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Abstract
The aluminosilicate refractory lining in anode baking furnaces undergoes thermal cycling and are
exposed to harsh chemical environments. Consequently, the thermal stability and chemical
durability of the refractory material is important for the lifetime of the lining. Here, we present a
thermodynamic assessment of the stability of the aluminosilicate materials resembling the
chemical environment of the anode baking furnace. Volatile species (NaF, NaAlF4, SiO, CO, etc.)
from anodes were identified based on typical chemical composition of green anodes. The most
likely chemical reactions of the volatile species and the oxide components in the lining are
evaluated. The variation in the volatility of substances due to the thermal cycling and reducing
conditions during anode baking was examined in particular. Changes in the mineralogical
composition in the lining were predicted based on the thermodynamic calculations and these are
summarized in form of isothermal predominance phase diagrams. Formation of sodium
aluminosilicate phases and volatile SiF4 are proposed to be the main consequence of the chemical
degradation of the lining due to traces of the cryolite in the green anodes.
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1.

Introduction

Carbon anodes constitute an important part in the process of aluminum electrolysis [1,2]. Today,
mostly pre-baked carbon anodes are used in modern electrolysis plants due to their higher current
efficiency, lower cell voltage and lower energy consumption, compared to the Søderberg anodes
[3,4]. The production of pre-baked anodes takes place in anode baking furnaces, separated from
the electrolysis process. The principle of pre-baked anode production is quite similar from plant
to plant, with some variations with respect to the furnace design [5], i.e. open or closed furnace.
Green anodes, made out of coke, recycled anode butts and pitch, are stacked within the furnace
and exposed to thermal treatment. As the green anodes are heated up, the structural integrity is
reduced when reaching the softening point of the pitch [5]. To prevent any deformation, the green
anodes are placed in a confined space (the pit) with no room for movement. To avoid carbon
oxidation during baking, the anodes are covered with packing material, usually fine-grained
carbon materials such as petroleum coke or metallurgical coke [5]. The recycled anodes used as
a precursor in green anode production originates from the electrolysis cell, where the anodes are
taken out of operation when they reach approximately 20-25 % of their original size. Besides the
anode cover materials, the anodes are exposed to the cryolite bath during operation, and some of
the bath and anode cover materials are transferred with the anodes. Impurities, like sodium and
fluorine, originating from frozen bath and anode cover materials, are therefore found in increased
amounts in the green anodes compared to the expected amounts based on the impurity level of
the petroleum coke [1,6].
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