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The need for high energy efficiency and productivity in modern high-amperage aluminium
electrolysis cells gives extreme requirements to the lining materials used in the cells. The
sidelining materials need high thermal conductivity, e. g., nitride-bonded silicon carbide blocks
have replaced carbon side blocks. They are also thinner to accommodate wider anodes. In
addition, the traditional coal tar pitch binder in the ramming paste has been replaced by the so-
called eco-friendly and PAH-free binders. At the cathode, the collector bars are currently
constructed with copper inserts or even as full copper bars. There is a tendency to use highly
graphitised carbon cathode blocks to reduce energy consumption and maintain thermal balance at
higher amperages. The high current densities that may result from the high amperages may
facilitate the chemical reactions leading to the degradation of lining materials due to the increased
activity of sodium. This review paper will attempt to give an overview of the current knowledge
about the lining materials and their degradation mechanisms, as reported in the literature.

Keywords: High-amperage cells, Lining materials, Copper collector bars, Graphite cathode
blocks, Degradation.

1. Introduction

Aluminium is currently the most produced non-ferrous metal in the world, with annual global
production reaching approximately 73 million tonnes in 2024 [1]. The high production volume of
aluminium is due to its numerous applications in modern society, owing to important properties
that it possesses, such as corrosion resistance, light weight, excellent thermal and electrical
conductivities, and the ability to be alloyed with other metals, etc. The production of aluminium
occurs through the Hall-Héroult process, which is based on the electrochemical reduction of
aluminium oxide in an electrolysis cell at about 960 °C to 970 °C [2]. The electrolysis cell for
producing aluminium consists of carbon anodes that conduct electricity as well as heat and are
consumed during the production process, a fluoride melt consisting mainly of cryolite that
conducts electricity and dissolves alumina, an aluminium metal pad that acts as the
electrochemical cathode, a cathode lining consisting of carbon cathode blocks (with different
degrees of graphitisation) rodded with collector bars for conducting electricity and ramming paste
to fill the joints between the cathode blocks, a refractory lining, insulation materials, and a side
wall material. The carbon cathode lining, the refractories, insulations, and side wall materials are
usually arranged in a rectangular steel shell that varies from 9 to 18 m long, 3 to 5 m wide and 1
to 1.5 m deep [2]. The operating cavity depth after installation of all lining materials is about 0.4
to 0.5 m [2]. The molten electrolyte and aluminium metal pad are usually kept at a height of 15—
20 cm and 10-20 cm, respectively, during the electrolysis process [2, 3]. There are two types of
technologies that are based on the design of the carbon anode: prebaked and Sederberg
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technologies [2, 4]. Figure 1 is a sketch of the electrochemical reduction cell using the prebaked
anode technology.
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Figure 1. Electrochemical reduction cell using prebaked anode technology [5].

The lining materials within the electrolysis cell will, over time, degrade or, in some extreme
conditions, fail, leading to the shutdown of the cell [6]. The time from when an electrolysis cell
is started to when it must be decommissioned is referred to as the pot age. The pot age varies a
lot and can be from a few hundred days to over 3000 days [7, 8]. The physical and chemical
stability of the lining materials varies over time in the electrolysis cell and plays a crucial role in
the degradation of the cell lining and consequently the pot life. Owing to the high financial costs
relating to building a new cathode lining, loss in production, and disposal of the spent pot lining
material after the curtailment, it is imperative to understand the degradation mechanism(s) of the
lining materials. This paper presents a review of the different lining materials currently in use in
the aluminium electrolysis cells and their degradation mechanism(s).

2. Cathode Lining Materials
2.1 Carbon Cathode Blocks

The use of carbon cathode blocks by the aluminium industry in the construction of the electrolysis
cell is due to important properties such as high thermal and electrical conductivity, stability
towards molten cryolite and aluminium, mechanical strength, etc. [9]. The carbon cathode blocks
used in the aluminium industry are grouped or classified into three main categories, namely
graphitised cathode blocks, graphitic cathode blocks and amorphous cathode blocks. The
graphitised cathode blocks consist of a graphitizable material (petroleum coke) and binder (coal
tar pitch) that have been heat-treated to temperatures reaching 3000 °C, thereby graphitising the
whole material. Thus, the graphitised cathode blocks have both the filler and binder content fully
graphitised. Some manufacturers impregnate their cathode blocks with pitch before graphitisation
to reduce open porosity. Graphitic cathode blocks are made from graphitizable materials such as
petroleum coke and/or scrap graphite aggregates, and a coal tar pitch binder. However, the heat
treatment is up to ca. 1200 °C, and thus the cathode block is not graphitised as in the case of the
graphitised cathode blocks. Amorphous cathode blocks consist of gas or electrocalcined
anthracite and a coal tar pitch binder that has been heated to ca. 1200 °C [9]. The high temperature
treatment of the filler and binder content of the carbon cathode blocks leads to a higher degree of
crystallinity, which is favourable for important properties such as electrical resistivity, especially
at temperatures of 2000 °C and above [10]. Table 1 gives some of the important properties of the
carbon cathode blocks currently in use in the aluminium industry.
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conversion of the whole insulation lining if the refractory lining fails, especially during the early
days of operation when the open porosity is free for reactions. Reaction products indicative of
aluminothermic reactions, such as FeAl, and FeAl,Si, have been observed in autopsy samples
from the insulation lining, whereas in the worst-case scenario, the whole insulation lining has
been replaced by aluminium metal [9]. Aside from the chemical degradation of the insulation
lining, these materials are also exposed to high temperatures and compression from the lining
materials on top of them. Insulation materials are reported to be dimensionally unstable,
experience shrinkage and changes in crystalline structures at higher temperatures [9, 48, 49].

4. Conclusions

The literature studies have shown that extensive work has been done in understanding the cathode
lining materials used in the aluminium industry in terms of material properties and degradation
mechanisms. The studies reveal that sodium is by far the dominant factor in the degradation of
the cathode lining as it partakes in the reduction of materials, including oxides within the
refractory and insulation lining, etc. It also paves the way for electrolyte infiltration into the whole
cathode lining, thereby kickstarting the fluoride attack of the refractories and insulation lining.
Despite the dominant role of sodium in the degradation of the lining, the literature also reports
the devastating degradation that occurs if the lining material fails to prevent the rapid infiltration
of molten aluminium and cryolite due to cracks or imperfections created due to bad cathode
construction procedures. The chemical components chosen for the refractories used in the
aluminium electrolysis cells are designed to form effective penetration barriers like albite, to
reduce the degradation rates, and thus, proper construction procedures may help to maintain
acceptable pot life.

Moreover, the importance of electrochemical and chemical wear relative to physical or
mechanical wear of the carbon cathode blocks suggests that a uniform current distribution and
calm metal and bath movements are crucial to obtain a relatively uniform wear pattern along the
cathode surface that could contribute to higher pot age even as amperages are increased. This is
especially true for the highly electrically conducting graphitised cathode blocks due to the peaking
of current at the ends of the cathode blocks. The use of copper insert collector bars as well as full
copper collector bars may help to even out the current distribution along the cathode block;
however, actions need to be taken to prevent the copper from contacting chemical components
that could react with it and change its properties. Furthermore, it is crucial to test the lining
materials used in the construction of cathode lining to ensure they meet the specifications
provided by the suppliers before installing them, as properties such as porosity, density,
mechanical and chemical stability play a very important role in determining the rate of the
degradation mechanisms.
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