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Apparatus (10) for determining surface profiles, in particular the cathode
wear profile (22) and the side ledge(s) profile, of an aluminium electrolysis
cell, which is filled with an aluminium melt (5) and has side ledge(s) (ca),
comprising

- a position determining system with a mobile system member (11) and a
stationary system member (14) and

- a lance (16) with a heat resistant lance tip (19) for immersing into the melt
(5) onto cathode or the side ledge (6a) surface of the cell,

the mobile member (11) being attached to the lance (16) and the stationary
member (14) being adapted for determining a position of the lance tip (19)
by determining a position of the mobile member (11).

Apparatus according to claim 1, characterized in that the lance tip (19)
comprises or is at least essentially made of a material which can withstand
higher temperatures than a shaft (15} of the lance (16) or at least the same
temperatures as the shaft (15).

Apparatus according to at least one of the preceding claims, characterized
in that the shaft (15) comprises or is at least essentially made of steel,
preferably stainiess steel, graphite-based material or carbon-fiber reinforced

material.

Apparatus according to at least one of the preceding claims, characterized
in that the lance tip (19) comprises or is at least essentially made of steel,
preferably stainless steel, or a graphite-based product.

Apparatus according to claim 4, characterized in that the graphite-based
product comprises at least one material of the group consisting of carbon,

15




10

15

20

25

30

WO 2013/068558 PCT/EP2012/072313

10.

1.

graphite, semi-graphite, carbon-fiber reinforced ceramic or carbon-fiber
reinforced carbon.

Apparatus according to at least one of the preceding claims, characterized
in that the lance tip (19) comprises a ball end (20).

Apparatus according to at least one of the preceding claims, characterized
in that the shaft (15) and/or the lance tip (19} comprises a pipe.

Apparatus according to at least one of the preceding claims, characterized
in that the mobile member (11) is attached reversible to the lance (16).

Apparatus according to at least one of the preceding claims, characterized
in that the position determining system is adapted to determine the position
of the lance tip (19) and/or ball end (20) by determining positions of
reference points (12) on the mobile member {11} and calculating the
position of the lance tip (19) and/or ball end (20) on the basis of the
positions of the reference points (12).

Apparatus according to at least one of the preceding claims, characterized
in that the stationary member (14) and the mobile member {11) are adapted
to determine the position of the reference points (12) with the help of optical

means.

Method for determining surface profiles, in particular the cathode wear
profile (22) and the side ledge(s) profile, in an aluminium electrolysis cell by
employing an apparatus (10} according to any of claims 1 to 10, immersing
the lance tip {19) of the apparatus (1) into the aluminium melt (5) onto
cathode or side ledge(s) surface (6a) of the cell and determining the
position of the lance tip (19) as the height of the cathode (1) or of the side
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ledge (6a) at this position in the cell.

Method according to claim 11, characterized in removing an anode block (4)
covering a segment (21) of the cell to be measured before immersing the
lance tip (19) into the celi.

Method according to claim 12, characterized in removing several anode
blocks (4) and measuring the respective segments (21).

Method according to claim 13, characterized in determining a wear profile
(22) of the cathode (1) by providing the measurements of the single
segments (21) to one complete cell profile (22).

Method according to claim 13 or 14, characterized in that only some
segments (21) of the cell are measured and the profile (22) of the complete
cell is determined by exirapolating the residual segments (21).

Method according to any of claims 12 to 15, characterized in that at least a
quarter or at least half of the cell segments is measured.

Dated this 07 day of May 2014

Arindam Paul
REG.NO:IN/PA-174

of Depenning & Depenning
Agent for the Applicants
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Method for measuring surface profiles in working aluminium electrolysis cells

The present invention relates to an apparatus for measuring surface profiles, in particular the
cathode wear profile and the side ledge(s) profile, in aluminium electrolysis cells and to a
method of measuring such surface profiles in aluminium electrolysis cells.

Such electrolysis cells are employed for electrolytically producing aluminium, especially
according to the Hall-Heroult-process. With the Hall-Heroult-process a melt containing
alumina and cryolite is electrolyzed. Cryolite acts for lowering the melting point of 2045 °C
of pure alumina to about 950 °C for a mixture containing cryolite, alumina and additives,
such as aluminium fluoride and calcium fluoride.

The electrolysis cell employed for this method comprises a cell bottom which is built up of a
plurality of adjacent cathode blocks forming the cathode. It is to be understood that seams
between the adjacent cathode blocks as well as peripheral seams between the cathode blocks
and the sidewalls of the cell are also considered as part of the cathode. To withstand the
thermal and chemical conditions in a working cell, the cathode blocks usually are comprised
of a carbon-containing material. On the bottom side of the cathode blocks grooves are
provided in which at least one current collector is arranged through which the current is
conducted that is provided through the anodes. Some 3 to 5 cm above the layer of molten
aluminium present above the cathode top side an anode consisting of single anode blocks is
provided. Between the anode and the surface of the aluminium, the electrolyte melt is present
which contains alumina and cryolite.

The principal design of an electrolysis cell for the Hall-Heroult-process is shown
schematically in Figs. 1 ato 1 c. Fig. 1 aillustrates a cross-section of a conventional cell, Fig.
1 bis a side view of the cell and Fig 1 cis a perspective view of an electrolysis cell.

Reference sign 1 denotes a cathode which can for example be composed of graphite,
anthracite or a mixture of those. Alternatively, graphitized cathodes on the basis of coke can
be employed. Cathode 1 usually is incorporated into a steel-type or refractory-type mounting
2. Cathode 1 can be of one piece or alternatively be composed of a plurality of single cathode
blocks.

Along the length of the cell a plurality of current collectors 3 is introduced into cathode 1,
Fig. 1 a showing only one single current collector 3. In Fig 1 c it is made visible that for each
cathode block e.g two current collectors can be provided. The purpose of the current
collectors is to supply to the cell current necessary for the process of electrolysis. Opposite to
the cathode 1 several typically prismatic anodes 4 are provided, Fig 1 a schematically
depicting two anodes 4. Fig. 1 ¢ shows the arrangement of the anodes in an electrolysis cell in
more detail. During electrolysis by applying a voltage between cathode 1 and anodes 4 the
alumina which is solved in cryolite is dissociated to aluminium ions and oxygen ions. The
aluminium ions move towards the molten aluminium - which from an

electrochemical point of view is the actual cathode - to collect electrons. Due to its higher
density the aluminium 5 enriches below the molten mixture 6 of alumina and cryolite in the
liquid phase. The oxygen ions are reduced to oxygen at the anode, the oxygen reacting with
the carbon of the anodes. Reference number 6a denotes the crust of solidifying molten



mixture 6 and, if this crust is at the cell sides it is called side ledge.

Reference number 7 and 8 denote the schematically depicted negative and positive poles of a
power supply for supplying voltage necessary for the process of electrolysis, the value of
which ranges between 3.5 and 5 V for example.

As shown in the side view of Fig. 1 b, the mounting 2 and thus the whole electrolysis cell
exhibits an elongate shape, a plurality of current collectors 3 being introduced
perpendicularly through the sidewalls of the mounting 2. Typically, the longitudinal
extension of cells presently in service is between 8 and 15 m, the lateral extension being
about 3 to 5 m. A cathode as shown in Fig 1 ais disclosed in EP 1845174 for example.

One disadvantage of the Hall-Heroult-process is the high demand for energy. For producing 1
kg of aluminium 12 to 15 kWh are necessary, which constitutes up to 40 % of the production
costs. For lowering the production costs it is desired to reduce the specific power
consumption as far as possible.

One parameter, which is essential for the power efficiency, is the distance between the
surfaces of the anodes and the liquid aluminium in the electrolysis cell The anode or anodes,
respectively, need to be disposed in a distance to the surface of the aluminium which is
sufficient to prevent a short circuit between the anodes and the cathode blocks through the
aluminium. Theoretically, the anodes can be moved very closely towards the surface of the
liquid aluminium, if the aluminium surface is smooth. Due to high currents introduced into
the cathode during electrolysis, however, electro-magnetic fields are generated, which due to
their interaction induce flow and wave movement into the liquid aluminium. These wave
movements cause locally increased wear of the cathode, thus shortening the lifetime of the
whole electrolysis cell. This mechanical wear takes place by the molten aluminium, the
electrolyte and alumina particles present in the hot mixture abrading the bottom of the cell
which is the top of the cathode. Furthermore, the cathode is worn due to electrochemical
processes which take place in the presence of high density electrical current. Particularly, the
cathode is corroded by the reaction of the carbon in the cathode to aluminium carbide.
Usually a typical "W-shaped" wear profile arises by the inhomogeneous wear. Such a wear
lowers the energy efliciency of the cell, since the distance between liquid aluminium and
anode increases.

Presently, the wear profile is determined during a so-called "autopsy" after shutting the cell
down at the end of the cell's life-time. For making predictions of the life-time of an
electrolysis cell, however, it is desired to have information about the actual state of the cell in
terms of its wear profile while the electrolysis cell is in service.

There have been several attempts to determine surface positions of the cathode and thus to
determine the wear profile in the working cell, i.e. with a liquid mixture of aluminium and
cryolite above the cathode. Common measurement methods that are usually used in liquids,
such as echo and shade methods with the help of ultrasonic waves cannot be employed due to
the imperviousness of liquid aluminium to ultrasound. Also, it is not possible to directly
contact the surface of the cathode with a measurement device due to the high temperatures of
the melt of about 1000 °C.

Therefore, mechanical methods have been used to estimate the cathode wear profile. For this
purpose, anode blocks are removed and the cathode surface is touched directly by arod that



is immersed in to the melt. By the length of the rod that projects above the melt level, the
cathode wear is estimated. The

disadvantage of this approach is that the determined depth has low accuracy and that the
position of the rod within the plane of the cell is not determined, but only estimated. It is not
possible to determine an exact wear profile, but rather merely maximum and minimum depth
values without their exact distribution.

It 1s, therefore, an object of the invention to overcome the disadvantages mentioned above
and to provide a fast and accurate method to locally determine the surface profile in
electrolysis cells and thus an exact wear profile and, to locally determine the of side ledge(s)
surface profile in electrolysis cells and to provide an apparatus for performing this method.

It is to be understood that the term "surface profile" comprises the surface profile of cathodes,
the surface profile of side walls and the surface profile of side ledges.

According to the present invention, this object is achieved by an apparatus for determining
surface profiles, in particular the cathode wear profile and the side ledge(s) profile, of an
aluminium electrolysis cell, which is filled with an aluminium melt and has side ledges,
comprising a position determining system with a mobile system member and a stationary
system member and a lance with a heat resistant lance tip for immersing into the melt onto
cathode or side ledge surface of the cell, the mobile member being attached to the lance and
the stationary member being adapted for determining a position of the lance tip by
determining a position of the mobile member.

The apparatus according to the invention for the first time enables accurate measurements of
the cathode surface and the position of a side ledge of an electrolysis cell that is in service.
By separating the position at which the

measurement actually is performed, i.e. the position of the mobile member, and the point,
whose position is determined, it becomes possible to employ

temperature sensitive equipment. The high temperatures of about 1000 °C do not influence
the measurement, because the mobile member and the stationary member are disposed at a
distance from the melt. Furthermore, with the apparatus very fast measurements are possible.

This is advantageous, if the anode block has to be removed for conducting measurements in
the cell. The high speed

measurements allow for the thermal balance in the electrolysis cell not to be influenced.

Preferably, the lance tip comprises oris at least essentially made of a material which can
withstand higher temperatures than a shaft of the lance or at least the same temperatures as
the shaft. This is advantageous, since the lance tip itself is immersed into the melt or the side
ledge, whereas the shaft is held above the melt or the side ledge during measurements of the
cell Thus, the shaft does not need to be constructed of a material of such high quality in
terms of temperature and corrosion resistance and accordingly a material, which is less
expensive, can be chosen for the shaft.

According to particularly preferred embodiment, the lance tip comprises oris at least
essentially made of steel, particularly stainless steel, or a graphite-based material. It has been



observed that the melt, especially the cryolite, is chemically very aggressive towards many
materials. Especially steel which is stainless can withstand this environment easily. The same
applies for graphite-based material. Other preferred materials for the lance tip are titanium
alloys and ceramics, such as oxide or nitride ceramics.

Preferably, the shaft of the lance comprises oris at least essentially made of steel, particularly
stainless steel. Although the shaft is not in direct contact with the melt or the side ledge it is
placed adjacent to the melt or the side ledge so that it is advantageous to be resistant towards
the hot mixture as well Furthermore, steel has a relatively high stiffness which raises the
accuracy of measurement.

Alternatively, also the shaft is constructed of a graphite-based material and/or of carbon-fiber
reinforced material.

The graphite-based material can advantageously comprise at least one material of the group
consisting of carbon, graphite or semi-graphite. The carbon-fiber reinforced material can
advantageously comprise at least one material of the group consisting of carbon-fiber
reinforced ceramic or carbon-fiber reinforced carbon.

According to a preferred embodiment of the present invention the lance tip

comprises a ball end. A ball end has the advantage of a round shape which does not damage
the surface of the cathode when performing the measurement. The ball end may be a separate
part that is fixed to the lance tip. Fixing may be performed by welding, Alternatively, the ball
end may be a round-shaped integral end of the lance tip itself.

According to a preferred embodiment of the invention the shaft and the lance tip are joined
by reversible joints, such as threads. Alternative the joints may be irreversible joints, such as
welding joints.

According to a preferred embodiment of the invention the length of the lance tip is at least as
long as the depth of the melt above the cathode or the depth of the side ledge, the surface of

which is to be measured. The length is preferably at least 50 cm and more preferably at least

70 cm, most preferably between 80 and 100 cm.

According to another preferred embodiment the shaft and/or the lance tip comprises a pipe. A
pipe has about the same stiffness as massive material, but is lighter so that the handling of the
apparatus for measurement is easier.

Furthermore, a pipe stores and conducts less heat than massive material which can also
contribute to easier handling at high temperatures.

According to another particularly preferred embodiment the mobile member is attached
reversible to the lance. This supports fast change of the lance in case the shaft and/or the
lance tip are damaged and need to be replaced.

Furthermore, it is preferred that the position determining system is adapted to determine the
position of the lance tip and/or ball end by determining positions of reference points on the
mobile member and calculating the position of the lance tip and/or ball end on the basis of the
positions of the reference points. With such a system it is possible that the mobile member



itself only provides reference points without itself carrying equipment for measurement.
Thus, it becomes possible that the mobile member is very robust and insensitive toward heat
and corrosion from the hot mixture in the aluminium electrolysis cell. Furthermore, such a
position determining systems avoids problems usually occurring with sensible

measurement equipment above or close to the strong electromagnetic fields generated by the
high currents flowing to and through the cathode. By separating the stationary member that is
placed at a distance from the cell from the positions of reference points on the mobile
member that is placed above the cathode, problems occurring due to the electromagnetic
fields can circumvented according to the invention.

According to still another preferred embodiment, the stationary member and the mobile
member are adapted to determine the position of the reference points with the help of optical
means. This can for example mean that the reference points themselves are light-sources
which emit light that can be sensed by parts of the stationary member, such as cameras and
other light-sensitive means. The received signals can be computed by a computation device
that determines the positions of the reference points. As an alternative, the reference points
can be mirrors that reflect light emitted by an additional light source.

For example, in EP 0820701 B1 , EP 0700506B1 and EP0800674B1 exact procedures for
determining positions of reference points on a mobile member of a position determining
system with the help of a stationary member are disclosed, their content being related to these
procedures being incorporated herewith by reference.

All kinds of light are appropriate for the present application. In a preferred embodiment,
infrared light is emitted by IR-light emitting diodes placed on the mobile member as
reference points.

The determination of the position by the help of optical means has the advantage that no
moving part for the position determining system is necessary. Thus, the position determining
system is not prone to mechanical wear or failure.

Since the computation is performed in the stationary member, the mobile member which is
closer to the hot melt can be designed very simple and thus very robust. Essentially, the
mobile member can be constructed of a body and the reference points. The body can be based
on aluminium for example which is light-weight and has a high stiffness. The mobile member
being arranged at the end of the lance remote from the lance tip and thus remote from the hot
melt during measurement, the temperature acting on the mobile member is relatively low so
that aluminium does not melt.

Furthermore, the object of the invention is achieved by a method for determining surface
profiles, in particular the cathode wear profile and the side ledge(s) profile, in an aluminium
electrolysis cell by employing an apparatus according to the invention, immersing the lance
tip of the apparatus into the aluminium melt onto cathode or side ledge surface of the cell and
determining the position of the tip as the height of the cathode or of the side ledge at this
position in the cell

According to a preferred embodiment of the invention, an anode block covering a segment of
the cell to be measured is removed before immersing the lance tip into the cell. The
advantage is that the cell continues to work with just one anode block being removed. The



cell does not have to be shut down for measurements of the wear profile.

Preferably, several anode blocks are removed and the respective segments are measured with
the method according to the invention. This gives the possibility to obtain a wear profile of
larger regions of the cell

According to a particularly preferred method, a wear profile of the cathode is determined by
providing the measurements of the single segments to one complete cell profile.

According to another preferred embodiment, only some segments of the cell are measured
and the profile of the complete cell is calculated by

estimating/extrapolating the residual segments.

According to a particularly preferred embodiment, half of the cell segments or a quarter of
the cell segments is measured. Due to high symmetry of the

conventional aluminium electrolysis cell, a quarter or half of the wear profile of a cell can
easily be transferred to an estimated complete wear profile.

Expressly, the present invention also covers the case in which the aluminium electrolysis cell
is not filled with an aluminium melt. In this case the cathode can be reached without
immersing into a melt or hot mixture. For this purpose, either a lance is attached to the
mobile member as described above or the mobile member is employed without alance. In the
latter case a leg of the mobile member has the same function as the lance. All other features
of the apparatus and method according to the invention mentioned in the description, the
claims and the figures may apply to this alternative. In general the invention relates to an
apparatus for determining the surface profiles, in particular the cathode wear profile or the
side ledge(s) profile, of an aluminium electrolysis cell comprising a position determining
system with a mobile system member and a stationary system member and a lance with a
lance tip for contacting the cathode or the side wall or the side ledge of the cell, the mobile
member being attached to the lance and the stationary member being adapted for determining
a position of the lance tip by determining a position of the mobile member the lance being a
leg of the mobile member or an additional lance.

Furthermore, the invention relates in general to a method for determining the surface profile,
in particular the cathode wear profile or the side ledge(s) profile, in an aluminium electrolysis
cell by employing an apparatus as mentioned above touching the cathode or the side wall or
the side ledge with the lance tip of the apparatus and determining the position of the lance tip
as the height of the cathode or of the side wall or side ledge at this position in the cell

In the following the present invention will be described in more detail by way of a non-
limiting example with the help of Figs. 1 a to 3, the figures showing

Fig. 1 a: a cross-section of a prior art aluminium electrolysis cell,
Fig. 1b: the cell according to Fig 1 a in a longtudinal section,

Fig. 1 c: a perspective view of an aluminium electrolysis cell



Fig. 2: a schematic sketch of the apparatus according to the invention

Fig. 3: aprior art cell according to Fig 1 ¢, one anode block being removed and an apparatus
according to the invention being immersed into the cell

Figs. 1 ato 1 c depict an aluminium electrolysis cell as already described above.

To determine the wear of the cathode in such a prior art cell, an apparatus according to the
invention is employed. The apparatus 10 comprises a mobile system member 11 in the shape
of a light pen as shown in Fig 2. The light pen 11 comprises a number of light emitting
diodes 12 that emit light 13, which can be detected by a stationary member 14 of the position
determining system. The light pen 11 is attached to a stainless steel pipe 15 which is a shaft
of the lance 16 by clamping it to the pipe 15 with steel bands 17. The clamping is carried out
with the help of screws that close steel sleeves 17 into which the light pen 11 is inserted. In
Fig. 2 only the sleeves as 17 the clamping means are indicated.

At the end 18 of the lance 16 which is remote from the light pen 11, alance tip 19 is
arranged to the lance 16. The lance tip 19 has a ball end 20 welded to it. In this embodiment
both shaft 15 and lance tip 19, as well as the ball end 20 are made from stainless steel. In this
example, type AISI 52100 is used as stainless steel . It exhibits much higher resistance
against the aggressive cryolite in the melt of the aluminium electrolysis cell than
conventional steel does. Alternatively, the shaft 15 which does not need to withstand such
high temperatures as the lance tip 19 and the ball end 20 can be constructed of a fiber-
reinforced material such as carbonfiber-reinforced polymer. Furthermore, the shaft 15 and
particularly preferred the lance tip 19, as well as the ball end 20 can be constructed of
carbonfiber-reinforced carbon or carbonfiber-reinforced ceramic. These materials combine
light weight and high temperature resistance.

The total length of the lance 16 in this example is 2.3 meter, the lance tip 19 having a length
of about 1 meter. The shaft 15 is a pipe of 20 mm outer diameter and the lance tip 19 has a
diameter of 20 mm as well.

Before starting the measurement, the position determining system is calibrated. For this
purpose at a certain calibration position beside the electrolysis cell, the ball end 20 of the
lance tip 19 is placed. IR-light emitting diodes as reference points 12 on the light pen as
mobile member 11 of the position determining system emit light 13. This light 13 is
registered by one or more cameras as part of the stationary member 14 of the position
determining system and passed to a computation member of the stationary member (not
shown). This procedure is repeated for the lance 16 being held in different angles, but with
the ball end always in the same position. This way, the position determining system
recognizes the length of the lance 16 and is calibrated to determine the position of the ball
end 20 just from knowing the position of the reference points 12.

Subsequently, one anode block 4 is removed from the cell and the melt 5, 6, 6a is uncovered
in this segment 21 . The lance tip 19 is immersed into the melt 5, 6, 6a until the ball end 20 is
stopped by the surface of the cathode 1 . By determining the position of the reference points
12 of the light pen 11 by the stationary member 14, the three-dimensional position of the ball
end 20 is determined. The position of the ball end 20 corresponds to the height of the cathode
put in relation to its position within the plane of the cathode 1 .



According to this method, a plurality of points in the segment 21 uncovered by removing the
anode block 4 is determined. In this example, the anode block 4 is removed because of its
regular oxidation which occurs under normal operational conditions of the cell, but the cell
continues to work. After about 10 to 30 minutes a new anode block 4 is arranged at the
segment 21 of the removed anode bock 4 due to energy and efficiency reasons. This concrete
new anode block will last another three weeks, before again it will be replaced by a new
anode block. One day after removing the first anode block 4 and measuring the cathode wear
in the respective segment 21 , another regularly corroded anode block 4 is removed and
replaced by a new one. Again, using this opportunity of the melt being uncovered in the
segment 21 of the removed anode block 4, the cathode surface in this segment 21 is measured
as described before.

In this way, in the course of three weeks, a conventional aluminium electrolysis cell having
20 anode blocks 4, the whole cathode surface of the cell is measured.

Thus, during normal replacing work of the cell, easily the complete wear profile 22 (as
suggested in Fig 1 ain cross-section) of the cell can be determined accurately without
shutting down the cell. For even faster determination during normal work of the cell, only
half of anode blocks are removed and thus half the wear profile is determined, determining
the wear profile 22 of the whole cell by extrapolating

measurements to those segments 21 not yet measured.

Alternatively, all anode blocks 4 are removed within one series of measurements to obtain a
wear profile 22 immediately. This is especially done in a variation of the invention with the
cell being shut down and all of the melt including aluminium and electrolyte being removed.
In this state with the cell being cooled down, it furthermore is not necessary to attach the light
pen to a lance, but one can use an end of the light pen as the end which is considered as the
respective measured point of the surface of the cathode.
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