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fraction, %)

MgO ALO; K,O CaO Fer CuO SiO, S

1.23 342 077 236 4157 3.78 2730 0.12
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: Copper slag
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Fig.2 CaO-SiO,-FeO ternary phase diagram
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Fig.3 Schematic diagram of high temperature reduction recovery of iron and slag phase reconstruction activation process of copper

slag
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Fig. 5 Compressive strength of cementitious material at

different temperatures
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Fig. 6 Recovery of iron under different lime content
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Fig. 8 Recovery of iron at different coal contents
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Fig. 9 Compressive strength of cementitious material at

different coal contents
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Table 2 Particle size distribution of reducing slag under

different grinding time

Suvple e umm
Cyo 40 321 2234 5256 50.03
Ceo 60 3.06 19.78  47.23 46.82
Cso 80 2.72 16.31 4431 42.51
Cioo 100 2.46 1446  38.72 36.49
Ciao 120 2.17 13.28  37.56 35.32
Cig 140 1.79 12.99  36.42 35.30
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Fig. 10 Compressive strength of cementitious material with

different particle sizes of reducing slag
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Table 3 Phase composition of reducing slag with different lime content

Mass/g
Phase composition
Lime Coal
15 13 CaFeSi,0g, Ca3Fe(Si0y)s, SiO,, Fe, Zn, Pb, ZnO, PbO
21 13 CaFe Al 3S10¢, Ca,Al(Al Si)O;, CaFeSi,Og, Fe, Zn, Pb, ZnO, PbO
27 13 CaSiO;, CaFe Al 3Si04, Ca,Al(Al Si)O4, Fe , Zn, Pb, ZnO, PbO
33 13 CaSiO;, CayZnSi 0, CazAlgsFe; 1651301, Fe, Zn, Pb, CaO
39 13 CaSiO3, CayZnSi,0,, Ca,ySiOy, Fe, Zn, Pb, ZnO, PbO, CaO
45 13 CaSiO3, CayZnSi,0,, Ca,ySiOy, Fe, Zn, Pb, ZnO, PbO, CaO
39 8 CaSiO;, Ca,Si0y, CaFeSi)Og, CazFe(Si0,);, CayZnSi, 04, CazAlyg4Fe; 16513012, Fe, ZnO, PbO, CaO
39 9 CaSiO;, Ca,Si0y, CaFeSi)Og, CaFegsAl; 35106, Cay,ZnSi 0, CazAlggsFe; 16513010, Fe, ZnO, PbO, CaO
39 10 CaSiO;, Ca,Si0y, CaFej¢Al, 3S104, Ca,ZnSi,0;, Ca,Al(Al Si)O,, Fe, ZnO, PbO, CaO
39 11 CaSiO;, Ca,Si0y4, CayZnSi, 07, CayAl(Al Si)05, Fe, ZnO, PbO, CaO
39 12 CaSiO;, Ca,Si0y, CayZnSi, 07, CayAl(Al Si)O4, Fe, Zn, ZnO, PbO, CaO
39 13 CaSiO3, CayZnSi,0,, Ca,ySiOy, Fe, Zn, Pb, ZnO, PbO, CaO
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Fig. 11 Micro morphologies and energy spectra of cementitious material prepared by reducing slag
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Fig. 12 FTIR curves comparison of reducing slag and
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Table 4 Requirements for filling of mine in Fujian Province

and compressive strength of new cementing material at 28 d

. Mass ratio of Experimental
Compressive reducing slag and compressive
Strength/MPa g & P

tailings strength/MPa

3.0 1:3 3.46

1.5 1:5 1.62

1.0 1:6 1.33

0.5 1.7 0.63

:l:.\
3 4Fig

1) FE4 K= A AT 1300~1400 C Y5
P, BRI BN SEEL T 85%, AT LAJH & A 348 Ji (e i
BRIER . 28 d IREEM R ARG JG U 5 i i o5 T
HIF B TR I, 45 RS br A = 44, HiE |
I EE N 1400 °Co

2) AT A A A 5 TR i A I Ji v ) A A
MREER R . HEERE & SRR, AL
AF T E & Jm B RICGR,  T HAT R T4 m o B R
BRI PR . ML T-H R OB TR e, J
X FLFEMA LGRS o 3 SR A AR (1 3G i LT R R
LEESONL R

3) FAE I JFEVE PRSI/, o) & 1 R B BBt
JE 5B S I el KRS kN . 4B EE S 100 min K,
DU J ) 46 I R L 28 d PR SREEIAE] 11.2
MPa. HARIE B FPRLAE T DA IR SR B 0 e s
(B2 AF A P2 ARG . DRI, 3 S s 1 7 2
LEE IS

4) TEILEE 1400 °C A7k 39 g« MK 13 g 64T,
BRI B 285 89.6%,  Hor™ A2 R Ji V1] 4% 114 Jie B i
BHOPTE SR 28 d A E] 9.7 MPa. FHHEFHE 5 E
b AT & T A e AR, H 28 d 5 (1)
PO 9 2 25036 2 B 1L PR AR K
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Preparation of new cementitious material by reduction and
activation of copper slag and its application in mine filling

ZHU Mao-lan', XIAO Ni%, TANG Liang-chun', ZHONG Shui-ping?, LU Xu-long?, CHI Xiao-peng’

(1.School of Materials Science and Engineering, Xiamen Institute of Technology, Xiamen 361024, China;
2. College of Zijin Mining, Fuzhou University, Fuzhou 350108, China)

Abstract: Copper slag was used as the research object, coal was used as reducing agent, lime was used as activator, and

iron was recovered by high temperature smelting reduction, and slag phase reconstruction activation were carried out.

The effects of different reduction temperature, reducing agent coal and activator lime on the cementitious strength of

reducing slag were studied. The results show that, within the temperature range of copper slag produced by copper

pyrometallurgy, it can meet the requirements of iron recovery. Lime and reducing agent play key roles in the phase

reconstruction of reducing slag. In addition, under the conditions of 1400 °C, lime 39 g and coal 13 g, the recovery rate of

iron reaches 89.6%, and the compressive strength of the cementitious material produced by the reduction slag used for

preparation reaches 9.7 MPa in 28 d. Moreover, the compressive strength of the new cementitious material prepared by

mixing reducing slag and tailings after 28 d meets the requirements of mine filling.

Key words: copper slag; reconstruction activation; cementitious material; compressive strength
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