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ABSTRACT OF THE DISCLOSURE

An electrolytic cell for the recovery of aluminum com-
prising a pot for the fluoride electrolyte with a carbon
bottom and iron cathode bars extending through the car-
bon bottom to emerge from each side of the cell in which
the cross section of the bars on each side of the central
length which lies beneath the anodes is less than that of
the central length of the bars.

This invention relates to electrolytic cells for the
recovery of aluminum from an alumina-containing fluo-
ride melt. }

A typical cell is shown diagrammatically in FIG. 1 of
the accompanying drawings, and comprises a steel pot 12
lined by an insulating layer 13 of heat-resistant material.
Within this lining there is a lining 11 of carbon in which
iron cathode bars 17 are embedded. The cathodically sepa-
rated aluminum collects as shown at 14 below the fluoride
melt shown at 10 and on the surface 15 of the carbon
lining 11. A crust 22 forms on the fluoride melt as a
result of solidification, and is covered by a layer 23 of
aluminum oxide,

Anodes 18 of amorphous carbon dip into the melt from
above, and normally are carried by rods 19 which, as
shown at 20, are fixed to current conducting beams 21.
These beams can be raised or lowered through hoisting
units 25 mounted on columns 26.

The distance d from the underside of an anode to the
surface 16 of the aluminum, which is known as the inter-
polar distance, can be varied by vertical movement of the
beam 21.

In the operation of such a typical cell the temperature
of the melt is kept constant as far as possible between
940 and 975° C. Oxygen is released at the anodes and
combines with the carbon of the anodes to form carbon
monoxide and carbon dioxide. Because of this, the lower
ends of the anodes are consumed to an extent of about
1.5 to 2 cm. of their length each day in accordance with
the particular construction of the cell.

The cathode bars 17 are good heat conductors, and
accordingly carry away heat outwards from within the
cell. The heat thus lost must be made up by the supply of
electrical energy. In addition, heat (I12R) is generated in
the bars, but by decreasing the thermal gradient reduces
the amount of heat which would otherwise flow outwards
by conduction.

FIG. 2 of the accompanying drawings is a diagram-
matic cross-section through the cell. It shows that the
cathode bars 17 extend completely through the carbon
lining 11 to emerge from each side of the cell, and lie
beneath the anodes. In the cell shown there are two rows
of anodes 18, each carried by its own beam 21.

Now the cathode bars 17 have two functions. One is
to collect current from that part of the carbon lining
which lies beneath the anodes, and which may be called
the active part of the lining, and which is shown at 27.
The other function is to carry the current outwards from
the cell, so that the lengths 28 of the bars outside the
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active part act simply as current conductors. In the central
length 29 between the two lengths 28, the current density
in each cathode bar increases outwards from the centre.
This central length 29 within the active part of the carbon
lining must be of large cross-section so as to present a
considerable area of contact resistance.

In practice, the bars are of uniform cross-section
throughout their whole length, but in view of the conduc-
tion of heat outwards from the cell this is not satisfactory.

According to the invention the cross-section of the bars
outside the active part of the carbon lining, that is to say
on each side of the central length 29 which lies beneath
the anodes, is less than that of this central length. This
difference in cross-section is clearly shown in FIG. 2.

It is undesirable to reduce the cross-section of the
lengths 28 too much, because reduction leads to increase
in the I?R heat because of the higher current density in
each length. More of this heat could be produced than
would be saved by reduction in the amount of heat lost
by conduction. The point at which there is no saving in
heat loss, and therefore of electrical energy, can best be
determined by practical tests on a given cell. In deciding
where the economic limit lies, account must also be taken
of the saving in the material of the cathode bars.

Ignoring the saving in material, which is of a minor
nature in comparison with the saving of energy, it is possi-
ble to determine the optimum reduction in cross-section
of the cathode bars outside the active part of the carbon
lining to the cross-section inside the active part) is given
by the following equation:

_ E5 08 P(1=a)
R= WJOZ (percent)

R. Ratio of the cathode bar cross-section outside the
active part of the carbon lining to the cathode bar
cross-section inside the active part (percent).

L. Current density in the cathode bars (A).

3. Specific electric resistance of the cathode bars at a
temperature which corresponds to ¥4 (Ty-T) (Om).
L. Length of the cathode bars outside the active part

of the carbon lining (m).

a. Proportion of the I2R heat of the cathode bars which
does not flow outwards.

A. Specific thermal conductivity of the cathode bars at
a temperature which corresponds to

(T To) ().

Ty. Temperature of the cathode bars at the outlet point
of the rods from the active part of the bottom lining
C).

Ty Temperature of the cathode bars at their outer ends
(¢ C). )

A, Cross-section of the cathode bars inside the active
part of the carbon lining (m.2).

In the invention the ratio R is preferably in accordance
with this equation +10%.

As an example, in a 100 ka. cell with 19 iron cathode
bars, that is to say with 38 bar ends projecting outwards,
the various factors in the equation may be as follows:

) _— 2630 a.

] - 0.4.10-6 Om.

L - 0.6 m.

[~ 0.2,

N o — 45 kcal./mh. ° C.
T, - 700° C.

T, — - 200° C.

Ay oo 11.0.10-3 m2.
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Calculation shows that the ratio would be 50%, and
accordingly preferably should not be less than 45% or
more than 55%.

In an electrolytic cell of the size in question witz bars
of uniform cross-section throughout their length, the
heat loss through the 19 bars is from 400.000 to 500.000
kcal. in 24 hours. If the cross-section of the lengths 28
is so reduced as to give a ratio R of 50%, 250,000 to
300,000 kcal. can be saved in 24 hours, which corre-
sponds to a reduction in the specific consumption of elec-
trical energy up to 0.5 kwh./kg. of Al. Additionally, by
the reduction of the removal of heat by the cathode bars
the thermal gradient in the bottom of the cell is re-
duced, and this has a satisfactory effect on the main-
tenance of the carbon lining of the pot. Moreover, the
savings in the amount of iron required for the cathode
bars can amount to one ton or more per cell.

What we claim is:

1. An electrolytic cell for the recovery of aluminum
from an alumina-containing fluoride melt comprising a
pot for the electrolyte with a carbon lining on the bottom
and iron cathode bars extending through the carbon lining
to emerge from each side of the cell, in which the cross-
section of the bars on each side of the central length
which lies beneath the anodes in the active part of the
lining is less than that of the central length of the bars.

2. A process for operating an electrolytic cell accord-
ing to claim 1 in which the ratio R of the cross-section
of the lengths of the cathode bars outside the central
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lengths relative to the cross-section beneath the anodes
has the value R-}-10% R where

R 1200861 (1—a)
M —Th)- A2

1 being the current demsity in the cathode bars in
Amperes, & the specific electric resistance of the cathode
bars in Om. at a temperature which corresponds to
14 (T4++Ts), L the length of the cathode bars outside
the active part of the lining in meters, « the proportion
of the Joule’s law effect of the cathode bars which dopes
not flow outwards, A the specific thermal conductivity in
kcal./mh. ° C. of the cathode bars at a temperature which
corresponds to Y2 (Ty4T2), T; the temperature in ° C.
of the cathode bars at the outlet point of the bars from
the active part of the bottom lining. Ty the temperature
in ° C. of the cathode bars at their outer ends and A, the
cross-section in m.2 of the cathode bars inside the active
part of the lining.

102 (percent)
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