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Multiple fractal characterization of medium-high rank coal integrating mercury
intrusion porosimetry, N, and CO, adsorption experiments
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Abstract: Multifractal features of the pore structures of coal reservoirs control the transport and sustainable production of
coalbed methane (CBM), which directly determines the efficiency of CBM extraction and is of great importance for CBM
extraction. In order to investigate the multifractal characteristics of the pore structures of medium-high rank coals and their

evolutionary trends during coalification, the medium-high rank coal samples from production mines in the Qinshui coal
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field were collected to investigate the evolution of the multiple fractal characteristics of medium-high rank coals macro-
pores (> 50 nm), mesopores (2—50 nm) and micropores (< 2 nm) during coalification and their influencing factors by us-
ing multifractal theories and integrating the mercury intrusion porosimetry, low temperature nitrogen gas adsorption and
low temperature carbon dioxide adsorption experiments, respectively. The results show that the generalized dimensional
spectrum (D,—¢) and the multifractal singular spectrum (f{a)—a) of macro-, meso- and micropores of medium-high rank
coals both satisfy the multifractal characteristics, which implies that the macro-, meso- and micropores of medium-high
rank coals all exhibit multifractal behavior. Compared with macropores and mesopores, micropores have stronger non-ho-
mogeneity and lower pore connectivity exhibiting larger o and AD values and smaller H values. Coalification promotes
the aggregation of macromolecules in coal, which changes the coal reservoir type from macropores dominant reservoir and
macropores-micropores coexisting reservoir to micropores dominant reservoir, and the pore size distribution of different
scales in coal tends to be homogenized, leading to the improvement of pore structure homogeneity and pore connectivity
in medium-high rank coal reservoirs. Macropore and micropore volume fractions have positive and negative effects on
pore structure heterogeneity in their respective pore size ranges, while mesopore volume fraction is not an effective con-
straint on mesopore pore size distribution heterogeneity. The vitrinite and inertinite groups show opposite effects on the
heterogeneity of pore size distribution, with a positive correlation between V/I and H values and a negative correlation

with a,. Vitrinite-rich coals develop more micropores and thus showing stronger pore structure homogeneity and better

pore connectivity.

Key words: medium-high rank coal; coalification; multi-scale pores; multiple fractal; Qinshui coal field
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Table 1 Basic physical parameters of middle-high rank coals

A7 Ro,max/ % BRI B it/ % P AL B /% Viaat! % TALEBUI 0% ARG EU % TFLARTRS > 850 %

g 1.52 43.35 56.65 19.51 51.18 0.27 48.55
ERE 1.54 75.77 2423 18.00 50.88 0.21 4891
Mtz 1.54 50.84 49.16 22.93 40.06 1.58 58.36
=IeHRIR 1.59 86.59 13.41 16.08 59.70 0.45 39.85
KRHE 1.63 68.88 31.12 28.29 61.66 1.05 37.29
TR 1.73 68.31 31.69 16.00 45.76 0.41 53.83
Wi 1.88 82.30 17.70 29.80 62.86 0.54 36.60
FIHRIE 1.97 87.75 12.25 17.10 53.15 0.74 46.11
TR 2.04 57.05 42.95 16.77 25.59 0.56 73.85
ERE 221 77.67 22.33 21.73 10.73 0.33 88.93
2923 248 79.35 18.22 11.50 13.50 0.29 86.21
KF-1 2.51 77.88 19.47 8.84 19.64 0.44 79.92
fazi-1 2.52 80.51 12.29 9.76 27.84 0.45 71.71
fAJr-2 2.59 78.09 17.62 9.35 18.13 0.36 81.51
K2 2.59 69.74 1535 11.90 41.44 455 54.01
R 272 88.75 5.42 9.29 20.76 0.39 78.84
Ll 2.75 83.04 12.61 8.16 12.13 0.31 87.55
fAJr-3 2.78 85.53 8.77 9.59 14.76 0.42 84.82

rhR L 3.09 78.60 21.40 7.23 18.42 0.78 80.80
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Table 2 Multifractal parameters of macro, meso and micropores in middle and high rank coals
. AL AL L
H % R4 H o Rq H ag Ry

S 0.952 1.118 —0.724 0.939 1.095 -0.213 0.937 1.355 -1.046
B 0.912 1218 —0.589 0.887 1.357 —0.804 0.924 1.424 -0.825
kS 0.965 1.067 —0.490 0.934 1.149 —0.685 0.966 1.065 —0.489
ZICHEA 0.971 1.055 —0.493 0.950 1.056 0.093 0.942 1.429 -1.518
RHE 0.973 1.050 —0.475 0.923 1.152 -0.381 0.932 1.395 -0.916
L 0.974 1.047 —0.440 0.844 1.282 -0.363 0.966 1.068 —0.547
B 0.972 1.054 -0.512 0.934 1.117 —0.409 0.935 1.199 —0.863
AR 0.973 1.049 -0.458 0.939 1.113 -0.409 0.969 1.060 —0.508
TR 0.931 1.130 -0.372 0.893 1.257 —0.384 0.963 1.089 -0.671
EREY 0.987 1.023 —0.398 0.943 1.082 -0.237 0.940 1.162 -0.814
2953 0.985 1.019 -0.307 0.997 1.003 —0.020 0.968 1.066 —0.555
KAF-1 0.992 1.014 -0.337 0.996 1.004 -0.076 0.959 1.078 —0.439
fB7-1 0.992 1.016 —0.402 0.997 1.003 -0.026 0.960 1.075 —0.486
fAJr-2 0.994 1.009 —0.299 0.995 1.006 —0.098 0.962 1.080 —0.564
S ) 0.994 1.009 —0.283 0.984 1.019 —0.153 0.970 1.054 —0.448
R 0.993 1.013 -0.359 0.994 1.006 -0.039 0.945 1.302 -1.094
Lagl| 0.991 1.015 -0.371 0.996 1.005 —0.081 0.971 1.076 -0.607
fAJr-3 0.992 1.013 -0.350 0.996 1.004 -0.073 0.967 1.063 —0.476
AR AR L 0.988 1.017 -0.275 0.920 1.123 —0.250 0.954 1.111 -0.675
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