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pRERN L, f. B BUE R, CL NPT, Ry o W IR G Sy 1S s/ NVRERE [R] 11
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Table 1 Basic parameters of coal samples

Mass fraction/%

No. /(grem™) f/MPa Cy/(km's™) R,. /% Volatil
© Pl ) S /e ) O’ 70 Ash olattie Fixed carbon Exinite Vitrinite Inertinite

component
C, 1.423 17.29 1.381
P, 1.461 15.13 1.852 3.32 5.62 6.05 83.98 1 98 1
Xo 1.422 11.65 1.653

(a) .Pi-cture of the coal sample (b) Size of the coal sample
B SRR R R
Fig. 1 Picture and size of the coal sample
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(1)SHPB nefiSe5. M ASHFFRIZBSFFA 3 IR0 SHPB il 525 48, FF 74 50 mm,
AFFA 2 400 mm, B GHAT K 1200 mm, AT £ 4 B BIRE, 25180 7 800 kg/m?, #EIEE S 5 190 m/s,
SRR 210 GPao MR vl gl O 3 38) BE IR B sl LA , 25 R i O 6 AR ) 2 28O O,
FE T UE p 48518 0,10, 0.15, 0.20, 0.30 F1 0.50 MPa, ) AT g BTk 2% 4+ K TRE2# B 19 SHPB il
IR GEBEAT vl INESE B . B, PR T AT BT A LA, R IR 5 R DL 2
FENSEFE 5 38 ST 2Z 005 FUR, 8 R 1 em x 1 em MHTEETE FORE IV 28 A0 FF 52 3 13— i, #4 IROR
8 iy R IR B 7 S o AT fn, REETR T, RAF R
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(2)BRUFE I TR AL B o SR T PR AIE p i T 5 e SR 552 56 TG R ¥ 20 S5 36 5040 1 w6 Bl i, S 36 R it 2
R F s 17 [RAT: A e ity 2 B 30 %) BRE AR, s S B0 R A HE T4, 7E 110 °C 454 NIRRT 8 h LIS
AT LA e ) 2 %

()RR o ¥ 3 g ZE 47 4~ 6 mm W BEITORE B BZ I b, 3l 5025 DL 8 B2 K T2 AR R 3 2dF
TR S50, I R S 30 45 U K I B T B A i FE G R AT i R S50, SR 45 5 FR R A3 AT 31 SR 4
P o R ARACR FH 25 [ 22 e AN 228 7] Autopre IV 9520 94 [ ) JE R A, TAEE ST 0.1~60 000.0 psi
(1 psi=0.006 895 MPa), il % FLAZVE I 3 nm~1 100 pm.,

(ORI AL . # 3 g 7247 60~80 H MMM B 8 h J& A 23 B 3 i 47 0% I V0 280 82 A 52 365
I IRV Ay 26 [ 22 v AN &% 28 7] TriStar 11 3020 284> [ Bl b 2 i A5 L BEE 4 B4, 0 2 FLAR YR L
0.35~500 nm.

ARSI 1 FLAE K] 43 % ) Hodot Y+ 281 31 23120, BRASAL . ZNFL L AL KL B 9 FLARAR T R /N
F 10 nm, A+ F 10~100 nm Z [&] . A+ F 100~ 1 000 nm Z [f1] , KT 1000 nm,

Preparation of coal samples

l 14—\

Determination of basic parameters of v Y
coal samples High-pressure Low SHPB
temperature impact
¢ ¢ ¢ mercury .. .
. . liquid loading
. R intrusion test . i
. Determination Basic nitrogen test | : test
Industrial . . . :
. of microscopic mechanical
analysis
components parameters

v

Discuss the influence law of impact load on microscopic
pore structure of high-rank coal based on fractal theory

K2 SeRis

Fig. 2 Experimental scheme
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Table 2 Impact test data

Direction p/MPa  p/MPa  No. Size/mm x mm D, Dy R Dy Dy R d d
YC, 2.99 0.97 2.75 0.95
0 0 YC, 299 298 099 278 278 0.96
YC, 2.95 0.98 281 0.98
(o} 249.75 x 50.33 2.85 0.95 231 0.95 0.14
0.10 2846 G, 249.33 x 49.89 292 285 096 221 223 093 0.16 0.14
C, @49.34 x 50.42 2.79 0.95 2.17 0.96 0.12
C, @49.42 x 49.57 2.73 0.99 2.19 0.95 0.18
0.15 3259 G @49.66 x 49.93 278 273 097 223 219 096 0.2 0.16
Vertical C, 249.42 x 50.84 2.69 0.94 2.15 0.95 0.18
bedding C, 49.39 x 49.93 2.63 2.05 0.96 0.18
020 4143 G 249.42 x 49.76 271 268 098 221 213 097 0.17 0.17
C, 249.45 x 50.28 2.69 0.99 2.13 0.98 0.15
Cy @49.52 x 50.47 2.56 0.99 2.05 0.99 0.17
0.30 51.80 C, 249.36 x 49.78 264 251 096 2.09 205 096 0.19 0.19
C, 4927 x 50.27 2.34 0.94 2.01 0.96 022
Cy, 249.38 x 50.47 2.74 0.92 2.11 0.92 0.33
0.50 5870 Cy, 249.45 x 50.21 279 273 094 217 212 093 057 0.44
Cis @49.49 x 49.44 2.67 0.95 2.07 0.98 0.42
YP, 2.84 0.99 2.89 0.95
0 0 YP, 291 2.87 096 2.86 286 0.94
YP, 2.87 0.97 283 0.96
P, 249.29 x 50.11 2.57 0.99 2.03 0.98 0.13
Parallel
bedding 0.10 2846 P, 249.36 x 50.37 2.65 2.57 098 2.05 203 095 0.1 0.3
P, @49.47 x 49.88 2.50 0.99 2.02 0.96 0.15
P, 24931 x 49.32 2.58 0.97 2.15 1.00 031
0.15 3259 P 249.33 x 50.28 261 258 098 219 215 095 022 025
P, 249.31 x 49.16 2.56 0.95 2.11 0.97 022
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xR2 (&)
Table 2 (Continued)
Direction p/MPa  p,/MPa No. Size/mm x mm Dy Dy R? Dy Dy R2 d d
P, 249.33 x 50.33 2.64 0.92 2.20 0.95 0.18
0.20 41.43 P, 249.60 x 49.85 268 264 093 214 219 096 022 0.28
P, 249.31 x 50.11 2.61 095 2.24 0.98 0.44
P, 249.31 x 50.40 2.81 0.94 2.21 0.95 0.37
t})):zilifgl 0.30 51.80 P, 249.05 x 49.87 2.85 281 095 216 2.18 097 030 0.34
P,, 249.42 x 49.87 2.78 0.94 2.18 0.96 0.35
Py 249.40 x 49.93 2.89 095 2.82 0.97 0.54
0.50 58.70 P 249.62 x 49.96 281 281 099 273 273 096 049 0.50
Py 249.32 x 49.79 2.73 095 2.63 0.96 0.47
YX, 2.81 0.94 2.77 0.95
0 0 YX, 2.85 281 095 271 278 095
YX, 2.78 097 2.85 0.96
X, 249.49 x 50.03 2.75 0.99 2.38 0.97 0.17
0.10 28.46 X, 249.27 x 49.63 2.81 275 098 228 238 095 0.19 0.16
X, 249.31 x 49.30 2.68 0.97 2.47 0.96 0.12
Xy 249.24 x 49.93 2.67 0.99 2.39 0.98 0.29
0.15 32.59 X 249.27 x 49.33 2775 265 095 231 231 096 0.21 0.24
45° oblique X, @49.27 x 49.82 2.54 098 223 0.95 0.22
bedding X, @49.25 x 49.90 2.76 0.95 2.08 0.94 0.20
0.20 41.43 X 249.60 x 49.38 271 270 092 217 212 092 021 022
X, 249.29 x 49.05 2.64 0.93 2.12 0.93 0.25
Xio 249.40 x 50.28 2.47 0.98 2.01 0.93 0.21
0.30 51.80 X 249.38 x 50.88 261 255 096 2.07 206 092 0.17 0.18
X2 249.71 x 50.02 2.58 0.97 2.11 0.95 0.16
Xis 249.66 x 50.44 2.79 0.98 2.26 0.96 0.63
0.50 58.70 X4 249.73 x 49.91 275 273 097 231 228 094 0.72 0.71
Xis 249.46 x 50.05 2.64 0.96 2.28 0.93 0.78

22 SEEXRER

1o % 512 56 2 W) e o LB 2 A0 i B 3k, LA T 908 T GBS, T A DAL B AL
A LB 454 Washburn J5 72, Il il Menger 4 3 JE BEIE Y T DLSE 5 R A 1A AL B % MRS 12 A KL
DUIFE B2, DTG ST JREAA AL BT Ay W RS L i B 9B T S 8. A Menger A58 B4 Sy s 73 S 6 B 4 1) 43 TE AR A
B8 FEOR SRR T AT BRI 4R THR AR

D = [In(dV,/dpy) — Ina]/Inpy + 4 (5)

K py WHERIE ST, MPa; V, BIEH) p /ERIT BYHER &, cm’s LA In (dV,/dpyy) Fl In py, B FEAECRREE K,
W 73 IE 4E %L D=K+4.
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R FHAF IR B 53 3 b — FR AN 225 B AR B AR X 07, s 4 R 2 W B 53 52 B — R 4B A5 T i AR X s )
(o m] Z 25 3 J) AT TH, AT A5 21 2 FLW SR O L R 2 80y S 96 07 ¥ o AR W &8s 7T BASR
FHH AU A [m] s far 88 . AN [R) 5 [l A 1) 232 4 4502

FHH 58 (4 70 JE 40+ 5 56 T LU T A5

In(V/Vy) =n+Aln[In(py/p)] (6)

L. VONSEAGE S p W SRR AR, em?®; Vo By T )2 W BRI SAR TR FR, em®; p o SE 4T K 77, MPa;
PO ML RIE LR, MPas A AP EUI 2R A 34 3: )y 650 SBAED = 3+ A,
24 DEBEHES SR
241 DHHEHIGE

R 48 s i 92 30 R AV Tk v 20 S5 6 1) Ul A, 255 =X (1) L 20(2) T RAAS A [) D 1) . A [ v o i 286
YER T B0 B e 8 (O TR RO/ N L3R 2) ol 5 2 B S LAR/ N T EAE T 100 nm B, 36 R R 52
50 KB 19 73 T RO AE 2~ 3 2Z 0] 1724 FLAR R T 505 T 100 nm I, 9 260 552 56 0 3 A5 40 1) 40
AERBATE 2~3 Z 0. ARFEAHCHTFE ., DL BB A BA 8 B 33X n] B85 P AR 7 125 A9 00 3t 2
A, R IR AR R A B PR AT AL S 80K, 2 A LB B BN, T T BRI R RO, AR
KGRI 2B AFLBR A5 H, R, HoR Xt LR /N Tl 55 T 100 nm (9 FLBR S 800 S A HER . iR IR
VL 201 0 L I R O SR e, AR A L W B R A R R R AL R 28, %07 X LR R TS T
100 nm F9FL B Z B0 A AERR Y BT R 2 Hgeit 1A T ok S B . fLA2 KT 100 nm fLER 1Y
G TE 4B B T A LB s . fLAR /DT 100 nm FLIR Y 23 T8 4E 80 Ol 1 ORIEEE 19 A R0 ge 138 3, B
TR BB E XS S5 R 5, 2% 2 vh T A Bl R S5 25 T 4 DN REAREBIE 19 P 918D o AR4IE Yao S50,
R AECIR IR R, R AL AR KT 100 nm B FLBRFR 9B i £L, L4/ T 100 nm A9 FLBEAR A W R £L .

ANTR) T ) MY 5308 AE 0L i 4R A X L an 1] 3~ 11 8 i, AH G R AE 0.90 LI L, LG RCR K
b, Bl TR, £ B

0r 0~
*
| ]
-1k -1 = _ o
~2F ~ 2
= o)
g £
= = ap=0 _ y=1.126x-2.697
5 o . \=28.46 MPa —— y=1.433x-3.008
A rapT2840MPa 11512727 Yoe e, Ot —4 ':ZL=32459 MPa —;=—1.424;—3.434
:iiﬁfg mg: _ J;:}ﬁgﬁggg i"'Q"i_n_:i..i w4143 MPa — y=1.357x-3.149 -
—5 Lep-SI80MPa  y—1435c-3.169 v —§ L enTI M T e A
4p=S870MPa  y=-1256v-359 . . 4p=S8T0MPa —)=11862.766 . .
-20 -15 -10 05 0 0.5h 1.0 -20 -15 -10 -05 0 0.5 1.0
In py In py
K3 2 E R E IR AL R X L 4 EATREDS A2 TRAL AR BN L
Fig.3 Fractal dimension of the seepage hole in Fig. 4 Fractal dimension of the seepage hole in
the vertical bedding direction the parallel bedding direction

MY TE Ge 3 B0 vT 0 3 B2 B B AL TR 4RO T 2.51~2.98 Z 8], SE3ME S 2.75, fie/)h
{H 2.51 XF R A o o for 2% R 51.80 MPa, i 67 20 JE 48 B50d5 K5 - 47 )2 By 7198 i LW 43 TE 4 50N+
2.57~2.87 Z[8], F-3E R 2.71, e/ IME X R v o w7 2808 28.46 MPa, o 5T 20 T8 2 £ K B A8 J2 B
J7 T8 TR AL 0 TE AE R T 2.55~2.81 Z ], “F-XME R 2.70, S/ MBI 9 vhidi far 264 51.80 MPa, #iidy
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i3 T 4B R e o 3 d WY vl i JC AR AR 8 T AL Y 0 TR AR B, FLBRZE A0 52 2%, FLIB P 38 3 T AL R
FLEEEERH J1 KRBT, AR T LB 518 8 5 i Ja 20 I8 4e B4 /N T i i, 158 W el o s 17 LB
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ST ¥ '
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ap=3259MPa—y—1333r3263 F ¥ Ryg¥ 31 4 p=3259 MPa — y=—0.810x-2.220
v p=41.43 MPa ——)=—1291x-3.562 §4y ¥ p=41.43 MPa —— ——0.867x-1.785
_5 | ep=S180MPa y=1421x-3325 ** 4| # pSI80MPa — =0954-2.126 *
4p=870 MPa —y—1250:-2.649 . . < p=S8TOMPa e y=—0.890r-1.847 . .
-20 -15 -1.0 -05 0 0.5 1.0 —4 -3 -2 -1 0 1 2
In py, In[In(py/p)]
5 RECEBIT B RAL L 4ER X H Bl6 I EZ BT 1 R LT LER A Lt
Fig. 5 Fractal dimension of the seepage hole in Fig. 6 Fractal dimension of the adsorption hole in
the oblique bedding direction the vertical bedding direction
2+
A 1k
b .
1 = R " esagy
& ? _‘_\ . - l“l..lll“_. - 0+
0r * ~ i-hl**ﬂ“
_ i Y M S )
S *Rg = < 5
N e, s,
E o8 E -
21 ap=0 —=0.138x-0.725 =0 oo w1
op=2846 MPa  ——y=—0973x-2.126 ¥4 v 3 ep=2846MPa —— y=0.620x-0.973 O,
3| 4p=3259MPa 1=—0.847x-1.300 ap=3259MPa —— y=—0.690x—1284 L g B
¥p—41.43MPa  ——)=—0.805x-1.350 + Y —4 | ¥ p=4143 MPa =0.880x—2.086
#p=51.80 MPa 1=—0.816x-2.206 B #p=51.80MPa  —— —0935r-2.684 h
4 ap=58.70MPa —y=-0.267x-0.060 4p=5870MPa —— y=0.721x-1.055
1 1 1 1 1 1 J 75 1 1 1 1 1 1 J
-4 -3 -2 -1 0 1 2 -5 —4 -3 -2 -1 0 1 2
In[In(py/p)] In[ln(py/p)]
K7 PATIZBDT 1) W B AL AE R X0 L B8 BSSZ BT 1 WL T AERL X H
Fig. 7 Fractal dimension of the adsorption hole in Fig. 8 Fractal dimension of the adsorption hole in
the parallel bedding direction the oblique bedding direction

W BRE L 43 T8 24 A AE DA R e 2 B2 387 1) W B L 3 T8 4R B T 2.05~2.78 Z1H], F- 34 {H
2.25, fie/IMA 2.05 XF R A9 vk e 2k 51.80 MPa, it far 25 A FH T 30 T8 48 5500 s P47 )2 B 7 1) W B L 43
R T 2.03~2.86 Z (8], “V-I4{H N 2.36, iifi i £ 28.46 MPa I} 73 JE AE 4l e/ )N, s 1if 400 4 45 A
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Fractal Study on Influence of Impact Load on Microscopic Pore of Anthracite
WANG Yixian'?, LIANG Weimin'

(1. School of Civil Engineering, Henan Polytechnic University, Jiaozuo 454000, Henan, China;
2. Henan Technical College of Construction, Zhengzhou 450064, Henan, China)

Abstract: In order to reveal the influence of impact loading on the microscopic pore structure of anthracite,
the shock and stress waves of the impact stress in different attenuation processes were simulated by using the
split Hopkinson pressure bar (SHPB) impact loading system, and the fractal characteristics of the pore
structures of anthracite in different directions of Zhaogu No.2 Mine (vertical, parallel and 45° oblique to the
bedding direction) were studied by using the fractal theory based on the test data of mercury intrusion and
low-temperature liquid nitrogen before and after impacting. The results show that for the seepage hole, the
impact loading increases the gas seepage and migration velocity. For the adsorption hole, the impact loading
reduces the adsorption capacity of the adsorption hole, which promotes the desorption of gas. Fractal
dimension has obvious impact directionality, and the fractal dimension of the adsorption hole is obviously
smaller than that of the seepage hole; the optimal impact loadings of anthracite in different directions are
different. The optimal loading in the vertical bedding direction and the oblique bedding direction is 51.80 MPa,
and the optimal impact loading in the parallel bedding direction is 28.46 MPa. The research results can
provide support for the discussion of the mechanism of impact loading to promote gas drainage.

Keywords: impact loading; anthracite; fractal theory; microscopic pore; the mercury injection; low
temperature liquid nitrogen
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