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Abstract

With the development of aluminum electrolysis industry towards large-scale, high-efficiency, and low-carbon directions, ultra-
large prebaked anode electrolytic cells of S00kA and above have become the mainstream in the industry. However, their enormous
physical dimensions and powerful electromagnetic fields also bring extreme complexity of multi-field coupling between thermal,
electrical, magnetic, and flow phenomena, especially when using complex electrolyte systems with low molecular ratio, high alumina
concentration, and rich impurity elements. Further improvement of current efficiency faces severe challenges under such conditions.
This paper aims to systematically investigate the key factors affecting current efficiency in 500kA electrolytic cells under complex
electrolyte systems and their internal mechanisms. The study provides important theoretical basis and practical guidance for energy-
efficient production of ultra-large aluminum electrolytic cells in complex systems.
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