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1. Introduction 

 

The behaviors of alkali and alkaline earth metal 

oxides in molten LiCl salt are known that they 

dissolve into the molten salt and react with LiCl and 

form metal chlorides. Because of their stability in 

chloride form, they are accumulated in the molten 

salt after repeated usage of the molten salt during 

electrolytic reduction process [1]. 

However, the dissolution mechanisms and kinetics 

of alkali and alkaline earth metal oxide in LiCl are 

still not clear. Therefore, mechanisms of metal oxide 

dissolution into molten salt and the determination 

method for metal oxide solubility were described in 

this paper.  

 

2. Definition of Solubility of Metal Oxides in 

Chloride Molten Salt 

 

Dissolution of metal oxides in molten salt can be 

described as solvation, interactions between the 

molten salt and dissolved metal oxides. This 

solvation consist of the following four reactions [2]. 

 

MexOy (s)  MexOy (l)          (1) 

 

MexOy (l)  -        (2) 

 

-          (3) 

 

-            (4) 

 

Equation (1) describes solvation of the metal oxide 

without dissociation and Equation (2) is dissociation 

of metal cation ( ) and oxide ion ( - . Equation 

(3) and (4) describe fixation of metal cation by 

constituent anion ( - ) and that of oxide ion by 

constituent cation , respectively. 

Therefore the solubility of metal oxides in molten 

salt is defined as sum of the saturated activities of 

metal cations ( ) and that of saturated non-

dissociated oxide ( ): 

 

         (5) 

 

In this paper, the activities were treated simply as 

concentration. 

 

3. Determination of Solubility of Metal 

Oxides in Chloride Molten Salt 

 

The solubility of metal oxides in LiCl at 923 K can 

be determined by Isothermal Saturation Method 

(ISM) and Sequential Addition Method (SAM). First, 
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excessive amount of metal oxides were added into 

LiCl and heated up to 923 K. After enough time for 

the molten LiCl salt to be saturated with metal oxide, 

the molten salt was sampled by quartz samplers. This 

method is called Isothermal Saturation Method (ISM). 

The samples were analyzed by titration with 0.01 N 

of HCl and phenolphthalein indicator to determine 

the concentration of metal oxide in LiCl. 

On contrary to ISM, Sequential Addition Method 

(SAM) does not require additional sampling of the 

molten salt. Instead, SAM is in-situ techniques to 

determine solubility of metal oxides in the molten 

salt. Because SAM measures changes in 

electromotive force, potential, result from the amount 

of dissolved metal oxide in the molten salt. The metal 

oxide was sequentially added to the molten salt and 

therefore the potential continuously decrease to more 

negative value. 

However, after certain amount of addition of metal 

oxide, the potential dose not decrease further and the 

point can be thought as saturated amount of metal 

oxide in the molten salt. An oxide ion reversible 

indicator electrode and Ag+/Ag reference electrode 

were used to measure potential changes caused by 

the concentration of oxide ions in molten salt. All 

experiment should be conducted in a glovebox-

furnace combined system which maintain oxygen 

and moisture concentration below 1 ppm. 

 

4. Conclusion 

 

In this paper, mechanisms of metal oxide 

dissolution into molten LiCl salt were described and 

two methods (ISM and SAM) for determination of 

metal oxide solubility in LiCl salt at 923 K were 

suggested. 
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