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Fig.1 Sketch of the experimental apparatus Fig.2 Comparison of experimental equilibrium pressure
of methane hydrate
Table 1 Parameters of porous media
Pore diameter/nm Particle diameter/mm Pore volume/( em® * g=') Surface area/( m”> * g~")
9.03 0.105—0. 150 0.86 496.5
12.95 0.105—0. 150 1.07 442.9
0. 150—0. 200
0.300—0.450
17.96 0.105—0. 150 1.19 359.8
33.2 0.105—0. 150 1.32 217.4
1.2
Ty (H) - (Ly)- (1)- (V)
Lz : 9.03 12.95 17.96  33.20 nm Ty, 266.20 268.28
269.18  271.11 K. 2~3h 4 ~5
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n = PV./ZRT - P,V./Z,RT

P, 1 v Py 0.1 MPa. T K;
v, A A P,
38 2.
9.03 12.95 17.96  33.20 nm 12.95 nm 3
0.105 ~0.150 0.150 ~0.200  0.300 ~0.450 mm
0. 105 ~0. 150 mm. 269.15 ~278.15 K 4.1 ~11.0 MPa.
Table 2 Experimental conditions and results”
Pore Particle Pore Particle
No T/IK P;/MPa n,/mol ny /mol || No. T/IK P;/MPa n,/mol ny/mol
diameter/nm  radium/mm diameter/nm  radium/mm  °

1 275.15 10.4 9.03 0.105—0.150 0.058 0.227 || 20 276.15 9.4 12.95 0.150—0.200 0.140 0.313
2 276.15 9.4 0.022 0.101 || 21 277.15 9.4 0.090 0.238
3 276.15 10.4 0.043 0.111 | 22 269.15 5.1 0.300—0.450 0.049 0.110
4 276.15 11.0 0.083 0.203 || 23 271.15 6.1 0.129 0.233
5 277.15 10.4 0.020 0.102 || 24 276.15 7.4 0.040 0.125
6 269.15 4.1 12.95 0.105—0.150 0.040 0.096 || 25 276.15 8.4 0.088 0.204
7 269.15 5.1 0.134 0.210|| 26 276.15 9.4 0.215 0.320
8 271.15 6.1 0.127 0.246 || 27 277.15 9.4 0.129 0.225
9 275.15 9.4 0.180 0.420 | 28 278.15 9.4 0.044 0.157
10 276.15 7.4 0.022 0.100 | 29 275.15 9.4 17.96 0.105—0.150 0.315 0.490
11 276.15 8.4 0.065 0.200 | 30 276.15 7.4 0.112 0.245
12 276.15 9.4 0.134 0.314 || 31 276.15 8.4 0.186 0.333
13 277.15 9.4 0.079 0.240 || 32 276.15 9.4 0.268 0.427
14 269.15 4.1 0.150—0.200 0.057 0.102 | 33 277.15 9.4 0.200 0.361
15 269.15 5.1 0.135 0.207 || 34 275.15 7.4 33.20 0.105—0.150 0.222 0.385
16 271.15 6.1 0.130 0.250 || 35 276.15 7.4 0.180 0.337
17 275.15 9.4 0.217 0.400 || 36 276.15 8.4 0.279 0.457
18 276.15 7.4 0.019 0.110] 37 276.15 9.4 0.363 0.570
19 276.15 8.4 0.065 0.210 | 38 277.15 7.4 0.138 0.287

* Py is the initial formation pressure; ny is the mole of methane in the hydrate at the beginning of the dissociation; n, is the mole of methane

collected after the hydrate dissociation.

2.1
3 276.15 K 7.4 ~9.4 MPa
2 Nos. 10 ~12.
12. 95 nm 0. 105 ~0. 150 mm.
1 min
ny—n, n, n,
L Z . 3
9.4 MPa . 3 n o x 1
n/n, . 3 2
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Fig.3 Cumulative moles of dissociated methane and Fig.4 Temperature change vs time of the experi—
the conversion of methane hydrate vs time of ments at the bath temperature of 276. 15 K
the experiments at the bath temperature of in the porous media with the mean pore
276.15 K in the porous media with the mean diameter of 12. 95 nm and the particle dia—
pore diameter of 12. 95 nm and the particle di— meter range of 0. 105—0. 150 mm
ameter range of 0. 105—0. 150 mm P/MPa: m O07.4, o 284, @ 09.4.
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4 2 Nos.10~12 4
3
Nos. 10 ~ 12 1.6 1.8 1.9 min
4
5 2 No.12 3
5
2.2
5 9.4 MPa
2 Nos.9 12 13 12. 95 nm
0. 105 ~0. 150 mm. 5 2
6 2  Nos.9 12 13
3 Nos.9 12 13
2.2 2.0 1.9 min
2.3
0. 300 ~

0.450 0.150 ~0.200

0. 105 ~0. 150 mm

12. 95 nm.



1852 Vol. 31
0.6 1.2 278
— i AAAAAA“A'AA‘A‘AAAAAA‘AA
05 F j;ﬁgggg;_@gg:{mmuﬂmumnnnnnmmunuunm 4 1.0 276 , /‘AA‘AAA::::.."................."...“.
B - T == Ve -
(UC {08 © 274 4 L ST et
= -] —g' J ./. . L
£ 03 J {06 £ X on b/
[ A s [/,
: 104 % 270 | \[/.
or 402 268 |- g/'
or 1 L 1 | | 0 266 1 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
f/min H/min
Fig.5 Cumulative moles of dissociated methane and Fig.6 Temperature change vs time of the experi—
the conversion of methane hydrate vs time of ments at the initial formation pressure of
the experiments at the initial formation pres— 9.4 MPa in the porous media of the mean
sure of 9.4 MPa in the porous media with the pore diameter of 12. 95 nm and the particle
mean pore diameter of 12. 95 nm and the par— diameter range of 0. 105—0. 150 mm
ticle diameter range of 0. 105—0. 150 mm T/K: m 0275.15; o A276.15; @ ©277.15.
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Fig. 7 Cumulative moles of dissociated methane Fig.8 Temperature change vs time of the experi-
and the conversion of methane hydrate vs ments at the temperature of 276. 15 K and
time of the experiments at the temperature the initial formation pressure of 9.4 MPa in
of 276. 15 K and the initial formation pres— the porous media with the mean pore dia—
sure of 9.4 MPa in the porous media with meter of 12. 95 nm
the mean pore diameter of 12. 95 nm Particle diameter range/mm: m 0.105—0. 150;
Particle diameter range/mm: a A 0. 105—0. 150; 0 0. 150—0.200; a 0.300—0. 450.
e 00.150—0.200; m [ 0.300—0. 450.
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Fig.9 Cumulative moles of dissociated methane and Fig. 10 Temperature change vs time of the experi—

the conversion of methane hydrate vs time of
the experiments at the temperature of 276. 15
K and the initial formation pressure of 9.4
MPa in the porous media with the particle
diameter range of 0. 105—90. 150 mm
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Dissociation Behavior of Methane Hydrate in Porous Media

ZHANG Yu WU HuiJie LI Xiao-Sen” CHEN Zhao—Yang LI Gang ZENG Zhi-Yong
( Guangzhou Center for Gas Hydrate Research Key Laboratory of Renewable Energy and Gas Hydrate
Guangzhou Institute of Energy Conversion Chinese Academy of Sciences Guangzhou 510640 China)

Abstract The dissociation behavior of methane hydrate in the porous media were studied when the tempera—
ture was above the quadruple phase Hydrate( H) Water( Ly,) dce( 1) Vapor( V)  point temperature. The
silica gels were applied as the porous media for the experiments in which the diameter ranges of the silica gel
particles were 0. 105—0. 150 0. 150—0. 200 and 0. 300—0. 450 mm and the mean pore diameters 9. 03
12.95 17.96 and 33.20 nm respectively. The dissociation experiments were carried out by depressurization
in the temperature range of 269. 15—278. 15 K and the initial formation pressure range of 4. 1—11. 0 MPa.
The experiments indicated that the dissociation rate of methane increases with the increase of the initial forma—
tion pressure the decrease of the bath temperature the decrease of the particle range and the increase of the
mean pore diameter. For relative big the particle diameter the water in some pores becomes ice in the disso—
ciation process which makes the dissociation process relatively slow.
Keywords Methane hydrate; Dissociation; Porous media
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