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Table 1 Aggregate grading scheme

E 3K B g2 B3 L4
| 40% 30% 20% 10%
L2 35% 35% 15% 15%
HKA/L3 30% 40% 10% 20%
K4 25% 25% 25% 25%
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Table 2 Characteristic indices of particle size grading

% 5 dyo/um dg/um dy/um doy/um (KL A2 dyo/um KL FRHC, i A R %L C.
K AL 1 35 340 1200 3350 835 343 2.75
B2 15 300 1050 3190 750 70.0 5.71
3 85 270 960 3000 680 11.3 0.89
KL 4 55 80 625 2750 380 11.4 0.19
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Table 3 Rheological parameters of filling paste at 60% mass fraction

32 BESEMUA

FF Hershel-Bulkley #5Y, 3 12 XIS [] JiT £ 5344
AN TR) 2 L LA RS () 5 1] 1 1Y) 64 21 3 7228 S 56 45 1
BTG, 1593 64 IR AL SAL, N 3. K 4 PR,

i 53 $060% T 43 B65%
B ] /min AL 18 A
A K2 3 P4 A K2 K3 K4
u/(Pa-s) 0.072 0.081 0.071 0.051 0.145 0.149 0.213 0.147
7/Pa 1.777 3512 5.245 5.74 12.211 5.832 11.593 2236
0 n 1 1 1 1 1 1 1 1
R 0.963 0.952 0.943 0.88 0.851 0.987 0.95 0.949
w/(Pa-s) 0.042 0.384 0.054 0.058 0.11 0.945 0.156 0.111
7/Pa 6.691 8.412 9.064 12.151 15.739 10.143 25.161 18.904
20 n 1 0.503 1 1 1 0.527 1 1
R 0.731 0.875 0.928 0.97 0.68 0.949 0.947 0.984
w/(Pa-s) 0.889 0.537 0.426 0.065 0.126 0.623 0.159 0.101
7/Pa 0.559 7.294 14.589 9.978 18314 16.35 32.724 20.899
0 n 0.48 0.495 0.607 1 1 0.546 1 1
R 0.926 0.884 0.944 0.989 0.998 0.899 0.942 0.99
w/(Pa-s) 1.441 0.351 0.263 0.1 0.898 1.484 1.643 0.626
7/Pa 1.682 6.393 11.625 9.044 20.394 10.804 20.666 17.029
o0 n 0.33 0.586 0.697 1 0.671 0.402 0.474 1
R 0.793 0.864 0.975 0.985 0.922 0.961 0.968 0.989
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Table 4 Rheological parameters of filling paste at 60% mass fraction

X . - [t Ak 53 B 70% Ji 42 53 0 75%
#f '8 1 8] /min i AL A5 bR
Z3g 4 Tic 2 13 2 i 4 Y Tic 1 4 Tic 2 Y3 2 1 4
w/(Pa-s) 0.472 0.284 0.365 0.782 0.675 0.886 1.043 1.921
7,/Pa 32.247 26.501 38.863 79.573 129.522 213.562 237.217 283.754
0
n 1 1 1 1 1 1 1 1
r 0.964 0.974 0.975 0.964 0.903 0.939 0.971 0.982
w/(Pa-s) 0913 0.302 0.375 0.527 0.43 1.094 1.076 1.373
7,/Pa 52.86 30.291 46.485 109.115 185.069 150.322 238.222 414.154
20
n 0.83 1 1 1 1 1 1 1
r 0.891 0.972 0.98 0.959 0.788 0.97 0.969 0.966
w/(Pa-s) 0.454 0.293 0.342 0.576 0.462 0.705 0912 1.454
7,/Pa 49.493 35415 55.089 110.05 120.564 216.489 256.454 442.57
40
n 1 1 1 1 1 1 1 1
r 0.93 0.967 0.964 0.965 0.862 0.93 0.952 0.96
/(Pa-s) 0.401 0.231 0.317 0.342 0.434 0.822 0.85 1.6
7/Pa 48.603 45.839 50.116 130.457 114.887 156.438 252.082 442 887
60
n 1 1 1 1 1 1 1 1
r 0.925 0.958 0.981 0.93 0.835 0.944 0.944 0.949
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Fig. 1 Effect of mass fraction on yield—shear stress
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Table S Factors and levels of response surface test

7K
AN S M #
-1 0 1
J5 2 5 B0/% A 65 70 75
EAWIES B 2 3 4
i & B B] /min Cc 0 20 40

M5 Box—Behnken H /0> 4H A 1 11 1Y 5% 46 J B A
PR S 5 A, WU IRBT VIR ) D FEBVERREE E R
e bR (W RAE ), 4T 3 RIE 3 /K4 17 S35 04
4 I 97 T 0 A SIS (UL 36 6) o 17 AN SEIG 55 ] 4 A M

R 6 LR

Table 6 Test scheme and results

ORIEARC SETT RN ORIRS LIRS R
a2 1%-A %-B /min-C /Pa-D /Pa-s-E
1 70 3 20 46.485 0.375
2 65 3 40 32.724 0.159
3 70 4 0 79.573 0.782
4 75 3 0 237.217 1.043
5 65 2 20 10.143 0.945
6 70 3 20 46.485 0.375
7 70 3 20 46.485 0.375
8 75 4 20 414.154 1.373
9 70 2 40 35415 0.293
10 75 3 40 256.454 0.912
11 65 3 0 11.593 0.213
12 75 2 20 150.322 1.094
13 65 4 20 18.904 0.111
14 70 2 0 26.501 0.284
15 70 3 20 46.485 0.375
16 70 3 20 46.485 0.375
17 70 4 40 110.05 0.576
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Table 7 Variance analysis and comparison of multiple models

SR 5 BB 3477 25 FVAi 22 °F- 05 MR 45 SR 64T T L
B, A5 RM, R IR e

LA B 2 A A5k 22 20 A U] 5 i gk 22
F AT LT E— B b, BRI A ROR . K
25 31 3R Y e A58 w4 4552 0 DR 2% ) A RE A R
WY K 2 AR B UL S 30 B R AR 3

ES 3 -5 o ¥y Fld W H>F
- {H 1.535E+005 1 1.535E+005 / /
LR PERE T 1.420E+005 3 47 349.96 11.51 0.000 6
2FI 16382.44 3 5460.81 1.47 0.2805
ZWr 33532.14 3 11177.38 22.04 0.0006 ( R )
=Wy 3550.23 3 1183.41 6.366E+007 <0.0001 (KH)
5k 2% 0.000 4 0.000 / /
Bt 3.490E+005 17 20531.17 / /
x8 R LG
Table 8 R’comprehensive analysis
Eayt] b oft D 22 R R IEAE R IAE T 5% 22 7 J5
ERexgnl 64.13 0.726 5 0.663 4 0.4857 1.006E+005
2FI 60.90 0.8103 0.696 5 0.267 1 1.433E+005
—RITR 2252 0.9818 09585 0.709 5 56803.63 ( H UK )
ER/ N 0.000 1.000 0 1.0000 / I (RE)

Normal Plot of Residuals

Normal % Probability

1 | | 1 1 | 1
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Intemally Studentized Residuals
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Fig. 5 Normal plot of residual error
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Table 9 Variance analysis results of response surface analysis and fitting regression equation

UEE 3 5 F H M B ¥r FfH Pro>F
LAY 1.918E+005 7 27406.76 67.26 <0.0001 ( 23 )
A-FT R AT H 1.212E+005 1 1.212E+005 297.49 <0.0001
B ) % 20030.01 1 20030.01 49.16 <0.000 1
C—if 1 ) 795.19 1 795.19 1.95 0.1959
AB 16 265.30 1 16 265.30 39.92 0.000 1
A 31689.50 1 31 689.50 77.77 <0.0001
B 965.36 1 965.36 2.37 0.158 1
c 6.66 1 6.66 0.016 0.9011
5k 2% 3667.36 9 407.48
1) 3667.36 5 733.47
B 0.000 4 0.000

Yield-shear stress

B: Grading scheme

& Cl n n 7

A: Mass fraction

6 D=f4,B) % mLkIAl
Fig. 6 D=f(4,B) contour map

Yield-shear stress

B: Grading scheme ° A: Mass fraction

7 D=f(4,B) i ¥ i [&]
Fig. 7 D=f(4,B) response surface diagram
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Table 10 Variance analysis and comparison of multiple models

FEKE FHM AHE B Ff Pro>F
FEE 549 1 5.49
LB 115 3 038 429 00260 CHURM)
2FI 0.32 3 0.11 1.29 0.3305
I o6l 3 0.20 6.24  0.0217 (EEBCRAM)
=W 023 30076 6366E+007 <0.0001 ( ¥ )

5k 2% 0.000 4 0.000
Bt 7.79 17 0.46

R 11 RLDON
Table 11 R’ comprehensive analysis

- . T 5% 2%
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Experimental Study on Rheological Properties of Coal Gangue Slurry Based on
Response Surface Method

SUN Kaihua'?, HU Yanfei**, ZHAO Xu"’

1. CCTEG Beijing Research Institute of Land Renovation and Ecological Restoration Technology Co., Ltd.; , Beijing 100013, China;
2. CCTEG Ecological Environment Technology Co., Ltd.; , Beijing 100013, China;

3. Shaanxi Zhongneng Coalfield Co., Ltd., Yulin 719000, Shaanxi, China;

4. Yuyang Zhongneng Yuan Datan Mining Co., Ltd., Yulin 719000, Shaanxi, China;

5. China Coal Research Institute, Beijing 100013, China

Abstract: To ensure the gangue slurry met the process requirements for pipeline transportation, its fluidity had been
studied. Coal gangue from the Yulin Yuandatan mine had been prepared into slurries with different mass fractions for
conducting rheological characteristic experiments. The Box—Behnken Design test and response surface method had been
utilized to analyze the influence of three factors: the gangue solid mass fraction, particle gradation, and resting time on the
rheological characteristics of the gangue filling slurry.The optimal gangue slurry ratio that had been derived from the
experimental analysis was as follows: a 72% mass fraction of solids, with the particle gradation consisting of 30% in the
range of 4.75~1.18 mm, 40% in the range of 1.18~0.425 mm, 10% in the range of 0.425~0.075 mm, and 20% less than
0.075 mm. The yield shear stress of the slurry had ranged from 103.02 to 131.645 Pa, and the plastic viscosity had ranged
from 0.54 to 0.64 Pa-s. It had been observed that with the increase in the static time of the solid material settlement, the
increase in this ratio was minimal.

Keywords: coal gauge filling slurry; rheological property; mix proportion; response surface method
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