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Table 1 Compositions of cobalt sulfide concentrate %

TFe Co S Cu Zn Mg Ca
SHE 38.84 0.46 41.01 0.12 0.15 4.47 1.13
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Fig.1 XRD analysis chart of cobalt sulfide concentrate
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Table 2 Standard Gibbs free energy of various substances in Co—Fe—-S—H,O system under high temperature conditions

G’/ (kJ-mol™")

Wi 5 W
373 K 393 K 413 K 433 K
Fe,O S -720. 87 -715.45 -710. 05 -704. 67
Fe, O s -987.03 -980. 26 -973.52 -966. 81
FeS s -102. 14 -102. 19 -102.20 -102. 30
H,S0, 1 -659. 27 -651.07 -642. 84 - 634. 64
Co s 0 0 0 0
Co(OH), s -437. 18 -431.59 426. 00 -420. 42
CoS s -96.52 -96.40 -96.20 -96.00
CoS0, 1 -774.93 -764. 44 -753.75 -742.95
S s 0 0 0 0
Fe’* aq -8.58 -6.11 -3.53 -0.81
Fe** aq -91.18 -91.00 -90.78 -90.48
Co** aq. -53.38 -53.01 -52.58 -52.08
SOi - aq. -700. 15 -687. 35 -674.09 -660. 43
0, e 0 0 0 0
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Table 3 Standard Gibbs free energy of equilibrium reactions in Co—-Fe —S —H, O system under high temperature conditions

G’/ (kJ-mol™")

Fe IS
373K 393K 413K 433K
1 S0;~ + H*"=HS0, 21.63 25.11 28. 85 32. 86
2 HSO, +7H" +6e=S +4H,0 185.77 182. 80 180. 24 177. 86
3 SO;” +8H" +8e=8"" +4H,0 106. 05 101. 67 97. 61 93. 68
4 SO2™ +8H"* +6e =S +4H,0 207. 41 207. 91 209. 10 210.73
5 FeS +2H*=Fe’* +H,S 14.95 14. 48 13.55 13.52
6 FeS+H* +2¢ =Fe + HS~ -122.91 -125.57 -128.42 -131.36
7 FeS +2e =Fe + 5%~ -203.50 -208.43 -213.69 -219.35
8 FeS +2H* +0.50, =Fe** + H,0 +8 215.93 212.62 209. 37 205. 97
9 CoS + Fe** =Fe** +Co®* +8 39. 46 41.50 43.63 45.75
10 Co®* +H* +2e=Co + HS~ -74.51 -76.39 -78. 80 -81.31
11 Co’* +80;” +8H" +8e==CoS +4H,0 250. 55 251. 31 252.72 254. 65
16 F5 RWIAF
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10} 44 B ST 251
06 w= 0, T
> 8; A H,S0, 98% , Tl 2k
=0
-0.2
o 2 FRKITE
o 2.1 EHEHHM
By L BRI A 32 R 150 = 5°C R IFE] 1 b,
-40 -20 00 2.0 pi[oﬁ 6.0 8.0 100 12.0 {&Hﬁ 4:1 \%ﬂﬁﬁﬁg&f 10 g/L,TfuJ:%ﬁ:—Fiﬁffilﬁ:
B2 BE(433K) RHT CoFe-S—HLO REL %o, HELESIER Co Fe Cu S S8t R MBI, 25
— RnE 3 prr

Fig.2 Potential pH diagram of Co-Fe—-S—-H,O system

under high temperature (433 K) conditions'*’
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Fig.3 The influence of oxygen partial pressure on

leaching rate
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Fig.4 The influence of reaction temperature on

leaching rate

A 4 25 AT IR X TR AR I B
B 5 0= TR A 4 R, A T R IR SRR BT
Ry Bt L EE B o TR B R R, &R S 1
FEVS R Th RS R 2 bl e A SR 2 1%
J AL RN AT, 160 =5 °C 5, = R
BT P T AR AR 5%, A6 w8 TR T RS T v I B X A
FIREFERY L M ERAR K TEULIRE T, Co IR I R E
KRBT 60% LA I, 25 B 3k v, R FTBRL 19 32 3 VT g
£ 180 C LUG & 2 LI ¥ X Je L Co Ml Cu 5
A A B IG n fer, £5 BRI R EE AR
82

HIAE 160 £5 °C N'H.,
2.3 RAUBEAZMm

RIG S IR IR 160 +£5 °C 12 H A4 TE
1.2 MPa J& [ HE 4: 1 WIGRTRIE 10 o/L, fE VL 5
AT, % 5 W B[R] X6 Co  Fe Cu .S 537
S, SR WE S FR

80

—=—Co
—e—Cu
70| —a—Fe
—v—S

L]

0.5 1.0 L5 2.0 2.5 3.0
R Bt/

5 [ RzBiE AR H XA S0

Fig.5 The influence of reaction time on leaching rate
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Fig.6 The influence of liquid to solid on

leaching rate
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Fig.7 The influence of initial acidity on leaching rate

PR S AR TR A I I ) B9 A R R R A
PR SOV GBI 2R T i R & TR fE rh
MR LB TR K, RO, 4 A B Y R 4R R AR
g R T T LR iR T 16% LU
Jei , B AR IR SR IS B, T A AN Ak )32
BRAERFELIGIN AR T4 4w i [0l A ke, 90 4
BREE LA 16% MH .

2.6 MEHM
HRYEE H/ IN AL e 5 0 A i Sk vy ) P R
TTOHS  Fe AR IR T 240 B0 1 o BREVS 0 T 75 B
AT R TR A 168 T2 A A
ke,
£6 MmEBETVEESHRAGE

Table 6 Cost estimation of oxygen pressure leaching

for sulfur cobalt concentrate

/ A/
i e $71§ (;;?E/t)
JER R T EAET/t 1 10 1.41
H S/ kg 1.95 25 6. 96
TR/ ke 20 0.4 1.14
B AR S .
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M./ (kW-h) 150 1 21.13
R H/m’? 1.5 200 42.25
NTIA 7.35
#friH 3.38
il 38 2% Hee 9 3.35
oAt 1.29
A7 AR 94. 94
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Table 7 Calculation of sales revenue for output of

O

per ton of concentrate

FeE/ke B/ (Ot-kg') IMAMEREL Ait/3ET
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A1 115. 14
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Experimental study on cobalt recovery process from extremely

low-grade cobalt sulfide concentrate

WANG Dong', YIN Qinsheng', YANG Bin®, ZHANG Enyu’, CHENG Liang,
LU Xingwu>’, LI Yuliang®”*
(1. Baiyin Nonferrous Metals Group Co. ,Ltd, Baiyin 730900, China;
2. Northwest Mining and Metallurgy Research Institute , Baiyin 730900, China;

3. School of Metallurgy and Environment, Central South University ,Changsha 410083, China)

Abstract; With the rapid development of new energy vehicles, energy storage systems and other
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industries, the demand for cobalt continues to grow, making cobalt recovery particularly important. Sulfur
and cobalt concentrate is a powdered mineral obtained by processing raw vanadium and titanium magnetite
ore through crushing, grinding, iron beneficiation, sulfur flotation, etc. The main components are sulfur
and iron, and it also contains precious metals such as cobalt, copper and nickel. Sulfur cobalt
concentrate is one of the main raw materials for the production of cobalt products, but the cobalt content
in it is usually low, which needs to be further processed and recovered to improve its utilization value.
Thestudy focuses on the characteristics of cobalt sulfide concentrate, which has extremely low cobalt grade
and complex element occurrence state. The oxygen pressure leaching process was adopted, and the
results show with a leaching temperature controlled at 160 +5 °C | a leaching oxygen partial pressure of
1.2 MPa, a reaction time of 2 h, a liquid-solid ratio of 4: 1, and an initial acid concentration of 16% .
Under these conditions, the leaching rates of cobalt, copper, iron, and sulfur reach 78.5% , 75. 4% ,
32.7% , and 31. 4% , respectively. The direct economic benefit of disposing of one ton of cobalt sulfide
concentrate was $30. 36. Calculated based on the annual production and processing of 800 000 tons of
cobalt sulfide concentrate, the annual gross profit is 24. 288 million US dollars, with good economic
recovery prospects.

Key words: extremely low grade; cobalt sulfide concentrate; oxygen pressure leaching; cobalt recovery;

thermodynamic analysis; solid waste disposal o
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