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Abstract: The decomposition of type I ethane hydrate and type II propane hydrate stimulated by 2.45 GHz
microwave (MW) were experimentally investigated. The decomposition characteristics of the hydrates under MW
heating were analyzed based on the two-step dissociation mechanism accompanied by heat and mass transfer at the
crystal surface. Results show that the decomposition behavior of the gas hydrate during MW heating is coupled with
the real-time electromagnetic field. Volumetric heating enhances the heat and mass transfer process at the surface layer
of the hydrate particles. The time-accumulated thermal effect of MW heating promotes the destruction of the clathrate
host lattice. The average decomposition rates of ethane hydrate and propane hydrate obtained in this work range from
0.109 to 0.400 mol *min~-L™ and from 0.090 to 0.222 mol -min~'-L~, respectively, under incident MW power that
ranges from 120 to 540 W. We conclude that the average decomposition rates of ethane hydrate and propane hydrate
are faster as the MW power increases within a certain range. The decomposition rates of ethane hydrate are mainly
controlled by the MW power. In contrast, the decomposition rates of propane hydrate are controlled by both the MW
power and the kinetic mechanism under relatively higher power.
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Fig.1 Schematic diagram of the experimental setup
(1) MW source; (2) circulator; (3) water load; (4) dual directional
coupler; (5) three stub turners; (6) vessel; (7) circulator bath;
(8) solution inlet/outlet; (9) gas inlet/outlet; (10) reducer;
(11) compressor; (12) power sensors; (13) PT100 thermometers;

(14) pressure sensor
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Table 1 Experimental conditions and results of the gas hydrate dissociation under MW radiation
Item Gas P /W T,/C po/MPa ng/mol Hydration rate v13/(mol*min™ L") vs3/(mol*min™ L")

RunEO C.H, - 1.6 1.12 0.335 0.77 0.100 -
RunE1l 120 1.5 1.12 0.350 0.81 0.071 0.109
RunE2 230 2.0 1.14 0.350 0.81 0.125 0.218
RunE3 370 1.4 1.12 0.349 0.80 0.244 0.314
RunE4 540 1.5 1.11 0.351 0.81 0.252 0.400
RunP0 C:H; - -7.3 0.27 0.140 0.71 0.018 -
RunP1 120 -6.1 0.31 0.174 0.89 0.052 0.090
RunP2 230 -6.7 0.26 0.168 0.86 0.099 0.182
RunP3 370 -7.0 0.27 0.165 0.84 0.100 0.220
RunP4 540 -6.2 0.27 0.172 0.88 0.115 0.222

RunEOQ: ethane hydrate decomposition by bath heating; RunE1-RunE4: ethane hydrate decomposition by MW heating; RunP0: propane hydrate

decomposition by bath heating; RunP1-RunP4: propane hydrate decomposition by MW heating; P;,: average incident MW power; Ty: initial

hydrate temperature at f,; p,: initial hydrate pressure at #,; v: average decomposition rate; nq: total encaged gas
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Fig.2 Typic gas hydrate heating process under MW radiation
(a) RunEl; (b) RunP1; #;—1: total decomposition period; #;—,: speed-up decomposition period;

[J, A denote the temperature measured with two sensors.



1476 Acta Phys. -Chim. Sin., 2010 Vol.26
0.50 60 0.50 90
~ 045F gas_rzle_as]e{::&:;o (a) -1 50 0451 gas releas;rat;o 1
5 - —o—
= 040F —=— RunEl 140 = op40f — e Runp] 60
é 035] MW absorption 4 30 g é 035 MW absorption 145 S
= 420 = —= RunP1 [
S 030 2 2 030F =
£ 110 & = 30 2
g 025 5 o 02s5f =
g f w102 g 15 ¢
5 020F, 105 2 020f . £
3 =] s - 0 =
2015+ gl o =R = = 015} -— |
) 1 oofo f ' L 1-20 [ ] =
" o I%'lg& ! b [ o [ . ® 15
o010 i .ﬂﬂ P T R = 010} Lof -
5 I oo m AN M e 8] N
005+ . _@HE::IL Pl [ J_a0 0.05 F A 30
] b Sl _ ol . it
0.00 L LY hl b sl ] L L 50 R e 1 B, L Ol 45
0 20 40 60 80 100 120 0 20 40 60 80 100 120

¢/ min

t/ min

B3 SAkEHmHs R 2 B R R R 5 i R A a2
Fig.3 Change of the MW absorbility and the dissociation rate with time during the gas hydrate heating process
(a) ethane hydrate; (b) propane hydrate
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Fig.4 Change of the temperature and pressure with time during the gas hydrate heating process
(a) ethane hydrate; (b) propane hydrate
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Fig.5 Accumulative gas release curves during the gas hydrate heating process
(a) ethane hydrate; (b) propane hydrate
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Fig.7 Schematic of mechanism for gas hydrate
decomposition in microwave field
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Fig.8 Average hydrate decomposition rate (v,3)
under different MW incident powers
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