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(57) Abréegée/Abstract:
Disclosed Is an aluminum electrolytic cell having profiled cathode carbon blocks, comprising a cell case, a refractory material

stalled on the bottom, an anodes and a cathode. The cathode carbon blocks include a profiled structure having projections on
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uminum electrolytic cell having the cathode structure according to the present invention can reduce the velocity of the f
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reduce the energy consumption of the production of aluminum by electrolysis. With the above configuration, compo
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precipitates of viscous cryolite molten alumina can be formed on the lower portion between walls protruding on the upper surface
of the cathode, which can prohibit the molten aluminum from flowing into the cell bottom through the cracks and apertures on

cathodes, so that the life of the electrolytic cell can be extended.

:.;iz$};zsi§
S

e / [ / J

I*I ' 1 oo, B A e
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca - R
OPIC - CIPO 191 SRS

[P O



CA 02680087 2009-09-03

ABSTRACT

Disclosed is an aluminum electrolytic cell having profiled cathode
carbon blocks, comprising a cell case, a refractory material installed on
the bottom, an anodes and a cathode. The cathode carbon blocks
include a profiled structure having projections on the top surface of the
carbon blocks, that is, a plurality of projections are formed on a surface of
the cathode carbon blocks. The aluminum electrolytic cell having the
cathode structure according to the present invention can reduce the
velocity of the flow and the fluctuation of the level of the cathodal molten
aluminum within the electrolytic cell, so as to increase the stability of the
surface of molten aluminum, reduce the molten lose of the aluminum,
increase the current efficiency, reduce the inter electrode distance, and
reduce the energy consumption of the production of aluminum by
electrolysis. With the above configuration, compounds or precipitates of
viscous cryolite molten alumina can be formed on the lower portion
between walls protruding on the upper surface of the cathode, which can
prohibit the molten aluminum from flowing into the cell bottom through

the cracks and apertures on cathodes, so that the life of the electrolytic

cell can be extended.
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ALUMINUM ELECTROLYTIC CELLS HAVING PROFILED
CATHODE CARBON BLOCKS

Field of Invention

The present invention relates to the technical field of aluminum
electrolysis, more particular, to an aluminum electrolytic cell for

producing aluminum through a fused salt electrolysis process.

Background of Invention

Presently, the industrial pure aluminum is primarily produced by an
electrolysis process on cryolite-alumina fused salt. A dedicated device
usually employed in the above process includes an electrolytic cell of
which the inside is lined with carbon materials. Refractory materials and
heat insulating bricks are provided between a steel case and a carbon liner
of the electrolytic cell. The carbon liner within the electrolytic cell is
generally structured by laying carbon bricks (or blocks) made of
anthracites or graphite materials or the compound thereof, which has a
better anti-sodium or anti-electrolytic corrosivity. Carbon pastes made
in above carbon materials are tamped at a joint between the bricks or
blocks. A steel rod is disposed at the bottom of the carbon blocks at the
bottom of the electrolytic cell and extended out of the case of the
electrolysis cell.  Such steel rod 1s usually referred to a cathode steel rod
of the electrolysis cell. A carbon anode made of petroleum coke is
suspended above the electrolysis cell. An anode guide rod made in
metal is disposed above the anode of the electrolysis cell, through which

the current 1s led in. Molten aluminum and cryolite-alumina electrolyte
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melt having a temperature between 940-970 "C are provided between the
carbon cathode and the carbon anode of the electrolysis cell. The
molten aluminum and the electrolyte melt are not fused from each other,
and the density of the aluminum is lager than that of the electrolyte melt,
thus, the aluminum is contacted with the carbon cathode below the
electrolyte melt. When a direct current is led from the carbon anode of
the electrolytic cell and led out of the carbon cathode thereof, since the
electrolyte melt is an 1onic conductor, the cryolite moiten with alumina is
electrochemically reacted at the cathode and the anode. Accordingly, a
reaction that the oxygen produced by the oxygen-carrying ion being
discharged on the anode reacts with the carbon on the carbon anode is
carried out, and the electrolyte resulting from the reaction in the CO,
form 1s escaped from the surface of the anode. Aluminum-carrying ion is
discharged on the cathode so as to obtain three electrons to generate metal
aluminum. This cathode reaction is performed on the surface of the
molten aluminum within the electrolytic cell. The inter electrode
distance refers to the distance between the cathode surface and the bottom
surface of the carbon anode within the electrolytic cell. Typically, in the
industrial aluminum electrolytic cell, the inter electrode distance within
the electrolytic cell 1s 4-5¢m. The inter electrode distance generally is a
crucial technical parameter in the industrial aluminum electrolytic
production, the inter electrode distance with too high or too low value

will impose great influence the aluminum electrolytic production.

More specifically, the inter electrode distance with too low value
may increase a secondary reaction between the metal aluminum molten

from the cathode surface into the electrolytic melt and the anode gas, so

that the current efficiency is reduced.

The inter electrode distance with too high value may increase the
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cell voltage within the electrolytic cell, so that the power consumption for
the direct current of the production of the aluminum electrolyzing is

increased.

For the production of the aluminum electrolyzing, it is desired that
the electrolytic cell has the highest current efficiency and the lowest
power consumption, during the aluminum electrolyzing, the power
consumption for the direct current can be presented by following formula:

W (kilowatt-hour/ton of aluminum) = 2980 * Va/CE
Wherein the Va is an average cell voltage (V) within the

electrolytic cell, CE is the current efficiency of electrolytic cell (%).

It can be seen from above formula, the goal of reducing the power
consumption for aluminum electrolyzing production can be realized by
increasing the current efticiency of electrolytic cell and reducing the

average cell voltage within the electrolytic cell.

The inter electrode distance of the electrolytic cell is an important
process and technical parameter for determining the size of the cell
voltage. For the existing conventional industrial electrolytic cell, the
cell voltage 1s reduced about 35-40mV by reducing 1mm of inter
electrode distance, thus, it can be seen from formula (1), while the current
efficiency of electrolytic cell is not reduced, the direct current power
consumption for production of the aluminum electrolyzing can reduce
over 100 kilowatt-hour per ton of aluminum. Therefore, it can be seen
that reducing the inter electrode distance is advantageously benefit for the
power consumption for production of the aluminum electrolyzing under
the circumstance of the current efficiency not being effected. Typically,
the inter electrode distance of industrial aluminum electrolytic cell is

about 4.0-5.0cm, which is measured by bringing out of the cold steel
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towline from the electrolytic cell after the cold steel towline having a
hook sized about |Smm vertically extended into the electrolyte melt of
the electrolytic cell and uprightly hooked on the bottom top lift of the
anode in about 1 minute. That is, the distance i1s the one between the
molten aluminum surface and the top lift of the bottom of the anode
which is obtained by using the interface between the aluminum and the
electrolyte. Obviously, such distance is not the real inter electrode
distance of the electrolytic cell because the molten aluminum surface is
waved or fluctuated when the molten aluminum surface within the
electrolytic cell is undergoing the electromagnetic force within the
electrolytic cell or the anode gas 1s escaped from the anode.

[t can be found in the literature that the wave crest height of the
molten aluminum surface at the cathode of the electrolytic cell is about
2.0 cm. If the molten aluminum in the electrolytic cell is not waved, the
electrolytic cell can perform electrolyzing production when the inter
electrode distance 1s 2.0 to 3.0 cm. Thus, the cell voltage can reduce
0.7-1.0v, so that the target of saving the power consumption of the
electrolytic cell about 2000 to 3000 kilowatt-hour/ton of aluminum can be
achieved. Based on such fundamentals, several aerial drainage type
TiB,/C cathode electrolytic cells without molten aluminum waved at the
cathode have been developed and put into the industrial experiments, the
highest current strength of the aerial drainage type TiB,/C cathode
electrolytic cell is reached to 70K A, the cathode current density is
reached to 0.99A.cm™, and the power consumption is 1280
kilowatt-hour/ton of aluminum. However, according to the information
obtained from the Sixth International Aluminum Electrolyzing Technique
Conterence in Australia, such experiment only tests for 70 days. There
1s no more information about such experiment and applications since the

aforesaid experiment 8 years ago.

According to the experiment result for self-heated 1350-2000A
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aerial drainage type TiB,/C cathode electrolytic cell supported by China
Natural Science Fund, such electrolytic cell has an unexpected defect.
That is, the over voltage of the cathode of the aerial drainage type TiB,/C
cathode electrolytic cell is too high, 1.e. higher than the normal one about
0.5v. Although the fundamentals and mechanisms of the above
phenomena are not quite clear, one reason may be considered.
Specifically, as a result of polarization of the cathode, a macromolecule
cryolite 1s formed on the cathode surface, and the macromolecule cryolite
1s slow in diffusion and mass transport , so that concentration polarization
over voltage on the cathode surtace is generated. Up to now, there is no
solution to solve above problem, so the development and research of such
aerial drainage type TiB,/C cathode the electrolytic cell is impeded. An
other serious disadvantage of the aerial drainage type TiB,/C cathode
electrolytic cell is: there 1s not enough amount of molten aluminum in the
cathode, so that the heat stability of the electrolytic cell is poor,
particularly, the huge amount of heat momentarily produced in the
electrolytic cell under the anode effect is unable to dissipated through the

molten aluminum having good heat conductivity or stored by the molten

aluminum.

Moreover, the existing aluminum electrolytic cell is not good in life
span; the longest life span for the cathode only has 2500-3000 days. In
those disrepaired electrolytic cells, most of them are damaged in the early
period, that is, it is caused by, in the early period of the production within
the electrolytic cell, the cathode molten aluminum within the cell is
leaked to the cell bottom to melt and corrode the cathode steel rod
through cracks formed at the bonding portion between the cathode carbon
blocks internally lined in the cell bottom and the carbon pastes during
burning and producing, or through the cracks produced on the carbon

blocks body during burning.
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Summary of Invention

In view of the above, the present invention 1s made to solve or
alleviate at least one aspect of the disadvantages in association with the
current aerial drainage type TiB,/C cathode electrolytic cell. Also, the
present invention aims to solve the problems that large fluctuation of the
surface level of cathode molten aluminum within the current industnal
aluminum electrolytic cell, the inter electrode distance 1s limited, the cell
voltage within the electrolytic cell can not be further decreased, as well as

the poor life span of the electrolytic cell.

Accordingly, an object of the present invention is to provide an
aluminum electrolytic cell having profiled cathode carbon blocks in

which a plurality of protruding walls are formed on a cathode surface of

the electrolytic cell.

According to an embodiment of the invention, there 1s provided an
aluminum electrolytic cell having profiled cathode carbon blocks,
comprising: a cell case, a carbon anode, a bottom carbon internal lining,
and refractory and heat insulating materials provided between the bottom
carbon internal lining and the cell case, the bottom carbon internal lining
is composed of a plurality of cathode carbon blocks, wherein each
cathode carbon block comprises a connecting part at a bottom end and a
protruding part at a top end, the connecting part being formed integrally
with the protruding part, the connecting parts of the adjacent cathode
carbon blocks are connected by tamping carbon pastes, and grooves in a
longitudinal direction of the cathode carbon block are formed between the
adjacent protruding parts of the adjacent cathode carbon blocks, and each
protruding part of the cathode carbon block comprises 2-8 protruding
portions which are arranged at a predetermined interval in the

longitudinal direction of the cathode carbon block.
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In an exemplified embodiment, the cathode of the electrolytic cell 1s
structured as follows: a plurality of profiled cathode carbon blocks having
protruding portions on upper surfaces thereof are arranged 1n the
electrolytic cell and connected integrally with each other. The profiled
cathode carbon blocks and the cathode carbon blocks of the conventional
electrolytic cell may be made of the same material. In an example, the
profiled cathode carbon blocks may be made from anthracites or artificial
graphite crumbs or the compound thereof having projections on an upper
surface thereof, also, such cathode carbon blocks can be made from

graphitized or semi-graphitized carbon blocks having projections on an

upper surface thereof.

The electrolytic cell built by such profiled cathode carbon blocks
having protruding portions on the upper surfaces thereof provides a
plurality of protruding portions which are parallel to direction of a series
current and disposed upright from the bottom surface of the electrolytic
cell. The protruding portions are formed as components ot cathode
blocks of the electrolytic cell. Each cathode block may have 1 to 8 such
protruding portions. In an example, each cathode block has 2 protruding
portions, each protruding portion has a length being identical with the
length of the anode provided thereon and perpendicular to longitudinal
direction of the electrolytic cell, the width thereof 1s smaller than the

width of the base cathode carbon blocks at the bottom thereof, and the
height thereof 1s 6-25cm.

The method of producing aluminum by using the electrolytic cell

having profiled cathode carbon blocks of the present invention 1s

substantially the same as the method by using the conventional aluminum

electrolytic cell.

The molten aluminum level within the electrolytic cell calculated
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from the upper surfaces of the walls protruded from the surface of the cell
bottom 1s about 3-20cm, the cell voltage 1s about 3.0-4.5v, the level of the
electrolyte above the molten aluminum 1s about 15-25cm, the inter
electrode distance of the electrolytic cell 1s about 2.5-5.0cm, the
electrolyte temperature 1s about 935-975 °C, the molecular ratio of the
electrolyte 1s about 2.0-28, the concentration of alumina is about 1.5-5%.
Under above process conditions, the electrolytic reaction reacted on the

cathode of the electrolytic reaction is: Al’"(complex) + 3e = Al.

The aluminum electrolytic cell having profiled cathode carbon
blocks according to the present invention can reduce the velocity of the
flow and fluctuation of the level of cathodal molten aluminum within the
electrolytic cell, so as to increase the stability of the surface of molten
aluminum, reduce the molten loss of the aluminum, increase the current
etficiency, reduce the inter electrode distance, and reduce the energy
consumption of the production of aluminum by electrolysis. Further, the
compounds or precipitates of viscous cryolite molten alumina can be

formed on the lower portion between walls protruding on the upper
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surface of the cathode, which can prohibit the molten aluminum from
flowing into the cell bottom through the cracks and apertures on the

cathodes, so that the life of the electrolytic cell can be extended.

Brief Description of the Drawing

Fig 1 1s shown a structural view for an aluminum electrolytic cell
having two protruding portions on an upper surface ot each cathode
carbon block according to one embodiment of the present invention,
wherein the cross section of the protruding portion vertical to longitudinal
direction of the cathode carbon block 1s shaped in rectangle;

Fig. 2 1s a side view of Fig. 1;

Fig. 3 is shown a structural view for an aluminum electrolytic cell
having one protruding portion on an upper surface of each cathode carbon
block according to one embodiment of the present invention, wherein the
cross section of the protruding portion vertical to longitudinal direction of
the cathode carbon block is shaped in rectangle;

Fig. 4 is a side view of Fig. 3;

Fig. 5 is shown a structural view for an aluminum electrolytic cell
having six protruding portions on an upper surface of each cathode
carbon block according to one embodiment of the present invention,
wherein the cross section of the protruding portion vertical to longitudinal
direction of the cathode carbon block is shaped in rectangle;

Fig. 6 is a side view of Fig. 5;

Fig. 7 1s shown a structural view tfor an aluminum electrolytic cell
having two protruding portions on an upper surface of each cathode
carbon block according to one embodiment of the present invention,
wherein the cross section of the protruding portion vertical to longitudinal
direction of the cathode carbon block 1s shaped in stair steps;

Fig. 8 1s a side view of Fig. 7;
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Fig. 9 is a partially enlarged view of Fig. 7

Fig. 10 1s shown a structural view for the cathode carbon blocks
having another shaped protruding portion according to the present
Invention;

Fig. 11 1s a side view of Fig. 10; and

Fig. 12 is a partially enlarged view of Fig. 10.

Wherein, the explanatory notes for the reference numerals are as

following:
I. Steel cell case outside the electrolytic cell;
2. Asbestos board internally lined in the electrolytic cell;

3. Refractory materials and heat insulating materials at the bottom of

the electrolytic cell;

4. Cathode blocks having protruding portions on the upper surface

thereof at the bottom of the electrolytic cell;

5. Side carbon blocks internally lined in the side portion of the
electrolytic cell;

6. Carbon pastes between the side carbon blocks and the bottom

carbon blocks having protruding portions on the upper surface thereof, as

well as between the bottom carbon blocks having protruding portions on

the upper surface thereof;

7. Refractory concretes below the carbon blocks at the side;

8. Cathode steel rod.
Detailed Description of Preferred Embodiments

As shown in Fig. 1, an aluminum electrolytic cell having profiled
cathode carbon blocks has a coverless rectangular case structure. The
outside thereof comprises a steel cell case 1, and the steel cell case 1 is

lined with an asbestos board 2.Refractory materials and heat insulating

10
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materials 3 are provided on the asbestos board 2 lining within the cell

case 1, and cathode carbon blocks at cell bottom 4, each of which the

upper surface includes protruding portions, are provided on the refractory
materials and the heat insulating materials 3, wherein the profiled cathode
carbon blocks 4 with the upper surtace thereot having protruding portions
are made from anthracites or artificial graphite crumbs or the compound
thereof. Alternativel such cathode carbon blocks 4 with the upper surface
thereof having protruding portions can be made of graphitized or
semt-graphitized carbon blocks. The protruding portions of the profiled
cathode carbon blocks 4 each has a width less than the width of a base at
the lower portion of the cathode block, and the height of the protruding
portion may has a range from 50 to 200mm. Carbon blocks 5 lined
within the side of the electrolytic cell are also made from anthracites or
artificial graphite crumbs or the compound thereof, or graphitized or
semi-graphitized carbon blocks. Similarly 1t can be made from
carborundum materials. The cell bottom cathode internal liner within
the electrolytic cell 1s structured by a plurality of profiled carbon blocks 4
having cathode steel rods 8 provided at the bottom thereof and protruding
portions provided on the upper surface thereof. Each profiled carbon
block 4 having protruding portions provided on the upper surface thereof
is transversally disposed in the electrolytic cell, and the length direction
of the protiled carbon blocks 4 having protruding portions provided on
the upper surtace thereof 1s perpendicular to the longitudinal direction of
the electrolytic cell. A gap sized around 20-40mm is provided between
non-protruding portions of two adjacent profiled carbon blocks 4, and is

tamped with carbon pastes 6 therebetween. Refractory concretes 7 are

tamped below the side internal carbon blocks 5 and above the bottom
retractory bricks 3, also carbon pastes 6 are tamped between the side
carbon blocks 5 and non-protruding portion of the bottom profiled

cathode carbon blocks 4. The bottom profiled cathode carbon blocks 4

tl
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having protruding portions on the upper surfaces thereof are opened with
grooves at lower surfaces thereof for mounting the cathode steel rods 8,
which both ends thereof extend out of the cell case 1 of the electrolytic
cell ahd serves as a cathode of the electrolytic cell. As shown in
drawings, the aluminum electrolytic cell having a profiled cathode is
somewhat similar to the existing aluminum electrolytic cell in the cell
body, the cell case, structure of internal lined refractory and heat
insulating materials, carbon blocks structure internally lined within the
side portion and cathode steel rod structure, as well as carbon pastes
structure between the carbon blocks. However, the shape and the

structure of the bottom cathode carbon block of the electrolytic cell is

significantly different from those of the prior arts.

Since the electrolytic cell according to the present invention employs
profiled cathode carbon blocks having protruding portions on the surfaces
thereot on the bottom liner of the cell, the profiled cathode carbon blocks
4 each has a non-protruding portion at the lower portion thereof having
width larger than that of the protruding portion, and the carbon pastes 6
only can be tamped between the non-protruding portions of the profiled
cathode carbon blocks 4, thus, rows of protruding walls are formed by the
protruding portions of the profiled cathode carbon blocks 4 at the bottom
ot the electrolytic cell. Such walls are formed into components of
cathode blocks of the electrolytic cell. Each cathode block may have 1
to 8 protruding walls on the upper surface thereof. If each cathode block
has 2 protruding walls, each protruding wall has a length identical with
the length of the anode provided thereon and perpendicular to
longitudinal direction of the electrolytic cell, and the width thereof is

smaller than the width of the base cathode carbon blocks at the bottom

thereof.

12



CA 02680087 2009-09-03

If each cathode bottom block has one protruding wall on the upper
surtace thereof, the length of the protruding wall is identical with that of
the bottom cathode carbon blocks; if the cathode bottom block has two

and more protruding walls on the upper surface thereof, the length thereof

are smaller that that of the bottom cathode carbon blocks.

The cross section of protruding portions of the cathode carbon block
may be shaped In rectangle, or any other protruding shape. Ifitis
shaped 1n rectangle, the height of the protruding portions on the upper
surface of the cathode carbon blocks is about 50-200mm and the width
thereof is about 200-350mm. If the cross section of the protruding portion
s shaped in a protruding shape or step shape, the lower portion of the
protruding shape is about 30-100mm and the upper portion of the
protruding shape is about 30-150mm.

A method for producing metal aluminum by using the aluminum

electrolytic cell having profiled cathode carbon blocks in the present

Invention, comprising;:

l. Building and constructing an electrolytic cell according to the
aluminum electrolytic cell having profiled cathode carbon blocks

provided in the present invention.

2. According to the same burning and starting method as those used
in the existing aluminum electrolytic cell, burning and starting of the
aluminum electrolytic cell having profiled cathode carbon blocks of the
present invention is performed. However, carbon powder is required to
fill 1n gaps between whole walls protruded on the cell bottom before

burning, when using scorched particles burning method.

13
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3. During the normal manufacture technical management after the
electrolytic cell starts, the molten aluminum level within the electrolytic
cell is calculated from the upper surfaces of the walls protruded from the
surface of the cell bottom; the height thereof is about 30-200mm after the
aluminum is generated. In the normal manufacturing, the inter electrode

distance of the electrolytic cell is about 25-50mm, and the cell voltage is
about 3.0-4.5v.

4. Pelletized bumps or powders made from over 30-70% of powdery
alumina and 70%-30% of powdery cryolite are filled between the lower
portion of walls protruded from the bottom surface of the aluminum
electrolytic cell having profiled cathode carbon blocks, such pelletized
bumps or powders are under the electrolytic temperature, when the
cryolite therein is molten, the molten cryolite is formed into a kind of
precipitate on the cell bottom to seal the cracks and gaps so as to prevent
the molten aluminum from entering into the cell bottom to melt the
cathode steel rod and damage the electrolytic cell. Except above two
steps, when using in the normal manufacturing, other process and
technical conditions of the aluminum electrolytic cell having profiled
cathode carbon blocks with protruding portions provided on the upper
surface according to the present invention are the same as those in the
aluminum electrolytic cell having cathode structures in the prior art, those
technical conditions may include: the electrolyte level is about 15-25cm,
the molecular ratio of the electrolyte is about 2.0-2.8, the concentration of

alumina is about 1.5-5%, the electrolyte temperature is about 935-975 C.

14
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What the claim is:

1. An aluminum electrolytic cell having profiled cathode carbon
blocks, comprising: a cell case, a carbon anode, a bottom carbon internal
lining, and refractory and heat insulating materials provided between the
bottom carbon internal lining and the cell case, the bottom carbon internal
lining is composed of a plurality of cathode carbon blocks, wherein

each cathode carbon block comprises a connecting part at a bottom
end and a protruding part at a top end, the connecting part being formed
integrally with the protruding part,

the connecting parts of the adjacent cathode carbon blocks are
connected by tamping carbon pastes, and grooves In a longitudinal
direction of the cathode carbon block are formed between the adjacent
protruding parts of the adjacent cathode carbon blocks,

each protruding part of the cathode carbon block comprises 2-8

protruding portions which are arranged at a predetermined interval in the

longitudinal direction of the cathode carbon block.

2. The aluminum electrolytic cell having profiled cathode carbon

blocks of claim 1, wherein

the protruding portion comprises an upper portion and a lower
portion, and 1n a cross section perpendicular to the longitudinal direction
of the cathode carbon block, the width of the lower portion is larger than
the width of the upper portion,

pelletized bumps or powders made from over 30-70% of powdery
alumina and 70%-30% of powdery cryolite are filled between recesses
formed between the lower portions of the adjacent protruding portions of

the adjacent cathode carbon blocks.

15
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3. The aluminum electrolytic cell having profiled cathode carbon
blocks of claim 1, wherein

pelletized bumps or powders made from over 30-70% of powdery
alumina and 70%-30% of powdery cryolite are filled between recesses
formed between lower sections of the adjacent protruding parts of the

adjacent cathode carbon blocks.

16
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