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et R
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4.1 $lERE:

B SRR A R i AR PR TR & T B8 17
FL B 3R T )4 HIORIGA SR 20 2k, ARl SOk S SR mT
1™ NaVO, #E NaCl-CaCl, #% £k 7,800 °C &4 F %
f#EEN 6% . [HI, % F NaCl-CaCl, %5 3 o] fifi 1L &
SARRERTE A R T AT Y B, SR L AR
ER I8 SR R R SR IO L RN AR, SRS
it o 4R,

SRR —FIEME-Z BN TR, LE A
R R AE 4 NaCl J& h ik JFoA RN Ak 5, B T
ot e ) R P i B A AR, o L 0 2 e A B 0 4
WA R, (HAR NaCl #3H 51 A CaCl,,
(AR o] AR B B 00 2 S A A5 B MGE B ik
SRR BER 2 RORIG I, U2 7241 NaCl J5#h v
GIA Ca*" J , e ff et R v AR B P BT A 23 R V, 0,
AL A CaV,0, ,CaV,0,7E NaCl-CaCl, k&5 EE H 19 7 i
JEH V,0, % k3£ (CaV,0, 0.6% ,V,0,0.15% ) ,
WL V,0, B2 5 P i 2 B AR B30T, PRI m AR
RS E] 48 i, Frd NaVo, LA CaCl,-NaCl &
B VEER AR T, 75 800 °C 3.0 ~3.2 V R HLIE T
HEAT HL R AR BT,

BILIRER AL P PR & B % 5 ke il 48 V -
M A4, EHE R A S W B, B 5 5908 A
FRIEIA 0 B A, ELZBAE S C B R A A
4.2 $REREL

B TR ER 5B O SRR £ v A SR R AR AL, 764
e B AP R . RSB0 20 238 D
P, Je sk AR Ak b A SR R IR I 42 )8
Ca® " W2 R L3 IR B, £ IS o S8 Ak 9 1 8
JEOT S Ak 1) R R T TR RS, LR AR Sy . o AR
Cr,0, ¥ 25 & CaCr, O, , CaCr, O, 7E 45 $h v B A 1
Cr, O, WAF (I M 2, A Sy ¥ i 2 Wt R 1, (45
W B T 5 S5 A LA 3G 1T S8 3R e ] 7= 4 B TR

B TR Rt T VS 4 B 1) 7 sl & 4
BAM T8RS Cr BV BELFAY Zn AT Sn™* VRS 4
BB &S 4, &8 Cr S AR &8 AN
W, 44T C 5B T I A1, SE 4 @ Cr 5 44 Bk
M E ., S8R ET 5 Zn . Sn B Cr-Zn  Cr-Sn &
& BRUICZ A0, o] FH A S AR ) T i N T SR A
Wb EIER S SR A .

4.3 §KE&E

DLBR R £ v i ok DL R ER R 5 5K Uk, B I BEG
S B RIS TR s B R X mi s
A ERARAT AT BEAE S 45 r A ok R 5 1) P A G, SR
BB, (R IR S 7E E G £h s i
FE 22 BEUTRR AR I e LA il 2 vl e 1, ek
P 55 P s o L i 2ot RS RE R R SR A S o R A
F o PRSCHRSE BTN, CaTiO, 7E AL WM £h Na, AIF,
~10% AIF, IR RIE R 2. 4% |, B e AR - Hh 15 i
BRIREY KB FAE ALY G S h 5 9 i A R 1
BRFIEE, SRR B T B BR BE A L, Bl ) 2 A R AT
CaTiO, 7E Na, AlF, —10% AIF %3k i () e ff s B2 v
A ROV L (29)

CaTiO, +C =Ti + CaO + CO, (29)

1B 3R R A& — 2 BIAL Y, 5 HAb eSS 4
J& 7 AR AR —FEIEAE 43 5 38 IR B Je il SRRk i
AN S ALY, T3 — 25 30 R B, ARG R
TiO; —Ti0O—Ti,0—Ti, 7EEMKLEH, HEEER
R R AR b oS- i A7 =22 0 St o el o R R ik
ATLLTE Nay AlFg — 10% AIF, #7545 44 5 il £ 1h gk
T,

16 0S PFHYHEERE |, Tio, Ay HL fifid Fd B rh &
HE R ERER ES ( CaTio, ) 9= A, H. CaTiO, A9 AE il
Bl CaCl, ¥ I 1 38 Jin i 384 im0 SRk [ 43 -
477, TiO, B E5HGA JF it # 4 . Ti0, —Ti, 0,—Ti, 05—
Ti,0,—TiO—Ti, &AM FEAE W (30) ~
(37),

TiO,(s) +1/4Ca(g) =1/4Ti,0,(s) +1/4Ca0(s)

(30)

TiO,(s) +1/5Ca(g) =1/5Ti,0,(s) +1/5CaTiO,(s)
(31)

Ti,0,(s) +1/3Ca(g) =4/3Ti,0,5(s) +1/3Ca0(s)
(32)

Ti,0,(s) +1/2Ca(g) =3/2Ti,0,(s) +1/2Ca0(s)
(33)

Ti,0,(s) + Ca(g) =2TiO(s) +CaO(s) (34)
TiO(s) +Ca(g) =Ti(s) +CaO(s) (35)

CaO(s) +TiO,(s) =CaTiO;(s) (36)

CaTiO, (s) +2Ca(g) =Ti(s) +3Ca0(s) (37)
K HSC6. 0 BAFLA TiO, B 78 1 Ti, O, M 4], XiF
2 TiO Fl CaTiO, 38 Ji AR B Ti 4T #4724 50 #1
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Research progress and preparation of metal element and alloy from
refractory metal oxoate by short flow molten salt electrolysis
ZHAO Guo-li, XU Ying, CAI Yan-qing, SONG Pan, XIA Peng-zhao

Abstract: Refractory metals are more and more widely used in high-precision fields, but their reserves are low and
mostly exist in polymetallic associated minerals, making it difficult to extract. At present, most of the processes for
preparing metals and alloys by molten salt electrolysis are based on metal oxides or chlorides as raw materials. Ox-
ide has low solubility in molten salt and poor reduction kinetics; although chloride has good solubility, its prepara-
tion process is complicated, corrosive, and pollute the environment. Based on the analysis of the electrochemical
behavior of vanadate, chromate and titanate, this paper proposes a new process for preparing metals by using refrac-
tory metal oxoates as raw materials in molten salt electrolysis. This process has the advantages of short process flow,
no harmful gas generation, high current efficiency, avoiding subsequent impurity removal, etc. , and conforms to
the principle of efficient metal preparation in a short process.

Key words: refractory metal oxoate; molten salt electrolysis; metal oxide; metal chloride; vanadate; chromate; ti-

tanate; green metallurgy
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Study on preparation of crude cobalt hydroxide from cobalt raffinate
LUO Jun, XIE Tian, YAO Gang, GAO Bang-fei

Abstract ; The method of preparing crude cobalt hydroxide by using active magnesium oxide slurry to precipitate co-
balt ions in the cobalt raffinate has the problem of unstable cobalt product quality when using the low-cobalt solution
as raw material. In response to this problem, this paper investigated the effects of magnesium oxide mass concentra-
tion, reaction temperature, end pH, cobalt and copper ion concentration, washing liquid-solid ratio on the cobalt
content and magnesium content in the cobalt hydroxide. The results show that it has little effect on the quality of
crude cobalt hydroxide when the mass concentration of active magnesium oxide is 2% ~10% . It will improve the
efficiency of preparation of crude cobalt when the temperature and end pH reach 45 °C and 7. 3, respectively. In
addition, the higher concentration of cobalt ions and the lower concentration of copper ions are in the solution, the
more cobalt grade is in the crude cobalt hydroxide. Industrial production shows that crude cobalt hydroxide which
contains higher magnesium can reach the industry second-class product standards after being washed with water.

Key words: cobalt raffinate; low cobalt solution; crude cobalt hydroxide ; active MgO slurry; cobalt deposition ef-

ficiency ; product quality level ; magnesium content; water washing



