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Abstract: The hydrate formation in porous media below freezing point is a complicated multi-phase transition
process, including water, ice, hydrate and bound water. In order to study the formation behaviors of methane
hydrate in porous media below freezing point, such as water conversion, gas consumption and stable conditions,
the formation experiments of methane hydrate in porous media were carried out. The silica gels with the mean
pore diameters of 12. 95 nm, 17. 96 nm and 33. 20 nm were used as the porous media for the experiments. The
experimental results indicate that the water conversion in the porous media after the hydrate formation increases
with the increase of the initial formation pressure, the decrease of the bath temperature and the increase of the
mean pore diameter. The particle size of the porous media reduces the formation rate of the hydrate but has a
slight effect on the final gas consumption. At the same experimental temperature , the system pressure after the
hydrate formation, the final gas consumption and the final water conversion increase with the increase of the ini-
tial formation pressure. The differences of final system pressure and water conversion in the different initial pres-

sure experiments increase with the formation temperature. Due to the effect of the capillary force and the bound
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water in porous media, the water conversion of the hydrate formation significantly becomes lower. At the experi-

mental conditions in this study, the highest water conversion is up to 32.39%.

Key words: methane hydrate; formation behavior; below freezing point; porous medium; pore diameter; con-

version
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Fig. 1 Schematic of the experimental apparatus
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Table 1 Parameters of the porous media

S5 L4%/nm fLas/(mleg™)  REHY (m?g™")
12.95 1.07 442.9
17.96 1.19 359.8
33.20 1.32 217. 4
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Fig.2 Pore distributions of porous media used in the experi-
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Fig. 3 Result of repeated experiments
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Table 2 Experimental conditions and results

FE  LBES/m /K P,/MPa P,/MPa d,/nm Vi/(ml-g™") n/mol %,/ % %/ %
1 12.95 267. 15 4.1 2.77 7.70 0.879 0.149 11.14 12.68
2 267.15 5.1 2.83 7.51 0. 881 0.265 19. 82 22.45
3 267. 15 6.1 2.89 7.34 0. 888 0.383 28.65 32.24
4 269. 15 4.1 3.17 8.26 0. 865 0.111 8.30 9. 60
5 269. 15 5.1 3.31 7.82 0.876 0.203 15.18 17. 34
6 269. 15 6.1 3.38 7.62 0.877 0.315 23.56 26. 87
7 271.15 4.1 3.56 9.20 0. 824 0. 065 4.86 5.90
8 271.15 5.1 3.94 8.00 0.871 0.136 10.17 11. 67
9 271.15 6.1 4.02 7.80 0.876 0.233 17.43 19.89
10 272.15 6.1 4.39 7.90 0. 874 0.203 15.18 17.38
11 273.20 6.1 4.79 8.06 0. 869 0.154 11.52 13.24
12 17.96 267. 15 6.1 2.49 8.80 0. 883 0.424 31.71 35.90
13 269. 15 3.1 2.49 12.50 0. 854 0. 066 4.94 5.78
14 269. 15 4.1 2.59 11.50 0. 864 0.166 12.42 14. 38
15 269. 15 5.1 2.72 10. 40 0.877 0.270 20.19 23. 04
16 269. 15 6.1 2.87 9.50 0. 868 0.375 28.05 32.31
17 271.15 6.1 3.30 7.03 0.911 0.324 24.23 26. 60
18 33.20 269. 15 4.1 2.31 18.20 0. 833 0.181 12. 66 15.20
19 269. 15 5.1 2.43 13.30 0. 881 0.306 22.89 25.97
20 269. 15 6.1 2.51 12.40 0. 888 0.433 32.39 36. 48
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