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Fig.1 Cobalt hydrometal
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Fig.2 Combined metallurgy process of low-cobalt sulfide
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Table 1 Typical technical conditions of cobalt metallurgy process in China

JERAR HEE FENMATZ TR B BReksh HAEIR DU R KRR P04 FEIR P507 #EHL
i B . EOLCE KR K
5 YURE B30 - <40C; AT,
T 50 C; AL Rt ABURE:25% ;
IRJE.70 ~80C; 10% 309 (V) TE L L ~ 25% ~30%; IR 30 -
40 ~80°C; FREKERI 4 - AL LS - 2.0h; ?T%szw:m&; 3’6%
e HaE B, 100 H > TR 1 ~4h;  6h; 2,0 ming Ko pH . BAKS5% ~ BAK 5%
W ss  CHALL MBI -4h SRR 100 0 s
K pHf:  0.5~15; 3.0~4.0; 45w/ (uoh) R P RAIE3.0 ~ BB 3.0 ~
1.5-2.0 W fr, 30~ KA L " T AR AR 50min 5.0 min;
400 mV <0.1g/L RERE®: <0.01 g/L; BIEER 3.0~ BIFHE.3.0-~
;2;;]1 L%: Jy T UL 4500/ 020 4507/
S/oCu gAKA HIORHFE:8 ~ A WA W .
‘ 10 kg/t+Co 10~15 ke/t-Co
W o0 B BRI 180 ~210 C; e w o w
smETE S0 -1.5 RS s g CREEERE L
> BHTEA 15 -2, 4 WPa M N <A0C;
RijE. 200 H> —B —B TR 180 ~90 C; 10%~30%<v>;mﬁmaft’w%‘ ﬁﬁlﬁﬂfh;zs%;
905 AR - AR LS - 80T ERERDNR, AR DL,
. KRR I 550 - 6h; 2.0 min; VLRI 1 - BEE 5% - AL S5 -
i 70 WEA-80Cs g g, mirs - 200 W
ks >0.3% Fep s i Wit B N TREE40~80°C; M1 ~4h; 3.0-4.0; 45w () % 4 pH . WAME3.0~ RAWE3.0-~
N WAL -3h 208 pH B v o e oo a0 5.0 min; 5.0 min;
b e 0L o jm " f)jzo‘z;‘ i LG, 30 - A5 -
6unds 1.5~2.0 Hof 350~ A 4 ??i?mfﬁ:70~ tSm‘z/(rriz-h); t5m3/(m2-h);
R LK, 400 mV St ?zm;w - O W R RO R
0% ;(:omv L 15~20kg/t-Co 15 ~20kg/t+Co
B 8 RORB
Bl - 100 [ > WEET0~85°C; WET0-90C; ARG ~ 8 <A @0, '
KETL o0 W10~ 16h; A8 ~ 10 by %; ORI 25
Sog pH [, & A pH (i, TE.80-90°C; AU . 24 10% ~15% ; R 8L 20 -
L0-LS  05-10  FEEREL - 3262(5% g izﬁﬁﬂm 5l
g A ohs A ;ﬁonmin; . i s - SR
s AR s B v
35% RBE70 ~85C; RAE.70~90C; 3.0~4.0; 45 (b RARHLL0 - '(Ennﬁlﬂa];z.m
RHEIE B I E - 80 2 MILI0-16h BELS-10h AR BEE gey a o somng
+HBETY >95% 2o pH [, & 5 pH i, <01gL 40~50 g/L; VG %30 ~ 45‘:_:/(;2;]1;
L0~15 0.5~1.0 A W FE 4.5mi{(m2-h>: %HMJ i %%
4kg/t-Cu WU T #8210 ~ 13- 18 kg/t-Co

15kg/t+Co

DAEBE A IR N AR B I3, F 3 TR BORS,

MR A RIS A A 2 S A L A T o VA — VT AU — R 2 PR BB R PVC
Lk, AR A i AU I AR AT 4
A TR A O B B RE I TR ©-200 HER R KT 0,074 mm,
SAATHE A PR B AP O R e gy @80 HAURAT 0198




2022 4E8 A% 4

2 5 FRIE A T ZHOR KR IR - 23 .

A B R 1T B, 0 A SR FH 38 358 0 i TR O 1 ) 38
BRI T IR A S N BRSO 8, A KA A P
B OFRA MRS, I — RS E BB EN
VAT A AR i T 308 A5 2 O A it SRR
WA, AT RELER Eh RGAE P204 FEHUT R
HESEELESR YT A P A E R S e T N R T R
C I & th— P e TR A 2 PV s S IR B R
HERE - FIHERLE (1087 4L 25 IR , T AR A = 1 1 R
TEHEH B EEEE IR Y, KRS T A BOR Fis 25 (il
FHAR B8 T A4 P

S RN AE BB A R e PR DL S AR T RE LK
G MR B INFG) THRAE R e R R

3 BRI AE Y 3 B A R Y

Fe = B 10 AT b 2 I JLAF B TR GEUR R | v B
T H R (BT I 5 ™ RE I AR | B IR k| e
i IR TR 7 i PE RE R PR AR — R A R

1) R, AT EA - EE B 10 71 va,
[Fi) o B ) S M Al A ) AN I A R A R 21
BRI 7 S A G B 7 BE A0 AN T3, T Py
TR AR TESS ) 3 INIC B 816 1™ BE , F b =0
BTl ) B R, DR s DU IR LR A e Bk R
JEE BRI IBHRRE IR E B9k,

2) SRk ad BEARMEE 11 JRORE 3 AR EE AR
PET MR sy, RE R — | — ELE SN B AR
il JEUR Bl 1) T R i v Al R
TS RUIS PO -SSR A=Y 9 s 7 AV B 1 13
FURIPAR I , [ A Al v A ol 7 7 Al — W DT 2 1)
FHEARTT BT R 586 54 1, 0t S0l ot
HE IR RS R RSB R R K A B 22 55 7
b, BV 5 i el b BB O 4 A AR 45 A
TGRS A IR . B AT E R R
Tt b B B R OB R AE 6 U1 1, HERAR IR AE L
10% 3R BERS B SRR M T B K

3) A R A T — P T, BN R R A
M ARZS (BR300 s ) 1 4 P ey
A BRZA R WA AR A A BR 2 W] AR bR
ety A R T ASARSE AT BR 2 W S5 Sk Ak, 78
B R TEAEET A RHER LA R T 5 1 5 [
L ABLET 2K 7 bl B B PERE ERORAT S T2
], 3225 RIS ATl A B A7 T Y 52
ma, P E AT E A T ML IR T EA

IS Al v o Al Al 85 3 T H0 R B BT T2 B
A IS B RS 16 MR T2 HR B S5 K- il
7B 1) A, AW R T 2 5 AR, A RE R AR
S I AT b AT A B R R, i HLAE Y
TS 5

E=3TN

(1] Ex, AFL, EHEMR, % ARRAEEFETGRBT].
o R B2 BT, 2019, 32(10) ;28 -33.

WANG Jing, SHI Xiangjiang, WANG Shoucheng, et al. Demand
forecast of China’s cobalt resource in the future[ J]. Natural Re-
source Economics of China, 2019, 32(10) ; 28 - 33.

(2] AL RFRRE. 2022—2027 4R rh E A € 4 R A7l T 7 i s

SR 5 SRR M4 5 [ RZ0L]. 2021, https://www. sohu.
com/a/411922524_642249.
Huajing Industry Research Institute. 2022—2027 China Nonfer-
rous Metals Industry Market Prospect and Investment Strategic
Planning Analysis Report[ R]. 2021. https://www. sohu. com/a/
411922524 _642249.

[3] 2021 4 EEAT A BEUR 43 B B0 [ RZOL]. 2022, https://
www. doc88. com/p-69439033119876. html.

Distribution of cobalt resources in China’s cobalt industry in 2021
[R/OL]. 2022. https://www. doc88. com/p-69439033119876.
html.

[4] G#, BRHOR. EREFIRATIEHT]. E LRI
i, 2020(10) ; 27 -33.

LIU Chao, CHEN Jiabin. Analysis of supply and demand situation
of global cobalt resources [ J]. Natural Resources Information,
2020(10) ; 27 -33.

[5] ZE, B, XV0E. BERAER R0 5 I A AR R 4 43

B A AR SR OEFE [T]. T s, 2006(3)
26 -30.
PENG Yi, YANG Baoxiang, LIU Shuging. The study on separa-
tion of cobalt and nickel from purified leach solution of cobalt py-
rite concentrate in Panzhihua as well as preparation of cobalt[ J].
Sichuan Nonferrous Metals,2006(3) : 26 - 30.

(6] SV, 30 Z=FEF. Cyanex272 A U LA 40 B 9 1
SBR[ )], HiiA )’ 1997(2) 118 -22.

WU Tao, SHI Wenfeng, LI Chunlei. Application practice of Cya-
nex272 extractant in the separation of nickel and cobalt[J]. Xin-
jiang Nonferrous Metals, 1997(2) .18 —22.

(7] #2#uk, Hpk, BILAR, 45, Cyanex 272 FEHUIY BB RS ¥ 1
TERAR IR BTFE[T]. B71R TR ,2018,38(6) ; 127 - 130.
PENG Xuebin, TTIAN Lin, ZHAI Zhongbiao, et al. Extraction of
nickel and cobalt from cobalt sulphate solution with Cyanex 272
[J]. Mining and Metallurgical Engineering, 2018, 38 (6):
127 -130.

[8] WANG Yan, ZHOU Chunshan. Hydrometallurgical process for re-
covery of cobalt from zinc plant residue [ J]. Hydrometallurgy,

2002, 63 225 -234.



.24 - TE A E S A BHETE
[9] XIZE%, JEHES, AR, PS07 5 Cyanex272 Hh[EFE US> B ZHU Aishi, CHENG Zhong, SHEN Fenfang, et al. separation of

WP A B [T, R T REAIR, 2012, 12(3) . 415 -
148.

Ni( II') and Co Ni( I') Tons[J]. Journal of Chemical Engineer-
ing of Chinese Universities, 2008, 22(3) . 412 -417.

LIU Meirong, ZHOU Guiying, WEN Jiankang. Separation of diva- [13] #RaERI, Fw%E, Ede, & Wl b Eay 2 00 B R
lent cobalt and nickel ion using a synergistic solvent extraction sys- UM T]. 18R 4, 2018, 37(5) : 342 -346.
tem with P507 and cyanex272[ J]. The Chinese Journal of Process XU Zhigang, JI Shangjun, WANG Chaohua, et al. Review on
Engineering,2012, 12(3) : 415 - 148. separation of nikel and colbalt in solution by solvent extraction
[10] HZ5k, #HEIE, E&tf. P507-Cyanex272 UpRIZEHLS3 15 7] technology[ J ]. Hydrometallurgy of China, 2018, 37(5) : 342 -
WOR IHER S R P AR R A L2 (1], P EA AR 346.
4z, 2011, 40(1) : 67 -69. [14] JR80E, BBk, BiEe, & faaM]. duat. w4 Tl
XIA Libin, XIE Fazheng, WANG Ruixiang. Study on new tech- HRRAL, 1987(6) : 33 -35.
nology of separation and recovery of Ni and Co from wast Ni-MH YUE Songguang, XIA Zhongrang, LYU Zhenghua, et al. Cobalt
battery by synergistic extraction with P507 — Cyanex272 system metallurgy [ M ]. Beijing: Metallurgical Industry Press, 1987
[J]. China Nonferrous Metallurgy,2011, 40(1) : 67 —69. (6): 33 -35.
[11] CHENG CY, BODDY G, ZHANG W, et al. Recovery of nickel [15]  xU#E, #YIME, &&, % BRI R LR He i th ko
and cobalt from laterite leaching solutions using direct solvent ex- [J]. A48 (IREED), 2016(1) : 4 -6.
traction; part 1. selection of a synergistic SX system[ J]. Hydro- LIU Wei, JIANG Xunxiong, ZHAO Lei, et al. study on roasting
metallurgy, 2010, 104 45 -52. and leaching of cobalt- sulfur concentrates[ J]. Nonferrous Metals
[12] #EZL, Bk, WIF37, %. Co,Ni BTFAEMWR[]]. K ( Extractive Metallurgy) ,2016(1) : 4 —6.

Ab TR, 2008, 22(3) « 412 —417.

Current development of cobalt smelting processes and
technologies in China
DONG Ai-guo, ZHANG Yang
( China ENFI Engineering Corporation, Beijing 100038, China)

Abstract; China owns cobalt reserves of around 80 000 t, accounting for about 1% of the global terrestrial cobalt
reserves. However, it is also a major Co producer and consumer. In 2021, China’s refined Co output was 128 000
t, approximately 70% of the global total. Its Co metal consumption was over 80 000 t, more than 80% of which was
for Li ion battery production. Therefore, China mainly relies on importing Co material, with a total of 90 000 t Co
metal imported in 2021. The main raw materials of cobalt smelting are cobalt oxides, cobalt sulfides and cobalt
alloy. In this paper, the characteristics and equipment for the smelting processes of the three kinds of materials
were explained and summarized. On this basis, the main problems of China’s Co smelting were pointed out, namely
excessive production capacity, overdependence on raw material imports, and to-be-improved product quality. The
following suggestions were put forward: the development of Co industry shall be planned, orderly and scientific,
and the blind expansion of Co smelting capacity shall be restricted; more R&D resources shall be committed to the
recycling technologies of secondary Co resources to develop the circular economies of Co battery waste material,
waste alloy, and waste catalyst; the new processes and technologies of Co smelting shall be developed to secure the
state-of-the-art status of Co smelting and to produce high-end products.
Key words: cobalt oxides; cobalt sulfides; cobalt alloy; cobalt smelting process; cobalt product quality; raw

material dependence; circular economy industry; sustainable development



