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Fig.1 Grain size grading accumulative curve of the whole

tailings sand

*1 =RUBHNAREHR
Distribution constant of the whole tailings particle
size

Table 1

dj/um  dy/pm  dsy/um  dg/um  dgy/um  Cu Cc
6.02 29.92 76.1 1214 410 2017 122

H: Cu=dgy/d,giCe = 2y /(dgodio)™ !

*®2 IENEST

Table 2 Distribution of slag particle size

Kidi/um -5 +5-10 +10-20 +20-30 +30-40  +40
A% 122 3769 2819 1586  5.77 0.29
Bib/% 122 4989 7808 9394  99.71  100.00
=3 IPERFERD%
Table 3 Chemical composition of slag
Ca0 Si0, ALO; MgO SO; Fe,0; TiO, MnO

39.50 3327 1070 7.78 220 1.70 1.18 1.13
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Table 4 Slump of tailings slurry under different cement-sand
ratio and slurry concentration

N P& /cm
JBeHb L
76% 74% 72% 70% 68%
1:4 234 27.4 28.0 28.5 29.1
1:8 233 26.9 27.8 28.3 28.8
1:12 23.1 26.5 273 28.0 28.5
1:16 23.0 26.4 27.2 27.8 28.4
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Table 5 Ratio test results of slag cementitious materials

e iF"i%: ;JE/}E Wit 1% ?ﬁﬁ/‘, iﬁiﬁ[fdﬁfﬁﬂ\ﬁad
1 1:4 20 80 0673 1.131 1.732
2 1:2 33 67 0490 1.142 1.750
3 1:1 50 50 0320 1.165 2269
4 2:1 67 330297 1238  2.809
5 4:1 80 20 0283 1.052  2.640
6 IKYE 0539 1.022 1580
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Table 6 Strength ratio test of slag cementitious material 1

RO WPEREMR 4 FRIEAREECEL S
Table 9 Strength ratio test of slag cementitious material 4
filling body

FLAH T s 545 /M Pa
2 RPE W% /% KR Rl %
5 R LE IR/ % /% KYE Bk % 3d  7d  28d

37 1:6 72 65 35 0.66 1.62 4.05
38 1:6 70 65 35 056 1.43 3.61
39 1:6 68 6 35 047 1.08 3.01
40 1:3 72 65 35 036 1.08 3.05
41 1:8 70 65 35 031 092 241
42 1:8 68 65 35 026 0.68 1.99
43 1:10 72 65 35 031 082 275
44 1:10 70 65 35 030 0.63 237
45 1:10 68 65 35 023 054 1.89
46 1:12 72 65 35 025 0.69 1.90
47 1:12 70 65 35 023 053 1.62
48 1:12 68 65 35 021 048 143

* 10 RRSM R FTR AR E R LT

Table 10  Strength ratio test of cement cementitious material

filling body
. , AN R /MPa
M5 R W% 34 74 28 d
49 1:6 72 1.02 1.65 2.65
50 1:6 70 0.89 1.47 2.32
51 1:6 68 0.67 1.12 2.01
52 1:8 72 0.71 1.28 1.68
53 1:8 70 0.54 1.06 1.46
54 1:8 68 0.48 0.83 1.06
55 1:10 72 0.68 0.87 1.31
56 1:10 70 0.49 0.75 1.15
57 1:10 68 0.41 0.67 0.86
58 1:12 72 0.54 0.66 0.94
59 1:12 70 0.44 0.57 0.76
60 1:12 68 0.37 0.49 0.65

filling body
UL SR W% At AR o MPa
3d 7d 28d
1 1:6 72 80 20 0.67 1.64 4.15
2 1:6 70 80 20 0.52 152 3.85
3 1:6 68 80 20 043 1.13 331
4 1:8 72 80 20 0.38 1.21 3.05
5 1:8 70 80 20 032 1.03 243
6 1:8 68 80 20 0.27 0.79 2.01
7 1:10 72 80 20 0.32 0.76 2.40
g 1:10 70 80 20 0.24 0.67 1.81
9 1:10 68 80 20 0.21 0.58 1.58
10 1:12 72 80 20 031 0.71 2.08
11 1:12 70 80 20 023 065 1.73
12 1312 68 80 20 020 056 134
R WPERBEMR 2 TIEAEEEEE X
Table 7 Strength ratio test of slag cementitious material 2
filling body
L e eI 4 A U MPa
3d 7d 28d
13 1:6 72 75 25 0.70 1.73 439
14 1:6 70 75 25 0.51 158 3.51
15 1:6 68 75 25 042 122 3.14
16 1:8 72 75 25 037 122 3.14
17 1:8 70 75 25 032 1.07 241
18 1:8 68 75 25 0.27 082 1.98
19 1:10 72 75 25 0.31 0.84 292
20 1:10 70 75 25 0.27 0.67 2.12
21 1:10 68 75 25 022 057 1.79
22 1:12 72 75 25 0.28 0.77 2.10
23 1:12 70 75 25 0.26 0.61 2.01
24 1:12 68 75 25 021 053 1.57
RS IPBRBRME 3 FRIEMEER XN
Table 8 Strength ratio test of slag cementitious material 3
filling body
1 TR TREEI% Bt AT I EEMPa
3d 7d 28d
25 1:6 72 70 30 0.60 159 3.77
26 1:6 70 70 30 0.48 140 3.61
27 1:6 68 70 30 0.38 1.12 333
28 1:8 72 70 30 036 1.12  3.09
29 1:8 70 70 30 029 094 220
30 1:8 68 70 30 024 073 1.78
31 1:10 72 70 30 0.33 0.80 2.69
32 1:10 70 70 30 0.26 0.66 194
33 1:10 68 70 30 0.22 056 1.66
34 1:12 72 70 30 0.25 0.66 2.02
35 1:12 70 70 30 023 059 1.57
36 1:12 68 70 30 0.19 051 1.33
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Fig.2 3 d strength of backfill with different cementitious
materials, different cementitious ratios and slurry
concentrations
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Fig.3 7 d strength of backfill with different cementitious
materials, different cementitious ratios and slurry
concentrations
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Fig.4 28 d strength of backfill with different cementitious
materials, different cementitious ratios and slurry
concentrations
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Fig.5 Relationship between cement-sand ratio
and bleeding rate
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Table 11  Setting time of filing slurry
5 R IRE% wﬁﬁm wﬁgm ﬁ%ﬁh

1 72 11.25 31.50 20.25
2 1:6 70 12.00 32.25 20.25
3 68 12.50 33.00 20.25
4 72 13.75 34.25 20.25
5 1:8 70 14.25 35.75 21.50
6 68 15.00 37.25 22.25

72 16.00 39.25 23.25
8 1:10 70 16.50 40.50 24.00
9 68 17.50 42.00 24.50
10 72 18.75 43.25 24.50
11 1:12 70 19.50 44.25 24.75
12 68 20.50 45.50 25.00
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Fig.6 Relationship between cement-sand ratio and setting
time
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Ratio Optimization of Slag Cementitious Material and the Properties of
Filling Body

Ma Lin', Gao Tianyu’
(1.Sichuan Metallurgical Design and Research Institute, Chengdu, Sichuan, China; 2.Western Mining Co.,
Ltd., Xining, Qinghai, China)

Abstract: This is an essay in the field of ceramics and composites. To solve the problems of high-cost for
cement cementitious material and low strength of cement filling body at the later stage in a lead-zinc mine,
abundant slag solid waste resources were adopted and low-cost slag cementitious materials were developed
in this paper to meet the quality requirement of mine fillings. After physical and chemical analysis of
tailings, slag and cement clinker, the physical and chemical analysis of tailings, slag and cement clinker was
carried out. Then, through the filler slurry slump test and the exploration test of the ratio of slag cementitious
material, it is determined that the slurry concentration satisfying the fluidity is about 70%, and the ratio of
slag to cement clinker is 2~4. The strength, bleeding rate and coagulation characteristics of filling body with
different proportions of slag cementitious materials were investigated by comprehensive test. The results
show that the ratio of slag cementitious material is 75%~ 80% slag and 20%~ 25% cement clinker, the
filling body can meet the filling quality requirements of 0.5 ~3.5 MPa compressive strength and the filling
slurry bleeding rate is less than 5%.

Keywords: Ceramics and composites; Backfilling mining method; Slag; Cementitious material; Whole
tailings
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