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Fig.1  Schematic diagram of the experimental device 
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Table 1  Results obtained by cyclic voltammetry and square wave voltammetry 

Reduction peak B C D E F G 

Potential in cyclic voltammetry/V -1.82 -1.58 -1.36 -1.15 -1.08 -0.89 

Potential in square wave voltammetry/V -1.72 -1.49 -1.28 -1.09 -1.05 -0.86 
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Fig.6  Open circuit chronopotentiometry of 1.5%AlCl

3

 into the 

NaCl-KCl-1.5%NdCl

3

melt (potentiostatic electrolysis is 

-2.7 V for 30 s) 
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Table 2  Thermodynamic properties of Nd in the two-phase coexistence states 

Plateau E/V(vs. Ag/AgCl) E/V(vs. Nd(III)/Nd) 

NdG∆

/kJ·mol

-1

 

a

Nd

 

B -1.936±0.001 - - - 

C -1.721±0.004 0.215±0.005 -62.23±1.45 4.56×10

-4

 

D -1.456±0.002 0.480±0.003 -138.94±0.87 3.47×10

-8

 

E -1.059±0.001 0.877±0.002 -253.85±0.58 2.35×10

-14
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Table 3  Standard molar Gibbs energies of formation for Nd-Al intermetallic compounds 

Intermetallic compounds Equation 
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Fig.7  XRD pattern of cathodic products 
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 8  ,-&�� SEM /0123� A4B4C ' D 5� EDS 6789  

Fig.8  SEM images of morphology (a) and cross-section (b); EDS analysis (c~f) of the points labeled as A, B, C 

and D for the Nd-Al alloy  
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Abstract: The electrochemical behaviors of Nd(III) on tungsten electrode and its co-deposition with Al(III) in NaCl-KCl salts at 700 °C 

were investigated by a series of electrochemical techniques such as cyclic voltammetry, square wave voltammetry and open-circuit 

chronopotentiometry, and then Nd-Al alloy were prepared via direct co-deposition of Nd and Al on the inert electrode. The results show 

that the reduction of Nd(III) in NaCl-KCl-NdCl

3

 melts is a one-step process with three electrons exchanging, and the reaction is an 

irreversible process controlled by diffusion at low scanning rates (0.1~0.5 V/s) with the calculated diffusion coefficient being 

approximately 1.2×10

-5

 cm

2

·s

-1

. After AlCl

3

 introduced into the NaCl-KCl-NdCl

3

 melts, the curves of cyclic voltammetry, square wave 

voltammetry and open-circuit chronopotentiometry indicate that three kinds of Nd-Al intermetallic compounds (Nd

3

Al

11

, NdAl

3

 and NdAl

2

) 

are formed. It can be deduced that the underpotential deposition of Nd occurs on the tungsten electrode covered with the pre-deposited 

metal Al from the open circuit chronopotentiometry. Based on the results of open circuit chronopotentiometry, the thermodynamic 

properties of Nd-Al intermetallic compounds are determined by electromotive force measurement at 700 °C, such as the activity of Nd in 

two-phase coexisting state and relative partial molar Gibbs energies, as well as the standard Gibbs energies of Nd-Al intermetallic 

compound. Finally, potentiostatic electrolysis was carried out at –2.3 V for 5 h to prepare Nd-Al alloys. X-ray diffraction (XRD) and scan 

electron micrograph (SEM)-energy dispersive spectrometry (EDS) analysis indicate that the obtained alloys are mainly composed of 

Nd

3

Al

11

, NdAl

3

, NdAl

2

 and Al phases. 

Key words: molten salt electrolysis; Nd-Al alloys; electrochemical behavior; intermetallic compounds; underpotential deposition 
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