Evolution of Mechanical Properties of Carbon Anodes During Baking
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Abstract
To be considered as a good quality product, carbon anodes must not only have a low electrical
resistivity, but also a high mechanical resistance to crack generation and propagation. To obtain
such anodes, a good understanding of the evolution of their mechanical properties during baking
is crucial. Traditional mechanical characterization approaches consist of baking anode samples at
specific temperatures and performing the tests at either room temperature or slightly lower than
that of the baking level. In the latter case, it is well-known that numerous chemical reactions take
place during the tests which affect the results. In this paper, an innovative approach is proposed
to ensure the reliability of mechanical properties measurements. The anode cores were taken from
industrial green anodes removed directly from the production line of Aluminerie Alouette Inc.
(AAI) and then baked to different temperatures in a laboratory furnace of the UQAC/AAI Chair.
Compression tests initially performed using the Gleeble system showed that this system was not
suitable for low temperature testing, at which the anode samples were in a semi-solid state. To
overcome this problem, a new setup was installed on a classical CRIMS press which accurately
measures the Young’s modulus, compressive strength, and particularly, Poison’s ratio.
Keywords: Carbon anodes; baking process; mechanical properties; high temperature mechanical
property testing.
1.

Introduction

Carbon anodes are used in aluminium smelters both as an electrical conductor and a carbon source
for the electrolytic process. Their production process begins with the formation of a green anode,
which is composed of solid petroleum coke particles, coal tar pitch and recycled materials [1].
The coke particles serve as an inert carbonaceous filler necessary for the electrolysis reaction
while the pitch carbonizes and binds the coke particles to each other by adhesion to their surfaces
and pores while filling the empty space between the particles, thus giving the mix mechanical
strength. The components are mixed together in a mixer at around 180°C, transferred to a shaping
mold and then vibrocompacted to densify the mixture. Finally, the green anodes are baked using
a large refractory furnace up to a temperature of 1200°C, following an average heating rate of
11°C/h. During this operation, packing coke is used to provide structural support to the green
anodes and protection from oxidation by air during baking. The baking carbonizes and solidifies
the compressed mixture which then acquire the necessary properties to efficiently perform in an
electrolytic industrial cell.
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