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Fig.1 Schematic diagram of the experimental device
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Fig.2 Cyclic voltammograms measured on a tungsten electrode
(8=0.322 cm?) before and after addition of 0.5% NdCl; in
NaCl-KCl system



* 2464 +

Mty e lm A RS TR

%49 35

FRCUL 243 5] NA(ID G5 3k P IO RS D 2k

1.2x107 ecm?s™',
F 1/2
I, = —0.61nFSC°(n—j D2y 2
RT

X, L MRS n AR TEG F ORI H AL
(96485 C-mol™); § FoRHMWE B (ecm®); C° FIRHEE
JRVJEE (mol-em™); R A /RS H $1[8.314 J-(mol- K)'];
TARER I HWPBEK)s v 2 HHER(V-sT): D AP H
ZH(ecm®s™).
0.2
0.1} A
0.0
-0.1F

A

0.2} ‘;/.“l
-03}F /f
-04F F
-0.5

0.4Vis

0.1Vhk
0.2Vh
0.3Vhk
0.5Vhk

-2.5 -2.0 -1.5 -1.0 -0.5

E/V (vs. Ag/AgCl)
2.10

-2.151
-220 - .\\—\\
-2.25¢

-2.30

Epc/v (vs. Ag/AgCl)

10 08 06 04 02
log(v/V-s™)

0.00F

-0.04

. -0.08 F R'=0.99082

I /A

-0.12

-0.16

0.0 0.2 0.4 0.6 0.8
v]/Z/(V_ s—l)l/l
B 3 700 CHIIA 1.0 mol%NdCls Jo 822 il | (5=0.322

em®) AR IOA T H 4 AR R AR 22 i 28 A4
AT NA(TID) B BH A 06 v A7 b5 41 4 e 4 0 1) 0% &
SR AT NA(TID e B A5 U B 7 5 471 4k 4 )
TP R K &

Fig.3 Cyclic voltammograms at different scan rates (0.1~0.5 V-s™)

measured on a tungsten electrode (S=0.322 cm?) after
addition of 1.0 mol% NdCl; in a NaCl-KCI system (a);
relationship between the cathodic potential and the
logarithm of the scan rate (b); relationship between cathodic

peak current and the square root of the scan rate (c)
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Fig.4 Cyclic voltammograms measured on a tungsten electrode (S=0.322cm’) before and after introduction of 0.5%AICl; into the

NaCl-KCI-NdCl; melt (a); cyclic voltammograms measured on a tungsten electrode (§=0.322 cm?) at different reversal potentials

in a NaCl-KCI-NdCl; melt at 700 C (b)
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Fig.5 Square wave voltammetry measured on a tungsten
electrode (S=0.322 cm?) after introduction of 0.5% AICl;
into the NaCl-KCI-NdCl; melt at 700 C
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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%AICl; into the
NaCl-KCI-1.5%NdClsmelt (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(II1)/Nd) AEN‘, /kJ-mol’! and
B -1.936+0.001 -
C -1.721+0.004 0.215+0.005 -62.23+1.45 4.56x10™
D -1.456+0.002 0.480+0.003 -138.94+0.87 3.47x10®
E -1.059+0.001 0.877+0.002 -253.85+0.58 2.35x10™

R 3 Ne-AIERE L EYMREERESHTBHEE

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

Intermetallic compounds Equation AGte/k.l'mol’1
Nd;Al; AGf@(ngAln) = -3FAE, -253.85+0.58
NdAl; AGf@(NdAlj) =1/11 [3AG{6(Nd3A1]1)'6FAE2] -94.49+0.32
NdAL AG{O(NdAlz) = 1/3[2AG,~@(NdA13)-3FAE3] -83.74+0.70
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Preparation and Reaction Mechanism of Nd-Al Alloys by Electrolysis in Molten
NaCl-KCI-NdCl;-AlICl,

Geng Ao', He Jiwen', Liu Huan', Hua Zhongsheng', Zhang Menglong', Xu Liang'~
(1. School of Metallurgical Engineering, Anhui University of Technology, Ma’anshan 243032, China)
(2. Anhui Province Key Laboratory of Metallurgical Engineering & Resources Recycling,
Anhui University of Technology, Ma’anshan 243002, China)

Abstract: The electrochemical behaviors of Nd(III) on tungsten electrode and its co-deposition with AI(III) in NaCl-KCI 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 NaCI-KCI-NdCl; 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 1.2x107 c¢cm?s™. After AICl; introduced into the NaCl-KCI-NdCl; melts, the curves of cyclic voltammetry, square wave
voltammetry and open-circuit chronopotentiometry indicate that three kinds of Nd-Al intermetallic compounds (Nd;Al;;, NdAl; and NdAl)
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;Al;, NdAls;, NdAL and Al phases.

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