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Micropore structure of outburst coal seam in Guizhou Area and its effect on gas flow
LI Xijian"** ,XUE Haiteng'>*,CHEN Liuyu®*,SHEN Zhonghui’, XU Mingzhi'*>*,XU Shiqing'
(1.Mining College, Guizhou University, Guiyang 550025, China; 2. Engineering Center for Safe Mining Technology Under Complex
Geologic Condition ,Guiyang 550025, China;3.Institute of Gas Disaster Prevention and Coalbed Methane Development of Guizhou
University, Guiyang 550025, China; 4.State Key Laboratory for the Coal Mine Disaster Dynamics and Control, Chongqing University ,
Chongqing 400044, China;5.State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing University, Chongging 400044 )

Abstract: The gas flow law of coal seam is closely related to the pore structure of coal. In order to reveal the microscopic pore structure
characteristics of outburst coal seams in Guizhou and its effect on gas flow, six outburst coal seams in typical mines in Guizhou area were
taken as the research objects, and the adsorption capacity of six coal samples was tested by the high pressure capacity method. At the same
time, according to the high—pressure mercury test, the fractal dimension of the coal sample was obtained by the fractal method, and the
fractal characteristics of the microscopic pore structure of the coal and its relationship with the coal material composition were analyzed. On
this basis, the law of gas flow in multi—scale pores was discussed, and the effect of adsorption on gas flow was analyzed. The results show
that Guizhou outburst coal seams are dominated by micropores, which are the main contributors to the specific surface area and pore vol-
ume. The micropore fractal dimension D, , small pore fractal dimension D, and mesopore fractal dimension D, of the same coal sample in-
crease sequentially, and the fractal characteristics are obvious. D, and the integrated fractal dimension D, are negatively correlated with
moisture, the volatile matter is negatively correlated with D, and D, , and the ash content is negatively correlated with D;. The gas diffu-
sion mode in outburst coal is mainly Knudsen type and transition type. In the Knudsen diffusion zone and transition diffusion zone, the per-

meability is less affected by temperature and pressure; in the Fick diffusion zone, under the same Knudsen number (K,) and tempera-
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ture, the permeability decreases with increasing pressure and decreases with increasing temperature. The higher the pressure, the smaller

the pore size, and the more the permeability is affected by adsorption.

Key words : outburst coal seam; gas adsorption; pore structure; coal seam permeability; coal seam fractal dimension
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Table 1 Basic parameters of samples

ke M,/ % A/ % Vau/ % MR/ (g em™) B/ (g em™) TLBRE/ %
SRR 0.98 7.65 10.81 1.36 1.43 4.90
NI 2.50 11.12 6.32 1.44 1.53 5.88
FAC IR 0.77 7.18 6.14 1.41 1.47 4.08
RIEIERE 0.83 14.70 15.44 1.40 1.42 1.41
/N ARERE: 1.66 12.86 6.59 1.48 1.57 5.73
IR 2.18 10.06 7.14 1.43 1.51 5.30

1.2 ZRBEHMAEEERRIEAR
A HCA 5y e 25 it 325 BU BT WG o 2he 7 4% R
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Fig.1 Isothermal adsorption curves of
different coal samples
22 BEERAEER
# 3 AR R AR, th3k 3 A, 6 LK

*x2 BEFEERHTRMHIELER
Table 2 High—pressure capacity method gas

adsorption experiment results

it V,./MPa P,/MPa HCZE K R
SR 36.5 0.898 0.994 0
IR 38.5 0.839 0.997 6

EnElIpceiy 32.6 0.608 0.999 2
REB 28.0 1.234 0.990 5
AN 34.8 0.951 0.992 7
H IR 31.0 0.766 0.998 5

FERIFLAAARTL K 0.146 8 ~0.228 9 mlL/g, [t 2% i X
4 15.434~18.895 m*/g, F-HFLAE N 33.4~51.4 nm,
o IR LR AR K, LR LA AR
R, (H AR A ) L A28 B 1 bl 2 1w AR Lok
F,6 HIREMAL (<10 nm) A9 HE R AR A R
1 AL 9 99.1% ~ 99.8% , /NFL A H LAY 5 0.11% ~
0.80%, BARFANIERILIRSE2E BB (A5 5
FEAR TR FLAR B L R AR (5 LU ARl 1] 2 iy A g
RoR I, & 2 AT 7R /INE I BB (0~ 0.7
MPa) , #F oK 28 | e KRRy 12.92% , 4
WX T B, BB AR e B Be FLBR LA RAL o F. &
J1750.70 ~68.95 MPa ], fF8K & ) &K, i ok & 5%
18, B RGR M A Sk 13.89% , 15 BH 7 I B B LA /)N
fLopflyFE , aE&EbE KR, HESKT 68.95
MPa I, 3 i & 1 3G K, & K ok i EE Dl
16.39% , Ut I BE R i FLAR R 5 Lt K, i A JE
RO R OR R 22 b i e SRR R R TR
R T IIERE B A L 2 TP LA /DN, LI 3%
PR 25, ANH T BB HOR B i, F i 4 B B 58
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Table 3 Test results of high—pressure mercury intrusion experiment

FHALBT A LR TS L%

HAE LEV/(mL-g™') WREMS/ (m? - g') PR d/nm
<10 nm 10~100 nm >100 nm
SRR 0.153 7 15.824 38.8 99.8 0.19 0.01
BT 0.228 9 18.260 50.1 99.8 0.11 0.09
FgE LLAERE 0.163 9 18.441 35.6 99.6 0.30 0.10
KRR 0.146 8 17.606 33.4 99.8 0.19 0.01
AN R 0.198 2 15.434 51.4 99.1 0.82 0.08
GRS 0.206 5 18.895 43.7 99.1 0.88 0.02
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Fig.2 Mercury feeding and withdrawal curves of coal samples
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Table 4 Fractal dimension calculation results

e fLER2:42/ nm BhE A VapiZ:i %14 R? FLBRAAR 5 /% LA MIWYER D,
<10 -0.010 91 2.989 09 0.93 87.70
) 10<r< 100 -0.001 59 2.998 41 0.94 10.90
SRR 2.990 210
100<r<1 000 -0.001 56 2.998 44 0.97 1.04
r>1 000 -0.010 91 2.989 09 0.69 0.36
<10 -0.015 54 2.984 46 0.91 87.30
. 10<r< 100 -0.001 42 2.998 58 0.89 11.50
IR ' 2.959 973
100<r<1 000 -0.001 06 2.998 94 0.88 1.01
r>1 000 -0.057 55 2.942 45 0.60 0.19
r<10 -0.001 24 2.986 80 0.94 91.70
10<r<100 -0.001 73 2.998 27 0.93 7.30
Fikalipeyss 2.987 738
100<r<1 000 -0.013 20 2.998 76 0.93 0.80
r>1 000 -0.025 00 2.975 00 0.66 0.20
r<10 -0.012 39 2.987 61 0.94 89.50
) 10<r< 100 -0.002 96 2.997 04 0.99 9.60
e HAEH 2.988 598
BERH 100<r<1 000 -0.002 39 2.997 61 0.99 0.80
r>1 000 -0.020 35 2.988 02 0.66 0.10
r<10 -0.011 98 2.988 02 0.92 90.0
10<r< 100 -0.001 14 2.998 86 0.84 8.84
/NS " 2.989 098
100<r<1 000 -0.000 67 2.999 33 0.82 1.08
r>1 000 -0.035 12 2.964 88 0.69 0.08
<10 -0.013 91 2.986 09 0.91 90.10
. 10<r<100 -0.001 63 2.998 37 0.94 8.77
H IR 2.987 270
100<r<1 000 -0.001 66 2.998 34 0.95 0.98
r>1 000 -0.034 81 2.965 19 0.67 0.15

H13% 4 n 16 ZHIERE B BAL A NFL A R FL BT B
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