5525 4 12 ] rEEREEFIR 20154 12 A
Volume 25 Number 12 The Chinese Journal of Nonferrous Metals December 2015

XEHmS: 1004-0609(2015)12-3523-07

fa BB ARG F R R A & & R E E

BAK, i, T fa, & &

(LT TR 1S5 TR, &N 341000)

8 . Ll NasAlF-AlF-MgF,-LiF B, ALOs. NdyOy M J5URE, X 44 £k Rl 4% AI-Nd A & b T oY
KRR T BEL(SEM). ReRHEDS) T & &= WInITEE KA B 850 SR SE S A IR R vk, % Nd(IIT) 25
THE NasAlF-AlF;-MgF,-LiF fR &R (10 R R T RAE . 45 R KW EIRE 935 °C. fHIE 3.2 V 44 F, it
Na;AlFs-AlF;-MgF,-LiF-(ALO; \Nd,05) 7K 2 1] Hi A 75 21 AI-Nd a5 4r, B EoAE S R 20 A7 78 £5 A4 B S IX 3, Nd (LD
B R B AR RGNS, H NGO B R 2 EMAER, F A ST BR B IRE R

KRR IR ALNd TG Ars R R AGIER: PR EL

HPESES: TF813 MRS A

Preparation for AlI-Nd intermediate alloy by
molten-salt electrolysis method and its mechanism

LIAO Chun-fa, LUO Lin-sheng, WANG Xu, TANG Hao

(School of Metallurgy and Chemical Engineering, Jiangxi University of Science and Technology,

Ganzhou 341000, China)

Abstract: Preparation of Al-Nd intermediate alloy was studied in the system using Na;AlF4-AlF;-MgF,-LiF as
electrolyte and Al,0;, Nd,O;5 as raw materials. The morphology and composition were analyzed by scanning electron
microscope (SEM) and energy spectrum (EDS). The reduction process of Nd(III) ion in Na;AlF-AlF;-MgF,-LiF system
was characterized by reduction experiment and cyclic voltammetry. The results show that Al-Nd intermediate alloy can be
obtained by electrowinning in Na;AlF¢-AlF;-MgF,-LiF-(Al,0;, Nd,03) system at the temperature of 935 ‘C and constant
voltage of 3.2 V. Neodymium-rich phase of alloy samples distributes in the region of aluminum grain boundary. The form
of Nd doping into the alloy phase is mainly used by aluminothermic reduction. The effect of Nd,Os3 is depolarization and
makes the Al (I1I) ion diffusion coefficient increase significantly.
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Fig. 1 Schematic diagram of experimental installation: 1—
Iron crucible and guide rod; 2 — Graphite anode; 3 —
Thermocouple; 4—Resistance furnace; 5—Graphite crucible
(cathode); 6—Electrolyte; 7—Alloy products; 8—Corundum

casing
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Fig. 2 Relationship between current and electrolysis time at

cell voltage of 3.2 V
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Fig. 3 Morphologies of Al-Nd alloy samples: (a) Original
sample; (b) Grinding and polishing sample
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Fig. 4 SEM image(a) and element distribution of Al(b) and Nd(c) for Al-Nd alloy by electrolysis
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Fig. 5 SEM image(a) and element distribution of Al(b) and Nd(c) for aluminothermic reduction Al-Nd alloy in graphite crucible
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Bl 6 WIEHMH A HIHGL ) AI-Nd 7542 SEM 15 [z Al 1 Nd JTT #4311
Fig. 6 SEM image(a) and element distribution of Al(b) and Nd(c) for aluminothermic reduction Al-Nd alloy in corundum

crucible

R 1 B 4~6 1 ALNd S FE 4 EDS 4724
Table 1 EDS results of Al-Nd alloy samples in Figs. 4—6

Mass fraction/% Mole fraction/%
Alloy
Nd Al C (0] Nd Al C (¢}
Sample prepared in graphite crucible 3.6 92.34 1.12 2.94 0.67 91.9 2.5 4.93
Sample prepared by electrolysis in 473 9078 1.77 2.72 087 8936 394 583
graphite crucible
Sample prepared in corundum crucible 52 90.09 0 4.71 1.02 89.21 0 7.77

7 fEfEIR 3.2V OREER AU ALNA £ S miE
SEM 1%
Fig. 7 High magnification SEM image of Al-Nd alloy by

melten-salt electrolysis at cell voltage of 3.2 V

%2 E7 PR 1. 2. 3 0EDS 4%
Table 2 EDS results of area 1, 2, and 3 in Fig. 7

[ I 5 S FRLAA = s Al B J N, 05 il 45 1 AL-Nd
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Table 3 EDS results of white granularin alloy of

aluminothermic reduction for Nd,O5

Mass fraction/% Mole fraction/% Experiment Mass fraction/% Mole fraction/%
Area o Nd Al C (0] Nd Al C O No. Nd Al (0] Nd Al (0]
1 4352 5489 0 149 147 81.1 0 321 1 4352 54.89 149 147 811 321
2 0 97.15 19 095 0 943 415 1.55 2 4328 5549 123 13.62 80.05 3.02
3 0 9632 211 157 0 9287 4.57 2.56 3 4192 5588 22 12.04 80.6 4.86
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Fig. 8 Cyclic voltammograms of Na;AlFs-MgF,-LiF-(AlL,O;,

Nd,03) melt at 935 “C and scan rate of 100 mV/s
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