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Table 1 Main content of different slags ( %, mass fraction )

PPt K Cu Fe,0, Si0, Ca0 ALO,

by 1.10~2.00 12~29 16~28 1~2 5~10

AL 0.31~0.96 12~19 20~37 2~8 2~12

DRBLIO AL 0.17~1.33 12~15 28~38 5~15 2~12

SR 0.35~2.42 3~10 31~39 6~19 2~12

FERERR SR AT He e 80% , W WL B AL ) AR
BT BEAR | R AR A

Goid JOESE R A s, HR E T = nT
IR FGEVR o PRENHR I 22 S5 6 vh 4w Al A
T R B W R, AR IR, R4
FEAE R R AR /IN | A ) SR AR UR v B
BRI . MRS R B E, E 1(a~ce) FTR,
LRI, A R A A Bl LIRSk . A JE i ak
e A T s OX LR b A Raa ot 0K T = W S o
W A TIN5 B e PR e o DT v P 4B T T 350 P AU
23], HAP7EAER) Fe,0, TEE R IK AR FHIREL
BB, s 0 FE B SR A A (Fe,Si0,) FI3E
WASRERRE , A& 1(d~F) iR,

2 B EFERFAGN T ZER
%
21 F®EITZ
TR Ve A2 FH A 40 2 T P Bk 2 P I 25 S S
BRI, BT R A SR R AR AT
TR, T A B TR 24 500 5 A PSR R T 2%
ISRl 15 o (HASE RS, MPa s
] LA AR : — 2 AR TR B G el 4
J& HR R S AR ) I 4, 2T RIS ) 3223 %)
% JELICu, Cu™ B TILAW R T A P Y1k
SRR, TR P R A O T A TR i el
W B TR 2 R ARG (angzh . B2, &

BT R Y SEM 23T : BRI (a), SURTE (b) | FE4P 8 (o) 208 T ITRAS s SRIGHRE (d), SIS0 (o).
AT () RT3 Bl o)
Fig. 1 SEM images of copper smelting slag: Morphology of (a) Outokumpu smelting slag, (b) reverberatory furnace slag, and (c)

converter slag under rapid cooling; Cross-sectional morphology and composition of (d) copper smelting slag, (e) copper

concentrate slag, and (f) copper tailings slag
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Fig. 2 Effects of different collector ratios on copper grade and recovery: (a) SIPX:DTP; (b) SIPX:Hydroxamate
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Fig. 3 Process flow of copper slag flotation in Hitachi Mining and Metallurgy Research Institute
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Fig. 4 Process flow of pyrometallurgical treatment of copper smelting slag
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Fig. 5 Process flow and reaction equations of electric arc furnace smelting of copper slag
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Fig. 6 SEM images of copper smelting slag (a) before and (b ) after oxidizing roasting
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Fig. 7 Reaction mechanism of fayalite leached by alkali solution
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Table 2 Comparisons of main copper recycling technologies
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Technology Development for Efficient Recovery of Copper and Iron from Copper
Smelting Slag

Gao Yunchuan', Ma Shilin’, Fu Haitao'", Li Xiang’, Song Qiang™’, Tong Xiong', Xie Xian®, Zhang Wenjie'
(1. Yunnan Hualian Zinc and Indium Co., Lid., Wenshan 663701, China; 2. Yunnan Tin & Indium Laboratory Co., Ltd.,

Kunming 650200, China; 3. Faculty of Land and Resources Engineering, Kunming University of Science and Technology,
Kunming 650031, China; 4. Kunming Metallurgical Research Institute Co., Ltd. , Kunming 650021, China)

Abstract: Copper smelting slag, the primary solid waste generated from pyrometallurgical copper production, is rich in valuable
metals such as Cu (0.5%~4.6%) and Fe (30%~49%), making it a significant secondary resource for recovery. However, over 80% of
the global copper slag is still disposed of by stockpiling, which not only occupies land resources but also poses environmental threats
due to the migration and release of toxic elements like Pb and As. Efficient recovery of copper and iron from copper slag is therefore of
great significance for ensuring resource security and promoting the green transformation of the nonferrous metals industry. This paper
systematically reviewed physicochemical properties and mineralogical characteristics of copper smelting slag, and provided an in-depth
analysis of technical principles and research status of various processes, including flotation, pyrometallurgy (reducing roasting-magnetic
separation, smelting reduction, oxidizing roasting-magnetic separation), hydrometallurgy (chemical leaching, bioleaching), and combined
processes. Current technologies still face common challenges such as low copper-iron separation efficiency, low iron recovery rate, and
difficulties in the full-component utilization of secondary slag. On this basis, future research is prospected to focus on the synergistic
extraction mechanisms of copper and iron, low-carbon intensification technologies, and stepwise utilization of full components, aiming to
provide theoretical support for resources utilization, detoxification, and high-value utilization of copper smelting slag.
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