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Description

[0001] Theinvention relates to cathode blocks for alu-
minium electrolysis cells having a wear detection func-
tionality of by incorporation of tracer materials.

[0002] Aluminium is conventionally produced by the
Hall-Heroult process, by the electrolysis of alumina dis-
solved in cryolite-based molten electrolytes at temper-
atures up to around 950 °C. A Hall-Heroult reduction cell
typically has a steel shell provided with an insulating lin-
ing of refractory material, which in turn has a lining of
carbon contacting the molten constituents. Conductor
bars connected to the negative pole of a direct current
source are embedded in the carbon cathode substrate
forming the cell bottom floor. The cathode substrate is
usually constituted of blocks made of carbon or graphite,
joined with a ramming mixture of anthracite, coke, and
coal tar.

[0003] In Hall-Heroult cells, a molten aluminium pool
acts as the cathode. The carbon lining or cathode ma-
terial has a useful life of four to ten years, or even less
under adverse conditions. The deterioration of the cath-
ode bottom is due to erosion and penetration of electro-
lyte and liquid aluminium as well as intercalation of so-
dium, which causes swelling and deformation of the
cathode blocks and ramming mixture.

The erosion of the cathode block does not occur evenly
across the block length but shapes the block surface into
a W-profile. Erosion in graphite cathodes may progress
at a rate of up to 60 mm per annum.

Due to resulting cracks in the cathode blocks, aluminium
reaches the steel cathode conductor bars causing cor-
rosion thereof leading to deterioration of the electrical
contact, non-uniformity in current distribution and an ex-
cessive iron content in the aluminium metal produced.
[0004] It would therefore be important getting an indi-
cation on when the cathode block wear reaches a critical
depth to discontinue electrolysis operations early
enough for preventing a direct contact between the lig-
uid aluminium and the steel-made electrical contacts.
Such detection mechanism should be also accurate
enough to prevent as little productivity losses due to
electrolysis stop as possible.

Currently practised wear detection tests involve manu-
ally dipping a stick of specified length into the hot elec-
trolysis bath until it hits the cathode block surface. Be-
sides being unpleasant, if not dangerous, for the person
performing the test, this method is not reliable because
in many cases the stick does not reach down to the cath-
ode block surface but rather touches on solid sludge
lumps on the block surface, thus implying a cathode
wear much lower than actual.

While many methods of wear detection exist, most of
them include sensor devices. Such sensors can be cost-
ly and, in most cases, an electric circuit is directly in-
volved in the sensing mechanisms. In the case of cath-
odes for aluminium production, additional costs for so-
phisticated sensor systems would be commercially pro-
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hibitive. Above all, electronic detection systems are also
prone to dysfunction due to the high operational temper-
atures and the strong electrical and magnetic fields in
and around the cathode blocks during operation. The
electrolysis process is run in a continuous mode leaving
no time for dedicated inspection shutdown.

US 6,510,726 describes a method of detecting prema-
ture wear of engine bearings in locomotive engine ap-
plications by incorporating bismuth as a tracer element
into the liner of bearing metal applied to a rigid metal
backing of the bearing. A soft metal overlay free of bis-
muth is applied over the bearing liner and the bearing
installed in the engine. The engine oil is periodically test-
ed for the presence of bismuth. Early detection indicates
premature wear of the overlay, enabling corrective ac-
tion to be taken to protect the engine.

[0005] In US 4,620,185 a machine condition diagnos-
tic system is described wherein a distinct tracer element
indicator material labels each wearable machine com-
ponents. The lubricant is monitored and periodically or
continually sampled to determine the presence of ab-
normal levels in the amount of indicator material. Since
each component or components performing a similar
functionis labelled with the same indicator, the presence
of a particular indicator in abnormal amounts in the lu-
bricant directs the machine operator to the precise lo-
cation requiring repair or replacement.

The indicator material is introduced by drilling a bore into
the race surface of each bearing in a machine to beyond
the depth of maximum acceptable wear, inserting a pill
comprised of an indicator material into the bottom of said
bore so that each bearing function is represented by a
different indicator pill, and sealing said bore.

Preferred tracer elements for bronze or brass bearings
include but are not restricted to aluminium, beryllium,
bismuth, carbon, cobalt, chromium and zirconium.
[0006] One object of this invention are cathode blocks
providing a detection functionality for indicating extent
of cathode wear in aluminium electrolysis cells without
interrupting the cell operation. Another object of this in-
vention is to provide cathode blocks permitting a detec-
tion functionality indicating the wear progression at dis-
tinctive locations within the cathode block. It is a further
object of this invention to place cathode blocks with wear
detection functionality in an electrolysis cell in order to
monitor wear progression at distinctive locations
throughout the cell.

[0007] The task of the invention is solved by providing
a detection functionality for indicating extent of cathode
wear in aluminium electrolysis cells without interrupting
the cell operation by introduction of tracer materials into
the cathode block which are leached out by penetrating
aluminium and can be detected by analytical tech-
niques.

[0008] One advantage of this invention is to circum-
vent the difficulties in implementing direct detection
methods usually being based on electrical signals by uti-
lizing standard product quality test methods.



3 EP 1 531 194 A1 4

During operation of the aluminium electrolysis cell, pro-
duced aluminium is sampled and the purity checked in
periods of about 1,5 days frequency. A standard analyt-
ical method utilised in this quality test is Inductively Cou-
pled Plasma Atomic Emission Spectroscopy
(ICP-AES). The plasma used in this technique is able to
excite many different elements, making ICP-AES a
highly effective multi-element detection technique. The
ICP-AES detection limits vary from 1 to 100 ppb. This
technique also provides low detection limits for a lot of
high melting elements such as B and Ti.

ICP-AES, as a standard test in aluminium electrolysis
cells, can be utilised for the indirect detection of cathode
block wear. Tracer materials introduced into the cathode
blocks are leached out by penetrating aluminium and
can be detected even at very low levels by ICP-AES.
Whereas ICP-AES is the preferred analytical technique,
various other analytical methods can be employed for
the same purpose according to this invention.

[0009] Another advantage of this invention is the ac-
curate pre-warning time it provides to the electrolysis
operators to prepare the required shutdown procedures.
Inthe past, electrolysis cells have either been shut down
too early or only after the produced aluminium had al-
ready been contaminated with iron from the current col-
lector bars.

[0010] The more accurate timing for the shutdown for
cathode block replacement results in substantial eco-
nomic benefits for electrolysis operators.

[0011] Furthermore, this invention provides means to
monitor the wear progression at distinctive locations
within the cathode block as well as throughout the elec-
trolysis cell. This option opens the opportunity to decide
individually on exchange of cathode blocks or to adjust
operational parameters to achieve more homogeneous
erosion throughout the electrolysis cell.

[0012] Tracer materials can be placed into the cath-
ode blocks by means of holes. The holes can be incor-
porated in to the cathode block by drilling of the finished
block or by introduction of sacrificial material of ade-
quate shape into the raw cathode block prior to carbon-
isation and graphitisation.

The hole positions are determined by the preferred trac-
er materials position. The size of those holes is mostly
dependent from the amount of tracer material required
for effective detection. It was found that a volume of 15
to 30 cm3 tracer material has to be inserted in each cath-
ode block to provide enough tracer elements to be de-
tected by ICP-AES under typical production test condi-
tions.

[0013] The invention will now be described by way of
examples and with reference to the accompanying
drawings in which:

Figure 1 shows a cathode block with steel-made
collector bars and indicates a typical W-profile ero-
sion pattern.
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Figure 2 shows a cathode block having one seg-
ment cut out with the tracer-filled vertical holes di-
rectly above the collector bars in accordance to this
invention. A typical W-profile erosion pattern is in-
dicated.

Figure 3 shows a cathode block having one seg-
ment cut out with vertical holes between the collec-
tor bars in accordance to this invention. A typical W-
profile erosion pattern is indicated

Figure 4 shows the front part of a cathode block with
tracer-filled transversal holes in accordance to this
invention.

Figure 5 shows the front part of a cathode block with
tracer-filled horizontal holes in accordance to this
invention.

[0014] Although all drawings show cathode blocks, or
parts thereof, having two collector bar slots, this inven-
tion applies to single-slotted cathode blocks in the same
manner.

[0015] The tracer material has preferably to be posi-
tioned in the region where erosion is the highest. Ero-
sion progresses from the cathode block surface in a
non-uniform manner resulting in a so-called W-profile.
In Figure 1, a typical W-profile erosion pattern (3) is in-
dicated progressing from the top of a cathode block (1)
down towards the steel-made collector bars (2) at the
bottom of this block. As can be seen from Fig. 1, the
best region to position the tracer material is located be-
low the two negative peaks of the W-profile 200 to 500
mm away from both opposing end faces of the block.
[0016] The erosion of cathode blocks (1), especially
of graphite blocks, progresses typically at a rate of 40
mm per annum. It is therefore necessary, as shown in
Figure 2, to position the holes (4) for the tracer material
just a short distance above the steel-made current col-
lector bars (2) to accurately give 2 to 4 weeks pre-warn-
ing time to plan for production shut-down and replace-
ment of the entire electrolysis cell bottom. The tracer-
filled holes (4) should preferably be 2 to 5 mm deep and
have 6 to 20 cm in diameter. This diameter range coin-
cides with the width of the collector bars (2). In practice,
the hole diameter will not exceed the width of the col-
lector bar slot, yet a large enough portion of the collector
bar surface should be covered for detection. Hence, the
hole diameter ranges from 30 to 100%, most preferably
from 70 to 90%, of the slot width. This embodiment is
not limited to circular holes, any other hole shape can
be used in the same manner as described.

After placing the tracer material into the hole to fill up 70
to 100% of its volume, it can be sealed with a graphite
plate, graphite foil or ramming paste. Such prepared
cathode blocks are later fitted with collector bars.

In another embodiment of this invention, depicted in Fig-
ure 3, vertical holes (5) can be incorporated in the space



5 EP 1 531 194 A1 6

between the collector bar slots, their depth exceeding
the slot depth by 2 to 5 mm. The hole diameter is deter-
mined by the web width in between the slots ranging
from 30 to 85%, most preferably from 50 to 70%, of the
web width.

After placing the tracer material into a hole to fill up 2 to
10% of its volume, it is sealed with a graphite rod or ram-
ming paste. Such prepared cathode blocks are later fit-
ted with collector bars.

In case of cathode designs with a single collector, the
vertical holes are positioned at both sides of the collector
bar in the same manner.

[0017] Another object of this invention is to insert trac-
er materials at several distinctive distances from the top
block surface thus providing means for a time-depend-
ent monitoring of the erosion progress. According to this
invention, the tracer materials are positioned at different
levels with distances of each 20 to 50 mm starting at 20
to 50 mm below the top block surface.

In another embodiment of this invention, different tracer
elements can be introduced at various positions inside
the cathode blocks to facilitate not only time-dependent
monitoring of the erosion progress but also providing the
option for discriminating erosion effects at different po-
sitions within the cathode blocks.

The same principle applies to labelling of distinctive
cathode blocks by different tracer elements for discrim-
ination of erosion effects at different cathode blocks
throughout the entire electrolysis cell.

[0018] This required tracer material volume will be
taken up by holes of 0,8 to 1,2 cm diameter. The depth
of the holes can range from 200 to 500 mm depending
mainly on the size of the cathode block and the required
position of the tracer material inside the block.
According to this further embodiment, there are two di-
rections to position the holes for the tracer materials in
the blocks. As indicated in Figure 4, transversal holes
(6) can be positioned either as dead-end holes or as
open holes across the entire width of the cathode block.
After filling 50 to 90% of the hole volumes with tracer
material, the holes are sealed by using ramming paste
which is later also used for filling the small seams in be-
tween the cathode blocks. Alternatively, graphite plugs
can seal the holes.

[0019] In another embodiment of this invention,
shown in Figure 5, horizontal holes (7) are positioned
starting from the end face of the cathode block. Such
holes need to have a depth of 300 to 500 mm thus cov-
ering the entire region where erosion is typically highest.
After filling 50 to 90% of hole volumes with tracer mate-
rial, the holes are sealed by using ramming paste or
graphite plugs.

[0020] Due to the broad detection range of ICP-AES
the tracer elements to be utilised according to this in-
vention can be selected from a wide range of chemical
elements, expect for Iron (Fe), which is the main con-
stituent of the steel collector bars. This choice includes,
but is not limited to, metals starting from atomic number
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21 (scandium) up to atomic number 83 (bismuth). Pre-
ferred are chemical elements that are readily available
and are significantly heavier than aluminium in order to
provide easy discrimination at ICP-AES analysis. Fur-
thermore, the hot aluminium upon contact should pref-
erably easily take up those elements. Hence, more pre-
ferred choices of tracer elements are the metals in the
row from atomic number 22 (titanium) to 30 (zinc).
[0021] The chemical composition of the tracer ele-
ments is not limited to the pure element. Depending on
price, toxicity, chemical reactivity and other factors, the
tracer element can be provided in the form of, but is not
limited to, salts, oxides, carbides, and alloys. Different
tracer materials can also be mixed with each other or
with neutral matrix materials before introduction into the
cathode block. Neutral matrix materials are graphite or
aluminium.

[0022] The physical appearance of the tracer material
can vary between, but is not limited to, powders and
wires or rods.

[0023] Powders can be fed into the holes and com-
pacted by means of a rod or other devices. Wires or rods
are being pushed into the hole. In case of low melting
metals, the tracer material can be cast into the holes.
The tracer materials can also be introduced into dead-
end holes as a salt solution, thus impregnating the re-
gion around the hole end.

[0024] The invention is further described by following
examples:

Example 1

[0025] 100 parts petrol coke with a grain size from 12
um to 7 mm were mixed with 25 parts pitch at 150 °C in
a blade mixer for 10 minutes. The resulting mass was
extruded to a blocks of the dimensions 700 x 500 x 3400
mm (width x height x length). These so-called green
blocks were placed in a ring furnace, covered by metal-
lurgical coke and heated to 1200 °C under nitrogen at-
mosphere. The resulting carbonised blocks were then
heated to 2800 °C in a lengthwise graphitisation fur-
nace. Afterwards, the raw cathode blocks were trimmed
to their final dimensions of 650 x 450 x 3270 mm (width
x height x length). Single collector bar slots of 200 mm
width and 150 mm depth were cut out from each block,
followed by drilling of two 3 mm deep holes of 10 cm
diameter into each slot at a distance of 400 mm from
either opposing end faces. Tablets made of pre-com-
pacted powder consisting of 95 w/w% zinc and 5 w/w %
copper with dimensions fitting exactly to the holes were
placed in each hole. 15 cm diameter pieces of 100 um
thick flexible graphite foil were fixed on top of each hole
as cover. Afterwards, steel collector bars were fitted into
the slot. The cathode blocks were placed into an alu-
minium electrolysis cell.
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Example 2

[0026] Cathode blocks trimmed to their final dimen-
sions were manufactured according to example 1. Two
parallel collector bar slots of 150 mm width and 150 mm
depth each were cut out from each block, followed by
drilling of four 152 mm deep holes of 5 cm diameter into
the middle of the 100 mm wide web between both slots,
whereby one opposing hole pair was positioned at 300
mm and the other at 400 mm away from either opposing
end faces. Each hole was filled with 25 g of CuCI powder
and was then sealed by a graphite rod of 5 cm diameter
and 150 mm length. Afterwards, steel collector bars
were fitted into the slots. The cathode blocks were
placed into an aluminium electrolysis cell.

Example 3

[0027] Cathode blocks trimmed to their final dimen-
sions were manufactured according to example 1. On
either opposing end of the blocks, 8 pairs of dead-end
horizontal holes each of 1 cm diameter were drilled in
parallel to the block top face as well as side face starting
from the end faces. The first 4 holes of opposing hole
pairs were drilled at a distance of 25 mm below the top
block surface. The next pairs each had an axial distance
of 50 mm to the respective pair above. All holes were
400 mm deep and the holes of a pair were positioned
right and left of he horizontal middle of the block each
at a distance of 250 mm from the respective block side
face. After one pre-compacted rod made of 90 parts
copper powder and 10 parts graphite powder, having
200 mm length and 1 cm diameter, was introduced into
each hole, the holes were sealed by ramming paste. Af-
terwards, steel collector bars were fitted into the respec-
tive slots and the cathode blocks were placed into an
aluminium electrolysis cell.

Claims

1. Cathode blocks for aluminium electrolysis cells pro-
viding a detection functionality for indicating extent
of cathode wear in aluminium electrolysis cells with-
out interrupting the cell operation by introduction of
tracer materials into the cathode block which are
leached out by penetrating aluminium and can be
detected by analytical techniques.

2. Cathode blocks according to claim 1, having at least
2 holes being positioned above the collector bar
slots each at a distance of 200 to 500 mm away from
both block end faces, being 2 to 5 mm deep with
diameters ranging from 30 to 100% of the slot width,
said holes being filled with tracer material from 70
to 100% of its volume, and optionally being sealed
by means of graphite plates, graphite foil or ram-
ming paste.
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3.

Cathode blocks according to claim 1, having at least
2 vertical holes being positioned in between the col-
lector bar slots each at a distance of 200 to 500 mm
away from both block end faces, being 2 to 5 mm
deeper than the slots with diameters ranging from
30 to 85%, most preferably from 50 to 70%, of the
web width, said holes being filled with tracer mate-
rial from 2 to 10% of its volume, and being sealed
by means of graphite rods or ramming paste.

Cathode blocks according to claim 1, having at least
4 vertical holes of 3 to 5 cm diameter being sym-
metrically positioned on both sides of a single col-
lector bar slot each at a distance of 200 to 500 mm
away from both block end faces, being 2 to 5 mm
deeper than the slot, said holes being filled with
tracer material from 2 to 10% of its volume, and be-
ing sealed by means of graphite rods or ramming
paste.

Cathode blocks according to claim 1, providing
means for wear progression monitoring having at
least 4 dead-end or open-end transversal holes in
parallel to the block top face and end faces starting
from its side faces or having dead-end horizontal
holes in parallel to the block top face and side faces
starting from its end faces, each of 0,8 to 1,2 cm
diameter, being positioned at different levels at dis-
tances between each of 20 to 50 mm starting at 20
to 50 mm below the block top face, their volume be-
ing filled with 50 to 90% tracer material and being
sealed by ramming paste or graphite plugs.

Cathode blocks according to claim 5, having tracer
materials based on different elements introduced at
various positions inside the cathode block, provid-
ing the means for discriminating erosion effects at
different positions within the cathode blocks.

Tracer materials according to claims 1 to 6, based
on metals starting from atomic number 21 (scan-
dium) to atomic number 83 (bismuth), more prefer-
ably based on elements from atomic number 22 (ti-
tanium) to 30 (zinc), being provided as pure ele-
ment, salt, carbide, alloy, or any other suitable
chemical composition or mixtures thereof as pow-
der, wire, rod, solution, or any other suitable physi-
cal state.

A method to incorporate holes into cathode blocks
according to claims 1 to 6, by machining the finished
block with a drill or with a circular saw or by intro-
duction of sacrificial rods of adequate size into the
green block prior to carbonisation and graphitisa-
tion.

A method to manufacture cathode blocks according
to claims 1 to 6 comprising
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* incorporating holes into the cathode block ac-
cording to claim 8,

* placing tracer material according to claim 7 into
the holes by pushing, casting or pouring,

* sealing the holes with ramming paste or plugs,
rods or graphite foil.

10. A method for discrimination of erosion effects at dif-
ferent cathode blocks throughout the entire electrol-
ysis cell comprising labelling distinctive cathode
blocks according to claims 1 to 5 with different tracer
elements and monitoring occurrence of those ele-
ments in the produced aluminium by analytical de-
tection methods.
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