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Table 1 Chemical composition of copper slag ( mass percent) %0
JAy Cu Fe S Pb Zn Si0, Ca0 MgO Al, O
i 4.90 45. 66 0. 68 1.25 3.90 21.21 0. 66 0.52 2.61
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Fig.1 XRD of copper slag
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Fig.2 MLA for partial areas of copper slag
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Table 2 Mineral composition and content of copper

lag( m recen )
B, RN Fe0, AN 0.71% SR ey *
FERIET FeS AALLE N FeO It — 241k, 1L - pr—. ConS 3 01
Hh b T A DR - PR R ((Fe,Mg) (Cr, Al), No.2 B Cus FeS, 0.28
0,) FIDTEER (MgO) ) o i v S A 2y W ‘ ) '
7 (Cu,S) & &M (Cu) FEP A (CusFeS, ) /it e ?}%ﬁﬁ] o =
BB G & (CuSh), S B &R Hy 3010 o0 PR Cosh 004
2.38% 0.28% I 0.04% , % &5 MW HI 1 8 P LAk N3 ﬁ%w o 002
S U 2B 2R oo T a0 o7
1R S R LR 35 R 5 IS 3 mim 5 4% Noro PR 04 W
EU RN IR 3 R MaEea b TR >0 0
SIEF CuyS UKL= 150 wm B BF ey A O 00
13.49% JORCEBOR Bt o LA AE, s 0 PR S e
Cu,S TR UL e et op T Sk ! et Camlg(€02)2 - 0.03
VRE I [ Wi Mk FE 427 . 117 Cug FeS, UKL =75 pm No- 12 Ikt Mg0 0.03
G0 B Rl 18 73% e IR B CuSFeSJ'f: No. 13 - T (Fe,Mg) (Cr,Al),0, 0.07
T LB I, Fe,0, K> narg (L R AT g
150 pm ALY Rt 534 %K 13.08% , =75 wm i — /a\ijr —4 100. 00
el Bt x4 F N 47.30% , K KR Sf Fe, 0,
F3 M I AR HDRLEE S A O R 4 H)
Table 3 Particle size distribution of main target phase in copper slag (mass percent) %
B2/ pm Cu,S CusFeS, Cu CuSh Fe, 0, Fe,SiO,
+150 13. 49 - 29.76 - 13. 08 18. 15
-150 + 106 7.12 - 7.72 - 17.55 11.78
-106 +75 4. 80 18.73 10. 04 - 16. 66 12.73
-75+53 6.50 0.00 10. 88 - 15.36 11.10
-53 +38 9.10 0.00 6.15 - 11. 83 10. 70
-38 +27 12. 68 0.00 13.78 14. 25 8.89 10. 48
-27 +19 12. 66 5.89 7.70 28.94 6.75 8.51
-19+13.5 10. 97 13. 46 6.22 4.90 4.52 6.53
-13.5+49.6 10. 73 16. 11 3.63 13.48 2.75 4.71
-9.6+6.8 7.10 21.97 2.07 16.97 1.62 3.06
-6.8+4.8 3.69 15.01 1.38 14.78 0.76 1.74
-4.8+3.4 0.99 7.02 0.54 5.14 0.18 0.45
-3.4+2.4 0.18 1. 80 0.12 1.55 0.04 0.07
-2.4 0.00 0.00 0.01 0.00 0.00 0.00
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Fig.3 TG-DSC-MS spectrum of copper slag
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Fig.4 SEM of chalcocite (Cu,S) in slag
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Fig.5 MLA of chalcocite (Cu,S) in slag
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Fig.6 SEM of bornite (CusFeS,) in slag
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CuSh A4 e T Cu,S PR AT AL 2E (& 10a) 25
Cu,S ks % 4= (1 6] B 9k Fe, O, BT 1. 2E (& 10b ., [
10c) , #5740/ CuSh & 4 B0k 5 4 J@ 4 . (Pb,
Zn,Fe,Al,Ca,K)SiO, %4 (&l 10d) , FH MLA %f
B CuSh &4 545 AH B A HE A C Rk AT T4t 43
Br, K43 CuSh A 4 75 i v = 20 5 H Al Py AR e A=
HA RGN 28. 14% (& 11) ;CuSb A4
Rl EEY Cu,S Fe,0, &) Fe,Si0, ft/E | H
e b ] 4y B R 29.16% | 14.41% | 13.05% K
7.65% ;5.74% CuSb 5 (Pb, Zn, Fe, Al, Ca, K) SiO,

A AV 0. 55% CuSh 5 CugFeS, EIAEFR
2.4 SEERFR ST H R4y 5 E
=21

IR A YA R AR S A R R
AR B BN £ (Fe, Si0,) (HETEER (Fe,0,)
Rk R R T 2 By 5 2 7 AR RS AR R X
PO B A 200, 255 45 & S AR I
PR YRR ST, FLURE o 8 £ B2 i 415 i W BEBEL Y
BRI AT (Fe,Si0,) (HEPEER (Fe, 0,) M RERR LR X%
S AR ) PR RE A E B BRI i v i ek R h A
FYUOT R R R R 45 A0 5 S RE R R 4 A A
—3, M E R RRE ), R AESHE T
([Si0,],.[Si,057],.Si,05 %) F14: & FH & 7 W58
SRR 4% A Al A B A AU (BO)
oz, O ECRASORR 2, LS5 R R 52 2%, i i R R Eh 45
HRE S HAE R EHEER" ) Fe, 0,1 Fe
(WD) B 7 50 i 2 A2 ik IR R 45/ h [ Sio, ] b i &
WY Si—O0 45 & JE W Fe (1I1)—O0 ( BO)—Si
BT MR SR O TE UK R I A AL B AR A
TR R RREE T 760 B 10 0 3 35S M AR e i P
TR AR, DT 4 2k MONE A1 ( Fe, SI0, ) | 1 1R K
(Fe, 0, ) MAERRER I ot 4t Bl /e (RN ) .

FHOCWFSE 25 SR R W], B4 W AR AE i vh EZ LIk
SV AU e 22 T8 S0 e ) AR Ak
B2 SR I L s ) AL e 2% 32 B A2 i b
V3 T 45 S5 A WA AT R PR A R i 0 i T RS A



- 166 -

R R

8 W H4EEM(Cu) PR

Fig.8 SEM of metallic copper (Cu) in slag
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Fig.9 MLA of metallic copper (Cu) in slag
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Fig.10 SEM of CuSb alloy (CuSb) in slag
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Fig.11 MLA of CuSb alloy (CuSb) in slag
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Occurrence characteristics of copper-containing phase in copper slag
YU Xiaolyu', YANG Yingbao'*, YAN Tao', LUO Jing', ZHOU Shiwei’, LI Bo’, WEI Yonggang’
(1. Yimen Copper Co. , Lid. , Yuxi 651100, China;
2. Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract; It is of great significance to explore the characteristics of the copper-containing phases in the slag to

improve the utilization rate of subsequent resource recovery treatment such as high-temperature reduction, flotation

and wet leaching. In this study, MLA, SEM-EDS and particle size analysis were used to reveal the existence of

each copper phase in the slag and its relationship with each phase. The results show that the copper-containing
phases in slag include Cu,S, CusFeS,, Cu and CuSb, with contents of 3.01% , 0.28% , 2.38% and 0.04% ,
respectively. The main distribution intervals of the particle sizes of Cu,S and CusFeS, are 6. 8 ~75 pm (69.74% )
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and 3.4 ~27 pm (79.46% ) , respectively. The proportion of metallic copper particles with particle size larger than
53 wm was 58. 4% . The particle size of CuSb particles was smaller, with 93.32% of the particles in the range of
6.8 ~38 wm. Cu,S and CusFeS, were mainly in a consecutive or encapsulated state with Fe,O,, Fe,SiO,, and
(Pb,Zn,Fe,Al,Ca,K)SiO, in the slag, and the proportions of their free surface areas were respectively 79. 57% ,
74.74% . The natural Cu was consecutive with or encapsulated by Fe, O,, Fe, SiO,, Cu, S, and partially
encapsulated a small amount of PbS, with a free surface area ratio of 50. 40% . CuSb was low in the slag phase and
was mainly encapsulated by Cu,S, Cu, Fe;0,, and Fe,SiO,, with a free surface area ratio of only 28. 14% . The
results provide a reference basis for the development of efficient separation and recovery process of different copper-
containing phases in slag.

Key words: copper slag; copper phase; occurrence characteristics; symbiosis; parcel
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