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Table 1 Occurrence state analysis of copper,

cobalt and iron in cobalt matte

S A ETRER, s AhE siiie
% % % _/% x/%
Cu  19.29 0.014 18. 96 0.29 0.034
Co  27.96 0. 062 27.1 0.44 0.36
Fe  26.56 — 26.01 0.28 0.3

AR ERES 2 150 pm LLF 9K 5 64T X HF48
5 (XRD) 4307, a5 B W& 1 Fr s, W) AH 40 %, = 2
4 Cu il Co—Fe —Si 44 ; [ i X4l i gt 17 SEM
P a5 R A 2 s
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Fig.1 XRD spectrum of cobalt matte
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Fig.2 SEM analysis results and energy spectrum analysis results of cobalt matte
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Fig.3 Cobalt matte treatment process flow
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Fig.4 Schematic diagram of cobalt matte

leaching test device
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Table 2 Comparison of abrasive machine types

and ore particle size indicators

B BIRR gﬁ E it ﬁw; i
EREEHL B R 0~25 g 400 ~75
HREEHL jwayy st 15 ~25 LB 1000 ~3 000

BB W IR 2.3 JUESEGHEANE 33
WEBN PR 110 AU 85~5

WAL RS 015 AU 10
BEHL M 1-10 4l 0-5

AT R S G ki Ae K/ 1~ 10 mm,
SORHRTRIBE /N T 150 wmo R 2 wal 1, B0
HL R DURIIR S B B S5 5 et 5 4 32 BE T A2 i B 1Y
FERHAL B AE Ry T T 5 ST e 2 Tl Ak A ™, 1k
FEREPLAR S HLOT i, 3.4 J2 1k
IR wl ] A ) GL-320 BRUAREEHL( AL 18
kW) 1Ll 2R 2 2% W] il i 1) BEMT - 6B B4R 3 J3% Hl
(HEBLEIR 6 kW) 2351 T JR a8 ) 2

£3  GL-320 RUAREHLIRKEIE
Table 3 Test data of GL-320 roller mill

W RS/ BRIREL iR ARV B

= kg min /g 150 pm /g LB/ %
No. 1 20 1 500 36 7.2
No.2 20 10 500 275 55
No.3 20 20 500 350 70
No. 4 20 60 1000 960 96

%4 BFMT-6B BRI B

Table 4 Test data of BFMT —6B vibration mill
g ek e BRI RN T AL
5 ke AT [a]/min 150 pm /g |/ %
No. 1 3 LR 20 2 650 88.3
No.2 3 SRR 20 2105 70.2
No.3 3 JEZEEEL BEAA 20 2835 94.5

FIE 3 3 4 AT, PR 5 4 249 i 12 B
JEORLREL JBE R 5 B LA IR /NI 45 6 b P 20 kg
Pt HLAEFEDY 1. 1 kg/kW - h Jik 3 & HL% A 20 min
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SEBEHLIIFETAR; I3 50, BB TR G e e
FIFHE— SRR BT R, L5 LAk, R sh
BLLLBS TR G 10 07 A B B L AT o
2.2 BHikE
2.2.1 AR B i A iR

1 500 g AT BS54 14 B A AR T I A
NPEPEIIINA 3 kg Uit B 15 % (G £R BRI TR,
PEFEHE 60 r/min, JIH, i K 75 °C B4R L
0. 01 mol/min fy 3L #H A S, RIZUR N 2 h J5 , 4E
Fi R BIELE 95 °C, ) 0. 005 mol/min [ 37 4 i A
YRS RN B T] . RN B A6 4l B 0 1 52
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Table 5 Effect of time on leaching of cobalt matte

R SRR B, REBEPEEEE/ (L)
5 BfE/h L Co Cu Fe

No. 1 5 2.92 34.39 18.42 26. 65
No.2 6 2.79 40.11 23.21 30.75
No. 3 8 2.71 45.52 32.46 34.58
No. 4 10 2.67 47.19 33.68 36. 08

MG S R BOP & & m & IR R R, &
A < 15 R B ] ) AL IR AN S TR
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Fig.5 Leaching rate of major metals

in cobalt matte
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IF, Al R L BR R HE SRR IS SO I ] 8 h A Sy
BIHETE T 1.88% 2. 04% 1.98% .
2.2.2 SN EE X R IR e

#4500 g BIFFE 5 M BB R R BT RO e
PRI 3 kg BRI 15% WG SRR WL,
PEFEEUE Dy 60 v/min , JIER, S 8 it B2 1]
PEE N 45 °C .60 CHIT5 °C,AESN 2 h g 43 51 i
AR JFIRE (45 °C .60 C) \ BRI ORI |
95 °C 100 C &5 4T, /iR 2 h L4 0. 01 mol/min
WAESR, G226 h L) 0.005 mol/min il A S., i
WA R 6,
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Table 6 Effect of temperature on leaching of cobalt matte

Bl BRI JFIREEA S eh R B/ R aE SR/ (g L) HRIRB A %

¥ Bl/h EPARE/C IRE/TC L Co Cu Fe Co Cu Fe
No. 1 8 45 45 2.95 14.22 10. 18 11. 68 30. 00 31. 14 25.95
No.2 8 60 60 2.93 16. 12 11.25 12.91 33.79 34.18 28.48
No. 3 8 75 FARE A 2.90 26. 68 19. 35 19.32 55.35 58.19 42.21
No. 4 8 75 95 2.67 47.19 33.98 36.08 90. 12 93.24 72.54
No.5 8 75 100 2.55 49.53 36. 15 38.24 90. 35 93. 40 73.00

H1ZE 6 MM, AR MIREART 75 C, %
HARBUR 7S 2 6 h S, 5 AN SR BRODR Tl 4 it 4
795 CH RN L , 35 AW WA 0 e i
JEF 100 C, 7 H AR AR/, HAEE T4 e 7K o 4%

RIGK, FHOR B — Pk dn . S BR R0 31
%% TEIREALT 75 °C il A S5 R B LA TR
L MAE 75 °CM AN T3 BIEL, fn] I,
BT ) B IR TR 0 S IO 85 SR A A T XA
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AN S RA R BT E R
2.2.3 YR BT HOX BRI R

H 500 g BFFE 4% BB R R BT ROV v
IEFER A —RE B N 15 % RIM 3R BRI L,

BEFEHEE 60 v/min, AR, IR 75 C T 4R A

0. 01 mol/min @ A &S, BIZV W 2 h J5 Lk 0. 005

mol/min J# A G TAREE N 6 h, i [ 5 i X il B
R AT

RT WA B FOA BRI A

Table 7 Effect of liquid solid volume ratio on leaching of cobalt matte

. é}irj —_— B BEHBH R ER/ (g L") #&RB R %
i)/ L Co Cu Fe Co Cu Fe
No. 1 8 4:1 1.62 48.45 32.35 26.33 56.15 54.35 32.12
No.2 8 5:1 2.13 47.63 34.11 34.06 72.57 75.32 54.63
No.3 8 6:1 2.67 47.19 33.98 36. 08 90. 12 93.24 72. 54
No. 4 8 7:1 3.15 40. 11 30. 84 35.12 90.37 93. 85 73.15

HH R 7 AR, B I o b, 45 4 e 1 i
R I, VR LR T 6 1A IR R LA
A% o TR RN A M ER R A I AL R AMGE
M) TE e , 1™ FE s i L SO A ARG T, B
B BRI A i i MARRR I, AR A I & 8 i
SRR — BB ), (H 2 BRI i A
SR AR TG B, L5558, DI
LR 60 14538 H o
2.2.4 b

HRAE AR S5, FRA A T IR RS . 4 500 g
RIS B A% OBl BB A T B g e o, e RO [ ot
b 6: VIR A 15% B Eh R VA U, 136 1 o
60 r/min, I, 24 E BE SR 75 °CBF IR AR LA 0. 01 mol/
min JA A S, BIZU N 2 h J5, L4 0. 005 mol/min i
NFESREE N 6 h, B S5 R W3 8,

=8 fifuilmsy
Table 8 Optimize experimental results
R T4 )8 &

gy R (L) SRR LA %
g

F9 ®/L

g = Co Cu Fe Co Cu Fe

No.1 2.60 47.23 34.05 36.06 90.23 93.34 72.58

No.2 2.65 47.22 33.95 36.12 90.20 93.29 72.59

No.3 2.62 47.18 33.85 36.10 90.06 93.17 72.43

i 8 AT, P AL IR 26 1F 1, B Al I i R
1E90% L1 L, 353 T BUPACR o

3 TolkiE:
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B6 TIRshERGRE
Fig.6 Schematic diagram of industrial

vibration grinding system
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<20 C KEMBL BEREARH =100 1, 47 FR
PLC i A shaiil, A= i f B A e odls W 9.

TAp iR 45 R R, 2RI RHE ,90% LI /Y
BEBURAS/NT 150 pm , 58 2l AL Tl A AR 7= 25K 5
T BB/ NS A AL A B R 300 kg 315, AL
AEFEN 4 ke/kW -h TSR HERERY 1. 5 kg/kW -h,
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AR R R 25 2R AR At Aol A= 7= 2 [ R
M=k ESE PALa TRy 77 XOT R Dl
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Table 9 Industrial test data of cobalt matte abrasives
R HERHHR BT BT
A= (t:h™") 150 wm/% 200 pm/%
No. 1 0.3 95.2 4.8
No.2 0.3 95.3 4.7
No. 3 0.4 93.5 6.5
No. 4 0.4 93.1 6.9

HCR RS RS S I B URUR L =R G, AR S 212
TR HER EMA A ER NS P ESR T . T
A OB R AR RICT LR SR AL o

1) BR8] o L R 7 1, i BRTBUM 2 = %
SORLEES B RS 5 BRI

2) SN A% SR AN 5] 8 Bl 5d A, AR B
S84 AR SR UGE 5 % BB A RO AR IR
RS — A% RO B S AUE A /N T 0. 01 MPa,
Ja R D R AR AL B

3) B RPPEL SR OB ] R 7 b RS — =
% S 4 SONE IR TR 42724 2 b 565 s S R 22 45 B i )
73 h

4) TEAS M SN 22 329 38 Jin DR AN FAFE it , B
BB A GEMLEAE 95 “C AT s B AEER =A% S 42
INA BB IS 95 °C, B MR BRI 2 4
B SOV A IR

TR E A 7 Fros

B BHW B | BN
(RERE) (it i)

7 EVEREAAR B TR
Fig.7

Industrial test process for cobalt

matte chlorine gas leaching

TE M Is A7k R v B K I X 3R SRR
W ISR T3 AT, 2 9 R B — B A BURE 73
Mt s 7350, O T RSB B A A A< 4 S Pl
FRE AR BYFEEA H AL FERY 100 ¢ Js0REE T T
geitor i, AR i3 10 & 11,

R 10 BEHUR HOR P R A iy
Table 10 Main chemical components in cobalt

matte leaching solution and leaching residue

kel BHWPASESE/ (L) RUEPSEREEE/ %
5 Co Cu Fe Co Cu Fe

1# 44.04 31.12 33.80 0.43 0.61 1.36
2* 43.32 30. 04 31.88 0.53 0.41 1.09
3# 43.16 30. 35 33.28 0.32 1.25 2.02
4# 42.88 30.92 32.36 0.59 0. 87 1.77
5% 45.96 30. 68 32.48 0.39 1.59 2.18
6" 42.08 33.88 30. 96 0.56 0.92 1.95
7* 41.72 31.48 30. 56 0. 64 0. 85 2.12

R11 HARERBES A &4 RBICR
Table 11 Yield of various metals in cobalt matte

industrial production by chlorine gas leaching

FE &S Rbhs RilEse BLR/

S EEh SRS RERA %
iy 27.915 27. 666 0.249 99.11%
i 21. 808 21. 564 0.244 98.88%
B 39.712 38.965 0. 745 98.12%

HIE 10 5% 11 Al 00, 2R = 42 £ IR A0 8 B 5
RILZRERFR M MEANERE, ZRIBRY&
T 98% o Tl il e 2 4 T 90 e = il g 25 21, i3t
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SV o
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Xt BT 3R H R ok AR 1 B
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J, (At Al A 2 A 28R

MMV 358 (419 LR R, IR S B A R 4 i
T DA ECR, =M E R B ESR ) A
RARTE T A5 A s TR 5 3R i E
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Tl A== 2R, Tl B UG 1T HUHACE .
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Experimental study on chlorination leaching process of cobalt matte
WANG Chongguo' , JIN Xiaorong”, LIU Guanglong”, CHEN Yanli', SU Junde', WANG Xiaowen'
(1. GanSu Vocational & Technical College of Nonferrous Metallurgy, Jinchang 737100, China;

2. Jinchuan Group Nickle and Cobalt Research and Design Institute Co. Litd. , Jinchang 737100, China)

Abstract; Cobalt matte is one of the commonly used raw materials for cobalt smelting, which is rich in components

such as cobalt, copper, and iron. Its chemical properties are stable, and conventional leaching methods cannot

effectively dissolve valuable metals. Moreover, its hardness is high, making it difficult to treat abrasives. This
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article takes imported cobalt matte particles as the research object, and systematically examines the feasibility of the
cobalt matte chlorine acid leaching treatment process from the aspects of grinding equipment selection, chloride
leaching test, verification test, and industrial test. The main conclusions are as follows; vibration abrasive can
effectively treat cobalt matte particles with high hardness, and the discharge particle size of cobalt matte after
abrasive treatment is 90% below 150 pm, with a power consumption of 1.2 kg/kW +h; Under the conditions of a
liquid solid mass ratio of 6: 1 between 15% hydrochloric acid and cobalt matte, a mixing speed of 60 r/min, a
reaction temperature of 95 C, a reaction time of 8 hours, and the simultaneous introduction of chlorine gas, the
leaching rates of copper and cobalt in cobalt matte reached over 90% , and the leaching rate of iron reached over
70% ; In industrial experiments, the abrasive and leaching process were optimized, and the abrasive power
consumption was reduced to 4 kg/kW +-h. The leaching rates of copper, cobalt, and iron all reached over 98% ,
with a significant improvement in the effect. After removing iron and copper by the goethite method, the leaching
solution can obtain a cobalt rich solution, and the amount of leaching residue is small, which can be well applied in
industrial production.

Key words: cobalt matte; abrasive; vibration mill; chlorination leaching; cobalt chloride solution
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