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Abstract

Energy consumption per unit weight of metal (kwh/kg of metal) is one of the most important economic indicators in the
process of molten salt electrolysis. It is related to the heat loss of salt bath and the current efficiency of the process. The current
efficiency is highly dependent on electrolysis temperature. On the other hand, the temperature of salt bath may increase
significantly due to the difference (larger energy input than consumption) in heat balance at the beginning of electrolysis, which
may cause different electrolysis temperature from an initially targeted value. This results in a bad effect on current efficiency.
Therefore, it will be helpful to the reduction of energy consumption to compare the calculated and measured values of the
temperature change of salt bath through the heat balance review at the early stage of electrolysis and to evaluate the energy loss
to outside. In this study, based on the authors’ experimental data, the heat balance was reviewed at the beginning of the
electrolysis, and it was possible to evaluate the energy loss to the outside and the increase of the temperature of the salt bath
quantitatively. Through such a method, heat loss reduction plan can be derived and current efficiency can be improved so that
energy consumption can be reduced.
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Fig. 1. Schematic diagram of the experimental apparatus®.
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Fig. 2. The temperature changes of the salt baths during
electrolysis in constant current mode (C.C.: constant
current, i: cathodic current density).
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Table 1. The experimental data and the calculation results for the difference in heat balance (C.E.: current efficiency, E.S.T.:
electrolysis start temperature)

Cat. Experimental Data Caliu:eg]l'leﬁison
Exp. C.E. Nyio, Room Temp. E.S.T. Current Voltage AQ
(%) (mol/hr) 7,(K) 1, (K) (A) V) (k)
A 60.0 0.421 301 1303 93.6 4.17 988.8
B 50.3 0.421 301 1348 95.0 4.20 989.1
C 43.7 0.421 301 1392 94.8 4.00 902.4

Table 2. The weights and the specific heats per mole of the constituents in the salt baths (G.C.: graphite crucible, T.C.:
Tungsten Cathode, TC: thermocouple)

Nd:05 ALO
Cat. NdF; LiF BaF, (initial G.C. T.C. TZC ’
charge)
Weight (in mol) 8.32 7.19 3.56 0.08 98.83 7.67 0.98
Specific | A(1303K) | 122585 64.35 130.36 301.39 23.14 28.30 128.82
Heat B(1348K) | 123.93 6435 118.15 300.59 23.28 28.45 129.43
(J/mol'K) | c1390k) | 124.98 64.35 118.15 299.34 23.41 28.59 130.01
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Table 3. Comparison of measured and calculated values for the temperature increase at the early stage of electrolysis (E.S.T.:

electrolysis start temperature)

Ex AQ E.S.T. Calculated AT Measured Temp. (K)
P: (kJ/initial 5min.) 7,(K) (K) (Mea. AT)
A 82.40 1303 17.9 1314 (11)
B 82.43 1348 18.0 1359 (11)
C 75.20 1392 16.3 1402 (10)
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