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A Phase Equilibrium Model for Gas Hydrates
Considering Pore-Size Distribution of Sediments
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(‘State Key Laboratory of Geomechanics and Geoengineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences,
Wuhan 430071, P. R. China; ’Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, P. R. China)

Abstract: The phase equilibrium condition for gas hydrates has been an important and difficult subject
in gas hydrate-related research. In this paper, the mechanism of the effect of pore-size distribution on the
phase equilibrium is first explored and the concept of effective pore radius is proposed. Using information
on the pore-size distribution of sediments, a relationship between hydrate saturation and effective pore
radius is developed. Combined with the van der Waals-Platteeuw model, this relationship was then used
to develop a new phase equilibrium model for gas hydrates in sediments, which can properly account for
the effect of pore-size distribution. In contrast to the traditional models, this new model does not represent
a curve on the p—T plane but instead addresses the relationship between the temperature, pressure, and
hydrate saturation. Such a feature allows the new model to take into account the effect of pore-size
distribution on the phase equilibrium while treating the formation and/or dissolution processes of gas
hydrates in pores more realistically. The simulated results were compared with the experimental data
available in literature showing that the new model gives better results compared with the other traditional
models. Given the temperature and the pore pressure, the hydrate saturation can be determined using the
proposed model. Therefore, the new model can be used to estimate the amount of hydrate resources in
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Table 1 Experimental datas on phase equilibrium
Methane (7 nm) *' Methane (5 nm) * Propane (7.5 nm) Carbon dioxide (7.5 nm) *
T/K  p/MPa Si/ % T/K p/ MPa Sh/ % T/K p/ MPa Svl % T/XK  p/MPa S/ %
263.0 2.630 75.00 259.0 2.429 96.00 264.2 0.175 75.00 261.0 0.708 50.10
264.2 2.691 74.50 260.0 2.503 94.00 265.2 0.185 73.70 262.0 0.778 45.00
264.6 2.738 74.10 261.0 2.587 91.75 265.6 0.195 72.30 263.0 0.851 44.10
266.2 2.908 72.70 262.0 2.645 90.28 266.0 0.196 72.20 264.0 0.885 43.30
268.2 3.188 70.30 262.9 2.745 87.54 266.6 0.208 70.60 265.0 0.94 42.10
270.0 3.551 67.10 264.0 2.816 83.20 267.2 0.215 69.60 266.0 0.997 41.10
272.0 4.011 63.10 265.0 2.890 80.20 267.6 0.226 68.10 267.0 1.069 40.50
273.2 4.347 60.20 266.0 2.961 78.50 268.2 0.237 66.60 268.0 1.138 40.20
274.2 4.610 58.00 267.0 3.061 63.50 268.8 0.252 64.60 269.0 1.278 40.00
276.2 5.860 47.00 268.0 3.189 54.50 269.6 0.273 61.80 270.0 1.375 36.00
269.0 3.334 43.20 270.0 0.278 61.10 271.0 1.499 32.00
270.0 3.512 38.50 270.8 0.313 56.40 272.0 1.609 29.00
271.0 3.732 32.30 271.2 0.326 54.60 273.0 1.739 27.00
272.0 3.967 29.00
%2 BESHNE 0
Table 2 Parameter values of model 9 bulk, pre{j'cﬁfd by our model
[ = bulk, Sloan
Parameter Value _ 8 - —. - predicted by Sun and E{gan model"
methane propane carbon dioxide 7 re 7nm, experiment data
A/ (J-mol™) 1263 883.8 1380.8 g 6 | =<y presHcaed. by our; foce!
(AHY)ice / (J+mol™) 1389 1025 1300 = 5 [
(AH)i / (- mol™) —4622 —4986 —4711 4r
AC)/ (Jemol™-K™) —34.583* -38.8607" -34.583* 3 ’
3315° 1.029" 33150 2r (@)
AV, / (cm’-mol™) 2.9959 3.39644 2.9959 r
O/ (Jom™) 0.0267 0.02670 0.0267 255 260 265 270 275 280 285 290
b/ (mol-K?) 0.189* 0.18090*° 0.189*° TIK
0.121° 0.00377° 0.121° T e
A/ (K-Pa™") 0.7299X 107 0° 2.0607X 10" % [
2.5103X107¢ 0.1746X107¢ 0.3152X107¢ I|
B:./K 3267.99°¢ 0° 5582.46° = 5 T
2782.94° 4945.94° 2934.69° g |
*T>T, " T<T,, © small cavities, ¢ large cavities a 4 ]
| |
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Fig.3 Comparision of calculated and measured” phase
equilibrium conditions for methane hydrates in
silicon gel (7 nm)

(a) p-T. (b) p—T-35,, line represents predicted data and dot represents
experimental data.
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Fig.4 Comparision of calculated and measured” phase equilibrium conditions for methane hydrates in silicon gel (5 nm)
(a) p—T; (b) p—T=85,, line represents predicted data and dot represents experimental data.
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Fig.5 Comparision of calculated and measured " phase equilibrium conditions for propane hydrates in silicon gel (7.5 nm)
(a) p—T: (b) p—T=5,, line represents predicted data and dot represents experimental data.
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Fig6 Comparision of calculated and measured * phase equilibrium conditions for CO, hydrates in silicon gel (7.5 nm)
(a) p—T, (b) p~T-S5,, line represents predicted data and dot represents experimental data.
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