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Effect of Plastic Expansion Agent on the Properties of Mine Grouting Materials
SUN Qidong', WANG Ming', XU Haiyan', ZHANG Jin', LU Sha', HUANG Bing*
(1.Shandong Zhongxing Jian’an Construction Engineering Co., Ltd., Zaozhuang, Shandong 277099. China;
2.School of Electrical Engineering, University of Jinan, Jinan, Shandong 250022, China)

Abstract: Adding plastic expansion agent is an effective measure to improve the volume stability of mine grouting materials. By
preparing mine grouting materials with plastic expansion agent, the influence of plastic expansion agent on its working
performance, rheological properties, mechanical properties and volume stability was investigated. Then. the mechanism was
elucidated through the analysis of pore structure and microscopic morphology. The results show that with the increase of plastic
expansion agent content, the working performance and rheological property of the grouting materials are improved, the
compressive strength and flexural strength decrease, the plastic expansion rate increases gradually at 3 h, but the influence on
volume deformation is small in the middle and late stages. The total porosity and average pore size of the hardened slurry are
increased significantly after the addition of plastic expansion agent. When the addition rate is higher than 0.12% , the proportion
of capillary pores and large pores are increased more. Considering the performance parameter requirements of grouting
materials, it is more suitable when the plastic expansion rate is in the range of 0.04 %-0.08%.
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Table 1 Chemical composition of fast hard

sulphoaluminate cement %
SiO, Al O3 CaO SO; MgO R:O  pedkit
9.85  21.68  47.81  10.65  1.62 1.45 6.94
F 2 BREEFTSRER KR M I MR
Table 2 Physical properties of fast hard
sulphoaluminate cement
YIE ARdER BELE 1]/ min PSR JE / MPa

TERE KR/ % dpmEmtle) &¥ERHE 1d 0 3d 0 28d

K 26.5 12 23 33.9 42,6  47.3

1.2 BE&iEIt
FE T A SCHER PR B R 0 S A b 5 0
MOBHEMERC A LG . KB LU 1L 2 Ry 0.3, B AR R £5 7K 8
B 700 kg/m’, BE K SR ORLAG =T R
BEYN 100 kg/m’, AEBBEN 1 000 kg/m’,
WK F B RN 8 ke/m®. DL LR FEER A R K
filt o 43 548 A1 5 Sk 0% 98 1 B2 ik 39 98 M B2 Tk 7 42
A BEER B 0.04%6,0.08%,0.12% ,0.16 % (4
O o BRI B A it L3k 3.
3 THEERMBRBESL

Table 3 Test mix proportion of grouting materials for mine

JEE e R R (kg » m ) 281 i 51

RS KR EEIK MR OBTER GRS BREEOKS B/
1 700 100 100 100 1 000 8 0.00
2 700 100 100 100 1 000 8 0.04
3 700 100 100 100 1 000 8 0.08
4 700 100 100 100 1 000 8 0.12
5 700 100 100 100 1 000 8 0.16
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Fig.1 Test procedure for rheological properties
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Fig.2 The outflow time of grouting material with

different plastic expansion agent contents



138 g B R 5 A

2025,45(12)

2.2 EEE R BRI 3 E R A Y O M RE R M

U T R )00 35 RT LAY R AR 1 A R B0 E K
FL 4 R BRI 2 R TR LT b B3 T8 &
2% o B — B HE ST (5 00X T 7 S8 | I A Ml R AR R
FORHE TARYERE . O i 1 A 298 1 2 I 50 0 1 S 4
BT AEYEREAY S R R SCR HI AL = T BT I

A [ S8 1 2 K R0 45 T T SRR A8 A g A [5]
3 B 3Ca) FIEL 3Ch) 73331 by AN [ 8 4 Ji Ji 77 42
NSRRI UI I R R A R M2, A 3
Ca) AR CESRBARE BT UI I T 5 59 U AR B A B B4R
PEIC A BT UINE 7 Bl Y D) R R g k. A 3
() a0, FUE AR 0 THE 20 s ' IF IR R ER
WL b 2 TR AEK L 4 252 92 TH B9 D) R R SRR R AR
e TAEE . 15— BT VI R T, 3K AR 57 1) iz
3 0 UL 2 47 Bt 8 A N K R 45 4 38 i R B
VAP R K B R AR 0.08 %6 LA Y IR, 34 1) B D) R
3R LG B U] R B 2 8T U] RO 100 s
W, BB 0.08 0 YT RL BT DTN )1 24.26 Pa,
M FEHEAL AR T 14.43% . MM K 45 & &
T 0.08 V0 I B 5 1) A A 3G, SRR B 85 U 8 )
P12 WL 286 T2 (0K 3R 4 1M 5 249 A7 T i 555

[——0
30T e 0.04% -
—a—0.08% e
—v—0.12% o A
——0.16% o )»"; Sy
< 20 vy
& -/"’::(. P/
43' ,I’r- o’ A{/’e’v:"‘
= e
R - oo® -0“"’—@*"«
®R 10} el .Q:Q-”‘ Pod
i erd oot et
i
0 1 1 1 1 1
0 20 40 60 ) 100
WH /s
(a) BYIRS
4 H —=—0
—o—0.04%
—a—0.08%
~ —v—0.12%
| —+—0.16%
&
27
s
=
® 1
O 1 1 1 1 1 1
0 20 40 60 80 100
BE s
(b) FURE

3 AEEEEKASETERMIRE 4
Fig.3 Rheological properties of grouting materials

with different plastic expansion agent contents

Bingham A&7 (0L (1)) 2 By A ) 2

(4 i A2 LB AR A
=1, T py (D

Krfae BITUINE T, Pas oo N JE IR T, Pas e 9 38
PERERE JPa« s;7 HETUIE R, s ',

A 1 Bingham i 22 8 AL X 36 R 5 )
N7 g it 2 BEAT 1L A5 380 e Al 07 g R R PR ARG R A
B AESEGERINEG R R YK T 0.96. 545
BRI, ASE IR R A5 1T T SR Y i R
JIFNIBYEREFE WAL 4,

7

N —o— JRREL N

o S —o— gy 102
il 1020 @

[=]
Do
Do

Ut

JE RS T /Pa

) ~
/0
=
>

AMERERE/ (Pa-s)

Py — ' : : —10.14
0 004 008 012 0.6
b7 Silke s -l
B4 FAEZEEBKFSET TR
JERREL AN R

Fig.4 Yield stress and plastic viscosity of grouting materials

with different plastic expansion agent contents
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Fig.5 Mechanical properties of grouting materials with different plastic expansion agent contents
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Fig.6 Volume deformation of grouting materials with different plastic expansion agent contents
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Table 4 Pore structure parameters of hardened

paste of grouting material at 3 d age with

different plastic expansion agent contents
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0.04 0.152 2 14.171 42.95 23.521 1
0.08 0.158 8 15.435 41.15 24.096 4
0.12 0.169 1 14.332 47.19 26.220 3
0.16 0.209 5 17.712 47.32 29.389 4
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Fig.7 Pore size distribution curves of grouting materials

with different plastic expansion agent contents
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Fig.8 Pore size distribution ratios of grouting materials

with different plastic expansion agent contents
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Fig.9 Microstructure of hardened paste at 3 days of hydration of grouting materials with different plastic expansion agent contents
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