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Electrochemical behavior of Mo(III) ions in NaCl-KCl melts 
 

Aleksandr Chernyshev a * 
 

In this study, the exchange current density and the transfer coefficient of molybdenum in NaCl-KCl 

molten salt were accurately obtained using Tafel plot and linear polarization. The exchange current 

density for Mo0/Mo 3+ redox couple was found to be 74 ±  0.7 mA/cm 2 at 720 °C and 4.5 wt. % MoCl3. 

The cathodic transfer coefficient was measured to be 0.7 ±  0.02. The concentration dependence of the 

exchange current density was also investigated. The diffusion coefficient was determined to be 

8.052 · 10�²5 cm2/s and 4.012 · 10�²5 cm2/s by linear and square wave voltammetry, respectively. 
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1. Introduction 

Molybdenum (Mo) has excellent properties such as 

high thermal and electrical conductivity, high modulus 

of elasticity, high strength at elevated temperatures, and 

good corrosion resistance [1, 2], making it a suitable 

candidate for high temperature applications in the 

automotive and space industries [2, 3]. However, it is 

very expensive and difficult to manufacture, so it is 

desirable to develop a technology for applying 

molybdenum to inexpensive metal substrates [4, 5]. 

Molybdenum coatings are often applied by thermal 

spraying [6�²8], low-pressure plasma spraying [9], and 

chemical gas phase deposition (CVD) [10, 11]. However, 

these spraying methods require high production costs 

associated with the use of specialized equipment to create 

a vacuum [6�²9]. In the case of the CVD method, the 

process is usually accompanied by a volatile reaction 

between by-products and unused starting materials 

[11�²13]. Electrodeposition of molten salt is an attractive 

method for producing molybdenum coatings due to its 

simplicity and ability to coat complex surfaces. The 

production of molybdenum coatings by the method of 

electrolysis of molten salt began in the 1950s [14]. The 

exchange current density and the transfer coefficient are 

important electrochemical parameters for modeling and 

evaluating the electrodeposition process used in the 

Butler-Volmer equation. Since the density of the 

exchange current determines the degree of reduction 

when using the redox potential, it is important to 

measure the exact value of this variable. Currently, there 

are no studies on the density of the exchange current 

and the transfer coefficient of molybdenum in molten 

salts. In this study, the diffusion coefficient, the exchange 

current density, and the molybdenum transfer 

coefficient in the molten salt NaCl-KCl-MoCl3 were 

determined. 
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