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1. Introduction 
 

Lab-scale electrorefining experiments have been 
conducted to investigate decontamination capability of 
electrorefining using molten salt [1]. Electrochemical 
cells have a simple design which is composed of three 
electrode systems, electrolyte and quartz cell. If the 
electrorefining process is scaled up to engineering scale 
or commercial scale, rotating electrode or stirring is 
essential for better ion transfer. Particle mixing problem 
in a cell will be more serious than lab-scale experiments. 
Particles which more reductive in the anode can drift in 
molten salt and some which are detached from the 
cathode can exist as well. The problem can affect 
recovery factor of cathode and purity of bulk salt which 
is important to the secondary waste issue. To relieve this 
problem, baskets for both electrodes were introduced 
into a cell. But there is an IR drop problem due to long 
diffusion path of ions in salt. Therefore, a porous basket 
design was suggested and impacts on IR drop and 
particle floating were studied. 
 

2. 3-D Hydrodynamic modeling 
 
2.1 ANSYS-CFX 

 
ANSYS-CFX code is a software tool for high 

performance computational fluid dynamics. It has 
been broadly used for CFD and multiphysics 
applications such as simulating pumps, fans, 
compressors and so on. Electrorefining modeling can 
be also modeled as well [2]. 
 
2.2 Modeling Condition 

 
To model electrorefining cell with rotating 

electrodes, several assumptions for simulation was set. 
 
1) Rotating speed of Anode and Cathode: 5 rpm [3] 
2) Current density: 100 mA/cm2 
3) Anode potential: 0 V vs. 1 wt. % Ag/AgCl 
4) A diameter of particle: 1.0E-06 m 
5) Particle tracking time: 2000 sec 
6) Number and diameter of holes: 16 / 1 mm 

 
3. Results 

 
3.1 IR Drop 

 
Anode potential keeps 0 V vs 1wt. % Ag/AgCl as 

set. Cathode potential drops from top to end because 
of increasing diffusion path from the anode to the 
cathode. The lowest electrical potential on cathode in 
a non-porous case was -2.87E-01 V. However, the 
potential is reduced from -2.87E-01 V to -1.35E-01 V 
when basket design with symmetrical 16 holes of 1 
mm diameter is applied. The IR drop between anode 
and cathode become smaller by more than 2 times, as 
shown in Fig. 1 and Fig. 2. 

 

 
Fig. 1. IR drop simulation result with non-porous baskets. 
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Fig. 2. IR drop simulation result with porous baskets. 

 

3.2 Particle Tracking 

 
A Velocity of electrolyte around electrodes and 

particle tracking path are shown in Fig. 3 and Fig. 4. 
Fastest velocity recorded in both cases is 1.34E-02 m/s. 
There was no escape of particles from the basket in 
non-porous design. They only drift inside anode basket 
and go under down part. It means that even if a 
particle falls out from the anode, it does not 
contaminate bulk salt in electrorefining cell. Side view 
and top view of the porous basket design model were 
shown in Fig. 4 for better understanding. Particles 
rarely came out from the anode basket through tiny 
holes in the porous design. Most particles in anode 
basket are staying at bottom and escaped particles are 
falling down because of flow. Additionally, no 
intrusion of particles into cathode basket is observed. 
 

 
Fig. 3. Particle tracking simulation result with non-porous 

baskets. 

 
Fig. 4. Particle tracking simulation result with porous 

baskets. 

 
4. Conclusion 

 
Electrode baskets were introduced for collecting 

detached particle from both electrodes. However, they 
may cause a long diffusion path which makes large IR 
drop from the anode to the cathode. A porous basket 
was designed to reduce IR drop in the cell but it may 
occur the particle mixing problem which means 
contamination of electrolyte. Through 3-D 
hydrodynamic modeling code, ANSYS-CFX, it is 
shown that porous basket design can alleviate IR drop 
and there is possibility of no contamination and less IR 
drop effect by balancing the number and size of holes. 
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