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Table 1 Chemical multi-element analysis of copper cobalt oxide ore samples Y
% Cu Co Fe As S Na K Mn Zn
S 1.49 0.263 4.64 0. 009 0. 054 0.038 1. 58 0. 085 0.019
JAr CuO P Si0, Al 0, MgO Ca0 Au” Ag” Pb
S 1.42 0.099 61.59 12.83 7.99 0.363 0.13 1.95 0. 004

T = AT g/t

®2 AW HACAYIA S

Table 2 Chemical phase analysis of copper cobalt oxide ore samples %
L Cu & L Co Fritk L Fe &4
H i &AL 85. 68 e 0.23 73 0.28
S5 E AL 12. 11 BlAR/ RIS 21.62 e 2.8
AR 1.34 Jhicri 64.49 DR/ e LR 63.6
J A B A 5 0.87 TALE: 13.66 Bk 0.34
— — — — S RRERR 32.98
&3 BRI AR
Table 3 Particle size analysis results of copper cobalt oxide ore
kg H R/ g L5/ % Cu/% Co/ %
+60 3.1 1.03 1.11 0. 144
-60 ~ +100 28.7 9.57 1.28 0.192
-100 ~ +150 22.8 7.60 1.53 0.208
-150 ~ +200 24.5 8.17 1.59 0.232
-200 220.9 73.63 1. 47 0.276
At 300 100 — —
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cobalt leaching rate
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Fig.2 Effect of initial addition of sulfuric acid on

cobalt leaching rate
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reaction controlled kinetic equation and time ¢
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Table 4 Relevant kinetic parameters of hybrid controlled kinetic model for cobalt

leaching associated with copper oxide

k/ R IR ky/ [ AR ky/ Na, 3,05 k3/
7/C ] R - R - R R
(min~") AR/ g (min~") Joig=qxa (min~") MAR/fE (min~')
20 0.001 8 0.99 0.4 0.001 2 0.98 2:1 0.002 7 0.99 1 0.001 6 0.99
30 0.002 4 0.98 0.6 0.0019 0.99 3:1 0.002 8 0.98 1.2 0.0019 0.97
40 0.002 8 0.98 0.8 0.002 4 0.99 4:1 0.003 1 0.99 1.5 0.002 5 0.99
50 0.003 1 0.99 1.0 0.002 7 0.99 5:1 0. 003 2 0.99 1.8 0.0029 0.99
— — — 1.2 0.003 2 0.99 — — — 2 0. 003 2 0.99
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Fig. 13 Linear fitting of Ink, by Inr Fig.14  Linear fitting of Ink; by InV

2RI, WA (9) 2.4 BHHEBER

TR & P LB RUR R % ot T IR
WEAE AT IERT | T A AR T2 R R

0.002 5m™ % O NV L (9) ki pH R, UL, E-pH BRI

%hl(l—x) +(1 -x) 7%—1 =



- 138 - T E A &S A

R R

WA R B — ik, 7F pH &2
INEAR R T , 4 & S8 A mT 43 1l LA BH 25 5 3%
BB TR AN AT, DRI P P R sl i o, (L 2R
SRR E B T 5 L8P0 1 4 8 A A SR 1 358
SRIEACIIN N R ZHE R ALY S |, B ik
JE R (pH 35 15 DA ), iXE AL, Bir LAk
YR i B8R IR 2
IO LRl OE e V=R b W e (O N E
iR, HAERE 15 th HGF stk B i i 45
o AR EL R 1o R AR SR &R 38 R R
WARBREN , 12 A B GIR , %0 Th B B E A FE 42
A FE AR BR BN SRR IR R R b & AR (10) PR
B
S,027 +4Co0(OH) +6H" =4Co** +2S0;” +5H,0
(10)
AR TR, Co =S —H, 0 JKIEFRIA R T fiE

Co(OID)

\
s (1()304

EIV

B 15 25 °CTFH)Co-S-H,0 R E-pH |#
Fig.15 E-pH diagram of Co-S-H,0
system at 25 C

FEAEM 414y} Co®* . Co, Co’"  Co(OH),, Co, O, .
Co(OH), .0, H* 'H, H,0.,S,0: SO, ,HSO, .
SO, . FIREAFAERIRNL M E-pH JER AWK S,

xS Co-S-H,0 RIS Pl sz £E-pH KR

Table 5 Thermodynamic equilibrium reaction formula and £ —pH relationship formula of Co-S—-H,0 system

P Iy 2 Ay E/V

1 Co’* +2e=Co -0.016 +0. 029 51g[ Co** ]

2 Co** +e=Co** 2.217 =0.059 11g[ Co>* /Co>* ]

3 Co(OH), +3H* +e=Co** +3H,0 1.981 —0. 177 4pH - 0. 059 11g[ Co** ]
4 Co;0, +8H* +2e =3Co** +4H,0 2.027 —0.236 5pH - 0. 029 5lg[ Co** ]
5 Co(OH), +2H* +2e =Co +2H,0 0. 340 —0. 059 1pH

6 Co;0, +2H,0 +2H* +2e =3Co( OH), 0.959 —0. 059 1pH

7 3Co(OH); +H* +e=Co;0, +5H,0 1.890 -0. 059 1pH

8 0, +4H* +4e=2H,0 1.229 -0. 059 1pH

9 2H* +2e=H, -0.059 1pH

10 38,037 +2H* =580, +S03~ +H,0 4.107 8 - 0. 51g[ S03~ /8,027 ]

11 S0}~ +H* =HSO, 1.95 —1g[ HSO, /S03%~ ]
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Enhanced leaching and leaching Kinetics of cobalt in low-grade
copper ores of Africa
ZHAN Guang'*, HUANG Cao-ming' , WANG Qi-li*, SHU Fang-xia’
(1. China Nonferrous Metal Mining( Group) Co. , Ltd. , Beijing 100083, China;
2. Shenyang Research Institute of Nonferrous Metals Co. , Lid. , Shenyang 110260, China)
Abstract; The leaching and leaching kinetics of Cobalt in low-grade copper ores of Africa were studied and the
mechanism of reduction leaching of associated cobalt was discussed from the perspective of thermodynamics. The
results show that increasing the amount of reducing agent, sulfuric acid, leaching temperature and liquid-solid ratio
can improve the leaching rate of cobalt, and speedup the process of leaching. The leaching equilibrium of cobalt
can be achieved in about 1 hour. The dissolution behavior of cobalt in low-grade copper ores coincides with the
mixed kineticshrinking core model, which is based on the interface transfer and diffusion across the solid layers.

The activation energy is determined to be 13.42 kJ/mol and the kinetic equation can be expressed as follows:
3.4
%ln(l -x) +(1-x) T =0.002 5m*** 5> TN T TRy Tt provides a theoretical basis for improving the

leaching rate of associated cobalt in practical production.
Key words: copper cobalt oxide ore; enhanced leaching; leaching kinetics; thermodynamics; interface chemical
reaction ; diffusion
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