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B IZESY, SRR Fe o5 o 2 TR AL Ak
W15 Si0, 7 5 16%~38% , A4 R 1 fik R £ A1
HIRZ LAY s Cu Bl 0.17%~4.6%, HFEGEET 2
AT sl R, TR R e SRR A 7 s 0 i e kel
i, N RIS TR & A Ak, A
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TV 7 Ak P 8 B LR XU
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Table 1 Main chemical components of copper slag produced by different copper smelting methods ( %, mass fraction) ***

Ny IR FeO Fe,0, Sio, Ca0 MgO ALO, S Cu

5471 (P-S converter) 48~65 12~29 16~28 1~2 0~2 5~10 1.5~7.0 1.1-2.9
B 33~42 3~10 31~39 6~19 0.8~7.0 4~12 0.2~0.45 0.35~2.4
IR 42~52 19~29 22~25 0.5~1 1.0~1.5 0.5 5.2~79 34
AR 48~52 8 22~25 1.1~2.4 1.2~1.6 1.2~4.5 0.55~0.65 2.53
AR 51~58 — 30~35 5~8 — 2~6 0.55~0.65 2.14
WEEHE(ISASMELT) — 40~45 7.5 31~34 2.3 2 0.2 2.8 1

Inco [N A 48~52 10.8 33 1.73 1.61 4.72 1.1 0.9

PRI B R 38~54 12~15 28~38 5~15 1~3 2~12 0.46~0.79 0.17~0.33
Fi e B AP 48~55 20 26.5 9.3 7 0.8 0.8 4.6
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Fig. 2 Research development process of copper slag heat recovery technology
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Table 2 Comparison of key indicators of different physical methods
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Research Progress in Waste Heat Recovery Technologies for Typical Non-Ferrous
Metallurgical Slags

Zuo Zongliang'”, Liu Xiaonan', Yan Fengshun', Zhang Qingjian', Jiao Lijing™’, Lii Wen’”, Li Peilin‘, Zhang Zhiyong"
(1. School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266520, China;
2. State Key Laboratory of Iron and Steel Industry Environmental Protection, Beijing 100088, China; 3. Zhongye
Energy Conservation and Environment Protection Co., Lid., Beijing 100088, China; 4. Zhongye Dongfang Engineering
Technology Co. , Ltd., Qingdao 266555, China)

Abstract: Non-ferrous metallurgical slags generated during pyrometallurgical smelting of non-ferrous metals cause environmental pollution
as a stockpile, but slags also have enormous potentials for waste heat recovery and valuable metal recycling. This paper systematically
synthesized common and specific physicochemical characteristics of non-ferrous metallurgical slags. It focused on research progress,
core principles, process optimization directions, technical advantages, and application bottlenecks of waste heat recovery technologies for
three typical slags (copper slag, ferronickel slag, and lead slag), which were classified into physical methods and chemical methods, and
summarized research hotspots and development trends of each technology. Physical methods were centered on synergistic technology of
granulation and heat exchange, while chemical methods focused on synergistic recovery of waste heat and resources. Cascaded recovery
system integrating the two is the main development direction in the future. This paper provided theoretical reference and technical support
for industrial upgrading and green development of waste heat recovery technologies for non-ferrous metallurgical slags.
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doi: 10.3969/j.issn.1009-3842.2026.04.002

FISCHER: ZeoR R, XU, BRI, KPR, SRALHE, (0] 3C, 2R, Tk . A (R Sl A IICEORBT S L ()] B
A TR, 2026(4): 13-23.
Zuo Zongliang, Liu Xiaonan, Yan Fengshun, Zhang Qingjian, Jiao Lijing, Lii Wen, Li Peilin, Zhang Zhiyong. Research
progress in waste heat recovery technologies for typical non-ferrous metallurgical slags[J ]. Copper Engineering, 2026(4 ):

13-23.

e Pk www.tyge.net = AR jxtyge

23



