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Direct Reduction of Vanadium Oxide in the Molten Calcium Chloride
Yuichi Oka* and Ryosuke O. Suzuki
Graduate School of Engineering, Hokkaido University, Sapporo 060-8628

A new process is proposed to reduce V,05 by using calcium in molten CaCl, for vanadium production. It consists of the calci-
um reduction in molten CaCl, and the electrochemical reaction for the recovery of Ca from CaO in the same bath. V,05 pellet was
placed on cathode in order to react with Ca electrochemically generated near the cathode. V,05 exists as liquid at the experimental
temperature (1123 K), because of the melting point of 963 K for V,05. At the initial stage of the reduction, liquid sample is
reduced to solid CaV,0,4. As the supplied quantity of electricity increased, the oxygen concentration in the vanadium samples

decreased exponentially. Vanadium containing only 1800 ppm oxygen was obtained after the electrolysis for 34.4 ks.
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Fig. 1 Principle of OS process for V,0s.
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Fig. 2 Experimental apparatus. (a) Setup A, where the metallic titanium crucible was used as cathode. (b) Setup B, where two
electrodes were separately set. (c) Setup C, where the anode was placed just above the cathode to shorten the electrode distance.
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Fig. 3 SEM image of obtained vanadium metal at Run #4.

Table 1 Experimental conditions and phase identification by XRD measurements.

Run No. apparatus Material for the cathode Char%sr(} gV205’ Quantity g)f/glectricity, (()é/go phasebi;ie)tilltzi%cation
#1 A Ti 5.03 44800 169 (V, Ti) solid solution, V,0
#2 B Ta 5.01 34300 121 TaV, TaV,, Ta,C, V,0
#3 C Mo 2.12 11200 99 V, Mo
#4 C A% 1.99 12737 121 A%

#5 C Cu 2.248 11986 101 —
#6 C Ag 2.281 12212 101 —
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Fig. 4 Relationships between oxygen concentration and depth (a), and between carbon concentration and depth (b).



¥ 3 = BRIV ™ A% 72BN Y ADBE R TG 185
Table 2 Experimental conditions and oxygen concentration in the obtained samples.

RunNo.  Material for cathode OGO Of GaD i the molien - Quantity flectriety, QU O e anc0

#7 — 1 0 0 29

#8 Mo 1 3600 32 27.1

#9 A% 1 10100 93 9.16

#10 Mo 1 6000 99 3.06

#11 A% 1 41700 170 0.621

#12 Mo 1 14200 194 0.398

#13 \ 1 13600 204 0.371

#14 \ 1 34400 264 0.186

#15 \ 0.5 50000 442 1.6
Ref, V,04 \ — — — 44
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§ 2 30l N5, HIRTCEME CTIRRUGHEEE 2 fd 4 4 B O LT,
Sa [ \e BN OEEE DI R FII R 513 TH L, b
£ E 20b 1 @ EIEL TOAWT & LD, KRIGOAEEBRIIHEE SR
5316 WS, § b b AR OBEONK, TR, ARWE
0 - B | i 2 & WAL T N OIESE A 4/ 4 L < 13 CaO O ¥+ T
S 0% &0 o . DIHCIH S &\ 2 5.
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g ;10 JZJis Ca+CO, —> CaO+C A< KT 5. Z D7, CH
g g I () L FELTVCRRILM B S FEL. Lo THHKIT
g s10° Ca & CO, AfiEfh L 7\ TERRALIE B 0BT 7 R 2 et & % b
‘;;3 g ] BB 5.
© 10 ' ' \

0 100 200 300 3.4 BHEARSR

Quantity of electricity, Q/Q,(%)

Fig. 5 Relationship between oxygen and @/Q.
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Fig. 6 SEM images of obtained samples at Run #8, #10, #13 and #14.

(a)

Fig. 7 SEM images of obtained vanadium metal at Run #12 (a) and Run #17 (b).
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Table 3 Experimental conditions of double electrolysis, oxygen concentration and the identified phases.

First electrolysis

Second electrolysis

Run

Time, t/ks Oxygen concentration Co/mass% Time, t/ks Oxygen concentration, Co/ppm phase identification by XRD
#16 27.5 4.0 9.4 2000 A%
#17 41.7 0.62 9.8 1700 A%

TR TG & B RKFCAT S OS BT, ALY V.05 D
EER L AT, SILEOMRKMAEORRV 2155 C
AT ETC. EITBE - BERBRICRAtR 7 <, V hOmEER
REOHEBIIERE Q/Q [CHAL THA L. %7,
VoOs B E L TEDORTLET 72T H, Q/Q=
264% THFBOMFEIRE L 1860 ppm & KR RE D V
o Z LINTEI. THLLEOBIRAEST L 7> 72 E IR
HiZFABOXmMBLTH 5. R Eikd 52 & T,
OS #EIC X 0 #BE AN LM 7 mill e V OBGE 3T aEIC 72 % &
Wrrshs.

R FOBRITICHE 72D, KEGH TR S AR 2R O &
KIPEREL, B AR R D RS ORM T ZIT 72, AR
ZE D — L SR8 BHEBF 50 2 6 Bh € 25 B 92 (B) No.
18360367 DIEI %) 7-. BHOELET.
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