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Table 1 The phase equilibrium data of CH, hydrate and CO, hydrate in sediment

Methane (7 nm)

Methane (5 nm)

Carbon dioxide (7.5 nm)

T (K) p (MPa) Sy, (%) T (K) p (MPa) Sy (%) T (K) p (MPa) Sn (%)
263.0 2.63 75.0 259.0 2.429 95.6 261.0 0.708 50.1
264.2 2.691 74.5 260.0 2.503 94.0 262.0 0.778 45.0
264.6 2.738 74.1 261.0 2.587 91.7 263.0 0.851 44.1
266.2 2.908 72.7 262.0 2.645 90.3 264.0 0.885 433
268.2 3.188 70.3 262.9 2.745 87.5 265.0 0.940 42.1
270.0 3.551 67.1 264.0 2.816 83.2 266.0 0.997 41.1
272.0 4.011 63.1 265.0 2.890 80.2 267.0 1.069 40.5
273.2 4.347 60.2 266.0 2.961 75.0 268.0 1.138 40.2
274.2 4.610 58.0 267.0 3.061 63.5 269.0 1.278 40.0
276.2 5.860 47.0 268.0 3.189 54.5 270.0 1.375 36.0
- - - 269.0 3.334 432 271.0 1.499 32.0
- - - 270.0 3.512 385 272.0 1.609 29.0
- - - 271.0 3.732 323 273.0 1.739 27.0
- - - 272.0 3.967 29.0 - - -

F 2 CH/KEMRICOKEMIIZHL
Table 2 Model parameter values for CH, hydrate and CO, hydrate

Parameters Values
CH, hydrate CO, hydrate
Ay (Jmol™) 1263 1380.8
(AH, e 3 mol™) 1389 1300
(AH, )iy (J mol ™) —4622 —4711
ACS Umor K 34,583 -34.583"
3.315" 3.315"
AV, (cm’ mol™) 2.9959 2.9959
O (Jm7) 0.0267 0.0267
) 0.189" 0.189"
b (mol k) 0.1217 0.1217
A P 0.7299x10°* ¥ 2.0607x10 ¢
' 2.5103x107 ¢ 0.3152x107 ¢
3267.99° 5582.46°
509 2782.94% 2934.69%

a) T>T,, b) T<T,, c) small cavities, d) large cavities

B2 A3 2 ALEERL P fL42 007, 5 nm) A CH,K
B AR A8 2 A ST A S AT B — St B B i
FAPETRE AL Sk b R A Rh T 2 FL A B CH K &
VIRIARAR 2. SR, FEREI3 R, il /N T7266.2 K,

R3 ST S

Table 3 Model parameters involving sediment characteristics

Parameters CH, (7 nm) CH, (5 nm) CO, (7.5 nm)
po"(Mpa) 6.0 9.8 6.8
my, 0.66 0.81 0.81

V- A5 2R ) T b S DU D /. 3 X A 1L m]
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VIR EE At AR, ST K S RN EE AP AE I %
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LR AR P48 5% R (K520
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R X LU SR T2 P AR T R AR A ) e R 2
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Figure 2 (Color online) Comparison of predicated results and
experimental data for CH, hydrate in silicon gel (7 nm).
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Figure 3 (Color online) Comparison of predicated results and
experimental data for CH, hydrate in silicon gel (5 nm).
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A phase equilibrium model for hydrate in sediment accounting
for pore capillary effect

YAN RongTao'", MU ChunMei', ZHANG Qin', TIAN HuiHui’,
ZHOU JiaZuo® & WEI ChangFu'?

! GuangXi Key Laboratory of New Energy and Building Energy Saving, College of Civil Engineering and Architecture, Guilin University
of Technology, Guilin 541004, China;
2 Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China

The hydrate phase equilibrium relationship is the one of the most fundamental issues in the hydrate related research area.
In the procedure for developing a phase equilibrium model, it is critical to address the influence of pore capillary effect of
sediment. This paper firstly compares the influence mechanisms of pore size distribution on water-gas suction in
unsaturated soil and on hydrate-water capillary suction during hydrate phase transition, and finds that both influence
mechanisms are similar to each other. With reference to the existing formula used for describing the relationship of
water-gas suction and water saturation, such as V-G model, an expression for relating hydrate-water capillary suction to
hydrate saturation is presented. Combined with the van der Waals-Platteeuw thermodynamic model, a modified phase
equilibrium model for hydrate in sediment accounting for pore capillary effect is proposed. Furthermore, an approach for
quantifying model parameters is developed. Compared to the existing models, the micro model parameters, such as pore
diameter, are not involved in the proposed model. Instead, the model parameters are macro variables, and can be
calculated from the measured phase equilibrium data of hydrate in sediment. Finally, part of experimental data is used to
determine the model parameters, and the other part of experimental data is employed to verify the proposed phase
equilibrium model. Through the comparison of the model predicated results and experimental data, it have been
demonstrated that the proposed model is able to effectively predicate the phase equilibrium condition for hydrate in
sediment. Note that, the proposed phase equilibrium model is needed to be verified in the following work because of
shortage of relative experimental data.

gas hydrate, capillary influence, phase equilibrium model
PACS: 47.27.-i, 47.27.Eq, 47.27 Nz, 47.40.Ki, 47.85.Gj
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