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Experimental Study on the Formulation of Filling Binder Based on Low-Activity Slag
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Abstract: In order to reduce the cost of mine filling, the experimental study of filling binder was carried out using low-activity
slag and other auxiliary materials around Timok copper-gold mine. The optimal formulation obtained by orthogonal experiment
is slag : lime * caustic soda * desulfurization gypsum=281.5: 10 : 1 ¢ 7.5.The hydration mechanism of slag-based binder was
studied by XRD and SEM analysis methods. Combined with the local material price and processing cost, the production cost of
slag-based filling binder was calculated, and its application range was recommended. The results show that the 28 d
cementation effect of the slag-based binder is slightly lower than that of the local cement, and its cost can be reduced by 30%
compared with the local cement. In Timok copper-gold mine, the application of slag-based binder to the filling of sublevel open
stoping with subsequent filling method can reduce the cementing cost by 13%. The annual saving of filling cost is 1.281 million
euros. which has certain application value.
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Table 1 The chemical compositions of full tailings %

TFe CaO MgO Al O3 SiO2 S HAlh

9.35 1.53 0.32 10.58 51.09 12.62 14.51
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Table 2 Test results of mix propertion of

cemented backfill with full tailings

Wbt kY SRS/ MPa
7d 28 d
1:6 70 1.85 4.62
1:8 70 1.32 3.19
1:10 70 0.96 1.75
1:15 70 0.57 0.67
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Table 3 Chemical compositions of slag from iron and steel plants at home and abroad

L WY % RS RS
7 SiO2 Al O3 Fe, Oy CaO MgO SOs MnO TiO: HiAthy BERN  HEAK
FEN 37.10 10.16 0.48 40.17 8.90 0.22 0.26 0.47 2.24 1.04 1.57
K 33.06 12.65 0.75 44,68 5.70 1.60 0.74 — 0.82 1.10 1.90
T4 33.91 12.77 0.45 38.63 10.59 3.65 1.06 1.83
= 28.82 13.40 0.98 38.82 6.41 2.46 0.42 0.54 8.15 1.07 1.77
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Table 4 Orthogonal test factor level

K AN S
A% B/% C/%
1 5 1 2.5
2 10 3 5.0
3 20 5 7.5
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Table 5 The results of three-factor and three-level

orthogonal formula test

WBE A% B cpy  CHPUREE/MPa

7d 28 d
1 5 1 2.5 0.55 1.87
2 5 3 5.0 0.45 0.60
3 5 5 7.5 0.55 1.76
4 10 1 5.0 0.72 1.82
5 10 3 7.5 0.87 1.86
6 10 5 2.5 0.48 1.41
7 20 1 7.5 0.73 2.55
8 20 3 2.5 0.68 2.14
9 20 5 5.0 0.42 0.22
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Table 6 Range analysis of various factors and

uniaxial compressive strength

_ U AL ES
R FEAEDT KF-E AT B o
7 dRE/MPa A 1 0.517 0.667 0.570
2 0.690 0.667 0.530
3 0.610 0.483 0.717
22 R 0.173 0.184 0.187
28 d#BJE/MPa 39 1 1410 2.080  1.807
2 1.697 1.533 0.880
3 1.637 1.130 2.057
22 R 0.287 0.950 1.177
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Table 7 Results of formula verification test

S5 - 2R K -2 RAY HarL/ %

i b i if i v
Rt 7d/ 28d/  7d/  28d/ L/ /N
MPa MPa MPa MPa

1:6 1.13 3.85 1.85 4.62 61 83
1:8 0.90 2.90 1.32 3.19 68 89
1:10 0.68 1.40 0.96 1.75 69 80
1:15 0.27 0.56 0.57 0.67 61 84
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Fig.1 XRD diffraction pattern of the sample
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Fig.2 SEM images of hydration products of the sample
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