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1. Introduction 

 

Pyrochemical processing for the treatment of spent 

nuclear fuel consists of a series of molten-salt 

electrochemical reactors as the main processes [1]. 

This process typically involves the dissolution of 

spent fuel into a molten-salt media and selective 

deposition on the electrode.  

A successful design of the electrochemical reactors 

is desirable for a product attainment at the planed 

throughput, at the projected performance and with 

the desired quality standards. Its throughput depends 

exclusively on the mass transfer kinetics in a 

commercial-scaled system.   

The rotating cylinder electrode (RCE) has found a 

wide variety of applications in the investigation for 

the commercial-scaled system. This investigation is 

of industrial importance and allow modeling and 

quantification of electrode reaction rates, when the 

process limited by the rate of mass transfer.       

In this study, a CFD (Computational Fluid 

Dynamics) modeling approach was used and 

simulated to compare with a typical mass transfer 

correlation for RCE in the molten-salt 

electrodeposition system.   

 

2. Theory 

 

2.1 Mass Transport Correlation   

 

The electrolyte turbulent flow at the RCE can 

bring ionic solute from the solution to the surface of 

the electrode. The mass transport to and from the 

electrode surface is often the factor which governs 

the rate of electrode reactions.    

Early investigations by Eisenberg [2] provide the 

most commonly accepted description for RCE mass 

transport.  

The Sherwood number (Sh) correlation for rotating 

cylinder electrode is given by [2]  

 

      (1) 

 

where, ki (cm/s) is the mass transfer coefficient to a 

rotating cylinder, Sc is the Schmidt number 

( ), de is the equivalent diameter (cm),  is 

the electrolyte density (g/cm3),  is the absolute 

viscosity of the solution (g/cm s), and Di is the 

diffusion coefficient (cm2/s).  

The electrolyte turbulent flow is often 

characterized using the Reynolds number (Re) to 

quantify the ratio between inertial forces and viscous 

forces in an electrolyte solution. For a rotating 

cylinder electrode with outer diameter, dcyl (cm), and 

radius, rcyl=dcyl/2, the linear velocity, Ucyl (cm/s), at 

the outer surface of the cylinder is given by 

 

          (2) 

 

where, the rate can either be expressed as angular 

rotation,  (rad/s), or as revolution rate, rpm. 
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Accordingly, the Re is 

 

       (3) 

 

2.2 CFD Model  

 

The mass transfer rate (jw) per unit area from the 

bulk electrolyte to the cathode surface may be related 

with mass transfer coefficient (ki) and described as: 

 

    (4) 

 

The first term indicates that the concentration 

gradient in the radial direction can be evaluated at the 

electrode surface in the CFD platform (fig.1). The 

local Shx can be obtained from the precedent mass 

flux in the spatial domain: 

 

             (5) 

 

3. Results and Discussion 

 

The polarization concentration under a range of 

turbulent flow has been analyzed in terms of rotating 

speed of RCE. A CFD model developed here makes 

it easy to predict the quantitative mass transfer rate 

from any concentration profiles caused by 

electrochemical polarization. The Sherwood numbers 

based on the simulated values of the solute 

concentration profiles were compared with the 

Eisenberg correlation. Those are reasonably similar 

to each other at the mass transfer limited regions.   

 

 
Fig. 1. Schematic of the concentration and velocity profiles 
for the RCE near the hydrodynamic boundary layer ( hydro) 

and diffusion boundary layer ( diff). 

 

4. Conclusion 

 

This study demonstrated an approach of the 

coupled solution of electrochemical and mass 

transport kinetics in the cell employing a rotating 

cylinder electrode. The model implemented here can 

be useful to scale-up the RCE system for practical 

applications.  
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