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3,398,081
PREBAKED CARBON ANODES AND ANOD
ASSEMBLY FOR THE PRODUCTION OF
ALUMINUM :

René Bonfils and Herri Des Rochettes, St. Jean-de-
Maurienne, France, assignors to Pechiney-Compagnie
de Produits Chimiques et Electrometallurgiques, Paris,

~ France ’ : :

Filed Apr. 5, 1966, Ser. No. 540,254
~ 8 Claims. (Cl. 204—286) :

This invention relates to the manufacture of prebaked
carbon electrodes and-relates more particularly to a new
and improved prebaked carbon anode adapted for use
in the preparation of aluminum by electrolytic- technique
from a molten bath. . o )

In practice, the prebaked anode is suspended from the
positive frame of an electrolytic tank with the lower por-
tion of the anode immersed in the electrolyte. For pur-
poses of interconnecting the anode with the frame, for
support of the anode while maintaining an electrically
conductive relationship therebetween, the anode is molded
with cavities in the upper end for receipt of feet on the
lower end of a stem by which the assembly is suspended
from the tank. . )

It is desirable to effect a good seal between the feet
and the anode to maintain a good electrical conductive
relationship therebetween.” For this purpose, the space
remaining between the feet, when inserted into the cavity,
is filled with a conductive material of high strength, such
as cast iron. ' \ :

The cast jron solidifies as it cools and makes the de-
sired mechanical and electrical bond between the carbon
anode and the steel feet. When the anode is used up, it is
withdrawn from the bath and the anode feet are recovered
by a cast iron removal operation which relies upon the
more brittle character of the cast iron to enable breakage
from the feet in response to impact. Generally, the anode
foot is in the form of a cylindrical bar which extends into
the cavity formed in the upper end of the anode. The steel
foot is of such mechanical strength as to resist breakage
during the cast iron removal process. Anode feet of elon-
gated form have also been tried but their resistance to the
cast iron removal process has been found to be inade-
quate. . . ‘ ’

From the standpoint of electrical connection, a sub-
stantial voltage drop occurs between the carbon anode and
the cast iron. From the standpoint of the mechanical
connection, breaks in the seal of the anode, referred to
as seal breakages, occur fairly frequently and, on such
occurrences, the anode drops into the bath. :

Attempts have been made to rectify these drawbacks
by forming the cavity. with vertical or helical grooves
which extend from the top to the bottom of the lateral
wall of the cavity to increase the area of contact between
the anode and the cast iron. For the formation of such
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helical grooves, the cavities are formed of dies having ribs

formed along a vertical axis about which the dies can
rotate during removal of the anode from the mold.

It is an object of this invention to produce and to pro-
vide a method for producing a new and improved electrode
which overcomes many of the difficulties heretofore en-
countered, which minimizes the voltage drop at the seal-
ing level and it is a related object to produce a carbon
electrode and elements employed in combination there-
with to produce an assembly which gives an improved per-
formance especially in the manufacture of aluminum by
electrolysis.

Another object is to produce a prebaked carbon elec-
trode having improved electrical and mechanical con-
nection to the anode feet and in which a good electri-
cal and mechanical connection is maintained substantially
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throughout the period of use
tion of aluminum.

A further object is to produce a mold for use in shap-
ing prebaked carbon anodes wherein the mold ‘comprises
a die, preferably movable, which includes a coré formed
to provide grooves of trapezoidal (swallowtail) profile in
the side walls of the formed cavity. e

These and’ other objects and advantages of this inven-
tion will hereinafter appear and for purposeés of illus-
tration, but not of limitation, embodiments of the inven-
tion are shown in the accompanying drawings in which:

"FIGURE 1 is a sectional view of an anode assembly
which is representative of present practice, taken along the
line Y-Y”’ of FIGURE 2; ‘ o e ‘

FIGURE 2 is-a sectional view taken along ‘the line
X-X’ of FIGURE 1; - : ’

FIGURE 3 is a sectional view take
Xl—Xl' of FIGURE].; :

FIGURE 4 is a corresponding sectional view taken along
the line X;-X;’ of FIGURE 1 when the anode is con-
structed in accordance with the practice of this inven-
tion;

FIGURE 35 is a sectional view taken along the line
Xo-X;" of FIGURE 1 when the anode embodies the fea-
tures of this invention; and,

FIGURE 6 is a vertical sectional view of the cavity
formed in an anode embodying the features of this inven-
tion. :

In the drawing, the numeral 1 represents the prebaked
carbon anode, 2 is the cavity formed in the upper end
of the anode, 3 the cast iron sealing material, 4 the foot
on the lower end of the cylindrical bar of steel and 5 is
the anode rod. The numeral 6 represents the grooves
formed in the side walls of the cavity. .

It will be seen by comparison between the horizontal
cross section of the cavity at the top in FIGURE 4 and
at the bottom in FIGURE 5 that the groove 6 is of helical
form i.e., helical grooves inclined at an angle of about
18° in the drawing, as shown in FIGURE 6.

As shown in FIGURES 4 and 5, the sides of the grooves
may be extended to form a substantially isosceles triangle
ABC having an apex angle a. FIGURES 4 and 5 have
been placed one above the other more clearly to illustrate
the relationship between the grooves at-the upper portion
of the cavity by comparison with the shape of the grooves
farther down and particularly the back-off existing be-
tween the top and bottom of each groove. Likewise, the
lower part of FIGURE 4 has been shown below. FIGURE
6 more clearly to illustrate the inclination of the grooves
with respect to the vertical, that is to say, their helical
nature.

The object of the invention resides in the improvement
in prebaked carbon anodes intended for the production of
aluminum by igneous electrolysis in which at least one
cavity is provided in the upper portion of each anode for
sealing the prebaked anode to the metal foot of the sup-
porting stem. Each cavity is provided on its side wall with
grooves 6 extending from the top of the bottom and in
which the grooves are of trapezoidal shape, such as a
swallowtail profile whereby, upon cooling the sealing cast
iron, a squeezing or gripping action is effected against the
walls of the cavity. .
" In accordance with a particular embodiment of the in-
vention, the profile of the grooves is adapted to define a
substantially isosceles triangle in which the apex angle a
is selected to be within the range of 20 to 60° and prefer-
ably within the range of 30 to 50°.:In accordance with
another feature of this invention, the groove is in the
form of a helical groove in which the apex angle dimin-
ishes from the top to the bottom of the groove. In other
words, there is a considerable back-off, generally within
the range of 5 to 10°, between the top and bottom of

of the anode in the produc-
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th.e_.gmgxeuiche.acivantag@ of this.arrangement is.to. facili--. ...

tate removal of the die and.to diminish or even nullify
the possibility of tearing the threads or removing portions
of the side walls of the groove during mold. stripping.

The angle of inclination of the groove with respect to
the vertical is generally within the range of 15 to 20°.
For. example the angle is 18° in the modification which
is. shown in FIGURES 4, 5:and 6. The angle at the apex
a.o fthe substantlally isosceles triangle ABC, formed by
the extension of the groove, is 46° at the upper portion
of .the impression (see FIGURE 4) and 40° at the bot-
tom portxon (see FIGURE 5, corresponding to a back-off
of-6°).. The foregoing is given by way of illustration and
not by way of limitation..

-One of the unportant improvements of this invention
re51des in.the increase -in contact area between the cast
iron sealing material and the carbon wall of the anode
thereby to improve the electrical and mechanical contact.

Other advantages include ease of removal of the dies
without damage of .the threads or grooves when the anode
imprint die is removed from the anode: to leave the cor-
responding - cavity. Anodes of increased mechanical
strength are produced thereby to minimize and practically
eliminate instances of anode seal breakages in use.

Moreover, because of the trapezoidal (swallowtail)
shape of the grooves, as the cast iron used for sealing
shrinks upon cooling, a squeezing effect takes place which
enhances contact with the anode. By virtue of this squeez-
ing effect; the electrical contact between the carbon anode
and the sealing cast iron is greatly improved. More par-
ticularly, prebaked anodes, prepared in accordance with
the -practice of this invention, do not give rise to ab-
normal voltage drops between the ¢arbon anode and the
cast iron even during the early stages of use.

- In the following .table, comparison is made of the volt-
age drop between anodes prepared according to the prior
state of art, is represented by FIGURES 1, 2 and 3 and
anodes prepared in. accordance with.the practice of this
invention, as represented by FIGURES 4, 5 and 6. The
voltage drop measurement is taken between the cast iron
sealing material and the bottom of the anode. The volt-
age drop readings were made on the days set forth in the
table. The current density was 0.75 amps per square cm.
under the anode. The thickness of the carbon in the new
anode between the séaling cast iron was approximately
43 cm. After 23 days of use, the anode was removed from
the bath-of electrolyte and the thickness of carbon below
the cast iron was no more than 1 cm.
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per. day when the entire series had heen replaced with the
anodes embodying the features of this invention.

In addition, the invention:offers the advantage of pro-
viding cavities in the anode having a shape and position
particularly well adapted. to: the: form of the anode and
for: allowing‘regular -and: uniform- distribution of* current
passing from the Gast iron'sedl to.the cafbon -anode.

The invention has been found to be particularly easy
and: economlcal in appllcatlon “The press for making the
anodes ‘differs very littlé from-conventional presses. except
for the Shape of the die used to prodiice the cavity. In addi-
tion, the invention makes it possible to make use of anode
feet of substantial dimension .so as to enable impacting
to remove the cast iron seal without damage thereof.

It. will be understood. that changes -may be made in
the details of construction, arrangement and -operation
without departmg from the spirit of invention especxa]ly
as defined in the following claims. .

We claim:

1. .A prebaked carbon anode havmg a cav1ty in the
upper. end portion for receiving an anede. foot for at-
tachment thereto in which the cavity is formed with helical
grooves . extending downwardly from the upper end.of
the cavity in the side walls thereof and in which the side
walls of the groove define.a.section of trapezoidal shape.

2. A prebaked carbon anode as claimed. in claim 1
in which the grooves extend continuously from the top

~of the cavity to the bottom.
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3. A prebaked carbon anode as clalmed in claim 1
in which the helicoidal grooves have an angle of inclina-
ion within the range of 15° to 20°. -

4. An anode assembly compnsmg the combmanon of

the prebaked carbon anaode claimed in claim 1, an anode
stem,‘a foot on the lower end of the anode stem which
extends into the cavity, and cast iron filling the space
between the foot and the side walls of the cavity to effect
a.sealing relatxonshlp therebetween and in which the cast
jron squeezes the carbon anode in response to shrinkage
which occurs during solidification of the cast iron when
poured into the cavity to fill the space.
5. A prebaked carbon. anode as claimed in claim 1
in.which the side walls,: when extended, define a substan-
tially isosceles. triangle ‘having. an apex angle within the
range of 20° to 60°,

.. 6. A prebaked-carbon anode as clalmed in claim 5 in
whlc_h the apex angle is within the range of 30° to 50°.

7. -A prebaked carbon anode -as.claimed in claim 1 in

g which the apex angle at the top of the grooves is greater

2nd | 3rd 5th 10th  15th 20th 23rd
day ~day day day day day . day
Accordm to the prior state of . - - '
_g_ ....... 12 ................ 0.35. 0.33 0.30 Q.25 0.20 0.17 0.15
Aecordmg to-the invention.... ... 0.27 0.23 0.19 0.13 0.09 0.09  0.05

It will be seen from the foregoing example that the
average voltage gain is 0.1 volt as compared to the con-
ventional method. This represents a gain of 350 kw./hr.

per metric ton of aluminum produced for consumptlon of ‘

15 000 kw./hour per metric ton.

As previously pointed out, the mechanical strength of
the carbon anode-cast iron connection is greatly 1mpr0ved
whereby the frequency of anode seal breakages is mark-
edly reduced as demonstrated by the following. In a series

of 104 commercial tanks, each containing 28 prebaked 65 2,939,829

anodes, the numper of seal breakages prior to the practice
of this invention was an average of 7.5 daily. The anodes
of this invention were gradually introduced into the com-
mercial practice with the result that the number of seal
breakages dropped rapidly-and averaged only 0.7 anode
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than the apex angle in the lower portions of the groove.

8. ‘A prebaked carbon'anode as claimed in claim 7 in
which-the backoff between the-apex angle at the top to the
apex angle at the bottom is w1th1n the range of 5° to 10°:
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