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Abstract
Oxidation of carbon anode with air and CO2 occurs during the electrolysis of alumina in HallHéroult cells, resulting in a significant overconsumption of carbon and dusting. Boron is well
known to decrease the rate of this reaction for graphite. In this work, the application of boron
oxide has been investigated to evaluate its inhibition effect on the air oxidation reaction and to
provide an effective protection for anodes. Different ways of impregnation coating have been
explored. Impregnated anode samples were gasified under air at 525 °C according to the standard
measurement methods. X-ray tomography was used to obtain the microstructural information of
the samples before and after air-burning tests. The impregnated samples showed a very low
oxidation reaction rate and dust generation.
Keywords: Anode air reactivity; boron oxide anode coating; anode impregnation coating; anode
sample gasification; X-ray tomography.
1. Introduction
Anode is consumed in the conventional process of Al production using Hall-Héroult cells in
which the overall reaction may be written as equation 1. One of the main factors causing excess
anode consumption is oxidation of the anode surface exposed to air during electrolysis. The
temperature of the anode exposed to air is comprised between 400 and 600 °C [1]. There are two
possible reactions of carbon with oxygen (equations 2 and 3), depending on the reaction
temperature.
2Al2O3 + 3C → 4Al + 3CO2
C (anode) + O2 (g) → CO2 (g)
2 C (anode) + O2 (g) → 2 CO (g)

(1)
(2)
(3)

Air reactivity is one of the most important yet variable characteristics of carbon anodes and
together with CO2 reactivity counts as the highest contribution to carbon overconsumption. The
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anode is composed of calcined petroleum coke, recycled anodes (butts) and coal tar pitch. The
effects of raw materials, process parameters, and physical characteristics of baked anode on its
resistance against air reactivity were widely discussed in the literature 1 - 6. There is consensus
that the burning rate of the binder matrix (pitch + fine) is higher than that of the large coke grains
6 - 7. This may result in early removal of the binder matrix and detachment of the unburned
coke grains from the anode surface, contributing in part to the dusting phenomenon 8 - 10. Any
protection strategy should therefore focus on providing an impermeable physical barrier on the
anode external surface or decreasing the intrinsic reaction rate of carbon, especially that of the
binder matrix.
Several attempts have been made to provide a physical barrier on anode. As an example, CSIRO
claimed to provide a cost-effective coating on anodes, which maintains integrity throughout the
life of the anode 11 - 12. The coating seems to be alumina-based material, which is sprayed on
baked anodes. Although this announcement has been made several years ago, the authors are not
aware of any further development or industrial deployment of this coating. In the same context,
covering the anode by alumina powder is practiced in almost all smelting plants. In addition,
some plants practice a simple way to cover anodes by spreading liquid bath (cryolite) on fresh
anode just after it is changed. The liquid bath solidifies immediately on the cold anode surface
providing a coating, which seems to decrease its air-burning rate. Both alumina powder and
solidified bath are porous media and cannot protect the anode efficiently. However, they may
reduce air-burning rate by generating an oxygen diffusion barrier around the anode and protect it
to some extent.
Another strategy to protect carbon is to decrease its intrinsic reactivity. The oxidation inhibition is
achieved by doping carbon with phosphorus and boron 13 - 14. However, phosphorus is
prohibited in the electrolysis bath due to its negative effect on the current efficiency. Basically,
three mechanisms are proposed to explain the effect of boron on carbon oxidation reaction:
a) Inhibition of reaction by re-distribution of electron densities on graphite, hence reducing its
intrinsic reactivity 15, 16, 18.
b) Effect of boron on enhancing graphitization process 16, 18, 19.
c) Formation of boron oxide film and blockage of active sites 15, 21 - 22.
It is hard to conceive that two first mechanisms (a and b) would be able to contribute to anode
protection. The main reasons are:
1. In most experimental work conducted on composite fields, the boron addition level is too
high (from 1000 ppm up to several at.%). This high level of boron addition is not allowed
in anode, having in mind that all boron will most likely reduce in the bath and enter the
aluminum.
2. The change in electron density is basically due to the fact that boron is substituted in the
graphite structure. Since the anode baking temperature is much lower than the
graphitization temperature, no significant graphitization occurs during baking. Thus,
boron effect on carbon graphitization is not conceivable.
3. In boron-doped graphite, boron is always added in the form of elemental boron under
inert atmosphere prior to graphitization. Considering the cost of elemental boron, such a
high level of addition is justified only for very high-value products, which is not the case
of carbon anodes.
The formation of boron oxide film and its effect on active site blockage is, however, worth
investigation.
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4. Conclusions
In the present study, it was shown that a number of parameters affect the efficiency of the anode
protection by boron impregnation. For instance, the level of the protection depends on the
impregnation duration. Fifteen minutes of impregnation in warm solution (2 wt.% concentration)
provides a significant protection level in small samples. Air reactivity results confirm that the
protection of the anode surface using the impregnation method can decrease the oxidation
reaction rate from 4 %/h to 0.2 %/h. CT-Scan results revealed that the inside of the impregnated
samples seem to react with air, with much slower rate, and that the surface preserves its initial
shape. The protected samples generate much less dust as compared to the unprotected ones.
Although this technique allows obtaining a very good anode protection and dust reduction, its
implementation in industrial scale may be challenging. Indeed, a full impregnation can be
obtained within a reasonable time for small samples. In an industrial context, a full impregnation
of an anode with very large size would be practically impossible within a reasonable time.
Accordingly, researchers and engineers will have to continue working in this avenue in order to
find a practical way for in-depth impregnation of the large anode blocks.
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