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Computational Analysis for a Molten-salt Electrowinner with Liquid
Cadmium Cathode
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Abstract

In the present work, an electrowinning process in the LiCI-KCI/Cd system is considered to model and analyze
the electrotransport of the actinide and rare-earth elements. A simple dynamic modeling of this process was
performed by taking into account the material balances and diffusion-controlled electrochemical reactions in a
diffusion boundary layer at an electrode interface between the molten salt electrolyte and liquid cadmium cathode.
The proposed modeling approach was based on the half-cell reduction reactions of metal chloride occurring on the
cathode. This model demonstrated a capability for the prediction of the concentration behaviors, a faradic current
of each element and an electrochemical potential as function of the time up to the corresponding electrotransport
satisfying a given applied current based on a galvanostatic electrolysis. The results of selected case studies including
five elements (U, Pu, Am, La, Nd) system are shown, and a preliminary simulation is carried out to show how the
model can be used to understand the electrochemical characteristics and provide better information for developing

an advanced electrowinner.
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Fig. 1. Diffusion layer model for the LiCI-KCl/Cd system (The
Concentration gradients in the the vicinity of both sides of the molten
salt and liquid metal interface are approximated as linear within
the thickness of the diffusion layer).
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Fig. 2. Procedure of the model to solve the electrowinning system.
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Table 1, Thermodynamic and kinetic properties of LICLKCICd
system for compuiational simulation at 500°C [14-17)

Standard | Activity | Rate | Transfer | Dilfusion coefficient
Metal [Valence | potential (V| coefficient | constant| coeficient (cm?/s)

vs. CLAT) | inCd | {om/s) [ LICIKCl Cd
u 3 2,476 107 0.1 05 [1.03x10% | 1.5x10%
Pu 3 -2.783 1032 0.1 05 [1.1x10% [1.5x10%
Am | 3 2,865t | 10T | 01 0.5 111x10% 11,5%10%
La 3 3107 | 1084 0.1 05" J1.87x10% | 1.5%107
Nd | 3 | 305 | 1070 | o1 | 05 |11x10” |15x10%

* assumed values
"values at 450

Table 2. Electrolysis conditions for computational simulation

Electrolysis conditions and parameters Symbols Values
Operating temperature () T 500
Volume of molten salt (cm?) YRR 151,721
Volume of LCC {em?) vad 13,707
Surface area of LCC (cm®) A, 500
& 11353107
Cohucs 32285X107
Initial concentration in electrolyte salt {mol/cm? Cers 2,9725 X 10°
e 9.4642% 10°
Couers 3.0537 %10
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