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Table 1 Multi-element chemical analysis results of collapse
deposit samples %
Cu Ca Co Fe Mn S
1.10 1.35 0. 15 3.97 0.19 0.095
Mg Al, Oy Pb Zn As SiO;
3.05 11.01 0.005 6 0.029 0.009 8 58. 86

M1 1 A% A Cu T Co 1Y & 52 43 1)
S 1,10 % 0. 15 %0 » BERA 2 5 AR A BAT — & Il i
WA AR5 SL A B AR TR A R STO, T i
I3 HR A 58. 86 Y0 fF A LA B E WKk A 5
FHIE; Ca Al Mg BTt 73 8O 5 . 2 AL O, Jit & 43
HOoh 11,01 % , AT RERG = PR FE 5 S T i 4 B
k0,095 % , Ui BB AL B B R AIC .
1.2 ZFARSYHESFE

FA AR R I Ak 2E A Ay AT s R L3 2. W)
LB R A 32 D AR S TR SR 5 B R AL
il o5 LIk 76, 70 %0, SRR Y E AT AR S R
B R 5B B Re: 456 S0 & e
17.07 %, J@ e 1 S Ak 0 5 Ok A= it Ak A 0 D 2R
BRALH b7 EE A, 43 500 3. 52 %0 F 2. 17 % 5 KL
TRf G AR, AR 5. 69% ., S iraE SRR,
T LA OB S A R R AE
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Table 2 Chemical phase analysis results of copper in

collapse deposit samples

LR w(Cw) /% di b/ %
i R 4 0. 006 0.54
1 H AL 0. 849 76. 70
45 AL 0.189 17.07
WA AL 0. 039 3.52
JUAE B A A 0. 024 2. 17
&t 1.107 100. 00

R AR A= AR B e R WSk 3. Wl
Rk A AR BT A R AE SE A R L A
45,57 o TR HURR IR 25 5 TF Ml LUAT RO 5 il A
FOBR R Al 5 Ll 42, 410, J& T 5 B i A AL
B4y e A IR A 5 I Ah ad A/ Al 5 Al
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o35 kA B S A, S O IO BE T

®3 BRYERPHLELZVAIWER
Table 3 Chemical phase analysis results of cobalt in

collapse deposit samples

LR w(Co) /% hi b/ %
i, R 0. 001 0.63
il A RV TR 4 0. 067 42. 41
kA1 0.072 45.57
HAb &5 &0 0.018 11.39
&t 0.158 100. 00

1.3 ITEZEHYF4E
KA Y B 3hE =S 25 (FET, MLAG650)
AR AR AT RAE LA R 1 R,

1 MSESA & kB fR#1 B MLA ¥ B 5t % i B
Fig. 1 MLA backscattered electron image of collapse
deposits from MSESA orebody
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Table 4 Major mineral composition in collapse deposits

VBRI A/ % R BRI ditk/ %
BB 34,97 vl 0.58
Fag 26.59 [/ 0.49
sk 18.57 il 0.25
EESipal 7.43 ) Al T A 1 0.19
A 4,08 W B 0.13
[ Xe 2.30 kKA 0.12
A 1.13 AR 0.12
A=A 0.97 RN 0.11
A 0.84 iR 0.07
LA 0.75 HoAth 0.31
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100% . R JHHEHE DY X0 R Rl kA7 46 0 1R 5T,
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Fig. 2 Relationship between grinding time and particle

size distribution of collapse deposits
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Fig. 3 Settling curves of raw collapse deposits slurry
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Fig. 4 Slurry concentration curves of raw collapse

deposits at different settling times
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Table S Settling tests results on raw collapse deposits

ZEER Hi 3 min  JIREAS DIKEA ST BIMEZN
AR/ UURRTREE/  FRTamtlal/  DURRMEE/ B/
(getH) (mmemin 1) min (mm ¢ min ') %
0 1.67 ~60 1. 50 ~50
10 2.00 ~50 1. 84 ~50
20 2.67 ~40 2.32 ~50
30 3.33 ~40 2.35 ~50
40 4.00 ~40 2.35 ~50
50 4. 00 ~40 2.35 ~50
60 4. 67 ~30 2.97 ~50

H1 2% 5 AT« BE 22 EER) A & 590 5 K0 in
UK BE W F T, Y 2B & N 0 1 &2
20 g/ti, [ 3 min YT £ 2. 67 mm/min;
ZEERHE B 30 g/t I, UL HET 3 min UT %
B B — 2P WY R H DT 2 T Y AR E
7£2. 35 mm/min, H 3T R4 5 B @ I [ 52 € 78
40 minZc A7 . X A B o )2 AR R
WAL Y& BB A5 LR, 7Y
UKL 2 TR H i 85 B2 Ry WS I3 22 B8 R0 T A &L
T B Tk 45 A4 5 T 24 2R BE N i G 20 g/t
J& o UKL 2 T T AR R — 25 S % T R
SO A R . 25 E R, AR R B K i %
LR AR N 20 g/t, B, YU RT3 min
B 3% D0 B 3 S 2. 67 mm/min. UL [ £ A5
FIr 5 B[] 29 S 40 min, UT R X 05 1 D0 B R
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Fig. 5 Settling curves of leaching slurry
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Fig. 6 Slurry concentration curves of leaching slurry

at different settling times
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BT KUk R AT, 258 %
VB 2R BE SR AR R MR B W E R N T R MRk
it 7K 2R BE R AR 0 RO 120 g/, I L DT I
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Table 6 Results of settling tests on leaching slurry of

collapse deposits

BRI Wi 3 min  PIFRZS UIREZTTE UUFA
AL/ UUREERRE/  FrditE/  UDUREHEE/  §rRukE/
(g+t) (mme+min 1) min (mm * min~ 1) %
0 7.33 — — —
20 7.67
40 7.67 — — —
60 8. 00 ~180 0.62 ~45
80 8.33 ~90 1.3 ~45
100 9.00 ~50 2.22 ~45
120 14. 00 ~20 5.65 ~45
140 13.67 ~20 5.8 ~45

3.3 ERFAM 5 MSESA W AR &IMEITA

RS FRY 5 MSESA # f1 1R 41k & 1t
R 0 SR A A LR O 1 D S 1 3K AE AN )
{90 o BsF i) P70 A 5 T g BE L RV B AR SR 0T 4
DT 8 T4, A W 00 18 A 1Y) 3 R R Bl S T R 8
P AL L At B
3.3.1 MSESA & AEW &

# MSESA ™ £ [ SR WG 1, i 7 2 — 2. 00 mm
fi 100 %, 38 o HEHE PO 3 IR B 35 . BRIk EE
FRBUF A7 500 g, fizk 500 mL, 22 J5 i f 200 H
SR RIREEREE 2.0.7.0.14. 0 min B8 4 #4757 2
M5 —200 H RS A L, £ 37 B B[] 5 88 1 40 )i
HIERICRLHET ML, WK 7 iR, iTUA
L BB B[] ZE 4, R0 2%k — 200 H Y UKL 5 L
SR E LA Y B E Y 8 min B, —200H
WKL b7 L2928 70% . % JE B B 0 R0 R 5 BRAE T
7 B0 SR S I E) 8 min BB A4 9 DT B
JEEL U S 5 A B L 2. 73 g/ em’
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Fig.7 Grinding time versus fineness curve of MSESA ore
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Fig. 8 Settling curves of raw mixed ore
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Fig. 9 Slurry concentration curves of raw mixed ore at

different settling times
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Table 7 Results of settling tests on raw mixed ore

Wi 3 min  PIFRZS UTREZTTE UM
wERmA o T s
o L ULRREEE/ PrwE UURREEE/ @TukEE/
B/ (gt L . o
mm ¢ min~ ') min (mm * min~ 1) %
0 2.00 ~60 1.73 ~54
10 4. 33 ~40 2.7 ~54
20 6.33 ~25 4.16 ~54
30 6.33 ~25 4.16 ~54
40 6.67 ~25 4. 04 ~54
50 7.33 ~25 4.16 ~54
60 10. 00 ~20 5.35 ~54

3R 7 PR B EEER F B RS 0, DURE T 3 min
17T ok B 32 4 B, TR 2% AT 55 i [ 5 B i
WD R S TR E s SRR H B = 30 g/t DL R,
TR B AT IR ARG IR 2% . 255 % IR UTRE AL
B FINTHFE B ARAERSE P X TR — 200 H 5 [
700 MR AT L i 0 K i 2% 2 e ) e 1 ) ot
H 20 g/t, B BF, UL K% BT 3 min UL B B E K
6. 33 mm,/ min, T [ 2 55 I 75 W (8] 29 54 25 min, T
R 5 S 4 PR B M 4. 16 mmy/ min, JTFEZ S B
WL R 54%,
3.3.3 HFRYW+MSESA A2 HT RiTFEXIE

K 1 500 mL J i X 3= 3K O R 22 R
BULKEIRE, ALY 5 MSESA #" 1 R & L
3:+5, FFEHRBEMAMTH &R BT K, &%
95 %0 T IR I KM EE R 27, 1490, 0K B R R R
700 g EREERIHIE N 0. 290, W BT IR L 51 ik
FEZ) 4500 . 5 EEAE AN I ELEE ] B 2R BER A &
4351k 20.40.60.80,100,120.140 g/t 1F T 1Y
BRI UIRERCR . RIS R HIR G0 R
HO SRR Hh 2 FNR A 712 0 3R 16 R[] 0 e it
] B Sk B il 2, &l 10,11 s,

270
—a—0 g/t
—e—20 g/t
g 240 —a—40 g/t
g —¥—60 g/t
i 210 ——80 g/t
" 100 g/t
180 o\ —=—120 g/t
E 140 g/t
150 y
=33
120 1 1 1 1 ]
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YT P& B 18] /min
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Fig. 10  Settling curves of leaching slurry of mixed ore
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Fig. 11 Slurry concentration curves of leaching slurry of

mixed ore at different settling times
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Table 8 Results of settling tests on leaching slurry
of mixed ore

wEHIA Hi 3 min  POFFZE UIREZAAUTYY DR
e/ (ge i) ?RF%EE/ ET%'%*E—HLI‘H?/ ‘UTF%EE/ W3R/
(mm * min~!) min (mm * min~ ') %
0 1. 00 ~180 ~0.67 ~45
20 1.33 ~180 ~0.67 ~45
40 1.33 ~180 ~0.68 ~45
60 1. 67 ~90 ~1.32 ~45
80 1.67 ~90 ~1.37 ~45
100 3.67 ~60 ~1.98 ~45
120 8.67 ~40 ~3.05 ~45
140 20. 00 ~30 ~4.13 ~45

M1 2% 8 WL IR A 07 A I AE A 22 2 511
Ik T o4 3 8 A 1, 50 B A0 20 1S 1k i 5 > 2R B
FHE M 20 g/t #9580 g/t B, LFERT 3 min I I
T B E A PR AR AE 1. 33~1. 67 mm/min JZ
A HL T o 28 0 B (8] 45 442 22 29 90 min; 4k 22 35
LRI ZE 100 g/t VL b UUREPEBE W24 7).
A EBEF MM T ER LK
W K 22388 1) e A T 8 120 g/, MG B, B0 R i
3 minAYPTFE S E N 8. 67 mm/min, T A S BT
B[] 29 24 40 min, JT R 28 g5 51 35 0 B R B 29
3. 05 mm/min, JUFEL ST WKk E LA R 45%,

4 i

3 R GE 0 T2 8 W2 4 A RN DT 9 R v At
5 W5 I BRT T IR (45) MSESA B 44 j55 F1

F 5 MSESA § AR G R ) 2F FEAE 5 U0 1%
Fefk, FEEEISWT .

1) MSESA " {4 fif B4 A 1% i A7 480 Ak 40 4 )
BE A P S AR A ELRLR A B BEAR . AR
Prrfr Cu #1 Co fH i 43504 1. 10 % F10. 154 %6, 4 &=
LA AR AELE 5 LR 76 70005 4l 2 D
kA & B F0OEG A Bk TR BE AR TE. 5 L 4 e
45.57 %0 F 42.41% . BkAH Y B e, FE iR
o SN SR SIS SV R 1) A8

2) IR AL I SR RR L, . KA
BF R —200 H UKL &7 L EL 3k 57. 07 %6 K 35
FLdE T 70 %0 (W BE B I R4 R 1. 86 min; A b 2
T . MSESA 5 £ 5 2 A1 Rl 40 B 5 8 min.,

3) FA R IR T AR B0 25 R s L BRRE R B A
FHEE M 20 g/t AT LE 40 min N3A F] 50 % By UL &
JREE LT 3 min PR LA 2. 67 mm/min, 2 5
SE TR E EE N 2. 32 mm/ min; B3 R A ST
R0 25 B SR e (B R 4 120 g/t DERY
Al E P TR 3 min UTFE S E 2 14, 00 mm/min,
55 PR S TE] 2 20 min, JLRERK S0 W &
2YH 4500 LR A RO Al

DAY+ MSESA JF0 IR A 0 DR R 58
SRR BB ERAE R 20 g/t BUR AT
LAY 3 min PUMEE ML E 6. 33 mm/min, YL
ZL ST 2 25 min 2R EE L 5400 IR A0 R
MR BRI 2o 120 o/t DL AT g 25 42
FHAT 3 min (LR B % 8. 67 mm/min, 4 5 UL %
LT E] 2 40 min 2247, PURRZE S0 VR B 249
A5 % LR RUR I s RS HOT g i AR Ak 3R
RT3 A 1B D B AR 4R

SE WK

C1] A3 0. MR (4 i X8 R 284 6 4 B 18 8 0 1 20 5
501, BRE . 2024,40(2)  162-166.
Yu Xun,Liu Yu. Research and practice of beneficiation-met-
allurgy combination process for super large copper-cobalt
ore resources in Congo (DRC) areal[ J]. Modern Mining.,
2024,40(2):162-166.

(2] R ARAOT, BRI, A5 RIER GO M-8l R BUIR [T .
FEL A7 €04 J 274, 2021, 31(11) : 3422-3435.
Xie Tian,Xu Jingyuan, Yao Gang, et al. Review of development
status of copper-cobalt mining in Congo (DRC)[J]. The Chi-
nese Journal of Nonferrous Metals,2021,31(11) :3422-3435.

03] XUAN. A Bk 42 55, 45, WIR (40 8w i Sl AL i 07 53 25 R i3
RIT]. BARH M, 2025,41(11) : 65-69.



554 AT

e

g

2026 4 8 H

[4]

[6]

L7]

(8]

9]

[10]

Liu Jie,Zhou Kuanda, i Yong,et al. Step-by-step acid leaching
test of a high-cobalt copper oxide ore in Congo (DRC)[]].
Modern Mining,2025,41(11) :65-69.
R YL G WAL S NI (4 SICOMINES i 4 5
PRERARAE S w5 BB TE LT ], B L. 2025, 41(9)
193-197.
Li Xinfu, Che Jianming, Lu Mingxing, et al. Study on ore-
body characteristics and enrichment regularity of SICOMI-
NES copper-cobalt deposit in Congo (Kinshasa)[]]. Mod-
ern Mining,2025,41(9):193-197.
B L ARV, WIS (4) SICOMINES 4 1k 8 &6 5 P [ 12
K (1], A O m QGRERHSY) . 2025(12) - 46-54.
Zeng Pei, Li Songjiang. Cooperative leaching test of copper-
cobalt oxide ore in SICOMINES in Congo (DRC)[]J]. Non-
ferrous Metals (Extractive Metallurgy) ,2025(12) :46-54.
AR, EI5 R, MR G52 2 a0 e o i e o e ). )
WA 48 .2025,41(4) :8-12.
Li Xiaodong, Wang Qiaoling. Experimental research on ben-
eficiation of a complex copper-cobalt ore from the DRC[]].
Hunan Nonferrous Metals,2025,41(4) :8-12.
PN S R S NI L e K g VR R NS S D DS & S
K LJ/OL). # A 4 )8 5 6 B A 4. 2025-11-03.
https://doi. org/10. 19990/j. issn. 1004-0536. 20250915, 1019.
Su Keyu, Ma Yutian, Wang Juan, et al. Current situation,
exploitation and future development trend of China’s cobalt
resources| J/OL ]. Rare Metals and Cemented Carbides,
2025-11-03. https://doi. org/10. 19990/j. issn. 1004-0536.
20250915.1019.
WS X0 Dk B AL IR () v R AR A T Y 2R R TR
IR 7T S B LT . 518 2020,29(6) : 26-31.
Xie Tian, Liu Fangbin, Tong Xiong, et al. Experimental
study on flocculation and sedimentation of high-mud oxida-
ted copper mine in Congo and application of technical modi-
fication[ ] ]. Mining &. Metallurgy,2020,29(6) :26-31.
SRS S, B TR R A K 4R B D0 R IR T O
55k, #4,2021,42(6) :83-86.
Guo Xiaoliang, Dong Wenlong, Lii Chaofei. Research and
practice on flocculating sedimentation of acidic copper-con-
taining ore pulp[J]. Gold,2021,42(6) :83-86.

O SR A ARG R AR R O S B TR i
W01 A G4 8 GREH S .2013(4) :20-22.

Xiao Chao, Wu Haiguo, Li Jie. Test on flocculating sedimenta-

tion for fine copperoxide ore leached slurry[]]. Nonferrous

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Metals (Extractive Metallurgy) ,2013(4) :20-22.

Ak SR AE N R MR T S B o ) ). AL
3%,2023(19) ; 78-80.

Du Rongzhen. Practical study of flocculant in wet zinc
smelting[ J]. Modern Chemical Research,2023(19) :78-80.
AR2F AL IR STl L B R AL R T I SR B TR
KW TEL)]. WIF AT G4 . 2025.41(3) :35-38.

Li Duo,Kong Linggiang,Zhao Liye,et al. Study on floccu-
lation and sedimentation of leaching slurry from copper
oxide ore[ ] ]. Hunan Nonferrous Metals, 2025, 41 (3):
35-38.

AR . TR e 26 22 B 70 i B S #E R LT ] b AR b
1.,2009,38(7) :24-27.

Zheng Yousong. Polyacrylamide {locculants status and pro-
gress[ J ]. Shandong Chemical Industry, 2009, 38 (7):
24-27.

B4, 2L B, % WUR (4) B &L #0908 V &
B S g A K Tl s B [T ], #0947 0 42 I L 2023, 39
(6):17-20.

Tian Quanbao.,Lan Chuan, Wang Guilou,et al. Laboratory
and industrial test research on 908 V Flocculant in a cop-
peroxide mine in Congo (Kinshasa)[J]. Hunan Nonferrous
Metals,2023,39(6) :17-20.

A ReIGE, R B Al 7 AR R i SR TR IR I A se () ).
B LRE R . 2024,42(4) 2 4-7.

Fu Chenxiao, Yao Xianzhao. Experimental study on floccu-
lation and settlement of copper cobaltore acid leaching res-
idue [ J ]. China Resources Comprehensive Utilization,
2024,42(4) :4-7.

SR, TR IR L AF . R TR T R 4 B A R P R
R ULREAT RO ]. A B )8 GRER 4D . 2019(11) .
7-11.

Zhu Kune, Qin Shuchen, Zheng Chaozhen, et al. Study on
particle sedimentation behavior of leaching slurriesduring
solid-liquid separation[ ]J]. Nonferrous Metals (Extractive
Metallurgy) ,2019(11) : 7-11.

XU 0, A L, TR L &5 % L S IR o7 X b B A 5 4
MBER S L 2ZWF 5] o E BI85 R, 2016, 34
(4):21-24.

Liu Yuanyuan, Yang Hongying, Tong Linlin, et al. Study
on Hydrometallurgy process of refractory copper-cobalt
ore of Zambia[]J]. China Resources Comprehensive Utiliza-

tion,2016,34(4) :21-24.



A5 B AW VR 2L NI (4) MSESA B i B K HLI2 I T R I B A .

ol

(@21

al
.

Settling Characteristics of Colluvial Deposits from the MSESA Orebody in Congo (DRC)

and its Leaching Slurries

LIU Siyuan',LI Hui',ZHANG Jun**,ZHENG Bin',XU Wei', HAN Bin*,
LI Liucan' ,ZHANG Changda' , XU Longlong'

(1. China Non ferrous Metal Innovation Research Institute (Tianjin) Co. ,Ltd. , Tianjin 300380,China;
2. Kambove Mining SAS Co. ,Ltd. Katanga Likasi ;Congo (DRC) ;)
3. School of Metallurgy » Northeastern University sShenyang 110819,China)

Abstract: Addressing the technical challenges of poor settling performance and low solid-liquid
separation efficiency of the collapse deposits in the MSESA orebody of the Democratic Republic of the
Congo, the process mineralogy and settling characteristics of these deposits was systematically
analyzed. Furthermore, it investigates the mineralogical features and settling behaviors of both the
collapse deposits and their mixed systems with the MSESA run-of-mine ore. The results indicate that
the collapse deposits are low-grade copper-cobalt oxide materials, with copper mainly existing as free
copper oxide and cobalt primarily hosted in gangue minerals. Settling tests determined the optimal
parameters for different systems:the optimal flocculant dosage for both raw collapse deposits and the
mixed ore is 20 g/t,with final settling times of 40 and 25 min,respectively. For the leaching slurries of
the collapse deposits and the mixed ore, the optimal flocculant dosage is 120 g/t, with final settling
times of 20 and 40 min,respectively. These findings provide a reliable basis for the resource utilization
and process design of collapse deposits in the MSESA orebody.

Key words: collapse deposits; copper; cobalt; flocculation settling; solid-liquid separation; fine slimes slurry;

copper-cobalt oxide ore
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