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Abstract — An electrochemical reduction of a mixture of NiO and rare earth oxides has been conducted to increase the
reduction degree of rare earth oxides. Cyclic voltammetry (CV) measurement was carried out to determine the electro-
chemical reduction behavior of the mixed oxide in molten LiCl medium. Constant voltage electrolysis was performed
with various supplied charges to understand the mechanism of electrochemical reduction of the mixed oxide as a work-
ing electrode. After completion of the electrochemical reduction, crystal structure of the reaction intermediates was char-
acterized by using an X-ray diffraction method. The results clearly demonstrate that the rare earth oxide was converted

to RE-Ni intermetallics via co-reduction with NiO.
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Fig. 1. (a) Experimental apparatus for electrochemical reduction of
mixed oxides and (b) Mo metallic cavity electrode (MCE).
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Table 1. Gibbs free energy and decomposition potential of various
reactions at 650 °C

Reaction AGY (kJ) E% (V)
NiO — 2Ni + O,(g) 310.5 -0.8
4Ce0, — 2Ce,05+ O4(g) 498 -1.29
Ce0,— Ce + 04(g) 898 -2.33
Ce,0;— 2Ce + 1.50,(g) 1547 -2.67
Nd,03 — 2Nd + 1.50,(g) 1546 -2.67
2LiCl — 2Li + Cly(g) 667.4 -3.46
Nd,0; + 2LiCl — 2NdOCI + Li,O 79.9
Ce, 05+ 6Li — 2Ce + 3Li,0 120
Nd,0; + 6Li — 2Nd + 3Li,0 119.1
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Fig. 2. CV curves of (a) Nd,0;, (b) CeO,, (¢) NiO, and (d) CeO,-Nd,05-NiO on Mo MCE compared with bare MCE in LiCl molten salt.
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Fig. 3. Time-current curve during electrolysis of CeO,-NiO in LiCl mol-
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Fig. 4. XRD patterns of the reduced CeO,-NiO pellet with a varia-
tion of the supplied charges.
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Fig. 5. Time-current curve during electrolysis of CeO,-Nd,05-NiO.
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Fig. 6. XRD patterns of the reduced CeO,-Nd,0;-NiO pellet with
various supplied charges.
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Fig. 7. (a) SEM image and (b) EDX spectrum of the reduced CeO,-
Nd,0;-NiO pellet. 300% of the theoretical charges necessary
for complete reduction of CeO,-Nd,0;-NiO was supplied to
the pellet.
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