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Super-critical isothermal adsorption of gas in shale
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Abstract: Shale gas isothermal adsorption experiments are mostly experiments above the critical temperature,
the adsorption quantity obtained from the experiments is excess adsorption. In order to study super-critical iso-
thermal adsorption mechanism of the shale gas, the weighting method was used in this study, the high pressure
isothermal adsorption experiment have been made for methane and carbon dioxide in shale above the critical tem-
perature. Based on the analysis of the typical adsorption and super-critical adsorption difference, through modified
super-critical isothermal adsorption model (Langmuir equation and pore filling (Dubinin Radushkevich D-R)), ex-
perimental data were fitted . Study indicates that the simple Langmuir equation can approximately fit experimental
data of methane adsorption, but the accuracy is not high, and can't fit carbon adsorption data. When the density of
the adsorbed phase as parameter can be optimized, the modified microporous packing model and the Langmuir
model can fit well adsorption data of methane and carbon dioxide, Fitting effect is the best with the modified mi-
croporous packing model, the adsorption phase density of super-critical methane is consistent with literature reports,
suggesting that adsorbed gas may exists in the form of pore filling.
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Tablel Statistics of experimental data of shale
Langmuir Langmuir
/ (mmol-g™) /MPa I'C 1%
( ) [24-26] ZK-1 0.071 1.82 40 5.69
. 0.139(CH,) 1.88 40
Gibbs ZK-2 0.832(COy) 213 45 1.37
i ZK-3 0.134 1.53 40 5.32
Langmuir ZK-4 0.041 1.20 40 2.04
Langmuir
[17-18] Langmuir
Ny =N—Vyp0¢ :Va(pa_pf) 1)
N, mol/kg n
Va m®  pa kgim®  ps
kg/m?® (1)
Vaps n
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I n_P @)
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Langmuir mmol/g P MPa
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/
4 (1 ZK-2 Gibbs
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Peng-Robinson equation of state(P-R)
[24]

P 1 a(T)py
pgRT  1—pgb RT{1+(1—x/§)pgb”1+(1+x/§)pgb]
(10
() 0.457 535a (T ) R*T¢
a(T)=
Pc
b— 0.077 796RT_
Pc
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Pc Tc T=T/T¢
A B C D E 2.0
0.8145 0.134 0.508 -0.0467 w
2
x2 |EYHESY
Table 2 The physical parameters of gas
Tc /K Pc/MPa [0}
CH,4 190.67 4.64 0.0115
CO, 304.17 7.3787 0.225
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Langmuir 0.041~0.139 mmol/g
0.096 mmol/g 1
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Langmuir |
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(6) [21]
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2
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1 Langmuir

Fig.1 Comparison of measured and fitting adsorption values

2

with Langmuir equation

Fig.2 Change of excess adsorption of carbon dioxide with

gas pressure
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(Pg=pa)
[25]
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Fig.3 Fitting curves of excess adsorption of CO,
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Fig.4 Fitting curves of experimental data of methane on the basis of equations (7) and (9)
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705 kg/m? Sakurovs
(O C))
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Fig.5 Change of excess methane adsorption with stress( fitting results of the experimental data of samples ZK-1 and ZK-2 by using
formula D-R+K and L+K)
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Fig.6 Change of excess adsorption of Co, with  pressure
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