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Experimental study of influence of effective stress on
coal adsorption performance
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Abstract: In order to investigate the influence mechanism of effective stress on the adsorption property of coal, a series of isothermal
adsorption experiments of coal from Lu’an coal mine are designed and conducted. Combining the porosity and pore size distribution
law determined by mercury injection test and using the self-made testing apparatus, the difference of methane adsorption law are
confirmed under the different effective stress conditions. The results show that: ~ When temperature is constant, CH, adsorption
amount decreases as the effective stress increases; and the larger the gas pressure is the stronger such change tendency becomes.
The Langmuir equation constant a has a negative correlation with effective stress and the constant b has a positive correlation with
effective stress. It is related to the closure of a portion of micropores and the change of chemical potential difference. ~ According to
the fitting results of experiments, the Langmuir equation takes the influence of effective stress into account is proposed. The research
results have some reference significance to the reservoir evaluation and development of coalbed methane.
Key words: effective stress; raw coal; adsorption; Langmuir equation; critical pore size; chemical potential
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Fig.1 Sketch of testing apparatus for measuring isothermal
adsorption of coal under stress conditions

Fig.2 Photo of testing apparatus for measuring isothermal
adsorption of coal under stress conditions
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Table 1 Isothermal adsorption test data of coal under different effective stresses
oe=5 MPa o.=10 MPa 0.=15 MPa 0.=20 MPa 0.=30 MPa
P/MPa A/(mL/g) P/MPa A/(mL/g) P/MPa A/(mL/g) P/MPa A/(mL/g) P/MPa A/(mL/g)
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.67 2.26 0.79 2.01 1.20 2.13 1.20 2.21 1.47 1.64
3 2.10 4.84 2.19 4.39 3.08 3.90 3.28 3.75 3.67 2.60
4 4.03 6.61 4.18 5.85 5.22 478 5.43 4.37 5.45 3.02
5 6.05 8.42 6.10 6.81 7.20 5.15 7.36 458 7.36 3.19
6 7.66 9.47 7.61 7.34 8.60 5.32 8.75 4.63 8.71 3.24
7 9.01 10.03 8.78 7.83 9.75 5.47 9.90 4.62 9.88 3.22
8 10.16 10.41 9.99 8.01 10.88 5.44 10.96 4.57 10.94 3.17
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Table 2 Isothermal adsorption test fitting results of coal Langmuir
under different effective stresses
a b 2 L . L .
angmuir
ce./MPa  /(mLlg)  /MPa’ g angmuir
5 15.07 021 099 A=3.16P/(1+021P) Matlab 5 P
10 10.59 031 0999 A=3.28P/(1+0.31P) o, A
15 6.81 0.42 0997 A=2.86P/(1+0.42P) ab
20 5.44 063 0994 A=3.43P/(1+0.63P)
30 3.87 055 0993 A=2.13P/(1+0.55P)
18.033 0e % %99: 0,229 8% e p
Langmuir - 1+0.229 8 %00 %37 p o,
Langmuir 4.144 0 g 0% 102 p
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