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Combined characterization of pore structure
in deep medium-rank coal using mercury intrusion
and liquid nitrogen adsorption methods and its pore fractal characteristics
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Abstract; To study the pore structure and fractal characteristics of deep medium-rank coal, combined characteriza-
tion using mercury intrusion and liquid nitrogen adsorption methods was conducted on coal samples from the main
coal seams in typical deep mining areas, including Shenyang Hongyang Third Mine, Kailuan Linxi Mine, Huainan
Xinji Second Mine, and Pingdingshan Pingmei Sixth Mine. Parameters such as pore size, pore volume, and specific
surface area were obtained, and the pore fractal characteristics were studied based on the Menger sponge model

and the FHH model. The results showed that: (1) Among the pore structure parameters tested with mercury intrusion
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method, the average pore size ranged from 31.10 to 34.70 nm, pore volume from 0.048 3 to 0.059 4 ml./g, and
specific surface area from 5.590 9 to 7.652 8 m>/g. The pore development in the main coal seams of typical deep
mining areas was relatively similar. The pore volume distribution was dominated by macropores, with micropores
and transition pores contributing roughly equally, and mesopores having a relatively small distribution. This indi-
cated that macropores had better connectivity and mesopores were more closed. Micropores accounted for more
than 70% of the total specific surface area, while the proportions of mesopores and macropores were minimal, indica-
ting that micropores had the strongest adsorption capacity, which was negatively affected gas management in deep
coal seams. The fractal dimensions based on the Menger sponge model ranged from 2.6 to 3.0, indicating irregular
pore shapes, complex pore structures, and generally rough pore surfaces. (2) The effective pore size tested using
liquid nitrogen adsorption method ranged from 3 to 177 nm with significant differences in total pore volume and
specific surface area among the mining areas. Pore volume distribution was dominated by transition pores and meso-
pores, with a lower distribution of micropores and no macropores. This indicated that liquid nitrogen adsorption
was effective for characterizing mesopores and transition pores but struggled to characterize macropore structures.
Moreover, the connectivity of micropores was relatively poor. The specific surface area was mainly composed of
transition pores, micropores, and mesopores, with no macropores. Among them, transition pores were mostly
dominant and had relatively strong adsorption capacity. The fractal dimensions based on the FHH model ranged
from 2.0 to 2.7, indicating a relatively simple and regular structure. (3) The differences in pore structures of
deep medium-rank coal were discussed. The pore structure parameters ( specific surface area and pore volume)
determined by mercury intrusion and liquid nitrogen adsorption methods showed a non-linear concave curve varia-
tion with increasing burial depth. The fractal dimensions derived from the Menger sponge model and the FHH
model showed a convex curve trend with increasing burial depth.

Key words: deep medium-rank coal; mercury intrusion method; liquid nitrogen adsorption method; pore size

structure ; pore fractal characteristics
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Table 1 Basic parameters of deep main coal seams in typical mining areas
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Table 2 Pore size parameters of deep main coal seams in typical mining areas ( mercury intrusion method)

WS PR/ g FLBE/ % Vi/(ml/g) S/ (m*/g)  ABUPEILAE/om  EAPETLE/nm THFLE/nm
1# 1.196 3 7.720 4 0.059 4 7.652 8 44 676.40 7.700 31.10
2 1.162 6 6.360 6 0.048 3 5.590 9 16 958.10 8.000 34.60
34 1.148 8 6.588 8 0.048 8 5.980 5 13 595.50 7.600 32.60
44 1.140 0 7.014 1 0.053 1 6.126 3 32 597.70 8.000 34.70
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Fig.1 Pore volume distribution in deep main coal seams of typical mining areas ( mercury intrusion method)
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Table 3 Calculation of pore volume distribution in deep main coal seams
of typical mining areas ( mercury intrusion method)
BRE o e STBTBALE (Vs)/(ml/g) YW BLAL A 5 1/ %
g MFLEE (V) / (mL/g)
7 v, v, v, v, ViV VoV Va/Ve o VoV
1# 0.059 4 0.010 4 0.010 3 0.002 7 0.036 0 17.51 17.31 4.57 60.61
24 0.048 3 0.007 5 0.007 9 0.004 8 0.028 0 15.61 16.45 9.93 58.00
3# 0.048 8 0.008 1 0.008 1 0.004 5 0.028 1 16.67 16.66 9.23 57.44
44 0.053 1 0.008 2 0.008 6 0.003 1 0.033 2 15.52 16.15 5.86 62.47
RV, 0V, V5 VR AL (r< 10 nm) GLEFL(10<r<100 nm) (L (100<r<1 000 nm)
KAL(>1 000 nm) FYFLEE .
*4 AR RFRBERFERILRERSGITER(EFRE)
Table 4 Calculation of specific surface area distribution
in deep main coal seams of typical mining areas ( mercury intrusion method)
R , Sr T BIERTBL(SS )/ (m*/g) SR B AR AL L %
oy BERE(S, )/ (m*/g)
&l S, s, S, S, $,/Sy  Sy/Sy  Si/Sy  S./Sy
1# 7.652 8 5.6711 1.936 3 0.041 0 0.004 4 74.10 25.30 0.54 0.06
2# 5.590 9 4.079 1 1.444 4 0.062 0 0.005 4 72.96 25.83 1.11 0.10
3# 5.980 5 4.44117 1.476 8 0.055 0 0.007 0 74.27 24.69 0.92 0.12
4# 6.126 3 4.471 9 1.607 4 0.039 2 0.007 8 73.00 26.24 0.64 0.12
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Fig.2 Specific surface area distribution in deep main coal seams of typical mining areas ( mercury intrusion method)
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Fig.3  Sponge models of deep main coal seams in typical mining areas

*5 HBFREDEREESERBESBERITER
Table 5 Calculation of fractal dimensions of Sponge model for deep main coal seams in typical mining areas
TR 5 &I WA (R FEER(K) B4R (D,)
1# y=-1.356 5x-2.042 5 0.945 8 -1.356 5 2.643 5
2# y=-1.060 9x-2.415 6 0.949 3 -1.060 9 2.939 1
3# y=-1.128 2x-2.295 1 0.964 7 -1.128 2 2.871 8
4# y=-1.214 7x-2.152 9 0.968 4 -1.2147 2.7353

ASAP2020 #l4x [ 3 bk 3R T 5 L AR 2 i A A7 I
i, 05 40~60 HEEFESS 5 ¢, 7E 100 C F HAS
524 b FEZS 12 h, SCRTEE A -196.15 C , HHXT
J£ 714 0.01~0.999,

AR A B — M6 B I 2 (181 4) 530, 25 B it
LI T RIE ARG 35, 2 B8 E PREs F by
FIAEAAIR S S bt ) 1o 24 4#)8 T HesEAL,
3#E THERUAESL, [EIrh 1#REIR RRHRE 1 A%, e K
BiHE A 1,134 8 ml/g; 2# 4#IR 2, 73 51 2560 6.,
2.043 2 mL/g;3# W B B8 77 B ik | A K, W B o R
57332 ml/g, WAGEFLAENALE R ILE 6 5% 7,
LI SHLE LR ARG WA 5 E 6,

P 6 MK 5, o WAL S PELALAE H T,
A RALEIE FE B BEAL A B FLAR RS RS K,
1A 2 1A B LARYE B T 8~ 177 nm Z[H]
TE 177 nm WEBY Be LA K, o 1.043 6 mL/mg,
ZHHLA A 1.801 3 mL/mg; 248 FEA SLFLAR TG
I F 4~150 nm Z[6], 7€ 150 nm [T By BefL & fix
K ,1K2.060 2 mL/mg, 2IFLE N 3.838 8 mL/mg;
3#IAAE A AL AEVEF A F 3~ 150 nm Z 8], 7F
150 nmBfE B BEFL AR i K, i53.314 0 mL/mg, Rt
LA N 8.199 1 mL/mg; 4R FEA S ALARIE B A T
5~153 nm Z[],7F 153 nm FHiE i BefL A ok, ik
1.697 4 mL/mg, BITLA 4 3.117 0 mL/mg, & W]
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Table 6 Calculation of pore volume distribution in deep main coal seams
of typical mining areas (liquid nitrogen method)

R ey BALE(VD/ SYBTBALA (Vs)/ (mL/mg) S B BCALA i He/ %
gig TR (al/mg) v, v, Vs V, Vi/Ve Vo/Ve Vi/Ve ViV
1# 2.794 1 1.801 3 0.003 6 0.754 1 1.043 6 0 0.20 41.86 57.94 0
2# 3.310 5 3.838 8 0.088 7 1.689 9 2.060 2 0 2.31 44.02 53.67 0
3# 2.679 4 8.199 1 1.131 2 3.753 9 3.314 0 0 13.80 45.78 40.42 0
4# 3.338 1 3.1170 0.110 8 1.308 8 1.697 4 0 3.55 41.99 54.46 0
F7 ARNFRRMBEREELFTARSGHER (REAE)
Table 7 Calculation of specific surface area distribution in deep main coal seams
of typical mining areas (liquid nitrogen adsorption method)
5 SR SRR S )/ (m*/g) 53 B LR TR L/ %
V7 S S s S/Sy Su/Sy Si/Sy Su/Sp
1 2 3 4 1 T 2 T 3 T 4 T
1# 2.794 1 0.117 7 0.001 5 0.092 6 0.023 6 0 1.27 78.67 20.05 0
2# 3.3105 0.324 5 0.048 1 0.2215 0.054 9 0 14.82 68.26 16.92 0
3# 2.679 4 1.561 4 0.882 2 0.590 5 0.088 8 0 56.49 37.82 5.69 0
4# 3.338 1 0.283 5 0.056 5 0.182 9 0.044 2 0 19.93 64.51 15.56 0

TR IR Y 25 R i L -5 R L) P e o
Pl 6 538 7, 1R B B LU R T AR 240 A

Fad AL, 76 60 nm BT By BE b 36 1w AU K
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Fig.7 Fractal calculation of FHH model for deep main coal seams in typical mining areas
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Table 8 Calculation of fractal dimensions of FHH model for deep main coal seams in typical mining areas
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