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Abstract

The difference in methane adsorption phase density is a key influencing factor for methane adsorp-
tion capacity in coal. Taking the coal from the Huainan and Huaibei area as an example, this paper
carried out high-pressure isothermal adsorption experiments of methane in coal, calculated and
discussed the differences in methane adsorption phase density under different conditions by using
the intercept method. Combined with mercury intrusion porosimetry and low-temperature nitro-
gen adsorption experiments, the pore structure of coal was analyzed, and the controlling factors of
methane adsorption phase density were discussed. The research results show that the absolute ad-
sorption capacity and adsorption phase density of methane increase rapidly within the pressure
range of 0~5 MPa; when the pressure is from 5 MPa to the inflection point pressure of adout 11 MPa,
the growth rate of methane adsorption capacity and adsorption phase density slows down; when
the pressure exceeds the inflection point pressure, the excess adsorption capacity decreases with
the increase of pressure, and the adsorption phase density reaches the peak at the inflection point
pressure, then decreases with the increase of pressure and finally tends to be stable. With the in-
crease of temperature, the adsorption capacity of methane in pores of coal weakens, and the ad-
sorption phase density of methane in coal shows a downward trend. In the pore size ranges of 0~10
nm and 10~100 nm, the methane adsorption phase density is negatively correlated with the pore
volume and specific surface area; in the pore size ranges of 100~1000 nm and greater than 1000
nm, the methane adsorption phase density is positively correlated with the pore volume and spe-
cific surface area. The methane adsorption phase density is positively correlated with the total pore
volume and negatively correlated with the total specific surface area, revealing that the methane
adsorption in coal is dominated by micropore filling.
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Table 1. Basic physical property parameters of coal samples

=1 REERYESH

TS WS Ad (%) Mad (%) Vdat (%) Ro, max (%) SEEHRE(C)

XJ 3 4.70 1.36 34.03 0.71 48

LL 10 7.63 1.02 35.08 0.72 42

QN 3-2 21.76 1.59 36.21 0.88
XT-1 7-2 21.16 1.32 34.73 0.84 42
XT-2 3-2 12.41 1.02 34.71 0.90 48
XT-3 7-2 10.73 0.88 31.80 0.96 48

TY 10 43.12 1.62 / 0.73 48

YD 10 21.77 1.06 30.58 0.92 48
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Figure 1. The variation of methane adsorption parameters in coal. (a) The variation of methane excess adsorption capacity
with pressure; (b) The variation of methane excess adsorption capacity with free-phase density; (c) The variation of adsorption
phase density with pressure
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Figure 2. Curve charts of adsorption data relationships for various coal samples. (a) Curve chart of free phase density-excess
adsorption amount relationship; (b) Curve chart of adsorption phase density relationship of coal samples at different tempera-

tures
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Table 2. Pore structure parameters of coal samples from mercury intrusion porosimetry (MIP) experiments

2. RSN TREMNILIREGHSH

0~10 nm 10~100 nm 100~1000 nm >1000 nm JEvill

BH
XJ XT-2 XJ XT-2 XJ XT-2 XJ XT-2 XJ XT-2

L 0.0081  0.0080 0.0092 0.0086 0.0015 0.0034 0.0095 0.0110 0.0283 0.0310

i3
LhRmAR  4.6374  4.5978  1.7615 1.6145 0.0227 0.0417 0.0030 0.0039 6.4246  6.4049

Table 3. Pore structure parameters of coal samples under low-temperature nitrogen adsorption conditions

3. RBRBFH TRENFLERSSH

0~10 nm 10~100 nm 100~1000 nm JSy il

e
XJ XT-2 XJ XT-2 XJ XT-2 XJ XT-2

L& 0.0001 0.0001 0.0004  0.0005  0.0001 0.0001 0.0004  0.0005  0.0007
RERE
FEERMA  0.0861 0.0819  0.0478  0.0763  0.0861 0.0819  0.0478  0.0763  0.1630

e FLA, mL/g: R, m¥Yg.

I 3(a) AT LAS M S 7E 0~10 nm AT 10~100 nm Y85 FE Y, BT8R IERE(XD) ALK TR I RE (X T-
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Figure 3. Relationship between pore volume, specific surface area from mercury intrusion porosimetry and adsorption phase
density. (a) Relationship between different pore volumes from mercury intrusion porosimetry and adsorption phase density;
(b) Relationship between different specific surface areas from mercury intrusion porosimetry and adsorption phase density
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Figure 4. Relationship between pore volume, specific surface area from low-temperature nitrogen adsorption experiments and
adsorption phase densi. (a) Relationship between different pore volumes under low-temperature nitrogen adsorption and ad-
sorption phase density; (b) Relationship between different specific surface areas under low-temperature nitrogen adsorption
and adsorption phase density
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