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Study on Governing Equations for Modeling Electrolytic
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Pyroprocess for treating spent nuclear fuels has been developed based on electrochemical principles. Process simulation is
one of the important methods for process development and experimental data analysis and it is also a necessary approach
for pyroprocessing. To date, process simulation of pyroprocessing has been focused on electrorefining and there have been
not so many investigations on electrolytic reduction. Electrolytic reduction, unlike electrorefining, includes specific fea-
tures of gas evolution and porous electrode and, thus, different equations should be considered for developing a model for
the process. This study summarized required concepts and equations for electrolytic reduction model development from
thermodynamic, mass transport, and reaction kinetics theories which are necessitated for analyzing an electrochemical cell.
An electrolytic reduction cell was divided and equations for each section were listed and, then, boundary conditions for
connecting the sections were indicated. It is expected that those equations would be used as a basis to develop a simulation
model for the future and applied to determine parameters associated with experimental data.
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Table 1. Comparison of electrochemical reactions

Electrolytic reduction Electrorefining Electrowinning

Cathode M,0,+2ye —>xM+y0” M +¢ — M (pure) M +e—>M

Anode 0" - 120,+2¢ M (impure) > M +e X - X+¢

Net M,0, > xM +y/20, M (impure) > M (pure) M +X > M +X
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Table 2. Electrochemical system model structure

Dimension Dynamics Principle Balance
1-D ' Thermodynamics Energy balance
2-D Statlc- Transport phenomena ~ Material balance
Dynamic
3-D Reaction kinetics Charge balance
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Fig. 1. Schematic diagram of an electrolytic reduction cell.
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