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Table 1 Main chemical composition analysis of copper slag ( mass percent) %
Ay Cu TFe Ca0 Al O, C Fe; 0, S
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Fig.1 XRD diffraction pattern of copper slag
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Table 2 Mineral phase composition in slag

UE/EA S T/ % TR A/ %
B 1 (47 Cu <50% ) 0.01 HH 0.27
Hil%i 2 (50% < Cu <60% ) 0.01 TP 0.01
Ml 3(60% <Cu <70% ) 0.05 N 26. 61
Hilh 4(70% < Cu <75% ) 0.13 I 0. 47
A 0.93 YA 32.06
& Jm A 0.83 LI 11.27
AL 0.02 Ca-Fe-Al FERRELAH 27.27
R 0. 06 &it 100. 00
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Table 3 Distribution results of copper in slag

oA At & lmb I PR Ca-Fe—Al FERRELH B/t
Cu 48/ % 0.02 0.76 0.86 0. 06 0.05 1.75
i /% 1. 14 43.43 49.14 3.43 2.86 100. 00

x4 PR Tl

Table 4 Chemical and industrial analysis of biomass
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Fig.2 Scanning electron microscopy of copper slag 4H, + Fe,0, =4H,0 +3Fe (6)
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copper content in slag upper layer
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Table 5 Main chemical composition of slag phase
and mattephase %

4  Cu  TFe S S0, a0 ALO, Fe,0,
WMl 0.42 3161 0.05 3412 7.82 11.50 15.38
GiAl 60.02 4.17 6.45 - - - -
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Fig.4 Copper slag sample straw pulverized coal under 1% reducing agent ratio
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Fig.5 XRD analysis of the upper slag sample
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Influence of temperature on copper

content in slag upper layer
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copper content in slag upper layer
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Influence of CaO dosage on copper

content in slag upper layer
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Influence of SiO, dosage and copper

content in slag upper layer
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Influence of pyrite dosage on copper

content in upper slag
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Table 7 Copper content in the upper layer of slag

with different additive ratios( mass percent) %

BN L LR
it/ %
0% 1.49
1% "=y 5 0.48
1% 8 +1% CaO 0. 46
1% AW J% +2% CaO 0. 45
1% A W))% +1% Si0, 0. 46
1% =Wt +2% Si0, 0.45
1% =Wk + 1% FeS, 0. 44
1% A=W +2% FeS, 0.43
1% )5 +1% FeS, +1% CaO 0.44
1% H=¥)5 + 1% FeS, +1% SiO, 0. 43
1% W) + 1% FeS, +0.5% CaO +0. 5% SiO, 0.42
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0.42% R Fet .
3 #hig

BT A s s T A [ A )T, A0 5 R A 4 o
PR AR TIR R T A, 76 5 Bk 18 5 T 2R [



2024 4E 12 45 6 1]

H I AR Fud A i IR AT 5T

.05 .

AL FORFEAT T3 IR0 2T A ROCR 152 i i
EILUE EELNE,

) ZEFALIRE 1310 °C, fE I E] 120 min f)ia
K0S AR T A R SR N, 09% 3
INZE 1% W, i FJZ & i 50 0 N 1. 49% Ak =
0.48% F10.42% o IINSFERL 2 A HE 0 A, il AT B3
B R A

2)FEFALHLEE 1310 C ARG ] 120 min 3
B2 MF T, CaO \SiO, A BT BRAT 2 00 A | )2 385 35
APEHAVER, AW A B 1% I, B GE & 1Y
CaO SiO, FUE KA 55 A= 4 5 m] 7 A DB [] 30 i i o A
1 S A 2SO

3) FALFIEC S “ 1% AT + 1% FeS, +0. 5%
Ca0 +0. 5% Si0,” i , FALRICR e A, b2 & 1 i
AT 1. 49% [ 2R 0. 42% , iR BIBOR I I A4 e i
HIRCR .

E=3UN
(1] PNEEE, A, ST RIS o> 4608 5 A A i 221k

BOR SBR[ T]. #OBEAR, 2019, 33(22) : 505 -511.

SUN Xuewei, WANG Yang, HU Jianhang. The dilution effect and

slag shape structure of copper slag optimized by melting step

reduction[ J]. Method Materials Reports, 2019, 33(22): 505 -

S11.

(2] ESAE4, BIMSE, 2R Sh PR B HGEIRUR b -1 ik i

BRI prFE )], SmeT i, 2020(9) : 202 -207.

QIU Tingsheng, ZHOU Liping, LI Guodong. Experimental of

copper and iron recovery from copper smelting slag by direct

reduction roasting and magnetic separation[ J]. Metal Mine, 2020

(9): 202 -207.

[3] skafhi, 57y, EBE, % SEZMLAEREEREERLT].

A4 )E, 2005, 57(3) : 44 -47.

ZHANG Linnan, ZHANG Li, WANG Mingyu, et al. Research on

selective reducing impoverishment process of copper slag [ J].

Nonferrous Metals, 2005, 57(3) . 44 —47.

(4] B, B, BRM, % i JEURRR U o SO B i 58 oF

Fi[1]. R4, 2017, 46(3) : 31 -34.

MOU Xingbin, YANG Xue, YANG Dajin, et al. The

experimental study on copper cobalt recovery by reduction of

copper smelting slag[ J]. Yunnan Metallurgy, 2017, 46(3) : 31 -

34.

[S]  ZfBf, ¥R &, FEiE, 4. &AMy - 20 D IR 3% b Ak

PR SR ] A iR 41 RE ,2022,38(5) 146 - 50.

LI Weiwei, HAN Honglei, LU Xinwei, et al. Dilution treatment

of Pb — Cu mixed materials by oxygen enriched side blowing

furnace-dilution furnace coprocessing [ J ]. Energy Saving of

Nonferrous Metallurgy,2022,38(5) :46 - 50.

(6] TiHis, FPut, M, &5 JKVAH T I S 43 ok B

mLI]. WEMTEA4R, 2016, 28(10) : 22 -29.

WAN Xinyu, QI Yuanhong, GAO Jianjun, et al. Reduction and
melting of copper slag for nuggets and copper recovery[ J]. Journal
of Iron and Steel Research, 2019, (3): 553 —559.

(7] ZEt . AW BT b ) B SR A i i) SE R AF 58 (D] Ik
PH: ARAER=E, 2015,

ZUO Zongliang. Experiment research on the biomass pyrolysis and
the reduction of copper slag by biomass [ D ]. Shenyang:
Northeastern University, 2015.
(8] ZRX, HyR, (LEAR, % EYWRE R EELE KT -
AYIBEEERERER ], AR R4, 2013, 35(7) .
856 —861.
LUO Siyi, ZHOU Yangmin, YI Chuijie, et al. Reduction behavior
and reaction kinetics of iron ore—biomass composite pellets[ J].
Journal of University of Science and Technology Beijing, 2013, 35
(7): 856 -861.
[9] HUANG Dongbo, ZONG Yanbing, WEI Rrufei, et al. Direct
reduction of high-phosphorus oolitic hematite ore based on biomass
pyrolysis[ J]. Journal of Iron and Steel Research ( International ) ,
2016, 23(9) : 874 - 883.
(100 UL, ik S kR A B Bl R 23 pF 2 (D] i &
Jb k2%, 2017.
LIU Sihong. Experimental research on direct reduction of carbon-
bearing pellets within copper slag[ D]. Shenyang: Northeastern
University, 2017.

(11] ki, B0, =EE, 5. #l Ao g e oo R Bl
AREPFFBUR K LT]. $EA @R 4, 2022, 51(3):
84 -93.
ZHANG Shuhui, WANG Baoyong, LAN Chenchen, et al.
Research status and prospect of recycling technologies of valuable
metallic elements from copper slag [ J ]. China Nonferrous
Metallurgy, 2022, 51(3) : 84 -93.

[12] 7%, A, MM, S i o ) i s 22 e
[J]. R TAEEHR, 2019, 19(4) : 759 -766.
DAI Guangping, SHI Yu, ZHOU Shiwei, et al. Reduction and
dilution of melting copper slag by blowing waste cooking oil[ J].
The Chinese Journal of Process Engineering, 2019, 19 (4).
759 -766.

[13] BaE57, BB, KI5, 4. JEmMUE BN Cu S 78k
PRI A (1], WL R A, 2021(2) ¢ 44 -48.
WEI Zhifang, ZHAO Kai, ZHANG Qiaorong, et al. Effect of
carbon thermal reduction modification on the dissolution behavior
of Cu and S in iron[ J]. Multipurpose Utilization of Mineral
Resources, 2021(2) : 44 —48.

(141 M, XIKT7, 2. BS5F CaO Al Oy I Cuy O X4l i85
B I]. PEAR GGG, 2021, 50(2) : 14 -19.
XU Xiang, LIU Da Fang, LI Bo. Effect of additives CaO, Al, O,
and Cu, O on the viscosity of copper slag[ J]. China Nonferrous
Metallurgy, 2021, 50(2): 14 - 19.

[I5] A HA, ZEWIHT. MR R o s iy B i 3O r e (I 1. A



. 96 - v EH A & L& A BHRIE

Bam QR , 2012(11) ¢ 19 -22,36. SEWNS M T L] AE2ER S5 TR, 2019, 10

WEI Qijin, YUAN Chaoxin. Study on Dilution of copper side (6):81-86.

blowing smelting slag with direct current[ J]. Nonferrous Metals YAO Zhichao, MA Baozhong, ZHANG Wenjuan. Comprehensive

( Extractive Metallurgy) , 2012(11) . 19 -22,36. recovery of copper and gold from chalcopyrite [ J]. Nonferrous
[16] k&, D, skacty, 2. NS4 4wk 284 Bk Metals Science and Engineering, 2019, 10(6) : 81 - 86.

Experimental study ondilution of copper slag by biomass reduction
GAN Wen'?
(1. State Key Laboratory of Comprehensive Utilization of Low-Grade Refractory Gold Ores, Xiamen 361101, China;
2. Xiamen Zijin Mining and Technology Co. , Ltd. , Xiamen 361101, China)

Abstract; The essence of copper slag pyrometallurgical dilution technology is to add pyrite or carbonaceous
reducing agent to high-temperature copper slag, so that the magnetic iron in the slag is reduced to FeO, and copper
is gathered in the form of copper matte, and finally copper is separated from the slag phase. As a renewable
resource, biomass is the preferred material for carbonaceous reductants. In this study, the iron silicon olivine slag
was used as raw material, and the effects of biomass and pulverized coal on the reduction of copper slag were
compared by single factor condition experiment. The effects of different smelting conditions such as biomass ratio,
calcium oxide ratio, silica ratio, reduction temperature and reduction time on the recovery rate of copper in slag
were investigated. The results show that under the optimal experimental conditions of reduction temperature of 1310
°C, holding time of 120 min, biomass ratio of 1% , calcium oxide ratio of 0. 5% , silica ratio of 0. 5% , and pyrite
ratio of 1% , the copper content in the upper layer of the slag is reduced from 1.49% to 0.42% , which achieves
the effect of direct reduction of copper slag by pulverized coal. From the perspective of environmental benefits,
biomass is more suitable as a carbonaceous reducing agent for copper slag dilution than pulverized coal.

Key words: copper slag; deductive dilution; carbonaceous reducing agent; copper recovery; biomass; pulverized
coal; additive
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