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1. Introduction 

 

In the molten salt-liquid metal extraction process, 

the rate of mass transfer through the interface plays 

an important role in the process design for group 

separation of elements. The exchange reaction of 

chemical species through the interface between the 

molten salt and the liquid metal, regardless of the 

characteristics of the apparatus in terms of mass 

transfer, can be divided into three steps, which are 

mass transfer by convection on the molten salt and 

liquid metal forming the interface, mass transfer by 

the diffusion of the species participating in the 

reaction through the boundary layer formed on both 

sides of the interface, and chemical reaction at the 

interface. Thus, the step of determining the reaction 

rate can be one of interfacial reaction, mass transfer 

by diffusion at the boundary layer, or mixing by 

convection at each phase. Since the molten salt-liquid 

metal extraction process is operated at a high 

temperature, it is assumed that the chemical reaction 

at the interface is usually very fast, so that it is 

predicted that mass transfer by convection or 

diffusion by diffusion in each phase will dominate 

the reaction rate. 

 

2. Experimental 

 

In order to observe the kinetics of exchange 

reaction in the LiCl-KCl/Bi system by using the Li 

reducing agent, a simple sampling method using test 

tubes was devised and prepared as shown in Fig. 1. 

In a glove box with controlled atmosphere, LiCl-KCl 

molten salt, lanthanide chloride, Bi metal, and Li 

metal were added to each test tube under the same 

conditions and heated at a high temperature, and the 

test tube was recovered and the concentrations were 

analyzed by ICP-AES. The Li reductant was 

prepared by using Bi-Li (10mol%) alloy, and the 

concentration of Li metal was controlled by adding 

Bi-Li alloy. The initial conditions were set so that the 

molar ratio of lanthanide chloride to lithium metal in 

the molten salt was 1:3. The masses used in the 

experiments for different types of lanthanide chloride 

are given in the table. 

 

 
Fig. 1. Experimental setup for LiCl-KCl/Bi(Li) system. 

 

3. Results and Discussion 

 

The lanthanide chloride dissolved in the molten 

salt reacts with the Li metal dissolved in the Bi liquid 

metal as follows.  



 

2019     415 

         (1) 

 

According to this reaction, the lanthanide elements 

in the molten salt are reduced to the Bi liquid metal. 

The concentration of the remaining lanthanide in the 

molten salt was measured and the concentration was 

calculated as a percentage of the initial amount of the 

lanthanide salt, which is listed in Table 1. As shown 

in Table 1, after the reduction of the lanthanide 

element by the Li reducing agent and the mass 

transfer on the molten salt proceeded very quickly, 

only a very small amount of lanthanide remained in 

the molten salt after 30 minutes passed respectively. 

As to each of the lanthanide elements, about 5.6% of 

La, about 1% of Ce, about 3.6% of Pr, about 3% of 

Nd and about 14% of Sm remain in the LiCl-KCl 

molten salt. According to this concentration change, 

the mass transfer rate of the lanthanide elements has 

the following order. 

 

        (2) 

 

Table 1. Lanthanide concentration in LiCl-KCl according 
to elapsed time 

Time 
(hour) La Ce Pr Nd Sm 

0.5 5.56% 0.93% 3.59% 3.03% 13.60% 

1 3.03% 1.00% 1.98% 2.30% 11.10% 

1.5 1.69% 0.36% 0.40% 1.24% 11.38% 

2 1.10% 1.61% 1.42% 0.90% 8.54% 

3 1.39% 0.09% 1.34% 0.77% 5.75% 

5 0.34% 0.28% 1.32% 0.41% 5.76% 

7 0.21% 0.25% 0.15% 0.54% 5.38% 

9 0.18% 1.71% 0.40% 0.26% 4.90% 
 

The mass transfer coefficients were estimated 

using the concentration change after 30 minutes. 

Mass transfer coefficients were obtained by 

performing curve fitting on the concentration 

measurement data. Mass transfer coefficients of La, 

Ce, Pr, Nd, and Sm were to be estimated to 0.3854, 

0.0006, 0.2338, 0.2468, and 0.1144, respectively. 

 

4. Conclusion 

 

In the molten salt - liquid metal extraction process, 

the rate of reduction of the lanthanide ion to the 

lithium reducing agent was measured. The reduction 

reaction was so rapid that within 90 minutes of initial 

lanthanide ions were reduced to liquid metal within 

30 minutes and then the reaction rate was estimated 

according to the general linear diffusion theory. The 

mass transfer coefficient is the largest at 30 minutes 

after the start of the reaction, but the rate of reduction 

of cerium is estimated to be the fastest since cerium 

tends to be reduced to 99% or more within 30 

minutes. Samarium has a relatively slow reaction rate 

and remains in the molten salt at a rate of about 5% 

even at a sufficient reaction time, which is 

considered to be a chemical species difficult to 

reduce to lithium reductant. 
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