and, there-
fore, the use of any organc-silicon materials should be
avoided.

There are known a number of impregnating composi-
tions based on diverse organic materials and designed
to improve the brush operation.

However, while increasing under nermal conditions
the wear resistance of the sliding contact, said composi-
tions do not provide an adequately reliable operation
of the brushes in an atmosphere containing silicon va-
pors.

For mstance, one of the novel impregnating com-
pounds based on diallyl phthalate and on allyl and dial-
lyl alcohols, tested under normal conditions, made for
the brush operation with a wear of no more than 0.3
mm per 100 hours, whereas in an atmosphere contami-
nated with silicon compounds the brushes tested on the
same stands featured a wear of up to 0.5 mm per 100
hours, which means an increase of the wear by 1.67
times.

It is an object of the present invention to deveIOp
compositions and methods for manufacturing carbon
and electrographitized brushes, that would make for an
equally good operation of the brushes both in an atmo-
sphere containing silicon vapors and under normal con-
ditions, would cause no increased wear of the collec-
tors and provide for a higher surface resistance of insu-
lation of the ¢lectrical apparatus windings.

In the accomplishment of said object of the inven-
tion, in carbon and electrographitized brushes for elec-
trical apparatus, according to the present invention, the
material of the brushes contains finely divided abrasive
conditions uniformly distributed throughout the whole
volume thereof, mainly, in the form of silicon dioxide,
and film-forming organic polymers, such as cobalt lino-
leate and polyimide resins, in a polymerized state, while
the method of manufacturing the carbon and electro-
graphitized brushes consists in that brush blanks are
subjected to combination treatment, for which purpose
there are introduced uniformly throughout the whole
volume of the blanks finely divided abrasive additions,
mainly, in the form of silicon dioxide, whereupon the
brush blanks are impregnated with solutions of film-
forming organic polymers with a subsequent thermal
treatment until complete polymerization of the impreg-
nating composition takes place.

The treatment of brushes provided by the present in-
vention with said organic polymers incompatible with
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organosilicon polymers makes for imparting the follow-
ing properties to the brushes.

1. improvement of the sliding conditions of the
brushes owing to the reduction of the friction coeffi-
cient and acceleration of the formation of a stable layer
of polish on the collector.

2. Increased cementing of the brush material in the
course of polymerization of the impregnating composi-
tion. :

3. Reduction of the brush dust adhesion to the insu-
lating surfaces inside the electrical apparatus.

4. Adequate thermal stability required to insure the
preservation of properties imparted to the brush as a
result of the combination treatment throughout the
whole service life of the brush at the maximum permis-
sible working temperatures.

The requirements set can be best met at prolonged
temperatures of up to 150°C by organic film-forming
compositions based on drying vegetable oils with the
addition of metal oxides, that are capable of assuming
current-conducting properties under the effect of elec-
tric current. _

In the paint-and-varnish manufacture it has been well
known to use vegetable oils with the addition of diverse
siccatives such as metal oxides for a more rapid and
complete drying.

For example, it has been known to use a combination
siccative in the form of cobalt and lead naphthenates
for the protection of carbon electrodes from destruc-
tion, which is well justified for the object set.

However, in accordance with the present invention,
much better results are attained through the use of
linoleates featuring an increased metal content, in par-
ticular, up to 15 percent cobalt oxide, as against the use
of naphthenates.

Following the impregnation and thermal treatment,
the remaining linoleate in the brush contains up to 30
percent oxygen, which has a favorable effect upon the
formation on the collector of a stable layer of polish.

Of particular significance to the accomplishment of
favorable resflts are both the choice of the impregnat-
ing composition and of correct concentration thereof
for in the opposite case totally different properties may
be attained. Thus, with an increase in the brush body
after the polymerization of the amount of the impreg-
nating composition left the commutating power of the
brush features an initial marked increase whereupon it
goes down rather rapidly and sparking occurs.

Prior to the beginning of sparking, the wear resis-
tance increases monotonously.

Therefore, depending upon the operating conditions
of the brushes, for each specific impregnating composi-
tion there exists a certain optimum value of its concen-
tration in the brush, said optimum value being in the
range of approximately 1.0 to 5.0 percent by weight of
the brushes.

Also an essential distinguishing feature of the present
invention is the impregnation with polyimide resins of
the brushes designed for operation at temperatures of
from 150° to 300°C.

The impregnation with these resins, in combination
with abrasive additions, imparts valuable properties to
the brushes analogous to those imparted as a result of
impregnation with cobalt linoleate, however, unlike the
latter, it also imparts to the brushes a high thermal sta-
bility owing to which the brushes can withstand pro-
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longed working temperatures of up to 300°C and short-
duration working temperatures of up to 400°-500°C.

For a better understanding of the present invention,
several examples are presented hereinbelow with due
reference to the accompanying drawing which itlus-
trates diagrammatically the method of manufacturing
brushes according to the invention, said examples
being presented for the purpose of illustration and not
by way of limitation.

EXAMPLE 1

Brushes for electrical apparatus with stressed com-
mutating conditions, designed for operation in a nor-
mal atmosphere and in the presence of silicon vapors
at a prolonged working temperature of the brushes up
to 150°C.

Blanks of carbon and electrographitized brushes, in
accordance with the appended drawing, are subjected
to the following combination treatment.

The blanks are first dried at a temperature of
110°-120°C for 1.5-2 hours until a complete removal
of moisture, whereupon they are cooled down to a tem-
perature of 60°-70°C, at which temperature they are

immersed, without the use of pressure or vacuum, in a
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bath containing polymethyl siloxane resin in a solution
of toluene or ethyl Cellosolve.,

The viscosity of the impregnating composition is se-
lected depending upon the porosity of the brush blanks
so that the increase in weight after the high-
temperature treatment will be within the range of from
0.2 10 0.5 percent by weight of the blanks after mois-
wire has been removed from the latter.

Thermal treatment is carried out in an argon or hy-
drogen atmosphere with a two- or three-stage tempera-
ture increase from 600° to 1,400°C, in the course of
which finely divided silicon dioxide (8i0,) is deposited
uniformly throughout the whole volume of the blanks.

Secondary impregnation of the brush blanks, in ac-
cordance with the drawing, is carried out analogously
with the initial one, but using cobalt linoleate obtained
from linseed oil by the dry, fusion or deposition tech-
niques, with the cobalt oxide content in the prepared
linoleate of up to 15 percent by weight of the latter.

The impregnating composition is brought to working
viscosity with the aid of wood turpentine preliminarily
kept in the light in the open air for 1-2 days, with a
view to obtaining after the subsequent secondary ther-
mal treatment a gain in the weight of the brush blanks
in the range of from two to five percent by weight after
the primary thermal treatment.

The secondary thermal treatment, following the re-
moval from the impregnated blanks of excess impreg-
nating compound, is carried out in an atmosphere of air
with a stepwise temperature increase of from 120° to
180°C until full polymerization of the impregnating
composition. _

The optimum content in the brushes of silicon diox-
ide and cobalt linoleate is determined for each new
type of brushes from stand testings, in application to
specific electrical apparatus.

EXAMPLE 2

Brushes for electrical apparatus with moderate com-
mutating conditions, designed for operation in a nor-
mal atmosphere and in the presence of silicon vapors
in said atmosphere, at a prolonged working tempera-
ture of the brushes up to 150°C.
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The introduction into the brush blanks of abrasive
additions does not differ from that described in Exam-
ple 1.

The secondary impregnation in accordance with the
drawing is effected analogously but with natural drying
oil (boiled linseed oil) using a cobalt or some other sic-
cative, dissolved to a working viscosity in wood turpen-
tine, with a subseugent thermal treatment as described
in Example 1.

EXAMPLE 3

Brushes for electrical apparatus featuring prolonged
* working temperatures of from 150° to 300°C, designed
for operation in a normal atmosphere and in the pres-
ence of silicon vapors in said atmosphere.

The primary impregnation and thermal treatment do
not differ from those described in Examples 1 and 2.

The secondary impregnation, in accordance with the
drawing, is ¢ffected with a solution of polyimide resin
in dimethyl formamide, with a subsequent thermal
treatment of the blanks at a smooth temperature in-
crease of from 100° to 250°C, until complete polymer-
ization of the impregnating composition.

As distinct from the preceding Examples, the impreg-
nation with polyimide resin can be carried outin an au-
toclave, using vacuum and excessive pressure.

All variants of the brushes have been tested under
laboratory conditions and in closed electrical apparatus
with an output of from 1.0 to 9.000 kw, featuring or-
ganic and organosilicon insulation. The apparatus were
tested on a stand under the hardest possible working
conditions.

Presented hereinbelow by way of illustration are
some characteristic data obtained from testing the most
extensively used electrographitized types of brushes.

Table 1 contains the data on comparative tests of d.c.
electrical apparatus with a collector peripheral speed
of 20 m per sec., at an average current density in the
brush of 10 amp. per sq.cm.

TABLE 1
Comparative testings of brushes in apparatus at a stand

Quality of the brush operation
Type of apparatus insulation

organotilicon ofganic
wearf, commuta- wear, commuta-
mm{ tion, mm/ tion,
Ne. Type of brush 1000 hr conv. 1000 hr cony.
valve valve
1. Electrographitized
brushes, no
additional ireatment 15.5 4.0 XL 10.0
2. Variant 1, with the
introduction of 0.8
per cent silicon
dioxide 2.0 8.0 20 8.0
3. Variant 1, '
impregnated with
cobalt tinoleate (4
per cent gain in
weight) 4.5 10 2.0 10.0
4, Variant 1, with the
introduction of 0.5
per cent silicon
dioxide and 4 per
cent cobalt lineleate 1.0 0.0 1.0 10.0
5. Variant 1, with the
introduction of 0.5
per cent silicon
dioxide and 4.0 per
cent boiled linseed
i 1.3 £.0 13 8.0

oi

6. Variant 1, with the
introduction of 0.5
per cent silicon
dioxide and 2.0 per
cent pelyimide resin
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1.4 9.0 1.4 9.0
Note; The conventional value of commutation was found from the
width of the zone of sparkiess operation in per cent from the rated cur-
rent of Joad, in accordance with the method of Prof. V. T Kasyanev. by
magnetization of additional peles.

“Table 2 presents the results of comparative testings
of the main variants according to Table 4 (Variants 1,
2 and 4) under actual working conditions, the brushes
being used in closed high-speed electrical apparatus
with stressed commutating conditions, with the collec-
tor peripheral speed of 50 m per sec., average current
density under the brushes of 10 amp. per.sq.cm, spe-
cific pressure of the springs of 30 gram-force per sq.cm,

‘and the collector working temperature of 120°C,

TABLE 2

Testing the brushes in operation in closed electrical
apparatus with organosilicon insulation

Total resistance of cur-

}Nlo‘ " Average tent-conducting parts of
Fom
Tab- Type of service the apparatus, in megohms
le 1 brush life, in
mmy 1,000 hr initial after after
1,000 hr 2,000 hr
1. Electrographitized
brushes, without
additional treatment 300 50.0 0.1 0.05
2. Same, containing
silicon dioxide 4.0 50,0 50 4.0
3, Containing 0.5 per
cent silicon dioxide
and 4.0 per cent
cobait linoleate 2.5 50.0 250 200

Note: After cleaning the windings, the resistance of the apparatus insu-
lation was restored to a value close to the initial one.

Laboratory investigations have also shown that the
coefficient of friction of the brushes subjected o com-
bination treatment is 1.4=1.6 times lower than that of
the brushes containing only silicon dioxide, which
makes for the reduction of mecanical friction losses
during the sliding of the brushes on the collector and
for an increase of the service life of the collector plates.

It is clear from the above-listed testing results that
neither untreated brushes nor any of the afore-
described ingredients introduced to the brush sepa-
rately can fully solve the problem of normalizing the
operation of the brush contact in an atomsphere con-
taining silicon vapors.

The herein proposed treatment based on the effect of
cumulative treatment with silicon dioxide and film-
forming organic polymers helps fully eliminate the
harmful effect of silicon vapors upon the sliding con-
tact and makes for a rapid formation on the collector
of a stable layer of polish acquiring a characteristic
gloss. The brush dust from such brushes features re-
duced adhesion and adheres to the windings in a con-
siderably lesser degree, which helps maintain the insu-
lation resistance at a higher level in the course of oper-
ation, thus obviating the necessity of making regular
stops for the purpose of cleaning the apparatus, even
the high-voltage apparatus.

The wear resistance and commutating power of the
brushes according to the present invention are in fact
identical both in operation under normal atmospheric
conditions and in the presence of silicon vapors in the
atmosphere. Characteristics of the novel brushes pro-
posed herein are superior to those of the brushes con-
taining only silicon dioxide.

What is claimed is:

1. A method for manufacturing carbon and electro-
graphitized brushes for electrical apparatus which com-
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prises first impregnating a brush blank with a solution
of an organosilicon resin in such an amount that after
thermal treatment at 600° to 1400°C. the brush blank
will contain, uniformly distributed over the entire vol-
ume thereof, finely divided silicon dioxide in an
amount of 0.2 to 0.5 percent by weight of the blank,
heating said impregnated blank at a temperature of
600° to 1400°C. until the blank contains said 0.2 to 0.5
percent be weight of finely divided silicon dioxide, se-
condly impregnating the blank with a solution of cobalt
linoleate containing up to 15 percent by weight of co-
balt oxide based on the weight of linoleate, in such an
amount that after thermal treatment at 120° to 180°C.
the secondly impregnated blank will contain 2.0 to 5.0
percent by weight of said second impregnating compo-
sition based on the weight of the blank, and heating
said secondly impregnated blank to a temperature of
120° and I80°C. until complete polymerization of the
second impregnating composition occurs.

2. A method for manufacturing carbon and efectro-
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graphitized brushes for electrical apparatus which com-
prises distributing finely divided silicon dioxide
throughout the entire volume of a brush blank, subse-
quently impregnating said blank with a solution of a
film-forming organic polymer and subjecting said im-
pregnated brush blank to thermal treatment until com-
plete polymerization of the polymer is effected.

3. A method according to claim 2 wherein the ther-
mal treatment takes place at 120° to 180°C. and the
film forming polymer is natural boiled linseed oil in
such an amount that after thermal treatment the blank
will contain 2.0 to 5.0 percent by weight of polymer-
ized linseed oil based on the weight of the blank.

4. A method according to claim 2 wherein the ther-
mal treatment takes place at 100° to 250°C. and the
film forming polymer is a polyimide resin in such an
amount that after thermal treatment the blank will con-
tain 1.0 to 4.0 percent by weight of polyimide resin

based on the weight of the blank.
)

* * * ¥
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[57] ABSTRACT

A self-baking electrode for an electric furnace com-
prises a permanent tubular casing which extends be-
neath the furnace hood toward the furnace charge. A
ram located over the top end of the casing can be re-
tracted for inserting electrode paste and can be ad-
vanced for compacting the paste and extruding the
baked portion of the electrode from the lower end of
the casing. The lower end is articulated in a region
which is engaged by electrode contact plates that
exert a pressure on the casing and the baked electrode
te permit extrusion at a controlled rate. The casing is
surrounded by a mantle which is insulated and defines
an annular gap around the casing. Hot gas is forced
axially through the gap of the casing to melt and pre-
cure the electrode paste prior to the paste passing
through the region of exit and electrode contact. The
usual apparatus for advancing and retracting the
whole electrode forming apparatus and electrode with
respect to the furnace charge is also provided.

29 Claims, 4 Drawing Figures




PATENTEDSIX 25 894

—

XK AR

m =
n

4

48 b 61
-5 7T !
—————— Iy [
h
46
gisy
45

3.819.841

LA \

Py

59 41 42

]

FI1G.|

13~

33—~

36




- 3,819,841

. . . l . -
IRON-FREE SELF-BRAKING ELECTRODE

BACKGROUND OF THE INVENTION

This invention relates to a method and apparatus for
making self-baking electrodes for use with electric fur-
naces. .

. Conventional self-baking electrode making appara-
tus comprises a vertically disposed cylindrical casing
the lower end of which extends into the electric fur-
nace. The upper end of the casing is open to permit
workmen to insert chunks of carbonaceous paste which
melts and ultimately cures to a solid state as a result of
heat which is conducted upwardly from the cured por-
tion of the electrode that emerges from bottom contact
plates into the furnace. The cylindrical sections from
which the casing is made have several inwardly di-
rected fins to which the paste fuses near the input end.
The fins provide for engagement between the casing
and the uncured and cured portions of the electrode
therein and the fins reinforce the electrode, conduct
electric current from the contact clamps to the cured
portions of the electrode and contribute toward con-
.duction of heat from the cured portion to portions
which are undergoing curing by heat.

Because the lower end of the casing from which the
electrode emerges is normally in the hot environment
of the fummace, the casing is consumed and new sections
must be added at the top end. This is done by workmen
on a floor above the fumace where they are protected.
Conventionally, the electrode clamps are released to
permit lowering of the self-baked electrode and the sur-
rounding steel casing. Means are provided to adjust the
distance of the casing and electrode with respect to the
furnace to maintain a proper arc length with respect to
the charge in the furnace,

Consumption of the casing and the fins therein resuit
in iron being introduced into the melt within the fur-
nace. Introduction of iron is undesirable when such
products as high purity silicon and aluminum silicon
are being refined in the furnace. To avoid introduction
of iron into the melt, it has been customary to avoid use
of self-baking electrodes and to use, instead, preformed
or prebaked solid electrodes. The latter, of course, are
much more expensive than self-baking electrodes and
they require careful coupling of additional sections to
make up for consumption of the electrode at the lower
end.

One method of partially overcoming the introduction
of ferrous metal into the furnace is to substitute for the
usual radially inwardly directed reinforcing fins a light-
weight metal framework which becomes embedded in
the paste and rigidifies the electrode. The framework
is free of the casing thus making it possible to advance
the electrode at a somewhat higher rate than the casing
is advanced in which case consumption of the casing is
reduced. However, if the framework contains ferrous
metal as usual, the melt in the furnace may still be
somewhat contaminated, although to a lesser degree
than with the method first discussed. One of the prob-
lems with this construction is that the framework must
be as light as possible to minimize iron contamination
in which case there may not be sufficient strength to re-
inforce the electrode adequately. A lightweight frame
also conducts heat poorly so the paste may be cured at
an unduly slow rate which results in loss of electrode
strength where it emerges from the contact plates. The
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framework is also not in contact with the casing so that
electric current is not conducted directly froin the elec-
trode contact clamps to the plastic portion of the elec-
trode and to the cured portion. The reduced heating
and curing effect of the electric corrent in the central
portion of the electrodes compels electrodes of re-
duced diameter. .

SUMMARY OF THE INVENTION

An object of the present invention is to provide elec-
trode forming apparatus which minimizes introduction
of metal out of which the apparatus is comprised into
the molten charge within a fumace with which the elec-
trode cooperates.

A further object of this invention is to provide appa-
ratus which uses no fins, framework or other conduc-

‘tive or reinforcing members in the paste within the cas-

ing and yet provides for good thermal precuring and
curing of the electrode paste before it emerges as a
cured electrode from befow the contact plates,

A further object is to provide self-baking electrode
forming apparatus in which the electrode may be
formed without use of any fins, reinforcing framework
or other structural element to conduct heat and electric -
current into the electrode, this object being achieved
by providing electric contact members which engage
the forming casing near its lower end in such manner
as to have a circuit that is directed from the electrode
contacts to the casing and to the solidified electrode.

A still further object is to provide for precuring of the
elecirode paste within the casing by surrounding it with
a mantle that defines a concentric gap through which
hot air or gas for curing may be circulated whereby
conduction of heat from the furnace through the elec-
trode itself need not be relied upon exclusively to cure
the electrode,

Still another object of this invention is to provide for
reinforcing the electrode with non-metallic members
such as wooden cores which introduce no ferrous con-
taminant into the furnace but which are converted to
charcoal and have their pores filled eventually with car-
bon derived from the paste and from the hydrocarbons
resulting from the curing process so that the entire
cross sectional diameter of the electrode is conductive.

In general terms, the invention is characterized by an
electrode forming cylindrical casing which has a free
bore. A paste compacting and electrode extruding ram
is situated above the upper open end of the casing. Re-
traction of the ram permits workmen to insert elec-
trode paste into the casing and downward advancement
of the ram extrudes the cured electrode from the bot-
tom end thereof. The bottom end of the casing is pro-
vided with longitudinally disposed overlapping joints to
make it somewhat inwardly resilient. The slits created
by the overlaps are in turn covered with additional ma-
terial to prevent leakage of paste and minimize leakage
of hydrocarbon gas. There are electric contact plates
surrounding the jointed end of the casing. The contact
plates are under sufficient pressute to support the cas-
ing and the electrode therein but the pressure is not so
great as to prevent the electrode being advanced under
the influence of the ram at the top end as it becomes
necessary for the electrodes to be extended to make up
for that which is consurned at its lower end.

The substantially stationary casing is surrounded in
concentric spaced relation by a mantle. Hot air or gas
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is directed through this space in heat exchange relation
with the casing to melt and prebake the electrode paste
which is finally baked or cured by the more intense
heat which is conducted from the arc in the furnace
through the electrode. '
How the above-mentioned objects and other more
specific objects of the invention are achieved will ap-
pear in the ensuing more detailed description of a pre-
ferred embodiment of the new self-baking electrode
_-apparatus which will be set forth in reference to the
drawing shortly hereinafter. :

DESCRIPTION OF THE DRAWING

FIG. 1 is a vertical elevation of the new self-baking
electrode apparatus with parts in section and other
parts in semi-section; ,

FIG. 2 is a transverse section taken on a line corre-
sponding with 2—2 in FIG. 1;

FIG. 3 is a partial section taken on a line correspond-
ing with 3—3in FIG. 1; and

FIG. 4 is a transverse section taken on a line corre-
sponding with 4—4 in FIG. 1.

DESCRIPTION OF A PREFERRED EMBODIMENT

Referring to FIG. 1, one may see that part of the elec-
trode forming apparatus is above a floor 10 and an-
other part is below the floor. A region far below floor
10 is occupied by an electric furnace which .is not
shown but the upper surface of the charge within the
furnace is indicated by the reference numeral 11 near
the bottom of FIG. 1. One of the hoods 12 of the fur-
nace is shown fragmentarily and is seen to be posi-
tioned immediately beneath floor 10.

The electrode forming apparatus in FIG. 1 comprises
a cylindrical metal casing 12 in which carbonaceous
paste may be introduced for being baked into solid
electrode. The casing may be made up of a number of
curved sections welded together. The interior of casing
12 is smooth and does not have the usual radially in-
wardly extending electrode supporting fins nor any
other metallic reinforcement for the electrode that is
formed therein. The formed, cured and solidified elec-
trode portion 13 emerges from the bottom end of cas-
ing 12 under the influence of a ram head 14 at the top
of the casing. Ram head 14 may be retracted from
within the casing to permit workmen on floor 10 to in-
troduce chunks of electrode paste into casing 12. Ram
head 14 is driven by the connecting rod 15 of a fluid
operated cylinder 16. Cylinder 16 can be pressurized to
effectuate extrusion of electrode 13 from the bottom
end of the casing. A mechanically operated ram could
be substituted for the fluid operated ram if desired.

As shown in FIGS. 1 and 4, the lower end of elec-
trode forming casing 12 is provided-with circumferen-
tially spaced axially extending overlapping joints 17
which make the end of the casing somewhat resilient
and yielding to radially applied forces. The overlapping
joints 17 prevent leakage of electrode paste, minimize
loss of hydrocarbon gases and provide a large electric
contact interface with exterior of casing 12. Overlap-
ping joints 17 and casing 12 constitute an articulated
structure which permits application of a gripping force
by the casing on the electrode 13. Other resilient or ar-
ticulated clamping mechanisms could be substituted
for the one just described.
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The lower end of the casing is surrounded by a plural-
ity of electrode contact members 20. Contact members .
20 are carried on a pressure ring 21. Each contact is as-
sociated with a device 22 for applying pressure to the
contact 20. The pressure applying devices 22 may com-
prise a housing 23 and a plunger 24 surrounded by a
shouldered sleeve 25. A spring 26 reacts against the
shoulder and forces the plunger 24 against its asso-
ciated electrode contact 20. A threaded collar 27 per-
mits adjustment of spring pressure. The total force of
the various plungers against the contact 20 is adequate
to bring about a clamping action by the segments 19 of
casing 12 against the electrode 13. The force is great
enough to support the baked electrode 13 and the cas-
ing 12 and to prevent their inadvertent movement
toward the furnace. The electrode 13 is actually re-
strained from inadvertent vertical movements by fric-
tional force of the articulated casing bottom. When it
is desired to feed more baked electrode into the fur-
nace to make up for that which may be consumed in
the electric arc, a force is applied to ram head 14 at the
upper end of the casing and the frictional force at the
lower end is overcome in which case the solid cured
end 13 of the electrode is caused to extrude from the
lower end of casing 12.

For self-baked electrode having a diameter of about
35 inches, it has been found that a holding force of
about 30 to 40 pounds per square inch on electrode
contacts 20 is sufficient to prevent slippage of the elec-
trode from the casing except when a predominating
force is applied by means of ram 14.

The electrode contacts 20 are connected to a power
distribution bus ring 30 by means of a plurality of tubu-
lar conductive members 31. Power distribution ring 30
may be provided with coolant fluid passages such as 32
and 33 which are in fluid communication with the in-
terior of conductor tubes 31 to provide coolant to the
hollowed out electrode contact elements 20 if desired.
Power distribution ring 30 is connected by any suitable
means to a plurality of conductor tubes 34 which are
in turn in electrical continuity with a bus 35 to which
alarge number of paralleled flexible conductors 36 are
connected. The flexible conductors 36 lead back to a
bus terminal 37, shown in part, which connects to a ter-
minal of a power transformer, not shown. The electric
circuitry intervening between the electrode contacts 20
and the power transformer is substantially conventional
and need not be described in greater detail.

Casing 12 is, of course, not fed into the furnace dur-
ing operation thereof nor during forming an electrode
therein. The only time casing 12 moves is when it is ad-
vanced jointly with the electrode for the purpose of es-

- tablishing the position of the electrode tip as will be de-
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scribed subsequently.

Casing 12 is surrounded by a cylindrical mantle 40
which is moved bodily with the casing to adjust the po-
sition of the tip of the baked electrode 13 within fur-
nace charge 11, Sections taken through the mantle 40
may be seen in FIGS. 2 and 3. Mantle 40 comprises an
outer cylindrical shell 41 and an inner cylindrical shell
42 in concentric spaced relationship therewith. There
are layers of thermal insulation 43 and 43’ on the inside
surface of inner shell 42 and the outer surface of the
upper casing 12 section. The two layers of thermal in-
sulation are radially spaced so as to define a concentric
gap 44 around the casing as can be seen in FIGS. 1-3.
Insulating layers 43 and 43’ terminate near the lower
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casing 12 section and the mantle 42 and casing 12 then
form an uninsulated gap 44’ which is continuous with
gap 44. Hot air or other hot gas is forced downwardly
through gap or duct 44, 44' from an encircling plenum
45 which is supplied with pressurized hot air through a
duct 46 leading to a blower 47. By means of a conduit
48, the intake side of blower 47 is connected to a
source of hot air, such source not being shown. The
source may be an ordinary hot air furnace in which fuel
is burned in a combustion chamber that is in heat ex-
change relation with air circulating over it. The hot air
is drawn into the system by fan 47 and forced through
duct 44 in heat exchange relationship with casing 12 at
the lower end portion of the mantle 40 only so that the
electrode paste within the casing in the lower end por-
tion is subjected to heat for precuring. The temperature
of the air is sufficient to bake the contained paste at
about 450°C. The hot air enters duct 44 through annu-
lar gap 49 at the top thereof and the hot air exits from
the duct at the lower end 50 inside of the furnace hood.
Because the hot gases emerge under the furnace hood,
it is also possible to use rather completely oxidized hot
gases of combustion directly for heating the lower part
of electrode casing 12 instead of heating air by passing
it over a combustion chamber.

The mantle 40 is supported at its upper end by a ring
50 which connects to the outer shell 41 of the mantle
by means of several gusset plates 51 which may be
welded to shell 41 and ring 50. Ring 50 is in turn car-
ried by a frame 52 which is supported on an electrode
elevating and lowering hydraulic cylinders 53, one of
which is visible in FIG. 1. This cylinder may also be of
the pneumatic type. In any event, by means which are
not shown, the cylinder 53 may be actuated to raise or
lower ring 50 and thereby raise and lower electrode
casing 12, the electrode 13 and surrounding mantle 40
jointly with casing 12. These components are jointly
raised or lowered in accordance with the need for ad-
justing current flow to the furnace charge by increasing
or decreasing the length of the arc between the tip of
the electrode 13 and charge 11 or by adjusting the dis-
tance in which the electrode projects into the charge or
a slag layer thereon if the furnace is of the thermal con-
ductive type rather than an arc furnace. The servo sys-
tem for sensing voltage drop across the arc and actuat-
ing electrode positioning cylinder 52 accordingly is not
shown since this system may be conventional and is
well known to those skilled in the art.

When casing 12 and mantle 40 are raised or lowered
together there is no slippage between electrode 13 and
the clamping arrangement at the lower end of casing
12. Under these circumstances the electrode contact
elements 20 are also raised and lowered with the casing
and mantle as are the conductors 34 and flexible con-
ductors 36 by virtue of the latter being supported on a
post 54 which is connected to frame 52 through floor
10. A set of circumferentially spaced guide rollers 55
are journaled for rotation on associated stationary
brackets 56. Rollers 55 guide and maintain the align-
ment of mantle 40 when it is undergoing bidirectional
vertical movements in response to signals that indicate
the need for a change in the arc length. Rollers 55 ride
on hardened bearing strips 57 which may be welded on
the external surface of the outer mantle shell 41.
Brackets 56 are supported on. a base 58 which is
mounted on furnace hood 12 although it could be
mounted on any stationary structural member of suffi-
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cient strength. Beneath rollers 55 is a duct 59 which is
maintained at positive pressure and which has an air
exit passageway 60 for the purpose of preventing gases
from the furnace leaking to the space above floor 10.
This is merely exemplary since a furnace fume seal can
take a variety of forms as is known to those skilled in
the art.

Electrode casing 12 and the self-baked electrode 13
therein is indicated to be comprised of several regions
which are in various states of curing. The regions are
indicated by brackets. The region embraced by lower-
most bracket 13a is that in which the electrode is sub-
stantially fully cured and hardened throughout. In re-
gion 13b, the electrode paste is in a substantially un-
baked state near the top and a substantially fluid state
near the bottom. Electrode paste additions are made in
region 13c.

Operation of the electrode forming apparatus is as
follows. Assume that the furnace is operating and that
electrode exists within casing 12 in various states of
curing. Assume that so much of the lower tip of elec-
trode 13 has been consumed as to make it desirable to
extend the electrode further into the furnace. This is
done by actuating cylinder 16 to cause ram head 14 to
force the electrode downwardly for greater emergence
from casing 12. The downward force need only be suf-
ficient in combination with the weight of the electrode
to overcome the frictional holding force applied by the
pressurized contact plates 20 acting on the articulated
or slotted lower end of casing 12. When the baked elec-
trode extends sufficiently far from the casing 12, ram
head 14 is retracted so as to expose the cavity in the top
part of casing 12 which has been created by extrusion
of electrode from the bottom part. Workmen on floor
10 may then introduce more electrode paste into the
top interior void in casing 12. Although not previously
discussed in detail, there are also provided wooden
core sections 61 which are connected to each other by
the workmen prior to introduction of additional paste
into the top of casing 12. Paste is introduced around
the core. The cores may be connected by means of
threaded projections on one being received in the op-
posite end of the next consecutive section or the
wooden cores may be connected by providing them
with tapered wooden plug extensions that register in a
correspondingly tapered hole in an adjacent section.
Any method of connection that does not use ferrous el-
ements may be used. The paste in portion 13c of the
electrode subsequently melts due to the heat from the
hot air in duct 44 defined by mantle 40 and the paste
fuses around the wooden core to form a relatively
baked mass in portion 13 a. As the paste is extruded
downwardly in casing 12, it gets hotter and hotter as a
result of heat exchange with the hot air in duct 44 and
continues to solidify and at the same time the volatile
hydrocarbons are liberated. The volatile hydrocarbons
are sealed off against upward exit by the molten paste
so they are forced downward into the pores of the elec-
trode in a region below the contact plates where the
electrode is more thoroughly cured and hardened but
porous enough to accept the hydrocarbon gases. Even-
tually, these gases become sufficiently heated by con-
duction from the furnace up the electrode to fraction-
ate and produce carbon with deposits in the pores of
the more completely cured portions of the electrode.
This improves electric conductivity of the exited solidi-
fied and cured electrode portion below the contact
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plates which electrode may attain a temperature of
about 1,100°C which is sufficient to crack the gases and
deposit carbon. Even before the electrode material
reaches this temperature, the wooden plugs 61 become
carbonized and porous and capable of receiving gases
which fractionate and deposit carbon in their pores.
This further contributes to the electrical conductivity
of the electrodes.

Continuous adjustment of the electrode tip position
in response to current and voltage sensitive sensors, not
shown, is obtained, as discussed generally above, by
moving mantle 40, the casing 12, the electric contact
elements 20, the fan 47, its associated duct work and
the supporting frame 50 bodily in one vertical direction
or another by actuation of fluid operated cylinder 53.
These movements are rather small amplitude and do
not result in moving casing 12 substantially closer to
the intensely heated part of the furnace where melting
thereof might occur so as to introduce ferrous contami-
nants into the melt.

Good electrical contact is maintained between the
casing and electrode at all times including those times
when electrode is being forced out of casing 12 in op-
position to the frictional holding force which exists be-
tween the bottom articulated part of the casing and the
electrode.

Although a preferred embodiment of the invention
has been described in considerable detail, such descrip-
tion is to be considered illustrative rather than limiting,
for the invention may be variously embodied and is to
be limited only by interpretation of the claims which
follow.

I claim:

1. Self-baking electrode apparatus for use with an
electric furnace, said apparatus comprising:

a. a metal casing having an opening in one end for
electrode exit and an opening remote therefrom for
introduction of electrode forming material into
said casing which material first becomes plastic and
is then successively baked to a hardened state in
which it emerges from said one end,

b. means for supporting said casing relative to said
furnace, : -

c. means for restraining said electrode against sub-
stantial emergence from said casing, and

d. means for applying a force on said electrode form-
ing material within said casing to thereby overcome
said restraint of said electrode and cause it to
emerge from said casing.

2. The apparatus set forth in claim 1 wherein:

a. said casing has a substantially uniform cross sec-
tional shape and a substantially smooth and clear
interior over its entire length.

3. The invention set forth in claim 1 including:

a. electric contact means engaged with said casing,

b. said restraining means including articulated means
surrounding and engaged with a substantially solid-
ified portion of said electrode, said articulated
means being interposed between said contact
means and said electrode and said articulated
means being adapted to yield toward the center of
said electrode under the influence of force applied
through the agency of said contact means.

4. The invention set forth in claim 1 wherein:

a. there are a plurality of perimetrally disposed axi-
ally extending overlapping jointed segment means
in said one end region of said casing, said segment
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means being yieldable toward the electrode in said
casing.

5. The invention set forth in claim 1 including:

a. means defining a duct for conducting hot gas in
heat exchange relationship with said casing, said
duct surrounding at least the lower end portion of
said casing, said hot gas effecting prebaking of said
electrode material.

6. The invention set forth in claim 5§ wherein:

a. said casing is vertical and said casing supporting
means also supports said duct means, said support-
ing means being constructed and arranged for exe-
cuting bidirectional vertical movements to thereby
jointly move said duct, casing and electrode in rela-
tion to a furnace, and

b. means for moving said supporting means.

7. The invention set forth in claim 6 including:

a. blower means for forcing heated gas generally
downwardly along said casing means.

8. The invention set forth in claim 1 including:

a. means defining a duct surrounding said casing over
a substantial part of its length,

b. thermal insulation interposed between said duct
and said casing in the upper portion thereof, the
lower portion of said casing being uninsulated so
that hot gas conducted by said duct will precure the
electrode in the lower portion of said casing.

9. The invention set forth in claim 1 including:

a. a mantle surrounding said casing in spaced rela-
tionship to define a passage for heated gas, said
mantle extending a substantial distance over the
length of said casing,

b. said mantle having an inlet for admitting heated
gas to one end of said passage and an exit remote
therefrom, and

¢. means for coupling a source of hot gas to said inlet.

10, The invention set forth in claim 9 including:

a. thermal insulation in said passage next to said cas-
ing and disposed to substantially limit heating of
the paste in said casing adjacent to the one end por-
tion thereof.

11. The invention set forth in claim 9 wherein:

a. said mantle is supported jointly with said casing by
said supporting means, said supporting means
being constructed and arranged for moving bidi-
rectionally vertically to thereby enable joint move-
ment of said mantle, casing and electrode in re-
spect to a furnace, and

b. means for moving said supporting means.

12. The invention set forth in claim 11 including:

a. blower means supported for moving jointly with
said mantle for blowing said hot gas downwardly-
along said casing.

13. The invention set forth in claim 1 wherein:

a. said means for applying force on said electrode
forming material comprises ram means adapted to
register in said remote opening of said casing, and

b. means operatively coupled with said ram means
for forcing said ram means against said electrode
material to expel said electrode from said casing
and to retract said ram means to allow introduction
of electrode forming material in said casing.

14. The invention set forth in claim 13 wherein:

a. said last named coupled means is a pressure oper-
ated cylinder.
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18. Self-baking electrode apparatus for use with an

electric furnace, said apparatus comprising:

a. a vertically disposed metal casing having a lower
open end and an opening in its wpper end for intro-
duction of electrode forming material which be-
comes plastic and is successively baked to a hard-
ened state in which it emerges from said lower end,

b. support means for supporting said casing with its
lower end positioned for cooperation with said fur-
nace,

c. clamp means constructed and arranged to bear
against said electrode in its region of emergence
where it is in a substantially hardened state,

d. first means for applying a force on said clamp
means to ctamp said electrode against descending
from said casing under the influence of gravity, and

¢. second means for applying sufficient force to said
electrode through said upper opening in said casing
to overcome the clamping force on said clamp
means so as to cause said electrode to emerge fur-
ther from said casing.

16. The invention set forth in claim 15 wherein:

a. said clamp means include a plurality of perimet-
rally disposed axially extending segments near the
lower end of said casing, said segments being vield-
able toward said electrode for frictional engage-
ment therewith.

17. The invention set forth in claim 15 including;:

a. means defining with said casing a passage extend-
ing along said casing over a substantial portion of
its length, said passage being for conducting heated
gas along the outside of said casing to prebake said
electrode material therein, a portion of said pas-
sage being in intimate heat exchange relation with
a lower end portion of said casing, and

b. means for admitting heated gas to said passage.

18. The invention set forth in claim 17 wherein:

a. said passage defining means has an opening near
the lower end of said casing for permitting gas to
exit from said passage.

19. The invention set forth in claim 17 including:

a.‘means for moving said support means in opposite
vertical directions,

b. said passage defining means being supported by
said support means and said casing being supported
from said passage defining means whereby said
electrode may be adjusted vertically with respect to
said furnace to alter the distance between said elec-
trade and contents of said furnace while said elec-
trode remains clamped to said casing.

20. The invention set forth in claim 15 including;

a. a plurality of overlapping, axially extending seg-
ments firming the lower end of said casing, plate
means disposed over the joints between the seg-
ments of said casing, _

b. electric contact means pressed against said plate
means,

¢. said first force applying means acting on said
contact means. .

21. The invention set forth in claim 20 including;

a. means connected with said contact means for con-
necting said contact means to a source of electric-

Lo ity. :

22, Self-baking electrode apparatus for use with an

electric furnace, said apparatus comprising:
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a. a vertically disposed tubular metal casing sup-
ported with its lower end in cooperative position
relative to said furnace,

b. the upper end of said casing providing access for
introducing electrode forming material into said
casing, said material being characterized by being
in a plastic state when in a certain temperature
range and by being cured to a hardened state when
in a certain relatively higher temperature state, said
electrode extending from said lower end of said
casing in a substantially hardened state,

¢. means for frictionally engaging a portion of said
electrode in a region where it is hardened substan-
tially near the lower end of said casing whereby to
restrain said electrode selectively stationarily in
said casing in opposition to the force of gravity on
said electrode, and

d. means for applying sufficient force to said elec-
trode forming material at the upper end of said cas-
ing to overcome said frictional force and extend
said electrode further from said casing.

23. The invention set forth in claim 22 wherein:

a. said casing includes means defining at least one
overlapping joint at the lower end thereof to enable
said casing to yield toward said electrode for said
frictional engagement,

b. means conforming substantially to the contour of
said casing and disposed over said joint means,

c. electric contact means in electric current exchange
relation with said conforming means,

d. means for applying a force on said contact means
which is transmitted by the same to said plate
means for causing said casing means to yield and
effect said frictional engagement.

24, The invention set forth in claim 23 wherein:

- a. said last named force applying means includes rigid
ring means surrounding said contact means,

b. plunger means supported on said ring means and
projecting against said electric contact means, and

<. spring means biasing said plunger means toward
said contact means.

25. The invention set forth in claim 22 including:

a. a mantle extending a substantial distance over said
casing and being in spaced relation therewith to de-
fine a gas flow passage,

b. means for forcing heated gas through said passage
longitudinally of said casing to thereby supply addi-
tional heat to said electrode material for prebaking
the same.

26. A method of making and using a self-baking elec-
trode in association with an electric furnace, compris-
ing:

a. introducing unbaked carbonaceous material into
the upper end of a vertically disposed tubular cas-
ing whose lower end cooperates with a furnace and
from which lower end a baked and hardened por-
tion of said electrode extends,

b. directing heated gas over the exterior surface of
said casing to prebake and cure said material near
said lower end portion while at the same time heat-
ing said lower hardened portion by conducting cur-
rent therethrough and by radiation and conduction
of heat resulting from electric activity in said fur-
nace,

c. applying sufficient compressive force to a portion
of said casing at the lower end thereof where said
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electrode is in a substantially hardened state to fric-
tionally restrain said ¢lectrode against emergence
from said casing under the influence of gravity, and

d. periodically applying a vertically directed force on
the material at the upper end of said casing to over-
come said frictional restraint and cause said lower
hardened electrode portion to extend further from
said casing.

27. The method set forth in claim 26 including:

a. inserting wood core sections in sequence substan-
tially centrally of said casing at the upper end
thereof to provide a wooden spine through said
electrode for strengthening the same, said unbaked
carbonaceous material being inserted at the upper
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casing end around said core.

28, The method set forth in claim 26 wherein:

a. said heated gas has an initial temperature in excess
of 450°C.

29. The method set forth in claim 26 wherein:

a. said electrode is baked at such rate that the hydro-
carbon gases evolved from said carbonaceous ma-
terial in the stages of baking near said lower end
are prevented from escaping to said upper end by
a vertically upward portion of said material being
in a plastic state, whereby said gases are forced
downwardly into the pores of the increasingly

baked electrode portion.

* % ¥

* %
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[57] ABSTRACT

A curbon electrode for use in an are lamp used for
determining light fastness which has a central ¢ore of
light emitting material combined with stabilizers and
graphite surrounded by a first couting of low resistance
electrically conductive material, preferably copper or
aluminum. The thus-coated core is further coated with
a second coating of graphite and adhesive and inserted
inte a cylindrical carbon tube. The tube, except for the
top and bottom portions is coated around the outside
with & third protective coating., and the base and bot-
tom portions of the tube arc coated with a metallic
coating electrically connected to the first couting of
low resistance material spaced from the third coating.
The third and fourth coatings may be joined together,
provided that the resistance of these two coatings is
greater than the resistance of the first coating.

16 Claims, 8 Drawing Figures
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COATED CARBON ELECTRODE HAVING AN
INNER COATING OF LOW RESISTANCE
MATERIAL

The device of the present application is related to the
construction of a carbon electrode that is to be used in
a carbon arc lamp used in light fastness testers. In this
new device, a metal coating is provided between the
central core and a surrounding carbon layer so that the
light discharge will be very stable in comparison to
conventional carbon electrodes.

BACKGROUND OF THE INVENTION

At the present time, conventional arc lamps are pro-
viding the light source for light fastness testers are
constructed as shown in FIG. 1. The lower electrode
holding part 1 has four carbon electrodes mounted
thereon, and an upper electrode holding part likewise
has four carbon electrodes mounted thereon directed
downward toward the carbon electrodes mounted on
the lower holding part 1. Light discharge between the
upper and lower electrodes occurs when the distance
between the two holding parts is automatically adjusted
by means of a servo motor 5, a chain 3 and a gear 4. A
specimen to be tested for light fastness is placed in the
vicinity of the lamp.

Conventional carbon electrodes used in the above
described arc lamp generally have a light emitting ma-
terial or a central core which.is surrounded by carbon
material. The carbon material is, itself, coated with a
copper coating around the sides and across the bottom.
The tip of the conventional electrode is not copper-
coated.

The problem with these conventional carbon elec-
trodes is that they have a relatively short burning life,
and more importantly, they do not have suitably stable
light emitting qualities. As the carbon tube material of
these conventional electrodes is consumed during dis-
charge between the electrodes, the discharge emitting
the light moves from the outer carbon toward the cen-
tral core, thus changing the location of the bright spot
of the emitted light. As the bright spot moves, the prop-
erties of the emitted light differs spectrally.

SUMMARY OF THE INVENTION

It is the object of the present invention to provide a
carbon electrode in which the light emitting core and
the carbon theresurrounding burn uniformly to-pro-
duce a stable, unvarying light, and which has a greatly
extended burning time in comparison to conventional
carbon electrodes. :

To meet this objective, the carbon electrode of the
present invention is provided with a round, bar-shaped
central core of light emitting material, a first coating of
low electrical resistance metal covering this central
core, a tubular carbon cylinder into which the central
core and the first coating are inserted, and finally, an
additional coating of metal or resin covering the sides
of the carbon cylinder and in efectrical contact with the
first metal coating within the carbon cylinder. The tip,
however, is left uncoated by this additional coating.
Since the first coating has the lowest electrical resis-
tance, the bright spot of the arc between two of these
electrodes will form thereinbetween and remain there,
thus consuming the electrode uniformly and producing
a stable light.
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BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and features of the present invention
will be apparent from the following description taken
with the accompanying drawing, wherein:

FIG. 1 shows a conventional carbon arc lamp for
light fastness testers.

FIG. 2 shows a cross-sectional view of a conventional
carbon electrode used in light fastness testers.

FIG. 3 is a cross-sectional view of a carbon electrode
according to the present invention.

FIG. 4 is a plan view of the carbon electrode accord-
ing to the present invention.

FIG. 5 is a diagram showing the discharging state of
the carbon electrode of the present invention.

FIG. 6 is a diagram showing the discharging state of
the conventional carbon electrode.

FIG. 7 is a diagram showing resistances in the direc-
tion of the diameter of the carbon electrode of the
present invention.

FIG. 8 is a diagram of resistances in the direction of
the diameter of a conventional carbon electrode.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

The conventional carbon electrode is shown in FIG.
2. In that electrode, a core 8 of light emitting material
is surrounded by carbon material 7. Around both the
sides and the bottom of this carbon material 7 and core
8 is a copper coating 6. The coating 6 does not, how-
ever, extend to cover the electrode tip 20.

In comparison to the conventional electrode of FIG.
2 is the carbon electrode of the present invention dis-
closed in FIG. 3. The central core portion 9 of the
present invention is a round bar formed from a mixture
of suitable light emitting material, such as cerium fluo-
ride, with a stabilizer material, such as potassium sul-
fate, and graphite. This mixture is calcined at a temper-
ature of 500° - 1000° C. Covering the sides of the cen-
tral core portion 9 is a first coating 10 of low electrical
resistance electrically conductive material, such as
copper or aluminum. This first coating 10 is provided
by suitable coating methods such as electroplating or
evaporation coating. A second coating 11 containing
an electrically conductive adhesive, such as a phenol
resin, mixed with graphite covers the first coating 10 of
electrically conductive material. A cylindrical tube 12

“is formed and calcined from carbon material, such as

carbon black. The previously formed central core 9
coated with the first and second coatings 10 and 11 is
forceably inserted into the cylindrical tube 12 and,
then, is dried and adhered thereto. A third coating of
metal, such as copper, aluminum or any other metal, or
resin 13 covers the sides of the electrode surrounding
the eylindrical tube 12. The resinous coating 13 may be
of resins such as phenol resins. The tip 14 is not coated
with a third coating 13 to allow for easy discharging.
Finally, a fourth coating 15 of conductive metallic
material, such as copper or aluminum, covers the lower
portion of electrode which will be held within an elec-
tric holder 13. This fourth coating 15 is also electrically
connected to the first coating 10 of the core portion at
the bottom 16, in a manner such as electroplating.
The fourth coating 15 is electrically separated from
the third coating 13 by a suitable distance 17 if the
central core 9 and the cylindrical tube 12 are made of
the same material, and when the third and fourth coat-
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ings are of the same metallic material (copper or alumi-
num) the space is also necessary.

However, when the third and fourth coatings 13, 15
are of different metallic materials (the third coating 13
being anything but copper or aluminum) the space
inbetween is unnecessary, but, an adjustment in the
thickness of the third coating 13 may be necessary,
because the resistance of the third coating 13 must be
greater than that of the first coating 10. If the third
coating is not a metallic material, but is a heat resistive
resin, the spacing between the third and fourth coatings
is also unnecessary.

By constructing the electrode according to this ar-
rangement and with these materials, the resistance and
hence the clectrical flow through the electrode is al-
tered from the electrical flow found in the conventional
electrodes. Even when graphite having good electrical
conductivity is used to form the central core portion 9,
the mixing of the light emitting material, such as cerium
fluoride, therewith greatly increases the electrical resis-
tance in the central core portion 9. In fact, a central
core portion 9 of approximately 30 centimeters will
have the resistance of several ohms. At the same time,
the cylindrical tube 12 of carbon black will have a
relatively small resistance, probably less than 0.5 ohm.
Most significant, however, is the effect to the resistance
of the electrode by employing the first coating 10. The
resistance between the first coating 10 and the central
core portion 9 and the resistance between the carbon
tube 12 and the first coating 10 are both generally less
than 0.2 ohm.

The relationships of the resistances across the length
of the electrode of the present invention are shown in
FIG. 7. The symbol “A” represents the outside of the
carbon tube 12, “B” represents the first coating 10 on
the boundary between the central core portion 9 and
the carbon tube 12, “C” is at the central part of the
central core portion 9, “D”’ is at the boundary symmet-
rical with “B” and “E” is at the outer part symmetrical
to “A”. As is apparent from the diagram, the resistance
is smallest at the boundary parts B and D, the first
coating 10.

With reference to the relationship of the resistances
of the conventional carbon electrodes, reference is
made to FIG. 8. The conventional carbon electrodes
which do not have the first coating 10 of copper or
aluminum around the central core portion therein have
a greater contact resistance between the central core
portion 8 and the central tube 7, and the resistance of
the central core portion itself aids to increase the resis-
tance at the core parts B, C and D as shown in FIG. 8.

When actually discharged, the carbon electrode of
the present device assumes the state as shown in FIG. 5.
That is, since the first coating 10 surrounding the cen-
tral core portion 9 has the smallest electrical resistance,
the bright point of the arc inevitably developes at this
boundary point, and the discharge is sustained at the
boundary part. Therefore, the light emitting material of
the central core portion and the cylindrical tube 12
burn uniformly, produce a very stable light, and extend
the burning time of the electrode as compared to the
conventional electrode counterparts.

The discharging state of the conventional carbon
electrodes is shown in FIG. 7. Since the lowest resis-
tance through the conventional electrode is through
the carbon tube 7, the carbon tube is worn down in use
due to large quantities of discharge between the carbon
tubes. During the burning process, discharge moves
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from the outside toward the central core 8, thereby
relocating the bright point of the art considerably. Fur-
thermore, the properties of light differ spectrally de-
pending upon the location of the bright point in rela-
tion to the central core part 8 and the carbon tube 7.

However, as mentioned above, by using an electrode
of the present type having an area of reduced electrical
resistance between the core portion and the surround-
ing carbon portion, the bright point of the arc remains
stationary and the light emitted is very stable. In fact, it
is possible to obtain a definite quantity of light within
an accuracy of 1% at a discharge of 50 volts, 60 amps
as specified by the Japanese Industrial Standards.
When the carbon electrode of the present invention is
used in an arc lamp for a color fastness tester, it is
possible to quite accurately determine the color fast-
ness of objects placed in the vicinity thereof.

It will be apparent that various modifications may be
made to the above specifically described structural
arrangements without departing from the scope of this
invention.

What is claimed is:

1. A carbon electrode for use in an arc lamp used for
determining light fastness, said carbon electrode com-
prising:

a round central core portion comprised of a mixture

of: ’
light emitting materials,
stabilizer material, and
graphite;

a first coating of low resistance electrically conduc-
tive material covering the outside, but not the ends,
of said central core portion;

a second coating of adhesive and graphite surround-
ing said first coating;

a cylindrical carbon tube with said first and second
coated central portion inserted, dried, and adhered
thereinto;

a third protective coating surrounding the outside of
said cylindrical carbon cylinder above the bottom
of said carbon cylinder and beneath the top end of
said carbon cylinder; and

a fourth metallic coating covering the bottom end of
said first and second coated central core and said
carbon tube and surrounding the outside base of
said cylindrical carbon tube, spaced from said third
coating, electrically connected to said first coating
and having a higher electrical resistance than said
first coating.

2. A carbon electrode as claimed in claim 1, wherein:

said light emitting material is cerium fluoride;

said stabilizer is potassium sulfate; and

said mixture of light emitting material, stabilizer and
graphite is calcined at a temperature of 500° to
1000° C.

3. A carbon electrode as claimed in claim 1, wherein
said first coating is selected from the group consisting
of copper and aluminum.

4. A carbon electrode as claimed in claim 1 wherein
said cylindrical carbon tube is comprised of carbon
black.

5. A carbon electrode as claimed in claim 1 wherein
said third coating is comprised of a resin.

6. A carbon electrode as claimed in claim 1 wherein
said third coating is comprised of a metal.

7. A carbon electrode as claimed in claim 6, wherein
said third coating is selected from the group of metals
consisting of copper and aluminum.
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8. A carbon electrode as claimed in claim 1 wherein
said fourth coating is selected from the group consist-
ing of aluminum and copper.

9. A carbon electrode as claimed in claim 1 wherein
said third and fourth coatings are comprised of differ-
ent metal material, are joined together to form one
continuous coating electrically connected to said first
coating, said combined third and fourth coatings hav-
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6

ing an electrical resistance greater than the resistance
of said first coating.

10. A carbon electrode as claimed in claim 1 wherein
said third coating is a resin; said fourth coating is a
metal; and said third and fourth coatings are joined
together, whereby a continuous coating electrically

connected to said first coating is formed.
* * % * *
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CARBON ELECTRODE FOR EMITTING LIGHT
SIMILAR TO SUNSHINE FOR- LIGHT-FASTNESS
TESTING: -+

This invention relates to electrodes for carbon arc
lamps; and more particularly‘to electrodes for such
lamps which c¢an be used in light-fastness and weather-
ing test apparatus and whiich: emlt light ‘similar to sun-
llght :

BACKGROUND OF THE INVENTION AND PRlOR
. ART

A carbon arc lamp is often used as a light source in
weathering and ‘light-fastness tests. Both upper and
lower conventional carbon electrodes, for example,
those used in tests according to' Japanese Industrial
Standards (JIS) or the International Organization for
Standardization (ISO) (in TC 61: Plastic) have had a
core structure. The upper carbon electrode ‘has had a
" large diameter, for example 23mm and the lower elec-

trode has had a small diameter," 13mm for example.
Both carbon electrodes are held in suitable holders and
are ‘automatically ignited by a system having:a stabi-
- lized-power source, a detector circuit for'detecting the
discharge current, and a servo mechanism for automat-
ically adjusting the electrodes to compe’nsate for loss of
electrode materlal so that hght is contmuously emit-
ted. A

- FIGS. 1"and 2 show the structure of a: conventlonal
-upper:carbon electrode described above and:FIGS. 3
and 4 show’ the:structure: of alower carbon electrode.
Both the upper and lower ‘electrodes have a-lower
structures except for the diameters. A core is provided
in the electrodes and has a cross section.in -a-shape
similar to a gear, and'is an incandescent material. The
material around the core is mainly carben for combus-
tion during discharge ‘of the lamp -and contains no in-
candescent material. The outer surface of the electrode
is covered with a copper:metal coating, exclusive of the
top of the electrode. When current is discharged be-
tween two of these electrodes an arc occurs as shown in
FIGS. 9 and 10. In FIG. 9 the discharge is shown as
taking place between the cores of the incandescent
material and in FIG. 10 the discharge is shown as taking
place between the portion of the electrodes containing
no incandescent material, i.e. the portions radially out-
wardly of the core. When a continuous discharge takes
place, if the discharge is started from core to core, as
seen in FIG. 9, the incandescent material contained in
the core is consumed gradually as combustion occurs,
and a depression is formed in the ends of the elec-
trodes. Then the arc moves and occurs between the
carbon portions surrounding the cores and further
moves to the outer sides of the electrodes, as seen in

FIG. 10. As the outer carbon portions are then con--

sumed, the discharge again returns to the core-to-core
discharge position. Such moving of the discharge posi-
tion is irregular and the discharge voltage and current
vary with this moving. Accordingly, the intensity of
light changes as the wattage equal to the voltage times
the current changes. FIG. 15 shows an example of such
a variation of the voltage and current over the course of
time.

If the light emitted by this arc is measured using a
spectrophotometer for obtaining a spectral composi-
tion, continuous curves containing the photoemission
spectra of the two types of discharge,are obtained as
seen in FIGS. 13 and 14. The spectra of the incandes-
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, 2
cent material, such-as‘a cerium compound, for exam-
ple; is as‘shown in FIG. 13 for the core-to-core dis-
charge. This light contains a large amount of visible
light components. In contrast to this, the spectrum of

the light from discharge between the outer portions, as

shown in FIG. 14, contains only a small amount of
visible light components, mainly a cyan band spectrum
due to photoemission of the carbon and the nitrogen
gas in the atmosphere.

+Because light-fastness and weathering test apparatus
is used for artificially. causing deterioration of material
with irradiation which is similar to sunshine in a natural
environment, the spectral composition of the light used
for-this irradiation must be the same as or similar to

sunshine, having ultraviolet and visible light compo-

nents. It is therefore desirable that the light emitted
from the carbon electrodes have a spectral composition

-approximating the sunshine, as shown in FIG. 13, and

further:that a stable light intensity be provided.

OBJECTS AND BRIEF SUMMARY OF THE
INVENTION

An object of this invention is to provide a carbon
electrode for emitting light with a spectrum similar to
sunshine and which produces an extremely stable dis-
charge with respect to-both the spectral composition
and intensity of the light emitted from the discharge
arc. -

These objects are achieved according to the inven-
tion by a carbon electrode in which carbon is homoge-
neously mixed with an amount of an incandescent. ma-

-terial in a proportion of 6 to 12 weight percent of the
-total weight-of both said.carbon and said incandescent

material, and the mixture is molded into the desired
electrode shape. A copper metal coating is provided
over the electrode, exclusive of -the:top of the elec-
trode. No core is present in the electrode. Thus, light
can be .obtained which is extremely stable in both its
spectral composition and its-intensity: during continu-
ous discharge by the photoemission from the incandes-
cent material which is present throughout the electrode
despite any variation in the position of the discharge
arc between the electrodes of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in connection
with the accompanying drawings, in which:

FIG. 1 is a sectional elevation view of a prior art
carbon electrode for producing light simulating sun-
shine used in the upper section of a conventional arc
lamp;

FIG. 2 is a transverse sectional view of the carbon
electrode of FIG. 1;

FIG. 3 is a sectional elevation view of a prior art
carbon electrode similar to that of FIG. 1, used in the
lower section of a conventional arc lamp;

FIG. 4 is a transverse sectional view of the carbon
electrode of FIG. 3;

FIG. 5 is a sectional elevation view of a carbon elec-
trode similar to that of FIG. 1 but according to this
invention;

FIG. 6 is a transverse sectional view of the carbon
electrode of FIG. 5;

FIG. 7 is a sectional elevation view of a carbon elec-
trode similar to that of FIG. 3 but according to this
invention;

FIG. 8 is a transverse sectional view of the carbon
electrode of FIG. 5;
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FIG. 9 is an elevation view showing the arc between
the cores of conventional carbon electrodes of FIGS.
1-4;

FIG. 10 is an elevation view showing the arc between
the outer sections of the conventional carbon elec-
trodes of FIGS. 1-4;

FIG. 11 is an elevation view showing the arc between
the outer portions of the carbon electrodes according
to this invention;

FIG. 12 is an elevation view showing the arc between
the tips of the carbon electrodes according to this in-
vention;

FIG. 13 is a graph of the light spectrum of a lumines-
cent material used in conventional carbon electrodes;

FIG. 14 is a graph of the light spectrum of the arc
between the outer sections of the conventional carbon
electrodes;

FIG. 15 is a graph of current-voltage variation during
discharge of an arc between the conventional carbon
electrodes; and

FIG. 16 is a graph of current-voltage variation during
discharge of an arc between carbon electrodes accord-
ing to this invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIGS. § through 8, these show the struc-
ture of carbon electrodes according to this invention,
FIGS. § and 6 showing an upper carbon electrode and
FIGS. 7 and 8 showing a lower carbon electrode. The
structure of the upper and lower carbons is identical,
except for their diameters. A copper or other metal
coating 1 is provided on the outside of a carbon mate-
rial 2 which is composed of carbon for combustion and
an incandescent .material. The carbon is homoge-
neously mixed with said incandescent material and
molded to the desired shape. The incandescent mate-
rial is present in a proportion of 6 to 12 weight percent
of the total weight of both said carbon and said incan-
descent material. In these figures, the dotted portions
show the mixture including the incandescent material.
The carbon for combustion can be carbon black,
graphite, or amorphous carbon, for example, and the
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incandescent material can be cerium fluoride, for ex-
ample. Furthermore, a trace of stabilizer can be in-
cluded, if necessary.

If a carbon electrode made as described above is
ignited and the spectral composition is observed, the
light is always found to include light from the incandes-
cent material, even if the arc moves to any point on the
electrodes, as shown in FIGS. 11 and 12, and light with
an extremely stable spectral composition is obtained.

The variation in intensity of this light is also ex-
tremely small, as shown in FIG. 16, being less than half
that of the prior art carbon electrodes of FIG. 1-4.

Because a stable light is obtained, a reduction of 10%
in the amount of carbon consumed is achieved in com-
parison with the prior art electrodes.

What is claimed is:

1. A carbon electrode assembly for a carbon arc lamp
used for simulating sunlight in light-fastness and weath-
ering testors, said assembly comprising:

a first elongated upper electrode element fitted at

one end into said arc lamp;

an elongated second lower electrode element fitted

at one end into said arc lamp, the free end thereof
-being opposite the free end of said first electrode
and spaced therefrom;

one of said first and second electrodes being smaller

in diameter than the other electrode; and

said upper and lower electrodes each being com-

prised of a homogeneous mixture of carbon and an
incandescent material, said incandescent material
being present in an amount from 6 to 12 percent by
weight of the total weight of the carbon and incan-
descent material, and a copper metal coating sur-
rounding the outside of said electrodes other than
at the end thereof which is spaced from and oppo-
site the other electrode. :

2. A carbon electrode as claimed in claim 1 in which
the carbon is taken from the group consisting of carbon
black, graphite and amorphous carbon.

3. A carbon electrode as claimed in claim 1 in which

the incandescent material is cerium fluoride.
* %X = X =
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571 ABSTRACT

Upper and lower carbon electrodes for an ultraviolet
arc lamp used for light-fastness testing. The upper elec-
trode is in the shape of an elongated cylinder, the cross-
section of which his an exterior annular portion con-
sisting of a carbonaceous material and an interior core
portion consisting of a mixture of a carbonaceous ma-
terial and potassium sulfate. The upper clectrode has
dispersed therethrough potassium chloride as a stabiliz-
ing agent. The lower electrode is in the shape of an
elongated cylindrical tube having a hollow interior and
is of a carbonaceous material having a high electrical
conductivity and has dispersed therethrough potassium
chloride as a stabilizing agent. When the upper and
lower electrodes are placed with their ends opposed to
each other and an alternating current at 135V and 16A
is discharged theteacross, a stable Jight is continuously
produced. :

2 Claims, 14 Drawing Figures
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1

CARBON ELECTRODES FOR AN ULTRAVIOLET
ARC LAMP FOR USE IN A LIGHT-FASTNESS
TESTER

This invention relates to an improvement in carbon
electrodes for an ultraviolet arc lamp for use in a light-
fastness tester.

BACKGROUND OF THE INVENTION AND PRIOR
ART

A typical structure of a conventional carbon arc lamp
is illustrated in FIG. 1. As shown, two carbon elec-
trodes are secured to a lower electrode holder, and one
carbon electrode is secured to an upper electrode
holder movable in a vertical direction inside the air-
tight lamp housing consisting of a light-transmitting
glass glove 1 and a substrate board 2. The upper elec-
trode can be ignited and controlled by an iron core
inside an electromagnetic coil 3 and a carbon suspen-
sion member 4 associated with said iron core.

Generally, the upper carbon electrode has a length of
about 305mm and a diameter of about 13mm, and is
either a core type or a coreless type. To make the lower
carbon electrodes, a 305mm long carbon electrode,
such as is used for the upper carbon electrode, has two
lengths of 100mm cut therefrom, and the two thus
formed electrodes are used as the lower carbon elec-
trodes. The two electrodes are discharged alternately
for a continuous combustion period of from about 20
to 22 hours.

As shown in the sectional views of FIGS. 2 and 3, the
conventional carbon electrode has been either a core-
less type (FIG. 2) or a core type (FIG. 3). The coreless
type electrode is made predominantly of an amorphous
carbonaceous material, such as carbon black or the
like, whereas the core type electrode uses the above-
mentioned amorphous carbonaceous material for the
exterior cylindrical section and a mixture of a stabiliz-
ing agent, such as potassium phosphate and the amor-
phous carbonaceous material for the interior core sec-
tion.

A piece of material to be tested is mounted on a
frame which rotates slowly around the arc lamp, and
the piece of material is continuously irradiated by ultra-
violet rays from the lamp over a period of several hun-
dred hours to determine the light-fastness thereof.

Since the conventional carbon electrode has a life of
only about 20-22 hours for continuous lighting, it
would be desirable to extend this life to at least twice
this time.

It is evident that if the length or the diameter of the
carbon electrodes was increased, the combustion time
could naturally be extended. An increase in the length
of the carbon electrodes, however, is not economical
because it also increases the overall dimension of the
lamp apparatus. Although an increase in the diameter
of the carbon electrodes does not cause any substantial
change in the overall dimensions of the apparatus,
stabilized light cannot be obtained if the diameter of
the conventional carbon electrodes is increased unless
the material is also changed. As shown in FIG. 4, for
example, carbon electrodes having such an enlarged
diameter do not always discharge from the tip thereof,
but instead may discharge from the peripheral portion
spaced from the tip. Likewise, the wearing of the car-
bon electrodes is not always uniform.
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In the light of the teachings of my copending U.S.
patent application Ser. No. 598,076 filed July 22, 1975,
one of ordinary skill in the art would perhaps attempt
to replace the carbon electrodes of the conventional
lamp with upper and lower carbon electrodes which
incorporate a mixture of a carbonaceous material and
an illuminating agent as the core. When such carbon
electrodes are used in practice in an ultraviolet arc
lamp, however, discharge is effected from points
spaced from the tip of the upper electrode as shown in
FIG. 5. Thus, the discharge of this type of arc lamp has
been found to be very unstable in practice.

Presumably this unstability results from the fact that
because the carbon in said electrodes in said copending
application is for use in an arc lamp for producing light
similar to sunshine, and the carbon is burned in an
atmosphere wherein oxygen is prescnt, the carbon in
the electrodes of the present invention is for use in an
arc lamp for producing ultraviolet light, and hence, the
combustion takes place in the absence or substantially
complete absence of oxygen.

OBJECTS AND BRIEF SUMMARY OF THE
INVENTION

The primary object of the present invention is to
stabilize the discharge of carbon electrodes in a light-
fastness tester and increase the combustion time of the
electrodes to at least twice the life of conventional
electrodes.

Another object of the present invention is to improve
the life of the electrodes by adding a particular type of
stabilizer and’ disposing a hollow core section at the
central portion of the lower electrode such that evapo-
ration of the stabilizer causes convection resulting in
stabilization of the discharge of the electrode.

These objects achieved in accordance with the pre-
sent invention by impregnating and dispersing a stabi-
lizing agent in both the upper and lower carbon elec-
trodes. The upper carbon electrode having the stabi-
lizer impregnated and dispersed therein has a core
section while the lower carbon electrode also having
the stabilizer impregnated and dispersed therein has a
hollow hole along the longitudinal axis thereof. The
upper electrode having the core section and the lower
electrode having the hole cause the stabilizer to exhibit
its action most effectively and afford a stabilized dis-
charge, and hence stabilized radiation for a longer
period of time than with conventional electrodes.

BRIEF DESCRIPTION OF THE FIGURES

The invention will now be described in greater detail
in connection with the accompanying drawings, in
which:

FIG. 1 is a schematic elevation view of a conven-
tional ultraviolet arc lamp for use in a light-fastness
tester; ‘

FIGS. 2 and 3 are sectional views of conventional
prior art carbon electrodes;

FIG. 4 is a schematic view showing the discharge
between conventional prior art carbon electrodes;

FIG. 5§ is a schematic view showing the discharge
between prior art carbon electrodes for producing radi-
ation simulating sunshine;

FIG. 6a is a longitudinal sectional view of an upper
carbon electrode in accordance with the present inven-
tion;

FIG. 6b is a transverse sectional view thereof;
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FIG. 7a is a longitudinal sectional view of a lower
carbon electrode in accordance with the present inven-
tion;

FIG. 7b is a transverse sectional view thereof;

FIGS. 8 and 9 are schematic views showing the dis-
charge between the carbon electrodes of the present
invention;

FIG. 10 is a schematic perspective view showing the
end of the lower electrode of the present invention;

FIG. 11 is a graph showing discharge voltages of the
carbon electrodes of the present invention; and

FIG. 12 is a graph showing discharge voltages of
conventional carbon electrodes.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 6a, 6b, 7a and 7b illustrate the structure of the
carbon electrodes in accordance with the present in-
vention.

FIGS. 6a and 6b illustrate the upper electrode. The
exterior carbonaceous cylindrical portion § is made of
a carbonaceous material such as, for example, carbon
black, and has a predetermined size, e.g. an outer diam-
eter of 23mm, while the interior core portion 6 has a
gear-like cross-sectional shape. After the exterior por-
tion 5 of the upper electrode is shaped by baking so as
to have a hollow core, a core material consisting of a
mixture of the abovementioned carbonaceous material,
e.g. carbon black, and potassium sulfate is poured into
the hollow core, and the electrode is again baked to
form the core portion 6 within the exterior portion 5.
Subsequently, a potassium chloride aqueous solution
(having a concentration of 10 g/l is impregnated into
the electrode to act as a stabilizing agent, and the elec-
trode is then baked once again in order to disperse the
stabilizer throughout the electrode. As a result of this
process, a typical upper electrode according to the
invention has about 61 gm. carbonaceous material and
from 0.18 to 0.10 gm of potassium chloride, or about
0.32 to 0.06% by weight potassium chloride.

FIGS. 7a and 7b show the lower electrode which is
formed by shaping a carbonaceous material having a
good electric conductivity, such as graphite, into a
cylindrical member 8 and then baking the same. There-
after, the electrode is immersed in a potassium chloride
aqueous solution (having a concentration of 15 g/l ) as
a stabilizing agent until the stabilizer disperses suffi-
ciently inside the electrode. As a result of this process,
a typical lower electrode according to the invention has
about 42 gm carbonaceous material and from 0.13 to
0.07 gm. of potassium chloride, or about 0.32 to 0.06%
by weight potassium chloride. The electrode has an
outer diameter of about 18.5mm, and a hollow core 7
having a diameter of about 1-2mm. The tips 5’ and 8’
of the electrodes are tapered in order to facilitate the
discharge at the initial stage, but the tip need not al-
ways be tapered.

One each of the abovementioned lower and upper
electrodes are mounted in the lamp device shown in
FIG. 1. Since the diameter of the carbon electrodes and
the number of electrodes used in the present invention
are different from the conventional device, the holder
section is modified in the present invention to accept
the abovementioned upper and lower electrodes.

FIGS. 8 and 9 illustrate the discharge produced with
the electrodes of the present device. In FIG. 8, the
discharge is shown as being produced between the core
section of the upper electrode and the hollow core of
the lower electrode to thereby produce a stabilized
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illumination which varies hardly at all. As the elec-
trodes are consumed gradually, the upper electrode
still keeps discharging from the core section, while the
discharge from the lower electrode shifts from the cen-
ter to the periphery, as shown in FIG. 9, smoothly and
producing a stabilized discharge in the same manner as
when the discharge is at the center. Thereafter, the
discharge from the lower electrode moves back to the
central position from the periphery. This procedure is
repeated continuously.

As shown in FIG. 10, the lower electrode has exterior
peripheral portions 9 and 12 and interior peripheral
portions 10 and 11 aligned in the transverse direction
thereof (indicated by the arrow). In comparison with
the conventional solid lower electrode having only two
peripheral portions, the lower electrode in accordance
with the present invention has four peripheral portions,
as described above. For this reason, wearing of the
electrode at only one peripheral portion or abnormal
wearing can be eliminated effectively by the present
electrode.

The operation of the electrodes in accordance with
the present invention was compared with conventional
electrodes by effecting discharge at a predetermined
current of 16A, and the changes in the discharge volt-
age were measured. The results of the experiments are
shown in FIGS. 11 and 12. FIG. 11 shows the voltage
change observed with the present electrodes. As.can be
seen, the electrodes of this invention produce a fluctua-
tion in voltage of only about 1% at a reference voltage
of 135V. In contrast therewith, the conventional elec-
trodes produce a fluctuation of several percent.

The reason the discharge in the present device is
extremely stable is not fully understood. However, the
inventor believes that the stability can perhaps be ex-
plained by the fact that the stabilizer impregnated into
and dispersed in the electrode evaporates and changes
to a gas at a high temperature, and creates an atmo-
sphere of the gas thus formed, in which the discharge is
effected. Likewise, the flow of the stabilizer gas passing
through the hollow core of the lower electrode acts
favorably for the discharge.

Thus, with electrodes in accordance with the present
invention, a well stabilized discharge illumination can
be produced continuously over a period of 50 hours by
the use of carbon electrodes which in terms of size have
only an enlarged outer diameter compared with the
outer diameter of conventional carbon electrodes i
general. '

What is claimed is:

1. Carbon electrodes for an ultraviolet arc lamp used
for light-fastness testing, said electrodes comprising:

an upper electrode in the shape of an elongated cylin-

der about 23 mm. in diameter, the cross-section of
which has an exterior annular portion ‘consisting of
a carbonaceous material and an interior core por-
tion consisting of a mixture of a carbonaceous
material and potassium sulfate, the upper electrode
having dispersed therethrough potassium chloride
as a stabilizing agent; and

a lower electrode in the shape of an elongated cylin-

drical tube about 18.5 mm. in diameter and having
a hollow interior about 1-2 mm. in diameter and
being of a carbonaceous material having a high
electrical conductivity and having dispersed there-
through potassium chloride as a stabilizing agent;
whereby when the upper and lower electrodes are
placed with their ends opposed to each other and
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an alternating current at 135V and 16A is dis- 2. Carbon electrodes as claimed in claim 1 in which
charged thercacross, the discharge can be main- potassium chloride is present in an amount of from

tained stably for more than 50 hours and a stable  0.32 to 0.06% by weight of the carbonaceous material.
light is continuously produced. LA
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(571 ABSTRACT
The method of forming a self-baking electrode consists
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of filling an electrode mass under pressure into a perma-
nent current-carrying shell during melting in an electric
furnace. The electrode mass is fed, according to the
invention, in compliance with data obtained by continu-
ous measuring of the temperature of the electrode being
formed at several points along its height and in its cross-
section, at a rate which is proportional to that of the
electrode coking, shifting and burning-off,

The device for realizing said method, comprises a
charge-loading passage which is made in the form of a
pipe, a permanent current-carrying mould communicat-
ing with a mass-feeding passage having presses fitted
over it, an electrode drive mechanism and thermoele-
ments for measuring the temperature of an electrode
being shaped. According to the invention, the mass-
feeding passage is formed by pipes arranged around said
charge-loading pipe and secured to said electrode drive
mechanism, said mass-feeding pipes each accommodat-
ing an individual press.

SClaims,!iDrawingFianr_es
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METHOD OF AND DEVICE FOR FORMING
SELF-BAKING ELECTRODE

FIELD OF THE INVENTION

The present invention relates to electrothermics and,
more particularly, to a method of forming a self-baking
electrode and a device for effecting same. It is most
advantageous in ferrous and nonferrous metallurgy,
chemistry and other industries using electric furnaces
with self-baking electrodes. .

Further progress of ore electrothermics is closely
associated with the problem of developing advanced
types of electric furnace equipment and simultaneously
improved methods of operation thereof, which insure
higher productivity, cut down the net cost and improve
the occupational health conditions of service personnel.

DESCRIPTION OF THE PRIOR ART

Known in the prior art is a method of forming a
continuous self-baking solid- or hollow Sg¢derberg elec-
trode, wherein an electrode mass is filled into a metallic
casing where it undergoes a process of gradual transfor-
mation into four aggregate states as the electrode is
being baked.

Thus, in the top part of the electrode the charged
electrode mass (at a temperature of 0° to +70° C.) is
present in the form of separate solid lumps or aggre-
gates. In the underlying layer (at a temperature of from
+70° C. to +360° C.) the electrode mass changes grad-
ually into the next aggregate state and becomes pasty.
Next at the entry of and in the electric-contact unit zone
proper (at a temperature varying within + 360°~+400°
C.), the electrode mass changes from a liquid state into
a non-plastic state (a coking zone). Further on, in the
lower part of the electric-contact unit (at a temperature
of from +400° to +500° C.), the mass reaches its baking
stage and changes into a solid and forms a solid elec-
trode structure. Characteristic of the sintered electrode
mass is a sharp reduction in electrical resistance along
with an abrupt increase inits electric conductivity.
With the roasting process of the self-baking Sgderberg
electrode proceeding normally, mass feeding, required
for continuous forming of an electrode to compensate
for its burning-off, is effected together with the metallic
casing by means of special devices holding and shifting
the casing with the mass (i.e. the electrode as a whole).
These three processes — consuming (burning-off),
roasting and shifting of the electrode to make up for its
burning-off — are carried out independently. In the
ideal case with the Sgderberg electrode all the three
processes must proceed at the same time and be stable.

However, owing to a number of causes pertaining to
variations (disturbances) in the course of the production
process and caused, for example, by changes in the
composition of raw materials, by charge proportioning
etc., by electrical characteristics of the furnace owing,
e.g., to fluctuations in bath resistance, variations in the
quality of an electrode mass and its nonuniform struc-
ture (i.e., nonuniform distribution of its constituents),
imperfect design of an electric-contact unit and devices
for mechanical shifting of the electrode, as well as those
caused by the skin and “proximity” effects, when using

the now-existing method of forming a self-baking elec- -

trode, these processes are not accomplished simulta-
neously and lack stability. Various attempts at improv-
ing the above-outlined method result, at best, in two of
the three processes being effected at the same time, e.g.,
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that of burning-off the electrode and its lowering to
compensate for its burning-off, the roasting process not
being, however, accomplished simultaneously with the
above processes.

The asynchronous and unstable nature of these pro-
cesses leads to the following serious disadvantages pe-
culiar to the now-existing method of forming a continu-
ous self-baking Sgderberg electrode.

If the burning-off process precedes the roasting pro-
cess and is in step with the shifting of the electrode to
compensate for its burning-off, the electrode coking
zone drops down below the level.of the electric-contact
unit jaws and an electric current flows only through the
metallic casing (the liquid electrode mass being actually
non-conductive) with a quite real risk of “wet” break-
age of the electrode and of the electrode mass flowing
out thereof. :

If, on the other hand, the burning-off of the electrode
proceeds at a lower rate than roasting, the process of
shifting the electrode to make up for its burning-off,
carried out in step with the first process, fails to prevent
the electrode coking zone from rising above its opti-
mum level or above the top edge of the electric-contact
unit jaws. As a result, an over coked part of the elec-
trode will crumble and a “dry” breakage will follow.

With the present-art method of forming an electrode
a certain quite possible combination of the above pro-
cesses may lead to a situation where electrode burning-
off and its roasting are effected sufficiently simulta-
neously, the process of shifting the electrode (its lower-
ing to offset burning-off) however, is not accomplished
in step.

The above phenomenon is encountered rather fre-
quently, even now, both when using Wisdom’s brakes
and now in use mechanisms adapted for holding and
shifting the electrode and comprising two brake rings,
and with the slipping of electrodes which takes place in
practice regardless of the design of said shifting mecha-
nism.

On any of the above-outlined occasions the breakage
of an electrode causes a higher consumption of an elec-
trode mass and electric energy, increases furnace down-
time and lowers furnace efficiency.

Known as well in the art is a number of devices for
forming a solid- or hollow self-baking electrode.

Thus, a prior-art device for forming a self-baking
electrode comprises a charge-loading pipe, a permanent
current-carrying mould of a hollow self-baking elec-
trode, communicating with a mass-feeding passage fit-
ted over with presses, and an electrode drive mecha-
nism.

The permanent current-carrying mould is a double-
wall die with an opening facing the furnace interior,
said die being secured together with a current lead to a
supporting casing which is in extension of the electrode
being formed and is coupled by its top part with the
electrode drive unit. To enable continuous forming of
an electrode and its discharge from the mould, the top
part of the permanent current-carrying mould is fitted
with openings for feeding a thin electrode mass and
with a feedstock means in the form of an annular piston
cylinder. To reduce the length of the current lead a
current-distribution attached to the supporting casing is
mounted above the permanent current-carrying mould.

However, characteristic of said device for forming a
self-baking electrode is a highly sophisticated construc-
tion, a need for using only a thin mass which is intro-
duced directly into current-carrying mould. Moreover,
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it fails to ensure an adequate pressure on the electrode
mass through which an electrode structure has a lower
density during its baking.

The disadvantage of the above device revealed in
forming a hollow self-baking electrode resides in that it
does not afford the possibility of displacement of the
charge-loading pipe which is adapted for defining a
central opening in the electrode, a feature which, on the
one hand, diminishes service life and reliability of said
pipe and, on the other hand, may, in case of pipe burn-
ing with the ensuing disturbance of the production pro-
cess and electrode coking conditions, deteriorate the
integrity of a hollow self-baking electrode both along its
height and in the cross-section, with the electrode mass
flowing out thereof. This may adversely affect the qual-
ity of the electrode and lead to a sharp increase in its
consumption or cause its breakage.

The above phenomena results in additional consump-
tion of electric energy and electrode mass and in a
lower electric furnace efficiency.

SUMMARY OF THE INVENTION

The main object of the present invention is the provi-
sion of simultaneous and stable processes of roasting,
burning-off of an electrode and shifting the electrode to
compensate for its burning-off.

Another object of the invention is to improve the
quality of the electrode.

Still another object of the invention is to reduce the
electrode mass and the electric power consumption.

Yet another object of the present invention is to pro-
vide a higher efficiency of the electrode forming pro-
cess.

A further object of the invention is to preclude irreg-
ular roasting and shifting of the electrode to compensate
for its burning-off and its nonuniform burning-off both
along height and in the cross-section, for instance, due
to the skin and proximity effects.

These and other objects are achieved by a method of
forming a self-baking electrode, according to the inven-
tion, consisting of filling an electrode mass into a cur-
rent-carrying mould, in compliance with data obtained
by continuous measuring of the temperature of the elec-
trode being formed at several points along its height and
in the cross-section thereof, at a rate which is propor-
tional to that of electrode, coking, shifting and burning-
off.

To preclude irregular roasting of the electrode mass,
it is advisable that the mass be fed into the coking zone
by alternating its operation mode.

It is also good practice that fluxing and/or alloy addi-
tives be introduced into the electrode mass while form-
ing a self-baking electrode.

A device for realizing said method of forming a self-
baking electrode, comprises a charge-loading means,
e.g., a pipe, a permanent current-carrying mould for
shaping a self-baking electrode, communicating with a
mass-feeding passage having presses fitted over it, an
electrode drive mechanism and thermoelements for
measuring the temperature of the electrode being
formed, according to the invention, the mass-feeding
passage is defined by pipes arranged around said
charge-loading pipe and fastened to he electrode drive
mechanism, said pipes each accomodating a press.

For use as said thermoelements, it is preferable that
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temperature-sensitive elements embedded in the elec- -

trode mass should be employed.

4

For forming a hollow self-baking electrode it is pref-
erable that the charge-loading pipe be furnished with an
individual drive means associated with the temperature-
sensitive elements mounted on said pipe.

For use as said individual drive means, use may be
made of a screw jack provided with an electromechani-
cal drive mechanism.

To improve the quality of the electrode being formed
and to provide more stable furnace operating condi-
tions, the herein-proposed device is preferably equipped
with a programming control unit whose input must be
coupled with said temperature-sensitive elements and
whose output is coupled with the presses.

To enable dependable and trouble-free operation of
the permanent current-carrying mould adapted for
forming a self-baking electrode, it is preferable that a
connecting ring be fastened to the mass-feeding pipes.
The ring has connected to it by means of a lock joint,
water-cooled electric contact elements made in the
form of plates. The plates are also in a lock joint ar-
rangement, said (plates) being detachably intercon-
nected.

The bottom part of said charge-loading pipe can be
cooled by fitting it with internal conduits for the pas-
sage of a water-air mixture and with a means for adjust-
ing its flowrate.

It is of value if an insulating guide sleeve acting at the
same time as a packing is mounted and secured in the
passage for said charge-loading pipe.

The current-carrying mould can be furnished with
feelers inserted periodically inside said mould in the
electrode coking zone through insulating packings set
up in the connecting ring at several points along the
circumference and in the cross-section of the electrode.

As compared with the best achievements in this field,
the herein-proposed method of and device for forming
a self-baking electrode assure:

(a) up to a 70% reduction in electric energy consump-

tion;

(b) at least a 30% reduction in electrode mass require-

ments;

(c) up to 20-25% of fine charge fractions, including

those in a 10 mm range; and

(d) efficient waste-heat recovery of exhaust gases.

BRIEF DESCRIPTION OF THE DRAWINGS

The nature of the invention will be clear from the
following detailed description of a method of and par-
ticular embodiments of a device for forming a self-bak-
ing electrode, to be had in conjunction with the accom-
panying drawings, in which:

FIG. 1 is a longitudinal, cross sectional view of a
device for forming a self-baking electrode, according to
the invention;

FIG. 2 is a longitudinal partly in section, view of
another embodiment of a device for forming a self-bak-
ing hollow electrode, according to the invention;

FIG. 3 is a longitudinal, partly in section, view of
another embodiment of a device for forming a self-bak-
ing solid electrode, according to the invention;

FIG. 4 is a longitudinal, cross sectional view of an
embodiment of a device for forming a self-baking elec-
trode, which is equipped with a programming follower,
according to the invention;

FIG. 5 is a longitudinal, cross sectional view of a
permanent current-carrying shell of a device for form-
ing a self-baking hollow electrode, according to the
invention;
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FIG. 6 is a end view of the device shown in FIG. §
taken in the direction of arrow A;

FIG. 7 is a longitudinal, crosssectional view of a
permanent current-carrying mould of a device for form-
ing a self-baking solid electrode, according to the inven-
tion; and

FIG. 8 is a longitudinal, partly in section, view of the
embodiment shown in FIG., 2, with the charge loading
pipe in its lowest position; and ‘

FIG. 9 is a longitudinal, partly in section, view of the
embodiment shown in FIG. 2, when the stopper is. in
contact with the bottom edge of the mold.

The herein-proposed method of forming a self-baking’

electrode consists of the following. An electrode mass is
filled into a mass-feeding passage and is then squeezed
into a permanent current-carrying mould, wherein the
electrode mass undergoes coking and is transformed
into a solid structure under the effect of an electric
current (Joule heat) and the heat absorbed along the
electrode, due to its heat conductivity, from a furnace
hearth. .

The mass pressure within said current-carrying
mould is developed, firstly, owing to the relatively
negligible weight of the mass columns in the mass-feed-
ing passage and, secondly, due to a considerable posi-
tive pressure exerted on the electrode mass by pressing.
According to a well-known law of physics, the same
positive pressure is exerted on the electrode mass in a
coking zone in all the directions within the permanent
current-carrying mould which, on the one hand, pro-
motes the production of a dense and quality electrode,
and, on the other hand, is a major factor in ensuring the
forcing (shifting) of said electrode out of the mould as it
is being coked and burnt.

As to the feeding of the electrode mass into the cur-
rent-carrying shell, it is carried, in accordance with data
obtainable by continuous measurement of the tempera-
ture of the electrode being formed at several points
along its height and in the cross-section thereof, at a rate
which is proportional to that of electrode coking, shift-
ing and burning-off.

For uniform baking of the mass both along the elec-
trode height and over its cross-section at a certain in-
stant, a command signal is delivered to simultaneously
start all presses compacting the electrode paste.

In the event of irregular baking of the mass within the
current-carrying mould along the electrode height and
over its cross-section, e.g., in a three-phase three-elec-
trode system, with the electrodes being located at the
apexes of an equilateral triangle, due to the skin and
proximity effects, a command signal is generated at a
given moment for putting individual presses into opera-
tion in a selective mode.

With the above-outlined method, alloy and/or flux-
ing additives can be introduced through the central part
of the electrode being formed. Thus, melt alloyage and
its refining, as well as bringing the chemical composi-
tion of the resultant products to a preset value, can be
effected simultaneously with the melting of material,
thereby assuring a lower consumption of the alloying
elements by reducing their losses by burning.

Industrial effectiveness of the proposed method is
preconditioned by a need for introducing into industry
electric furnaces furnished with devices for forming
solid- and hollow-electrodes without casings, such as,
calcium carbide or ferro-alloy electric furnaces, as well
as those adapted for production processes where the
iron casing of a conventional self-baking electrode will
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damage the quality of a final product, e.g., aluminium-
silicon, silicon, metal manganese, etc.

According to the preferable embodiment of a device
for carrying into effect the above-outlined method of
forming a self-baking electrode, shown in FIG. 1, the
device comprises a permanent current-carrying mould 1
communicating with a mass-feeding passage formed by
pipes 2. Depending on the size of the formed electrode
3 three, four or more pipes 2 may be used. In case three
pipes 2 are employed, they are arranged at an angle of
120° with respect to each other (at the apexes of an
equilateral triangle); if a four-pipe system is used, the
pipes 2 are located at an angle of 90° (at the apexes of a
square). Similarly, other multipipe systems have the
pipes equally spaced. At their top the mass-feeding
pipes 2 are coupled by means of electrical insulation § to
a drive means 4 for shifting an electrode 3. Fastened to
the top part of each mass-feeding pipe 2 are presses 6,
each of which having a connecting rod 7 and a piston 8.
The presses are coupled with the mass-feeding pipes 2
by means of electrical insulation 9. The current distribu-
tion ring 11 of a current lead 12 is coupled to the mass-
feeding pipes 2 with electrical and heat insulation 10,
said ring 11 being connected by a water-cooled tubular
busbar 13 to the current-carrying mould 1. The device
also comprises a charge-loading pipe 14 around which
the mass-feeding pipes 2 are arranged and whose bot-
tom part is in communication with the current-carrying
mould 1. At its top the pipe 14 is insulated electrically
and secured to the drive means 4 for shifting the elec-
trode 3; it is also coupled with a hopper 15 and fitted
with a gas offtake 16.

To decrease electric losses in the metal structures, the
sections of the mass-feeding pipes 2 and the charge-
loading pipe 14 positioned near the current-carrying
elements, namely the current distribution ring 11, the
current lead 12 and the water-cooled tubular busbar 13,
are made of materials with a low permeability, e.g.,
nonmagnetic steel.

The herein-proposed device operates in the following
manner.

The electrode mass (in a solid or liquid state) is fed
through branch pipes 17 of each press 6 in a known
manner (e.g., through pipelines, vibration hoses, by
screw conveyors, etc.) from a the hopper (not shown in
the drawing) first into the mass-feeding pipes 2 and then
to the permanent current-carrying mould 1, where
under the effect of an electric current and heat inflow
from a furnace hearth (bath) the hollow electrode 3 is
formed and baked. The electric current flows into the
current-carrying mould 1 through the water-cooled
tubular busbars 13 from the current distribution ring 11
of the current lead 12, which is coupled with a furnace
power supply (not shown in the drawing).

Under the effect of compressed air or pressurized
liquid the presses 6, acting simultaneously or individu-
ally after a certain period of time, compact the electrode
mass, forcing it gradually out of the mass-feeding pipes
2 into the permanent current-carrying mould 1. The
presses are controlled by a manual or an automatic
control system. The constant pressure of the electrode
mass is sustained due to the height or amount of it in the
mass-feeding pipes 2. Under the pressure of the elec-
trode mass the baked hollow electrode 3 is squeezed out
of said current-carrying mould 1. Charged particles 18
pass from the hopper 15 along the charge-loading pipe
14 into a furnace hearth 19 (bath) directly under electric
arcs, that are arcing on the end face of said hollow
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electrode 3. A hot gas travels up from the furnace
hearth 19 along the charge-feed pipe 14, transmits a
considerable part of its heat to the charge 18, and es-
capes through the gas offtake 16.

The gas can flow in an opposite direction through the
same charge-loading pipe 14; if such is the case, use may
be made of a gas being collected from the electric fur-
nace (e.g., from the gas offtake in a furnace roof) or of
some other gas (for instance, natural or inert ones).

The entire device with the hollow electrode 3 is
transferred under the effect of an automatic power con-
troller (not shown in FIG. 1) by means of the drive
means 4 for shifting an electrode 3, said drive means
being either of the hydraulic (as shown in the drawing)
or, e.g., electromechanical — a screw or a rope winch
— or of some other type. In forming the electrode 3 the
temperature of the electrode mass within the current-
carrying mould 1 is monitored by temperature-sensitive
elements or feelers (not shown in FIG. 1).

Another embodiment of the proposed device, pres-
ented in FIG. 2, comprises a permanent current-carry-
ing mould 1 for producing a hollow self-baking elec-
trode 3, mass-feeding pipes 2 having lower portions
communicating with said current-carrying mould 1 and
top portion interconnected with a drive means 4 for
shifting an electrode 3.

The top part of the mass-feeding pipes 2 has presses 6
secured to it.

A charge-loading pipe 14, forming an inner wall of
the current-carrying mold 1, is inserted thereinto with
an insulating packing 20 set up on said current-carrying
mould 1.

Secured to the charge-loading pipe 14 along its cir-
cumference are temperature-sensitive elements 22 set up
on brackets 21 and inserted into the electrode coking
zone within the current-carrying mould 1 with insulat-
ing packings 23 at several points along the height and in
the cross-section of the self-baking electrode 3 being
formed.

The top part of said charge-loading pipe 14 passes
through an insulating guide sleeve 24 built in the drive
means 4 for shifting an electrode 3 and is interconnected
therewith by brackets 25 by means of screw jacks 26.

Depending on the adopted production process, either
the entire charge-loading pipe 14 is made of a high-tem-
perature wear-resistant material, such as, steel, titanium,
etc., or only its bottom portion introduced into the
current-carrying mould 1 is fabricated of said materials.

In the latter case, the top portion of said charge-load-
ing pipe 14 is manufactured of an acid-fast material, e.g.,
steel, etc. The bottom part of the charge-loading pipe 14
may be a detachable water-cooled casting body made,
for example, of iron with a cast-in steel coil.

At its top the pipe 14 terminates with an electrically
insulated packing 27 secured thereto and ensuring a
sealed telescopic connection with the branch pipe of a
loading hopper 15.

The number of screw jacks 26 is dictated by the di-
mensions of the charge-loading pipe 14 or, to be more
precise, by those of the hollow self-baking electrode 3,
but in any case at least two screw jacks 26 must be used.
The screw jacks 26 can be operated either by hand or
automatically with the aid of a controllable drive mech-
anism, e.g., by means of an electric motor or a motor-
ized reducer.

As to the number of temperature-sensitive elements
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dimensions of the hollow self-baking electrode.
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The above-outlined device functions in the following
manner.

First, the charge-loading pipe 14 is brought by the
screw jacks 26 into an extreme bottom position (see
FIG. 1) so as to provide free access for attaching
thereto in a known manner, e.g., by welding, a tempo-
rary mushroom stopper or plug 14a made of a sheet
material, e.g. steel. Next, the charge-loading pipe 14 is
hoisted by the screw jacks 26 until the mushroom stop-
per 14a is in contact with the plane of the bottom edge
of the current-carrying mould 1 (see FIG. 9) thereby
defining an annular cavity between the charge-loading
pipe 14 and the current-carrying mould 1, said cavity
being closed from beneath by said stopper 14e¢ and
adapted for forming a hollow self-baking electrode 3.

Next the drive means 4 for shifting the electrode 3
moves the device down so as to provide a 150-200 mm
spacing between the mushroom stopper 14a (and hence
between the end face of the current-carrying mould 1)
and the furnace hearth.

Following that, the first preset batch of charged par-
ticles 18 which are of a current-conducting carbona-
ceous material, e.g., coke, is fed from the loading
hopper 15 along the charge-loading pipe 14 under the
bottom end face of a future hollow self-baking electrode
3, thereby closing the space between adjacent elec-
trodes mounted inside the furnace and making a circuit
for the subsequent passage of an electric current.

After that, an electrode mass is loaded into the mass-
feeding pipes 2 by resorting to a known means, such as,
screw feeders or vibration hoses, filling to capacity the
entire volume intended therefore (the annular cavity of
a future hollow self-baking electrode 3 and the mass-
feeding pipes 2). Next, the presses 6 are put into opera-
tion and the electrode mass undergoes precompression
and is compacted (pressed). Further, when operating
under steady-state conditions, the presses 6 are not only
pressing the electrode mass in the electrode coking
zone, but also force oiit the baked electrode 3. A power
supply is turned on in and an electric current starts
flowing the tubular busbars 13, the current-carrying
mould 1, the mushroom stopper 14 and the coke in the
thus made circuit. As a result, the mishroom stopper
14q, the coke and the electrode mass are heated, which
leads to the gradual creation of the temperature condi-
tions required for forming a hollow self-baking elec-
trode 3.

Upon attaining an electrode coking temperature (350°
- 400° C.), the electrode mass, beginning from the elec-
trode end face and extending upwards across its section,
undergoes transformation into a new aggregate state
forming a solid electrically conductive structure. By
that moment, the mushroom stopper 14a burns to ashes
having performed its function, and the screw jacks 26
move the charge-loading pipe 14, according to the read-
ings of the temperature-sensitive elements 22 carried
therewith, into a certain position inside the current-car-
rying mould 1, thus assuring the manufacture of a high-
quality hollow self-baking electrode 3.

With a steady-state production process the electrode
mass as well as the charge of a preset composition are
fed continuously.

The gas liberated in the furnace hearth rises along the
charge-loading pipe 14 giving up its heat to the charged
particles 18 and being discharged through a gas offtake
16.

In this embodiment gas supply in an opposite direc-
tion (downwards) through the charge-loading pipe 14



4,122,294

9

and charged particles 18 is also possible, which allows
utilization of either collected waste furnace gases (e.g.,
drawn off through the gas offtake in a furnace roof) or
some other gas.

With the production process as a whole and the cok-
ing operation proceeding under normal conditions and
with the hollow self-baking electrode 3 being shifted to
compensate for its burning-off, the charge-loading pipe
14 (for a given electrode mass brand featuring certain
physicomechanical properties) maintains a constant
optimum position within the current-carrying mould 1.

In case of a variations in the course of technological
process and disturbances of normal electrode-forming
conditions, two versions can be employed for shifting
the charge-loading pipe 14. The selection of a version
depends on the electrode size, the quality of the elec-
trode mass, the type of furnace and the nature of the
technological process.

According to the first version, the temperature in the
coking zone of a hollow self-baking electrode 3 (rang-
ing within 350° - 400° C.) is measured by temperature-
sensitive elements 22 whose readings are transmitted to
an indicating or recording instrument, e.g., a potentiom-
eter (not shown in FIG. 2). which is accompanied, for
example, by a light or audio signal being sent to an
operator actuating manually the screw jacks 26 to move
the charge-loading pipe 14.

According to the second version, the readings of said
temperature-sensitive elements 22 are transmitted to a
pre-adjusted instrument (e.g., of the potentiometer
type) or an integrated-circuit programming unit (not
shown on FIG. 2) which transmits a command signal to
the drives of said screw jacks 26 for automatic hoisting
or lowering of the charge-loading pipe 14 to set it to the
requisite position.

When, for example, a programming unit based on an
integrated circuit is employed, it adds the readings of all
the temperature-sensitive elements 26 with the com-
mand signal for cutting-in the drive mechanisms of said
screw jacks 26 being produced only when the upper or
lower limit of the temperature in the electrode coking
zone deviates from its prescribed critical value. The
latter works only for large-sized electrodes (e.g., at least
200 mm). A third version, which is a combination of the
first two, is also possible.

Thus, the proposed device ensures reliable operation
of the charge-loading pipe adapted for defining a cen-
tral opening in a hollow self-baking electrode, creates
the prerequisites for producing a quality electrode, cuts
down electrode mass requirements by precluding flow-
ing out and electrode breakage, contributes to a saving
in electric power, and provides higher furnace effi-
ciency. :

Another embodiment of the device is shown in FIG.
3 is adapted for forming a solid self-baking electrode
and comprises a permanent current-carrying mould 1
for manufacturing said solid self-baking electrode 3,
mass-feeding pipes 2 having bottom portions communi-
cating with the current-carrying mould 1 and top por-
tions interconnected with the drive means 4 for shifting
the electrode 3. The mass-feeding pipes 2 have presses 6
fixed thereon.

A charge-loading pipe 14 is inserted into the current-
carrying mould 1 with an insulating packing 20
mounted thereon. :

Fastened to the pipe 14 around its circumference are
temperature-sensitive elements 22 set up on brackets 21
and inserted with insulating packings 23 inside the cur-
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rent-carrying mould 1 at several points along the height
and in the cross-section of the formed solid self-baking
electrode 3 in its coking zone.

The top part of the pipe 14 passes through an insulat-
ing guide sleeve 24 built in the drive means 4 for shifting
an electrode 3 and is interconnected therewith by means
of brackets 25 and screw jacks 26.

In this case the pipe 14 is made of a low carbon alloy
steel. As, while lowering the electrode, said pipe 14 acts
as a pusher of both the electrode unit and its supporting
fixtures, the bottom end of said pipe 14 can be made of
high-temperature steel to enhance its reliability, since it
is immersed into the electrode slightly below its coking
zone in a 450° - 500° C. temperature range.

For providing reliable operation and safe servicing of
the proposed device, the brackets 21 on which the tem-
perature-sensitive elements 22 are fixed as well as the
brackets 25 acting as an interlocking element between
the screw jacks 26 are insulated from the pipe 14 with
heat-resisting insulation.

The above-outlined device operates in a manner simi-
lar to that of the device shown in FIG. 2.

The only difference consists in that the pipe 14 is
employed for filling the central part of the solid self-
baking electrode 3 with either an electrode mass, similar
to that forced by presses 6 into the mass-feeding pipes 2,
or use is made of fluxing or alloy additives introduced
into said pipe 14 and baked in the electrode mass encom-
passing said substances, which constituent the central
part of a solid self-baking electrode and which, as the
electrode is being burnt, take part in melting the charge
and obtaining the product of a requisite composition
and quality.

Hence, the present invention allows realization of
additional technological potentialities and highly im-
portant advantages.

According to the embodiment shown in FIG. 4, the
device comprises a permanent current-carrying mould 1
secured to mass-feeding pipes 2 adapted for forming a
hollow self-baking electrode 3. At their top the mass-
feeding pipes 2 are fastened to a drive means 4 for shift-
ing the electrode 3. Presses 6, each of which having a
connecting rod 7 and a piston 8, are secured to the top
part of said mass-feeding pipes 2.

The current-distribution ring 11 of a current lead 12
coupled through water-cooled tubular busbars 13 with
the current-carrying mould 1 is also fastened to said
pipes 2.

A charge-loading pipe 14 has a bottom portion com-
municating with the current-carrying mould 1 and a top
portion secured to the drive means 4 for shifting the
electrode 3. The pipe 14 is also in communication with
a hopper 15 and is fitted with a gas offtake 16.

The above device embodiment is equipped with a
programming or control system comprising a follow-up
unit 28 and an actuating unit 29. The input of the follow-
up unit 28 is coupled with temperature-sensitive ele-
ments 22 which are set up and fixed with heat-resisting
insulating packings 23 on the current-carrying mould 1
and its output is coupled through the actuating unit 29
with the presses 6. '

For switching the reciprocating rods 7 and pistons 8
of the presses 6, limit switches 30 are mounted in the
extreme top and bottom positions of said rods 7 and
pistons 8.

It should be added that since the presses 6 can be
mafie as cylinders using either compressed air or a pres-
surized liquid or as screw presses with electromechani-
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cal drives, the actuating units 29 may constitute accord-
ingly, e.g., a solenoid-operated valve or a slide valve or
an appropriate electrical apparatus, such as a contactor.

As for the temperature-sensitive elements 22, they are
installed at several points along the circumference and
in the cross-section of the hollow self-baking electrode
3 and may constitute, e.g., thermocouples or resistance
thermometers.

The follow-up unit 28 can be built, for example, of
thyristors, or it can be a standard instrument, e.g., a
potentiometer. (see P. N. Manailov, “Heat Engineering
Measurements and Automotion of Heat Engineering
Processes”, Moscow. “Energy” Publishers, 1976, pp. 32
— 32).

The herein-proposed device functions in the follow-
ing manner.

A charged particle 18 passes from a hopper 15 along
the charge-loading pipe 14 into a furnace hearth 19
(bath) directly under electric arcs that are arcing on the
end face of said hollow self-baking electrode 3. A hot
gas rises from the furnace hearth 19 through the charge-
loading pipe 14 and transmits a considerable part of its
heat to the charged particle 18, whereupon it is dis-
charged through a gas offtake 16.

Gas flow in an opposite direction (downwards) is also
possible, the gas passing in that case through the charge-
loading pipe 14 and charged particle 18 which allows
utilization of a collected waste furnace gas (e.g., drawn
from the gas offtake in a furnace roof) or some other
gas, for instance, a natural or inert ones.

The electrode mass, in a solid or liquid state, is fed
from a hopper (not shown in FIG. 4) through branch
pipes of each press 6, as shown by an arrow in the draw-
ing, by resorting to a known means (such as pipelines,
vibration hoses, screw conveyors) first into the mass-
feeding pipes 2 and then therealong into the permanent
current-carrying mould 1 where a hollow electrode 3 is
formed and baked under the effect of an electric current
flowing therein through a current conductor 12, cur-
rent-distribution ring 11 and tubular busbars 13, and by
the heat of the furnace hearth (bath).

The temperature-sensitive elements 22 are continu-
ously measuring the temperatures at several points of
said hollow self-baking electrode 3 (including its coking
zone) and delivering signals to the follow-up unit 28
which operates the presses 6 with the aid of the actuat-
ing unit 29. Depending on the command signal of the
follow-up unit 28, the signal being in direct relation to
the temperature values and to the readings of the tem-
perature-sensitive elements 22 installed in certain loca-
tions (points or sections) of a hollow self-baking elec-
trode 3, the presses 6, acting simultaneously or individu-
ally (selectively) after certain periods of time (pre-
scribed by the program), compress the electrode mass
with the aid of the rods 7 and pistons 8 thus forcing it
gradually out of the pipes 2 into the current-carrying
mould 1. The baked hollow electrode 3 is squeezed
under the pressure of said electrode mass out of said
current-carrying mould 1. As soon as the rods 7 of the
presses 6 are pressed into their limit extreme positions,
the limit switches 30 associated with the programming
control system send a signal for rapid lifting of the
pistons 8 to be followed by their lowering with a preset
speed.

The rate of the entire process of baking an electrode
and its squeezing out of the current-carrying mould to

10

20

25

30

35

45

55

60

compensate for its burning-off, as well as the burning-

off of said electrode, can be adjusted by means of the

12

follow-up unit 28, the actuating unit 29 and by subse-
quent operation of the presses 6 within program-pre-
scribed limits thus ensuring automatically a continuous
and simultaneous accomplishment of all the above oper-
ations, and, thereby providing the prerequisite for ob-
taining a hollow self-baking electrode 3 of adequate
quality.

Another embodiment of the device, presented in
FIG. 5, comprises a current-distribution ring 11 fixed
with electrical insulation 10 on mass-feeding pipes 2
secured to a connecting ring 31.

The connecting ring 31 accommodates an insulating
guide sleeve 32 acting simultaneously as a packing and
aligned in position by index pins 33 arranged along its
circumference and fixed on said ring 31. A charge-load-
ing pipe 14 passes through said guide sleeve 32. Fixed
over the circumference of the ring 31 by means of a
rapidly-detachable lock joint 34 (FIG. 6), such as, key
or screw joints or a combination of said joints (e.g.,
dowels and keys, dowels and nuts, studs, screws etc.)
are water-cooled electric contact plates 35 (FIG. 5)
closed on themselves, with all the adjacent plates being
interconnected by a lock joint and the bottom parts of
said plates 35 being additionally secured to each other
by detachable joints, e.g., by screws 36 turned in their
bodies. The electric contact plates 35 are made of cop-
per and alloys thereof and are either castings with spe-
cial ducts for the passage of cooling water or stampings
with drilled ducts.

The connecting ring 31 accommodates insulating
packings 37 that are mounted at several points along its
circumference and through which feelers 38 are intro-
duced into the coking zone of a hollow self-baking
electrode 3.

To enable their interlocking with the conjugated
furnace elements, the top parts of the mass-feeding pipes
2 and charge-loading pipe 14 are fitted with flanges 39
and 40 accordingly. This assures reliable operation of
the proposed device and eliminates electrical-shock
fatalities in servicing furnace structural elements mating
therewith. v

A distinctive feature of the proposed device consists
in that its design permits readjustment, modernization,
of operations and adequate quality of electrodes 3 by
changing their cross-section and by affecting the coking
process and electrode transfer for offsetting its burning,
— all these measures being a function of the technologi-
cal process and electrical parameters of the furnace.

The charge-loading pipe 14 and the hole for its pas-
sage through the joint ring 31 are readily cliangeable, in
other words, they may have varying (greater or
smaller) diameters depending on the peculiarities of the
technological process and its electrical characteristics,
the other elements of the proposed device being in that
case unchanged. ’

To make things clear, it should be pointed out that a
need for readjustment or modernization of the proposed
device can arise only if a new production process and
electrical parameters of the furnace differ considerably
from the preceding ones. In all other cases the device
does not require any modifications, insofar as the qual-
ity of electrodes can be assured by simpler means envis-
aged by the inherent design of the device which will be
clear from a description that follows.

To increase the effect of a charge-loading pipe 14 on
the coking of a hollow electrode 3, it is not made of
heat-resistant steel — its usual material, but, instead, its
bottom part is provided with a cooling system and is
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made, for instance, of commercial or heat-resistant iron
with a cast-in steel coil along which water, compressed
air or a combination (a water-air mixture) is fed, the
flowrate of said coolant being adjusted by a conven-
tional valve. ‘ :

These details, that are evident from the above de-
scription, aré not shown in FIG. §.

~ The quality of a hollow self-baking electrode 3 is
monitored by the feelers 38 at regular intervals to adjust
in a proper manner the degree of slipping of the elec-
trode to compensate for its burning-off in order to pre-
clude the squeezing of an unbaked electrode out of the
mould, flowing out of the electrode mass or electrode
breakage.

The herein-proposed device operates in the following
manner.

Initially the annular gap between the electric contact
plates 35 and the charge-loading pipe 14 is closed by a
temporary sheet steel mushroom stopper (similar to that
shown in FIGS. 8 and 9, but not shown in FIG. 5)
which is welded to the bottom edge of the charge-load-
ing pipe 14 to fit tightly from beneath to the.end face
planes of said electric contact plates 35.

The electrode mass fed under pressure along the mass
feeding pipes 2 fills up the entire section of the formed
self-baking electrode 3.

Next, the first batch of charged particle 18 of electri-
cally conductive material, such as, coke, is delivered
through the charge-loading pipe 14. The coke fills up
the bottom part of said charge-loading pipe 14, closing
a circuit for subsequent passage of an electric current
which will flow either between the hollow electrode
being formed and furnace hearth or between electrodes
adjacent to that being formed. Following that, water
and power supplys are turned on. Cooling water flows
along the tubular busbars 13 of the current-distribution
ring 11 into the electric contact plates 35, and the elec-
tric current starts flowing from the said ring 11 through
the tubular busbar 13, the electric contact plates 35, the
mushroom stopper and the coke in the thus defined
circuit.

The coke, the mushroom stopper and the electrode
mass are heated as a result, which gradually creates the
temperature conditions required for forming a self-bak-
ing hollow electrode 3. As soon as a electrode coking
point of at least 360° to 400° C. is attained, the electrode
mass, beginning from the electrode end face and extend-
ing upwards over its cross-section, undergoes a trans-
formation of its aggregate state, forming a solid electri-
cally conductive structure. From that moment on, the
forming of said electrode structure is monitored at regu-
lar intervals by means of the feelers 38 inserted at sev-
eral points in the cross-section of the hollow electrode
3.

The mushroom stopper burns gradually and com-
pletely having performed its functions.

With a steady-state production process, the electrode
mass is continuously fed, coked and forces out a baked
hollow electrode 3 offsetting its burning-off in the fur-
nace hearth. The charge particles 18 of a prescribed
composition are also supplied in a continuous mode.

The gas released in the furnace hearth rises along the
charge-loading pipe 14 transmitting its heat to the
charged particles 18, and is exhausted thereafter. In this
case a downward gas flow is also possible, the gas pass-
ing through the charge-loading pipe 14 and the charged
particles 18; this enables the use of either a furnace exit

14

gas collected therefrom (e.g., drawn off through the gas

. offtake in the furnace roof) or of some other gas.
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Industrial effectiveness of the proposed device is
determined by the need for electric furnaces with de-
vices for forming self-baking hollow electrodes without
casings, which are required primarily for producing
aluminium-silicon, silicon, metal manganese, calcium
carbide, etc., where the iron of the electrode casing of a
conventional self-baking electrode is a harmful admix-
ture. '

According to the embodiment shown in FIG. 7 the
device for forming a solid self-baking electrode is simi-
lar to that presented in FIG. 5 and comprises a current-
distribution ring 11 fixed with electric insulation 10 on
mass-feeding pipes 2 secured to a connecting ring 31.

The connecting ring 31 accommodates an insulating
guide sleeve 32 acting as a packing and being aligned in
position by index pins 33 set up along its circumference
and fixed on said ring 31.

A charge-loading pipe 14 passes through the guide
sleeve 32. '

Fastened by means of a lock joint along the periphery
of said ring 31 are electric contact plates 35, each of
which is interlocked with the adjacent one by the lock
joint, the bottom part of said plates being additionally
interconnected by means of detachable joints, such as
screws 36 turned in their bodies.

The electric contact plates 35 are made of copper or
alloys thereof and are either castings with conduits for
cooling water or stampings with drilled conduits.

The connecting ring 31 incorporates insulating pack-
ings 37 set up at several points along its circumference
with feelers 38 passing through said packings 37 into the
coking zone of said solid self-baking electrode 3.

The above-outlined device functions in a manner
similar to that of the device shown in FIG. 5, the only
difference being in that the charge-loading pipe 14 is
either employed for charging into the central part of the
solid self-baking electrode 3 an electrode mass similar to
that supplied along mass-feeding pipes 2 or for loading
fluxing and alloy additives, which on being baked in the
surrounding electrode mass form the central part — a
core — of said solid self-baking electrode structure and
are consumed together with the electrode during its
burning-off, being melted together with the charged
particles and contributing to the manufacture of a final
product of the requisite composition and quality.

This assures additional vital technological potentiali-
ties and advantages.

What we claim is:

1. A method of forming a self-baking electrode, com-
prising the steps of: feeding an electrode mass into a
mass-feeding passage during melting in an electric fur-
nace; charging said electrode mass; forcing said elec-
trode mass out of said mass-feeding passage and supply-
ing it into a permanent current-carrying mold, in accor-
dance with data obtained by continuous measuring of
temperature of the electrode being formed at several
points along its height and in its cross-section, at a rate
which is proportional to that of coking, shifting and
burning-off of said electrode; coking said electrode
mass and transforming it into a solid structure; and
squeezing the electrode out of said mold as it is being
coked and burnt.

2.A met.hod of claim 1, further comprising the step of
feeding said electrode mass into the coking zone by

alterr}ating its operation mode to prevent irregular
roasting of the electrode.
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3. A method of claim 1, further comprising the step of
introducing fluxing alloy additives into the electrode
mass while forming the self-baking electrode.

4. A device for forming a self-baking electrode, com-
prising; a permanent current-carrying mold for forming
and baking said electrode;

a mass-feeding passage, for feeding electrode mass,
communicating with said permanent current-carry-
ing mold;

a drive means, for shifting the electrode being
formed, coupled to a side surface of a top part of
said mass feeding passages with electrical insula-
tion;

presses coupled with electrical insulation to a top
surface of the top part of said mass-feeding pas-
sages;

a current distribution ring coupled with heat and
electrical insulation to said mass-feeding passages;

a current lead from a power supply coupled to said
current distribution ring;

water-cooled tubular busbars through which said
current distribution ring is coupled with said per-
manent current-carrying mold;

a charge-loading means having a top part secured to
said drive means and a bottom part communicating
with said permanent current-carrying mold and
around which said mass-feeding pipes are ar-
ranged, said part of said charge-loading means
being fitted with a gas offtake; and

thermoelements for measuring the temperature of
said electrode being formed.

5. A device of claim 4 for forming a self-baking elec-

trode, wherein;
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temperature-sensitive elements are employed as said
thermo-elements, embedded in the electrode mass
and mounted on said charge-loading means; and

said charge-loading means is provided with a drive
means associated with said temperature-sensitive
elements.

6. A device of claim 5, further comprising a program-

ming control unit, which consists of:

a follow-up unit having an input coupled to said tem-
perature-sensitive elements; and

at least one actuating unit having an inlet connected
to the output of said follow-up unit and an outlet
coupled to said presses.

7. A device of claim 4, further comprising:

a connecting ring fastened to said mass-feeding pas-
sages;

water-cooled electric contact elements connected by
a lock joint to said connecting ring, interconnected
to each other by aid of lock joints and being de-
tachable;

an insulating guide sleeve through which said charge-
loading passage is introduced into said permanent
current-carrying mold, said guide sleeve simulta-
neously acting as a packing; and

feelers employed as said thermoelements, introduced
periodically into the electrode coking zone inside
said current-carrying mold with insulating pack-
ings, and set up in said connecting ring at several
points along the circumference and in the cross-
section of said electrode being formed.

8. A device of claim 4, wherein said charge-loading

passage is cooled, a bottom part of said passage being
fitted with internal conduits for the passage of a cooling
mixture and with a means for adjusting the flowrate of
said cooling mixture.

*

¥ ¥ ¥ x
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1
CARBON ELECTRODE FOR ARC LAMP

BACKGROUND OF THE INVENTION

. . . : 5
This invention relates to an electrode for an arc lamp -

suitable, for example, as.a carbon electrode for weather-
and light-resistance testing.

The conventional electrode for arc lamps for weath-
er-and light-resistance testing (hereinafter simply re-
ferred to as the “weathering test”) is expensive and is
rapidly consumed. When consumed below a predeter-
mined length, the electrode must be discarded and re-
placed by a fresh one. In discarding the used electrode,
it must be subjected to high temperatures in a combus-
tion treatment which markedly damages the furnace in
which such treatment is performed. Hence, it is by no
means easy to dispose of the used electrode.

In the case of an ordinary ultraviolet weatherometer,
for example, two lower electrodes each having a length
of 100 mm are positioned to oppose an upper electrode
having a length of 305 mm and are caused to alternately
discharge and generate the arc. In the single discharge
for 24 hours, the length of the upper electrode is re-
duced from 305 mm to about 190 mm while that of the
lower electrodes is reduced from 100 mm each to 76
mm. At this time all the electrodes must of replaced by
fresh electrodes, respectively. In this instance, the used
upper electrode having the reduced length of 190 mm
may be cut to 100 mm and used as one of the lower
electrodes but the rest must be supplied afresh. This is of
course very disadvantageous economically. Moreover,
the used electrodes having the length of not greater
than 100 mm can neither be further used nor burnt at a
temperature below 2,000° C. Hence, their disposal has,
to date, been another serious problem.

Despite these problems, it has never been convention-
ally contemplated to use the used electrodes again by
joining them together. This is quite understandable in
view of the fact that when the electrodes are simply
joined together, the spectral composition would natu-
rally become unstable because the voltage used is so
high that the discharge occurs at the joint portion.

OBJECTS AND BRIEF SUMMARY OF THE
INVENTION

In view of the foregoing, it is an object of this inven-
tion to provide, in an economical manner, an electrode
having a stable spectral composition, low consumption
ratio and prolonged service life, by effectively utilizing
a used electrode or an electrode of such short length
that it would conventionally have been discarded.

As a result of intensive studies, the present inventor
has surprisingly found that when a plurality of short
electrodes are joined together, using a specific adhesive
and applied with an auxiliary structure of a suitable
length, there is obtained an electrode which not only
has a stable spectral composition but also a smaller
consumption ratio at discharge, thereby prolonging its
service life.

The present invention is based or the foregoing find-
ing. :

BRIEF DESCRIPTION OF THE DRAWINGS.

FIG. 1is a front view of an embodiment of the pres-
ent invention; .
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FIG. 2 is a diagram depicting the relationship be-
tween the temperature rise of the metal and the volume

“resistivity;

FIG. 3 is a dlagram deplctmg the relationship be-
tween the consumptlon of the U.V. carbon and the
temperature change in.the joint portion;

FIG. 4 is a diagram depicting the relationship be-
tween the temperature and the resistance change ratio
of the electrode of the present invention versus the
conventional carbon electrode;

FIGS. 5 and 7 are diagrams each depicting the spec-
tral composition of the conventional electrode; and

FIGS. 6 and 8 are diagrams each showing the spec-
tral composition of the electrode of the present inven-
tion. :

DETAILED DESCRIPTION OF THE
INVENTION

The adhesive to be used in the present invention is
obtained by kneading metal particles, carbon powder or
the like with a resin and a solvent for the resin.

When metal particles are used, the preferred exam-
ples include aluminum, silver, copper, zinc etc. Al-
though not restricted particularly, these metals are used
in the powder form having a particle size of 200 to 300
mesh.

The resin to be used is one which is bondable to car-
bon or a binder of such kind. Preferred examples of the
resin are an acrylic resin, an epoxy resin, a polystyrene
resin, polyvinyl acetate, polyvinyl alcohol etc. How-
ever, it is not preferred to use those compounds which
generate chlorine gas or other noxious gases at the time
of burning.

As a solvent for the resin, it is possible to use ordinary
solvents such as methyl ethyl ketone, ethyl acetate or
other solvents which serve as a thinner for the resin.

The resin and the solvent are used as the binder also
when only the carbon powder is used without any
metal.

The metal-containing adhesive to be used in the pres-
ent invention is listed above and the carbon powder is
added in this case to function as a resistance-adjuster at
the time of the temperature rise. In other words, as
illustrated in FIG. 2, the metal powders such as silver,
copper, aluminum, etc. increase in resistance with the
temperature rise whereas pure carbon decreases in resis-
tance with an increasing temperature as can be clearly
seen from (4) of FIG. 4. It is thus possible to properly
adjust the increment of resistance of the metal by the
addition of the carbon powder. Because of the presence
of such a joint portion, the electrode of the invention
has less of a decrease in resistance with the temperature
rise and less consumption, as a whole, in comparison
with an electrode consisting solely of the pure carbon
without -any joint portion.

The object of the invention can also be accomplished
when the carbon powder contains the adhesive, by
adjusting its quantity and mesh size.

The Jomt portion in the present invention can be
formed in the following manner. Namely, the edge faces
of the carbon electrode rods 1, 1’ are joined together
using the adhesive-layer 2 as shown in FIG. 1(A). Fur-
ther, a metal rlng 3 may be fitted around the joint por-
tion as shown in FIG. 1(B). Alternatively, a thin hole is
bored at the center of the joint.face of each electrode 1,
1’ and a metal core 4 such as a rod, a screw having both
ends tapped or. a stud s fitted into the thin holes for
joining the electrodes together:as shown in FIG. 1(C).
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"The number of electrodes to be joined may be greater
than 2 and their lengths may vary from each other. In
any case, the electrodes should be joined to provide a
required length. The present invention may be applied

" to electrodes whether they have a core or not, and of §

course to a ultraviolet carbon electrode and to a sun-
shine carbon electrode.

FIG. 3 is a diagram showing the temperature change
at the joint portion when two used U.V. carbon elec-
trodes, of 50 mm size are joined together in accordance
with the present invention. When discharge is carried
out using this joined electrode, the carbon is gradually
consumed as the discharge progresses and the tip of the
electrode gradually approaches the joint portion while

10

4

The action and effect of the present invention will be
explained further with reference to examples thereof.

Two used non-core carbon electrodes, each having a
length of 50 mm and a diameter of 13 mm, are joined
together using each of the adhesive compositions (1)
through (5) of the Table below obtained by dissolving
an epoxy resin in a thinner and by a composition consist-
ing of carbon powder, the resin and the solvent. Dis-
charge tests are then performed on the electrodes thus
joined.

The resistance of the joined carbon electrodes of the
present invention before use and after 24 hours use
(resistance over 60 mm of residual length) is illustrated
in the Table. The difference in resistance before and

the temperature of the joint portion gradually elevates. 15 after such use for each testpiece is within 12 mo.

TABLE

Adhesive composition (weight ratio)

Resistance

Ag pow- Al pow- C pow- Before use (80 mm After 24 hours’ use
resin solvent der der der of a 100 mm electrode) (60 mm of residual length)
% % % % % mfl ' mS)
n 10 30 60 — — 42.29-44.58 30.22-32.48
) 10 29 58.5 — 2.5 42.44-44.79 30.33-32.75
3) 20 60 —_ 20 — 50.56-52.86 38.45-40.80
@ 20 58 — 19.5 2.5 50.78-53.11 38.65-41.00
(5) 9.5 275 55 4.5 3.5 47.23-53.33 35.09-41.29
fresh no joint (conventional
electrode electrode)
C powder
(6) 3.6 65.3 311 small 53.1 -413
coating 8
amount
Residual length after Consumed length at Consumption
24 hours’ use 24 hours ratio Spectral
mm mm mm/hr distribution
1) 80 20 0.83 equivalent to
prior art
) 81 19 0.79 equivalent to
prior art
3) 85 s 0.63 equivalent to
prior art
4) 86 14 0.58 equivalent to
prior art
() 84 16 0.67 equivalent to
prior art
fresh 76 24 1.00 —
electrode
(6) 82 18 0.75 equivalent to

prior art

In this instance, the metal admixed in the adhesive also
causes the temperature to rise with consumption of the
electrode and its resistance also increases. This behavior
is illustrated in FIG. 2. As the length of the electrode
decreases, resistance of the carbon electrode decreases.
On the other hand, the discharge section approaches the
joint portion to elevate the temperature at that portion.
Hence, resistance at the joint portion increases, thereby
restricting the resistance drop of the electrode as a
whole. This also provides the effect of restricting the
change in resistance occurring in the carbon electrode
discharge circuit of the conventional electrode, and
constantly ensures stable discharge. Consequently, the
electrode of the invention is free from change in the
discharge current resulting from the change in resis-
tance with the passage of time of use of the electrode in
contrast to conventional electrodes, and hence, the
present electrode is free from change in spectral compo-
sition. It is therefore possible, by the use of the electrode
of the present invention, to accurately carry out the
weathering test without adverse influence on the ac-
tions of fading and degradation of the testpiece.

50

60

During the discharge, the temperature at the joint
portion increases with consumption of the carbon as
shown in FIG. 3. This makes up for the decrease in the
resistance due to the consumption of the carbon and
restricts the change in resistance during the time the
lamp is lit so that it becomes possible to realize a stable
discharge. The relationship between the temperature
and resistance of the metal contained in the adhesive is
shown in FIG. 2. It can be seen that the resistance of the
resin of the adhesive cooperates or compensates for the
decrease in the resistance due to consumption of the
carbon. Accordingly, the consumption can be restricted
and the service life can be prolonged in comparison
with the conventional electrode consisting of a single
electrode. In addition the spectral composition of each
testpiece, as one of the essential factors, is stable and is
found to be perfectly equal to the conventional elec-
trode at the initial stage of lighting.

FIG. §is a diagram of the spectral composition of the
conventional U.V. carbon and FIG. 6 is a diagram of
the spectral composition of the electrode of the present
invention.
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Also with respect to the sunshine carbon electrode,
the spectral composition of the present invention is
comparable to that of the conventional electrode by
comparing FIG. 8 (the present electrode) with FIG. 7
(the conventional electrode).

FIG. 4 depicts the change in resistance with respect
to the temperature rise between the electrode of the
present invention and the conventional electrode. Elec-
trodes (1) through (3) are obtained by joining carbon
electrodes, each having a diameter of 13 mm, whereby
the adhesive for the electrode (1) contains a small
amount of C powder added to Ag powder (0.243 g), the
adhesive for the electrode (2) contains a large amount of
C powder added to Ag powder (0.421 g) and the elec-
trode (3) consists of Ag powder, Al powder and C
powder (0.206 g). The electrode (4) is a non-joint single
electrode, and the electrode (5) is obtained by kneading
C powder (0.007 g) with the resin and the solvent. The
resistance measuring gap is 100 mm for each electrode.

As can be seen clearly from this graph, the conven-
tional electrode (4) decreases in resistance with temper-
ature rise whereas the electrodes (1), (2) and (3) of the
present invention exhibit less change in resistance due to
the temperature rise. This results from the fact that the
resistance of the metal in the adhesive increases with the
temperature rise, thereby compensating for the resis-
tance change due to the temperature rise of the carbon.

For example, the resistance change ratio of the car-
bon alone (conventional electrode) is about 87% when
the temperature is elevated from the normal tempera-
ture to 250° C. as the reference temperature, and the
resistance change ratio is about 93% for the electrode
(1) of the present invention using the adhesive, whereby
the presence of the joint portion makes up for the resis-
tance change of about 6%. It is possible, in accordance
with the present invention, to obtain various character-
istics of the temperature—resistance change ratio by
suitably selecting the kind and amount of the metal to be
contained in the adhesive.

When the carbon powder is used in combination with
the resin, the change ratio is about 93% between 150°
and 250° C. as shown from the curve of the electrode
(5). 1t is possible also in this case to obtain various char-
acteristics of the temperature—resistance change ratio
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by using carbon having a varying mesh size and chang-
ing the amount thereof to be added.

As described in the foregoing paragraph, it is possi-
ble, in accordance with the present invention to obtain
an excellent electrode having a smaller consumption
ratio than the conventional electrode by effectively
utilizing the used electrodes or the cut tip of the elec-
trodes. Hence, the present invention provides an ideal
solution to the problem of disposal of the waste elec-
trodes and is also extremely advantageous from the

standpoint of preservation of resources and prevention

of environmental pollution.

What is claimed is:

1. A carbon electrode for an arc lamp employed in
weathering tests which comprises a plurality of carbon
rods joined together lengthwise by the use of an adhe-
sive, said adhesive comprising a metal powder, a binder
resin bondable to carbon and a solvent for said resin,

said adhesive increasing in resistance with increasing

temperature so as to compensate for the decrease in
resistance with reduction in length of said elec-
trode as it is consumed, whereby a stable spectral
distribution is emitted. i

2. The carbon electrode according to claim 1 wherein
said metal powder is selected from the group consisting
of silver and aluminum powder.

3. The carbon electrode according to claim 1 wherein
said resin is selected from the group consisting of an
acrylic resin, epoxy resin, polystyrene resin, polyvinyl
acetate and polyvinyl alcohol.

4. The carbon electrode according to claim 2 wherein
the adhesive contains about 10% by weight resin, about
30% by weight solvent and about 60% by weight silver
powder.

5. The carbon electrode according to claim 4 wherein
the resin is an epoxy resin.

6. The carbon electrode according to claim 2,
wherein the adhesive contains about 20% resin, about
60% solvent and about 20% aluminum powder.

7. The carbon electrode according to claim 6,
wherein the resin is an epoxy resin.

8. The carbon electrode according to claim 1 wherein
the joined area of said electrodes is reinforced by a
reinforcing member comprising a ring into which the

end portions of said electrodes are inserted.
ok * * k%
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i57) ABSTRACT

A method of and apparatus for producing consumable
electrodes with large diameters to be used for remelting
tnvolves assembling the electrode of individual longitu-
dinal parts' adjacently arranged. Which longitudinal
parts are continuously cast in special moulds as strands
having polygonal cross sections. The parts are assem-
bled so as to form a polygonal overall cross section, and
their end faces are welded together with a common
gripping head for the electrode holding device.

1 Claim, 9 Drawing Figures
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METHOD OF PRODUCING A CONSUMABLE
ELECTRODE OF LARGE DIAMETER

BACKGROUND QF THE INVENTION

The invention relates to a method of producing con-
sumable electrodes of large diameters for remelting, in
particular electroslag remelting, wherein the electrode
is assembled of individual longitudinal parts adjacently
arranged.

With the ingot treating and remelting processes used
to an increasing extent in the high-grade steel industry,
consumable electrodes are in most cases used as insert
parts. This involves remelting processes, such as vac-
vum arc-furnace methods and electroslag remelting
processes.

Consumable electrodes for the metallurgical methods
mentioned above have hitherto been produced by re-
shaping a cast ingot into an electrode body by rolling or
forging and welding a gripping head for an electrode
holding device to the same. Although it is possible in
this manner to obtain electrode diameters that, as re-
quired, are uniform over the total clectrode length,
reshaping is time consuming. It is furthermore disad-
vantagecus that, when producing rod-shaped bodies
from big cast ingots, the ingot segregation inevitably
present in the ingot will be recognizeable even in the
clectrode to be remelted. In some cases, this segregation
may be reflected in the remelted ingot—although to a
reduced extent. -

A further disadvantage of producing consumable
electrodes by casting into common closed-end moulds
of steel making plants is that these must have a conical
shape in order to be able to draw off the mould afier the
casting has solidified, and the maximum electrode
length will depend on the mould length. The mould
length, however, cannot be arbitrarily increased. More-
over, a so-called dead-head has to be provided for cast-
ing-technological reasons, which dead head has to be
separated from the remaining ingot part, thus constitut-
ing a loss of material and additional work.

The tendency in the development of the ingot treat-
ing and remelting methods is towards the production of
ever increasing ingots, having a round cross section as a
rule. It is thus necessary to adapt the electrode to the
cross section of the mould used for the ingot treating
methods. In order to produce consumable electrodes
having larger diameters, it has already been proposed to
combine rod-shaped bodies made up of several parts
having a cross section that corresponds to part or half of
a circular cross section (British Pat. No. 1,001,042).
These electrodes which, when seen in cross-section, are
multiple-part electrodes, thus have an approximately
circular outer contour and for this reason can be pro-
duced only with difficulty and great expenditure. An-
other proposal provides for melting together into one
ingot, consumable electrodes that are multiply subdi-
vided in the longitudinal and transverse directions, the
individual construction elements having a square cross
section which is produced by forging; the ounter contour
of these clectrodes is also square {British Pat. No.
1,002,106). This type of assembled electrode not only is
complex and time consuming in its production, it also
cannot be used for the production of ingots in circular
moulds, which shape is needed because the cross section
of the consumable electrode has to be designed such
that its surface has a nearly uniform distance from the
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rim of the mould top part (Austrian Pat. No. 282,845)
and from the remelting electrode, respectively.

SUMMARY OF THE INVENTION

1t is the ocbject of the present invention to overcome
the disadvantages of the known methods for producing
consumable electrodes, ie. to provide an improved
method with which it is possible to produce in a simple
and cheap way, high-quality consumable electrodes
which also have large diameters. The electrodes are to
have a nearly constant chemical composition over their
lengths, are to be largely free from segregations and are
to have uniform cross sections. A further object of the
invention is the production of consumable electrodes of
any length, which have an outer contour that substan-
tially corresponds to the inner contour of the mould top
part and the remelting mould, respectively.

These objects of the invention are achieved by apply-
ing continuous casting methods to form longitudinal
parts as strands with polygonal cross sections, assem-
bling the parts to form a polygonal overall cross section,
and welding their front faces together with a common
gripping head for the electrode holding device.

The invention furthermore relates 10 2 continuous
casting mould for continuously casting the longitudinal
parts of the consumable electrodes. This mould com-
prises mould narrow side parts that are displaceably
arranged beiween two parallel mould parts forming the
broad sides of the mould. The mould is characterized in
that each mould side part has at least two supporting
faces for the strand that are arranged at an angle to each
other.

A consumable electrode produced according to the
method of the invention is characterized in that the
longitudinal parts, in cross section, have the form of
irregular polygons whose width is considerably greater
than their height, and are assembled to form an at least
approximately regular-polygons! cross section for the
clectrode.

Advantageously, the consumable electrode, in cross
section, has the shape of a regular octagon assemnbled of
two octagon-halves adjacently arranged.

The two narrow-side supporting faces of the continu-
ous casting mould used for the production of such a
consumable electrode, enclose an angle of 133°, The
width of one supporting face on the broad side of the
mould corresponds to the side length of the octagon,
and the width of the oppaosite supporting face corre-
sponds to the diameter of the electrode.

In order to produce particularly thick electrodes, for
instance with a diameter of more than 900 mm, it is
advantageous to assemble several longitodinal parts in
an annular manner so as to form an electrode cross
section with an approximately regular-polygonal outer
contour and to leave free an inner space that is also
polygonal.

According to a preferred embodiment, the inner
space is filled by a longitudinal part that has also been
continuously cast.

BRIEF DESCRIPTION OF THE DRAWING

The invention will be described in more detail by way
of embodiments illustrated in the drawings, wherein:

FIG. 1 is a horizontal section through a continuous
casting mould shown in schematic illustration, which
mould is used for the production of sexagonal strands
that are assembled in pairs to form a two-part electrode
whose cross section is illustrated in FIG. 2;
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FIGS. 3 and 4 are also horizontal sections through a
continuous casting mould, one for the production of a
billet, and one for sexagonal-cast strands;

FIG. 5 shows a cross section of a consumable elec-
trode assembled of these strands,

FIG. 6 represents the production of octagonal strands
which are assembled to form a three-part electrode
according to FIG. 7, and

FIG. 8 shows a fully assembled electrode while FIG.
9 shows a cross section thereof along line IX—IX.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

In FIG. 1, there is shown broad side mould parts 1 of
a rectangular slab mould for the continuous casting of
steel. Parts 1 are displaceable in the direction of arrows
2 so as to produce strands of various thicknesses.

In order to produce an octagonal consumable elec-
trode of two strands 3 by continuous casting, according
to FIG. 2, the normally straight mould parts forming
the narrow sides are replaced by angular mould side
parts 4, 5 having two supporting faces which enclose an
angle a of 135°. These mould side parts 4, 5 are ar-
ranged relative to each other in a mirror-reflected way.
Supporting faces 6, 7 on the two broad-side mould parts
1 are such that the supporting face 6 has a width that
corresponds to the side length 8 of the regular octagon,
while the width of the opposite supporting face 7 corre-
sponds to the electrode diameter D, wherein D=2S,
and in practice may be for instance 600 mm. The mould
of FIG. 1 is then used in a conventional manner to cast
the strands 3 of any convenient length. The longitudinal
dimensions of strands 3 are then welded together in the
form shown in FIG. 2.

In FIG. 3, a continuous casting mould for slabs has
been adjusted for the production of billets 10 having a
side length S, through the use of narrow-side, plane
mould side parts 9 and broad side parts 1 which are used
for slab casting. The mould side parts 9 are then re-
placed, as is illustrated in FIG. 4, by angular mould side
parts 11. Each of these have two supporting faces for
the strand that enclose an angle a’ of 90°. This results in
a sexagonal casting cross section for a strand 12 having
a thickness S and a width S for the supporting faces
formed by the mould parts 1. Therefore, it is possible to
combine one square billet 10 with four sexagonal
strands 12 to form an octagonal consumable electrode
having a diameter D=3 S, for instance of 900 mm, as is
illustrated in FIG. 5. )

In FIG. 6, the production of octagonal strands 14 by
using angular mould side parts 13 with three supporting
faces each, is illustrated. The electrode made up of three
of the strands 14 has a polygonal cross section with a
small central cavity 15 of triangular cross section,
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4
which cavity has no negative effects during operation.
The broken-line contour 16 shown in FIGS. 7 and 9
defines the position of a gripping head 17 for the elec-
trode holding device of FIG. 8. This gripping head and
the individual electrode parts are combined by welds
18, so that an electrically well-conducting and mechani-
cally sufficient connection is created. Naturally, similar
fixed gripping heads are provided for the embodiments
illustrated in FIGS. 2 and 5.

The method of the invention can be applied in a par-
ticularly advantageous manner for the production of
electrodes having a diameter of more than 350 mm.
With the continuous casting plants for steel slabs built
so far, the possible strand thickness lies in a region be-
tween 115 and 320 mm. Therefore, it is possible to pro-
duce in those plants continuous steel strands for con-
sumable electrodes which—when assembled of several
individual strands—have diameters of for instance 600
to 1,000 mm.

The electrode having a polygonal cross section, com-
pared to a round strand electrode, has the advantages of
a simpler and operationally safer production. Round
strands with large diameters require plants that are
complex in their construction, and are difficult to cast
without cracks.

All electrodes produced according to this method
can be well utilized for the initially-mentioned melting
processes, in particular for the electroslag remelting
process using round moulds, after the electrode parts
have been sand-blasted or cleaned in another way for
removing the cinder skin prior to assembling. The
chemical composition and the diameter are uniform
over the length of these consumable electrode.

What we claim is:

1. In a method of producing a consumable electrode
of large diameter, having a substantially uniform chemi-
cal composition over its entire length and total cross
section, to be used for remelting, for example electro-
slag remelting, said consumable electrode being assem-
bled of at least two adjacently arranged individual lon-
gitudinal parts, the improvement which comprises the
steps of:

continuously casting said at least two longitudinal

parts in a manner so as to form strands having
polygonal cross sections,

assembling said at least two individual longitudinal

parts so as to form a polygonal overall cross sec-
tion,

providing a common gripping head for an electrode

holding means, and

welding together the end faces of said at least two

individual longitudinal parts with said common
gripping head.
*
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[57] ABSTRACT

A process is described for the production of high grade
carbonaceous binders, wherein an aromatic high grade
carbonaceous material is produced from 3-40% by
weight of reduced or low ash coal or similar carbon
containing raw materials by treatment with 20-80% by
weight of high-boiling aromatic solvents, derived from
coal, and 15-50% by weight of high-boiling aromatic
solvents, derived from mineral oil, at temperatures of
300°-420° C. and for a resction period of 1-4 hours, at
& reaction pressure of up to 50 bar, and is optionally
freed from low-boiling components.

6 Claims, No Drrawings
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PROCESS FOR THE PRODUCTION OF HIGH
GRADE CARBONACEOUS BINDERS

The invention relates to a novel process for the pro-
duction of high grade carbonaceous binders by treat-
ment of reduced or low ash coal or similar carbon-con-
taining raw materials at elevated temperature and ele-
vated pressure, using aromatic solvents derived from
coal and mineral oil.

In the production of a great number of metals, elec-
trothermal refining processes are employed in the tech-
nology, in which carbon electrodes find application.
Examples of refining processes of this kind are the pro-
duction of -electric steel and the Hall/Heroult-process
for the production of technically pure aluminium. Car-
bon is required in large quantities for the latter process,
since up to 0.5 tons of technical carbon is consumed for
the production of 1 ton of aluminium, (G. Collin, W.
Gemmeke, Erdd! und Kohle (Petroleum and Coal), 30,
25, 1977).

The electrodes, employed in that case, consist of a
carbon lattice, which is usually produced from coke
through the delayed coking of mineral oil residues or
from pitch coke by the coking of coal tar pitch, and a
suitable binder.

Thermally re-conditioned coal tar pitch has hitherto
been mainly used as binder, due to its excellent binder
properties.

Binders, based on mineral oil derivatives, have hith-
erto not attained the superior properties of coal tar pitch
and therefore have found only limited application in
industrial practice.

Although the qualitative evaluation of electrode
binders is largely empirical, (see, for example, B. E. A.
Thomas, Gas World, p 51, 1960; C. R. Mason, Fuel, 49,
165, 1970), there are certain fundamental conditions
regarding the suitability of a binder.

In this connection, a usable. electrode binder must
fulfill the following quality criteria:

coking residue

(according to Conradson) >50%
ash content 0.3% max.
quinoline-insoluble content >7%

. toluene-insoluble content >25%

softening point (K.S.) >80° C.-120° C.

Furthermore, a low sulphur content, (<1%), a low
metal content as well as suitable boiling behaviour,
(initial boiling point >270° C.), are desirable.

In order to avoid the exclusive dependence on bind-
ers, derived from coal tar, in the production of elec-
trodes, attempts have not been lacking to employ resi-
dues, having an increased proportion of mineral oil
derivatives, as raw materials for binders.

Owing to the differing chemical nature of the resi-
dues from mineral oil chemistry, by comparison with
high-aromatic coal tar pitch, however, the solution of
this problem is extremely difficult.

As has been explained above, the most important
property for a good electrode binder is a high coking
residue. Owing to the predominantly aliphatic nature of
residues derived from mineral oil, elaborate thermal or
chemical aromatic conversion is necessary for obtaining
high coking residues. Thus, for example, U.S. Pat. No.
4,039,423 describes a process according to which a
decantation oil from catalytic cracking is heated under
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2
pressure to temperatures >413° C., the heat-treated
pitch is separated from low-boiling components, for
obtaining a softening point of 65°~121° C., and the pitch,
thus obtained is further thermally re-conditioned by
blowing through with air or oxygen.

West German Offenlegungsschrift No. 22 32 268
describes a process, according to which residues from
the vapour cracking of mineral oil fractions are refined
to binders. The disadvantage of this process is that oxi-
dative polymerisation and drastic condensation with
Lewis acids, particularly aluminium chloride or iron
chloride, is necessary for obtaining the high-aromatic
properties required.

Apart from the thermal process steps that have to be
undertaken, these processes have the disadvantage that
the yield of binder, (related to the oil employed) is
< 60% and thus large proportions of coupling products
arise. Besides, despite the elaborate aromatic conver-
sion, the obtainable coking residues only appear at the
lower limit of the desirable grades.

Another attempt at producing electrode binders on a
basis, independent of coal tar pitch, is reported on by V.
L. Bullough et al., (Light Metals, p. 483, 1980; C. J.
McMinn. Ed; The Metallurgical Society of AIME,
Warrendale, Pa., 1979).

According to this process, a pitch-like product, ob-
tained by solvent-refining of coal, using molecular hy-
drogen at relatively high pressures, (SRC pitch) is
fluxed with anthracene oil for adjusting the desired
softening point.

Owing to the relatively low coking residue of the
electrode binder, produced in this way, the quality of
this coal-derived binder is still capable of further im-
provement. Besides, since anthracene o0il preferentially
serves for the production of important chemical raw
materials for the dyestuff industry, it is available for
these purposes only to a limited extent. Moreover, elab-
orate filtration or some other thermo-mechanical sepa-
ration of the ash components are required in a process
step, preceding the production of the electrode binder,
for the production of the SRC pitch. This process step
presents the actual problem step in coal liquefaction
and, despite numerous efforts, is still far removed from
technological perfection.

It was therefore an object of the present invention to
develop a simple process for the production of high
grade carbonaceous binders and to produce electrode
binders, having the known good properties of coal tar
pitch, on a raw material basis, largely independent of
coal tar pitch.

According to the invention, this problem is solved by
a process for the production of high grade carbona-
ceous binders in that an aromatic high grade carbona-
ceous material is produced from 5-40% by weight of
low ash coal or similar carbon-containing raw materials
by treatment with 20-80% by weight of high-boiling
aromatic solvents, derived from coal, and 15-50% by
weight of high-boiling aromatic solvents, derived from
mineral oil, at temperatures of 300°-420°. C,, for a reac-
tion period of 1-4 hours, at a reaction pressure of up to
50 bar, and is optionally freed from low-boiling compo-
nents.

By disintegration of reduced ash coal or similar car-
bon-containing materials with a combination of con-
verted aromatic residues from mineral oil processing or
petrochemistry and high-boiling aromatic oils from the
refining of coal tar, a low ash content, homogeneous
high grade carbonaceous material is produced, which is



4,339,328

3

suitable as an impregnating agent, e.g. for graphite elec-
trodes, and the physico-chemical properties thereof can
be adjusted, if desired, by high-aromatic additives, such
as coal tar hard pitch or hard pitch from the processing
of pyrolysis oils, for use as electrode binder.

The high grade carbonaceous material thus obtained
is optionally freed by distillation, up to 5% by weight,
from low boiling components and homogeneously
mixed with 0-60% by weight of hard pitch for the
production of the electrode binders. The materials used
as principal raw materials for the production of elec-
trode binders by the process according to the invention
are those that hitherto could not be utilised for reasons
of quality for the production of high grade electrode
binders. According to the invention, these are coal and,
for the disintegration of the latter, residues from the
vapour cracking of naphtha or gas oil, residues from cat
crackers, residues from the delayed coking as well as
high-boiling aromatic distillates from the refining of
coal tar, having an average boiling point >350° C. For
the final adjustment of the flow properties, of the cok-
ing residue and further important quality criteria, up to
60%, (related to high grade carbonaceous material,
produced by disintegration of coal), of distillation resi-
dues from the processing of coal tar pitch or, prefera-
bly, from the distillative processing or pyrolysis oil,
having a softening point of 40°-160° C. (K.S.), are em-
ployed according to the invention.

The choice of the grade of coal is of minor impor-
tance in the process according to the invention. Prefer-
ence is given, however, to coals having a high carbon
content; the nature of the ash should be such that sepa-
ration is possible according to known processes (e.g.
U.S. Pat. No. 4,134,737) the entire disclosure of which
is relied on and incorporated herein by reference.

Ash reduction processes of this kind, however, are
not a subject of the Patent Application.. In order to
ensure the wide scope of application of the present
process, an ash reduction process was chosen, accord-
ing to which the ash content of the coal is reduced by
particularly intensive chemical treatment with acids and
bases.

Other ash reduction processes, which provide for ash
reduction under similar conditions, should therefore be
similarly suitable for the production of low ash content
coals for the process according to the invention.

When extra-high purity coals, having an ash content
of <1%, are used, ash separation may even become
superfluous.

The ash reduction processes for coal generally pro-
vide for drastic chemical reactions, using acids, bases
and oxidising agents, which have an influence on the
dissolution of the coal; particularly in the case of oxida-
tive treatment of coal, significant deterioration of the
solubility in aromatic solvents is generally assumed, (C.
Kroger, Erd6l und Kohle (Petroleum and Coal), 9,
1956, 441). :

Surprisingly, however, it has been shown that, de
spite the drastic conditions, utilized in the ash reduction,
and the chemical modification of the coal, which it
involves, good homogenisation with the solvent mix-
ture can be obtained and high grade electrode binders
can thus be produced. v

Low ash content is desirable in the choice of the
solvent components employed for the disintegration of
the coal; this condition is particularly fulfilled in the
case of pyrolysis oils obtained from the vapour cracking
of mineral oil fractions, in the case of distillates from
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coal tar refining and in the case of residual oils from
delayed coking and similarly, in the case of selected
coal tar pitches. However, residues from catalytic
cracking are equally suitable as complementary sol-
vents, if the ash content is low.

In the process according to the invention, however,
pyrolysis oils from the vapour cracking of mineral oil
fractions are preferably used, since these oils have a
marked tendency to polymerize under the extremes of
the reaction conditions which may be used in the pro-
cess according to the invention, which is advantageous
for attaining a high coking residue.

The coal tar oils, preferably used, are distillates from
the heat/pressure treatment of coal tar pitch, having an
average boiling point >350° C. or comparable distil-
lates from the distillative processing of coal tar.

Thus a simple process for the production of high
quality electrode binders becomes available, in which
especially the widely available raw materials, coal and
residues, derived from mineral oil, can find application
as main components.

The production of the binders according to the inven-
tion is described in Examples 1 to 3.

A conventional electrode binder, having the known
good properties and produced on the basis of coal tar
pitch, (Comparative Example 4), serves for comparison.

In this connection, QI denoted quinoline-insoluble
matter and TI denoted toluene-insoluble matter. The
softening points were determined according to the
Krimer-Sarnow method. All quantitative data refer to
parts by weight; similarly, all percentage data denote
percent by weight. '

EXAMPLE 1

The production of reduced ash coal was effected
following U.S. Pat. No. 4,134,737. According to the
latter, 1 part by weight of finely divided Westerhold
open-burning coal, (ash content: 7.8%; volatile content
of material, free from water and ash: 38%) is treated for
3 hours with 4 parts by weight of 10% caustic soda
solution at 250° C.

The washed reaction product is further treated with
two parts by weight of dilute sulphuric acid (5%) at 80°
C. and for a reaction time of 30 minutes.

The final treatment is carried out with 1.5 parts by
weight of 18% nitric acid at 75° C. and for a reaction
period of 1 hour.

The ash content of the coal, treated according to
these 3 different process steps, is 0.9%. The yield is
quantitative.

For the production of electrode binders, a reaction
mixture consisting of

30 parts by weight of reduced ash Westerhold coal,

30 parts by weight of pyrolysis residue from the va-

pour cracking of naphtha, (initial boiling point:
220° C., 50% at 360° C.) and

40 parts by weight of pitch distillate from the heat/-

pressure treatment of coal tar pitch (initial boiling

point: 305° C., 50% at 416° C., 80% at 455° C.),
is homogenised, with thorough mixing, at 375° C. and
for a reaction time of 2 hours. The maximum reaction
pressure is 24 bar. After separation of 3% of low-boiling
components, a pitch-like high-grade carbonaceous ma-
terial is obtained in 95% yield, which is homogeneously
mixed with 30% of hard pitch from the processing of
coal tar pitch/normal pitch, (for production see U.S.
Pat. No. 2,985,577). The softening point of this hard
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pitch is 160° C. (K.8.). The binder, produced in this
way, is characterised by the data given in the table.

EXAMPLE 2

30 parts by weight of reduced ash Westerhold open-
burning coal are treated with

20 parts by weight of pitch distillate from the heat/-
pressure treatment of coal tar pitch,

40 parts by weight of pyrolysis residue from the
cracking of naphtha, as described in Example 1 and 10
paris by weight of cat cracker residues at 400° C. for 2
reaction time of 3 hours. The maximum reaction pres-
sure is 40 bar.

The reaction product, obtained in 95% yield after
separation of 3% of low-boiling components, is a high-
grade carbonaceous material, having 2 softening point
of 60° C. (K.S.). This high-grade carbonaceous material
is homogeneously mixed with 50 parts by weight of
hard pitch, derived by distillation from pyrolysis resi-
dues, which arise in the cracking of naphtha. The soft-
ening point of this hard pitch is 135° C. (K.8.).

The binder, produced in this way, is characterised by
the data, given in the table,

EXAMPLE 3

The procedure is as in Example 1.

The coal used is a gas coal, having a volatile content
of 26.5 and an ash content of 1.9%. Ash reduction is
effected as described in Example 1; the residual ash
content of the coal is 0.8%.

30 parts by weight of reduced open-burning coal are

reacted with _

40 parts by weight of pitch distillate from the heat/-

pressure treatment of coal tar pitch and

30 parts by weight of pyrolysis oil from the vapour

cracking of naphtha,
with thorough mixing, at 400° C. and for a reaction time
of 2 hours.

The maximum reaction pressure is 18 bar.

A pitch-like high grade carbonaceous material, hav-
ing a softening point of 30° C. (K.S.}), is obtained in 97%
yield,

This high grade carbonaceous material is separated
from low-boiling components (3%) and homogenecously
mixed with 30% a hard pitch, having a softening point
of 135° C. (K.8.) and originating from the dlstlllatlve
processing of pyrolysis oil.

The binder, produced in this way, is charactensed by
the data given in the table.

EXAMPLE 4: (Comparative example)

For comparison’s sake, a conventional electrode
binder based on coal tar pitch, is listed in the table.

Characteristics of the Blectrode Binders
Product Porperties

Coking

Residue

(Ac-  Softening  Ash

cording Point Con-
Raw Material toCon- (KS) temt QI TI
Compofients radson) *'C. % %o %
Example 1:
High grade

carbonaceous

10

20

25

30 gas coal

35

40

45

53
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-continued
Characteristics of the Electrode Binders
Product Porperties

Coking
Residue
{Ac-
cording
to Con-
radson)

Softening  Ash

Peint Con-

{K.8.) tent
C, -]

o
%

Raw Material
Componenis

material consisting of
30 parts by weight
Westerholt coal,

30 parts by weight
pyrolysis residue,

40 parts by weight
pitch distillate, and
30 parts by weight
hard pitch

Example 2:

High grade
carbonacecus
material consisting of
30 parts by weight
Westerholt

20 parts by weight
pitch distillate,

40 parts by weight
pyrolysis residoe,

10 paris by weight
cat cracker, and

50 parts by weight
hard pitch

Example 3:

High grade
carbonaceous
material consisting of
30 parts by weight

5l 0.28 38

54 93 .29

N 92 026 145 35
40 paris by weight o
pitch distillate,
30 parts by weight
gyrolysis oil, and
0 parts by weight
hard pitch
Example 4:
(Comparative
Example)
Conventional
electrode binder
material from
coal tar piich

-1 S0 13 ¥

Explanation:
QI = guinoline-insoluble
TI = toluene-insoluble

We claim:

1. A process for the producuon of high grade carbo-
naceous binders, comprising producing an- aromatic
high grade carbouaceous -material by treating from
5-40% by weight of low ash coal or similar carbon-con-
taining raw materials with 20-80% by weight of high-
boiling aromatic - solvents, derived from coal, and
%0 15-50% by weight of high-boiling aromatic solvents,
derived from mineral oil, at temperatures of 300°-420°
C. and for a reaction period of 1-4 hours, at a reaction
pressure of up to 50 bar.

2. The process of claim 1 wherein the solvents are
freed of low-boiling components.

3. The process according to claim 1, wherein the
product obtained is homogeneously mixed with 0-60%..

by weight of hard pltch derwed from mineral oil or

derived from coal
4. A binder composrtwn produced by the method of
claims 1, 2 or 3.

5. An electrode impregnated with a binder produced -
by the method of claims 1, 2 or 3.

6. A method of making a graphite electrode suitable
for use in the electro-thermal refinement of metal ores

. comprising lmpregnatmg a carbon lattice with the

l;mzder gomposmon produced by thc method of claims
or .
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(57 ABSTRACT

A carbon ¢lectrode, in particular a graphite electrode
for producing steel which can be used for electric arc
melting furnaces of conventional design. The electrode
comprises 4 metal-containing protective layer, and fu-
sion of the contact jaws of the electrode holder with the
metal-containing protective layer is avoided by cover-
ing at least part of the ¢lectrode surface by a graphite-
containing material.

11 Claims, 2 Drawing Figures
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CARBON ELECTRODE, IN PARTICULAR A
GRAPHITE ELECTRODE FOR PRODUCING
STEEL

BACKGROUND OF THE INVENTION

I. Field of the Invention

The invention relates to a carbon electrode, in partic-
ular a graphite electrode for producing steel, compris-
ing a metal-containing coating to increase the electrical
conductivity and/or to decrease the oxidation loss on
the lateral electrode surface.

Metal-containing protective coatings have been de-
veloped in order to reduce surface oxidation of graphite
electrodes and, hence, to reduce the consumption of the
surface of the electrode. These protective coatings con-
sist for example of carbides, silicides, oxides, metals or
combinations of such materials and are applied onto the
electrode surface by spraying and by subsequently
being burned-in by means of an electric arc, whereby
they are securely connected to the electrode surface.

A coating consisting of aluminum and silicon carbide
has proven to be particularly useful for this purpose.
After the coating has been applied, the graphite elec-
trode has a metallic, rough coat, the conductivity of
which nearly corresponds to that of the aluminum, and
which securely adheres to the graphite surface because
of the preceeding electric arc treatment. Starting at
about 500° C., the protective coating becomes slightly
plastic, so that it then becomes impermeable to gas.
With increasing temperature, it is gradually converted
to oxide beneath the electrode holder, but it retains its
protective function.

The advantage attained by such coated graphite elec-
trodes, namely the reduction consumption and erosion
of the surface of the electrode is opposed by a consider-
able drawback resulting from the fact that the working
material of the electrode holder must be matched to the
requirements of the metallic coating surface introduc-
tion of the electrode through the furnace cover must be
such that the coating is not scraped off. Therefore, in
order to avoid fusion of the contact jaws (customarily
consisting of copper) with the metallic coating of the
graphite electrodes, the copper contacts must be re-
placed by appropriate contacts, such as those made of
graphite. Furthermore, it has been necessary to employ
a well effective sealing ring for each electode, so that
more extensive contaminations of the coating and of the
contacts are avoided.

These types of re-constructions of furnaces needed
when changing over to coated electrodes have a consid-
erable cost.

Now even though it has become known from Ger-
man OS No. 22 51 590 to spray graphite a as heat-resist-
ant material onto an electrode surface coated with alu-
minum in a process for producing protective coatings
on objects made of carbon, this measure nevertheless
only serves to increase the melting point of the coating.
After the graphite has been applied, this higher-melting
coating is formed by fusion of the graphite to the alumi-
num using an electric arc.

A similar use of graphite is known in connection with
a process for producing aluminium-containing protec-
tive coatings on carbon products (German AS No. 1
646 679), wherein a spread of graphite is applied onto
the aluminum previously sprayed onto the carbon arti-
cle. This graphitic spread is then directly exposed to

—
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processing in the electric-arc furnace, whereupon the
surface of the thus produced coating is formed.

SUMMARY OF THE PRESENT INVENTION

Therefore, it is an object of the present invention to
provide a carbon electrode, in particular a graphite
electrode of the mentioned type such that it is possible
to use such electrodes for electric arc melting furnaces
of conventional design, without needing to structurally
alter the furnaces in the above-described manner.

In order to accomplish this object, that is, in order to
avoid melting together of the contact jaws with the
metallic protective layer, the invention provides for at
least partly covering the surface of the metalically
coated electrode with a graphite-containing material,
which according to an advantageous embodiment of the
invention may consist of a mixture of 700 parts of graph-
ite powder having a grain less than 1000 pm, 100 to 400
parts of a curable synthetic resin, 20 to 80 parts of a
water-soluble adhesive and water. A phenol-novolak
hexamethylene tetramine resin has proved particularly
serviceable as the synthetic resin, and a polyvinyl alco-
hol is particularly suited as the adhesive.

The preferred average thickness of the layer of
graphite-containing material is from 0.1 to 2.0 mm,
whereby it is ensured that dust particles that deposit on
the surface of the jaws are embedded into the graphite-
containing material when the jaws are hydraulically
urged against the electrode surface and thus do not
adversely affect the electrical contact.

The graphite-containing material covering the metal-
containing surface may form a layer which securely
adheres to the metal-containing surface, for example,
which is sprayed or brushed on. There also is the possi-
bility, however, of realizing the advantages obtained
from using a graphite-containing material in the region
of the contact jaws with a material layer that does not
completely securely adhere to the metal-containing
surface or that even only loosely rests on it, for example
in the form of a film.

The use of the graphite-containing material layer on
the metallic electrode surface not only has the advan-
tage of whole or at least partly avoiding furnace recon-
structions which otherwise would be required, but has
the further advantage of allowing the use of contact

50 jaws of copper, such as is conventional with uncoated

60

65

graphite electrodes.

Previously known measures are neither intended for,
nor do they make obvious, elimination of the drawback
of required furnace reconstruction when using graphite
electrodes provided with only customary metallic pro-
tective coatings.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention will
be had upon reference to the following detailed descrip-
tion, when read in conjunction with the accompanying
drawing, wherein like reference characters refer to like
parts, and in which:

FIG. 1 is a schematic side view of the preferred em-
bodiment of the present invention; and

FIG. 2 is a side cross-sectional view of the preferred
embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT OF THE PRESENT
INVENTION

With reference now to FIG. 1, the present invention
is thereshown and comprises the electrodes 1, which are
held by contact jaws 2 that are hydraulically urged
against the electrode surface, and which extend in a
known manner through the cover 3 of the electric-arc
furnace 4. The protective coating of the electrodes in
such a furnace is exposed to very severe operating con-
ditions because when oxygen is blown in, slag splatters
up to the furnace cover and covers the electrode sur-
face. Despite a good sealing of the electrodes as they
pass through the cover with the aid of known sealing
devices, a certain contamination of the electrode sur-
face in the region of the contact jaws 2 can frequently
not be entirely prevented. Due to the fact that the
graphite-containing material described below is applied
onto the metal-containing protective coating in a layer
thickness of about 0.1 to 2.0 mm and is somewhat duc-
tile, the hydraulic contact jaws, which consist of cop-
per, can urge the dirt particles in the region of their
contact surfaces into the graphite-containing material,
with disadvantageous effects on the transfer resistance
between jaw and electrode thus being avoided. There is
no welding between jaws and graphite-containing mate-
rial, so that the jaws may consist of copper, and the
release of the contact jaws from the electrode surface
for the purpose of resetting the electrode is unrestricted.

As shown in FIG. 2, the electrode 1 according to the
present invention is provided with a core 5 of carbon or
graphite, covered by a first metal-containing coating 6
and a second protective coating 7 of graphite-contain-
ing material disposed on the first coating 6. The second
coating 7 covers at least the area on the electrode con-
nectable to the jaws 2 of an electrode holder. Thus
fusion of the jaws 2 to the electrode 1 is prevented.

ILLUSTRATIVE EMBODIMENT

The preferred graphite-containing material comprises
a mixture of about 700 parts by weight of Ceylon graph-
ite powder, having a particle size of less than 63 pm; 150
parts by weight of finely ground phenyl-novolak hexa-
methylene tetramine resin; 30 parts by weight of com-
mercial polyvinyl alcohol; and water in a quantity suffi-
cient to suspend or dissolve these mixed powders to
obtain a paste that is capable of being spread or sprayed.

This suspension is spread several times onto a graph-
ite electrode provided with an aluminum coating and
having a diameter of 355 mm and a length 2000 mm,
wherein air drying takes place between each spreading
operation, and with an average coating thickness of the
graphite-containing material of 0.1 to 1.0 mm ultimately
resulting.

The entire air-dried graphite-containing layer of ma-
terial is then briefly heated to from 150° to 180° C. in
order to condense the resin.

The above example of producing the electrode ac-
cording to the invention can be extensively modified, in
particular as regards the composition of the graphite-
containing material, but also with regard to the applica-
tion of the material. Such application may take place,
instead of by spreading or brushing-on, also by being
sprayed onto the graphite electrode which has been
provided with a metal-containing covering.

The composition of the graphite-containing material
may be modified in the following ways: use of a graph-

—

5

20

25

30

35

40

45

50

55

60

65

4
ite powder, not necessarily Ceylon graphite, having a
particle size of less than about 1000 pm; use of about 100
to 400 parts of a curable synthetic resin, not necessarily
a finely ground phenol-novolak hexamethylene tetra-
mine resin; and use of about 20 to 80 parts of a water-
soluble adhesive, not necessarily polyvinyl alcohol.

The finished electrode can be directly inserted into
the conventional jaws 2 of an electric arc melting fur-
nace for producing steel, such as shown in FIG. 1. The
use of this electrode does not result in any welding
whatsoever between its surface and the jaws, which
may for example consist of copper.

Because the graphite-containing material may be
spread, brushed, or sprayed onto the electrode surface,
the material is securely anchored to the irregularities of
the metal coating.

However, it also is conceivable to cover the metal-
containing electrode surface with the graphite-contain-
ing material in a manner in which no continuous me-
chanical solid connection or, permanent connection is
established between the material and the surface.
Hence, only a temporary connection is established, for
example with the aid of a film of graphite-containing
material, which film is wound around the electrode.

Thus, the electrode according to the present inven-
tion provides a way in which metallically coated graph-
ite electrodes may be employed in electric arc furnaces
without the costly oxidation and erosion conventionally
experienced, by providing a second graphite-containing
coating upon at least a part of the electrode. Having
described our invention, however, many modifications
thereto will become apparent to those skilled in the art
to which it pertains without deviation from the spirit of
the invention as defined by the claims.

We claim:

1. In a carbon electrode for an electric furnace, said
electrode having a first coating comprising a metal
containing composition, and said electrode having upon
its surface an area connectable to the jaws of an elec-
trode holder, the improvement therein comprising a

-second coating upon said first coating, said second coat-

ing comprising a graphite containing material, and said
second coating covering at least said area on said elec-
trode, whereby fusion of said jaws of said electrode
holder to said electrode is prevented.

2. The electrode according to claim 1 wherein said’
second coating is sufficiently ductile so as to accept
intrusion of splatter from said furnace into said second
coating without said fusion of said jaws and said elec-
trode.

3. The invention according to claim 1 wherein said
second coating comprises a mixture containing about
700 parts of graphite powder, said powder having a
grain size of less than 1,000 micrometers; 100-400 parts
of a curable synthetic resin; 20-80 parts of a water-solu-
ble adhesive; and a quantity of water sufficient to permit
application of said mixture to said electrode.

4. The invention according to claim 3 wherein said
synthetic resin is a phenol-novolak hexamethylene tet-
ramine resin. :

5. The invention according to claim 3 wherein said
water-soluble adhesive is commercial polyvinyl alco-
hol.

6. The invention according to claim 1 wherein the
average layer thickness of said second coating is about
0.1 to 2.0 milimeters.

7. The invention according to claim 1 wherein said
first coating consists predominantly of aluminum.
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B. The invention according to claim 1 wherein said
second coating forms a mechanical, solid connection to
said electrode.

9. The invention according to claim 1 wherein said
second coating rests loosly on said first coating and
without a continuous, mechanical solid connection to
said first coating.

10. The invention according to claim 1 wherein said
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electrode comprises a graphite electrode for producing
steel. '
11, The invention according to claim 1 wherein said
coating is formed from a film of graphite-containing

material, said film being wound around said electrode.
* % x & *
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1
COMPOSITE ELECTRODE FOR ARC FURNACE

DESCRIPTION

This application is related to Ser. No. 514,267 also
filed July 15, 1983 by Turban et al.

BACKGROUND OF THE INVENTION

1. Field of the Invention.

The Invention relates generally to an electrode for
electric arc furnaces, and particularly to a composite
electrode comprising a liquid-cooled long-lived but
consumable upper portion attached to a conventional
electrode (or consumable tip portion) joined to the
upper portion by liquid-cooled connection means.

2. Description of the Prior Art.

The conventional material employed in electrodes for
electric arc furnaces is graphite. These electrodes are
consumed in use, for example in electric arc steel mak-
ing furnaces, due to erosion and corrosion caused by
oxidation, sublimation, spalling and other factors. This
consumption involves tip losses, column breakage losses
and particularly surface oxidation losses. An average
electric furnace consumes four to eight kilograms of
graphite per metric ton of steel produced.

One method for reducing the consumption of graph-
ite electrodes in arc furnaces has been the application of
a protective coating or cladding material to the elec-
trodes with oxidation resistant materials. These coatings
generally increase the contact resistance to the elec-
trode power clamp, and some are corrosive, as they are
based on phosphoric acid. Consequently, they have not
found wide acceptance.

Another means for reducing graphite electrode con-
sumption involves the utilization of fully nonconsum-
able electrode systems. These systems employ full
length liquid-cooled electrodes with selected apparatus
to protect the electrode from the extreme temperatures
of the arc. Although such systems appear in patent
literature, this type has not been commercially success-
ful.

It has been suggested heretofore that composite elec-
trodes comprising carbon or graphite portions attached
to a water-cooled metallic piece would provide means
for reducing electrode consumption in arc furnaces. A
number of patents have issued on specific composite
electrode designs. For example, U.S. Pat. Nos. 896,429
to Becket; 2,471,531 to MclIntyre et al.; 3,392,227 to
Ostberg; 4,121,042 and 4,168,392 to Prenn; 4,189,617
and 4,256,918 to Schwabe et al.; and 4,287,381 to Mont-
gomery relate to liquid cooled composite electrodes for
arc furnaces. Likewise, European patent application
Nos. 50,682; 50,683; and 53,200 by C. Conradty, Nurn-
burg are directed to composite electrode configura-
tions.

OBJECTS OF THE INVENTION

It is the objective of the invention to provide an im-
proved composite electrode for electric arc furnaces.

It is a further objective of the invention to provide a
composite electrode wherein consumption of the graph-
ite is substantially reduced.

It is a further objective of the invention to provide a
composite electrode which ‘is able to resist the harsh
environment of an arc furnace and thereby have a long
useful life.

It is a still further objective of the invention to pro-
vide a composite electrode which will be useful as a
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2
consumable electrode after failure as a permanent elec-
trode.
It is a further object of this invention to provide a
composite electrode which takes full advantage of the
strength in compression of graphite.

SUMMARY OF THE INVENTION

The invention is essentially a composite water-cooled
electrode comprising a graphite heavy-walled tubular
body having a central bore, a water supply pipe within
the bore, a hollow metal nipple located at the furnace
end of the tubular body for attachment of a conven-
tional graphite electrode, a metal header at the upper
end of the tubular graphite body, a liquid coolant supply
system to cool said body and said nipple, and a system
holding the tubular graphite main body of the electrode
in compression, thereby increasing the resistance to
breakage of the graphite.

The tubular graphite main structure body is made
from a graphite arc furnace electrode with a threaded
socket at each end. The central bore wall is preferably
sealed to prevent water leakage and infiltration into or
through the graphite wall. The exterior surface of the
body may be treated with an anti-oxidant either by
coating or impregnation; however, this is not always
necessary. The electrode is normally drilled out with a
center hole with a diameter not more than the minor
diameter of the socket, leaving a heavy wall thickness
preferably at least about } of the outside diameter of the
tube. The metal connecting nipple is hollow. A coolant
supply pipe having an outside diameter (OD) smaller
than the inside diameter (ID) of the electrode leads into
the cavity from a header bringing coolant into the nip-
ple through the center of the main tube. The coolant
then returns header. A flat spring, e.g., a Belleville
washer, is preferred; but, upward to the outlet at the
header through the annulus between the coolant inlet
tube and the bore of the main structure. The header is
normally attached to the top of the graphite tube by the
socket threads in the upper end of the main tube.

The coolant supply pipe is also used as the means
whereby compression is applied to the main tube. The
pipe is attached to the nipple and the header and held in
tension by a tensioning device at the header. A flat
spring, e.g., a Belleville washer, is preferred; but other
tensioning devices such as coil springs, air or hydraulic
cylinders may also be used, and the invention is not
limited to any one means of applying tension.

The inner bore of the tube may be coated with a
sealant to eliminate leakage and infiltration of water
through the graphite. A two-package epoxy coating is
preferred but other water-resistant surface coatings
such as phenolic, alkyd, silicone, polyurethane, polyes-
ter or acrylic resins may also be used.

This electrode is highly resistant to the heat and ag-
gressive atmosphere of the electric arc furnace and the
top portion of the attached consumable electrode in the
furnace stays dark in use indicating efficient cooling to
a temperature lower than the oxidation temperature,
with consequent lessening of oxidation and lower
graphite consumption per unit of metal produced, than
when using the normal all-graphite solid electrodes.

This electrode also consumes less electricity than
prior metal composite electrodes due to the absence of
inductive heating losses or parasitic eddy currents
which were noted to constitute a high drain on the arc
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current and to present a large heat loss to the cooling
system.

It is a further advantage of the electrode of this inven-
tion that when the main structure deteriorates after long
service, it may be disassembled, the metal parts used
with a new graphite tube, and the failed piece consumed
as an electrode in the normal manner.

It is a further advantage that the electrode has a
greatly increased strength as compared to an all-graph-
ite column without compression.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the complete electrode comprising
main graphite tube 10, header assembly 12 consisting of
Belleville spring washer assembly 14, nut 16, water inlet
18, isolator washer 20, water outlet 24, upper O-ring
seal 26, water inlet tube 38, header nipple 30, and isola-
tor seal bushing 34, with O-rings 36. At the lower end of
the column are water inlet tube 38 held in place by
threaded spider 40, hollow water cooled metal nipple
42, return coolant passage 44 in spider 40, lower O-ring
seal 48 and conventional graphite tip electrode 50.

Graphite main tube 10 is held in compression by
tension, applied through nut 16 to Belleville washer
springs 14, to water inlet tube 38 held in nipple 42 by
spider 40. The tension applied to water inlet tube 38
results in an upward thrust or force moment by the
nipple against the lower socket of electrode body 10 and
also puts the upper part of nipple 42 in compression.
Water enters at inlet 18, passes through water inlet tube
38 to the interior of nipple 42, returning through the
passages 44 in spider 40 to the annulus between water
inlet tube 38 and main tube 10 to header 12 and outlet
24. The electrode is sealed with O-rings.

FIG. 2 depicts another version with electrode 62,
header assembly 64 and nipple 66 with flange 68 housed
in counterbore 70, holding the electrode in compression
while allowing facial contact of lower electrode 72 with
electrode 62 at interface 74.

FIGS. 3 and 3A depict a variation of the invention
wherein the bore 80 of the main graphite tube 82 may
also serve as the coolant inlet and radially distributed
passages 84 serve as the coolant outlets through the
graphite closer to the surface for more efficient cooling.

The nipple, water inlet tube, and header assembly
may be made of any suitable metal such as steel, gray
iron, ductile iron, aluminum, copper or stainless steel.
Aluminum is preferred for the header and water inlet
tubes for its low cost and light weight, while copper,
gray iron, ductile iron, or Invar are preferred for the
nipple. If the unit fails catastrophically in service, the
addition of a gray iron or ductile iron nipple to the heat
will not adversely affect the melt analysis, as may occur
if the nipple is made of copper, Invar or aluminum.

The main tube is preferably a graphite having a CTE
of less than 15X 10—7 over the range of 0° to 50° C,;
otherwise, it may fail from thermal shock.

The CTE of an electrode varies between the longitu-
dinal and transversing directions due to the crystal ori-
entation of the graphite introduced during extrusion.
The CTE figure used here is in the transverse direction
normal to the long axis of the cylinder.

The exterior of the main tube 10 may be coated with
an antioxidant coating such as disclosed in co-pending
application Ser. No. 442,651 filed Nov. 18, 1982 by
Wilson.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

An electrode was made by boring a 4” in. (10 cm)
hole in the center of 16 in. diam. (41 cm) X 80 in. (203
cm) graphite electrode and coating the bore with a
sealant. The electrode had two threaded truncated coni-
cal sockets of the type normally used in the electrode
industry. A header assembly including a threaded
adapter nipple, O-ring seals, Belleville flat spring
washer assembly, tensioning nut, water inlet pipe, and
water outlet were attached at the upper end and a hol-
low threaded biconical nipple attached to the coolant
pipe was attached at the lower end. Tension may be
applied to the coolant supply pipe by the tensioning nut,
placing the graphite electrode under a substantial com-
pressive force of 25 psi. Graphite has a high compres-
sive strength, and can withstand a high stress in com-
pression. The breaking strength of socket threads limits
the amount of compressive stress such that the useful
stress is much lower than the ultimate stress limits. A 14
in. (36 cm) solid graphite electrode may be attached to
the nipple. The electrode is then ready for water
hookup and placement in the furnace lamp.

The coolant supply pipe was stainless steel and the
header assembly in this instance was aluminum; how-
ever, they could be made from other materials with the
required tensile strength. The nipple was copper, but
might also have been high-strength graphite, ductile
iron, gray iron, steel, aluminum, copper, Invar 36 or
other low CTE materials.

The electrode string is attached to the nipple in an
off-furnace location, positioned in the furnace clamp,
and coolant connections made to the inlet and outlet
pipes at the header. The increased strength realized by
this electrode is' particularly useful in some furnaces
which use long electrode strings, e.g., three eight foot
long electrodes in some furnaces with high roofs.

The problems involved in the metal-structured com-
posite electrodes of arcing at the nipple are overcome in
this design by the interchangeability of the metal nipple,
which permits easy substitution in case of failure.

Although the perferred embodiment of the electrode
has the standard truncated conical threaded sockets at
each end identical to those universally used in electric
furnaces, fitting the standard biconical nipple, the
header and nipple could be attached by other means and
the invention is not limited to any specific configura-
tion. The two ends could easily be machined in entirely
different manners and the attachments likewise assem-
bled in different manners.

The natural frequency of this design with the graph-
ite in compression, is relatively high, and the column
has very low tendency to split due to vibration or oscil-
lation.

The nipples may, of course, be made of a suitable
metal such as copper, titanium or ferrous alloy, but may
also comprise several materials, e.g., a copper-ferrous
combination for good conductivity, low cost, high
strength and low CTE.

Invar is a nickel alloy with an essentially zero CTE
and is described in the ASM Handbook, 9th Ed., as being
composed of 36% Ni, less than 1% of Mn, Si, and C
combined, and the remainder (63%) Fe.

Most arc furnaces have severely limited working
space above the electrodes, making the Belleville
washer falt spring tensioning system preferred for its
small size and simplicity. A Belleville flat spring washer
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is a well-known spring manufactured by a large number
of suppliers and consists of an elastic dished washer of
spring steel.

The minimum electrode wall thickness is determined
by the differential between the outside diameter of the
electrode and the maximum socket base diameter.

We claim:

1. A water-cooled composite tubular electric furnace
electrode having a hollow graphite body component
with a central bore having a coolant supply pipe therein
attached to a header assembly at one end, a hollow
nipple at the other end, said coolant supply pipe utilized
to create a compressive force on said electrode by ten-
sion between said header and said nipple prestressing
said graphite body component.

2. The electrode of claim 1 wherein the means for
prestressing said electrode comprise a spring and nut
assembly on the header assembly, and a central coolant
supply pipe in tension attached to the nipple.

3. The electrode of claim 1 wherein the coolant sup-
ply means comprises a pipe which has an outer diameter
substantially smaller than the inner diameter of the bore
of said electrode, forming a coolant return annulus be-
tween said pipe and said bore.

4. The electrode of claim 1 wherein the coolant enters
the coolant supply pipe, traverses said pipe to the inte-
rior of the nipple, and returns through the coolant re-
turn annulus to the header assembly and there exits the
electrode.

5. The electrode of claim 1 comprising a graphite
tube having a transverse CTE of no more than
15X 10—7 cm/cm/° C. over the range of 0° to 50° C.

6. The electrode of claim 1 wherein the means for
holding the graphite component in compression com-
prises an assembly of flat spring washers.

7. The electrode of claim 1 wherein the inner bore of
the graphite tubular component is sealed with a surface
coating.

8. The electrode of claim 1 wherein the compressive
force is exerted on the graphite body component
through flanges on the header and nipple.

9. The electrode of claim 1 wherein the compressive
force is exerted on the graphite body through threads in
a socket at each end of said graphite body component.
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10. The electrode of claim 1 wherein the compressive
force exerted on the electrode is sufficient to overcome
the gravitational force of the electrode string and result
in an upward force moment of the nipple against the
lower socket of said electrode and also put the upper
part of the nipple in compression.

11. The electrode of claim 1 placed under 1.7x 105
(25 PSI) of compressive force.

12. In a water-cooled tubular graphite arc furnace
electrode having a central bore, the improvement com-
prising:

a. an electrode wall thickness having a minimum of
the differential between the electrode diameter and
the maximum socket base diameter;

a central inlet pipe having a smaller OD than the

ID of said electrode functioning as a water supply

and also as a prestressing member whereby said

electrode is held in compression;

c. said pipe being attached to a header assembly at the

upper end of the electrode;

said header having water outlet passage means;

e. said pipe being attached to a hollow nipple located
at the lower end of the electrode, said nipple con-
structed of a metal selected from the group consist-
ing of copper, ductile iron, cast iron, a ferrous
alloy, titanium and Invar;

f. said pipe extending into the interior of said nipple;

said nipple having coolant passage means connect-

ing with the coolant return annulus between the

OD of said pipe and ID of said electrode;

h. said pipe being placed under tension between said
header and said nipple, whereby said electrode is
held under compressive force.

13. A water-cooled composite tubular electric arc
furnace electrode having a graphite body component
with a central bore, a header assembly at one end, a
hollow nipple at the other end, and a structural member
in tension attached to said header and said nipple pre-
stressing said graphite by exerting a compressive force
thereon, wherein said central bore serves as coolant
supply means, and coolant return means comprise longi-
tudinal passages at a distance radially outward from said
central bore.
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{571 ABSTRACT

A, process of forming a continuous carbon electrode for
use in a smelting furnace in situ is disclosed. The process
consists of at least two annular members, the first annu-
lar member provides the heat for softening, and baking
the electrode paste to form a solid carbon electrode and
the second annular member provides the electric cur-
rent for the furnace. The second annular member re-
ceives energy independent of the first annular member.
The weight of the electrode is supported either by the
first annular member or by a third annular member
which is added between the first two annular members.

3 Claims, 2 Drawing Figures
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PROCESS FOR THE MANUFACTURE “IN SITU”
OF CARBON ELECTRODES

This application is a continuation-in-part of applica-
tion Ser. No. 330,446 filed Dec. 14, 1981 and now aban-
doned which in turn was a continuation of application
Ser. No. 217,393 filed Dec. 15, 1980 and now aban-
doned which in turn was a continuation of application
Ser. No. 089,492 filed Oct. 30, 1979 and now aban-
doned.

The invention relates to an improved process for the
manufacture of electrodes in situ, and more particularly
to an improved process of formation of a carbon elec-
trode in the upper parts of electro-metallurgical fur-
naces.

The Soederberg process for formation of carbon
electrodes in situ in electric furnaces is very well
known. In general, the Soederberg process overcomes
the need for manufacture of electrodes in a separate
manufacturing facility by enabling the production of the
electrode in situ from an electrode paste of carbon, for
example, a mixture of anthracite and a hydrocarbon
binder such as pitch and/or tar.

The ‘Soederberg electrodes in electrothermic fur-
naces are typically equipped with a consumable casing
which follows the downward movement of the elec-
trode into the charge. Other Soederberg electrodes are
conventionally equipped with a fixed casing through
which a formed carbon electrode is supplied. In either
case, the electric current is supplied to the entire casing
or mantle of the electrode both for baking the electrode
paste as it progresses downward toward the charge and
for supplying operating current to the electrode.

The Soederberg process is a preferred process for
forming furnace electrodes. Unfortunately, the suspen-
sion and advance of the conventional electrode requires
complicated and expensive suspension design and appa-
ratus for lowering the electrode as well as an elaborate
cooling system, all of which must be included within a
restricted space of the furnace.

U.S. Pat. No. 1,544,151 teaches an apparatus for
forming electrodes by molding a separate électrode
section directly above and joined to the operating elec-
trode. Each successive electrode portion is manufac-
tured in place by tamping the electrode material into a
mold disposed above the operating electrode, heating
the new material to form a new electrode portion which
is separable from but affixed to the lower electrode and
then allowing the newly baked electrode portion to
cool in order to separate the electrode from the walls of
the mold. The process taught by this reference is not a
truly continuous process in that each unit of the elec-
trode is formed separately as a unit to be added as a
section to the lower electrode. The electrode itself is
thus not a truly continuous electrode and differs from
previously known electrode design only in the location
of the electrode-forming mold, since the teaching of this
reference is that the units to be added are joined by
means of pieces of metal or graphite in precisely the
same way as the conventional pre-baked carbon elec-
trodes are joined.

An object of this invention is an improved process
which will permit the use of a Soederberg type elec-
trode is submerged arc furnaces as well as in arc fur-
naces. Another object is to make possible the use of a
continuous electrode-forming process in systems espe-
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cially where the product might be contaminated by the
material of the casing.

In accordance with the invention a continuous elec-
trode is obtained by the process of softening and baking
an electrode paste in a relatively small first zone adja-
cent to a first annular member which provides for con-
trollable heating and baking of the electrode paste. It
has been found that an electrode formed as disclosed
herein emerges from the annular member without re-
quiring a casing or surrounding shell for mechanical
support or for electrical conduction. The baked elec-
trode advances from the first annular member to a sepa-
rate holder for supplying electric current to the elec-
trode in a second zone thereof.

Other objectives and advantages of the method and
electrode in accordance with the invention will be ap-
preciated from the following description of the draw-
ings herein:

FIG. 1is a schematic longitudinal section of an elec-
trode of the conventional Soederberg process; and

FIG. 2 is a schematic view of a longitudinal section of
an electrode in accordance with the present invention.

Referring now to FIG. 1, it can be seen that a conven-
tional Soederberg electrode includes a casing 10 having
a plurality of ribs 12 disposed along its internal periph-
ery. An electrode holder 14 for supplying current to the
electrode surrounds the casing 10.

Electrode paste 16 which is, for example, a conven-
tional mixture of calcined anthracite and pitch and/or
tar is supplied within the casing 10. As the electrode is
lowered, the mixture 16 approaches the zone A which is
typically situated just above the holder 14. Conven-
tional electrode pastes soften at approximately 80° C.
and when the temperature reaches the range of from
about 400° C. to about 600° C., the volatile substances in
the paste are expelled and the paste is baked into a final
form. Thus, as the temperature of the paste in the casing
reaches the neighborhood of approximately 80° C., the
softened paste slides downward to fill the casing and is
subjected in the area illustrated as zone B to increasing
temperatures of approximately 400° C. to 600° C. where
it is baked. At this point, there is thus formed a solid
carbon electrode C encased at the periphery by the
casing 10 which will also enter the furnace interior
where it will be consumed. In this known continuous
process, new casing will be required to be added at the
upper end to in turn be lowered and consumed.

FIG. 2 illustrates in schematic form both the process
of making an electrode and an electrode according to
the invention. Electrode paste 20, which suitably may
be a known mixture of calcined anthracite and pitch
and/or tar is fed into the upper opening of annular
member 18. Controllable heat is applied through mem-
ber 18 to the paste mixture 20 therein. As in the previous
described process, the softening of the paste takes place
at approximately 80° C. and the baking in the range of
approximately 400° C. to 600° C., which temperature is
provided in any conventional manner to the member 18.
For best results, the heating for the softening and baking
of the electrode paste is independent of the energy uti-
lized for the melting process in the electric furnace.

It will be appreciated by those skilled in the art that
any known controllable heating means are suitable for
the purpose of providing heat to the member 18. The
means can include electric resistance heating, induction
heating, open or closed flame heating, or a heat ex-
changing apparatus, each of which may be easily ad-
justed.
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The heat is adjusted so that by the time that the paste
has traveled through zone B, the paste has been heated
to temperatures of about 1000° C. and thereby baked
sufficiently such that the lower portion of electrode C is
substantial enough to be fed to and held by separate
holder 22 without requiring the surrounding casing
taught in the prior art, which casing would also nor-
mally carry the operating electric current for the elec-
tro-thermal furnace operation.

It will be appreciated that the member 18 may conve-
niently be made sufficiently strong itself to enable it to
carry at least a part of the electrode weight. However,
the suspension of the electrode could also be effected by
a separate holder 24 shown disposed between members
18 and 22. The electrode may be utilized in horizontal
or inclined positions as well as the typical vertical posi-
tion.

It will be further appreciated that the process in ac-
cordance with the invention will not preclude the use
of, if desired, a simplified casing in which the ribs 12 of
casing 10 are eliminated entirely in order to reduce
manufacturing costs of such casings.

It will also be appreciated that feeding of the elec-
trode paste may be accomplished by well known me-
chanical means (not shown) or by tamping means (also
not shown).

It will be understood that the claims are intended to
cover all changes and modifications of the embodiment
herein shown for the purpose of illustration which do
not depart from the scope and spirit of the invention.

What is claimed is:

1. A process for continuously forming in situ a carbon
electrode in at least one annular member and a spaced
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separate electrode holder for use in a smelting furnace
comprising the steps of:

(a) supplying electrode paste consisting essentially of
carbonaceous material and a hydrocarbon binder
to said annular member;

(b) supplying heat to said electrode paste in said annu-
lar holder and controlling the supply of heat to said
electrode paste in said annular member, indepen-
dently of the heat of said smelting furnace, said
heat being sufficient for softening and heating the
electrode paste (o a temperature of at least about
400° C. 10 bake the electrode paste and form a soiid
unitary carbon electrode while said electrode paste
is within said annular member; and

{c) advancing the solid unitary electrode from said
annular member to said holder, said spaced sepa-
rate holder being operative for suspending the
electrode and for receiving electrical current and
supplying the current to the electrode indepen-
dently of energy supplied to the annular member,
whereby the solid electrode is a continuous unitary
mass between said annular member and said sepa-
rate holder.

2. The process of ¢laim 1 which includes the step of
supplying heat to said electrode paste in said annular
holder independently of the energy utilized for the
melting process in said electric smelting furnace.

3. The process of claim 1 which includes the steps of
heating the annular member and transferring the heat
for softening and baking the electrode paste from said
annular member to the electrode paste by means of
physical contact between the annular member and elec-

trode paste.
% 0k % % &
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1
SELF-BAKING ELECTRODES

TECHNICAL FIELD

The present invention relates to apparatus for pro-
ducing a consumable electrode, for use in a melting or
reduction arc furnace, from an electrode paste con-
tained in a metallic casing and for supplying electrical
current to the electrode by means of at least one current
supply unit.

BACKGROUND ART

A self-baking electrode (a so-called S&derberg elec-
trode) is primarily used in the production of ferroalloys
in reduction furnaces. Externally the electrode consists
of a thin cylindrical casing of iron or steel having a
thickness of from 0.2 to 3 mm, depending on the elec-
trode diameter. The casing is constructed by succes-
sively welding thin iron or steel pipes, each internally
reinforced with ribs and/or sheet metal fins, onto the
existing casing at a rate to match that at which the
electrode is consumed. An electrode paste is then filled
into the pipes from above. The electrode paste often
consists of a compound of one or more of anthacite,
petroleum coke, graphite, coal pitch, coal tar and wood
tar. Further down the electrode, electric current is fed
to the electrode via so-called contact shoes. The baking
of the electrode paste takes place in a zone adjacent to
the contact shoes. A bakes electrode is a good conduc-
tor of electricity whereas a non-baked electrode is a
poor conductor of electricity. When the electrical cur-
rent passes through the electrode paste, the paste is
heated by the release of resistance heat. The paste soft-
ens and melts at a temperature of 50°-100° C., depend-
ing on its composition. At 350° C. the baking process
starts, and gases and volatile components start escaping.
The baking process may continue up to a temperature
of about 800° C., at which temperature the last of the
- volatile substances present in the paste are driven off.
The electrode paste has poor conductivity prior to the
baking. Therefore, the casing and the internal reinforce-
ment to a large extent have to carry the electric current
in the zone immediately below the contact shoes, where
the baking process has not yet been completed.

The baking of the electrode paste when using a
Soderberg electrode, as described above, is complicated
and difficult to control. When the consumption rate of
the electrode exceeds that of the baking speed, a so-
called green breakage may occur, whereby unbaked
electrode paste slides out of the casing and drops into
the furnace space. Such an event contaminates material
in the furnace, pollutes the environment and is hazard-
ous to personnel operating the furnace.

Another disadvantage with this method of electrode
manufacture is that it cannot be automated in a simple
manner and that iron or steel sheathed electrodes can-
not be used in the manufacture of, for example, silicon
metal, in which iron is a harmful impurity. Such silicon
metal is used as raw material in the manufacture of
silicones, in semiconductor manufacture and for alloy-
ing aluminum.

One object of the present invention is to provide a
solution to the above-mentioned problems and other
problems associated therewith.

SUMMARY OF THE INVENTION

The invention is characterized in that an inductive
furnace or heater is arranged, in the direction of feeding
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of the electrode, upstream of the current supply units or
contact shoes, said furnace or heater surrounding the
electrode and being used to supply thermal energy to
the electrode with a view to accelerating the baking
process. Thus, according to the invention a separate
heating means is used for heating and baking the elec-
trode paste.

There are several advantages which result from the
use of the invention and among these may be mentioned

The baking speed can be better controlled and hence
the risk of green breakage can be avoided. This permits
the safe use of a seli-baking electrode in applications in
which it has previously been necessary to use prebaked
electrodes (carbon or graphite electrodes).

The reinforced iron or steel casing can be dispensed
with, and the electrode manufacture can therefore be
automated in a simpler manner.

The electrode can be used in, for example, the manu-
facture of silicon metal since no iron need be present in
the electrode.

Constructive advantages are gained with respect to
the design and location of the contact shoes. The
contact shoes can be located above the roof of the fur-
nace when the current losses are limited.

A hollow electrode can be manufactured in a simple
manner.

The electrode can be formed from a cylindrical me-
tallic casing, which in the zone where the electrode
heating occurs changes into a ceramic casing and then
again, below the heater, changes back into a portion
provided with a metallic casing. The electrode is nor-
mally supported by electrode holders which are located
below the electrode heater and which engage the
emerging bakedy unsheathed electrode, as will be de-
scribed below with reference to the accompanying
drawings. The feeding of the electrode can take place,
for example, by means of special feeding cylinders.
When the feeding of the electrode is performed, the
casing and the heater are in locked position and the
electrode paste sinks down into the casing. Electrode
paste can be automatically refilled concurrently with
the advance of the electrode. When electrode control is
performed, the casing and the electrode heater move
with the electrode, so that no relative movement arises
between the electrode paste and the casing. The elec-
trode control can be performed, for example, by means
of electrode control cylinders. ’

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be exemplified, in greater
detail, by way of example, with reference to the accom-
panying drawings, wherein:

FIG. 1 shows a hollow electrode with an inductive
electrode heater,

FIG. 2 shows a detailed view of the induction elec-
trode heater, and

FIG. 3 shows the relationship between degree of
baking across the baking zone.

DESCRIPTION OF PREFERRED EMBODIMENT

FIG. 1 shows a self-baking electrode 2 provided with
a sheet iron or steel casing 1. The electrode 2 is intended
to be fed down into a furnace (shown dotted at F) as the
electrode is consumed in the furnace. Electric current
(from current supply leads 3) is fed into the electrode 2
at a contact shoe 4, and the electrode 2 is fed down
through a roof 5 of the furnace F.
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The electrode 2 (and in practice there would be sev-
eral electrodes), which is supplied with direct or alter-
nating current (single-phase or multi-phase), is sup-
ported by electrode holders 6a, 6b. The feeding down of
the electrode 2 can arise by allowing one holder 6a to
temporarily release its grip while the other holder 6b is
lowered by means of electrode feeding cylinders 7. The
one holder 6a can then be reclamped while the other
holder 6b is raised again using the cylinders 7.

The electrode column is supported by the electrode
holders 64, 66 which are located below an electrode
heater 9. The feeding forward takes place by means of
the electrode feeding cylinders 7. When a feeding down
of the electrode 2 occurs, the casing 1 and the heater 9
are in a locked position and electrode paste, which is
filled into the upper end of the casing 1 at 8, sinks fur-
ther down into the casing 1. The electrode paste can be
automatically added concurrently with the downward
advance of the electrode 2. When electrode control is
performed, the casing 1 and the heater 9 (in the illus-
trated case an inductive furnace) move with the elec-
trode column, that is, no relative movement takes place
between the paste and the casing 1. Electrode control
can be performed by means of electrode control cylin-
ders shown at 12.

The induction furnace or other electrode heater 9 is
arranged around the electrode 2. On a level with the
heater 9, the casing 1 is made of a non-ferromagnetic
(e.g. ceramic) material 10. The non-ferromagnetic re-
gion of the casing 1 can also be constructed as a cement
or concrete mold, reinforced with wire, for example
titanium wire. The paste which will form the electrode
2 is baked in the induction furnace 9 in a baking zone 11.
At 15 (see FIG. 2), the electrode paste has been baked to
form a coherent self-supporting electrode 2.

In many cases, the electrode 2 will be provided with
a central, refractory pipe 13 of a ceramic or stainless
steel which can serve as a charging passage and a man-
drel for making the passage. The pipe 13 should extend
downwards beyond the baking zone 11. When the elec-
trode 2 is fed down, the electrode heater 9 accompanies
it, and no relative movement takes place between the
heater 9 and the electrode holders 6a, 6b. In the vicinity
of the electrode holders 6a, 6b the electrode 2 is not
provided with a casing.

A central passage in the electrode 2 can be formed
with the aid of the pipe 13 or by means of a special
mandrel made of a refractory non-magnetic material.

From FIG. 2 it can be seen that the baking of the
electrode paste takes place in a casing 10 which is not
consumed, between the lines 16 and 15. In this way a
self-supporting electrode is created below the line 15
which need not thereafter be encased.

The risk of green breakage is eliminated’ by the ar-
rangement just described since the electrode 2 is already
baked to a solid form before it encounters the contact
shoe 4. The electrode may, of course, be provided with
the central passage or could be of a non-hollow kind.

For controlling the baking speed of the paste in the
construction of a self-baking electrode for an arc fur-
nace, one or more of the properties of the electrode can
be measured, such as resistivity, temperature, thermal
conduction, strength or density. From the measured
value(s), a control signal can be obtained for controlling
the energisation of the heater 9 and/or controlling the
rate of feeding down of the electrode. The measured
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properties change during the baking process, and can
thus be used for reliable control.

By measuring one or a few of the above properties
along a generatrix Bz (see FIG. 3) through the baking
zone or immediately below this zone, the desired degree
of baking (Ba) of the electrode paste can be obtained.
Suitable sensors or transducers for this purpose may be
capacitance or ultrasonic transducers (e.g. located at 14
in FIG. 2), but also other types of sensors may be used.
The signal obtained can be used, for indicating and
measuring purposes, as well as for controlling the feed-
ing of the electrode. In this way, the baking speed can
be controlled so as to ensure complete baking of the
electrode within the heater 9. It will also be possible to
control and coordinate the various functions, that is,
electrode feeding, baking and addition of fresh elec-
trode paste. This can possibly be controlled by means of
a computer. .

The embodiment illustrated can be varied in many
ways within the scope of the following claims.

I claim:

1. Apparatus for producing a consumable electrode,
for use in a melting or reduction are furnace, from an
electrode paste contained in a metallic casing and for
supplying electrical current to the electrode by means
of at least one current supply unit,

the improvement wherein

an electrode heater is arranged in the direction of

advance of the electrode into the furnace upstream
of the current supply unit, said electrode heater
being arranged to be moved in said direction of
advance with the electrode when the electrode is
advanced into the arc furnace, said electrode
heater surrounding the electrode paste and being
adapted to supply thermal‘energy to the electrode
paste to bake it into a selfcoherent form before it
reaches the current supply unit.

2. Apparatus according to claim 1, in which the elec-
trode paste is enclosed within a casing of a nonferro-
magnetic material or within a cover of stainles steel or
a combination of said material and said steel.

3. Apparatus according to claim 2, in which the non-
ferromagnetic material is a ceramic material.

4. Apparatus according to claim 2, in which the non-
ferromagnetic material is stainless steel.

5. Apparatus according to claim 1, in which a passage
is formed in the electrode by means of a tubular man-
drel.

6. Apparatus according to claim 5, in which the man-
drel is a tube of refractory and non-magnetic material.

7. Apparatus according to claim 1, in which at least
one electrode feeding cylinder is arranged to support an
electrode holder for advancing the electofed into the
arc furnace. )

8. Apparatus according to claim 1, in which a pipe of
non-ferromagnetic material is located centrally in the
electrode paste, said pipe extending through the heating
zone of the electrode heater and serving both as a mate-
rial charging passage to the furnace and as a mandrel to
create a passage in the electrode after hardening of the
paste.

9. Apparatus according to claim 1, in which the arc
furnace has at least one electrode supplied with direct
or alternating current (single-phase or multi-phase) via a

respective current supply unit.
* * * *



United States Patent g
Kvivik

4,722,684
Feb. 2, 1988

(1 Patent Number:
(451 Date of Patent:

[54] ARRANGEMENT FOR SUSPENSION OF A
BAKING FURNACE FOR ELECTRODES

[75] Inventor: Henrik M. Kvivik, Kristiansand,
Norway
[73] Assignee: Elkem a/s, Oslo, Norway
211 Appl. No.: 885,234
[22] Filed: Jul, 14, 1986
130] Foreign Application Priority Data
Aug. 22, 1985 [NO] NOTWAY woooocovsiommersssrsssssrenss 853319

[51) Int Q1 F21J 3/00
(52] US. CL 432/225; 264/105;
373/89; 432/229

[58]. Field of Search ............. 432/225, 229, 241, 123;
373/89; 264/104, 105; 228/25

[56] References Cited
U.S. PATENT DOCUMENTS

L75L177 371930 Sem et al. ..cvecsvccmmresanesans 373/89
2,193,434 371940 Sem .cocorrercerenens e 373/89 X
3,131,917 571964 Gessner et al. ..oevevaresres 432/229 X
3,524,004 8/1970 Van Nostrapret al. ..o, 373789
4,612,151 9/1986 Bruff et al. ..coccvircremsarins. 373789 X

Primary Examiner—Edward G. Favors
Attorney, Agent, or Firm—Lucas & Just

[57] ABSTRACT

The present invention relates to an arrangement for
suspension of a baking furnace (19) for continuous pro-
duction of carbon electrodes in direct connection with
the smelting furnace (2) wherein the electrodes are
consumed. The baking furnace is suspended from a
baking furnace frame (15) by means of at least three rails
(16), said rails (16) being connected to the baking fur-
nace frame (15) at their upper ends by means of first
universal joints (17) and the baking furnace (19) being
connected to the rails (16) by means of second universal
joints (25) and wherein the baking furnace at its upper
ends are equipped with means (21) for guiding the elec-
trode into the baking furnace (19). The rails (16) are
preferably threaded spindles and the baking furnace
being connected to the spindles by means of nuts (20)
having spherical bearings (25). At the lower end of the
baking furnace there are preferably arranged at least
three guide wheels (23) which via brackets (24) are
affixed to the baking furnace ().

8 Claims, 4 Drawing Figures
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1

ARRANGEMENT FOR SUSPENSION OF A
BAKING FURNACE FOR ELECTRODES

BACKGROUND OF THE INVENTION

The present invention relates to an arrangement for
suspension of an electrode baking furnace about a car-
bon electrode which is produced in direct connection
with the furnace wherein the electrode is consumed.

It is known to produce continuous carbon electrodes
in direct connection with the furnace wherein they are
consumed by supplying heat energy to unbaked elec-
trode paste comprising a particulate carbon material
and a carbonaceous binder.

The baking furnace is arranged above the level where
electric operating current is conducted to the electrode.
Green electrode paste is charged into a steel casing
which is removed when the electrode has passed
through the baking furnace. In this way the product
which is produced in the smelting furnace is not con-
taminated by the iron of the steel casing. As the elec-
trode is consumed new sections of steel casing are put
on the top of the electrode and additional green elec-
trode paste is charged into the casing.

In order to produce a homogeneous electrode it is
important that the bakihg furnace moves continuously
or substantially continuously relative to the electrode
with a velocity which corresponds to a preset baking
speed for the electrode.

During the baking, the electrode paste becomes more
or less liquid, whereafter it is burned to a solid carbon
electrode. As the baking temperature is between 700°
and 1300° C., the steel casing will become very soft in
the baking zone inside the baking furnace. The elec-
trode including the casing thereiore has an extremely
low strength when it is inside the baking furnace. In
order to produce a continuous electrode, the electrode
therefore has to be guided through the baking furnace.

As the electrode has to pass through another two
fixed points, namely the current clamps for conducting
electric operating current to the electrode and the elec-
trode holding and slipping equipment, any deviation
from straight-lined electrode will result in clamping or
sticking of the electrode. The electrode wiil thus either
break at a point between the three fixed points which it
runs through or it will be impossible to slip the elec-
trode through the electrode holder.

It is further important that the electrode during the
baking process is kept centrally in the baking furnace in
order to obtain equal heating conditions about the pe-
riphery of the electrode.

It is therefore an object of the present invention to
provide a suspension device for the baking furnace
which makes it unnecessary to guide the electrode
through three fixed points, but which at the same time
keeps the electrode centrally in the baking furnace. By
use of the present invention it has further been shown
that any deviation from a straight-lined electrode is
automatically compensated.

SUMMARY OF THE INVENTION

Accordingly the present invention relates to an ar-
rangement for suspension of a baking furnace for con-
tinuous production of carbon electrodes in direct con-
nection with the smelting furnace wherein the elec-
trodes are consumed. The baking furnace is suspending
from a baking furnace frame by means of at least three
rails, said rails being connected to the baking furnace
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frame by means of first spherical connections and to the
baking furnace by means of second spherical connec-
tions. The electrode is kept centrally in the baking fur-
nace by guiding means, at least in the upper part of the
baking furnace.

Preferably, the rails are threaded spindles or hydrau-
lic cylinders, whereby the baking furnace can be moved
continuously or substantially continuously relative to
the electrode at a speed equal to the preferred baking
speed of the electrode.

According to a preferred embodiment of the present
invention three guide wheels for the electrode are ar-
ranged at the lower end of the baking furnace for guid-
ing the electrode through the lower end of the baking
furnace.

When spindles are used as rails, the spindles are con-
nected to the baking furnace by means of nuts where the'
nuts via spherical bearings are affixed to the baking
furnace. In order to move the baking furnace up or
down the spindles are interconnected by axels to a com-
mon drive unit, so that the three spindles are rotated at
the same time and at the same speed.

When hydraulic cylinders are used as rails, the move-
ment of the pistons of the cylinders is interconnected in
order to move the three pistons at the same time and at
the same speed.

Further embodiments of the present invention will be
evident from the claims.

The arrangement according to the present invention
will now be further described in connection with the
drawings which shows preierred embodiments of the
present invention.

FIG. 1 is a schematic view of an electrode in an elec-
tric furnace showing the arrangement for suspendion of
the baking furnace according to the present invention;

FIG. 2 is an enlarged view of the upper part of FIG.
1, showing the baking furnace and the arrangement for
suspension of the baking furnace;

FIG. 3 is vertical view taken along line 1—1 in FIG.
2, and;

FIG. 4 is schematic view similar to FIG. 2 showing
another embodiment of the present invention.

DETAILED DESCRIPTION

On FIG. 1 there is shown an electrode 1 in an electric
smelting furnace 2. The smelting furnace has a smoke
hood or roof 3 and the level of charge in the furnace is
indicated by reference numeral 4.

Conventional current clamps for conduction of elec-
tric operating current to the furnace are schematically
shown by reference numeral 5. The current clamps 5
are pressed against the surface of the electrode by
means of a pressure ring 6. The current clamps 5 and the
pressure ring 6 have internal channels for circulation of
a cooling fluid (not shown). The current clamps 5 are
via rods 7 suspended from an electrode frame 8.

On the electrode frame 8, there is arranged two con-
ventional holding and slipping rings 9, 10 for the elec-
trode 1. The lower holding and slipping ring can be
moved vertically by means of hydraulic or pneumatic
cylinders 11 and 12.

The electrode frame 8 is in conventional way sus-
pended in the furnace building by means of hydraulic
electrode regulating cylinders 13 and 14. On the elec-
trode frame 8, there is arranged a baking furnace frame
15. From the top of the baking furnace frame 15 three
rails 16 are suspended. The rails 16 are spherically sus-
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pended from the frame 15 by means of universal joints
such as ball bearings or cardan joints 17.

In the embodiment shown on FIG. 2, the rails 16 are
in the form of spindles with threads 18. A baking fur-
nace 19 for baking of the electrode is connected to the
spindles 16 by means of nuts 20.

As shown on FIG. 3, the nuts 20 are connected to the
baking furnace by spherical bearings 25. In order to
move the baking furnace 19 up or down relative to the
electrode, the spindles 16 are interconnected by axels 26
to a common drive unit 27 whereby the spindles 16 can
be rotated at the same time and at the same speed.

The baking furnace 19 is in its upper end equipped
with a guide ring 21 made from iron rod or the like. The
inner diameter of the ring 21 is equal to or somewhat
larger than the diameter of the electrode casing 22. The
guide ring 21 is intended to guide the electrode through
the baking furnace 19.

Below the baking furnace 19 there are preierably
arranged guide wheels 23 which via brackets 24 are
affixed to the baking furnace 19. The guide wheels 23
are intended to guide the baked electrode.

On FIG. 4 there is shown another embodiment of the
present invention where the rails 16 are in the form of
hydraulic cylinders 16. The lower end of the cylinders
16 are connected to the baking furnace by means of
universal joints such as ball connection or cardan joints.
In order to obtain a continuous or substantially continu-
ous movement of the baking furnace the supply of hy-
draulic fluid to the cylinders 16 are interconnected.

The baking furnace 19 is equipped with means for
supply of heat energy, such as oil or gas burners or
electric heating elements (not shown). As the electrode
is consumed in the smelting furnace, it is slipped down
through the current clamps by operating the holding-
and slipping ring 9, 10. The movement of the baking
furnace 19 is preferably interconnected with the elec-
trode slipping equipment in such a way that when the
electrode is slipped a certain increment through the
holding and slipping rings 9, 10 the baking furnace 15
will automatically be moved an equal distance down-
wards. In this way the position of the baking furnace is
kept in the same position relative to the baking zone in
the electrode.

As the baking furnace according to the present inven-
tion is suspended in rails which are connected to the
baking furnace frame and to the baking furnace by uni-
versal joints and the electrode is guided at least in the
upper part of the baking furnace, a deviation from a
straight-lined electrode will imply that the baking fur-
nace is automatically- moved radially outwards from the
center line of the electrode while the electrode still will
be centrally situated in the baking furnace. It is thereby

avoided that deviations irom a straight-lined electrode -

will clamp the electrode. It has further surprisingly
been found that if a deviation from a straight-lined elec-
trode occurs, and the baking furnace thereby moves out
from the center line for a straight-lined electrode, the

—
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electrode will soon move back to the center line for a
straight-lined electrode. This means that the arrange-
ment for suspending the baking furnace according to
the present invention is self-centering.

What is claimed:

1. Arrangement for suspending a baking furnace for
continuously production of carbon electrodes in direct
connection with the smelting furnace wherein the elec-
trodes are consumed, characterized in that the baking
furnace (19) is suspended from a baking furnace frame
(15) by means of at least three rails (16) said rails (16)
being connected to the baking furnace frame (15) at
their upper ends by means of first spherical joints (17)

_ and where the baking furnace (19) is connected to the

—
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rails by means of second spherical joints (25), the baking
furnace having means (21) at its upper end for guiding
the electrode. .

2. Arrangement according to claim 1, characterized
in that the rails (16) are threaded spindles.

3. Arrangement according to claim 2, characterized
in that the baking furnace (19) is connected to the spin-
dles by means of nuts (20).

4. Arrangement according to claim 3, characterized
in that the nuts (20) is affixed to the baking furnace by
means of spherical bearings (25).

5. Arrangement according to claim 2, characterized
in that the spindles (16) via axels (26) are connected to
a common drive unit (27) for rotation of the spindles
(16).

6. Arrangement according to claim 1, characterized
in that the rails (16) are hydraulic cylinders.

7. Arrangement for suspending a baking furnace for
continuous production of carbon electrodes in direct
connection with a smelting furnace wherein the elec-
trodes are consumed characterized in that the baking
furnace is suspended from a baking furnace frome by
means of at least three rails, said rails being connected to
the baking furnace frame. at their upper ends by means
of first spherical joints and where the baking furnace is
connected to the rail by means of second spherical
joints the baking furnace having a guide ring for guiding
the electrode in the upper part of the baking furnace,
the guide ring having a diameter equal to or somewhat
larger than the diameter of the electrodes.

8. Arrangement for suspending a baking furnace for
continuous production of carbon electrodes in direct
connection with a smelting furnace wherein the elec-
trodes are consumed characterized in that the baking
furnace is suspended from a baking furnace frame by
means of at least three rails being connected to the
baking furnace frame at their upper ends by means of
first spherical joints and where the baking furnace is
connected to the rail by means of second spherical
joints the baking furnace having means at its upper end
for guiding the electrode, and at the lower part of the
baking furnace there are arranged at least three guide

wheels for guiding the electrodes.
* x X X x
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[571 ABSTRACT

A graphite electrode with protective coating, consisting
of a single- or multilayer metallic or metal-oxide coat-
ing, and a graphite layer containing graphite, vinyl-ace-
tate as binder and methyl cellulose as thickener, this
surface layer being compacted by means of a pressure
roller or a vibration tool.

2 Claims, 1 Drawing Sheet
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GRAFPHITE ELECTRODE WITH PROTECTIVE
COATING AND METHOD FOR ITS PRODUCTION

This invention relates to a graphite electrode with
protective coating for steelmaking electric arc furnaces
and a method for its production.

There are known electrodes with protective coating
made up of aluminium with alloying admixtures treated
with electric are (1). The drawback of such coatings lies
in that as a result of the direct contact of the aluminium
coating and the metal contact grip there occurs a partial
welding together of the aluminium coating to the metal-
lic (copper) contact grip. The surface burns up strongly
and the contact grip must be replaced.

Another solution of this problem is searched by the
use of graphite segments (2) between the graphite elec-
trode with aluminium coating and the metal contact
grip. A drawback of this method lies in that its use is in
certain cases impossible or requires considerable recon-
structions of the furnaces.

There is also known the application of a surface
graphite layer onto the protective coating (1). In direct
contact between the coating and the copper contact
grip the welding together between them is reduced, but
cannot be fully avoided. ’

There is known a graphite electrode with a coating of
aluminium alloy, which has a surface layer of graphite
with phenolicnovolac resin as binder, and polyvinyl
alcohol is used as an adhesive agent (3). In its produc-
tion the powdered materials are mixed with water, the
polyvinyl alcohol being dissolved, and there is obtained
a suspension of graphite and phenolic-novolac resin.
This suspension is sprayed onto the protective coating.
For the hardening of the surface layer there is necessary
a temperature of from 150° to 180° C. The main draw-
back of this surface layer lies in its high contact resis-
tance. The phenolic-novolac resin is insoluble in water,
and this requires its use in quantities of from 15 to 30%
with respect to the graphite, which means an introduc-
tion of considerable concentrations of non-conductive
material.

In a superhigh-power furnace at 60,000 A, the power
generated in the contact zone in the case of a coating
with graphite layer and a copper contact grip reaches
120 to 180 kW; this causes local overheatings resulting
in that the aluminium is molten. it penetrates through
the graphite layer and is alloyed with the copper. An-
other drawback lies in the requirement for the tempera-
ture of the electrode during the application of the sur-
face layer to be of from 150° to 180° C. If the tempera-
ture is lower than 150° C. the phenolic-novolac mixture
does not polymerize, and the obtained surface layer has
a very low mechanical strength and falls off to a great
extent during transportation and handling of the elec-
trodes.

The aforedescribed electrode (3) does not show in
industrial application any advantages as compared to
the direct contact, and also the known graphite layer (1)
does not ensure a failure-free extended operation of the
contact grips with electrodes with protective coating.

It is therefore a general object of this invention to
develop a compact protective coating onto the metallic
or metal-oxide surface layer of graphite electrodes and
a method for its application, reducing at that several
times the contact resistance and, respectively, the
power generated in the interface between the graphite
electrode and the metal contact grip, ensuring that the
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mechanical endurance of the graphite layer meets the
service requirements in the use of protective electrodes.

This object is achieved by the application onto a
graphite electrode, protected by a single- or multilayer
metallic or metal-oxide coating, a graphite suspension
which contains of from 100 to 1500 g graphite with a
grain size of up to 2 mm, of from 20 to 150 g water-solu-
ble vinyl-acetate adhesive, of from 10 to 80 g water-sol-
uble methyl cellulose thickener, and from of 1000 to
1600 g water. The indicated quantities are for a surface
of 1 m2. The application of the graphite suspension is
effected by spraying, spreading or by another suitable
means. The applied graphite layer is subjected to a
mechanical treatment for compacting its structure by
means of a pressure roller, a vibration tool or by another
suitable means.

The advantages of the method according to this in-
vention lie in that the compacted graphite layer has a 3
to 5 times lower contact resistance or, respectively,
reduced power generated in the contact heads and has a
sufficient mechanical endurance to meet the service
requirements for the use of protected graphite elec-
trodes.

For a better understanding of the invention, it will be
explained by means of the following examples.

EXAMPLE 1

Onto the uppermost layer of a graphite electrode
protected by a single- or multilayer metallic protective
coating there is applied by spraying a suspension con-
taining 700 g of graphite with a grain size of up to 1 mm,
35 g of a water-soluble vinyl-acetate adhesive, 25 g of
water-soluble methyl cellulose and 1350 cm3 of water.

The applied and not fully dried layer is compacted at
a temperature of the electrode of about 100° C. by roll-
ing with a metal roller.

EXAMPLE 2

Onto the uppermost layer of a graphite electrode
protected by a single- or multilayer metal-oxide coating
there is applied by spraying a suspension containing:
1000 g electrographite with a grain size of up to 1.5 mm,
45 g of a water-soluble vinyl-acetate adhesive, 20 g of
water-soluble methiyl cellulose and 1000 cm3 of water.

The applied and not fully dried layer is compacted at
a temperature of the electrode of about 100° C. with a
vibration tool.

The graphite electrodes with compacted protective
graphite layer according to examples 1 and 2 are fea-
tured by a 3 to 5 times reduced contact resistance—the
voltage drop in the contact surfaces is of from 550 to
1300 mV at a current density of 50 A/cm2.

We claim:

1. A coated electrode comprising:

a graphite electrode;

a metallic or metal-oxide layer coating said electrode;

and

a compacted graphite layer containg a binder coating

said metallic or metal-oxide layer, wherein said
graphite layer contains graphite with a grain size of
up to 2 mm in a quantity of 200 to 2000 g/m?2, a
water-soluble vinyl-acetate as a binder of from 2 to
20% by weight, and methyl cellulose as a thickener
of from 1 to 10% by weight.

2. A method for producing a coated electrode com-
prising the steps of:

forming a graphite electrode;
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coating said electrode with a metallic or metal-oxide
layer;

coating said metallic or metal-oxide layer with a
graphite suspension layer, wherein said graphite
layer contains graphite with a grain size of up to 2
mm in a quantity of 200 to 2000 g/m2, a water-solu-
ble vinyl-acetate as a binder of from 2 to 20% by
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weight, and methyl cellulose as a thickener of from
1 to 10% by weight upon drying; and

subjecting said graphite layer to mechanical compac-
tion by means of a pressure roller or a vibration

tool.
aox ok k%
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1

GRAPHITIC ELECTRODE WITH PROTECTIVE
COATING

2
formed in the same manner as the first layer, said second
layer being treated in exactly the same manner as the
first layer. Finally, there was applied a third layer of
pure aluminum in the amount of 1150 g/m?2 by metalli-

This invention relates to graphitic electrodes which 5 zation, and then the surface was polished by a wire

are provided with a protective coating, such electrodes
being used in arc furnaces.

Protective coatings for graphitic electrodes having
one or more protective layers, and the method for form-
ing same, are described in Bulgarian Authorship Certifi-
cate No. 11,029, 02.09.1965. In accordance with this
method, the separate layers of the coatings are formed
by electric arc treatment of a metallized aluminium
layer on which there is deposited a mixture of alloying
additives. In accordance with Bulgarian Authorship
Certificate No. 136, 01.12.1960, these alloying additives
contain silicon carbide, titanium dioxide, boric acid, and
aluminium in powder form.

The disadvantage of the described prior art coating is
their relatively low corrosion resistance at a tempera-
ture of 1550° C. in an oxidizing medium.

The invention has among its objects the provision of
a coating on graphitic electrodes with higher corrosion
resistance than the corrosion resistance of existing coat-
ings on such electrodes at a temperature of 1600° C. in
the atmosphere.

This object is achieved by a protective coating con-
sisting of three layers and formed according to the
method described in (1). As alloying additives kin the
first and second layer or only in the second layer are
used nickel and iron or their oxides whereby the content
of nickel is in the range from 0.05% to 0.95% and of
iron in the range from 0.1% to 15% with gegard to the
total amount of aluminium. Both layers are submitted to
a heat treatment with a surface density of the heat flow
8 to 16.105 W/m2,

The third layer consists of aluminium with technical
grade purity.

The thus formed multi-layer coating exhausts its pro-
tective properties at a temperature of 1600° C. in the
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atmosphere after 11 to 14 hours. By way of contrast, the 40

described known coatings under the same conditions
exhaust their protective properties after only 4 to 5
hours.

BRIEF DESCRIPTION OF THE DRAWING

With these and other objects in view, which will
become apparent in the following examples, the present
invention, which is shown by example only, will be
clearly understood in connection with the accompany-
ing drawing, in which:

FIG. 1 is a schematic cross section view of the coat-
ing of Example 1; and

FIG. 2 is a schematic cross section view of the coat-
ing of Example 2.

The invention is illustrated by the following exam-
ples:

EXAMPLE 1

On the surface of a graphitic electrode there was
applied by metallization, a first layer consisting of alu-
minium with a technical grade purity in an amount of
700 g/m?. Over such first layer of aluminium there was
applied a blend with the following content: 35 g/m2iron
oxide, 10 g/m? nickel, and 18 g/m?2 aluminium powder.
This was followed by heat treatment with a surface
density of the heat flow of 12.106 W/cm2. These two
coatings comprise the first of three layers, said first
layer being an alloy Al-Fe-Ni. A second layer was
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brush.

EXAMPLE 2

On the surface of a graphitic electrode there was
applied by metallization a first layer of aluminjum tech-
nical grade purity in the amount of 590 g/m2. Over it
there was applied a blend containing 57 g/m?2 aluminium
powder, 60 g/m? silicon carbide, 64 g/m? silicon, 38
g/m? boric acid, and 74 g/m? titanium dioxide. These
two coatings form the first layer which was heat treated
with a surface density of the heat flow of 8.106 W/m2,
Thus the first layer is an alloy Al-Si-Ti-B. Following
this, a second layer of aluminium applied by metalliza-
tion in an amount of 850 g/m?2 was applied over the first
layer. Over such aluminium coating there was applied a

“blend containing 80 g/m? iron oxide, 12 g/m?2 nickel,
and 20 g/m? aluminium powder. This was followed by
heat treatment with a surface density of the heat flow of
15.105 W/m2. Thus the second layer is an alloy Al-Ni-
Fe. Finally, a third layer composed of aluminium was
applied by metallization in an amount of 1100 g/m?2 is
applied to the previously applied coatings on the elec-
trode; the outer surface of the last applied aluminium
coating was polished by a wire brush.

Although the invention is described and illustrated
with reference to a plurality of embodiments thereof, it
is to be expressly understood that it is in no way limited
to the disclosure of such preferred embodiments but is
capable of numerous modifications within the scope of
the appended claims.

We claim:

1. A graphitic electrode having a protective coating,
said coating comprising a first, second and third layer;

said first and second layer each being an alloy consist-

ing of metallized aluminium and a blend containing
aluminium powder, silicon carbide, silicon, tita-
nium dioxide and boric acid;

said first and second layers being treated by electric

arc;

said third.layer consisting of pure aluminium; and

said first; and second layers containing from 0.5 to

0.95% nickel and from 0.1% to 15% iron with
regard to the total amount of aluminum.

2. A graphitic electrode having a protective coating
electrodes as claimed in claim 1, wherein the first and
the second layers are heat treated with a surface density
of the heat from 8 106 to 16X 106 W/m2.

3. A graphitic electrode having a protective coating,
said coating comprising a first, second and third layer;

said first and second layer each being an alloy consist-

ing of metallized aluminium and a blend of alumin-
ium powder, silicon carbide, silicon, titanium diox-
ide and boric acid;

said first and second layers being treated by electric

arc;

said third layer consisting of pure aluminium; and

said second layer containing from 0.5 to 0.95% nickel

and from 0.1% to 15% iron with regard to the total
amount of aluminum.

4. A graphitic electrode having a protective coating
as claimed in claim 3, wherein the first and the second
layers are heat treated with a surface density of the heat
from 8 106to 16 106 W/m2. '
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£57] ABSTRACT

The electric furnace operating cycle time is substan-
tially reduced by directing water into the porous pack
of carbonaceous material surrounding the electrodes at
a water rate adjusted to maximize vaporization of water
into steam within the porous pack while allowing the
steam to escape without contacting the electrodes.

10 Claims, 4 Drawing Sheets




5,117,439

Sheet 1 of 4

May 26, 1992

U.S. Patent




U.S. Patent May 26, 1992 Sheet 2 of 4 5,117,439




U.S. Patent May 26, 1992 Sheet 3 of 4 5,117,439

/7
WATER SPRAY \ //, \

STEAM ESCAPES
THROUGH PACK \
/ \ TOP OF INSULATING mcx"i"‘(

‘ S
" HWATER PENETRATES WATER COOLING
INTO PACK
e —— —— — =5
" PWATER CONVERTS VAPORIZATION
' TO STEAM COOLING
-
' N
MAXIMUM PENETRATION BLANKET OF
T
OF STEAM COOL PACK
h o1
? _l_ c
HEAT TRANSFER \ /
FROM THE ELECTRODE Bno'r PACK
2l




U.S. Patent May 26, 1992 Sheet 4 of 4 5,117,439 |




5,117,439

1

METHOD FOR OPERATING AN ELECTRODE
GRAPHITIZATION FURNACE

FIELD OF THE INVENTION

This invention relates to an improved method for
operating an electric furnace in the manufacture of
graphite electrodes.

BACKGROUND OF THE INVENTION

Graphite electrodes are used in the manufacture of
steel. The graphite electrode is formed from a carbon
electrode which is graphitized at temperatures exceed-
ing 2800° C. in an electrode graphitization furnace.
Because of the high temperature required to graphitize
the electrode, an extremely long cool down time period
is required before the furnace can be unloaded and
reloaded with fresh stock. This limits process capacity.
Over eighty percent (80%) of the furnace cycle time
involves waiting for the electrodes to cool before un-
loading and waiting for the unloaded furnace bed to
cool before reloading. Attempts to unload a hot furnace
results in surface oxidation of the electrodes, thermal
damage to furnace components, thermal damage to
handling equipment, excessive oxidation of the insulat-
ing pack and an unsafe working environment. Reload-
ing a furnace with a hot bed can also lead to worker
injury and haphazard loading procedures. Construction
of additional furnaces to increase capacity is inefficient
and expensive. Accordingly, a method has long been
sought to reduce the cool down time period for the
electrodes after they have been graphitized and/or to
reduce the cool down time period of the furnace bed for
reloading the furnace.

SUMMARY OF THE INVENTION

It has been discovered in accordance with the present
invention that the furnace cool down time period and
the recycle time for reloading the furnace with fresh
carbon electrodes can be substantially reduced by
spraying water over the insulating pack of granulated
coke particles surrounding the electrodes, in a con-
trolled manner, as will be explained at length hereinaf-
ter, for cooling the furnace without causing contact
between the cooling water and the electrodes. The rate
of cooling water applied to the insulating pack is con-
trolled so that the cooling water is converted to water
vapor with essentially no water or water vapor coming
into contact with the electrodes. If water, or water
vapor above a nominal amount, should come into
contact with a carbon electrode at the temperature of
graphitization a reaction may occur generating explo-
sive gases or at minimum the electrode will burn and be
damaged. Accordingly, herétofore, water has never
been considered a viable option for furnace cooling.

The method for operating an electric furnace in ac-
cordance with the present invention comprises:

loading ungraphitized carbon electrodes upon a bed
of carbonaceous material into said furnace;

surrounding said carbon electrodes with presized
granular particles of carbonaceous material to form a
porous pack of thermal insulation;

passing electric current through or around said car-
bon electrodes to elevate the temperature of said elec-
trodes to a temperature above 2800° C. for converting
carbon to graphite;

terminating said current flow;
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2

directing water into said porous pack of carbona-
ceous material with the rate of water adjusted to maxi-
mize vaporization of water into steam while allowing a
sufficient amount of water to percolate through said
porous pack to a controlled depth to form a cool blan-
ket of packing material over said electrodes with essen-
tially no water or water vapor coming into contact with
the electrodes; and

removing the graphitized electrodes from the fur-
nace.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages of the invention will become appar-
ent from the following detailed description of the inven-
tion when read in conjunction with the accompanying
drawings of which:

FIG. 1 is a diagrammatic plan view of an electric
furnace for converting carbon electrodes to graphite
electrodes and includes one embodiment of a water
spray assembly for practicing the method of the present
invention;

FIG. 2 is a cross sectional view taken along the lines
2—2 of FIG. 1,

FIG. 3 is a perspective view of the water spray as-
sembly of FIG. 1;

FIG. 4 is a graphic illustration of the water cooling
heat transfer relationship in the insulating pack during
the furnace operation;

FIG. 5is a cross sectional view of the furnace of FIG.
1 with an alternate water spray cooling assembly; and

FIG. 6 is a view similar to FIG. § with yet another
water spray assembly for providing a different water
spray pattern.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Carbon electrodes are converted to graphite elec-
trodes in an electric furnace by raising the temperature
of the electrodes to a temperature exceeding 2800° C.
The arrangement of the electrodes for a typical graphi-
tization furnace is shown in FIG. 1-2 in conjunction
with a water spray assembly for practicing the method
of the present invention. The electric furnace 10 is con-
structed in the form of a rectangular enclosure having
an open top 11, a concrete floor or base support 12, side
walls 14 and end walls 16. Refractory blocks 15, e.g. of
fire brick are mounted over the concrete floor 12. A bed
18 of a carbonaceous refractory packing material e.g. of
coke, is placed over the refractory blocks 15 to form a
uniform conductive refractory body upon which to rest
the electrodes E. A center wall 20 divides the furnace
10 into two sections A and B respectively, each of
which contains a multiple number of electrodes E ar-
ranged in parallel rows. A pack 21 of granular carbona-
ceous material preferably of coke, surrounds the elec-
trodes E. The granular material forming the pack 21 is
presized to form a porous refractory thermal insulating
body which permits volatiles to pass through the pack
21 during the firing cycle and to escape through the
open top 11 of the furnace 10.

The electrodes E are arranged in line formation in
parallel rows with the electrodes aligned end to end
within each section A and B of the furnace 10. The row
of electrodes E in section A are bridged at one end of
the furnace 10 to the row of electrodes E in section B
through spacers 22 and a graphite cross-over member
23 to form a series circuit between the electrodes E of
séction A and the electrodes E of section B. Terminal
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posts 25 and 26 connect the electrodes E at the opposite
end of the furnace 10 through electrical contacts (not
shown) to a power supply (not shown) for directing
electric current through the electrodes E to graphitize
the carbon electrodes E at an elevated temperature of
above 2800° C. as is well known to those skilled in the
art. The graphitizing operation is generally fully com-
pleted in about 40 hours. Upon completion of the graph-

itizing cycle electrical power is shut off and the cooling

cycle is initiated. The cooling cycle covers a cool down
time period to reduce the electrode temperature to a
temperature which permits removal of the electrodes
from the furnace and a cooling period to reduce the
temperature of the refractory bed 18 to a temperature
which permits reloading the furnace with new carbon
electrodes. The combined cooling time represents the
complete cooling cycle which is generally from four to
six times as long as the furnace firing time.

The furnace 10 is cooled in accordance with the pres-
ent invention using a cooling system as is exemplified in
FIGS. 1 and 3 inclusive. In FIG. 3 a removable frame
30 is shown which includes an angle lift 31 with an eye
hook 33 adapted to be lifted by a crane (not shown) for
positioning the frame 30 over the center wall 20 of the
furnace 10. The frame 30 includes a box-like girder 32
with reinforced open web joints 34 spaced apart along
the length of the girder 32 which rest on the center wall
20. A multiple number of cross pipes 36 are fixedly
secured to the girder 32 for supplying water to water
spray nozzles 38 attached to the opposite ends of the
cross pipes 36. A water supply feed line 40 extends
along the girder 32 longitudinally and intersects each of
the cross pipes 36 to form a common supply line for
each of the nozzles 38 via the cross pipes 36. The water
supply feed line 40 is coupled through a quick discon-
nect (not shown) to a hose 42 which is connected to a
pressure regulated water supply (not shown).

At least one water spray nozzle 38 extends from each
cross pipe 36 over each section A and B respectively.
The cross pipes 36 are spaced relatively evenly apart
over the length of the girder 32 which corresponds to
the length of the furnace 10 and may be 70 or more feet
long. The spacing between cross pipes 36 is calculated
to establish a uniform distribution of water over the
porous pack 21.

" The water emitted from the nozzles 38 is sprayed into
the pack 21 at a flow rate which is preferably uniform
and balanced. The water percolating through the pack
21 should not come into contact with the electrodes E.
Accordingly, the rate at which the water is applied is
critical and is dependent upon the permeability of the
insulating pack 21. To achieve maximum cooling of the
pack 21 it is essential that enough water passes below
the surface of the pack 21 to form a cool blanket C of
packing material before complete vaporization occurs
i.e. the submerged water should vaporize above the
electrodes E and escape through the cool blanket C of
packing material. This is apparent from FIG. 4 which is
a graphic illustration of the water cooling heat transfer
relationship in the pack 21. The cool blanket C of pack-
ing material extends from the top surface S and is com-
posed of an area W saturated with water and a contigu-
ous area V of vaporized water which lies above the
electrodes E. Vaporized cooling within the pack 21 is as
much as ten times more efficient than liquid water.cool-
ing. The water vapor escapes through the blanket C to
prevent any contact with the electrodes E so as to avoid
burning the electrodes. In theory you want to spray a
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sufficient amount of water to form a water saturated
area W of limited depth with an adjacent area V of
vaporized water spaced from the electrodes E. Al-
though the majority of the water will initially vaporize
upon contact with the top surface S of the hot pack 21
the amount of applied water must be sufficient for
enough excess water to percolate through the pack 21
to form a blanket C of cool packing material containing
a water saturated area W. The conversion from water to
steam provides very efficient cooling of the underlying
hot insulating pack 21 surrounding the electrodes E. As
the cool water percolates through the pack 21, it is, in
effect, reducing the thickness of the hot pack 21 to
speed cooling. The cool blanket C of packing material
lies above the underlying hot pack 21 and removes the
heat from the hot pack 21 faster than natural or forced
air convection can.

As stated above, the rate at which the water is applied
depends on the permeability of the insulating pack 21.
Accordingly, each pack 21 will require a different’
water application rate. For example, various furnaces
have been water spray cooled with a water application
rate of between 4-25 gallons per minute. Total applica-
tion of water has also varied from between 6000-16,000
gallons depending on the furnace temperature, pack
permeability and desired cooling rate.

After unloading the graphitized electrodes E, addi-
tional cooling is required to cool the underlying bed 18
before the furnace 10 can be reloaded with ungraphit-
ized carbon electrodes. This may involve a time period
of up to 120 hours. The bed 18 must be restored to a safe
loading temperature to avoid worker injury and hap-
hazard loading procedures. In accordance with the
present invention, cooling of the bed 18 after the graphi-
tized electrodes are removed may be accelerated by
applying water to the bed at a rate to maximize cooling
of the bed 18 but limited the bed 18 is converted to
steam by vaporization prior to reloading fresh elec-
trodes E. Preferably, water should be applied to cool
the bed 18 at a rate of between 4 to 25 gallons per min-
ute using 150-3000 gallons total.

The water spray pattern is not critical to the present
invention. In FIG. 2 water is sprayed from a cooling
system in which the removable frame 30 is supported by
the center wall 20. In this arrangement the frame 30
may be lifted and transported to another furnace. An
alternate removable assembly for spraying cooling
water on the pack 21 is shown in FIG. 5. A removable
frame 40 is supported over guide rails 42 using V rollers
45 which are removably mounted over the guide rails
42 on opposite sides of the furnace side walls 14. The V
- rollers 45 are connected to the upright supports 46 of
the frame 40. The upright supports 46 are connected to
an overhead support 48 located above the open top end
11 of the furnace 10. A plurality of water spray nozzles
50 are connected through piping (not shown) in the
overhead support 48 for supplying water to the nozzles
50. The frame 40 has a multiple number of overhead
supports 48 spaced uniformily along the length of the
furnace with at least one water spray nozzle 50 sus-
pended from an overhead support 48 over each section
A and B respectively.

Another assembly for spraying cooling water on the
pack 21 is shown in FIG. 6. In this arrangement the
spray nozzles 52 are connected through a common
manifold 54 which is connected to piping (not shown)
extending through the center wall 20 for supplying
water to the spray nozzles 52. The water is sprayed
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outwardly in a horizontal trajectory from the center
wall 20. The pattern of water spray from the nozzles 52
is inherently different from the overhead spray arrange-
ment of FIGS. 2 and 5. Alternately, the nozzles 52 may
be connected to spray the water in a vertical trajectory
with an umbrella-like spray. The pattern of water spray
may also be varied so that the water is applied as water
droplets rather than as a spray.
What we claim is: ,
1. A method for operating an electric furnace in the
conversion of carbon electrodes to graphite electrodes
comprising the steps of:
loading ungraphitized carbon electrodes upon a bed
of carbonaceous material, into said furnace;

surrounding said carbon electrodes with presized
granulated particles of carbonaceous material to
form a porous pack of thermal insulation;

passing electric current through or around said car-

bon electrodes to elevate the temperature of said
electrodes to a temperature above 2800° C. for
converting the carbon electrodes into graphitized
electrodes;

terminating said current flow;

directing water into said porous pack of carbona-

ceous material to form a cool blanket of packing
material over said electrodes with the rate of water
adjusted to percolate through said porous pack to a
controlled depth represented by an area saturated
with water and an area of vaporized water with the
vaporization of water into steam occurring at a rate
such that essentially no water or water vapor
comes into contact with the electrodes; and
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removing the graphitized electrodes from the fur-

nace.

2. A method as defined in claim 1 wherein said ungra-
phitized carbon electrodes are loaded into said furnace
with the electrodes aligned end to end in an electrical
series circuit relationship.

3. A method as defined in claim 2 wherein said fur-
nace has a common center wall and wherein at least one
row of electrodes is aligned on opposite sides of said
center wall and connected through a common cross-
over member.

4. A method as defined in claim 4 wherein said rate of
water applied to said porous pack is between 4 and 25

“gallons per minute.

5. A method as defined in claim § wherein said cool-
ing water is applied to said porous pack through a plu-
rality of uniformly distributed water nozzles suspended
above said porous pack.

6. A method as defined in claim 4 wherein said water
is applied to said porous pack through a plurality of
uniformly distributed water nozzles extending from a
common manifold supported by said common center
wall.

7. A method as defined in claim § wherein said water
is applied in the form of a spray.

8. A method as defined in claim § wherein said water
is applied in the form of water droplets.

9. A method as defined in claim 1 further comprising
applying water to said bed of carbonaceous material
after the graphitizing electrodes are removed.

10. A method as defined in claim 9 wherein said water

is applied at a rate of between 4 to 25 gallons per minute.
* * * * *
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1
GRAPHITIZATION FURNACE

BACKGROUND OF THE INVENTION

The invention relates to a method and apparatus for
carrying out the production of graphite electrodes and
other graphitized bodies. A great variety of electro-
chemical and metallurgical processes are carried out
with the use of carbon and graphite electrodes. In this
context it should be understood that the word carbon
denotes the amorphous form of carbon and graphite
denotes the multilayered hexagonal crystalline form of
carbon.

Carbon and graphite electrodes are used in many
electrochemical processes, including the production of
magnesium, chlorine, iodine, phosphorus, steel, and the
production of aluminum in Hall cells.

Carbon electrodes consist of the essentially amor-
phous carbon from petroleum coke which has been
calcined, ground, classified by size, mixed with a binder,
and bound in a matrix of amorphous carbon derived
from the binder after baking at temperatures of approxi-
mately 700° C. to 1100° C. in a baking furnace. Graphite
electrodes are produced from the carbon forms by plac-
ing them in an Acheson furnace and in recent years in a
Lengthwise Graphitization (LWG) type furnace and
heating them to a temperature between 2500° C. to
3000° C., which converts the amorphous form of carbon
to the crystalline graphite, and vaporizes most of the
impurities present in the original carbon, including most
metals and sulfur compounds. Graphite, compared to
amorphous carbon has much higher electrical and ther-
mal conductivity, lower coefficient of thermal expan-
sion (CTE), superior ductility and vastly superior ther-
mal shock resistance at the operating temperatures of
the electric arc steel furnace. These physical properties
are uniquely valuable in the electric furnace with its
need for high electrical currents, and the need to resist
the mechanical and thermal shock suffered by the elec-
trodes from the falling scrap, fluctuations in metal and
electrode level, and generally high thermal stresses.
Consequently, graphite is universally used as an elec-
trode in the electric arc melting of steel.

The production of graphite electrodes from the so-
called carbon electrodes had traditionally been carried
out in the Acheson furnace in which the electrodes are
typically placed in a transverse orientation to the flow
of the electrical current, and surrounded by a resistor
medium, thereby causing the current to pass alternately
through tiers of electrodes and resistor media, the latter
being typically metallurgical or petroleum coke. The
Acheson process is of such ancient vintage and so well
known as not to require any further description. The
LWG process, although very old, is less well known
and has been practiced on a commercial scale only in
recent years. The LWG process is carried out by ar-
ranging the carbon electrodes in a continuous column
with an electrical connection at each end of the column.
See U.S. Pat. No. 1,029,121 Heroult, Cl. 13/7 Jun. 11,
1912 and U.S. Pat. No. 4,015,068, Vohler, Mar. 29,
1977, Cl. 13/7. In the LWG process, the electrodes
themselves form the dominant path for the heating cur-
rent, with one or both of the ends of the column sub-
jected to a mechanical or hydrostatic pressure source in
order to keep the connection tight under expansion or
contraction of the column during the heating cycle. A
packing medium of granular coke is used for insulation,

2

however, Vohler does not use a packing medium, but

discloses a metal shell with a felt liner as insulation.
The LWG process has many advantages over -the

Acheson process. The energy efficiency is much higher,

5 as the material is heated directly instead of indirectly,
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and the cycle time for the process is much faster taking
typically less than 12 hours as compared to 60 to 120
hours for the Acheson process.

U.S. Pat. No. 4,394,766 issued Jul. 19, 1983 describes
an LWG furnace and U.S. Pat. No. 4,475,207 describes
a loading apparatus for such a furnace, referred to
herein as a strongback.

SUMMARY OF THE INVENTION

An improved LWG furnace of modular design com-
prising roughly semi-circular shell coupled by expan-
sion joints in which a pressure seal is held in place by
deadweights. The shell is formed of corrugated steel
panels with castable ceramic lining. The panel design
allows more freedom for thermal expansion in the trans-
verse direction while accommodating longitudinal ex-
pansion by freedom to slide over its support cradle. The
corrugated panel design also enhances faster cooling of
the furnace after off-fire by improved heat transfer in
comparison to a simplé steel plate structure. The corru-
gated structure has a higher surface area than a simple
plate, which gives more radiative cooling and turbulent
air movement giving more convective cooling.

At each end of the furnace there is a head wall assem-
bly through which power is brought by a contact elec-
trode, through a castable refractory which is removed
mechanically when repairs are made.

The modular system of construction lends itself to
volume production and dimensionally, highly accurate
fabrication thus enhancing complete interchangeability
of the furnace shell modules.

The shell system may have bottom ports for bottom-
dump type unloading of the graphitization media or
may use vacuum or mechanical unloading.

The refractory lined metal panels coupled with ce-
ramic gasketed suspension joints render the furnace
relatively gas tight, making the containment and collec-
tion of gaseous or particulate pollutants either by a
vented cover or hood relatively simple, for easy and
effective environmental control of these pollutants.

This furnace has a low heat capacity in contrast to all
refractory block furnaces and also has a much faster
cooling rate after off-fire due to the additional surface
area and convective cooling produced by the corru-
gated panel shell. This allows the furnace to cool down
faster than older designs after the amorphous carbon
electrodes are converted to graphite, and the electrodes
removed. This faster cooling provides a quicker turn-
around time and increased production speed and capac-
ity. :

We have also found that our furnace produces higher
quality electrodes than previous designs, due to its me-
chanical and thermal stability, and the consequent uni-
formity and controllability of the graphitization condi-
tions. :
The furnace has great structural and thermal stability
which gives it a long useful life and makes it suitable for
stationary as well as movable furnace applications. The
unique combination of castable refractory lining inte-
grated with the corrugated steel of suitable gauge thick-
ness by means of welded wire anchors provides a sturdy
composite structure analogous to reinforced concrete
beams or slabs; where imposed horizontal and down-
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ward loads within the furnace result in compressive
stresses within the refractory linings and tensilly stress-
ing the steel corrugation. Use of the corrugated steel
panels and corrugated steel support modules also serves
to accommodate differential movement caused by ther-
mal expansion at elevated temperatures and contraction
during cool down without warping or permanent defor-
mation.

The head walls of the furnace are also of modular
design, suspended and stabilized by structural members
incorporated into the end shell design.

The furnace is loaded by means of a strongback car-
rying a preloaded column of carbon electrodes. The
strongback is supported on truss assemblies which are
accurately positioned by and secured to the structure of
the main shell assemblies, with provision to transmit the
strongback load directly to ground thru an electrically
isolated pier arrangement.

The side panel sections are held in place by a structur-
ally stable bracket arrangement which allows thermal
movement and easy replacement.

The electrodes at the ends may have current spread-
ers holding the electrode strings under pressure while
applying current, which allows for twin or multiple
stranding of electrode columns.

Each shell section consists of multiple panels com-
prising conventional corrugated steel sheets lined with
castable refractory. Welded anchors hold the castable
refractory secure to the corrugation.

The head wall assembly is adjustable for accurate
alignment and keyed to the end shell assembly with
brackets for stability.

The rigid structure of this furnace design may be built
in any geometric configuration, in contrast to the struc-
ture shown in U.S. Pat. No. 4,394,766, which has the
furnace structure suspended in tension, which limits the
configuration to that of a relatively narrow and deeper
“U” shaped cross-section.

SUMMARY OF THE INVENTION

A bed of particulate coke medium is placed in the
bottom of the furnace and a string of baked amorphous
carbon electrodes placed on the bed between the two
head electrodes by a strongback precisely positioned on
the furnace. The furnace is filled with coke medium and
pressure and current applied to the string. After the
electrode string is graphitized, the current is turned off
and the furnace allowed to cool and be unloaded.

BRIEF DESCRIPTION OF THE PREFERRED
EMBODIMENTS.

FIG. 1is an elevation section of the furnace in accor-
dance with the invention.

FIG. 1A is a perspective view of the supporting sec-
tion in accordance with the invention.

FIG. 2 is a plan view of the furnace in accordance
with the invention.

FIG. 3 is a vertical cross-section of the furnace in
accordance with the invention.

FIG. 3A is a perspective view for the bottom ar-
rangement of the furnace in accordance with the inven-
tion.

FIG. 4 is a perspective view of the refractory anchors
in accordance with the invention.

FIG. 5 is an end view of the corrugated steel bottom
panels in accordance with the invention.

FIG. 6 is a side view of the corrugated support mod-
ules in accordance with the invention.
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4

FIG. 7 is a cross-sectional view of the support mod-
ules.

FIG. 7A is a cross-sectional view of a hold-down
bracket in accordance with the invention.

F1G. 8 and 8A are perspective views of the head wall
assembly in accordance with the invention.

FIG. 9 is a perspective view for the liner of the end

-shell assembly in accordance with the invention.

FIG. 10 is a vertical section view of the furnace with
an expansion joint in accordance with the invention.

FIG. 11 s a cross-sectional view of the side expansion
joint.

FIG. 12 is a detail of the bottom joint.

FIG. 13 is a sectional view of the piers in accordance
with the invention.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevation section of the furnace with
main shell assemblies 61 and 63 and end shell assembly
50 supported by refractory piers 56 for electrical isola-
tion. Head electrodes 208 supported by head electrode
bushing 85 and head wall 84, apply pressure and current
to the electrode column 209 converting carbon to
graphite. )

Expansion joints 8 serve to couple adjacent furnace
shell assemblies to retain the granular insulating media
(not shown), to accommodate relative thermal move-
ments, as well as assure electrical isolation between
adjacent shells.

The furnace is loaded by strongback, not shown,
supported and aligned on support bar 60 and support
truss assembly 60A which are attached to the structural
frame 201 of the furnace. FIG. 1A (3891) shows refrac-
tory piers 58 and a threaded rod 210 and nuts 211 which
transmit the load of the strongback to ground through
the electrical isolation of piers 58.

FIG. 2 is a plan view of the furnace.

FIG. 3 is a vertical cross-section of the furnace
through a main shell assembly 61 or 63 with furnace bed
section 200 and side panel assemblies 10, which are
independent and easily removable for replacement.
Furnace bed sections 200 comprising corrugated steel
bottom panels 203 are lined with castable refractory 13.
Corrugated steel bottom panels 203 are supported by
structural frame 201 comprising I-beams 36, 36A and
weldments, and vertically corrugated support modules
202A, 202B and 202C. Side panel assemblies 10 of cor-
rugated steel sheets 11, stiffener brackets 205 and casta-
ble refractory 13, are supported by furnace bed 200 and
stabilized by vertical steel members 204 by means of
coupling rods 206 and coupling tabs 207. .

FIG. 3A shows clearance gap 218 between coupling
rods 206 and tabs 207, designed to provide for differen-
tial expansion between side panel assemblies 10 and
vertical steel members 204 of the furnace. The unique
arrangement of corrugated steel panels 203 and corru-
gated steel sheets 11 causes increased air turbulence and
provides increased surface area over a flat surface;
which increases heat transfer by convection and radia-
tion, and also serves to provide better mechanical stabil-
ity to withstand hydrostatic pressures from the furnace
packing media while allowing for relative thermal ex-
pansion at elevated temperatures.

FIG. 4 shows refractory anchors 96 welded to corru-
gated sheet panels 11 and 203.

FIG. 5 is an end view of corrugated steel bottom
panels 203 comprising corrugated sheets 125 welded to
backup bars 42. '
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FIG. 6 shows a side view of corrugated support mod-
ules 202 A, B and C comprising vertical corrugations 34
welded to steel support bars 44 and 46.

FIG. 7 shows a cross-sectional view of support mod-
ules 202 A, B and C comprising corrugation 34 and
bottom support bar 46. The corrugation 34 has ample
cross-sectional area to support the contents and live
loads imposed on the furnace, and sufficient section
modulus to resist the stresses of thermal expansion and
contraction, as well as the bending moments imposed by
the sliding friction of the corrugated steel panels 203.

The trapezoidal cross-section of the corrugation pro-
vides for the required welding pattern 48 to resist the
thermal and bending stresses described above. The top
support bar 44 has the same welding pattern as the
bottom support bar 46. The arrangement of support
modules 202 A, B and C, FIG. 3, forms a cradle which
is the key for the structural support of the corrugated
steel panels 203 and the backing and stable support of
the castable refractory 13 for the bottom section of the
furnace.

FIG. 7A shows a cross-section of a hold-down
bracket for bottom panels 203. Bracket 215 holds panels
203 in sliding contact between top support bar 44 and
backup bar 42 while allowing for thermal movement at
216.

FIGS. 8 and 8A show the replaceable head wall as-
sembly 84 of castable refractory, with thin S.S. liner 86
and bolt holes 88 which allow bolting 136 of plates 132
to hold the replaceable head electrode bushing 85 in
position. The head wall castable, 134 is contained by
exterior plate 90 and is suspended from cross beam 92.
The head ‘wall assembly 84 is held in place by tapered
pin assemblies 126 and 129 with the load bearing mem-
ber 92 supported on column 128 and top plate 130 of
end shell assembly 50. Replaceable head electrode bush-
ing 85 allows the head electrode movement.

End shell assembly 50 is similar to main shell assem-
blies 61 and 63 except for the head wall structural sup-
port members 128 and 130.

FIG. 9 shows liner 86 of the end shell assembly
bonded to head wall refractory 134 by Welded wire
anchors 94.

FIG. 10 is a vertical section of the furnace at an ex-
pansion joint 8 showing side panel assemblies 10 having
corrugated steel sheet 11 lined with castable refractory
13. Stainless Steel side plates 28 with ceramic wool
gasketing seals 32 covering the expansion joints are held
in place by deadweights 16. Electrical continuity be-
tween shells is prevented by the joints. The plates are
held in place by deadweights on cables 20 running over
porcelain spools 18 to hooks 15. Side plates 28 are
joined to bottom curved plates 17 and 17A by means of
high temperature alloy bolt arrangement 14. The over-
lap of bottom plates 17 and 17A at 24 forms a sliding
joint held in place by deadweights 16.

FIG. 11 shows a cross-section of the side expansion
joint 8 with castable refractory 13, stainless steel plate
28 and ceramic wool gasket 32 held in place in refrac-
tory nest 217.

FIG. 12 is a detail of bottom joint with overlapping
plates 17 and 17A at 24 ceramic wool gasket 32, and
deadweights 16 holding the plates in. contact while
allowing for thermal movement.

FIG. 13 shows piers 56 with castable refractory 78,
upper plate 74, lower plate 76 and reinforcing anchors
75 welded to upper and lower plates. These piers serve
to provide electrical isolation from the furnace shells to

20

25

55

6

ground while supporting the entire weight of the fur-
nace and its contents.

We claim:

1. A graphitization furnace for the length-wise graph-
itization of a column of amorphous cylindrical carbon
electrodes, said furnace comprising a corrugated sheet
metal shell having an approximately arc-shaped semi-
circular lower portion, straight vertical sidewalls and an
open top, the whole of said shell having a configuration
of a U shaped trough supported by a framework struc-
ture on refractory piers, said furnace having at each end
head wall structures comprising an end shell, an elec-
trode suitable for supplying sufficient electrical energy
to said column to heat said column to a temperature at
which said amorphous carbon electrodes are converted
to graphite, said furnace shell having its longitudinal
axis horizontal to the earth, said refractory piers resting
on a foundation on the earth.

2. The furnace as set forth in claim 1, wherein said
corrugated sheet metal shell having a cast refractory
liner.

3. The furnace as set forth in claim 2, wherein the
refractory liner is held in place by metal anchors at-
tached to the shell.

4. The furnace as set forth in claim 1, wherein said
corrugated sheet metal further comprising a plurality of
horizontally arranged modules having an approxi-
mately arc-shaped bottom and vertical sidewalls, said
modules define a configuration of a U shaped trough,
said modules being joined at side and bottom joints
sealed with electrically and thermally insulating ce-
ramic wool gaskets retained by metal plates, said mod-
ules having a cast refractory liner held in place by metal
anchors attached to the sheet metal shell.

5. The furnace as set forth in claim 4 wherein said
corrugated sheet metal shell further having a cast re-
fractory liner held in place by metal anchors attached to
the shell and comprising arc-shaped approximately
semi-circular bottom and vertical side horizontally ar-
ranged modules having side and bottom expansion
joints sealed with electrically and thermally insulating
ceramic wool gaskets by metal plates wherein side ex-
pansion joints are held in contact by counterweights
held by cables running over electrically insulating pul-
leys applying a horizontal force to metal plates covering
the joints.

6. The furnace as set forth in claim 4, wherein the
bottom of the modules comprises multiple corrugated
arc-shaped panels attached to side panels comprising
the vertical sidewalls, said arc-shaped panels having a
sliding, overlapping, joint sealed with ceramic wool,
each of said arc-shaped panels being in the approximate
shape of an arc of about 90° having a sliding overlap-
ping expansion joint sealed with ceramic wool, said
joint being at the bottom of said furnace shell so as to
run parallel with the longitudinal axis of said furnace
shell, said arc-shaped panels held in contact at the joint
by counterweights.

7. The furnace as set forth in claim 1, wherein said
furnace is supported by columns resting on refractory
piers, electrically isolating the ‘furnace framework
structure from ground.

8. The furnace as set forth in claim 1, wherein said
furnace having at each end cast refractory head wall
assemblies contained in structurally reinforced metal
shells, held in place and attached to the end shells and
having an opening for a head electrode supplying elec-
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trical power to graphitize the columns of carbon elec-
trodes.

9. The furnace as set forth in claim 4, wherein each
module is electrically isolated from each other by ce-
ramic wool gaskets in a refractory nest and from ground
by refractory piers, said furnace comprising modules
having a corrugated sheet metal shell and a cast refrac-
tory liner held in place by metal anchors attached to the
shell.

10. The furnace as set forth in claim 1, wherein a truss
assembly column is attached to the framework structure
of the furnace, and rests on adjustable jacking devices
on insulating refractory piers, wherein said column is
adapted to support a strongback apparatus for loading
the furnace, aid strongback adapted to carry a column
of amorphous carbon electrodes in precise end-to-end
alignment to the furnace, said strongback being posi-
tioned on said column thereby positioning said column
in precise alignment between two head electrodes of
which one is at each of said furnace, whereby the load
of the strongback is directly transmitted from the truss
assembly column through said piers to a foundation.

11. The furnace as set forth in claim 4, wherein the
bottoms of the furnace modules are comprised of refrac-
tory lined corrugated panels supported by support cra-
dles comprising vertical, trapezoidally corrugated sup-
port modules welded to upper and lower bars, said
support modules having sufficient section modulus to
resist the thermal sliding movement of said panels rela-
tive to each other caused by thermal expansion and
contraction and the stresses of the load caused by the
weight of furnace contents, comprising the electrode
column and the packing medium and the stress caused
by the operations of loading and unloading said furnace.

12. A furnace for heating amorphous cylindrical car-
bon electrodes to a temperature at which the amor-
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phous carbon is converted to graphite by the applica-
tion of an electrical current to a horizontal column of
said electrodes laid end to end, said furnace comprising
a set of U shaped modules having an arc-shaped bottom
of approximately 180° and vertical sidewalls, said mod-
ules comprising a corrugated sheet metal shell with a
cast refractory liner anchored to the shell by wire an-
chors, said modules forming an elongated horizontal
trough with each of said modules isolated electrically
and thermally from each other by refractory wool re-
tained by metal plates held in place by counterweights,
said furnace having a framework structure supporting
said modules in precise alignment resting on refractory
piers electrically isolating said furnace from ground,
said furnace having at each end an end shell with a case
refractory head wall holding an electrode suitable for
supply a current to said column sufficient to heat said
column to a temperature at which said amorphous car-
bon electrodes are converted to graphite, said modules
supported on support cradle structure at the bottom
comprising top and bottom plates joined by trapezoi-
dally corrugated sheet metal, said bottoms of said mod-
ules comprising to arc-shaped plates of 90° overlapping
at a lowest point sealed with a ceramic wool gasket,
thereby allowing limited movement caused by thermal
expansion, contraction, and by stress of loading and
unloading the furnace, said bottom plates held in
contact at said lowest point by counterweights, said
overlapping plates forming longitudinal joints in said
modules, said framework structure comprising columns
resting on adjustable jacking devices resting on refrac-
tory piers, said columns adapted to support a strong-
back structure useful for loading and unloading said

electrode column, said modules isolated.
* * ] % *
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(57] ABSTRACT

An improved process for the continuous manufacture of
impurity and iron-free electrodes for electric arc fur-
naces including a mechanism allowing the replacement
of an amorphous coal elecirode by a graphite core elec-
trode without extensive fomace shutdown. A dual slid-
ing system is provided which allows an electrode to be
continuously baked and provided to the furnace with or
without a metal casing and which includes a special
contact plate for transmitting electric current which
decreases substantially the contact surface of the plate.
The process is especially useful for obtaining impurity
free elemental silicon.

§ Claims, 4 Drawing Sheets
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PROCESS FOR CONTINUOUS MANUFACTURE
OF IMPURITY AND IRON-FREE ELECTRODES
FOR ELECTRIC ARC FURNACES

BACKGROUND OF THE INVENTION

The invention relates to the process for the continu-
ous manufacture of electrodes which are used in electric
arc furnaces.

Elemental silicon is obtained in a submerged electric
arc furnace by reducing quartz with several classes of
coals, according to the simplified reaction SiO>+2C-
—S8i+2CO. An arc jumps between the electrode and
the furnace sole, which generates the necessary energy
to carry out this solid-solid reaction process.

When the electric arc jumps between the electrode
and the sole, a gradual and continuous consumption of
the electrode is produced, which forms a part of the
reaction of the metal production. The electrode gradu-
ally moves downward within the furnace, and must be
replaced from above by a continuous process in which
a SODERBERG paste is introduced into a metal casing
to produce a self-baking electrode. In this process, the
paste melts, solidifies, slips and burns out.

As the electrode is consumed, the metal casing melts
and introduces impurities, particularly iron, into the
furnace, making it impossible to manufacture high pu-
rity elemental silicon.

An attempt to avoid this problem is disclosed in U.S.
Pat. No. 4,575,856, corresponding to Spanish Patent
543259, in which a central core or nucleus made of
graphite is used, and replacement of the consumed elec-
trode is made by extrusion through the metal casing so
that the casing does not burn out and contaminate. The
electrode body is formed from several cylindrical sec-
tions which are united at the ends, and the metal casing
has flat and uniform sides in its cross-section.

SUMMARY OF THE INVENTION

It is an object of the invention to enable the replace-
ment of electrodes continuously, without introduction
of iron or other impurities into the furnace.

It is also an object of the invention to change the
electrode from the conventional type made of amor-
phous coal to a new type made from graphite and paste,
without the need for causing a long furnace shutdown
to change the electrode column, but gradually achiev-
ing the new electrode as the electrode column exhausts.

Another object of the invention is to utilize a dual
sliding system to allow the replacement electrode to
slide with or without the metal casing, since introduc-
tion of the casing may be necessary on limited occa-
sions.

Another object of the invention is to provide a
contact plate for transmitting electrical current, de-
creasing substantially the contact area and concentrat-
ing, within a minimal and given area, the electric cur-
rent to favor the electrode baking.

Another object of the invention is to make it possible
to provide an adequate height of the contact plates over
the mixture in order not to damage the casing and to
adequately bake the paste.

Another object of the invention is to carry out a
continuous sliding of the electrode to improve the paste
baking.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be better understood by reference
to the attached drawings in which:

FIG. 1 is an elevational view of an apparatus for
replacing an amorphous coal electrode with a graphite
and paste electrode;

FIG. 2 is an elevational view of an apparatus with
dual sliding means for independently sliding the graph-
ite nucleus of the electrode;

FIG. 2A is a schematic cross-sectional view of the
lower sliding system portion of FIG. 2;

FIG. 2B is a schematic cross-sectional view of the
upper sliding system portion of FIG. 2;

FIGS. 3, 4 and 5 are views of the electric conduction
plates, in plan view, longitudinal section and side eleva-
tion, respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows an electrode column in which a run-
ning transition is made from a convention amorphous
coal electrode 1 through a series of consecutive graph-
ite electrodes 2 with an evident reduction in their diam-
eter or section, until arriving at an electrode 20 of final
diameter. The electrode column is united by a support
system 3 and 4 uniting the graphite 20 with casing 40,
and a fastening system to fix the casing to the amor-
phous coal electrode, for which it is necessary to mech-
anize the upper end of the final electrode to the inside
diameter of casing 40. In this way, the furnace may
continue to operate, burning out the conventional elec-
trode and welding casings at their upper side, and slid-
ing with traditional rings 43 until the casing 40 arrives at
the height of the mixture.

FIG. 2 shows this installation with a second sliding
system 30, which allows a limitation of supports 3 and 4
previously applied to the graphite. Utilizing the second
sliding system, it is possible to slide only the graphite
electrode 20, the casing being retained by the first slid-
ing system 44 in order not to introduce the casing 40
and its impurities into the furnace. Alternatively, it is
possible to independently slide the electrode with its
casing by using conventional sliding system 44. When
this is necessary, sliding rings 43 of lower system 44 are
opened, and the sliding rings 30 of the upper sliding
system 31 are activated. It is also possible to proceed by
opening the upper rings 30 and utilizing the conven-
tional system of rings 43 of the lower system 44.

FIG. 2A shows the first or lower sliding system por-
tion in greater detail, including furnace 5, paste 9 and a
star or crosshead means 41 fastening graphite core 20 to
casing 40.

FIG. 2B shows the second or upper sliding means in
greater detail. The system includes a pair of circumfer-
ential rings 30 which are internally toothed 32, but
which could also be similarly fluted or embossed. When
the rings 30 are clamped onto graphite core 20, the
internal surface engraves the graphite core with a corre-
sponding series of ridges, improving penetration of the
paste into the graphite core and ultimately improving
the binding of the paste with the graphite.

When changing the upper sliding rings 30, the type of
plate 8 is also changed to the plate shown in FIGS. 3
through 5. According to the invention, the new plate 8
is characterized in its smaller size which is necessary in
order to concentrate the electric current, in the subdivi-
sion of the plate into eight semi-circular segments 8a
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through 8%, and in the existence of projections 80-80A,
and 81-81A, located on the lower and upper part of
each end, and which have the object to line up the
plates with others, so that in case of paste failure, the
inside diameter will be kept in contact between plates 8
and it cannot be introduced within the casing 40. Plate
8 includes inside cooling means 82, which is lower than
but of the same type as those normally used.

It is also possible to operate the furnace by means of
a robot controlled by computer. Utilizing a robot, it is
possible to maintain the height of the columns shown in
FIG. 2 by means of suspension cylinders 6 within cer-
tain limits, so that on one hand the paste is not baked at
a level where the hot gases from the process would melt
the casing, and on the other hand, the process is not
carried out in areas where baking of the paste would be
insufficient.

Finally, it is also very important to obtain a continu-
ous sliding of the electrodes. To this end, the hydrauhc
control system 31 for sliding is modified.

The invention is not limited to the exact details of this
embodiment shown, but on the contrary, the invention
may be modified whenever the essential characteristics
of the invention are not changed.

What is claimed is:

1. A process for the continuous manufacture of an
impurity and iron-free electrode for an electric arc fur-
nace, comprising steps of sliding a prebaked graphite
core downwardly within a casing above the furnace,
introducing within the casing and surrounding the core
a paste which is to bake to form the electrode, provid-
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ing a contact plate for transmitting an electric current to
the electrode, and sliding the electrode by means of a
pair of sliding means in succession, including a first
sliding means for retaining the casing, and a second
sliding means for sliding the graphite core, the second
sliding means comprising a pair of circumferential, in-
ternally fluted, toothed or embossed rings including
successive opening and closing clamps, said rings en-
graving the graphite core with circumferential ridges
for improved penetration of the paste and binding of the
paste to the graphite core.

2. Process according to claim 1, wherein an amor-
phous coal electrode in operation with said furnace is to
be replaced by an electrode having a graphite core and
produced by said process for continuous manufacture,
and wherein a union is made between the amorphous
coal electrode and the casing utilizing a fastening means
connecting the graphite core to the casing.

3. Process according to claim 1, wherein in the event
of failure of the second sliding means, the first sliding
means acts to displace the entire electrode by opening
said pair of rings on said second sliding means.

4. Process according to claim 1, wherein said contact
plate is subdivided into eight semi-circular segments,
each having an arc of about 45°, which are substantially
identical to assure contact position.

5. Process according to claim 4, wherein said sliding
step is controlled by piston actuated cylinders which
control the height of the contact plate above the fur-

nace.
* % % * ¥
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[57] ABSTRACT

A carbon material for electrodes which is a graphite/-
glass like carbon composite material having a structure
in which the crystals of the graphite are oriented in one
direction in the matrix of the glass like carbon so as to
possess an electrode reaction activity inherent in the
graphite crystals, having a maximum pore diameter of
150 A or less, and having electrolyte non-penetrative
properties substantially corresponding to those of the
glass like carbon; and a process for preparing a carbon
material for electrodes which comprises the steps of
highly dispersing, composing and orienting a graphite
fine powder of the sufficiently grown crystals in an
organic substance which can leave a glass like and less
graphitizable carbon when calcined in a non-oxidizing
atmosphere, and then calcinifig and carbonizing the
composition. The carbon material of the present inven-
tion permits applying both current and voltage to bio-
logical systems, has no toxicity, such mechanical
strength as to permit detecting a trace portion and re-
producibility, can measure an electrode reaction stably,
and is inexpensive.

2 Claims, 2 Drawing Sheets
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CARBON MATERIAL FOR ELECTRODES AND
PROCESS FOR PREPARING IT

BACKGROUND OF THE INVENTION

(i) Field of the Invention

The present invention relates to a carbon material for
electrodes which are used in electrochemical detectors,
sensors for environmental analysis, sensors for patho-
logic inspection, and probe electrodes for detection
which are required to be harmless and nonpoisonous to
biological systems and foods, and it also relates to a
process for preparing the carbon material.

(ii) Description of the Prior Art

In a wide field of electrochemical measuring tech-
niques, an abbreviated rapid analysis which has been
swiftly developed in recent years and which utilizes a
sensor as a detecting means permits performing a mea-
surement with very high selectivity and high sensitivity.
Therefore, the use of the abbreviated rapid analysis is
begun to analyze and evaluate biological samples and
environmental samples containing trace amounts of
many compounds which are components to be mea-
sured.

Furthermore, nowadays, it has been very important
to obtain, for example, biological information of such
specific substances on a cellular level in vivo in situ in
local parts of the biological system and the like by the
use of a sensor electrode capable of detecting them with
high sensitivity. For this purpose, the electrode is used
as follows: The electrode is disposed or stuck in the
vicinity of an aimed cell of an organism to give physical,
chemical and electrical stimulation to the cell, so that a
response substance is released or a chemical change
occurs, with the result that a specific substance is pro-
duced. At this time, the electrode is required to select
and measure the thus produced specific substance.

A selected electrode material for a working electrode
of the electrochemical detector has a large influence on
a kind of substance to be measured and the possibility of
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quantitative analysis. Heretofore, as such a working .

electrode for voltammetry, there have been investi-
gated a mercury dropping electrode, a static mercury
electrode, platinum, gold, gold amalgam, copper and
various conformations of carbon (glass like carbon,
carbon fiber, carbon paste and pyrolitic graphite), but
the mercury electrode and the glass like carbon are
predominantly used as an electrode for polarographies
and as an electrode for electrochemical detectors, re-
spectively.

However, the polarography has a problem of safety,
since it uses toxic mercury. The glass like carbon also
has many drawbacks which should be eliminated. That
is, the glass like carbon has low current sensitivity, and
when a high positive potential is applied thereto
through an electrolyte, the reproducibility on the sur-
face of the electrode deteriorates. Thus, a utilizable
potential range is limited to about +1.0 V or less. In
addition, the glass like carbon is largely affected by a
pretreatment such as an oxidizing treatment, and so the
reproducibility of the measurement is unreliable.

The platinum electrode cannot be used on the nega-
tive side of a hydrogen generating potential, and addi-
tionally its pretreatment is also difficult.

The gold electrode is less resistant to halide ions.
Since these electrodes are made of the metals, they are
dissolved when used, thereby releasing toxic ions which
harm the biological system. However, there are not
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good electrodes which can take the place of them, and
hence these electrodes have been still unavoidably used.
Moreover, in these days, a carbon micro-electrode com-
prising one carbon fiber (having a diameter of several
micrometers) has been begun to be on the market, but
according to a pursuit test by the present inventors, it
has been apparent that the carbon micro-electrode has
the large variation of electrochemical properties, poor
reproducibility of data, and very low reliability.

Graphite has a wide polarized potential domain, an
electrode reaction activity and a less toxicity to the
organisms, and therefore it is a useful material. How-
ever, the graphite is poor in mechanical strength, and
when it is used singly, an electrolyte penetrates into its
structure. For the prevention of this penetration, the
graphite is required to be impregnated with an oil or
resin. Nevertheless, in the system in which even a small
amount of an organic solvent is contained, the material
with which the graphite has been impregnated is dis-
solved therein, and the variation of the electrochemical
properties increases, so that the reproducibility of data
is poor.

SUMMARY OF THE INVENTION

The present invention intends to remove the draw-
backs of the above-mentioned conventional electrode
materials.

A first object of the present invention is to provide a
carbon material for electrodes by which both current
and voltage can be applied to biological systems and
which has no toxicity (which is safe, even if it remains
in the biological systems) and which can be used to
inspect foods, and to provide a process for preparing
the same.

A second object of the present invention is to provide
a carbon material for electrodes which permits electro-
chemically detecting an extremely slight (trace) portion
and which has mechanical strength, and to provide a
process for preparing the same.

A third object of the present invention is to provide
an inexpensive carbon material for electrodes which has
the less variation of electrode properties and the repro-
ducibility of data and which can stably measure an
electrode reaction without requiring any specific pre-
treatment.

That is, the aspects of the present invention are as
follows.

(1) A carbon material for electrodes which is a gra-
phite/glass like carbon composite material having a
structure in which the crystals of the graphite are ori-
ented in one direction in the matrix of the glass like
carbon so as to possess an electrode reaction activity
inherent in the graphite crystals, having a maximum
pore diameter of 150 A or less, and having electrolyte
non-penetrative properties substantially corresponding
to those of the glass like carbon.

(2) The carbon material for electrodes described in
the preceding paragraph (1) wherein 65 to 95% of the
graphite/glass like carbon composite material is consti-
tuted of the matrix of the non-penetrative glass like
carbon.

(3) A process for preparing a carbon material for
electrodes which comprises the steps of highly dispers-
ing and composing a graphite fine powder of the suffi-
ciently grown crystals in an organic substance which
can leave a glass like and less graphitizable carbon when
calcined in an inert atmosphere or a non-oxidizing at-



5,391,433

3

mosphere, extruding the composition into a desired
form, so that orienting, in an extrusion direction, graph-
ite crystals of the composition, and then calcining the
composition up to a high temperature in the inert atmo-
sphere or the non-oxidizing atmosphere to carbonize
the contained organic substance.

(4) The process for preparing a carbon material for
electrodes described in the preceding paragraph (3)
wherein the organic substance which can leave the glass
like and less graphitizable carbon is at least one selected
from the group consisting of an organic polymeric ma-
terial, its monomer or oligomer, a tar, a pitch, a carbon-
ized pitch, a thermoplastic resin and a prepolymer of a
thermosetting resin.

(5) The process for preparing a carbon material for
electrodes described in the preceding paragraph (4)
wherein the organic polymeric substance is one selected
from the group consisting of lignin, cellulose, traga-
canth gum, gum arabi, natural gum and its derivative, a
compound having a condensed polycyclic aromatic
moiety in the basic structure of the molecule, dini-
tronaphthalene, pyrene, pyranthrone, violanthrone, an
indanthrene-based vat dye derived from benzanthrone,
and its intermediate.

(6) The process for preparing a carbon material for
electrodes described in the preceding paragraph (4)
wherein the thermoplastic resin is a resin obtained by
oxidizing and crosslinking, as a carbon precursor-pro-
ducing treatment, one selected from the group consist-
ing of polyvinyl chloride, polyacrylonitrile, polyvinyli-
dene chloride, chlorinated polyvinyl chloride, polyvi-
nyl acetate, polyvinyl alcohol, polyvinyl pyrrolidone,
ethyl cellulose, carboxymethyl cellulose, polyvinyl
chloride.vinyl acetate copolymer, polyphenylene oxide,
polyparaxylene, polysulfone, polyimide, polyamide-
imide, polybenzimidazole and polyoxadiazole.

(7) The process for preparing a carbon material for
electrodes described in the preceding paragraph (4)
wherein the thermosetting resin is at least one prepoly-
mer selected from the group consisting of a phenolic
resin, a furan resin, an epoxy resin, a xylene resin and a
COPNA resin, and when heated, the thermosetting
resin can flow, produce an intermolecular crosslinkage,
and then cure in a three-dimensional form, and it can
give a high carbon residue yield without any specific
carbon precursor-producing treatment.

(8) The process for preparing a carbon material for
electrodes described in the preceding paragraph (4)
wherein the pitch is what is obtained by subjecting a
petroleum pitch, a coal tar pitch, an asphalt, or a car-
bonized pitch of the pitch or a hydrocarbon compound
comprising a synthetic resin to an anti-graphitization
treatment comprising an oxidizing treatment for the
purpose of crosslinking it.

(9) The process for preparing a carbon material for
electrodes described in the preceding paragraph (3)
wherein a mesophase pitch having a carbon residue
yield of 75-95% formed by carbonizing a pitch to in-
crease a carbon residue, and then crosslinking the same
to obtain anti-graphitization properties is mixed with an
organic substance which constitutes a matrix and which
becomes a glass like carbon, and the mixture is then
co-carbonized.

(10) The process for preparing a carbon material for
electrodes described in the preceding paragraph (3)
wherein the graphite fine powder is one selected from
the group consisting of graphite whisker, highly ori-
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ented pyrolitic graphite (HOPG), Kish graphite, natural
graphite and artificial graphite.

(11) The process for preparing a carbon material for
electrodes described in the preceding paragraph (3)
wherein the calcination and the carbonization are car-
ried out by a heat treatment at a temperature of 500° to
2500° C. in an inert atmosphere or a non-oxidizing at-
mosphere.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a redox reactivity of ferrocyanate
ions/ferricyanate ions in the 1M KCl system of
5%10—3 M Fe(CN)4— in accordance with cyclic vol-
tammetry by the use of a carbon material electrode of
the present invention.

FIG. 2 shows measured results of dopamine in the
presence of ascorbic acid in a Ringer’s solution by the
use of a carbon material electrode of the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

The present inventors have paid much attention to a
fact that the crystal edge surface of graphite has ex-
tremely excellent properties which are not present in
other materials, that is, it is rich in an electrode reactiv-
ity, has a large polarized potential domain, can be easily
pretreated, does not deteriorate with time, has high
stability, does not dissolve, and is free from toxicity.
Thus, the present inventors have intensively re-
searched, and as a result, they have found that an elec-
trode material comprising a novel graphite/glass like
carbon composite carbon having non-permeability by
itself without requiring impregnation with an oil or a
resin and large mechanical strength which can be ob-
tained by using a glass like carbon showing non-permea-
bility as a matrix and orientating graphite in one direc-
tion. On the basis of this knowledge, the present inven-
tion has been completed.

In the carbon material for electrodes which is the
graphite/glass like carbon composite carbon of the
present invention, 65-95% of the constitutional material
comprises a glass like carbon matrix having non-perme-
ability formed by using, as a starting material, an or-
ganic resin material having a three-dimensional cross-
linkage or a natural organic material which can be car-
bonized in a solid phase. In the case that it is required to
further heighten density, a mesophase pitch having a
carbon residue yield of 75-95% formed by carbonizing
a pitch to increase a carbon residue content and to ob-
tain anti-graphitization properties is blended with the
glass like carbon matrix and then co-carbonized. When
the content of the matrix carbon is less than 65%, de-
fects and pores are generated in the material and the
inherent non-permeability is lost unpreferably. Further-
more, when the content of the matrix carbon is more
than 95%, the active electrode reaction properties
which the graphite crystals have are lost unpreferably.

An organic substance which constitutes the matrix
material and which can leave a glass like and less graph-
itizable carbon when calcined in an inert atmosphere or
a non-oxidizing atmosphere is an organic resin material
having a three-dimensional crosslinkage or a natural
organic material which can be carbonized in a solid
phase. Typical examples of the organic substance in-
clude an organic polymeric substance and one or a
mixture of two or more of a monomer and an oligomer
of the organic polymeric substance, a tar, a pitch, a
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carbonized pitch, a thermoplastic resin and a prepoly-
mer of a thermosetting resin.

Here, the organic polymeric substance is a substance
other than the undermentioned thermoplastic resin and
thermosetting resin, and examples of the organic poly-
meric substance include lignin, cellulose, tragacanth
gum, gum arabi, natural gum and its derivative, a com-
pound having a condensed polycyclic aromatic moiety
such as saccharide, chitin or chitosan in the basic struc-
ture of the molecule, formalin condensate of naphtha-
lenesulfonic acid, dinitronaphthalene, pyrene, pyran-
throne, violanthrone, an indanthrene-based vat dye
derived from benzanthrone, and its intermediate.

The thermoplastic resin is a resin obtained by oxidiz-
ing and crosslinking, as a carbon precursor-producing
treatment, a usual thermoplastic resin such as polyvinyl
chloride, polyacrylonitrile, polyvinylidene chloride,
chiorinated polyvinyl chloride, polyvinyl acetate, poly-
vinyl alcohol, polyvinyl pyrrolidone, ethyl cellulose,
carboxymethyl cellulose, polyvinyl chloride.vinyl ace-
tate copolymer, or a heat-resistant thermoplastic resin
such as polyphenylene oxide, polyparaxylene, polysul-
fone, polyimide, polyamide-imide, polybenzimidazole
and polyoxadiazole.

The thermosetting resin is a phenolic resin, a furan
resin, an epoxy resin, a xylene resin and a COPNA
resin, and when heated, the thermosetting resin can
flow, produce an intermolecular crosslinkage, and then
cure in a three-dimensional form, and it can give a high
carbon residue yield without any specific carbon pre-
cursor-producing treatment.

The pitch is what is obtained by subjecting a petro-
leum pitch, a coal tar pitch, an asphalt, or a carbonized
pitch (which is treated at 400° C. or less and which has
a carbon residue yield of 75-95%) of a hydrocarbon
compound such as a pitch or a synthetic resin being
carried out an anti-graphitization treatment such as an
oxidizing treatment for the purpose of crosslinking it.

Next, reference will be made to a graphite fine pow-
der to be used in a composite form with the organic
material which is the starting material of the matrix
carbon. In order to achieve the good electrode reaction,
it is important to prepare a composite carbon material
which is systematically oriented so that the crystal edge
surface of the highly developed graphite may be ar-
ranged vertically to the reaction surface of the elec-
trode. Therefore, graphite whisker, highly oriented
pyroiltic graphite (HOPG), Kish graphite, crystalline
natural graphite can be used preferably. The particle
diameter of the graphite fine powder is preferably sev-
eral micrometers or less in terms of a maximum diame-
ter, depending upon the diameter of the desired elec-
trode.

Next, the preparation process of the present invention
will be described. As starting material, the one or more
organic substances which can leave the glass like and
less graphitizable carbon constituting the matrix are
selected from the above-mentioned natural polymeric
substance, synthetic polymeric substance, thermoset-
ting resin, thermoplastic resin and pitches, and the one
or more selected organic substances are then blended
with the above-mentioned crystalline carbon fine pow-
der in compliance with a purpose and the fine powder is
sufficiently dispersed therein by a Henschel mixer or the
like.

If it is necessary to heighten density or to smooth the
surface of the system, a carbonized pitch having a high
carbon residue yield is blended with the above-men-
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tioned composition, and a plasticizer, a solvent and the
like are then added thereto. Afterward, they are suffi-
ciently mixed/dispersed by a kneader such as a pressure
kneader or a twin roll by which shearing force can be
highly given. After granulated by a pelletizer, the resul-
tant granules are extruded at a high velocity so as to
have a desired diameter by means of a screw type or a
plunger type extruder, and an orientating operation is
then carried out so as to successfully arrange the crys-
tals of the mixed graphite in an extrusion direction,
whereby a molded article is obtained.

Next, this molded article is treated for 10 hours in an
air oven heated to 180° C., while stretched, to form a
carbon precursor material. Furthermore, it is gradually
heated up to 1500° C. in a nitrogen gas, while a tempera-
ture rise velocity is controlled, to complete the carbon-
ization, thereby obtaining a carbon material for elec-
trodes.

Depending upon the purpose, the carbon material
may be densified all over by carrying out a heat treat-
ment up to 2200° C. in vacuo or in an argon gaseous
phase.

By using the above-mentioned carbon material for
electrodes of the present invention, there can be pre
pared a novel carbon electrode for electrochemical
measurement which has a non-permeability correspond-
ing to that of a glass like carbon and an electrode reac-
tion activity on the edge surfaces of graphite crystals.
The carbon electrode prepared from the carbon mate-
rial for electrodes of the present invention can be easily
reused by breaking off a used portion thereof to expose
a new section of the electrode, since it does not require
any special pretreatment. Additionally, in the carbon
material for electrodes of the present invention, the
deterioration of the electrode reaction activity can be
sufficiently inhibited, in contrast to the glass like car-
bon.

EXAMPLES
Example 1

A mixed resin system of 35% by weight of a chlori-
nated vinyl chloride resin (T-742, made by Nippon
Carbide Industries Co., Ltd.) and 50% by weight of a
furan resin (Hitafuran VF-302, made by Hitachi Chemi-
cal Co., Ltd.) was used as a matrix carbon material of an
electrode, and 15% by weight of a natural graphite fine
powder (average particle diameter=1 pm, CSSP-B,
made by Nippon Graphite Co., Ltd.) was added to the
mixed resin system to form a composition. Next, 20%
by weight of diailyl phthalate monomer was added as a
plasticizer to 100% by weight of the resultant composi-
tion and then dispersed therein by the use of a Henschel
mixer. Afterward, the mixture was sufficiently repeat-
edly kneaded by the use of a twin roll for mixing whose
surface temperature was maintained at 120° C., thereby
obtaining a sheet-like composition. This composition
was further pelletized by a pelletizer to obtain a compo-
sition for molding in the form of pellets. These pellets
were extruded at 130° C. at a velocity of 3 m/second by
a screw type extruder with a die having a diameter of
0.7 mm, while deaerated, and the molded article was
fixed on a frame and then treated for 10 hours in an air
oven heated up to 180° C. to form a carbon precursor
wire material. Next, this wire material was heated up to
500° C. at a temperature rise rate of 10° C./hour and
then up to 1000° C. at a temperature rise rate of 50°
C./hour, and afterward, it was further heated up to
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1500° C. at 100° C./hour, maintained at 1500° C. for 3
hours, and then allowed to stand, whereby the calcina-
tion was completed.

In the thus obtained carbon material for electrodes, a
graphite/matrix carbon ratio was 32/68. The pore di-
ameter of the system was measured in accordance with
a mercury pressure method by the use of a porosimeter
(Autoscan-60) made by Yuasa Ionics Co., Ltd., and asa
result, the maximum pore diameter was 120 A. Elec-
trode properties were evaluated by observing the redox
reactivity of ferrocyanate ions/ferricyanate ions in the
1M KCl system of 5X 10—3 M Fe(CN)g*— as the stan-
dard of an electrode reaction activity by the use of a
polarographic analyzer (YANACO P-1100) made by
Yanagimoto Co., Ltd., and the results are shown FIG.
1. Even when any special pretreatment was not made,
blank current was small, and sharp peaks of a oxidation
wave and a reduction wave were obtained and a differ-
ence AEp between peak potentials was near to a theo-
retical value. In addition, the increase of a current value
attributed to the permeation of the electrolyte was not
observed, which meant that the carbon material had
non-permeability against the electrolyte substantially
corresponding to a glass like carbon.

Example 2

A mixed resin system of 50% by weight of a furan
resin (Hitafuran VF-302, made by Hitachi Chemical
Co., Ltd.) and 30% by weight of a carbonized pitch
(carbon residue yield =85%, MH-1P, made by Kureha
Chemical Industry Co., Ltd.) was used as a matrix car-
bon material of an electrode, and 20% by weight of a
natural graphite fine powder (average particle diame-
ter=1 pum, CSSP-B, made by Nippon Graphite Co.,
Ltd.) was added to the mixed resin system and then
dispersed therein by the use of a Henshel mixer. After-
ward, the mixture was sufficiently repeatedly kneaded
by the use of a twin roll for mixing whose surface tem-
perature was maintained at 120° C., thereby obtaining a
sheet-like composition. This composition was vacuum-
extruded at a discharge rate of 5 m/second by the use of
a plunger type oil hydraulic extruder. Afterward, the
same procedure as in Example 1 was carried out to
obtain a desired carbon material for electrodes.
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In the thus obtained carbon material for electrodes, a
graphite/matrix carbon ratio was 30/70. The maximum
pore diameter of the system was 65 A.

In reference to the electrode characteristic, a mea-
sured result by differntial pulse voltammetry method
regarding dopamine coexisting together ascorbic acid in
Ringer’s solution is shown in FIG. 2.

A current peak at 0.15 V vs. Standard Caromel Elec-
trode (S.C.E.) was observed when only ascorbic acid
was present.

50 pM concentration of dopamine was separately
observed in coexistence of 500 uM concentration of
ascorbic acid. That is, the respective corresponding
peaks at 0.15 V and 0.4 V vs. S.C.E. were observed with
good reproducibility in the coexisting state of ascorbic
acid and dopamine. The fact shows that the electrode is
extremely active in comparison with being unable to
separately detect the respective oxydation-reduction
waves by overlapping each other in the case of almost
carbon electrodes. In addition, the increase of a current
value attributed to the permeation of the electrolyte
was not observed, which meant that the carbon material
had non-permeability against the electrolyte substan-
tially corresponding to a glass like carbon.

What is claimed is:

1. A carbon material for electrodes which is a gra-
phite/glass like carbon composite material having a
structure in which the crystals of the graphite are ori-
ented in one direction in the matrix of the glass like
carbon so as to possess an electrode reaction activity
inherent in the graphite crystals, having a maximum
pore diameter of 150 A or less, and having electrolyte
non-penetrative properties substantially corresponding
to those of the glass like carbon.

2. A carbon material for electrodes which is a gra-
phite/glass like carbon composite material having a
structure in which the crystals of the graphite are ori-
ented in one direction in the matrix of the glass like
carbon so as to possess an electrode reaction activity
inherent in the graphite crystals, having a maximum
pore diameter of 150 A or less, and having electrolyte
non-penetrative properties substantially corresponding
to those of the glass like carbon, wherein 65 to 95% of
the graphite/glass like carbon composite material is
constituted of the matrix of the non-penetrative glass
like carbon.

* * *x *x X
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(57) ABSTRACT

The present invention relates to a method for production of
carbon electrodes where a first unbaked carbonaceous elec-
trode paste containing a binder which cures at a temperature
below 500° C. is supplied to an annulus between a curing
chamber having an inner cross section corresponding to the
cross section of the electrode which is to be produced and an
inner mould material, curing of the first electrode paste by
means of supplying heat to the curing chamber, removing of
elongated sections of the cured first electrode paste from the
curing chamber. The lengths of the cured first electrode paste
are mounted on the top of the electrode column in an electric
smelting furnace, a second electrode paste is optionally
supplied to the central opening of the cured body of the first
electrode paste, whereby the cured body of the first electrode
paste and the second electrode paste are baked into a solid
carbon electrode in the area of supplying electric operating
current to the electrode.

20 Claims, 6 Drawing Sheets
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METHOD FOR PRODUCTION OF CARBON
ELECTRODES

TECHNICAL FIELD

The present invention relates to method for production of
carbon electrodes for the use in electric smelting furnaces.

BACKGROUND ART

In electric smelting furnaces for production of ferro
alloys, ferro phosphorus, pig iron, and other products it is to
day mainly used self-baking carbon electrodes. Conven-
tional self-baking electrodes comprise a vertical arranged
electrode casing normally made from steel, extending
through an opening in the furnace roof or hood. The upper
end of the electrode casing is open in order to allow addition
of unbaked carbonaceous electrode paste which upon heat-
ing softens and melts and is thereafter baked into a solid
carbon electrode due to heat evolved in the paste in the area
of supply of electric operating current to the electrode. As
the electrode is consumed in the furnace the electrode is
lowered and new sections of casing are installed on the top
of the electrode column and further unbaked electrode paste
is added.

Conventional electrodes of this type are equipped with
inner, vertical metallic ribs affixed to the inner surface of the
electrode casing which ribs extend radially towards the
centre of the electrode. When a new section of electrode
casing is installed at the top of the electrode column, the ribs
are welded to the ribs in the casing below in order to obtain
continuous ribs in vertical direction. The ribs serve as a
reinforcement for the baked electrode and to conduct electric
current and heat radially into the electrode paste during the
baking process. To compensate for the consumption of the
electrode, the electrode is lowered downwardly into the
furnace by means of electrode holding and slipping means.

When conventional electrodes of this type are used, the
electrode casing and the inner ribs melt when the electrode
is being consumed in the furnace. The metal content of the
casing and the ribs is thus transferred to the product pro-
duced in the smelting furnace. As the electrode casing and
the inner ribs usually are made from steel, such conventional
self-baking electrodes can not be used for electric smelting
furnaces for the production of silicon or for the production
of ferro-silicon having a high silicon content, as the iron
content in the produced product will become unacceptably
high.

For processes where iron contaminates the product to be
produced it has conventionally been used prebaked carbon
electrodes which are produced in suitable lengths outside the
smelting furnace and added to the top of the electrode
column by means of threads or threaded nipples. It is also
known to use modifications of conventional self-baking
electrodes where contamination of the product in the fur-
naces with iron from the casing and the ribs are avoided or
reduced.

Pre-baked electrodes are normally produced by forming
sections of electrodes from a carbonaceous electrode paste,
whereafter the formed complete electrode sections are sub-
jected to heat treatment in order to bake the electrode paste
into a solid carbon electrode. Such a method of production
requires a long period of heat treatment and the temperature
has to be closely regulated during heating and during
cooling in order to prevent crack formation in the finished
electrode length. Further, the baked electrode has to be
machined in order to obtain an acceptable surface finish and
to make threads in the ends of each electrode length.
Prebaked electrodes produced in this way are therefore very
costly.
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In Norwegian patent No. 154860 it is disclosed a method
for continuous production of elongated carbon bodies which
bodies are cut into suitable lengths and which are used in the
same way as prebaked electrodes after machining and
threading. In this method electrode paste supplied to a casing
is baked by lowering the casing containing unbaked elec-
trode paste continuously or substantially continuously
through a baking furnace which is heated to a temperature of
between 700 and 1300° C. by external supply of heat and by
combustion of gases which evolve during the baking. Also
this kind of electrodes have the disadvantage that they have
to be machined and treaded before they can be used as
electrodes in smelting furnace.

A number of modifications of the conventional self-
baking electrode have been proposed in order to avoid
contamination of the product produced in the smelting
furnace. Thus in Norwegian patent No. 149451 it is dis-
closed a self-baking electrode wherein an electrode paste
with a tar-based binder contained in a casing having no inner
vertical ribs, is baked above the area where electric operat-
ing current is supplied to the electrode and where the casing
is removed after baking of the electrode, but before the
electrode reaches the area where electric operating current is
supplied to the electrode. In this way a casing and rib free
electrode can be produced. This kind of electrode has been
used in smelting furnaces for the production of silicon, but
has the disadvantage compared to conventional prebaked
electrodes that it needs costly apparatuses for baking of the
electrode as the electrode in the area of baking has to be
heated to a temperature in the range of 700-1000° C.
Further, as gases containing polyaromatic hydro-carbon
compounds (PAH) evolve during baking, the apparatus has
to be equipped with means for collecting and destructing the
PAH compounds. Finally, it has to be arranged devices for
removal of the casing after the electrode has been baked.

U.S. Pat. No. 4,692,929 discloses a self-baking electrode
which is useful in the production of silicon. The electrode
comprises a permanent metal casing having no inner ribs
and a support structure for the electrode comprising carbon
fibres, where the electrode paste is baked about the support
structure and where the baked electrode is held by the
support structure. This electrode has the disadvantage that
separate holding means have to be arranged above the top of
the electrode in order to hold the electrode by means of the
support structure made from carbon fibres.

U.S. Pat. No. 4,575,856 discloses a self-baking electrode
having a permanent casing having no inner ribs where the
electrode paste is baked about a central graphite core and
where the electrode is held be the graphite core. This
electrode has the same disadvantage as the electrode dis-
closed in U.S. Pat. No. 4,692,929, but in addition the
graphite core is subjected to breakage when the electrode is
subjected to horizontal forces.

The above mentioned methods for producing self-baking
electrodes having no inner metal ribs all have the disadvan-
tage the they can not be used for electrodes having a
diameter above about 1.2 m without a substantial increased
risk of electrode breakage. In contrast, conventional self
baking electrodes may have a diameter of up to 2.0 m.

In the production of all the above mentioned types of
carbon electrodes it is used a carbonaceous electrode paste
comprising a particulate solid carbon material, preferably
anthracite, and a tar-based binder. This electrode paste is
solid at room temperature. Upon heating, the paste starts to
soften at a temperature in the range of 50-150° C. as the
tar-based binder starts to melt at this temperature. Upon
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further heating to about 500° C. the paste starts to bake, and
a complete baking to a solid carbonaceous body takes place
at a temperature above about 800° C.

DISCLOSURE OF INVENTION

In spite of the above mentioned methods and apparatuses
for production of self-baking electrodes in order to avoid
iron contamination of the product which is produced in the
furnace, it is still a need for a reliable method and apparatus
for production of self-baking carbon electrodes whereby the
disadvantages of the known methods can be overcome.

Accordingly, the present invention relates to a method for
production of a carbon electrodes which method is charac-
terised in that a first unbaked carbonaceous electrode paste
containing a binder which cures at a temperature below 500°
C. is supplied to a an annulus between a curing chamber
having an inner cross-section corresponding to the cross-
section of to the electrode which is to be produced and an
inner mould material, curing of the first electrode paste by
means of supplying heat to the curing chamber, removing of
elongated sections of the cured first electrode paste from the
curing chamber, installing lengths of the cured first electrode
paste on the top of the electrode column in an electric
smelting furnace, optionally supplying a second electrode
paste to the central opening of the cured body of the first
electrode paste, whereby the cured body of the first electrode
paste and the second electrode paste are baked into a solid
carbon electrode in the area of supplying electric operating
current to the electrode.

According to a first embodiment the inner mould material
is made from metal, carbon or from a ceramic material
which is removed after curing of the first electrode paste. An
elongated cured body having a central opening extending
therethrough is thereby formed. The cured body is then
mounted on the top of the electrode column in an electric
smelting furnace, whereafter the second carbonaceous elec-
trode paste, preferably containing a tar-based binder, is
supplied to the central opening in the cured body of the first
electrode paste. As the electrode is consumed in the furnace,
the electrode is slipped downwards through conventional
electrode holding—and slipping means, and when the cured
body of the first electrode paste reaches the area of the
electrode electric current supply means, the cured body and
the second electrode paste contained in the cured body are
baked into a monolithic solid carbon electrode.

According to a second embodiment the inner mould
material in the curing chamber consists of unbaked blocks of
the second electrode paste containing a binder which cures
a higher temperature than the binder in the first electrode
paste, preferably a tar-based binder. During heating and
curing of the first electrode paste, the blocks of the second
electrode paste will be substantially unaffected. The cured
body of the first electrode paste which is removed form the
curing chamber will thereby contain unbaked blocks of the
second electrode paste in its centre. When the cured body is
mounted at the top of the electrode column of the smelting
furnace, the blocks of the second electrode paste are baked
in the area where electric current is supply to the electrode
and forms a monolithic solid electrode with the cured body
of the first electrode paste.

The production of the cured body of the first electrode
paste can be both discontinuous and continuous. By discon-
tinuous production the annulus between the curing chamber
and the inner mould material is filled with the first electrode
paste whereafter heat is supplied to the curing chamber for
a time necessary to effect curing of the first electrode paste.
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After cooling, the cured body of the first electrode paste is
removed from the curing chamber whereafter the curing
chamber again is filled with the first electrode paste for
production of another cured body.

By continuous production of cured bodies of the first
electrode paste, the heat supply to the curing chamber is kept
substantially constant and the cured body is lowered through
the curing chamber at a constant or substantially constant
rate, while unbaked electrode paste is supplied to the annu-
lus between the curing chamber and the inner mould mate-
rial. When the inner mould material comprises blocks of the
second electrode paste, new blocks of the second electrode
paste are placed on the top of the lower blocks in order to
maintain the mould material in the curing chamber as the
cured body is lowered down through the curing chamber. By
continuous production of the cured bodies of the first
electrode paste, the continuous body is divided into suitable
lengths below the curing chamber, preferably by inserting
horizontal partition sheets in the curing chamber at suitable
intervals.

The bodies of the cured first electrode paste is mounted on
the top of the electrode column by using conventional glue
for gluing carbon parts. In order to ensure a good connection
and centering of the bodies of the first electrode paste to each
other when mounting on the electrode column, the bodies of
the cured first electrode paste are made with a ring-shaped
upwardly extending bulb in one end and with a correspond-
ing ring-shaped groove in the other end, whereby the bulb on
one cured body is intended to fit into the groove on the next
cured body. In this way the contact area upon gluing is
increased at the same time as the stability against horizontal
forces is increased when the bodies are mounted in the
electrode column in a melting furnace.

The bulbs respectively the grooves, can in a simple way
be made by forming bulbs and grooves on the partition
sheets which are used during the continuous production of
the cured bodies of the first electrode paste.

The first electrode paste is preferably an electrode paste
containing a resin-based binder. Such binders cure at a
temperature between 120° C. and 500° C. and during curing
it is obtained bodies having a sufficient mechanical strength
in order to withstand the forces they are subjected to in an
electrode column in electric smelting furnaces. The cured
bodies of the first electrode paste will have a sufficient
electric and thermal conductivity in order to supply electric
current via conventional current supply means in the area of
supplying electric operating current to the electrode.

The radial thickness of the cured body of the first elec-
trode paste is adjusted according to the electrode diameter
with an increased thickness with increased electrode diam-
eter. It is, however, preferred that the radial thickness is at
least 1 cm. The cured body of the first electrode paste has,
however, normally a radial thickness of at least 5 cm and
preferably more than 10 cm.

The carbon electrode according to the present invention
shows a number of advantages compared to known carbon
electrodes. Thus the electrode has no iron casing and no iron
ribs and can therefore be used in processes where iron will
contaminate the product produced in the furnace. The elec-
trode will, after final baking in the area of electric current
supply to the electrode, have no joints, as the second
electrode paste in the centre of the electrode will from a true
continuous electrode. The risk of electrode breakage is
thereby substantially reduced compared to prebaked elec-
trodes where each electrode length is mounted on the
electrode column by means of thread connections. Further
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the use of a resin-based paste as the first electrode paste
provides a smooth surface during curing of the body of the
first electrode paste in the curing chamber, making it unnec-
essary to machine the outer surface.

The electrode produced according to the present invention
can be installed in existing furnaces as existing holding and
slipping equipment and electric current supply means can be
used without modifications.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a first embodiment for production of cured
bodies of the first electrode paste,

FIG. 2 is a view along line I—I in FIG. 1,

FIG. 3 shows a second embodiment for production of
cured bodies of the first electrode paste,

FIG. 4 shows a third embodiment for production of cured
bodies of the first electrode paste,

FIG. 5 shows a view along line II—II in FIG. 4,

FIG. 6 shows a fourth embodiment for production of
cured bodies of the fist electrode paste,

FIG. 7 shows a first embodiment for mounting the cured
bodies and final production of electrodes in connection with
a smelting furnace, and where,

FIG. 8 shows a second embodiment for mounting and
final production of electrode in connection with a smelting
furnace.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In FIG. 1 and 2 there is shown schematically discontinu-
ous production of cured bodies of a first electrode paste.

In FIG. 1 and 2 there is shown a curing chamber 1 having
an inner diameter corresponding to the electrode to be
produced. The curing chamber 1 rests on a base support 2.
An inner mould material 3 forms an annular elongated
mould 4 between the curing chamber 1 and the inner mould
material 3. A first electrode paste containing a binder which
cures at a temperature of below 500° C., preferably a
resin-based binder, is filled into the mould 4, whereafter the
paste is heated to curing, temperature by means of electric
heating elements 5 or by other known heating means for
supply of heat energy, arranged in the curing chamber 1,
whereby the first electrode paste is cured to a ring-shaped
cured body 6. In order to ensure that a horizontal surface is
obtained the top of the cured body 6, a horizontal sheet 7 is
placed upon the top of the first electrode paste prior to
curing. The horizontal sheet 7 has preferably a ring-shaped
bulb 8 on its lower side in order to from a ring-shaped
groove in the cured body 6, and a ring shaped groove on its
upper side in order to form a downward extending bulb in
the cured body 6. After cooling the cured body 6, is removed
from the curing chamber 1.

In FIG. 3 there is shown continuous production of cured
bodies 6 of the first electrode paste. In FIG. 3 parts corre-
sponding to parts in FIGS. 1 and 2 have identical reference
numerals. The method shown in FIG. 3 differs from the
method shown in FIGS. 1 and 2 in that the cured body 6 rests
on a table 10 which can be moved in vertical direction. The
table 10 can be moved vertically by means of threaded
spindles 11. At start of the curing the table 10 is in its upper
position constituting a bottom in the curing chamber 1. The
first electrode paste 12 is supplied to the annulus between the
curing chamber 1 an the inner mould material 3 whereafter
the electrode paste is heated by means of heat energy
supplied by the heating elements 5 in the curing chamber 1.
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When the curing starts, the table 10 is lowered with a
constant or a substantially constant rate while further elec-
trode paste 12 is supplied to the top of the curing chamber
1. In order to divide the cured body into suitable lengths,
partition sheets 13 is inserted at intervals. When the table 10
has been lowered such a distance that one length of cured
body 6 has been completely lowered down through the
curing chamber 1, the part of the cured body 6 inside the
curing chamber 1 is held by means of pressure means 14,
whereafter the table 10 with the finished cured body 6 is
removed as suggested by the arrow 15. The table 10 is
thereafter lifted to its upper position, whereafter lowering of
the table 10 with cured body 6 is continued.

The partition sheets 13 is at its upper side equipped with
aring shaped groove 8 and is on its lower side equipped with
a downwardly extending ring-shaped bulb in order to form
a groove respectively bulb in the top and in the bottom of
each of the cured bodies 6.

In FIGS. 4,5 and 6 there is shown an embodiment for
discontinuous, respectively continuous production of cured
bodies 6 which only differs from the embodiments shown in
FIGS. 1 and 3 in that the inner mould material is made from
blocks 16 of a second carbonaceous electrode paste con-
taining a binder which cures at a higher temperature than the
binder in the first electrode paste. During curing of the first
electrode paste in the curing chamber 1 the blocks 16 of the
second electrode paste are substantially unaffected. The
blocks 16 will thereby form an integral central part of the
cured bodies 6.

In FIG. 7 there is shown an embodiment for mounting of
the cured bodies 6 produced by the methods shown in FIGS.
1 and 3 on the top of an electrode column in an electric
smelting furnace, and final production of the carbon elec-
trode.

On FIG. 7 there is shown in electric smelting furnace 20.
The smelting furnace 20 is equipped with a smoke-hood 21
and the charge level in the furnace is suggested by reference
number 22. Contact clamps for supply of electric operating
current to the furnace are shown by reference numeral 23.
The contact clamps 23 are pressed against the electrode by
means of a pressure ring 24. The contact clamps 23 and the
pressure ring 24 is in conventional way equipped with
internal channels for circulation of a cooling liquid. The
contact clamps 23 are via rails 25 suspended from an
electrode frame 26.

The electrode frame 26 is in conventional way suspended
in the building construction 27 by means of hydraulic
electrode regulation cylinders 28, 29. On the electrode frame
26 there is further arranged electrode holding and slipping
rings 30, 31. The upper holding and slipping ring 30 can be
moved in vertical direction by means of hydraulic or pneu-
matic cylinders 32,33.

Cured bodies 6, produced according to the embodiments
shown in FIGS. 1 and 3 as described above, are mounted on
the top of the electrode column and connected to the cured
body 6 below by gluing. Electrode paste in the form of
briquettes or cylinders is charged to the hollow cured bodies
6. When the electrode paste enters the area of the contact
clamps 23 for supply of electric operating current to the
furnace 20, heat will be generated in the cured body 6 and
in the electrode paste. The cured body 6 and the electrode
paste contained therein will thereby be baked into a solid
monotithic carbon electrode 34.

In FIG. 8 there is shown an embodiment for mounting of
cured bodies 6 produced according to the method shown in
FIG. 4 and 6 to the top of the electrode column in an electric
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smelting furnace. In FIG. 8 parts corresponding to parts in
FIG. 7 have been given the same reference numerals. In the
embodiment shown in FIG. 8 the cured bodies 6 are
mounted in the same way as described above in connection
with FIG. 7. The cured bodies 6 arena however, already
filled with blocks 16 of the second electrode paste. When the
cured bodies 6 enters the area of the contact clamps 23, the
cured bodies 6 and the blocks 16 of the second electrode
paste will be baked into a solid monolithic carbon electrode
34.
We claim:
1. A method for production of a carbon electrode, com-
prising the steps of:
supplying a first unbaked carbonaceous electrode paste
containing a binder which cures at a temperature below
about 500° C. to an annulus defined by an inner wall of
a curing chamber and an inner mold material, said
curing chamber having an inner cross-section corre-
sponding to the cross-section of the electrode which is
to be produced,

curing of the first electrode paste by means of supplying
heat to the curing chamber so as to form a cured body
from the first electrode paste, said cured body having a
central opening therein,

removing the cured body from the curing chamber,

installing the cured body on the top of an electrode in an
electric smelting furnace,

supplying a second electrode paste to the central opening
of the cured body,

supplying operating electric current to the electrode
whereby the cured body and the second electrode paste
are baked into a solid carbon electrode in the area
electric current is supplied to the electrode.

2. The method according to claim 1, wherein the inner
mold material is made from metal, carbon or a ceramic
material which is removed after curing of the first electrode
paste.

3. A method for production of a carbon electrode com-
prising the steps of:

supplying a first unbaked carbonaceous electrode paste

containing a binder which cures at a temperature below
about 500° C. to an annulus defined by an inner wall of
a curing chamber and one or more unbaked blocks of
a second electrode paste containing a binder which
cures at a higher temperature than the binder in the first
electrode paste, said curing chamber having an inner
cross-section corresponding to the cross-section of the
electrode which is to be produced,

curing of the first electrode paste by means of supplying

heat to the curing chamber so as to form a cured body
from the first electrode paste said second electrode
paste being substantially uneffected during the heating
and curing of the first electrode paste in the curing
chamber,

removing the cured body and said blocks of uncured

second electrode paste from the curing chamber,
installing the cured body and said blocks on the top of an
electrode in an electric smelting furnace,

supplying operating electric current to the electrode

whereby the cured body and the uncured blocks of said
second electrode paste are baked into a solid carbon
electrode in the area electric current is supplied to the
electrode.

4. The method according to claim 1 wherein the cured
body is produced by completely filling the annulus between
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8

the curing chamber and the inner mold material with the first
electrode paste, whereafter heat is supplied to the curing
chamber for a time necessary to effect curing of the first
electrode paste and removing the cured body of the first
electrode paste from the curing chamber, whereafter the
annulus of the curing chamber again is filled with the first
electrode paste for production of another cured body.

5. The method according to claim 1 wherein the cured
body of the first electrode paste is produced by keeping the
heat supply to the curing chamber substantially constant and
lowering the cured body through the curing chamber at a
constant or substantially constant rate, while further uncured
first electrode paste is supplied to the annulus between the
curing chamber and the inner mold material.

6. The method according to claim 5 wherein the cured
body of the first electrode paste is divided into suitable
lengths below the curing chamber.

7. The method according to claim 6 wherein the cured
body is divided into suitable lengths by inserting horizontal
partition sheets in the curing chamber at suitable intervals.

8. The method according to claim 1 wherein the cured
body is mounted on the top of the electrode in the electric
smelting furnace by gluing.

9. The method according to claim 3 wherein the cured
body and said blocks of uncured second electrode paste is
produced by completely filling the annulus between the
curing chamber and the uncured second electrode paste with
the first electrode paste, whereafter heat is supplied to the
curing chamber for a time necessary to effect curing of the
first electrode paste, and removing the cured body and said
blocks of uncured second electrode paste from the curing
chamber, whereafter the curing chamber again is filled with
the first electrode paste and said blocks of uncured second
electrode paste for production of another cured body and
blocks of uncured said second electrode paste.

10. The method according to claim 3 wherein the cured
body and said blocks of uncured second electrode paste is
produced by keeping the heat supply to the curing chamber
substantially constant and lowering the cured body and said
blocks of uncured second electrode paste through the curing
chamber at a constant or substantially constant rate, while
further blocks of uncured second electrode paste is supplied
to the curing chamber to form the annulus and uncured first
electrode paste is added to the annulus.

11. The method according to claim 3 wherein the cured
body and said blocks of uncured second electrode paste is
divided into suitable lengths below the curing chamber.

12. The method according to claim 11 wherein the cured
body and said blocks of uncured second electrode paste is
divided into suitable lengths by inserting horizontal partition
sheets in the curing chamber at suitable intervals.

13. The method according to claim 3 wherein the cured
body and said blocks of uncured second electrode paste is
mounted on the top of the electrode column in the electric
smelting furnace by gluing one cured body to another cured
body.

14. A carbon electrode comprising:

(a) a top portion comprising:

(al) a cured body of a first electrode paste wherein said
first electrode paste cured at a temperature below
about 500° C., said cured body having a central
opening therein; and

(a2) an uncured second electrode paste, said second
electrode paste curing at a temperature above the
temperature at which said first electrode paste, said
second electrode paste being located in said central
opening of the cured body; and
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(b) a bottom portion comprising a solid monolithic carbon
electrode.
15. The electrode of claim 14 wherein said cured body has
a thickness of at least 5 cm.
16. A carbon electrode precursor used for making an
electrode in a furnace comprising:

a cured body of a first electrode paste wherein said first
electrode paste cured at a temperature below about
500° C., said cured body having a central opening
therein; and

one or more blocks of an uncured second electrode paste,
said second electrode paste curing at a temperature
above the temperature at which said first electrode
paste, said second electrode paste being located in said
central opening of the cured body.
17. The electrode of claim 16 wherein said cured body has
a thickness of at least 5 cm.
18. In an electric smelting furnace which employs one or
more electrodes, the improvement comprising a carbon
electrode having

10

15

10
(a) a top portion which comprises:

(al) a cured body of a first electrode paste wherein said
first electrode paste cured at a temperature below
about 500° C., said cured body having a central
opening therein; and

(a2) an uncured second electrode paste, said second
electrode paste curing at a temperature above the
temperature at which said first electrode paste, said
second electrode paste being located in said central
opening of the cured body; and

(b) a bottom portion which is a monolithic carbon elec-
trode.
19. The furnace of claim 18 wherein said cured body of
said electrode has a thickness of about 5 cm.

20. The furnace of claim 18 wherein silicon metal is
produced.
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ELECTRODE FOR DISCHARGE SURFACE
TREATMENT AND MANUFACTURING
METHOD THEREFOR AND DISCHARGE
SURFACE TREATMENT METHOD AND
DEVICE

TECHNICAL FIELD

The present invention relates to improvements in an
electrode for use in electrical discharge surface treatment,
arranged to cause discharge to take place between the
electrode and a workpiece. The discharge energy is used to
form a hard coating on the surface of the workpiece. Also
disclosed are a manufacturing method therefor, a discharge
surface treatment method and an apparatus therefor.

BACKGROUND ART

Hitherto, as a technique for coating the surface of a work
to impart corrosion resistance and wear resistance to the
surface, a discharge surface treatment method has been
disclosed in, for example, Japanese Patent Unexamined
Publication No. Hei. 5-148615. The foregoing technique
uses an electrode in the form of a green compact composed
of WC powder and Co powder so that a primary step (a
depositing step) is performed. Then, a secondary step (a
re-melting step) is performed after the electrode has been
changed. The second electrode, may be, e.g., a copper
electrode whose electrode wear is comparatively small.
Thus, the foregoing method requires two steps to complete
the treatment of the surface of a metal material. This
conventional technique is excellent when it is used to form,
on a steel material, a hard coating exhibiting satisfactory
hardness and adhesiveness and having a thickness of tens of
um. However, the method encounters difficulty when a hard
coating having sufficient adhesiveness is to be formed on a
sintered material, such as a hard alloy.

A discharge surface treatment method disclosed in Japa-
nese Patent Unexamined Publication No. Hei. 9-192937,
which is capable of forming a hard coating having sufficient
adhesiveness on a hard alloy will now be described with
reference to FIG. 16. Referring to FIG. 16, reference
numeral 1 represents an electrode in the form of a green
compact manufactured by compressing TiH, powder, 2
represents a workpiece, 3 represents a working tank, 4
represents a working fluid and 5 represents a switching
element for switching the voltage and current which are
applied to the electrode 1 and the workpiece 2. Reference
numeral 6 represents a control circuit for on/off controlling
of the switching element 5. Reference numeral 7 represents
a power source, 8 represents a resistor and 9 represents a
formed hard coating. The discharge surface treatment per-
formed with the foregoing structure enables a hard coating
exhibiting excellent adhesiveness and having a thickness of
several um to tens of um to be formed on the surface of steel
or a hard alloy.

Each of the foregoing conventional techniques are char-
acterized by using an electrode in the form of a green
compact, and has an advantage in that components of the
electrode can easily be melted due to the discharge energy,
permitting a coating to easily be formed on the surface of the
workpiece. However, the following three reasons have
inhibited practical use of the foregoing method.

Afirst reason will now be described. The electrode in the
form of the green compact is brittle and susceptible to
damage. Therefore, machining to adapt the electrode to the
shape of the workpiece, or machining to form screw holes
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for securing the electrode to the apparatus cannot easily be
performed. Thus, the preparatory operations for the dis-
charge surface treatment become too complicated, causing a
substantial deterioration in the process efficiency. To over-
come the above-mentioned problem, it might be feasible to
sinter the electrode, in the form of the green compact, into
a metal electrode for use. However, there arises a problem in
that the processability of the sintered electrode deteriorates
and a speed at which the hard coating can be formed is
reduced.

A second reason will now be described. An electrode
having a size satisfactory from the viewpoint of practical use
cannot easily be formed. That is, an electrode arranged to be
used in the surface treatment of a mold or the like and having
a satisfactorily large size can be formed only when a high
performance press is employed. Moreover, the fact that the
pressure cannot be uniformly transmitted in the material
when the powder material is compressed causes irregulari-
ties in the density to occur. Therefore, there arises a problem
of, for example, cracks. Hence, it follows that the non-
uniform hard coating formed on the workpiece results in a
poorer quality product.

A third reason will now be described. A thick film cannot
easily be formed. The conventional method cannot form a
coating, the thickness of which is larger than several um to
tens of um. A hard coating having a thickness larger than the
above-mentioned value, required by industry, cannot be
formed.

An elaboration will be given regarding the third reason
above. Thin film formation has industrially been performed
by physical evaporation, or chemical evaporation which is a
dry process. A thick film cannot be formed by the foregoing
method. Therefore, spray coating or the like must be
employed at present. Spray coating methods capable of
coating a variety of materials on a workpiece suffer from
coarse texture of the formed coating. Therefore, spray coat-
ing cannot be applied in situations requiring precision and
durability, such as forming a coating on a mold. The
materials which can be spray coated are also excessively
limited.

A conventional technique has been disclosed in Japanese
Patent Unexamined Publication No. Hei. 8-300227 which
relates to an electrode for discharge surface treatment and a
method of surface treatment for a metal material. This
method has the steps of using carbide, compressing it into an
electrode and performing temporal sintering at a temperature
lower than the sintering temperature so that an electrode is
formed. The method is arranged to change the machining
polarity after the discharge surface treatment has been
performed to perform a process for further hardening the
hard coating. Therefore, the temporal sintering process must
be performed at a comparatively high temperature. This
process demands that a temperature of 1100° C. is main-
tained for 30 minutes. Since dense textures have been
formed in the foregoing electrode, and manufactured by the
temporal sintering process, secondary machining of the
electrode cannot be easily performed. Unfortunately, the
hard coating cannot be efficiently deposited on a workpiece,
resulting in poor quality of the hard coating. When a dense
hard coating is required, the machining operation must be
performed for a long time. The foregoing method has
another problem in that the depositing process is easily
shifted to a profile-discharge process.

A method of manufacturing a mold will now be described
as an example of the workpiece. The mold can be manu-
factured by any one of the following three methods. A first
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method is arranged such that a mold is subjected to heat
treatment to impart required hardness and wear resistance. A
second method uses surface modifying techniques to deposit
a hard coating on a portion, or the overall surface of the
mold, to prolong the mold’s lifetime. A third method uses a
hard alloy or the like to manufacture the mold to maintain
the accuracy of the mold for a long time. The third method
is employed to manufacture a mold for automobiles or the
like which are mass-produced, or to manufacture precise
products.

In the present invention, a discharge surface treatment
method is employed when a mold is the workpiece which
must be processed according to the third method. According
to the present invention, a discharge surface treatment
method is provided for a mold which is interchangeable with
or substitutable for a mold made of a hard alloy or a mold
which partially uses the hard alloy. A conventional technique
will now be described.

FIG. 17 shows an example of a mold for a die header
which is used as a mold a precise forging process. A hard
alloy block 101 is embedded in the central portion of a base
metal 100 and machined by a profile discharge machine or
a wire discharge machine to provide the actual mold surface.
Additionally, a discharge surface treatment is performed to
deposit a hard coating on the surface of the mold to increase
the hardness of the surface which improves the durability of
the mold. FIG. 17 shows the structure which is used when
the discharge surface treatment is performed. A discharge
surface treatment uses an electrode 103 in the form of a
green compact to produce a hard coating on the surface of
the mold having a thickness of about several um. Reference
numeral 102 represents a shank for securing the electrode
103. As described above, the mold is manufactured by a
plurality of steps including machining the base metal for the
mold, embedding the hard alloy block, precise machining of
the shape of the mold and discharge surface treatment for
improving the surface of the mold.

The foregoing process for manufacturing the mold has
two critical problems. A first problem arises due to the hard
alloy block being force-fitted into the base material of the
mold. Therefore, both of the base material of the mold and
the hard alloy block must be machined with considerably
excellent accuracy. Therefore, a long time and a great cost
are required to manufacture the mold. A second problem is
caused from a fact that the hard alloy block is made of a
different material than the base material of the mold. As a
result, the difference in the coefficient of thermal expansion
causes cracks and breakage to easily occur. If the hard alloy
block cannot be used due to breakage or cracks, the mold
must be discarded or re-manufactured. Also, a long time and
a great cost are required to manufacture the mold.

Therefore, a need for improvement is called for by a
department which manufactures the molds and/or a depart-
ment which uses the molds. However, an effective solution
has not been provided.

Another case will now be described. In the automobile
parts manufacturing industry, a mold for forging a connect-
ing rod structured, for example, as shown in FIG. 18, is
widely used. FIG. 19 shows a representative manufacturing
process in the foregoing case. Recently, a high speed cutting
technique has rapidly been improved. Therefore, a hard
workpiece obtained by heat treatment can be subjected to a
cutting operation. FIG. 20 shows results of a comparison of
the time required to manufacture connecting rod molds
between the high-speed cutting operation and the conven-
tional discharge machining operation. As can be understood
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from FIG. 20, the high-speed cutting operation is more
efficient than the conventional discharge machining opera-
tion.

Since the mold wears after it has been used as shown in
5 of FIG. 19, changing to a new mold or improving the
accuracy of the worn mold is required. In a case of a large
mold, as shown in FIG. 18, the hard alloy block cannot
easily be embedded. A major portion of large molds of the
foregoing type is usually made of die steel. Therefore, if the
die-steel mold has been worn, heat treatment and surface
improvement can only be partially performed to improve the
durability. Therefore, the frequency of re-manufacturing the
molds is raised excessively, causing the cost of manufac-
turing the mold to be dramatically increased.

The conventional method of forming a hard coating to a
workpiece, such as a mold, by performing discharge surface
treatment has been structured as described in Japanese
Patent Unexamined Publication No. Hei. 5-148615.

The conventional method, however, suffers from thin
thickness of the hard coating as shown in FIG. 21, deterio-
ration in the characteristics of the material at high tempera-
tures due to plastic deformation and insufficient tenacity.
Therefore, it is difficult to use the mold having the hard
coating formed thereon as a substitute for the hard alloy
block. Therefore, the foregoing hard coating has been lim-
itedly used to improve the surface of a hard alloy.

As described above, there arises a problem of increased
time and manufacturing costs needed to manufacture the
mold made of the hard alloy. In a case of a large mold into
which the hard alloy block cannot be embedded, there arises
a problem of increased frequency of re-manufacturing the
molds and, therefore, the cost for manufacturing the mold
cannot be reduced. The conventional method of forming the
hard coating by the discharge surface treatment suffers from
an unsatisfactorily small thickness. Therefore, the problems
could not be previously overcome.

DISCLOSURE OF THE INVENTION

The present invention solves the above-mentioned prob-
lems experienced with the conventional techniques, and an
object of the present invention is to obtain an electrode for
discharge surface treatment which can easily be secondary-
machined and which is free from reduction in a forming rate
of a hard coating.

Another object of the present invention is to obtain an
electrode for discharge surface treatment which is capable of
forming, on a workpiece, a hard coating, which is capable of
imparting special functions including lubricity, strength
against high temperatures and wear resistance.

Another object of the present invention is to obtain an
electrode for discharge surface treatment which is capable of
forming a high-quality hard coating on a workpiece.

Another object of the present invention is to obtain a
discharge surface treatment method which is capable of
efficiently forming a hard coating on a workpiece, easily
forming an electrode, forming a thick film of a hard coating
in an arbitrary range of an area which is applicable to a
variety of mechanical elements including molds, tools and
mechanical parts.

Another object of the present invention is to obtain a
discharge surface treatment method which is applied to a
mold as a substitute for a mold made of a hard alloy, which
exhibits a low cost, high accuracy and excellent durability,
which can be quickly manufactured and which can be used
repeatedly using only a simple repairing operation.
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Since the present invention is structured as described
above, the following effects can be obtained.

The electrode for discharge surface treatment according to
the first invention attains an effect that it can easily be
formed by a mechanical removing process, such as a turning
operation, a grinding operation or a polishing operation or a
discharging process. Moreover, a discharge surface treat-
ment using the electrode can be performed such that a rate
at which the hard coating which is formed on the work is
formed is not reduced.

The electrode for discharge surface treatment according to
the second invention attains an effect similar to that obtain-
able from the first invention and another effect that form-
ability in the compression forming can significantly be
improved.

The electrode for discharge surface treatment according to
the third invention attain an effect similar to that obtainable
from the first invention or the second invention.

The electrode for discharge surface treatment according to
the fourth invention attains an effect similar to that obtain-
able from the first invention or the second invention and
another effect that a hard coating capable of imparting
special functions including lubricity, strength against high
temperatures and wear resistance can be formed on a work
by the discharge surface treatment using the electrode.

The electrode for discharge surface treatment according to
the fifth invention attains an effect similar to that obtainable
from the first invention or the second invention and another
effect that a denser and high-quality hard coating free from
irregularity of the hardness can be formed on a work by the
discharge surface treatment using the electrode.

The method of manufacturing the electrode for discharge
surface treatment according to the sixth invention attains an
effect that an electrode for discharge surface treatment can
be obtained which can easily be formed by a mechanical
removing process, such as a turning operation, a grinding
operation or a polishing operation or a discharging process
and another effect that the discharge surface treatment using
the electrode can be performed such that a rate at which the
hard coating which is formed on the work is formed is not
reduced.

The method of manufacturing the electrode for discharge
surface treatment according to the seventh invention attains
an effect similar to that obtainable from the sixth invention
and another effect that the formability in the compression
forming can significantly be improved.

The method of manufacturing the electrode for discharge
surface treatment according to the eighth invention attains
an effect similar to that obtainable from the sixth invention
or the seventh invention.

The method of manufacturing the electrode for discharge
surface treatment according to the ninth invention attains an
effect similar to that obtainable from the sixth invention or
the seventh invention. Moreover, another effect can be
obtained in that a hard coating capable of imparting special
functions including lubricity, strength against high tempera-
tures and wear resistance can be formed on a work by the
discharge surface treatment using the electrode.

The method of manufacturing the electrode for discharge
surface treatment according to the tenth invention attains an
effect similar to that obtainable from the sixth invention or
the seventh invention. Moreover, another effect can be
obtained in that a denser and high-quality hard coating free
from irregularity of the hardness can be formed on a work
by the discharge surface treatment using the electrode.
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The discharge surface treatment method according to the
eleventh and twelfth inventions attains an effect that the
electrode for discharge surface treatment can easily be
formed, a hard coating can efficiently be formed on a work
and a discharge surface treatment method can be obtained
which can be applied to a variety of mechanical parts
including a mold, a tool and a mechanical element. Another
effect can be obtained in that the masking process is not
required because the hard coating can be formed in an area
of the work which is substantially the same as the area of the
electrode.

The discharge surface treatment method according to the
thirteenth invention attains an effect similar to that obtain-
able from the eleventh invention and another effect that the
structure can be simplified.

The discharge surface treatment method according to the
fourteenth invention attains an effect similar to that obtain-
able from the eleventh invention. Another effect can be
obtained in that machining can be performed while a small-
size electrode is being scanned, a necessity for using a
large-size and special-shape sintered electrode can be
eliminated, the small-size electrode can be scanned on the
overall curved surface of a work, such as a mold, having a
three-dimensional free curved surface and a hard coating can
be formed having the same thickness over the area of the
work or such that the thickness is changed if necessary.

The discharge surface treatment method according to the
fifteenth invention attains an effect similar to that obtainable
from the eleventh invention. Another effect can be obtained
in that a hard coating capable of imparting special functions
including lubricity, strength against high temperatures and
wear resistance can be formed on a work by the discharge
surface treatment using the electrode.

The discharge surface treatment method according to the
sixteenth invention attains an effect similar to that obtainable
from the eleventh invention and another effect that a denser
and high-quality hard coating free from irregularity of the
hardness can be formed on a work by the discharge surface
treatment using the electrode.

The discharge surface treatment method according to the
seventeenth invention attains an effect similar to that obtain-
able from the eleventh invention and another effect that a
mold coated with a hard coating which can be manufactured
in a short time, the cost of which can be reduced and which
exhibits satisfactory accuracy can be obtained. Another
effect can be obtained in that a mold coated with a hard
coating exhibiting excellent durability and repeated use of
which is permitted with a simple modifying operation if the
mold is worn.

The discharge surface treatment method according to the
eighteenth invention attains an effect similar to that obtain-
able from the seventeenth invention. Another aspect can be
obtained in that a mold coated with a hard coating exhibiting
furthermore satisfactory durability can be obtained because
a hard coating thicker than a hard coating formed in a
portion of the mold in which the degree of wear is low is
formed in a portion of the same in which the degree of wear
is high.

The discharge surface treatment method according to the
nineteenth invention attains an effect similar to that obtain-
able from the seventeenth invention. Another effect can be
obtained in that a mold coated with a hard coating can be
obtained with which re-manufacturing of the mold is not
required, semipermanent use of the mold is permitted, costs
required to manufacture the mold and maintain the same can
considerably be saved and saving of energy and environ-
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mental friendliness are permitted because the amount of the
material for manufacturing the mold can considerably be
reduced.

The discharge surface treatment method according to the
twentieth invention attains an effect similar to that obtain-
able from the nineteenth invention and another effect that
modification of the mold can be completed in a considerably
short time.

The discharge surface treatment apparatus according to
the twenty-first and twenty-second inventions attains an
effect that a discharge surface treatment apparatus can be
obtained with which the electrode for discharge surface
treatment can easily be formed, a hard coating can efficiently
be formed on a work and adaptation to a variety of mechani-
cal parts including a mold, a tool and a mechanical element
is permitted. Another effect can be obtained in that the
masking process is not required because the hard coating can
be formed in an area of the work which is substantially the
same as the area of the electrode.

The discharge surface treatment apparatus according to
the twenty-third invention attains an effect similar to that
obtainable from the twenty-first invention and another effect
that the apparatus can be simplified.

The discharge surface treatment apparatus according to
the twenty-fourth invention attains an effect similar to that
obtainable from the twenty-first invention. Another effect
can be obtained in that machining can be performed while a
small-size electrode is being scanned, a necessity for using
a large-size and special-shape sintered electrode can be
eliminated, the small-size electrode can be scanned on the
overall curved surface of a work, such as a mold, having a
three-dimensional free curved surface and a hard coating can
be formed having the same thickness over the area of the
work or such that the thickness is changed if necessary.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a method of manufacturing
an electrode for discharge surface treatment according to a
first embodiment of the present invention;

FIG. 2 is a diagram showing a method of forming the
electrode for discharge surface treatment according to the
first embodiment of the present invention by mixing wax in
the material of the electrode;

FIG. 3 is a graph showing an example of a steam pressure
curve of the wax;

FIG. 4 is a diagram showing the schematic structure of a
discharge surface treatment method and an apparatus there-
for according to a second embodiment of the present inven-
tion;

FIG. 5 is an enlarged photograph showing a hard coating
formed by single discharge using TiC as the main compo-
nent of the electrode according to the second embodiment of
the present invention;

FIG. 6 is a photograph showing a state of deposition of a
hard coating formed by continuous discharge according to
the second embodiment of the present invention;

FIG. 7 is a schematic diagram showing a machining
method employing an electrode scanning method according
to the second embodiment of the present invention;

FIG. 8 is a diagram showing a discharge surface treatment
method according to the second embodiment of the present
invention with which aerial discharge is performed;

FIG. 9 shows results of X-ray diffraction of the hard
coating formed on a work by using an electrode according
to the second embodiment of the present invention and
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baked such that an incomplete-sintering state mainly com-
posed of TiC is realized;

FIG. 10 is a graph showing results of Vickers hardness
measurements of the formed hard coating according to the
second embodiment of the present invention;

FIG. 11 is a diagram showing a method of forming a hard
coating according to a third embodiment of the present
invention and capable of providing special functions;

FIG. 12 is a diagram showing a state in which a discharge
surface treatment method according to a fifth embodiment of
the present invention is applied to a precisely-forged mold;

FIG. 13 is a diagram showing a process for manufacturing
and using the mold according to the fifth embodiment of the
present invention;

FIG. 14 is a diagram showing application of a sixth
embodiment of the present invention to a pressing mold,;

FIG. 15 is a diagram showing a method of changing the
thickness of the hard coating in accordance with a degree of
wear in order to elongate the lifetime of the mold according
to a seventh embodiment of the present invention;

FIG. 16 is a diagram showing the structure of a conven-
tional discharge surface treatment method;

FIG. 17 is a photograph showing a mold for a die header
which is used as a conventional mold manufactured by
precise forging;

FIG. 18 is a photograph showing a conventional forged
mold for a connecting rod;

FIG. 19 is a diagram showing an example of a conven-
tional process for manufacturing a mold,

FIG. 20 is a graph showing results of a comparison of time
required to manufacture a mold for a connecting rod
between a conventional discharge machining and a method
of using high-speed cutting; and

FIG. 21 is a photograph showing a coating formed by a
conventional discharge surface treatment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

First Embodiment

FIG. 1 is a diagram showing a method of manufacturing
an electrode for discharge surface treatment according to a
first embodiment of the present invention. In this
embodiment, a process for manufacturing an electrode for
discharge surface treatment made from powder obtained by
mixing WC powder and Co powder as an example will be
described. Referring to FIG. 1, reference numeral 11 repre-
sents a green compact, 12 represents WC powder, 13 rep-
resents Co powder, 13a represents Co powder, a portion of
which has been melted, 14 represents an electrode for
discharge surface treatment, 21 represents a vacuum
furnace, 22 represents a high-frequency coil and 23 repre-
sents a vacuum atmosphere.

The green compact 11 obtained by mixing and
compression-forming the WC powder and the Co powder
may be obtained by simply mixing and compression-
forming the WC powder 12 and the Co powder 13. It is
preferable that a wax is mixed with the powders and then
compression-forming is performed because the formability
of the green compact 11 can be improved. This forming
method will now be described with reference to FIG. 2.
Reference numeral 15 represents a wax, such as paraffin, in
the green compact 11 placed in the vacuum furnace 21
shown in FIG. 2(a). When the wax 15 is mixed with the
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powder obtained by mixing the WC powder 12 and the Co
powder 13 before compression forming is performed, the
formability of the green compact 11 can substantially be
improved. Since the wax 15 is, however, an insulating
substance, leaving the same in the electrode in a large
quantity raises the electrical resistance of the electrode.
Thus, the discharging characteristic deteriorates. Therefore,
the wax 15 must be removed. FIG. 2(a) shows a state in
which the electrode in the form of the green compact with
wax mixed in is introduced into the vacuum furnace 21 so
as to be heated. The heating operation is performed in the
vacuum atmosphere 23. As an alternative to this, the atmo-
sphere may be a gas, such as a hydrogen gas or an argon gas.
The green compact 11 placed in the vacuum furnace 21 is
heated by the high-frequency coil 22 disposed around the
vacuum furnace 21. If the heating temperature is too low, the
wax 15 cannot be removed. If the heating temperature is too
high, the wax 15 is undesirably formed into soot. As a result,
the purity of the electrode deteriorates. Therefore, the tem-
perature must be not lower than the temperature at which the
wax 15 is melted and not higher than the temperature at
which the wax 15 is decomposed and soot is formed. A
steam pressure curve of wax having a boiling point of 250°
C. is shown in FIG. 3 as an example. When the atmospheric
pressure in the vacuum furnace 21 is made to be not higher
than the steam pressure of the wax 15, the wax 15 is
evaporated and removed as shown in FIG. 2(b). As a result,
the green compact 11 made of WC and Co can be obtained.

Then, the green compact 11 in the vacuum furnace 21 is
heated by the high-frequency coil 22, as shown in FIG. 1(a)
to impart strength with which durability against machining
can be obtained to the green compact 11. To prevent an
excessive degree of hardening, baking is performed to a
hardness of, for example, a chalk (hereinafter referred to as
“incomplete-sintering”). In the foregoing state, melting of
metal, such as Co, starts to fill the gaps between the carbide
particles. Thus, a state of solid solution of the carbide is
formed. On the other hand, in the portions in which carbide
comes into contact with other carbide, bonding proceeds.
However, compared with the complete-sintering tempera-
ture (selected for the baking operation by the high frequency
coil 22 mentioned above), the incomplete sintering tempera-
ture is comparatively low, and since at this temperature the
green compact cannot result in complete-sintering,
incomplete-sintering causes weak bonds to be formed.

The baking operation for realizing the incomplete-
sintering is performed under temperature conditions which
are varied depending on the material of the electrode. The
conditions can be determined in advance in accordance with
the results of experiments. In an example case where WC
powder and Co powder are mixed (weight ratio=8:2) with
each other so as to be compression-formed, the incomplete-
sintering can be realized by baking the mixture at 600° C. for
one hour. When TiC powder and TiH, powder are mixed
(weight ratio=9:1) with each other and compression-formed,
the incomplete-sintering can be realized by performing
baking the mixture at 900° C. for one hour.

As described above, the temperature at which baking is
performed to realize the incomplete-sintering must be set at
which a portion of a soft material (for example, Co powder),
which is employed as a binder with respect to a hard material
(for example, WC powder), is melted. The foregoing tem-
perature is considerably lower than the melting point of the
hard material. The temperature varies in accordance with the
mixture ratio of the hard material and the soft material. That
is, if the ratio of the soft material employed to serve as the
binder with respect to the hard material is raised, the baking
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temperature for realizing the incomplete-sintering must be
lowered. If the ratio of the soft material serving as the binder
is raised and, thus, the ratio of the hard material is lowered,
the efficiency of forming the hard coating on the workpiece
deteriorates. Therefore, the ratio of the soft material serving
as the binder has a limit from a viewpoint of practical use.
Therefore, the baking temperature for realizing the
incomplete-sintering has a lower limit. That is, it is prefer-
able that the baking temperature for realizing the
incomplete-sintering is 400° C. or higher.

It is a furthermore important fact that the baking tem-
perature for realizing the incomplete-sintering must be lower
than 1100° C. If the temperature is higher than the above-
mentioned level, the electrode is hardened excessively. In
this case, during the discharge process a problem is caused
in that the material of the electrode is non-uniformly sepa-
rated due to a heat shock caused by the arc discharge and,
therefore, the material of the electrode is not supplied
normally to the space between the poles. As a result, the
quality of the coating formed on the work excessively
deteriorates.

The electrode for discharge surface treatment which has
been compression-formed and then baked so as to be
brought to the incomplete-sintering can easily be machined
by a mechanical removing process, such as a turning
operation, a grinding operation or a polishing operation or a
discharging process. Moreover, the rate at which the hard
coating is formed on a workpiece by the discharge surface
treatment using the foregoing electrode is not lowered.

Second Embodiment

FIG. 4 is a schematic diagram showing the structure of a
discharge surface treatment method and an apparatus there-
for according to a second embodiment of the present inven-
tion. Referring to FIG. 4, reference numeral 14 represents an
electrode for discharge surface treatment and 16 represents
a hard coating formed on a workpiece 2. Reference numeral
31 represents a feeding motor and 32 represents a feeding
screw. Reference numeral 3 represents a working tank, 4
represents a working fluid composed mainly of oil having an
insulation characteristic or water and 5 represents a switch-
ing element for switching voltage and current applied to the
electrode 14 for discharge surface treatment of the work-
piece 2. Reference numeral 6 represents a control circuit for
controlling the switching element 5. Reference numeral 7
represents a power source and 8 represents a resistor. The
electrode 14 for discharge surface treatment is an electrode
compression-formed and baked to a incomplete-sintering
similar to that described according to the first embodiment.
A control unit (not shown) permits the feeding motor 31 to
feed the electrode 14 for discharge surface treatment to the
workpiece 2 in a required control mode including servo
feeding and constant-speed feeding.

The working fluid 4 is composed mainly of oil having the
insulating characteristic or water. When insulating oil is used
as the working fluid 4, advantages can be realized in that
widely used techniques about the discharge machine can be
directly applied and the mechanical structure can be com-
paratively simplified. When water is employed as the work-
ing fluid, hydroxide is sometimes simultaneously produced
with the reaction. Therefore, there sometimes arises a prob-
lem when a high-quality film is required. When a widely
used electroless power source for a wire discharging
machine is used, the foregoing problems can be overcome.
Even in a case where water is employed as the working fluid,
a hard coating having characteristics which are, from a
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viewpoint of practical use, the same as those obtained where
insulating oil is used as the working fluid.

A method of forming the hard coating 16 will now be
described. When intermittent or continuous arc discharge is
generated by the power source 7 between the electrode 14
and the workpiece 2, the space between the poles are locally
heated due to heat that is generated. In order to simplify the
description, a process using a pulse-shape, intermittent arc
discharge will now be described. When a typical power
source is used as a means for generating the intermittent arc
discharge, the structure can be easily understood. Note that
the waveform, the value of the current and the other con-
ditions must be optimized, if necessary. When a single arc
discharge is generated, the heat shock energy causes a
portion of the material of the electrode 14 opposite to the
workpiece 2 to be separated into the space between the poles
and simultaneously discharged as power. The space between
the poles is momentarily brought to a hot plasma state, the
temperature is thousands of degrees centigrade or higher.
Thus, a major portion of the material of the electrode is
brought to a completely melted state. Also the surface of the
workpiece disposed opposite to the electrode at a position at
which the arc discharge has been generated is momentarily
heated. Thus, the workpiece surface is also brought into a
melted state similar to the material of the electrode. In this
hot state, the molten material of the electrode and the
workpiece are mixed with each other. Thus, an alloy phase
between the material of the electrode and the base material
of the workpiece is formed on the workpiece. Then, the
working fluid between the poles causes the surrounding
temperature to rapidly decrease. During the cooling process
of the alloy from the hot state to the cold state, interface
reactions momentarily take place between the liquid iron
alloy and the solid carbide. Therefore, complete-sintering
takes place in a very short time. Thus, the hard coating 16
is formed on the workpiece 2. When the foregoing process
is repeated, a fusing reaction between the surface of the
formed hard coating and the material of the electrode is
repeated. As the time elapses, deposition of the coating
proceeds so that a thick film is formed.

To stably maintain the arc discharge a servo between the
poles must be performed when an actual process is per-
formed. The servo between the poles is an operation for
maintaining a predetermined gap between the electrode and
the workpiece, or a predetermined voltage between the poles
which is required when the process is performed. Also, feed
control is required after the electrode has been consumed is
included. To maintain a predetermined gap between the
poles, which varies as time elapses, or to maintain a prede-
termined voltage between the poles, feeding of the electrode
must be preformed. The foregoing sequential control opera-
tion is called “servo between poles”.

FIG. 5 is an enlarged photograph of a hard coating formed
by a single discharge where the main component of the
electrode is TiC. Also, as determined from the results of an
analysis of the X-ray diffraction (to be described later), the
hard coating was formed due to a momentary reaction. FIG.
6 shows a state of deposition of the hard coating formed by
continuous discharge. A state in which hard coatings have
been formed by single discharge is superimposed and depos-
its can be clearly observed. As described above, the elec-
trode is compression-formed and baked so as to be brought
to the incomplete-sintering and is used to cause arc dis-
charge to continuously take place. Thus, the hard coating can
be formed on the base material of the workpiece.

The hard coating can momentarily be formed due to a
single discharge. Also continuous arc discharge permits a

10

15

20

25

30

35

40

45

50

55

60

65

12

hard coating to be formed. The intermittent discharge is
effective to prevent the temperature of the workpiece from
rising. On the other hand, the temperature of the surface of
the workpiece is comparatively low, causing the density of
the hard coating to be somewhat insufficient. To prevent the
foregoing problem, generation of the continuous arc dis-
charge is required. In this case, concentration of arc dis-
charge to one point takes place, causing a defect to occur in
the machining operation. Therefore, stable arc discharge is
generated while a high temperature is being maintained and
servo between the poles is performed by combining the
continuous arc discharge and the intermittent arc discharge.
Arc discharge set to be performed at intervals of several u
seconds and continuous arc discharge which is performed
for several seconds are combined with each other. When the
foregoing combination is optimized according to the form-
ing condition of the hard coating, a denser coating can
quickly and reliably be deposited.

The method according to the present invention permits the
hard coating to be deposited in an area of the workpiece
which is substantially the same area as the area of the
electrode. This advantage is unattainable with the other
methods and is an excellent characteristic of the present
invention. The conventional physical evaporation and
chemical evaporation requires a masking process, such as
plating, to perform a partial process. The method according
to the present invention does not require the masking
process, that is, only previous formation of an electrode
having a required cross sectional area and machining are
required. In a case where a large area must be machined, a
small-size electrode may be used such that machining is
performed while scanning the electrode similar to the mill-
ing process. Therefore, a large-size and special-shape elec-
trode is not required. The concept of a machining method
using the electrode scanning method is shown in FIG. 7. An
X-axis moving unit, a Y-axis moving unit and a Z-axis
moving unit (not shown) are operated to move the electrode
14 and the workpiece 2 in the X, Y and Z directions
respectively. Thus, the hard coating 16 is formed on the
surface of the workpiece 2. In a case where the workpiece
2 is a mold, the surface of the mold is not a flat surface, that
is, the surface is a complicated free curved surface in a
three-dimensional shape. The X-axis moving unit, the Y-axis
moving unit and the Z-axis moving unit permit the small-
size electrode to scan the mold such that the gap from the
free curved surface of the mold is maintained or predeter-
mined servo voltage is maintained. In this case, the electrode
is quickly consumed. Therefore, feeding to correspond to the
consumption of the electrode must be performed. Thus, the
movement of the main shaft for supporting the electrode in
the Z direction must accurately and quickly be controlled.
The foregoing operation is repeated until the electrode has
scanned along the entire curved surface of the mold. As a
result, the hard coating can be deposited to have a prede-
termined thickness over the surface of the mold or various
thicknesses to meet a specific requirement.

The function of the working fluid will now be described.
Referring to FIG. 4, the working fluid 4 is interposed
between the electrode 14 and the workpiece 2. The reason
why the working fluid 4 is interposed lies in that 1) discharge
must be stabilized to maintain the machining operation, 2)
heat generated owing to the discharge must be removed and
3) a portion of the material of the electrode which cannot be
used to form the hard coating on the workpiece must be
removed from the space between the poles. Therefore, the
foregoing working fluid has important functions. Note that
the working fluid 4 is different from that of the conventional
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technique because it does not have the function of supplying
a raw material necessarily for producing a product of reac-
tions. Therefore, the working fluid 4 does not provide any
essential materials needed for a proper reaction to take place.

Since the working fluid is not an essential element as
described above, aerial discharge may be performed. A
discharge surface treatment method using an aerial dis-
charge will now be described. Referring to FIG. 8, reference
numeral 17 represents a gas source connected to a passage
18 formed in the electrode 14 through a pipe. While electric
power is supplied from the power source 7, air or a non-
reactive gas, such as a nitrogen gas, is supplied from the gas
source 17 in a required quantity. A supply pipe 19 is an
example which is used to supply the gas from an outside
portion of the electrode in a case where the passage cannot
be formed in the electrode. Thus, the gas is jetted out toward
the space between the poles. The gas is supplied for the same
purpose of the foregoing working fluid. If the gas supply is
not performed, formation of the hard coating on the work
cannot stably be performed. It is preferable that the gas is air
or a nitrogen gas from a viewpoint of environmental friend-
liness.

The representative characteristics of the formed hard
coating will now be described by using obtained experiment
data. FIG. 9 shows the results of X-ray diffraction of the hard
coating in which an electrode, compression-formed with
TiC, and baked so as to be brought to the incomplete-
sintering is used to form the hard coating on the workpiece
made of WC. On the surface of the workpiece, there are
deposits of TiC which is the main component of the
electrode, and WC which is the material of the workpiece.
FIG. 10 shows the results of measurement of the Vickers
hardness of the formed hard coating. The hardness of the
workpiece (base material) is about 1300, while the hard
coating has a hardness of about 2800. Thus, the hardness is
increased. Therefore, the fact that the main component of the
hard coating is TiC can be confirmed. Also the hardness of
TiC is shown in FIG. 10 for reference.

Third Embodiment

A method of forming a hard coating according to a third
embodiment will now be described which is capable of
imparting special functions including lubricity, strength
against high temperatures and wear resistance.

Mixing of a material having a self-lubricating function
will now be described. In general, each of Mo, BN and Cr
has a self-lubricating function. When the foregoing powder
material is mixed in the material of the electrode (the
electrode being of similar construction as explained in the
previous embodiment) at a predetermined ratio, the material
having the self-lubricating function is mixed and confined in
the hard coating formed on the workpiece. When the surface
of the foregoing hard coating is ground, the lubricity can be
imparted to the ground surface without any lubricating
means or with oil supply in a very small quantity due to the
self-lubricating characteristic of the material. As described
above, an ideal state is realized such the surface is made of
the material of the hard coating and the material having the
self-lubricating function. As a result, a sliding portion exhib-
iting satisfactory durability and having a low friction coef-
ficient can be realized.

Referring to FIG. 11, reference numeral, 20 represents a
granular mixed substance having a granulation size which is,
for example, two or more times the average granulation size
of the main material component of the electrode and smaller
than the distance between the poles. The heat decomposition
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of the granular mixed substances 20 does not take place even
at high temperatures and must be confined in the hard
coating in its original shape. The size of granulation of the
granular mixed substances 20 must be enlarged to prevent
the formation of a solid solution with the other carbide. The
solid solution cannot be formed when the size of the granular
is at least two times the average granulation size of the main
component. When the granulation size is enlarged, separa-
tion from the electrode takes place and, therefore, the space
between the poles is clogged in a direction toward the
workpiece. In the foregoing case, short circuit takes place.
Therefore, the size of granulation of the mixed substances 20
must also be smaller than the gap between the poles.

Now, a mixture of ceramics will now be described.
Alumina (AL,O;) has excellent characteristics at high tem-
peratures. Therefore, when alumina is mixed at a predeter-
mined ratio, the strength against high temperatures and wear
resistance can be considerably improved. Since alumina in
a single state has no conductivity, it cannot be deposited on
the workpiece by the discharge surface treatment. When
discharge is generated by an electrode obtained by mixing
alumina in the material of the electrode, the hard coating can
be formed on the workpiece. Simultaneously, alumina is
mixed into the hard coating. To obtain the characteristics of
alumina, decomposition of alumina occurs due to the arc
discharge must be prevented. Therefore, it is preferable that
alumina is formed into blocks each having a certain size (see
FIG. 11) and mixed in the electrode 14. When the size is
about several um to tens of um, alumina is able to endure
high temperatures for a very short time and then it is cooled
rapidly. Therefore, alumina in the form of blocks is confined
in the hard coating on the workpiece. The thus-formed
coating has a two-phase structure comprising the hard
coating (formed by cooling the liquid phase) and the blocks
of alumina (which are not formed into the solid solution).
Therefore, the characteristics of the two phases can be
obtained.

Further, mixing of nitride, such as TiN, will now be
described. The main object of mixing the nitride, such as
TiN, in the hard coating is to improve tenacity and heat
resistance. Since the foregoing nitride has no conductivity,
single nitride cannot form a hard coating by the arc dis-
charge. If an electrode is used which is obtained by mixing
nitride at a mixture ratio at which the conductivity can be
maintained in the material of the electrode; discharge
machining is permitted. Similar to the mixing of alumina,
decomposition can take place at high temperatures. The heat
decomposition must be prevented by using an electrode
obtained by the steps of 1) confining grains each having a
comparatively large size (tens of #m as shown in FIG. 11) in
the electrode; 2) performing compression-forming; and 3)
baking to realize the incomplete-sintering. When arc dis-
charge is caused to occur by using the foregoing electrode,
the blocks of nitride are confined in the hard coating formed
on the workpiece. Therefore, a hard coating is formed in
which the hard coating and the nitride blocks coexist. The
foregoing coating has both the characteristics of the hard
coating, and the characteristics of the nitride (which are
excellent tenacity and satisfactory strength against high
temperatures). Therefore, excellent performance can be
exhibited when the foregoing coating is applied to a cutting
tool or a mold.

Fourth Embodiment

A discharge surface treatment method according to a
fourth embodiment of the present invention and capable of
forming, on a workpiece, a denser hard coating having
excellent quality and free from irregularities will now be
described.
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The conventional hard coating made of a hard alloy is
formed by sintering a green compact, at a temperature not
lower than a temperature at which a liquid phase appears, for
a long time in a vacuum furnace or the like. The method of
forming the hard coating by using the arc discharge accord-
ing to the present invention is structured to perform very
short durations of the reactions and form the hard coating
(main sintering) at a very high temperature not lower than
the sintering temperature in the vacuum furnace. Therefore,
there is apprehension that the hard coating may have incom-
plete characteristics.

A method of overcoming the above-mentioned problem
will now be described. Initially, grains (blocks each having
a size of tens of um) of a hard alloy obtained by sintering is
mixed with the material of the electrode in a predetermined
quantity. Then, the electrode is compression-formed, and
then baked to produce the incomplete-sintering electrode.
The thus-manufactured electrode is used to perform dis-
charge machining. A powder electrode component and a
solid electrode component are simultaneously discharged to
the space between the poles. The powder electrode compo-
nent is formed into the liquid phase due to the high
temperature, and then cooled to form the hard coating. Since
the temperature of the solid electrode component is not
raised sufficiently, the solid characteristic is maintained.
Therefore, a hard coating containing the solid component
can be formed. The thus-formed hard coating has a denser
tissue, free from hardness irregularities, and excellent char-
acteristics as compared with the hard coating which is
formed using an electrode made only of powder.

Fifth Embodiment

FIG. 12 is a diagram showing a state in which the
discharge surface treatment method according to the present
invention is applied to a mold structured as shown in FIG.
17 and formed by precise forging. Referring to FIG. 12,
reference numeral 16 represents a hard coating formed on
the surface of a base material 100 of the mold. The base
material 100 of the mold is previously machined by a
machining operation. In the case shown in FIG. 12, a
hexagonal hole is formed by machining. Usually, the base
material 100 of the mold is not subjected to heat treatment.
Although heat treatment in a lowest degree is sometimes
performed, the hard coating is made to be comparatively
low, for example, Rockwell hardness (scale C) HRC=about
30. The reason for this lies in that machinability required to
perform the machining process must be maintained. If the
hardness is higher than the above-mentioned value, exces-
sive abrasion of the tool takes place, causing the cost of
manufacturing the mold to increase. Then, a thick hard
coating is formed on the surface of the base material of the
mold. The method is the same as that according to the
second embodiment shown in FIG. 7 so that the hard coating
is formed on the workpiece. The thickness of the hard
coating is about 0.5 mm to about 1.0 mm from a viewpoint
of practical use. Then, discharge machining, using a copper
electrode or a graphite electrode or a wire discharge machin-
ing is performed to the mold’s required dimensions.

The mold shown in FIG. 12 has substantially the same
quality as that of the mold shown in FIG. 17 and a long
lifetime can be realized.

The foregoing discharge surface treatment method has an
advantage in that application to a mold is permitted regard-
less of the size and the shape of the mold.

FIG. 13 shows a process for manufacturing a mold
structured as shown in FIG. 12. A first step performed is
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machining the base material of the mold and forming the
electrode. Then, the second step of discharge surface treat-
ment using an electrode according to the first to fourth
embodiments is performed. Thus, an operation for deposit-
ing a hard coating on the surface of the mold which has
previously been machined is performed. In the foregoing
case, the hard coating may be deposited to have a thickness
of several mm to prepare for a secondary machining opera-
tion. Then, in a third step, discharge machining is performed
as a secondary machining operation to realize the required
dimensions of the mold. Then, the manufactured mold is
actually used. The foregoing mold having the thick hard
coating exhibits significant durability. After the mold has
been used many times, abrasion or partial breakage of the
mold sometimes occur. Therefore, the discharge surface
treatment in the fourth step by using the electrode baked to
the incomplete-sintering enables only the broken portion to
be repaired. Thus, the foregoing mold can be used again.
Hence, re-manufacturing of the mold is not required. When
the fourth step is repeated, the mold can be semipermanently
used. In the case of a large-size mold, the manufacturing cost
of which is very large, the manufacturing cost and main-
taining cost can be considerably saved. Since the quantity of
the material for manufacturing the mold can be considerably
reduced, an optimum method can be obtained from an
energy saving and environmental friendliness viewpoint.

Sixth Embodiment

FIG. 14 shows a sixth embodiment of the present
invention, in which the present invention is applied to a
pressing mold. As shown in FIGS. 14(a) and (b), an elec-
trode 14 formed according to the first to fourth embodiments
is used to subject the inside portion of a cutting blade 140 of
a die to a discharge surface treatment. As shown in FIG.
14(c), a hard coating 16 is formed. Also the hard coating is
formed on the outer surface of a punch 136 and the edge of
a cutting blade 138 of the punch shown in FIG. 14(d). Then,
as shown in FIG. 14(e), a wire electrode 150 is used to
perform discharge-machining of a cutting blade 139 so that
a predetermined dimension accuracy is realized. FIG. 14(d)
shows an example in which a grinding operation is per-
formed by using a grindstone 151 to finish the outer surface
of the cutting blade 138. As described above, the electrode
baked to be brought to the incomplete-sintering is used to
perform the discharge surface treatment. Thus, a thick and
hard coating can easily be formed on the surface of the mold
in a short time. Then the secondary machining process is
performed to realize the specified dimensions of the mold.
As a result, a mold having high quality can be manufactured.

Seventh Embodiment

A contrivance of application to a mold which is a seventh
embodiment of the present invention will now be described.
In an actual case, the worn portion is locally limited.
Therefore, the local wear determines the lifetime of the
mold. In such a case, the lifetime is improved by employing
a method shown in FIG. 15. That is, as shown in FIG. 15(a),
an upper surface (parting line) 105 and a portion adjacent to
the inlet portion of the mold which are considerably worn,
are coated with a thick coating. As a method capable of
realizing this structure, a scanning method using the simple
electrode shown in FIG. 7 or a method using a forming
electrode 112 as shown in FIG. 15(b) may be used. When a
compression load is exerted, the portion in the vicinity of the
bottom surface of the mold is free from considerable wear in
many cases. Therefore, a relatively thin coating may be
employed or the coating may sometimes be omitted.
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A method of manufacturing the profile electrode as shown
in FIG. 15(b) will now be described. Initially, a mold is used
to manufacture an electrode in the form of a green compact
by compression-forming. Then, baking is performed to
realize the incomplete-sintering so that a profile electrode, as
shown in FIG. 15(b), is manufactured. Therefore, the time
required to manufacture the electrode can considerably be
shortened. To realize the foregoing effect, the previous
machining operation must be performed in such a manner
that the mold is finished in consideration of a thickness
corresponding to the thickness of a coating which will be
formed in a next discharge surface treatment process. Even
if the mold, which is being used, is used to manufacture the
profile electrode, a gap required in the discharge surface
treatment, which is performed after the previous machining
operation has been performed, can be maintained. When the
profile electrode has previously been manufactured, local
deposition of the hard coating can easily be permitted by
performing the discharge surface treatment if the mold is
worn. Therefore, modification of the mold can be completed
in a very short time. Moreover, a necessity of manufacturing
another mold for the purpose of manufacturing the profile
electrode can be eliminated.

Industrial Applicability

As described above, the electrode for discharge surface
treatment, the manufacturing method therefor, the discharge
surface treatment method and the apparatus therefor accord-
ing to the present invention are suitable to be used in an
industrial field concerning the structure for forming a hard
coating on the surface of a work.

What is claimed is:

1. An electrode for discharge surface treatment with
which electrical discharge between the electrode and a
workpiece is used to generate energy to form a coating on a
surface of the workpiece, said electrode comprising:

a hard material which is made from metal powder, powder

of a metal compound, powder of a ceramic material or
a combination of said powders, and

a binder having a lower melting temperature than said

hard material,

wherein said hard material is harder than said binder;

wherein after said electrode has been formed by

compression, baking is performed at an incomplete-
sintering temperature at which a portion of the binder
of said electrode is melted in order to partially fill gaps
between particles of said hard material.

2. An electrode for discharge surface treatment with
which electrical discharge between the electrode and a
workpiece is used to generate energy to form a coating on a
surface of the workpiece, said electrode comprising:

a hard material which is made from metal powder, powder

of a metal compound, powder of a ceramic material or
a combination of said powders,

a binder having a lower melting temperature than said

hard material; and

Wax;

wherein said hard material is harder than said binder;

wherein after said wax has been added to said hard

material and said binder, forming is performed by
compression, heating is performed to evaporate and
remove said wax at a temperature at which said wax is
melted but not decomposed or caused to soot, and then
baking is performed at an incomplete-sintering tem-
perature at which a portion of said binder is melted in
order to partially fill gaps between particles of said hard
material.
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3. The electrode for discharge surface treatment according
to claim 1 or 2, wherein baking is performed at an
incomplete-sintering temperature not lower than 400° C. and
lower than 1100° C.

4. The electrode for discharge surface treatment according
to claim 1 or 2, wherein powder of a material having a
self-lubricating function, powder of nitride or a combination
thereof is mixed with said hard material and said binder
before said electrode is formed by compression.

5. The electrode for discharge surface treatment according
to claim 1 or 2, wherein sintered particles of an alloy are
mixed with said hard material and said binder before said
electrode is formed by compression.

6. A method of manufacturing an electrode for discharge
surface treatment with which electrical discharge between
the electrode and a workpiece is used to generate energy to
form a coating on a surface of the workpiece, said method
comprising the steps of:

mixing a hard material and a binder to form a mixture,

wherein said hard material is made from metal powder,
powder of a metal compound, powder of a ceramic
material or a combination of said powders and said
binder having a lower melting temperature than said
hard material, wherein said hard material is harder than
said binder;

compressing said mixture to form an electrode; and

baking said electrode at an incomplete-sintering tempera-

ture at which a portion said binder is melted in order to
partially fill gaps between particles of said hard mate-
rial.

7. A method of manufacturing an electrode for discharge
surface treatment with which electrical discharge between
the electrode and a workpiece is used to generate energy to
form a coating on a surface of the workpiece, said method
comprising the steps of:

mixing a hard material and a binder to form a mixture,

wherein said hard material is made from metal powder,
powder of a metal compound, powder of a ceramic
material or a combination of said powders and said
binder having a lower melting temperature than said
hard material, wherein said hard material is harder than
said binder;

adding wax to said mixture,

compressing said mixture to form an electrode; and

heating said electrode to evaporate and remove said wax

at a temperature at which said wax is melted but not
decomposed or caused to soot, and

baking said electrode at an incomplete-sintering tempera-

ture at which a portion of said binder is melted in order
to partially fill gaps between particles of said hard
material.

8. The method of manufacturing an electrode for dis-
charge surface treatment according to claim 6 or 7, wherein
baking is performed at an incomplete-sintering temperature
not lower than 400° C. and lower than 1100° C.

9. The method of manufacturing an electrode for dis-
charge surface treatment according to claim 6 or 7, wherein
powder of a material having a self-lubricating function,
powder of nitride, or a combination thereof is mixed with
said hard material and said binder before said electrode is
formed by compression.

10. The method of manufacturing an electrode for dis-
charge surface treatment according to claim 6 or 7, wherein
sintered particles of an alloy are mixed with said hard
material and said binder before said electrode is formed by
compression.
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11. A discharge surface treatment method with which
electrical between an electrode and a workpiece is used to
generate energy to form a coating on a surface of the
workpiece, said method comprising the steps of:

mixing a hard material and a binder to form a mixture,
wherein said hard material is made from metal powder,
powder of a metal compound, powder of a ceramic
material or a combination of said powders and said
binder having a lower melting temperature than said
hard material, wherein said hard material is harder than
said binder;

compressing said mixture to form an electrode; and

baking said electrode at an incomplete-sintering tempera-
ture at which a portion-said binder is melted in order to
partially fill gaps between particles of said hard mate-
rial; and

causing arc discharge to occur between said electrode and

said workpiece so that energy of said arc discharge is
used to form the coating on the surface of said
workpiece, wherein said arc discharge can be a inter-
mittent arc discharge, a continuous arc discharge or
combination of said continuous arc discharge and said
intermittent arc discharge.

12. The discharge surface treatment method according to
claim 11, wherein said baking is performed at an
incomplete-sintering temperature not lower than 400° C. and
lower than 1100° C.

13. The discharge surface treatment method according to
claim 11, wherein a non-reactive gas is interposed between
said electrode and said workpiece.

14. The discharge surface treatment method according to
claim 11, wherein said electrode scans said workpiece to
form said coating on the surface of said workpiece.

15. The discharge surface treatment method according to
claim 11, wherein powder of a material having a self-
lubricating function, powder of nitride, or a combination
thereof is mixed with said hard material and said binder
before said electrode is formed by compression.

16. The discharge surface treatment method according to
claim 11, wherein sintered particles of an alloy are mixed
with said hard material and said binder before said electrode
is formed by compression.

17. The discharge surface treatment method according to
claim 11, wherein said workpiece is a mold having a
previously applied coating on a surface of a base material of
said mold, and wherein said previously applied coating is
repaired by discharging a new coating in locations of said
previously applied coating which need repair.

18. The discharge surface treatment method according to
claim 17, wherein said new coating is thicker than the
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previously applied coating so that highly worn portions of
said previously applied coating are thicker than portions
with little wear.

19. The discharge surface treatment method according to
claim 17, wherein a portion of said mold in which abrasion
has occurred is repaired by performing discharge surface
treatment using said electrode.

20. The discharge surface treatment method according to
claim 19, wherein a forming electrode is manufactured by
using said base material of said mold subjected to said
previous machining, and said portion of said mold in which
abrasion has occurred is repaired by performing discharge
surface treatment which uses said forming electrode.

21. A discharge surface treatment apparatus for causing
discharge to occur between an electrode and a workpiece is
used to generate energy to form a coating on a surface of the
workpiece, said discharge surface treatment apparatus com-
prising:

discharge generating means for generating arc discharge

between said electrode and said workpiece, wherein
said arc discharge is intermittent arc discharge, con-
tinuous arc discharge or a combination of said continu-
ous arc discharge and intermittent arc discharge; and

wherein said electrode further comprises:

a hard material which is made from metal powder,
powder of a metal compound, powder of a ceramic
material or a combination of said powders, and

a binder having a lower melting temperature than said
hard material;

wherein said hard material is harder than said binder;

wherein after said hard material has been formed by
compression, baking is performed at an incomplete-
sintering temperature at which a portion of the binder
of said electrode is melted in order to partially fill
gaps between particles of said hard material.

22. The discharge surface treatment apparatus according
to claim 21, wherein baking is performed at an incomplete-
sintering temperature not lower than 400° C. and lower than
1100° C.

23. The discharge surface treatment apparatus according
to claim 21, further comprising inert-gas supply means for
interposing a non-reactive gas between said electrode and
said workpiece.

24. The discharge surface treatment apparatus according
to claim 21, further comprising an X-axis moving unit, a
Y-axis moving unit and a Z-axis moving unit for relatively
moving said electrode and said workpiece in an X direction,
a 'Y direction and a Z direction.
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