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Abstract — With the expansion of the automobile market, the demand for Nd as an essential rare earth material for
automobile motors is rapidly increasing. Research on the calcio-thermic reduction process between Nd,O5 and calcium-
based alloys has been extensively studied in order to manufacture Nd. In this study, Ca-Cu, as a reducing for Nd,O5, was
prepared by electrolysis in CaCl, molten salt. Cu wire and graphite were employed as a working electrode and a counter
electrode for electrolysis reaction, respectively. The reference electrode was manufactured by putting Ag wire in a
mixture of AgCl and CaCl, at a ratio of 1:99 mol%. The cyclic voltammetry results showed that the deposition of Ca>*
on the surface of working electrode was observed from a potential of -1.8 V, and the reduction potential of Ca®" decreased
as the reaction temperature increased. The diffusion coefficient of Ca®" calculated by the chronoamperometry experiment
was found to be 5.4(x6.8)x10 cm?/s. In addition, Ca-Cu liquid alloy was prepared by applying a constant potential to
Cu electrodes. The element ratio of Ca-Cu alloy formed by applying a potential of -2.0 V was found to Ca:Cu=1:4.
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Fig. 1. Ca-Cu alloy manufacturing process for recycling in CaCl, molten salt.
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Fig. 3. (a) Cyclic voltammograms of Cu wire electrode in CaCl, molten salt at 1123 K (scan rate = 100 mV/s), (b) Cyclic voltammograms of
Cu wire electrode in CaCl, molten salt at different temperatures (scan rate = 100 mV/s) and (c¢) Cyclic voltammograms of Cu wire
electrode in CaCl, molten salt at different scan rates (temperature = 1123 K).

Table 1. Thermodynamic data calculated from HSC Chemistry 6.0
(Temperature = 850 °C)

Decomposition Cathodic potential*

Reaction AGL KT voltage [V] [V vs. Ag/AgCl]

Ca0O — Ca+ 1/20,(g) 517 2.68 -1.9

CaCl, — Ca+Cly(g) 629 3.26 -1.9
*Cathodic potential was obtained by CV results.
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Fig. 8. Photographs of Ca-Cu samples after electrolysis; The cath-
ode potential and reaction were: (a) -1.9 V and 1 min, (b) -
1.9 V and S min, (¢) -1.9 V and 10 min, (d) -2.2 V and 1 min,
(e) -2.2 V and 5 min and (f) -2.2 V and 10 min, respectively.
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Fig. 9. SEM images of cross section of Cu wire; The cathode potential and deposition time were (a) -1.6 V and 10 s, (b) -1.9 V and 10 s and (c¢)
-2.0 V and 10 s and corresponding calcium distribution curves in the SEM-EDS line scan (d~f).
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Fig. 10. EDS and Mapping analysis results of cross section of Cu wire electrode.

Table 2. Mass and atomic ratios of Ca and Cu (Applied cathode potential -1.6~-1.9 V2] W SIellA] UPDRE Q1% Ca?*e] W S2to] Le}
and deposition time were -2.2 V and 10 min, respectively) wouw 1.9 VET 22 A9 oA OPDE Q& Ca?*o] A= U4
Element Mass(%) Atom(%) 2 AESF}] Ca-Cu 30| 4F Ao 2 Bl cv 129 4k

Ca 13.61 19.98 9] 714 Ca-Cu Tl Cadl ARSI} 21 9)e]l S2so] 9l

cu 09 oo Ca2) AIsh 218 7 A)e] Abskol 27k el Se] 1
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