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Fig.1 XRD pattern of vanadium-bearing steel slag
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Table 1 Main chemical composition of fly ash (%)

Chemical composition Si0, AlL,O, Na,O CaO Fe O3 S
Dry ash 38.38 19.57 0.04 3.13 22.36 0.62
Wet ash 32.76 12.22 0.03 1.65 28.36 1.41
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Fig. 3 Grading of coarse aggregate
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Table 2 Rheological, stratification and bleeding test results
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Proportion/ Mass pil 7o/ F/ f P/ Layering  Bleeding
% fraction/%  (kg:m ™) Pa N N N degree/% ratio/%
0 74.78 1938.67 30.32 0.00126 0.0024 0.0029 12.56 432 29.12
10 76.16 1950.06 60.57 0.00127 0.0047 0.0053 20.33 4.05 10.25
20 77.40 1960.38 110.73 0.00127 0.0086 0.0092 33.19 3.97 5.43
30 78.52 1969.78 190.25 0.00128 0.015 0.015 53.57 3.56 2.32
40 79.53 1978.37 230.37 0.00128 0.018 0.019 63.87 3.31 1.36
50 80.45 1986.25 247.33 0.00129 0.019 0.020 68.25 3.21 0.83
60 81.29 1993.51 259.39 0.00129 0.020 0.021 71.37 3.12 0.46
70 82.06 2000.22 267.21 0.00130 0.021 0.021 73.40 2.67 0.32
80 82.77 2006.44 272.33 0.00130 0.021 0.022 74.74 1.56 0.26
90 83.42 2012.22 282.17 0.00131 0.022 0.023 77.29 1.45 0.11
100 84.03 2017.60 300.12 0.00131 0.023 0.024 81.92 0.96 0.04
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Table 3 Saturation rate calculation table

Proportion T Pl pd
% % (kgm?) (kgm”)
0 0.75 2800 1833  0.35 0.49 140.62
10 0.76 2730.25 1604.22 041 0.46 111.72
20 0.77 267236 1447.35 0.46 044 95.61
30 0.79 2626.72 1340.27 0.49 042 85.38
40 0.80 2587.13 1258.63 0.51 040 77.84
50 0.80 2553.45 119545 0.53 038 72.00
60 0.81 2527.61 1148.92 0.55 0.37 67.43
70 0.82 2504.32 1104.58 0.56 0.35 63.29
80 0.83 2483.72 1078.15 0.57 0.34 60.22
90 0.83 2466.62 1045.21 0.58 0.33 57.06
100 0.84 2446.33 1017.31 0.58 0.32 54.31
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Table 4 Curve estimation calculation results table

Proportion-K K=V

Model R R’
Linear 0.859 0.947
Logarithm Na 0.963
Inverse Na 0.913
Quadratic 0.976 0.952
Cubic 0.978 0.988
Composite 0.743 0.956
Power Na 0919
S Na 0.822
Growth 0.743 0.956
Exponential 0.743 0.956
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(23)

B EARFRAER AR 101.5%~105.3%fC AN K (19)
KAg, TIAEE K FREX AN 25.79~28.19, fa%k
XIS P fi e, Uil iZ% K $R50X (] RE A &K
PR PUEMTRE A7 B DML S Y e . e
BETROYBR B EHEMEKBERN 10.4%~12%,
MR B A4 S e BRI SR FE R 78.52%, R A
K F5 8N 30%/N T K 18 50RAE 40%, TF& Bk
SE bRt . NKAE iR AHX A, JF R KIS =
5%, 10.5%F0 15%K} KA 2 FEAMERLAL, K



8 hEA O RYR

2021 E x A

7RI IAA R RS 2 WA, R4S R
AT K ARECRE AR R 5.

-(2)

0 0.2 0.4 0.6 0.8 1.0

Fly ash content/%
160 | (b) o
— g
—_®
140 P R
\ —=R
—Ea
—=
120+ —s
— i
— 18M
=
X 100 -
80+
60 o~
40 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90

K index
Ee6 mhzkfliihila Kl

Fig. 6 Curve estimation fitting diagram
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Table 5 Comparison and analysis of measured and

predicted values
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Influence of fly ash content on segregation resistance of
pumped paste filling slurry

ZHANG Peng"?, GAO Qian’>, WANG You-tuan', ZHANG Tao"?, WU Fan’

(1. Inner Mongol University of Technology, Huhhot 10010, China;
2. University of Science and Technology Beijing, Beijing 100083, China)

Abstract: To reveal the influence of the fly ash content on the anti-segregation performance of the pumped paste
filling slurry, first, the shape, particle size and composition of fly ash particles were analysed through
physicochemical tests. Then, according to the pumping paste filling slurry in coarse aggregate particles in
horizontal and vertical pipes, the stress of the public-listed segregation resistance index K was tested. To test the
index, rheological, exudation rate and delamination degree tests were carried out. The results indicate that the
content and K index were positively correlated and the K index and bleeding rate exhibited an inversely
proportional relationship. Combined with the mechanism of bleeding, flocculation theory, paste definition and
curve estimation, the experimental results show that 1) fly ash can be used as a fine aggregate to mix into the slurry
of the pumping paste filling; 2) the K index quantitatively represents the anti-segregation ability of the pumped
paste filling slurry. When K=1, the slurry does not easily segregate, and the higher the value of X is, the stronger
the anti-segregation performance will be. When K<{1, the slurry easily segregates; 3) the addition of fly ash into
the pumping paste filling slurry can effectively improve the anti-segregation performance, but there is a threshold
value of 40%; 4) a reasonable range for the fly ash content is 10.4%—12%, and a reasonable range for the K index
is 25.79-28.19. These ranges are based on the model of the dose-K index (R’=0.978), the model of K-index
saturation (R°=0.988), the paste definition and the laboratory test of fly ash contents of 5%, 10.5% and 15% in
filling slurry. The relative errors of the dose-K index calculation models are 2.5%, 0.16% and 0.58%, which
demonstrate a high accuracy and provide a theoretical basis and guidance for the field preparation of high-quality
pumping paste filling slurry.

Key words: underground mining; pumping paste filling slurry; fly ash content; anti-segregation performance
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