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ABSTRACT Copper and cobalt, both strategic metals, play an indispensable role in many fields, such as national infrastructure and
defense science and technology. Copper, one of the earliest nonferrous metals discovered, extracted, and applied by humans, teams up
with cobalt—a silver-white metal—that serves as a crucial raw material for superalloys, permanent magnets, and chemical industries.
The production and consumption of these metals significantly affect the development of national infrastructure, essentially controlling
the lifeblood of the national economy. The wide-ranging application of copper and cobalt necessitates an efficient extraction process for
these resources. For instance, Congo, Africa, hosts complex copper—cobalt co-associated deposits where the copper—cobalt ratio can
reach 3 : 1, making it a significant resource. Given the increasing global demand for copper and cobalt, extracting these valuable
elements from complex copper—cobalt co-associated ores is of paramount importance. This paper reviews the mineralogical
characteristics of these complex resources, including oxidized ores and sulfide ores. It compares and discusses the characteristics of
extraction processes such as roasting and leaching. Ultimately, it evaluates the prospects and challenges of extracting copper and cobalt
from complex co-associated copper—cobalt deposits. The review reveals that copper—cobalt oxide ores are more compatible with pure
wet process treatment, while sulfide ores are better suited for an enhanced leaching process combined with roasting and leaching. The
thermodynamic characteristics and kinetic limiting factors of metal extraction from copper—cobalt ores are also compared in this review.

In the extraction of the copper—cobalt oxide ore, the mature extraction process is reduction leaching, and different reducing agents show
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different leaching effects. It is worth noting that there are significant differences in the degree of weathering of copper oxide cobalt ores.

Considering Africa’s relatively underdeveloped power facilities and the shortage of chemical reagents, biological leaching and heap

leaching present alternative methods for copper oxide cobalt ores. For copper and cobalt sulfide ores, the promising approach for

industrial application is a method that combines enrichment, roasting, and leaching. As the copper—cobalt sulfide ore is nearly the only

cobalt occurrence mineral, strengthening the phase transformation of copper—cobalt sulfide ore is vital for cobalt extraction. This can be

optimized from both thermodynamic and kinetic perspectives. The aim of this paper is to provide some references for the efficient and

reasonable collaborative extraction and utilization of copper—cobalt resources.

KEY WORDS copper—cobalt associated ore; roasting; leaching; separation and purification; recovery of valuable metals
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RHERY 4 h, 575 B R 30% W& T, E AL
B v RS R R R0 SR 75.44% 5 49.98%.
X TRV A OV T A W S AR AR A B B Y T R R 5
W ORI, FEBR R i ) A Y 12.5%, 12 iR
&R 80 °C, B WKL BE N —74 um 5t 87%, = HY it
B 2 h, E LR 2 - 1 mLg™ WA, #RYR R
Al 3k 89.26%, % 112 it FEh 78.69%. & A0 #
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AWM EIRE TR R 25 1R, EEh A=
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Copper-cobalt oxide ore

‘ Crushing/grinding/dewatering ‘

Reducing agent Leaching |« H,SO,

Copper-cobalt acid leachate

Extraction

Cu-rich extract Cu-rich raffinate

‘ Electrodeposition ” Impurity removal ‘
Cathode copper
Co(OH),

B 1 SR R R BRI T 2R A
Fig.1  Flow chart of the acid leaching process of the copper—cobalt

oxide ore
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F'T 93.35% F1 90.13%. 7 J7 #5551 B 45 A 3%
B, SR AR 5k 10 mLemin ™', 38 S0 ] 4
0.5 h, 32 IR FE A 40 °C, 32 HEFE] N 2 h, % E H
M4 ImLg!, YR 0.074 mm LUE Y 73% B4
P, #5565 02 R4 0k 95.06% 5 81.38%. 1
e X 45 UV B 0 BE H B  0 38 TR R IR BF 9T 45 AR
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2C0o0(OH),q) + H2804) + SOs(g) =
2C0S04(aq) + 2H2 0y (8

2C00(OH),) + 2FeSO4(aq) + 3H2S04() =
2C0S04(aq) + Fea(SO4)34q) + 4H20() (9)
2C00(OH),) + 2H2S04() + NazSO35) =

2C0S04(aq) + NazSOu(aq) + 3H20() (10
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Table 1 Direct acid leaching and reduction leaching of oxidized ore
Experiment condition Leach rate/%
Leaching : s :
System . . . . Leaching . liquid-solid Ref.
method delgll?g Redl;‘;;f dent ](\/[;EerrlﬁS;IZS temperature/ I&zﬁz?ng Acid content  ratio/ Cu Co
g g prop < (mLg")
~70 um(70%) 85 4h 73.6 kgt 75.44 4998  [8]
=74 um(87%) 80 2h 125 kgt 2:1 89.26  78.69  [9]
H,S0,
Direct acid —74 um(87%) 60 1.5h 150 kg't™! 4:1 87.30  85.52 [l1]
leaching
—0.15 mm(80%) 25 4h 132 kgt 4:1 98 77 [12]
HCl ~0.15 mm(100%) 30 1h Theoretical 4, 95 95 [10]
quantity
4kgt! ~74 um(90%) 80 2h pH 1.5 4:1 9335  90.13  [13]
10mL'min"'  —74 um(73%) 40 2h 4:1 95.06 8138  [14]
SO, . B Leaching end .
4kg't 74 um(69%) 25 5h point pH 1.5 3:1 94.60  78.90  [15]
o . Leaching end .
192 kg't 170-200pm 45-55  40-60min e on 4:1 90 98 [16]
10 kgt ~74 um(70%) 65 4h 55 kgt 3:1 7434 4332 [17]
4% ~74 um(68%) 80 6h 2 mol'L™ 2:1 96.50 8521  [18]
Reductive 13 o NaySO; 10 kgt ~0.1 mm(80%) 25 4h 84 kgt 2:1 90.37  74.58  [19]
id leaching >~ *
acld feaching 7 kgt ~74 um(70%) 25 5h 140 kg't! 4:1 96.09 9395  [20]
12% ~74 um(80%) 25 4h 120 kgt 2:1 95 93 [21]
H,0, 0.2mL-g"’ 75 2h 460 kgt 5:1 99.42 9951  [22]
1.5 times the
theoretical 30 2h 125kgt”! 81.5 [23]
Na,S,0; ar'nount
1.5 times the
theoretical ~74 um(63%) 40 2h 60 gL 3:1 93.58  80.43  [24]
amount

C0203(s) + 2H2$O4(1) + NaQSO3(S) =

2C0S04(aq) T 2H20(1) + NazSOyaq) (1
4COO(OH)(S) + NaSZO5(S) + 3H,S04¢) =
4COSO4(aq) + NaSO4(S) + 5H20(1) (12>

BRORTE, Bk JER) 5 , S PSR BT v 5 Y
RS TR IR R, R TR R AR A
AT 3 B ER RS, X EE B = AR
R, AR ABR AT I S B v 7 T AR
JETE RE , i MRS 233% XA R BR BT = 4 — 5 5
Wi 5 5 PR T R A Sy s J 300 3R R A X 5, (EL 7
PRRHEIA T BB, XI5 Sk R B A AL 0]
WA AR S T 5 T R S AR PR B R R i R
55 A SO RR 22 18 e e RO, TR AR ¥R o A
AT LATE TR ) — Bt )5 22 A8 I LA RR B4, JF 1
M — 1 T 1B R LA R A . AL
Al A R Al B TR AR AR B 909% BT IR, 2k 223
i JEUR) B R, Al AR SRR A L AN, IO

SRR B e T A A X AR S S B v
23 |LEHT REEERE

AALE AR 0 MR RIR RS — R R
D7k % R SR 0 O vk, LI AA AL
SR TN TP K =B A D ON VAL TE R Rk - e e )
TFHE A TE W, T R A A R
BRI R, HarR S B R e &
PG R R B . Sk R S R R e — P A A
SR R i R o R AR (13) ~ (16).
o Me fRIBICRAN | & 52k

MeOg) + 2NHI(aq) +2NHj3(aq) =

[Me(NH3)4]7) + HaOgaq)
MeCO3s) +2NHj ) + 2NH3 o) =

[Me(NH3)4]§;v +Hy0(aq) + CO2g)

(13>

(14

MeSiO; -HyO) + ZNHI(aq) +2NH3(aq) =

[Me(NH3), 17, +3H20(g) + SiO2s) (15
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MeCO; -2Me(OH), ¢ + 6NHJ, ) + 6NH3yq) =

3[Me(NH3), ] +5H20(q) + COxg) (16)

ZB PR A0 SR A i S0 1 Ak BT 5 7 4R A 4R
BT, BT A5 SRR, 7R R A 80 °C, K B IR
BN HR 0.7 ¢, W LA 6 ¢ 1 mL-g ", 4 BR 4 ot
VR FE N 300 g L', 32 HIH] R 4 h, 0 0 VS
H 45 ~ 75 pm BISRAET 0 A RN B R S
WK 97.29% 5 95.18%. X1 A AP B X A T O 4
A 46 B I R 45 AR B FE R I IRE 100 €, &
B2 1, BEWE N 7 mol L™, iR JEFI H &
P R 4 A5 R SE IR S PF TR, 0 v A Y
HR AT K F] 95%.

MEZ T, &R AR R TR R /)N, 8
1 U P4 78 2 T DA SE I IR PR, AR At R
kG T RERS T L R, IR T 2SI AT mifE
R ER, T SEBTE m 3OR 75 2 e
T TR SE R . TR S A — e gk,
24 SUEETHESREMSH

A AL B XA B AR TR W 25 5, W R
R E D A MR & B RAL, s YRR
AT B e Wi il e e A s VR,
M o E TR W B S SR B AR S i R AR T ik
SEELA M 2L 1 T A T S Sl D R Ak P 4R Ak 4
B, X 1% 4 PSR FH B R A Ak HE R B R T e
TS, FEH YR N —-50 mm ~ +6 mm, Mk ER
FE 6~8L-(m™h)"', HE¥=JH 1 180 d, HE ) 6 m, FRAE
RN 4 ¢ BSR4 B9 R IR 74%. X g%
SOV ol S U S L TR AR 457 X A 2R AR A A 0
13 7Y 5. I FT 45 SR 3R 0, W2 I8 R T
52 R IE A, 4 A 1R R L R
LB 40 °C B, 9 A ZE U VR TR B2
N 90.7%.

3 WmLESEE AR

3.1 AT MERH
TR IR 2 R YN A A ) B 1 — o Y R R
T2, Wt m iR R R AR i AR oA A
W R W A BB R, 78 8RR T8
Yy v R 5 AT SN A A TR A TR Bk
MR B W, &8 AL Y e 4k Co™'iF AV TR
Hh BT R B R R T R AN
R WA )
4CuFeS) ) + 2H>S04() + 170x(g) =
4CuSO4(aq) + 2Fe2(S04)3y) a7

2Cuz8s) + 2H2804) + 502(g) =

4CuSO4(aq) + 2H20(1) (18>
EHRAEH )
COS(S) + 202(g) = COSO4(aq) (19

B PO SR AU 12 AR SE T AN S b B
A% T AR N B A0 AR G AT B A N 22 5, W5 4 2R
T, VR R R MR R 2 mol' L', 12 iR E A
70 °C, 43 KR 500 kPa, W[ LA 2 0 1 mLg ™', 12
TR 2 h AT, LR B Ak B0 0.282 mm
T R B IR RS 5N 87.4% 5 81.3%, AL
WRLEE 46 /N K 0.104 mm £5 T 8 R4 1938 SR 42
FH 96.6% 5 95.5%. BEW AL i — L 44k, Hiw
2 T AR (4352 HH RIS SE AR AN AR TR A IR R
R b G A 0y e R R v, SE
JE R R R, s AR T A 5 R A 2 (R B T
L. AT RO T ek B A R B AR S
3.2 $ASEE RS E

T A ) 6 1 ) v I s e 3 o Ak S g, SR B
T AL 1) A AR i B G AR BE S B X i
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