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Electro-fluid analysis of a molten-salt electrorefiner
for pyrochemical nuclear waste treatment

Pyrochemical technology have given us the capability to treat spent nuclear fuels and been acknowledged to
have the proliferation-resistant principles. These processes could play on an important role in reducing the
long-term hazards of a spent nuclear fuel by separating the uranium and transuranic actinides, which in turn
may be transmuted in a fast breeder reactor.
The most effective way to accelerate the development of these technologies is to formulate physical models
of the underlying electrochemical and transport processes. The multi-physics computational models can be
essential for design and operational analysis of advanced processors and offer an efficient approach to imple-
menting these processes.
In this study, the electrochemical principles and forced convection of molten eutectic (LiCl–KCl) electrolyte
in a uranium electrorefining cell are considered to establish an appropriate electro-fluid model within the 3-
dimensional framework of a conventional computational fluid dynamic model. Diffusional mass transport as
a controlling step is modeled for the surface resistance of charge transfer between the electrode and molten-
salt phase in which a constant composition is provided by an intense forced mixing of the bulk solution. The
approach in this study is focused on the mass transport and current arising due to the concentration and the
surface overpotential based on a cell configuration. This computational platform includes the electrochemical
reaction rate of charge transfer kinetics which is described by a Butler–Volmer equation, while mass transport
is considered using an ionic transport equation. The coupling of the local overpotential distribution and ura-
nium concentration gradient makes it possible to predict the local current density distribution at the electrode
surfaces.
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