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CH4 hydrates formation
Table S1. The induction times of CH4 hydrates formation in pure water and copper foam systems 
under 3.0MPa and 4.0MPa (in min)
	pressure
	
	Spraying
method
	Stirring
method
	Stirring+ spraying
	Static condition

	3.0MPa
	Pure water
	517.4
	361.8
	456.7
	579.8

	
	30PPI copper foam
	622
	468
	406.4
	630.3

	
	60PPI copper foam
	493.6
	394.5
	385.3
	550.6

	
	130PPI copper foam
	519.5
	496.7
	279.2
	591.9

	4.0MPa
	Pure water
	598.1
	354
	559.5
	593

	
	30PPI copper foam
	614.4
	475.2
	460.3
	507.8

	
	60PPI copper foam
	584.2
	442.8
	399
	418.3

	
	130PPI copper foam
	553.8
	118.6
	325
	479.9



Table S2. The gas consumption of CH4 hydrates formation in pure water and copper foam systems 
under 3.0MPa and 4.0MPa (in mol CH4 /mol H2O)
	pressure
	
	Spraying
method
	Stirring
method
	Stirring+ spraying
	Static condition

	3.0MPa
	Pure water
	0.0156
	0.0482
	0.048
	0.0177

	
	30PPI copper foam
	0.0145
	0.06025
	0.0498
	0.0206

	
	60PPI copper foam
	0.0122
	0.0536
	0.0732
	0.0218

	
	130PPI copper foam
	0.0463
	0.0945
	0.01013
	0.0215

	4.0MPa
	Pure water
	0.0326
	0.0602
	0.04
	0.0307

	
	30PPI copper foam
	0.0438
	0.0764
	0.0579
	0.0337

	
	60PPI copper foam
	0.0275
	0.1007
	0.0726
	0.04

	
	130PPI copper foam
	0.0627
	0.1154
	0.1086
	0.0508


Table S3. The induction times and growth times of CH4 hydrates formation in 1,3-dioxolane system (in min)
	
	Spraying method
	Stirring method 
	Stirring+ Spraying
	Static condition

	
	induction time
	growth time
	induction time
	growth time
	induction time
	growth time
	induction time
	growth time

	[bookmark: _Hlk170291238]1,3-dioxolane
(2.0MPa)
	33.4
	77.9
	32.3
	107.2
	22.1
	65.9
	26
	26

	1,3-dioxolane
(3.0MPa)
	43.5
	151.6
	20.9
	398.9
	37.5
	227
	35.7
	77.1

	1,3-dioxolane
(4.0MPa)
	22.5
	79.1
	9.8
	214
	35.7
	82
	10.3
	111.6



Table S4. The gas consumption of CH4 hydrates formation in 1,3-dioxolane system (in mol CH4 /mol H2O)
	
	Spraying method
	Stirring method 
	Stirring+ Spraying
	Static condition

	1,3-dioxolane
(2.0MPa)
	0.0471
	0.0426
	0.0268
	0.0108

	1,3-dioxolane
(3.0MPa)
	0.098
	0.0848
	0.0996
	0.0448

	1,3-dioxolane
(4.0MPa)
	0.0552
	0.064
	0.0644
	0.055



Table S5. The induction times of CH4 hydrates in copper foam + 1,3-dioxolane systems (in min)
	pressure
	systems
	Spraying
method
	Stirring
method
	Stirring+ spraying
	Static condition

	2.0MPa
	1,3-dioxolane + 30PPI copper foam
	22.5
	19.7
	26.5
	19.3

	
	1,3-dioxolane + 60PPI copper foam
	31.1
	27.9
	20
	17.9

	
	1,3-dioxolane + 130PPI copper foam
	29
	18.1
	32.3
	36.4

	3.0MPa
	1,3-dioxolane + 30PPI copper foam
	75.3
	13.4
	10.8
	14.4

	
	1,3-dioxolane + 60PPI copper foam
	43
	15.3
	12.45
	9.5

	
	1,3-dioxolane + 130PPI copper foam
	34.4
	19.7
	17.5
	37.4

	4.0MPa
	1,3-dioxolane + 30PPI copper foam
	13.9
	5.7
	31.01
	9

	
	1,3-dioxolane + 60PPI copper foam
	4.85
	5.35
	41.42
	5.35

	
	1,3-dioxolane + 130PPI copper foam
	19.5
	9.5
	29.1
	7.3



Table S6. The gas consumption of CH4 hydrates formation in copper foam + 1,3-dioxolane systems
 (in mol CH4 /mol H2O)
	pressure
	systems
	Spraying
method
	Stirring
method
	Stirring+ spraying
	Static condition

	2.0MPa
	1,3-dioxolane + 30PPI copper foam
	0.039
	0.0867
	0.0692
	0.0342

	
	1,3-dioxolane + 60PPI copper foam
	0.0517
	0.0513
	0.0676
	0.0392

	
	1,3-dioxolane + 130PPI copper foam
	0.0719
	0.0634
	0.0715
	0.0454

	3.0MPa
	1,3-dioxolane + 30PPI copper foam
	0.0917
	0.1061
	0.1519
	0.0497

	
	1,3-dioxolane + 60PPI copper foam
	0.1002
	0.0851
	0.1733
	0.0792

	
	1,3-dioxolane + 130PPI copper foam
	0.0734
	0.0739
	0.062
	0.0855

	4.0MPa
	1,3-dioxolane + 30PPI copper foam
	0.0689
	0.1118
	0.1244
	0.0566

	
	1,3-dioxolane + 60PPI copper foam
	0.1291
	0.1179
	0.1198
	0.0536

	
	1,3-dioxolane + 130PPI copper foam
	0.0937
	0.1256
	0.0799
	0.0876



[image: ][image: ][image: ][image: ]
(a) 2.0MPa, spraying method
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(b) 2.0MPa, stirring method
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(c) 2.0MPa, stirring + spraying method
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(d) 2.0MPa, static condition
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(e) 3.0MPa, spraying method
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(f) 3.0MPa, stirring method
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(g) 3.0MPa, stirring + spraying method
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(h) 3.0MPa, static condition
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(i) 4.0MPa, spraying method
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(j) 4.0MPa, stirring method
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(k) 4.0MPa，stirring + spraying method
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(l) 4.0MPa，static condition
Figure S1. The experimental P-T-t curve of CH4 hydrates formation with different mechanical methods in the presence of CF+1,3-DIOX

CH4 hydrates decomposition
Table S7. Decomposition temperatures and times of CH4 hydrates in copper foam + 1,3-dioxolane systems
	Condition
	Systems
	Starting decomposition temperature（K）
	Complete decomposition temperature（K）
	decomposition time
（min）

	4.0MPa
spraying method
	1,3-DIOX
	288.82
	299.36
	217.52

	
	1,3-DIOX+30PPICF
	288.36
	300.43
	242.35

	
	1,3-DIOX+60PPICF
	287.46
	299.9
	253.08

	
	1,3-DIOX+130PPICF
	286.89
	299.28
	255.62

	4.0MPa
stirring method
	1,3-DIOX
	283.2
	305.91
	499.77

	
	1,3-DIOX+30PPICF
	288.57
	305.59
	356.82

	
	1,3-DIOX+60PPICF
	287.75
	304.5
	319.2

	
	1,3-DIOX+130PPICF
	286.77
	304.51
	370.98

	3.0MPa
spraying method
	1,3-DIOX
	285.82
	297.57
	251.72

	
	1,3-DIOX+30PPICF
	285.89
	294.36
	162.28

	
	1,3-DIOX+60PPICF
	286.43
	298.63
	245.55

	
	1,3-DIOX+130PPICF
	285.05
	299
	284.87

	3.0MPa
stirring method
	1，3-DIOX
	285.05
	303.86
	382.82

	
	1,3-DIOX+30PPICF
	287.03
	302.2
	300.97

	
	1,3-DIOX+60PPICF
	287.38
	300.65
	267.22

	
	1,3-DIOX+130PPICF
	286.21
	303.55
	350.08
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(a) 3.0MPa, stirring method
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(b) 3.0MPa, spraying method
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(c) 4.0MPa, stirring method
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(d) 4.0MPa, spraying method
Figure S2. The experimental P-T-t curve of CH4 hydrates decomposition with spraying and stirring methods in the presence of CF+1,3-DIOX
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