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Be AbWL & - d a, Hohn] WA s R .
B i 22 0 X s AL R LR B A AL A RS . R
X2 P& 0 AL 43 - AR 3E 100 %3 33 2 mm g 7
i o N 0 43 J5 ORI IR AT 46 . B 100 g BE R
SR EREVLITE 5 AT L2 T R T Y
FHAYHT A5 R B E 1 R 1 fron, RS
B HE HG R B AR LR, E L R
FHAfE 0 2, M43 — 2 mm Al LB HE L N
1.25 g/em® , ELHLHE N 2. 37 g/em®; —200 H (5
L 70%, IR HELLE N 1.07 g/em’, H L E
N 2.52 g/ecm®,
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e 1A AR 4 Cu JlE 80 1. 10% . 1R
AR (CuO) R B0h 0. 954 % , & i 70 Bl
0.154% . 5 B & EA G0 ALO, Ji 5340k
11.01% . A] g3 i i R AE .

17.07 % B Ab4 b b 5. 69% . Hi#e 3 mI 0, 4 R
a3 LA A2 R e R & kA T2 S A, & LA ol
42.41%F0 45.57% , B 200 g BEH™ 1. 86 min (1) i3
U #E 47 05 4y, — 200 H B & 5 Sl 700 14%,
—100H i fe i el 86. 89 %, —325 H Fitt i Lk
62. 44 %% , Ut BZ i AR e Ak ™ B L T BE X AT K TR
FEEERRIFZ A L M IR BEFNAE . R 4 AR
DX ) A B v ) G . RN A B R B
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Table 2  Analysis results of chemical phases for

Cu in colluvium

6 A AR Y o (D / Y AR o L/ %

it P2 £ 0.006 0.54
SRR AT 0. 849 76.70
2545 E AL 0.189 17.07
R TR AT 0.039 3.52
i A= A 4 0.024 2.17

4 Cu 1.107 100. 00
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Table 3  Analysis results of chemical phases for Co

in colluvium

AR AR w (D /% HPIAR i Ee/ 2
i R i 0.001 0.63
il B 0B R A 0. 067 42,41
kA 0.072 45.57
HAufe &9 0.018 11.39
4 Co 0.158 100. 00
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Table 4 Contents of Cu and Co in colluvium with

different particle size intervals

we/ %
4 Cu BRI (CuO) Co

B[]/ [ BLAE/mm
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| 04-010-7170>MgSi,0,(OH),
i 97-‘006-625‘8>(Mgl 5Fe, AL (81, /Al 0,0 (OH),
I T I du. :
‘ 97-001-8172>8i0,
‘ ‘ ‘ i ‘ ‘ ‘ ‘ 97—009-8‘196>K(NaMg2)(Si‘0mF2)
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Fig. 1 XRD pattern of colluvium
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Table 1 Chemical analysis results of colluvium %
4 Cu BRFH (Cu®  Co Fe Mn S Ca
1. 10 0.954 0.154 3.97 0.19 0.095 1.35
Mg Al Oy Pb Zn As Si0,
3.05 11.01 0.005 6 0.029 0.009 8 58. 86

—325 —0.045 1. 06 0.955 0. 159
+325~—200 0.045~0.075 1.05 0.962 0. 156
+200~—150 0.075~0.15 1.26 1. 090 0.150
+150~—48 0.15~0.3 1.09 0.939 0. 144

+48~—12 0.3~1.4 1. 08 0.042 0.103
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F1 Co 2p1, — X [ i€ 5 2406, Ho i T 780. 67 eV
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799. 11 eVAL ) FRAE I 1 ZIH A F Co™" 2py, A
Co™ 2p1» s ILAME T 785 eV FARE I8 T FeLM2
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Fig.2 XPS patterns of colluvium

1.2 REHE

AR R A 56 FE 500 mL BE AR itk AT,
HRRTEBREM PR 100 g BB, #2 B — & W
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Fig. 3 Effect of grinding fineness on leaching

rates of Cu and Co
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Fig. 4 Effect of acid dosage on leaching rates of Cu and Co
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FM 81 29% F+ = 90. 51 % . 412 HHFR M 66. 27 %
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R A B R R T 83, 42 . T
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Th R BETH B AR T 5 2 A UL, Hoad i i iR 2%
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Fig.5 Effect of temperature on leaching rates of Cu and Co
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Fig. 6 Effect of liquid volume to solid mass ratio on

leaching rates of Cu and Co
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e XOEH TR R AE G, WK
o] R R o L 1 R 25 (75022 10 VR T ) 0 i R Wk
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Py b el S R R R AR R T A AN
KOUHERTIE2: 1~2.5 1 ., SH5ZIE,H
EEPEM R UR R IL 2.5 + 1 #7525, it
B ) b 2 o R MR FE Ry 28 g/ L.
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Fig. 7 Effect of leaching time on leaching rates of

Cu and Co
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Fig. 8 Effect of stirring speed on leaching rates of Cu and Co

M8 & . 3 5 PR 4 R A R T
Bl B P RN & 300 r/min B, 4
B RSB TR 88, 37W M 72. 11 %, X 2
HTES WA R TRE RS H Y
HEMFH B MEVAPRRTIFS Z
B A il AR G e L EG IR H 5 dk 2 n
Pt B 3 R F 400 r/min, 414 2R TR 1

BN AN L LR 5 i R R D
300 r/min N'H,
2,7 FEFIAEXE. #HZ2HOF

% L& B A AR h B A AR Ay =M R TE A
T 100 g BEW 40 — 200 H & b 70 % W 14
UL 2.5« 1. IR EE 25 C LB iR fin A it
7% EETIE] 2 hoBERE 2 300 r/min SF T,
HE— 207 B i 0] 45 A B2 B (Na, S, O5) fill A
B i B v Jr 5 6 Sk = e 5 S0 A TR 0
AR JE R A A T ERE A BRI X4
Bl RS 25 AN 9 TR .

95 r
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Fig.9 Effect of Na,S,0s adding dosage on leaching

rates of Cu and Co

M 9 FH:Na, S, 0, fin A & Xt A B4 A 4
2 R LA R i X A 1R SR K R
W Na, S, O; B &I T ATk 72,11 % . X 3
WS 2 DL M B AP HE s Na, S, O JinA & Ry 2
W, G52 IR 72, 29% AL A %R T
Na,S, O; A EH g &1 1.5 50, &
Ik T4, 88V kSRR M M A E IR HE 2.0
FEINE 3 L RAL R 75, 44 % o I I 38 S v G R
HOECN 0,04 %, BT AR b A B O HOR
w1 AN 0. 154 %, L5 G H IR A G N E L i € =
RSP AS US na JEA
2.8 IIEIRIE

Sy itk — 2 N R IR R 00 45 R AR e M R
PAE L FE ALY 100 g BT 40E —200 H (5 He
70% IR HEE 25 °C IF AR 2 b 3R H O E
R L L 2.5 ¢+ 132 M i Uk A O T R BRI
Fo 1 s 1 BB A& 7% CED A0 8 5 AR I & ¥
FE28 g/L) i FE 3 F 300 r/min, A ik 5
AL 2 HEAT 4 ROFAT SR E L 5 L 25 R
W35,
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Table 5 Results of comprehensive condition vertification test
[T S émmm@/% _— ‘iﬁiﬂ%tﬂ%/% ﬁ&fﬁ/
4 Cu BRI (CuO)  Co Mn Fe 4 Cu BRIEH(CuO)  Co Mn Fe (t+t7! Cw

1 95. 05 0.126 0.041 0.048 0.042 3.82 89.11 95.92 70. 37 78.99 8. 54 5.33

2 94. 98 0.125 0.048 0. 044 0.039 3.76 89. 21 95.22 72.87 80.50 10.04 5.32

3 95.11 0.136 0.041 0.046 0.048 3.94 88. 24 95.91 71.59 75.97 5.61 5.51

4 95.23 0.135 0.049 0. 045 0. 044 3. 86 88. 31 95.11 72.17 77.95 7.41 5.56
1y 95.09 0.131 0. 045 0. 046 0.043 3.85 88.72 95. 54 71.75 78. 35 7.90 5.43

M3 5 F P RN 95,0926, 12 il 4
Cu R ECN 0. 131% 32 %y 88. 7250, 12 i
FR AR (CuO) S 0. 045 %, 32 RN 95. 54 % 512
OV TR R NN 0. 046 %0 IR R T1. 75 % 5
BIRRFER 5. 43 t/tCu, MR 5 i — 20115 T
R T AR T VR B 0. 762 g/ L. B RN
6. 72 %6 s B R VBRI RE VR B Ol 0. 428 g/ L. R R
Sk 78. 84 %6 5 15 HE VR U S TR O VR M 4. 96 g/ L,
UEITZ AR IR 25 S PR 0 T i 0 2 SR AU 4
REMAE RIS E LT

W 4 s AR = i A F B A 15T, I X
R A SE AT T SR LR 6.7,

xo6 RHUHEBEHEULFZFMHESINER
Table 6 Analysis results of chemical phases for

Cu in leaching residue

i IR 0 (D / % B L/ %
i R 4 0.003 2.27

F H AR 0. 029 21.97

4 AL 0. 054 40. 91

WAE AL 5 0.025 18. 94

JE A T A 0.021 15. 91
4 Cu 0.132 100. 00

x7 RUEDHAEMHEIWER
Table 7 Analysis results of chemical phases for

Co in leaching residue

Lk BT w (D /% AR L/ %
T R 0.001 2.22
il A R Bl TR A 0. 004 8. 89
kA 0. 021 46. 67
HAbL &Y 0.019 42. 22
4 Co 0. 045 100. 00

H1% 6 &R il A b A RS YA R
21,97 %0, Horb i BT it 40 B R 0. 029 0, 4 2 R AR
KA B A i AR LT 78 403 s i AU h Ak
By iR D I8 M i P S AR S A A AR
7 640, 91 %0, FL R R AE7E I H 480 A0 A4 | ¢ AR it Ak

FE AE B Ak 4 s 4 05 b 21,9706, 18.94%% .
15. 91% s AR TN 45 A R K = 2
T2, 86 %0 A AL 4 A A R LR R
H939. 10%, AR GRALH LT AR . &7 /i,
T I TP AR A S R A AR KA R A
A&, 5 LA IR 46. 67 Y0 42, 22%

3 £mERBRER

ARG g A5 R AT i AR R i A i
56 ANTE 10 iz  BE RS S B il BRAE 5 A
B et ] 5 A WA 8Bk FRAE 1) S A AR 9,

A
R
R g DR |
120 g/t R
[ wiw |
LW (283 mL)
RROKE45%) g?’;“g mL
B cu:3.79 g/L
Co0:0.395 g/L
T Fe10.886 g/L
Mn:0.577 g/L
H,80,:5.49 g/L

JEW (166 mL)

|5
%

Ep ##7K200 mL, 23K A

{KF1:200 mL
BV gy

o S Cu:1.28 g/L

EHE C0:0.206 g/L
ME:241.64 ¢ Fe:0.260 g/L
7K43:21.08%(51 mL) Mn:0.277 g/L
TE:190.70 g H,S0,:0.912 g/L
B4y

Cu:0.128%
Cu0:0.042%
C0:0.047%
Fe:3.93%
Mn:0.035%

10 BHRYEHEREXE

Fig. 10 Full-process test of colluvium leaching
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Table 8 Migration and distributions of Cu and Co in
full-process test of colluvium leaching

it H m(Cw/g w(Cw/% mCo)/g w(Co)/%
i 0. 244 11. 09 0. 090 29. 22
B 1.70 77.27 0.177 57.47
VR 0.256 11. 64 0. 041 13.31
it 2,20 100. 00 0.308 100. 00
x99 HAYRHLRERBRNK EERESH

Table 9  Migration and distributions of Fe and Mn in
full-process test of colluvium leaching
i H m(Fe)/g  w(Fe)/% m(Mn)/g w(Mn)/%
=i 7.49 94. 33 0. 066 17. 37
iRl 0.398 5.01 0.259 68.16
Ve 0. 052 0. 66 0. 055 14. 47
it 7.74 100. 00 0. 380 100. 00

AR E 10,322 8~9 Budl T35 50 % i

H 4 VR R R 88, 91% ., TRV H IR RN
96.02%, 4 3 F R 70, 8%, B K K
5.67% EhIZ N F Ny 82, 63%  BRAE N 5. 79 t/tCu,
2 18 3 4 i AR L0 L R v I A O A A
77.27%(3.79 g/ L) s g ifb— 25 52 ) [ A 4 7= 1, [
I BB AR R A MSESA 7 7 b 5 b A Ak
B R Pk R S A B A RS AT A R
PRI TR A e 3 AR A BT R, AT AR A5
L =% Tl

4 TZHHHEFETEN

45 A MSESA ST i U IR L A8 Bt
B FT AR B AR S8, DL W R M B 4y A B 28 ]
L 1 AH DGR L X i AR 25 G R IR R R AT
2T B B AR R B 4 9 500 Eot/c 3. |
Al T ST AR 5 B v RN 3R L U ) A5 A4 RHI FE )
B 5 2 A P R B R VR A G P I A BIE o L
XA AR = 1 ¢ BFIAR R BT O RE 1 32 A R A
BT L3R 10, Hop L AR R = O
A/ g i B AR 4 5 A1) <100 %6 6

H1 3 10 & H . MSESA 5t 4 il B8R i —
A B T2 AR 7 B A R B AR AR
3 450. 6183 J0/tCu, S A 36, 3220, Horr,
T IR VS A R P AR 199 A R i, 43 il A 15. 97 %
12.95%0F1 6. 60 %0 . 7 22 Ud B A4 J2 , 3 v 6 1R T A

AR AN A 1 L BGR R , TR AR ) AR Y 45
A5t AR AT A 1L 54 ¢ BRI B R TE
AR AL IR 8] A b, TR B AR L
PRI TS B R A R AT R B 15, 9700 R
L1, 4496 B8, 25 FE 2 i BUM U8 AL BE 42 7™ 0, o
1 Ty I o BV A SR 7 A 7 - A o i (07 SR AR 5 6
PCA™ ot AR 2 45 0 B A I 1) 42 e 0 A AR BT L A
AT Bt — P R WA . % T LR TR iR
B BEUTH B R I 2 TR

R 10 MSESA W I BHERYEFETZREN
MSEF DI
Table 10 Preliminary economic evaluation of recommended

process for colluvium in MSESA orebody pit
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Optimization and Economic Evaluation of Acid Leaching Process for Colluvium in
MSESA Orebody , Congo (DRC)
ZHANG Changda',LI Hui' ,ZHANG Jun®,ZHENG Bin',XU Wei' , HAN Bin”, LI Liucan'

(1. China Non ferrous Metal Innovation Research Institute (Tianjin) Co. ,Ltd. , Tianjin 300112,China;
2. Kambove Mining SAS Co. ,Lid. sKatanga Likasi ,Congo (DRC))

Abstract:In order to expand the development boundary of overseas low-grade copper-cobalt oxide ore,
the leaching of copper and cobalt with sulfuric acid was studied for the Colluvium of MSESA orebody
in Congo (DRC). The effects of various key factors on the leaching were investigated, and the
economy of the process was evaluated and analyzed. The results show that the contents of copper and
cobalt in the colluvium are 1. 1% and 0. 15% , respectively. The oxidation rate of the ore is high and
the argillization is serious. The main gangue phases are talc, biotite, quartz, chlorite and dolomite.
Copper mainly exists in the form of oxide,and cobalt exists in the form of cobaltite, cobalt carbonate and cobalt
in gangue. Under the conditions of grinding fineness of 70% (— 200 mesh) , sulfuric acid addition of 7%,
leaching temperature of 25 °C ,leaching time of 2 h,liquid volume to solid mass ratio of 2. 5 ¢ 1,and stirring
rate of 300 r/min.the leaching rates of copper and cobalt are 88.72% and 71.75% ,respectively,and the acid
consumption is 5.43 t/tCu. Cathode copper is produced by leaching — extraction — electrowinning process.
The production cost is $ 3 450. 618/tCu, accounting for only 36. 322% of the sales price of cathode copper,
which has good economic benefits.

Key words: colluvium; Congo (DRC); MSESA orebody; copper; cobalt; sulfuric acid; leaching;

economic evaluation



