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Measurement of methane diffusion coefficient and

analysis of its influencing factors in coal matrix
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( 1. School of Energy Resources China University of Geosciences ( Beijing) “Beijing 100083 China; 2. Coal Reservoir Laboratory of
National Engineering Research Center of Coalbed MethanéDevelopment & Utilization Beijing 100083 China;
3. China United Coalbed Methane National Engifieering Research Center Co. Lid. Beijing 100095 China)
Abstract: In order to measure the methane diffusion coefficient’accurately in the coal matrix the coal matrix flakes were used as the sam—
ples to be measured and the influencing factors ( such as gas pressure coal rank and moisture content) of the methane diffusion coeffi—
cients were also analyzed. Results showed that due to the“preservation of the intrinsic space structure of the coal matrix within the flake
samples the methane diffusion coefficients was on_the order of 107" ~10™ m*/s which were more truthful. Under the identical tempera—
ture the methane diffusion coefficient increaseswwith increasing gas pressure regardless of the water saturation and coal rank. The adsorp—
tion capacity increases when the metamorphie.degree of coal increases while the methane diffusion coefficient in coal matrixes exhibit has
a trend of first dropping and then rising with-an increase in coal rank. Moreover the increasing moisture can reduce the matrix adsorption
capacity for methane which makes it difficult to form a larger concentration gradient because the diffusion coefficients of dry samples are
higher than those of the saturated water samples and the diffusion rates of dry samples are also fast.
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Table 1 Results of vitrinite reflectance,proximate analysis,coal composition and isothermal adsorption test
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WMC 2 0.42 0.9462 3.54 12.35 19.02 51.27 76.71 4.74 1.75 16. 80 3.51 3.87
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Table 2 Results of methane diffusion coefficients at 40 °C under different gas injection pressures

PHERH/(10 " ms ™)

HEAKEH/
WMC 8 XS NG YC TA
MPa
T Wit T Wy T AT T4 S| T4 W T ndE:]
1 2.04 — 207 124 L12 095 102 0.8 145 0.5 279 186
2 3.35 — 245 185 1.83 115 229 109 1.8 107 516  3.12
3 5.11 — 309 211 258 1.9 3.8 1.8 209 157 699 3.9
4 5.81 — 3.96  2.85 3.8 237 480 258 2,80 242 9.07 617
5 6.92 480 3.46 647 298 648 326  3.56 357 1190  7.29
6 9.32 527 432 7.93 397 7.63  3.63 48 3.8 1550  9.17
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) ) ) ) Fig. 3+, Diffusion coefficients in matrix at different gas pressures
Fig. 2 Differential pressure—time curve of NG wet sample

under injection pressure of 5 MPa ( D=3. 26x107" mz/s) 19 . A
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Table 3 Mean free paths and corresponding pore size ranges of different diffusion

types in coal matrix under different equilibrium pressures at 40 °C

ARYEEEM A FLARYE Bl/nm

VK J)/MPa B HFEA/mm - ——
Fick B4 H( (d=10) ) TR (104> d >0. 1) Kundsen 4 H( d<0. 1A)
1 6.73 =67.3 0.67~67.3 <0.67
2 3.37 =337 0.34~33.7 <0.34
3 2.24 =224 0.22~22.4 <0.22
4 1.68 =16.8 0.17~16.8 <0.17
5 1.35 =13.5 0.14~13.5 =0.13
6 1.12 =11.2 0.11~11.2 <0.11
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Fig. 4  Diffusion coefficients in matrix of different rank coals under different pressures
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Fig. 5 Diffusion coefficients in matrix of dry and water saturated coals
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