Effects of Charcoal Addition on the Final Properties of Carbon Anodes
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Abstract
Wood Charcoal is an attractive alternative to petroleum coke in production of carbon anodes for
the aluminum smelting process. Calcined petroleum coke is the major component in the anode
recipe and its consumption results in a direct greenhouse gases (GHG) footprint for the industry.
Charcoal, on the other hand, is considered as a green and abundant source of sulfur-free carbon
with a massive worldwide production of more than 50 Mt per annum. Pre-treated charcoal was
used to substitute up to 10 % of coke in the anode recipe in an attempt to investigate the effect of
this substitution on final anode properties. The results showed deterioration in the anode
properties by increasing the charcoal content. However, by adjusting the anode recipe this
negative effect can be considerably mitigated, e.g. increasing the pitch content was found to be
helpful to improve the physical properties of the anodes containing charcoal.
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1.

Introduction

All modern smelters use the Hall–Héroult process to electrolytically reduce the alumina dissolved
in molten cryolite. In this process, carbon anodes are used to conduct high amperage direct
electrical current necessary for smelting from the busbar to the electrolyte. Oxygen from alumina
is discharged electrolytically and reacts immediately with the carbon anodes, producing gaseous
carbon dioxide (CO2) [1]. Calcined petroleum coke (CPC) is the major component in the anode
recipe. Due to the changes in the oil refining industry [2], most coke supplies do not comply with
anode specifications, which are essentially based on the upper limit of sulfur and heavy metal
content, the density, the molecular structure, as well as the mechanical properties.
Being an abundant source of sulfur-free carbon [3], wood charcoal seems, at first glance, to be an
attractive alternative for petroleum coke. Substitution of petroleum coke by charcoal in the anode
recipe would reduce the fossil CO2 emissions. Furthermore, the very low content of vanadium
(V) and sulfur (S) in charcoal could allow the use of petroleum coke with higher S and V, thus
decreasing the raw material cost. However, charcoal is characterized by its amorphous carbon
structure and high concentration of inorganic minerals (Ca, Na). These undesirable properties
result in a material with high reactivity to air and CO2 in addition to low real and bulk density.
Charcoal was investigated as raw material for anode production [4], the results showed significant
deterioration in mechanical, electrical and reactivity of the anodes containing charcoal.
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