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Tab.1 Particle size characteristic parameters of tailings
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Fig.1 Analysis of particle size distribution of tailings

d,,/um dy/um dyo/um dgo/m dyo/um C, C,
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Tab.2 Analysis of chemical components of test materials
Material Mass fraction/%
CaO SiO, ALO, MgO TiO, SO, Fe,0, MnO P,O; LOI Other
GGBFS 40.99 32.02 10.19 9.33 2.82 1.82 1.31 0.24 0.01 1.18 0.29
DSG 31.60 2.70 0.72 1.06 0.10 42.45 0.51 0.02 0.05 19.25 1.54
MS 56.85 30.26 0.82 6.08 0.07 0.04 5.25 0.05 0.07 0.35 0.16
Tailings 0.95 40.91 10.39 2.62 0.55 19.20 21.09 0.21 0.07 - 4.01
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Fig. 2 XRD patterns of test material: (a) MS; (b) GGBFS;
(c) DSG
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Table 3

magnesium slag cementitious material

Strength results of proportioning test of

Test Content/% 7d 28d
strength/  strength/
No-'MS DSG GGBFS  yp, MPa
Al 10 10 80 2.30 7.36
A2 10 15 75 2.21 7.31
A3 10 20 70 1.64 5.98
A4 15 10 75 2.67 6.63
AS 15 15 70 2.44 5.86
A6 15 20 65 1.84 5.68
A7 20 10 70 1.98 5.12
A8 20 15 65 2.13 591
A9 20 20 60 1.58 4.72
B1 35 35 30 1.10 2.11
B2 35 40 25 1.19 2.46
B3 35 45 20 0.81 1.62
B4 40 35 25 1.00 2.10
B5 40 40 20 0.50 1.60
B6 40 45 15 1.04 2.03
B7 45 35 20 0.63 1.80
B8 45 40 15 0.40 1.23
B9 45 45 10 0.44 1.52
Cl 25 10 65 2.01 7.20
C2 25 15 60 1.60 6.54
C3 25 20 55 1.34 5.23
C4 30 10 60 1.99 6.17
C5 30 15 55 1.35 5.93
C6 30 20 50 0.79 4.28
C7 50 10 40 0.98 4.60
C8 50 15 35 0.60 3.57
C9 50 20 30 0.37 2.75
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Fig. 3
magnesium slag cementitious material: (a) 7 d strength; (b)
28 d strength

Range analysis results of orthogonal test of
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results: (a) Best training performance of 9.772x107° at

epoch 50; (b) Training, R=0.99995

Neural network convergence curves and fitting
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Fig. 5 Comparison of strength prediction and measured
data: (a) 7 d strength; (b) 28 d strength
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Fig. 8 SEM images of hydration products of magnesium
slag cementitious material:(a) 7 d; (b) 28 d
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Tab.4 Test results of mixing aggregate filling slurry
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Test . Compressive strength /MPa FC/
C/T ratio MC/% Slump/cm BR/% 4

No. 7d 28d (CNY ' m™)

Bl 68 1.94 6.88 21.2 11.8 106

B2 1:4 70 2.47 8.19 20.8 93 109

B3 72 2.70 8.51 20.3 6.9 111

B4 68 1.38 4.55 232 12.3 79

BS 1:6 70 1.59 5.19 23 9.7 81

B6 72 1.78 7.05 22.5 7.2 84

B7 68 0.94 3.43 253 15.9 65

B8 1:8 70 1.13 4.57 24.9 14.7 67

B9 72 1.21 5.21 24.6 9.3 68
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Fig. 9 Relationship between filling index and slurry mass concentration: (a) 7 d strength; (b) 28 d strength; (c) Slump;
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Fig. 10  Verification test of optimized ratio: (a) Strength test; (b) Slump; (c) Bleeding rate
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Table S Verification results of optimized ratio

Data type 7 d strength/MPa 28 d strength/MPa Slump/cm BR/% FC/(CNY -m™)
Verification result 2.72 8.49 20.0 6.5 111
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Development of magnesium slag binder and optimization of
slurry ratio based on entropy weight multi-attribute decision

WEI Han-bo" %3 BA Lei"?, WEN Zhen-jiang" %, XIAO Bo-lin"2, GAO Qian"?, LI Chen-zhuo" >

(1. Key Laboratory of High Efficient Mining and Safety of Metal Mine, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
2. School of Civil and Resource Engineering, University of Science and Technology Beijing,
Beijing 100083, China;
3. Beijing Building Energy Conservation and Building Materials Management Office, Beijing 101160, China.)

Abstract: In view of the high cost of cement for full tailings filling, the low-cost cementitious materials were
developed by using local solid waste resources, and the slurry ratio was optimized based on mine requirements.
Firstly, the proportion of magnesium slag cementitious material was determined by the orthogonal test, the range
analysis and BP neural network based on the physicochemical analysis of the test materials. The mass fraction of
magnesium slag (MS) was 30%, that of desulfurization gypsum (DSG) was 12% and that of ground granulated
blast furnace slag (GGBFS) was 58%. Then, the hydration mechanism was analyzed by XRD and SEM. Finally,
the slurry ratio optimization test was carried out based on entropy weight multi-attribute decision with 7 d strength,
28 d strength, slump, bleeding rate and filling cost as indexes. The results show that, when using magnesium slag
cementitious material, the proportioning optimization of filling slurry is cement/tailings ratio (C/T) of 1:4, and
mass concentration (MC) of 72%. The verification tests are carried out, and the corresponding 7 d strength, 28 d
strength, slump and bleeding rate (BR) are obtained, which are 2.72 MPa, 8.49 MPa, 20.0 cm and 6.5%,
respectively. These indexes meet the requirements of the mine, and the filling cost (FC) is 111 CNY/m?, which is
42.2% lower than the original FC of 192 CNY/m® when using cement.

Key words: filling mining method; magnesium slag; cementitious material; neural network; entropy weight multi-

attribute decision; proportioning optimization
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