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Abstract: [Objective] The improvement of super absorbent polymer (SAP) with various mass fractions on

bulk density, porosity, capillary water migration law, and water retention of coal gangue matrix in mines has
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been investigated, and the water migration law of coal gangue matrix under the optimal usage of SAP has
been elucidated. It provides a basis for improving the water condition of coal gangue matrix in soilless
mining area, which exploits coal gangue solid waste resource utilization in mines, and provides suitable
conditions for vegetation growth. [Method] The effects of SAP with mass fractions of 0%, 0.1%, 0.2%,
0.3% and 0.4% on the water migration law of coal gangue matrix were simulated by indoor soil column test.
[Result] (1) There were physical property improvements of coal gangue matrix by containing SAP: the bulk
density decreased with higher SAP usage amount, while the total porosity and capillary porosity showed an
opposite trend. (2) SAP can significantly inhibit the rising height of coal gangue capillary water, and the
mass fraction was in the range of 0%—0.4%. With the increase in SAP dosage, the inhibition effect was
gradually enhanced. However, when the mass fraction of SAP was 0.4%, the inhibition degree of coal
gangue capillary water was not significantly different from that of 0.3%. (3) It was obtained by (least
significant difference, LSD) fitting analysis that the rising height of coal gangue capillary water increased as
a power function with the time change (P < 0.01), and the rising rate decreased as a logarithmic function
with the time change. (4) The coal gangue matrix water content with different SAP mass fractions was
dropping continuously within 72 h in indoor ventilation conditions. The moisture content of pure coal
gangue matrix (SAP mass fraction 0%) decreased the most with the moisture loss rate of 15.96%. The SAP
mass fraction of 0.3% and 0.4% showed smaller downward trends and the water loss rate was 3.90% and
3.52%, respectively, with insignificant difference. And there will be more prominent water retention
performance of SAP with a longer operating time. [Conclusion] SAP can improve the water condition of
coal gangue matrix, and within a certain range, the higher the content, the more significant the improvement
effect. Therefore, from the perspective of economy and effect, SAP with a mass fraction of 0.3% is preferred
to be applied to the coal gangue matrix in the soilless mining area to provide suitable water and gas
conditions for vegetation growth.

Key words: coal gangue; capillary water movement; super absorbent polymer; solid waste resource

utilization; water retention; porosity
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Tab. 1 Particle composition of coal gangue

Wik 43 2% Particle classification/mm

Wi H Item

1~2 05~1

0.25~0.5 0.1 ~0.25 0.075~0.1 = 0.075

JEHF A 4 L Coal gangue percentage/% 4.69 23.17

27.07 22.65 5.71 16.71
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Tab. 2 Changes of bulk density and porosity of coal gangue matrix under 5 kinds of SAP mass fraction

SAPRE ¥ A LB BEILRE TERKE
SAP mass fraction/% Bulk density/ (g-em™) Total porosity/% Capillary porosity/% Capillary water capacity/%
0 1.40a 44.00e 17.89d 12.78e
0.1 1.38b 44.80d 19.67c 14.25d
0.2 1.35¢ 46.00c 19.94¢ 14.77¢
0.3 1.33d 46.80b 20.27b 15.24b
0.4 1.30e 48.00a 20.62a 15.86a

¥ RSP AR 7B R R 2 7 R #E (P <0.05) . Note: different letters in the same column indicate significant differences (P < 0.05).
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Tab.3 Best fitting equation of rising height, rising rate and time of capillary water in coal gangue matrix under
different mass fractions of SAP
A SAPJF & 7> #f &I
Item SAP mass fraction/% Fitting equation & s
0 y=0.343 3,773 0.9190 <0.01
o 0.1 y=0.570 1£'8 0.994 5 <0.01
I;z;:ﬁght o 02 y=0317 309057 0.9827 <0.01
0.3 y=02912,° 0.980 8 <0.01
0.4 y=0.221 7/612° 0.990 7 <0.01
0 v=-0.032In¢+0.2197
0.1 v=-0.030ln¢+0.199 0
Rl—lsailr—llgirie o) 0.2 v=-0.019In¢+0.134 8
0.3 v=-0.014ln¢+0.106 4
0.4 v=—0.011ln7+0.088 1

1E: A BE /K LTI 8], min. Notes: ¢ is capillary water rising time, min.

TR 2R EE (P <0.05),
2.4 SAP JTEFAERFRKENF M

FERT A S ALK, TR 22, Ko kA b
R . TEBE K ETHRR S KRG, fF LR
WK RN 5 SR8 X, B IFG 24 h, BRI A&
b, W72 SAP KR4 5 1) Ok P RE IR 52

5 Fofr 4k B PR BT A 5 o o BN ) S, AN [R]
FE oK 33 2RI H, B FE EEA R (] 5D,
Horp Al AT A K o Bk B B, OR7K BB 70 B 225 10,
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Fig. 5 Variation characteristics of volumetric water content of coal
gangue matrix at different heights with time of five kinds of

SAP mass fraction

F AT L, BE ISR R 0, SAP 5 B Bok i 1T
FFEK T BUR R LR o

5 o kb B R A B UK S AT IS, AR B AR E X
RS FIELLME 72 h(E 6), 7] LLA A H SAP Ji
B BUERT A 5 TR KR I FR LR BRI, (E
BFRANE . Al AT A M 15.23% J> 3 12.80%,
SAP JR & HN 0.1% + 0.2%- 0.3% F1 0.4% I, JR
B 5 KE S B 15.52% 30 F 13.66% 16.44% 5
b 3| 15.49%. 16.94% ¥ /> F| 16.28% 17.62% Yk />
2] 17.00% . 48R £ FE 5T 0 & 5 K3 T B 3o
Koo IR RN 15.96% - SAP JFFE/IHCN 0.3%
55 0.4% i E KB R REEBEN, KR Z 55
N 3.90% 1 3.52%, %A, UM E bR
M, 0.4% Ji 42 BN SAP H AT B8R I (R /K 1
RE, BEWE A R HI K 2 B . B 6 AT LLE Y, 78
72h W, JRES N 0.4% BB A 5855 & 5 KR
B, Xt BER T SAP IR K PERE . BRI, BE
F SAP J5i &4 B BN 5 A TR] B A, AT A 2
()G P BB R 3 i o G SRR (3K 350 40 7K 2 A
VIBe s R 1A BOK s A R A 2 o o
SAP ¥ 2 & R TC 0T IX AR B SR A 3807 1

& 20

[}

&
ol SAP 4 ¥t
% &0 16|
& Tg SAP mass
Ig S fraction/%
E o 10
g - 0.1
= £ 02
® s gt -0

0 24 48 72 96
i 18] Time/h

6 50 SAP S HUT BT AT S KRB ] ARk
Fig. 6 Changes in the mass moisture content of coal gangue over time
under five SAP mass fractions
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