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Research on the Use of Low-Carbon Solid Waste Cemented Gold Tailings for Mine Backfill
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Abstract: Taking the graded tailings backfill of the Shishudi Gold Mine as the research object, the physical and chemical
properties of graded tailings and industrial solid waste were analyzed. Using slag powder, steel slag powder and F-gypsum as
the main raw materials, and sodium hydroxide, sodium silicate and aluminum sulfate as composite activators, low-carbon solid
waste cementitious materials were prepared. Through the mixture design model in response surface methodology. the influence
of different mass ratios of components on compressive strength was analyzed, the reliability of the model was assessed, and the
optimal proportion of low-carbon solid waste cementitious materials was determined as slag powder : steel slag : F-gypsum :
activator=70.69 : 10.52 * 18.79 ¢+ 5. Then, XRD, SEM-EDS, and hydration heat analysis were employed to examine the phase
composition, microstructure, and hydration kinetics of the low-carbon solid waste cementitious materials. The results indicate
that the hydration products of the low-carbon solid waste cementitious materials primarily consist of C =S~ H gel, ettringite.
and calcite, with the hydration heat release rate and total heat release being reduced by over 30% compared to cement. Pilot-
scale tests demonstrate that replacing cement with low-carbon solid waste cementitious materials for gold tailings backfill under
the same technical specifications can save more than 50% of cementitious materials, increase tailings utilization by over 10% ,
reduce backfill costs by over 30% , and cut carbon emissions by 90% , achieving favorable economic and social benefits.
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Fig.1 Particle size distribution curves of graded gold tailings
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Table 1 Chemical composition of graded gold tailings %
B Al O; SiO; MgO CaO Fe; O3 K,O TiO, SO; Ba; O MnO HAlb
& ey 11.2 53.2 5.31 10.00 8.69 8.31 1.27 0.79 0.47 0.26 0.50
P& N 10.7 54.4 3.99 11.10 7.76 9.29 1.13 0.48 0.50 0.24 0.41

M FE NaOH (1 ~5 ), Na,SiO; (3 ~7 ),

- AL (SO, 18H, O0~4 ) XTI EEH KL 3 d.28 d

 Ren PRI 0 B W 25 S B4 = LBk 3 5 ¢ 2

3 A A ZR RS S R (pH = 12.3) , B 3 d 0 e 3 J3E ik
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Fig.2 Mineral composition of graded gold tailings
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Table 2 Chemical composition of raw materials %
JERE R Al; O3 SiO- MgO CaO Fe, Oy K,O TiO; SO, Ba; O MnO HoAy
it 5.15 15.3 6.38 45.5 19.10 0.17 0.9 0.63 — 3.43 3.44
Wi 13.50 30.9 6.87 44.1 0.32 0.45 0.68 2.53 0.28 0.37
F-f 8 0.15 0.4 — 46.4 0.20 — — 52.70 — — 0.15
7K e 5.28 21.5 3.83 53.1 2.63 1.06 0.3 2.94 — 0.7 8.66
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WM SiO, +mCa(OH), +aq —
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mCaO « Al,O; * aq
2Ca0 » Si0, +yH, 0 —»

C-S-H+((2—y)Ca(OH),
3Ca0 « AL, O; +3(CaSO, * 2H,0)+26H,0 —»
3Ca0 « AL, Oy » 3CaSO, « 32H,O(AFt)
2A105 +6S0% +12Ca*" +20H +61H,0 —»
2(3Ca0 » Al,O5 * 3CaSO, * 32H,0) (AF®D)
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Table 3 Main technical indicators of cement
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Fig.3 Schematic diagram of experimental flow
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Table 4 Factors and levels of test

HEAKE THELEILA/ G WELL B/ % FAFLEKC/%
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Table S Design and results of response surface tests

I3 R4

BT gl WES FPAE faa/ fra/ fual
/% /% HI/% MPa MPa MPa

1 67.00 20.00 13.00 2.28 2.98 3.87
2 63.13 10.75 26.12 2.09 2.70 3.31
3 62.80 15.77 21.43 1.59 2.46 3.22
4 62.80 15.77 21.43 1.92 2.71 3.50
5 55.67 17.11 27.22 1.91 2.52 2.90
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6 72.01 17.99 10.00 2.21 2.95 3.89
7 58.23 11.77 30.00 1.89 2.79 3.56
8 62.80 15.77 21.43 1.80 2.27 2.78
9 58.06 20.00 21.94 1.80 2.27 2.78
10 50.00 20.00 30.00 1.66 2.85 3.73
11 62.80 15.77 21.43 1.87 2.83 3.49
12 72.88 10.00 17.12 1.90 2.52 2.90
13 58.23 11.77 30.00 1.57 2.73 3.84
14 68.17 10.00 21.83 1.91 2.95 3.89
15 76.23 13.77 10.00 1.79 2.20 2.86
16 76.23 13.77 10.00 1.60 2.46 3.22
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Table 6 Analysis of variance of response surface

DTS R L — B LE S SRS S B
[3d fr4 VET [3d f74 VLY f3d fr4 S2s4d f34 fr4 fesd
AR 0.444 0.772 2.030 0.089 0.154 0.406 4.550 7.06 6.61 0.0201 0.0045 0.0057 BF
ZPEIR A 0.142 0.299 1.490 0.071 0.150 0.746 3.630 6.84 12.15  0.0651 0.0134 0.0021 &3
AB 0.007 0.030 0.139 0.007 0.030 0.139 0.347 1.39 2.26  0.569 2 0.2665 0.164 0 —
AC 0.285 0.444 0.418 0.285 0.444 0.418  14.570  20.32 6.81 0.0034 0.0011 00260 BF
BC 0.019 0.129 0.281 0.019 0.129 0.281 0.979 5.91 4.58  0.3457 0.0354 0.0581 WF
5% 2% 0.195 0.219 0.614 0.020 0.022 0.061 —
KA 0.137 0.181 0.512 0.028 0.036 0.102 2.360 4.76 5.01  0.1839 0.0559 0.0508 ARE#FH
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Table 7 Reliability test analysis of model

giit

S mmx 3, R® R Rhw RS
3d 0.043 0 5.68 0.9954 0.989 0 0.9158 40.989 6
7d 0.087 7 2.41 0.993 2 0.979 7 0.921 8 27.2311
28d 0.048 6 2.67 0.974 8 0.9621 0.9259 24,9815
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Fig.4 Response surface of compressive strength of

low-carbon solid waste cementitious material
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Table 8 Filling comparison tests

o o g s IR B K/ VRE/ YUK/ MPa B/
i BeSERTAY Rt W/ Y% (kg/m*) mm 3 d 7d 28 d (kg/m*)
1 1:2 68 1760 188 1.62 2.86 4.05 798
2 P.O42.5 K 1:4 68 1746 185 0.80 1.35 2.78 950
3 1:6 68 1740 183 0.38 0.57 1.22 1014
""" « " 1:6¢ 68 1750 180 2.8 432  7.97 1020
5 1:8 68 1742 184 1.95 3.28 5.68 1053
6 1:10 68 1745 185 1.58 2.48 3.98 1079
7 Ik 61 12 Jic 5k A sk 1:12 68 1742 192 0.82 1.88 2.94 1093
8 1:15 68 1736 198 0.51 1.24 2.09 1107
9 1:20 68 1728 197 0.22 0.45 1.09 1119
10 1:25 68 1724 197 0.20 0.50 0.85 1127
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Fig.6 SEM-EDS images of hardened paste of low-carbon solid waste cementitious material
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Table 9 The results of field filling tests
I Héﬁﬁﬁﬁ 5K, 3 d 5% /MPa 7 d 5% /MPa 28 d # & /MPa j%}j—}?,:i/ﬁ mgﬁq
B/ % It b I Itk T Es HF i/m’ i/t
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1:25 68 946KK4 0.20 0.18 0.35 0.31 0.65 0.54 1 075.50 45.00
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