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Research on rheological characteristics of gangue-fly ash slurry in
deep filling mining
XU Wenbin, CHEN Wei, ZHANG Yalun, CHEN Bocen
(School of Energy and Mining Engineering, China University of Mining & Technology-Beijing, Beijing 100083, China)

Abstract: Filling mining is one of the key links in the green mining technology system of coal mines, in view of the transportation techno-
logy of the gangue-fly ash based filling slurry during the filling process, parameters such as different mass concentrations, fly ash content,
curing temperature and time were set. The rheological tests of the gangue-fly ash based filling slurry under the temperature-time coupling
effect were carried out to explore the influence of various parameters on the rheological properties of the slurry. Through orthogonal range
analysis, the influence weight of temperature and standing time on the yield stress of the slurry was analyzed, and the rheology under the
temperature-time coupling effect parametric regression model was established. The test results show that the mass concentration has a sig-
nificant effect on the fluidity of the slurry. With the increase of the mass concentration, the linear correlation between the shear stress of
the slurry and the shear rate decreases. When the mass concentration is 78%, it has both good fluidity and stability; The increase of the fly
ash content will increase the shear stress and the degree of shear thickening. When the amount of fly ash is 85%, the yield stress of the
slurry is the largest, followed by the amount of fly ash of 75%, and the amount of fly ash 65% is the smallest; High temperature acceler-

ates the hydration reaction rate of the slurry and enhances the pozzolanic reactivity of fly ash. The curing temperature at 50 °C increased by

44.5% and 37.5% respectively compared with 20 °C and 35 °C when the fly ash was kept for 120 minutes; The setting time has a stronger
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influence on the yield stress of the slurry than that of temperature. When the fly ash content is 75%, the yield stress of the slurry after

standing for 120 minutes at a temperature of 20 °C increases by 133.7% compared with that of standing for 0 min; Under different temper-

ature conditions, the yield stress of the slurry increases linearly with standing time, and the degree of fitting is above 0.9. Finally, the yield

stress evolution model of the slurry under the temperature-time coupling effect is established. By comparing the calculation results of the

theoretical model with the test results, the average error is about 5%, and the fitting effect is good, which can provide a reference for the

calculation of the pipeline transportation resistance of the filling pipeline in the coal mine.

Key words: filling mining; high temperature; setting time; rheological properties; regression model

0 5

MR R R R ) S AACRE IR, 7 g i B R LA
TER e, e HH AR 5 TR it i R D, SR P s
LR SRR LA R | MR DU SR 5 IR
B H 25 WU TR RIS AR KR 1, FE
BT RS2 5 BRIR TOME IR 2 (T F SR Z 1) B BA
T Z—, LR BRI IS 7 A B FIR IR A L
A LR I A A B S T T SRR 23 X, i b
TR A PR BB O R ST R o,
it AT B FEIFAE I R R, KRR AT | B K A
WIEFEY) | BB RS KRG 5 , il A RO 2R
B F R X7 B VR R S IR RS W T R,
HIRAS T K RIS, SEBUREE N AR BT £ 4T
SEZRI B A7 SN, A I % T vy i PR
SR 2> 3 B IA R 5740 E B B AL P i AR AU,
FESFURL I e A8 4 18 22 Ak 2R A IX, -
ROV SRR R DTN H 2

[l N A1 X SEBORER AR R TT R 1 KR i
5T, N ARG T B A YR BT #1454
X ShPE R s ) BLARSED B 5 3 W B A
REIRAB R SEIN, RHR A BY U1 T 5 05 U1 R 2
RO W AR 15 A 19 2610 48t oK R e 3R i 2 il
LRAFAE T VIR AN 9T VTG 2 B B, KB R
IREGHR TR T Y1 PR AR s RSO N Sl I
JEASRI BRI ] AT AR A R
TS, e BURLI AR AR PR i R R 22 PR R A2 5
MR 25 AR, )R P AE ) R U 7 ) 4 5 1)
R AR B UII N g ¥ R T TR A3 s o, H
VR v, B UT) B8 e B e S AT A A
T IR RT IR e SARAKACTR L | FLBR S5
LARKALF=Hi 5, 4858 T HARFApLEE; XU 451
AR L, PRIT T IR il B MK AL I 8] % FE i

il

A FEBORER AR R E BRI . DR ST R T
FOPT AL RSB A REIRTE, H A Rl — I A S 0 R
AR BRI AN 75 2800, SR, 25O TR I [ AR S
YRR R ST e ORI R TR PR RE S AT H10H
i I AN R A BRI 12— FESEORIR A T -
I T )AL 10, 7R FEBURL B SR g |
I A3 LA K 36k JE 25 2 AL R AL, HF i 45 AL S
B MRS B S5 pH Z T BeRAE
FENER R Tz R MU, A IR SR 22 071, Ml
R PR 0 Je AR I 3 B0 I AR, 2 ST 7% R
JEE IS TR1 R 5 A T FESR0RE I RS 7 o] YA
LE G IR AR, U O B0 GRS SE BT R R A 3
LA U LS TR R G e s .

1 AT

1.1 KEEARIRESLE

R EZA AR AT R KRR . I
A B 8 BA S A L, HAR 2R s Ik 1, &
B R CaO Fl ALO,, 4 B3 F e Ay L A1 0%
A B L SRS N . IR R R
L R IR IR 171, R T AR 456 m?/kg, HiAk 2
RO ILFE 2, FE AN ALO, Al Si0,, — 3 B it
H K Y 46.08% . Fi BRAL2F B o 8 bR 1A =K,
X2 2 WA B AT A3 AT, T AR I R R
0.1, JRERTEM L, WM RECH 0.3, KIEEEH P-O
42.5 Wl RERRER K IR, R 344 m/kg, HiAb2 4
B WL 3o MR A S B SR ARl A AREAT
O3B JE B, HARCRIAR B, 75 (i FH A v
FImERRAb B, B IS ARLAR /N T 10 mm, Hd/hF
2.5 mm 5 50%, 2.5 ~ 5.0 mm 4 /5 35%, 5 ~ 10 mm
07 15%. BeA LBt v DR Ae IS B A4 R 5 0T AN 7R,
BB IR 43 5015 o U, 65%, 75%, 85% 7K I k4T,
K FH FA65%, FA75%, FA85% /R o

x1 EFAEHUERS

Table 1 Chemical composition of coal gangue

2ER S Ca0 ALO, Si0, MgO

C Fe S K5y ek i

JF 5% 21.92 19.20 3.29 0.76

13.45 4.67 4.80 1.75 28.98
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Table 2 Chemical composition of fly ash
=%y AlLO;, SiO, Ca0O MgO C Fe K Koy Pk
Fa i 535U % 34.01 12.07 3.54 0.59 14.44 3.37 0.91 0.74 16.79
®3 KEHUERS
Table 3 Chemical composition of cement
(& Sio, Fe,0, Ca0 ALO, K0 MgO SO, Na,0 TiO, BEK i
Jide 3 K5/ % 20.34 3.11 64.78 5.02 0.35 1.09 2.20 0.10 0.26 275
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Table 4 Experimental mix proportion

A4 REC FESBY%  HENE/min OBERKEE %

4/5 20 78 0, 30, 60, 120 65, 75, 85
4/5 35 78 0, 30, 60, 120 65, 75, 85
4/5 50 78 0, 30, 60, 120 65, 75, 85
4/5 20 76 60 65, 75, 85
4/5 20 78 60 65, 75, 85
4/5 20 80 60 65, 75, 85
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Fig.1 Rheological characteristics of different
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Fig.2 Rheological characteristic of slurry with different mass concentrations
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Table 5 Correlation between rheological parameters and mass concentration of slurry after 60 minutes
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Fig.3 Rheological characteristic of slurry of different fly ash content
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Fig.5 Rheological characteristic of slurry after different setting time

89



2023 4F55 3 1A

# £ M F H# K 551 %

123
—u— F,=65%
122 —o— F,=75%
—A— F,=85%
12.1+
E 120+
119 F
118 F
117 1 1 1 1 1 ]

1
20 40 60 80 100 120
7 EL I i) /min

B6 pHE#HEREXA
Fig.6 Relationship between pH and setting time

(=]

24 RENRRATHENZm

& 7 2k 20, 35, 50 °C JIr X R 4Rk O AR e
L 7 R, AN e A5 1k, B ikis &l 85%
FEPASI 4 IR 0B E AR R R . SRR N 20 °C
135 °C W}, AL AR R 1 A8 A R B, B
Bh 85% BRI JE IR N 15 K, kB 8 75%
W2, BB B 65% e/ o X FEZE AR K1)

“Pe RN A SRR A E P E , EARIR T R

SR MR, WA TR KA R N AR 18, By
IR TN K U 08 A 3B FH 2 3 o8 IR 7 T 44 R
JEHUE

MIEL 7e BT LI Y, TR Ry B K45 iR 65%
F175% B AL AR ) AH 22 A K, (R s iR SR 5 1,
Ky IR 3B 1 65% RN IR 185 TR K 15 i1
H 75%. X AT LA B TR 65% BIAREK
K I8 B AR A, TR T R R R TR BE A R
T, P TR K AR R R, R A R 22
IKALT= W, BEE Ak 2 SO R B e MR L, AT
FO KB AR R A S S i RN ) o i
JEE X AT A Rk AR AR 1) 5 M) T e e K
Ve KA SRR | BB K LR s o 3 23 K Ak =
YA, R S EOR A S E AR

3 iE-FHEA RN X B R TR R R

& 8 FIt 7 Mk I AB HE 75% IR — I Ja) R
YER TR AR REE, DR 8 AT, BEIR Jm AR A 7748
Wi k5 R o ) %) B4 T S S5 AR, D 120 min
I, JRLEE A 20, 35 F1 50 °C IRER Jm IR N ) L e
0 IH3 8 K T 133.7%. 154.1% F1 236.4%, i JiE
e IR 7 B M B R . B 120 min I 5471
JE 50 °C B4 20 °C., 35 °C Ha&4 5310 44.5% . 37.5%

90

800
—a F,=65%

—o— F,=75%
—A— F,=85%

600 -

200 - /

1 1 1 1 1 ]
20 40 60 80 100 120
i B [A] /min
(2)20C

Jit MR 73/Pa
I
=)
S

o -

1200
- F,=65%

—— F,=75%
1000 —a— [, =85%

800
600
400 - /

200

JeE JRRE 3 /Pa

0 1 1 1 1 1 1 1
0 20 40 60 80 100 120

i LI 7] /min
(b)35°C

1200

1000 —A— F,=85%

. 800
&
=
= 600 F
=
=

400

200

0 1 1 1 1 1 1 ]
0 20 40 60 80 100 120
F B I [A] /min
(©) 50C

B 7 TR TR R
Fig.7 Rheological characteristic of slurry cured at different

temperature

2 R I )R 5V TR s ok PR f A K
B A, T st A B 22 KA, BB BT BE T 1
548, DA TN AR ISE T 4K

HL S ] AR IR T B s o) R,
L 1 KR AR A S S B e, R LLSRAE K e
IKACT LA o By REIKAB D 7590 Wi B — s TR
AR AR R A R SR WK 9 PR,



TROCHE A DRI ST RAT A - BRI R AL R 5T

2023 455 3 1A

1000 -
—8—20C, F,=75%
—o—35C, F,.=75%
800 | —A—50°C, F,=75%
<
£ 600 |
N
2
=
& 400t
200 F
0 1 1 1 1 1 ]

1
0 20 40 60 80 100 120
i LI 7] /min

B8 BN AL R X A
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Table 6 Orthogonal range analysis

A e TR HLEE/C HE RS TE]/min JE AR F3/Pa
1 20 30 254.39
2 20 60 356.78
3 20 120 549.66
4 35 30 307.67
5 35 60 416.69
6 35 120 577.76
7 50 30 356.63
8 50 60 470.04
9 50 120 794.51
K, 386.94 306.23
K, 434.04 414.50
K, 540.39 640.64
WZER 153.45 334.41
W K (=1,2,3) 0iKEX RS HE R4 1
BIY) R J)/Pa
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Fig.10 Change of yield stress, temperature and setting time
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Table 7 Slurry yield stress at different temperature and

setting time

K \ REE  FISE
HEE/C HAl/min - R3%/%
Ba/% 7,/Pa 7,/Pa
0 23515 21702 7.70
30 25439 29993 17.90
20
60 35678 38284 731
120 549.66 54867  0.18
0 2741 21702 457
30 307.67 30562 067
75 35
60 41669 39423 539
120 57776 57144 1.09
0 23621 21702 812
30 356.63 35680  0.05
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60 47004 49657  5.64
120 79451 77612 231
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