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Molten salt electrorefining process achieves uranium deposits at cathode using an electrochemical processing
of spent nuclear fuel. In order to recover pure uranium from cathode deposit containing about 30wt% salt, the
adhered salt should be removed by cathode process (CP). The CP has been regarded as one of the bottle-neck of
the pyroprocess as the large amount of uranium is treated in this step and the operation parameters are crucial to
determine the final purity of the product. Currently, related research activities are mainly based on experiments
consequently it is hard to observe processing variables such as temperature, pressure and salt gas behavior during
the operation of the cathode process. Hence, in this study operation procedure of cathode process is numerically
described by using appropriate mathematical model. The key parameters of this research are the amount of evapo-
ration at the distillation part, diffusion coefficient of gas phase salt in cathode processor and phase change rate
at condensation part. Each of these conditions were composed by Hertz-Langmuir equation, Chapman-Enskog
theory, and interphase mass flow application in ANSYS-CFX. And physical properties of salt were taken from the
data base in HSC Chemistry. In this study, calculation results on the salt gas behavior and optimal operating condi-
tion are discussed. The numerical analysis results could be used to closely understand the physical phenomenon
during CP and for further scale up to commercial level.
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Fig. 1. Schematic Behavior of salt in the cathode processor.
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Fig. 3. Temperature distribution according to height of Cathode
Processort.
Table 1. Boundary and Initial condition
M-1 M-2

If(y*1[T*-1]<0.75,step (y *1[m"-1]-0.15)*773
[K]+step (y *1[m"-1]-0.35)*100 [K]+step (y *1[m"-
11-0.55)*100 [K],1173[K])

Temperature

Shown in Fig. 3

If(y* 1[T"-1]<0.75,step (y *1[m"-1]-0.15)*773

[K]+step (y *1[m"-1]-0.35)*100 [K]+step (y *1[m"-

1]-0.55)*100 [K],1173[K])
Shown in Fig. 3

Initial Pressure 0.5 torr

0.5 torr

Molar mass of Salt 42.394 g/mol

42.394 g/mol

Amount of initial Salt 70 ¢g 70¢g
Evaporation rate 10 g/cm’h 10 g/cm’h
Time Condition 0~100,0.1 0~ 100, 0.1

Model

Limited condensation region model

Considered vapor pressure model

Table 2. Experimental conditions and results

Operation temperature 1173K
Operation pressure 0.5 torr
Salt LiCl + KCI eutectic
Upper part diameter of cathode processor 40 cm
Conditions Bottom part diameter of cathode processor 30 cm
Diameter of crucible 20 cm
Diameter of thermal radiation shield 38 cm
Height of cathode processor 121 cm
Height of crucible 30 cm
Evaporation rate 10 g/cm’h
Results
Evaporation coefficient 0.049
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Fig. 5. Velocity of Ar distribution; (a)cross section (b) longitudinal section.
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Fig. 6. Change of salt gas concentration over time in whole domain.
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