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Abstract
Sodium concentration in pot metal is known to be an indicator of current efficiency. When
current is present, the NaF gradient increases at the bath-metal interface. As the bath ratio at the
bath-metal interface is consequently much higher than in the bulk, a film of crystallized cryolite
may form. Factors affecting the integrity of this film, and thus the sodium content in metal, are
documented in the present study. The cathode concentration overvoltage was calculated using
the sodium concentration in the metal. The correlation between sodium and calcium in the metal
was confirmed in agreement with thermodynamics. The correlation between the sodium
concentration and several bath impurities in the metal was also investigated.
Keywords: Hall-Héroult process; current efficiency; sodium impurities in pot liquid aluminum;
cathode overvoltage.
1.

Experimental Methodology

Metal samples were collected using the Heraeus Electro-Nite sampler QS3012ACC to avoid
sodium loss. Each sample was analysed by Optical Emission Spectroscopy (OES) to determine
the concentration of Na and other impurities in the metal. Bath samples were collected
simultaneously in order to determine the excess AlF3 by X-ray diffraction (XRD). CaF2 was
measured by X-ray fluorescence (XRF). Bath temperature measurements were also taken. The
carbon content of the bath was determined by LECO analysis.
2.

Results

2.1.

Cathode concentration overvoltage determination

It is generally acknowledged that the cathode concentration overvoltage, in industrial cells, is of
the order of 50 to 140 mV [1, 2]. However, these values concern cells operating with low excess
AlF3, ≤ 4 % (bath ratio (BR) ≥ 1.35), as was the case in the past decades [3]. Since then, bath
chemistry has evolved, and modern cells operate with higher excess AlF3 targets, ≥ 10 % (BR ≤
1.15).
It is possible to calculate the evolution of the overvoltage as a function of bath ratio from the Na
concentration found in metal (collected with a Heraeus sampler). The results obtained and the
consequences on modern cell operation are set out in this paper.
Cathode concentration overvoltage is given in Equation (1):
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