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Diffusion characteristics of CO, and CH, in CO,-ECBM process of

low permeability coal seam

LIU Junlin', LIU Huihu', ZHANG Kun', XUE Sheng’
(1.School of Earth and Environment, Anhui University of Technology, Huainan 232001 China; 2. The Energy Research Institute of the
Hefei Comprehensive National Science Center, Hefei 230031 China)

Abstract: The ability of gas diffusion is one of the key factors that determine the success or failure of CO,-ECBM. Taking the pore charac-
teristics of coal reservoirs of No. 13 Coal Seam of Liuzhuang Coal Mine and No. 7 Coal Seam of Qidong Coal Mine in the low permeabil-
ity coal bearing area of Huaihe River and Huaihe River in China as the research object, the diffusion behavior of CO, and CH, gas in the
process of CO,-ECBM was studied in order to obtain the diffusion law of CO, and CH, gas under the reservoir conditions and provide a
theoretical basis for the study of the diffusion law of the low permeability coal seam in the process of CO,-ECBM. The research results
show that the Fick type diffusion is the main type of gas diffusion, accounting for more than 50%, followed by the transitional type diffu-
sion, accounting for nearly 30%, the Knudsen type diffusion of CH, accounts for about 10%, and the Knudsen type diffusion of CO, ac-
counts for nearly 20%; When CO, and CH, gas undergo Fick type diffusion and transitional type diffusion, their diffusion coefficients have
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no obvious relationship with temperature change. At a pressure of 2 MPa, the gas diffusion coefficient in Coal 13 of Liuzhuang Mine is
about 10 m%s, and the gas diffusion coefficient in Coal 7 of Qidong Mine is above 13 m?*/s. With the increase of pressure, the diffusion
coefficients of both types begin to decrease, and the drop rate is the fastest in the pressure range of 0~5 Mpa. When the pressure reaches 20
MPa, The diffusion coefficients of the two types of gas diffusion basically tend to be stable, which is nearly 10 times smaller than that at 2
MPa; When the gas diffusion is Knudsen type, the diffusion coefficient increases by 0.2 m?/s for every 6 °C increase in temperature, show-
ing a slow linear growth; Comparing the gas diffusion coefficients of different diffusion types, CH, has more advantages than CO, in Fick
type diffusion, and CO, has more advantages in the other two diffusion types; By comparing the diffusion rate of CH, in different diffu-
sion types, the diffusion rate of CH, gas in low permeability coal is faster when Fick type or Knudsen type is used as diffusion type, and
slower when transition type is used as diffusion type; In the process of CO,-ECBM, CO, diffuses faster in micropores and small pores than
CH,, which can more effectively replace CH, in micropores and improve CH, production.

Key words: CO,; CH,; Fick type diffusion; Knudsen type diffusion; transition type diffusion; diffusion coefficient; diffusion rat
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Fig.1 Structural outline map of Liuzhuang Coal Mine*”!
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Fig.2 Structural outline map of Qidong Coal Mine™!
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Table 1 Analysis table of coal sample industry
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YER YV Yo 39.34 38.59
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Table 2 Diffusion type and its counterpart

P K,
Fick B4 K,=10
SR Y 0.1<K,<10

KnudsenZ 4/ K,<0.1

®3 BUAFRERFHTHSES FEBRE

Table 3 Simate the molecular free path of gas under differ-

ent burial depths
SRR ST A
SRR/ Y 3 i} dy/nm A/nm

#MFm  TK  p/MPa CH, co, CH, co,
-1500 321.15 15 0.461 0.611
—-1200 315.15 12 0.565 0.749
-900  309.15 9 0.380 0.330 0.739 0.980
—600 303.15 6 1.087 1.441
=300 297.15 6 1.065 1.413
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Table 4 Distribution of coal body holes in different diffusion types

P LS i /nm
TR /m Knudsen 4" fif PR FickZ4 i
CH, Co, CH, Co, CH, Co,
-1 500 0.046 0.061 0.046~4.61 0.061~6.11 4.61 6.11
~1200 0.057 0.075 0.057~5.7 0.075~7.45 5.65 7.49
-900 0.074 0.098 0.074~7.39 0.098~9.80 7.39 9.80
—600 0.108 0.144 0.108~10.87 0.144~14.42 10.87 14.42
-300 0.107 0.141 0.107~10.65 0.141~14.13 10.65 14.13
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Table 5 Table of the average free course results of the gas

molecules
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Table 6 Results of different diffusion types of CO, and CH, gas in different pore sizes
) s FLBR AR /% PIFEREOY ST %
SRS BEARE BALA (em’g ) —
MFL(<10 nm) /MFL(10~10% nm) F1FL(10*~10° nm) KFL(10°~10* nm) Fick B4 1ty %I4 8 KnudsenZUd Ht
X 0.015 34.780 38.353 10.280 16.588 52.436 30.174 17.390
Co
’ IR 0.019 36.457 37.966 10.934 14.644 50.888 30.884 18.228
X 0.015 34.780 38.353 10.280 16.588 56.697 32.869 10.434
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) EIE 0.019 36.457 37.966 10.934 14.644 55.106 33.957 10.937
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Fig.3 Change diagram of the Fick-type diffusion coefficient of CO, in the study area sample along with the pressure
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Fig.4 Change diagram of the Fick-type diffusion coefficient of CH, in the study area sample along with the pressure
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