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Resource Utilization of Copper Smelting Slag. Blending
Optimization and Sintering Behavior Regulation
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Abstract; To optimize the blending of copper slag and copper concentrate in copper smelting process, thermodynamic
analysis, phase-diagram calculation and experimental research were combined to systematically investigate the effects of
blending ratio on phase evolution, sintering characteristics and sulfur separation behavior. The results show that an
increase in the copper slag ratio from 40% to 60% leads to a remarkable rise in the fraction of oxide phases and a drop
in the fraction of sulfide phases in the system, as well as higher liquid-phase-forming capacity. The structure of the
sintered product gradually changes from loose and porous to dense and continuous, and reaches its most stable state when
the copper slag ratio ranges from 50% to 60%. A higher copper slag ratio facilitates the formation of Fe-Ca-Si composite
oxides, which greatly enhances the structural stability of sintered products. With a rise in oxygen concentration from 40%
to 60% , sulfur volatilization capacity is substantially improved, and the sulfur volatilization efficiency rises by 11
percentage points.
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Table 1 Chemical composition of raw materials in experiment %

J5E CuO Fe,05 Si0, ALO; CaO MgO K,0 Na,0 SO; PhO ZnO
HIKE21.20 25.93 3.73 232 038 0.46 0.38 0.045 43.67 0.13 0.03
Hilil  4.48 55.28 25.37 2.83 2.84 1.6 1.03 2.74 2.89
WK —  3.3551.96 2672 6.24 0.50 0.62 0.15 738 — —
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Fig.1 XRD patterns of raw materials in experiment
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Fig.2 Ternary phase diagram of main blending components in copper smelting process
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Table 2 Blending ratios of raw materials in formulations F1-F4 %
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Table 3 Chemical composition of raw materials in

blending formulations F1-F4 %

fitfi CuO Fe,0; SiO, Al,0; CaO MgO K,0 Na,O SO; PbO ZnO
F1 10.27 33.51 20.72 9.25 2.73 1.05 0.29 0.18 17.90 1.15 1.17
F2 9.44 3498 21.81 9.28 2.85 1.11 0.27 0.18 15.76 1.28 1.31
F3 8.60 36.45 22.89 9.30 2.97 1.17 0.25 0.18 13.63 1.41 1.46
F4 6.93 39.38 25.05 9.35 3.22 1.28 0.22 0.17 9.37 1.67 1.74
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Fig.3 Variation of thermodynamic parameters of major reactions with temperature in copper smelting process
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Fig.4 XRD patterns of samples with different blending formulations
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Table 4 Thermal behavior characteristic parameters of samples

with different blending formulations

Wi ’fdtiﬁ@& T4k Bi B SQZ TR
ERE/C WER/9 EE/C KER/R  RE/C

F1 344.1~614.7 11.66 614.7~773.1 14.23  470.2,729.1

F2  352.3~628.9 11.38 628.9~778.7 13.81  469.4,730.3

F3 344.7~605.4 11.83 605.4~774.0 13.72  469.8,728.5

F4 343.6~623.7 11.84 623.7~772.9 13.59  469.8,726.8
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Fig.5 TG-DSC and MS curves of samples with different blending formulations
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Fig.6 SEM images and EDS analysis of samples with different blending formulations
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content in samples with blending formulations F3 and F4
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Fig.8 Schematic of reaction mechanism for samples

with blending formulations during copper smelting

3 %5

1) JEF = JCAHEI ST, i Be A FE ok i v L 1)
40% ~60% HKEH LA 20% ~40% By IR LA 209%
ZR R TR AR T Ha R bR e, S B
BR BRI RO S AR s AR e . AT IR
SR TE R R SR LA R TR R A
Al B B AR R AR AR AT RN BN [ s B 34
UK Bl ) R R XA 25 5

2) Hilits L 50% ~ 60% i il s oT 5 4R Ry
SEITE B R AF A B FIAVE L 81 R &R 4y, T A R
E Fe,Si0, S AHTE WL, I1- 0K ol B 45 45 44 s is 2 £l
) BUR SR A R T AR AR 5

3) SR E L R R A AE 724 ~726 CIRJE
X 8], X N F B AL B 4 | Ak A ) S0, I gR 4 Rk
B, YRR R = 2 60% B, BC{L F3 FF SR 4% Kk 850%
AL E A A0% IF AT BEHN 11 4385, X N IR 22 SO, #%
eI B T 2583k T A A4 A

52 3L#k ( References) ;

[1] HaoJ, DouZ H, Zhang T A, et al. Energy conservation and emission
reduction through utilization of latent heat of copper slag for iron and
copper recovery[ J]. Journal of Cleaner Production, 2024 ,436:140602.

(2] RUEFE, RYET, B9, 55 B0 6 R 37 0 (RT3 20l g F
(7). WA TR, 2024,44(1) ;57-59.

Wu Haixiang, Wu Weixin, Yue Tao, et al. Reclaiming copper re-
source from copper smelting slag by flotation approach[ J]. Mining and

Metallurgical Engineering, 2024 ,44(1) :57-59.



182 om LR 46 &

[3] ZhuY F, Li B, Wei Y G, et al. Advanced approach to sustainable Journal of China Coal Society, 2023,48(8) :3218-3228.
recovery of valuable metals via co-smelting of waste printed circuit [17]  BeAw, akarig. i g fecZshlmmraidte)]. T
boards with copper smelting slag[ J ]. Chemical Engineering Journal FERLAE2A 4], 2025,47(5) £ 1005-1020.

2025,524:169531. Duan Shengchao, Zhang Lifeng. Research progress on the control of re-

[4] GuoZ Q, Zhu D Q, Pan ], et al. Innovative methodology for compre- active elements in remelted ingots during the electroslag remelting
hensive and harmless utilization of waste copper slag via selective re- process| J]. Chinese Journal of Engineering, 2025,47(5) ;1005-1020.
duction-magnetic separation process[ J]. Journal of Cleaner Produc- (18] T4, skarife AR3E. MRadad 5 34 ) 2% 5 8l 2% SO e 8%
tion, 2018,187:910-922. (BRI LR R STk [ 1], TRERL22dR, 2024 ,46(11) .

[5] LiJL, Liao Y L, Ma H F, et al. Review on comprehensive recovery 1960-1977.
valuable metals and utilization of copper slag[ J]. Journal of Sustain- Wang Jujin, Zhang Lifeng, Ren Ying. Advances in the thermody-
able Metallurgy, 2023,9(2) :439-458. namics and kinetics of the steelmaking process and their application

[6] WangZ W, Gao J T, Lan X, et al. A green method to clean copper in numerical simulation[ J]. Chinese Journal of Engineering, 2024,
slag and rapidly recover copper resources via reduction-sulfurizing 46(11) :1960-1977.
smelting and super-gravity separation at low temperature[ J]. Journal [19]  fal&#E, XUHEZS Sy, 55, ByoRIG S 7E S At B o i FH LT 7.
of Hazardous Materials, 2024 ,468 :133834. TRl , 2019,41(12) £ 1501-1511.

[7] Wang L B, Xu Y M, Tian L, et al. Two-stage method recovery of He Chunjing, Liu Xiongjun, Zhang Pan, et al. Applications of pow-
metals from copper slag: realize the resource utilization of all compo- der metallurgy technology in high-entropy materials [ J ]. Chinese
nents[ J]. Minerals Engineering, 2024,206:108503. Journal of Engineering, 2019,41(12) :1501-1511.

[8] Sarfo P, Wyss G, Ma G J, et al. Carbothermal reduction of copper [20] ok& WITE e, 5. SRS T I M B p ] A i i
smelter slag for recycling into pig iron and glass[ J]. Minerals Engi- T ALI]. RICKR22F2 4R ( HARBL2ERR) , 2024,45(3) :337-345.
neering, 2017,107.8-19. Zhang Lei, Jiang Kaixi, Xie Feng, et al. Reduction behaviors of

[9] GuoZQ, PanJ, Zhu D Q, et al. Mechanism of composite additive in copper, cobalt and iron in smelting of copper oxide concentrate[ J .
promoting reduction of copper slag to produce direct reduction iron for Journal of Northeastern University ( Natural Science) , 2024,45(3) .
weathering resistant steel[ J]. Powder Technology, 2018,329.55-64. 337-345.

[10] Qin Z L, Xiao J H, Zhang J H, et al. Practical experience to theo- [21] AR, skt B, &, A b Fe (F KR IR 7 H A0 A
retical innovation; a model for recovering metal resources from indus- KB40 (1], B TR 2224 ( BRB2EA) , 2025,
trial solid waste — a case study of copper smelting slag[ J]. Separa- 53(3):127-138.
tion and Purification Technology, 2025,354;129395. Yan Cuirong, Zhang Hao, Zhou Xintao, et al. Dissolution mechanism

(1] R AW AR, XA i, 55, HE wIRAe AU BR B ]. ik and kinetics analysis of Fe from copper smelting slag by acid leaching at
THYSMT., 2021,50(12) :37-41. atmospheric pressure[ J]. Journal of South China University of Technolo-
Tang Gang, Yang Yadong, Liu Mengru, et al. Status and prospect of gy (Natural Science Edition) , 2025,53(3) :127-138.
resource ulilization of copper slag[ J]. Industrial Minerals & Process- [22] Zhao DY, DuY S, Guo Y H, et al. Phase evolution and solidifica-
ing, 2021,50(12) .37-41. tion mechanisms of heavy metals in polyphase slag glass-ceramics[J].

[12]  AF3500, M550 804 25, Fe/Si0, BUEE LA Fe0-Si0,-Al,0, & Journal of Alloys and Compounds, 2025,1030: 180902.
RGBSR T]. PR, 2025,39(22) :51-56. [23] LiZ, MaGJ, Zheng D L, et al. Effect of Fe,0; on the crystalliza-
Fu Fangzhong, Ye Haohui, Hu Jin, et al. Principle of how Fe/SiO, tion behavior, microstructure and properties of glass-ceramics pre-
mass ratio influences melt viscosity of FeO-Si0,-Al, 0 system[ J]. pared from the modified tailings after reduction of copper slag[ J].
Materials Reports, 2025,39(22) :51-56. Materials Today Communications, 2022,31.103516.

(131 2=, X0 3 W A 4 18 R 5% R B R g F 50 3 e ok [24]  JE3COF AR, A, 45 kR R B A S

BT, TR, 2021,43(12) :1713-1724. WRBERR RIS J]. 0716, 2025,34(2) :308-314.
Li Yu, Liu Yueming. Progress and trend of bulk utilization technolo- Qu Wenkai, Yang Yingbao, Zhou Shiwei, et al. Arsenic speciation
gy of metallurgical solid wastes in China[J]. Chinese Journal of En- transformation and elimination strategies during copper pyrometallur-
gineering, 2021,43(12) :1713-1724. ey[J]. Mining and Metallurgy, 2025,34(2) :308-314.

[14] Klemettinen L., Avarmaa K, Taskinen P. Slag chemistry of high-alu- [25] ZEE, BB, FixatR, 4. SRR b SO 4 8 i e i

[15]

[16]

mina iron silicate slags at 1300 C in WEEE smelting[ J]. Journal of
Sustainable Metallurgy, 2017,3(4) .772-781.

Bellemans I, De Wilde E, Moelans N, et al. Metal losses in pyro-
metallurgical operations: a review[ J]. Advances in Colloid and In-
terface Science, 2018,255.47-63.

BRSO B E L, A Shell ALY AT i b 4 R Y
HH RO BE S A BB R ST (U] R e sA 4, 2023, 48(8) -
3218-3228.

He Chong, Guo Jing, Qin Yuhong, et al. Modelling study of the precip-
itation and agglomeration behavior of metallic iron in coal slag and its

effect on the slag viscosity under Shell coal gasification atmosphere|J].

BB S A R[], HIR TR, 2024,44(1) :81-83.

Luo Chunhua, Su Xiaohui, Lu Bingang, et al. Reclaiming copper
resource from copper slag: beneficiation test research and production
practice[ J]. Mining and Metallurgical Engineering, 2024,44 (1) :
81-83.

SIAARI A B FHAE, F¥ . 4SBT RACA A BRARKAL L
W LEAT AR R[]]. A b AR, 2026,46(4) 1 175-182.

Yu Xiaolyu, Liang Yanhui, Gao Feng, et al. Resource utilization of copper

smelting slag: blending optimization and sintering behavior regulation[ J].

Mining and Metallurgical Engineering, 2026,46(4) :175-182.



