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1. Introduction 

 

Electrorefining process is a key technologies for 

recovering U and transuranic elements from used 

nuclear fuels for recycling them as fuel components 

applicable to sodium fast reactors (SFRs) as well as 

the minimization of high level nuclear waste [1]. 

Typical U electrorefining process is proceeded 

through the following reactions (1, 2) in high 

temperature LiCl-KCl-UCl3 molten salts by applying 

a potential or a current in an appropriate range 

between the anode baskets filled with used fuels and 

the cathodic materials where highly pure U metal is 

recovered. 

 
3+ + 3e-  (1) 

Cathode: U3+ + 3e-   (2) 

 

Generally, UCl3 is added as an initiator to support 

the electrotransport of U ions to be sustained at a 

high recovery rate [2]. Among various methods for 

synthesizing UCl3, U chlorination using ZnCl2 in 

LiCl-KCl molten salts is described in this paper. 

 

2. Experimental 

 

An anhydrous LiCl-KCl eutectic salt (99.99wt.%, 

Sigma-Aldrich) was used as a base electrolyte for the 

chlorination reaction of U. The concentration of 

ZnCl2 added into the base electrolyte was 3.8wt.%, 

which corresponds to 4.3wt.% UCl3 in LiCl-KCl 

base salts when 100% of ZnCl2 was assumed to be 

reacted with U metal. All the experiments were 

performed at 500oC in an Ar-purging glove box, 

where the concentrations of oxygen and moisture are 

maintained below 5 ppm. For the electrochemical 

measurements, a tungsten (W) wire and depleted U 

metal were used as a working and a counter electrode, 

respectively, with a Ag/AgCl reference electrode. 

Chronoamperometries (CA) were performed at -0.9 

V for various times to dissolve Zn and/or U-Zn 

alloys from the U metal surface at the anode and to 

monitor the chlorination reaction of U. To examine 

the electrochemical behavior of Zn and U, cyclic 

voltammetries (CV) were also measured from the 

open circuit potential to -1.6 V followed by scanning 

down to -0.1 V vs. Ag/AgCl at a scan rate of 100 

mV/s. ICP-OES was used to analyze the 

concentration of U and Zn in the salt after the 

reaction. 

 

3. Results and Discussion 

 

Fig. 1. Shows a summary of cyclic voltammetric 

curves measured after three runs of 

chronoamperometry at -0.9 V for 2 to 3.5 hrs at each 

time. After initially immersing a U metal wound up 

with a stainless steel in LiCl-KCl-ZnCl2 salt (not 

shown), the reduction peak corresponding to Zn 

gradually decreased and an additional reduction peak 

associated with U-Zn began to appear at about ~ -1.2 

V. In order to induce a spontaneous chlorination 

reaction of U, a constant potential of -0.9 V was 
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applied to the cell to dissolve Zn formed on the U 

metallic surface at the anode. After the 1st CA run, 

the reduction/oxidation peaks for U became obvious 

at ~ -1.5 V and - 1.4 V with the peaks for U-Zn 

alloys. However, as the CA runs proceeded, the 

peaks for U gradually increased, while the peak 

intensities for the reduction/oxidation of U-Zn and 

Zn were declined.  

After completion of U chlorination reaction, the 

separation of the final product, liquid Zn, from LiCl-

KCl-UCl3 salt is greatly important for further use for 

U electrorefining process. In the preliminary 

quantitative measurement using ICP-OES, the 

concentration of Zn in the bulk solution was 

~0.03wt.%, whereas the concentration of U appeared 

to be ~4.2wt.%, which is in good agreement with the 

U concentration that is able to react with the added 

ZnCl2. 
 

Fig. 1. Cyclic voltammetric curves sequentially measured 

on W electrode after chronoamperometries at -0.9 V vs. 

Ag/AgCl in 500  LiCl-KCl salts. 

 

4. Conclusion 

 

The UCl3 production using ZnCl2 was 

demonstrated and the reaction was monitored by 

electrochemical measurements in this study. ZnCl2 is 

expected to be a good candidate as a chlorinating 

agent to produce UCl3 for U electrorefining process. 
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