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Table 1 Experimental materials and reagents
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Fig. 1 Schematic diagram of static methane hydration experimental device
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Fig. 2 Schematic diagram of stirred methane hydration experimental device
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Table 2 Hydrate-based methane storage results of emulsions with different water-oil ratios

mL
(L L) [L /(L -h)]
1 50
2 +7 wt%S80/T80 50
3 30% 50
4 40% 50
5 50% 50




6 55% 50 3.80 22.25 19.61
7 60% 50 0.19 17.26 49.56
8 70% 50 401 12.07 15.08

a 30/70 d,=10.12 pm b 40/60 d,=8.54 pm c 50/50 d,=7.33pm

f 70/30 d,=(2um /7.78~14.45
d 55/45 d,=4.56 um e 60/40 d,=6.11pum
Hm)
3 7Twt% d,
Fig. 3 Micromorphology of emulsions with different water-oil ratios
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T 7 Wt%
ﬂ:
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Table 3 Hydrate-based methane storage results of emulsions with different emulsifier dosages
wt% mL
(L /L) [L AL -h)]

1 1 50
2 3 50
3 5 50 1.05 25.31 25.13
4 7 50 3.80 22.25 19.61
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a 1wt% d.=11.38um b 3wt¥% d,;=9.28 um

¢ 5wt% d.=5.33um d 7wt% d;=4.56 ym
4 55/45 d,
Fig. 4 Micromorphology of emulsions with different emulsifier dosages
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5 6.08 MPa T=27415K

Fig. 5 Gas hydration kinetics of emulsions under 6.08 MPa
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Fig. 6 Cy-t curves of emulsion under different pressure conditions
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Fig. 7 Cy-t curves of emulsion in different stirring rate systems
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8 T=274.15K Py=6 MPa

Fig. 8 Cy-t curves of cycling hydrate based methane storage in emulsion
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Fig. 9 Comparison of the micro-morphology of the emulsion before and after experiment

ER 55%

5wit% Span80/Tween80 5.33 um

274.15 K 10:1 6 MPa 700 r/min
14142 L /L
130V/IV 584L /(L min) 8.30 L

/(L min) Sum 2um

(1]
[2]
(3]
(4]
[5]
(6]
[7]

(8]
[°]

[10]

Veluswamy H P, Kumar A, Seo Y, et al. A review of solidified natural gas (SNG) technology for gas storage via clathrate
hydrates[J]. Applied Energy, 2018, 216: 262-285.
Linga P, Kumar R, Lee J D, et al. A new apparatus to enhance the rate of gas hydrate formation: Application to capture of
carbon dioxide[J]. International Journal of Greenhouse Gas Control, 2010, 4(4): 630-637.
Ke W, Svartaas T M. Effects of stirring and cooling on methane hydrate formation in a high-pressure isochoric cell[J]. Journal
of Materials Science and Engineering, B, 2013, 3(7): 436-444.
Qureshi M F, Atilhan M, Altamash T, et al. High-pressure gas hydrate autoclave hydraulic experiments and scale-up modeling
on the effect of stirring R/MIN effect[J]. Journal of Natural Gas Science and Engineering, 2017, 38: 50-58.
Rossi F, Filipponi M, Castellani B. Investigation on a novel reactor for gas hydrate production[J]. Applied Energy, 2012, 99:
167-172.
Li XS, XuC G, YuYS, etal Apparatus and combined process for carbon dioxide gas separation: US10183865[P].
2019-01-22.

, , . : CN101543736A[P]. 2009-09-30.
Fan S S, Yang L, Lang X M, et al. Visualization device for preparing gas hydrate in a spraying way: CN101543736A[P].
2009-09-30.
Takahashi M, Kawamura T, Yamamoto Y, et al. Effect of shrinking microbubble on gas hydrate formation[J]. The Journal of
Physical Chemistry B, 2003, 107(10): 2171-2173.
Xu C G, Li XS, Lv Q N, et al. Hydrate-based CO, (carbon dioxide) capture from IGCC (integrated gasification combined
cycle) synthesis gas using bubble method with a set of visual equipment[J]. Energy, 2012, 44(1): 358-366.

, , . [J]. , 2018, 47(5): 431-436.

Shen X D, Ren J J, Liang D Q. Formation characteristics of methane hydrate in a micro-bubbler[J]. Petrochemical Technology,

10



2018, 47(5): 431-436.

[11] Yoslim J, Linga P, Englezos P. Enhanced growth of methane-propane clathrate hydrate crystals with sodium dodecyl sulfate,
sodium tetradecyl sulfate, and sodium hexadecyl sulfate surfactants[J]. Journal of Crystal Growth, 2010, 313(1): 68-80.

[12] Chen J, Wang T, Zeng Z, et al. Oleic acid potassium soap: a new potential kinetic promoter for methane hydrate formation[J].
Chemical Engineering Journal, 2019, 363: 349-355.

[13] Farhadian A, Varfolomeev M A, Abdelhay Z, et al. Accelerated methane hydrate formation by ethylene diamine tetraacetamide
as an efficient promoter for methane storage without foam formation[J]. Industrial & Engineering Chemistry Research, 2019,
58(19): 7752-7760.

[14] Lee J, Shin C, Lee Y. Experimental investigation to improve the storage potentials of gas hydrate under the unstirring
condition[J]. Energy & Fuels, 2010, 24(2): 1129-1134.

[15] Li R L, Liu D P, Yang L, et al. Rapid methane hydrate formation in aluminum honeycombl[J]. Fuel, 2019, 252: 574-580.

[16] Yang L, Liu Z Z, Liu D P, et al. Enhanced natural gas hydrates formation in the suspension with metal particles and fibers[J].
Journal of Molecular Liquids, 2020, 301: 112410.

[17] Pahlavanzadeh H, Rezaei S, Khanlarkhani M, et al. Kinetic study of methane hydrate formation in the presence of copper
nanoparticles and CTAB[J]. Journal of Natural Gas Science and Engineering, 2016, 34: 803-810.

[18] Liu W G, Wang L J, Yang M J, et al. Experimental study on the methane hydrate formation from ice powders[J]. Energy
Procedia, 2014, 61: 619-623.

[19] Rivera J J, Janda K C. Ice particle size and temperature dependence of the kinetics of propane clathrate hydrate formation[J].
The Journal of Physical Chemistry C, 2012, 116(36): 19062-19072.

[20] Wang Z, Liu W G, Li Y H, et al. Influence of porous media on methane hydrate formation from ice powders[J]. Energy
Procedia, 2017, 105: 224-229.

[21] Wang W X, Bray C L, Adams D J, et al. Methane storage in dry water gas hydrates[J]. Journal of the American Chemical
Society, 2008, 130(35): 11608-11609.

[22] Podenko L S, Drachuk A O, Molokitina N S, et al. Effect of silica nanoparticles on dry water gas hydrate formation and
self-preservation efficiency[J]. Russian Journal of Physical Chemistry A, 2018, 92(2): 255-261.

[23] Fan S S, Yang L, Wang Y H, et al. Rapid and high capacity methane storage in clathrate hydrates using surfactant dry
solution[J]. Chemical Engineering Science, 2014, 106: 53-59.

[24] Turner D J, Miller K T, Sloan E D. Direct conversion of water droplets to methane hydrate in crude oil[J]. Chemical
Engineering Science, 2009, 64(23): 5066-5072.

[25] Mu L, Li S, Ma Q L, et al. Experimental and modeling investigation of kinetics of methane gas hydrate formation in
water-in-oil emulsion[J]. Fluid Phase Equilibria, 2014, 362: 28-34.

[26] Lv X, Shi B H, Wang Y, et al. Study on gas hydrate formation and hydrate slurry flow in a multiphase transportation system([J].
Energy & Fuels, 2013, 27(12): 7294-7302.

[27] , . [J1. , 2009, 29(2): 123-126.
Xu'Y J, Yang X X. Tests of the formation of methane hydrates in the emulsion[J]. Natural Gas Industry, 2009, 29(2): 123-126.
[28] , . [J1. ( ), 2009, 30(2): 193-196.

Xu 'Y J, Yang X X. Methane hydrate formation in micro-emulsion[J]. Journal of Jiangsu University(Natural Science Edition),
2009, 30(2): 193-196.

[29] . [D]. : , 2014.
Chen Y N. Study on kinetic of methane hydrate formation in water-in-oil emulsion[D]. Tianjin: Tianjin University, 2014.

[30] Li X G, Chen C, Chen Y N, et al. Kinetics of methane clathrate hydrate formation in water-in-oil emulsion[J]. Energy & Fuels,
2015, 29(4): 2277-2288.

[31] Wang Z, Ma G Y, Shang L Y, et al. Effect of a nonionic surfactant on the formation of natural gas hydrate in a diesel emulsion
system[J]. Petroleum Science and Technology, 2018, 36(23): 2017-2023.

11



