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Table S1 Pure helium adsorption parameters in quartz slit at different temperatures.
	Temperature (K)
	318
	368
	418
	493

	Pressure (MPa)
	Adsorption
(m3/t)
	κ (MPa-1)
	R2
	Adsorption
(m3/t)
	κ
(MPa-1)
	R2
	Adsorption
(m3/t)
	κ
(MPa-1)
	R2
	Adsorption
(m3/t)
	κ
(MPa-1)
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	2.03
	0.00747
	0.99988
	1.74
	0.00664
	0.99989
	1.52
	0.006
	0.99991
	1.29
	0.00526
	0.99993

	10.95
	20.03
	
	
	17.43
	
	
	15.46
	
	
	13.18
	
	
	

	20.9
	35.02
	
	
	30.72
	
	
	27.43
	
	
	23.61
	
	
	

	30.85
	47.76
	
	
	42.39
	
	
	38.07
	
	
	33.02
	
	
	

	40.8
	58.82
	
	
	52.62
	
	
	47.48
	
	
	41.46
	
	
	

	50.75
	68.85
	
	
	61.68
	
	
	55.96
	
	
	49.20
	
	
	

	60.7
	77.44
	
	
	70.05
	
	
	63.64
	
	
	56.22
	
	
	

	70.65
	85.50
	
	
	77.50
	
	
	70.88
	
	
	62.64
	
	
	

	80.6
	92.77
	
	
	84.22
	
	
	77.17
	
	
	68.65
	
	
	

	90.55
	99.46
	
	
	90.71
	
	
	83.42
	
	
	74.52
	
	
	

	100.5
	105.73
	
	
	96.60
	
	
	88.79
	
	
	79.41
	
	
	

	110.45
	111.45
	
	
	102.00
	
	
	94.18
	
	
	84.51
	
	
	

	120.4
	116.74
	
	
	107.20
	
	
	98.97
	
	
	89.43
	
	
	

	130.35
	121.81
	
	
	112.06
	
	
	103.96
	
	
	93.76
	
	
	

	140.3
	126.77
	
	
	116.75
	
	
	108.29
	
	
	98.05
	
	
	

	150.25
	131.33
	
	
	121.01
	
	
	112.49
	
	
	101.91
	
	
	

	160.2
	135.29
	
	
	125.12
	
	
	116.46
	
	
	105.82
	
	
	

	170.15
	139.21
	
	
	129.16
	
	
	120.49
	
	
	109.17
	
	
	

	180.1
	142.99
	
	
	132.58
	
	
	124.13
	
	
	112.92
	
	
	

	190.05
	146.74
	
	
	136.30
	
	
	127.14
	
	
	116.30
	
	
	

	200
	149.95
	
	
	139.91
	
	
	130.69
	
	
	119.47
	
	
	




Table S2 Adsorption parameters of mixed gas in quartz slit at 318 K. 
	System
	50% He-50% CH4
	10% He-90% CH4
	5% He-95% CH4
	1% He-99% CH4
	0.5% He-99.5% CH4
	0.1% He-99.9% CH4

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	3.37
	0.02343
	0.99982
	4.49
	0.04575
	0.9997
	4.61
	0.04938
	0.99965
	4.74
	0.05213
	 0.99964
	4.75
	0.05174
	0.9996
	4.77
	0.05279
	0.99962

	10.95
	31.92
	
	
	42.95
	
	
	44.40
	
	
	45.53
	
	
	45.48
	
	
	45.62
	
	

	20.9
	52.04
	
	
	66.16
	
	
	67.90
	
	
	68.30
	
	
	68.76
	
	
	69.11
	
	

	30.85
	66.33
	
	
	79.28
	
	
	80.41
	
	
	81.23
	
	
	81.13
	
	
	81.39
	
	

	40.8
	77.02
	
	
	87.30
	
	
	88.07
	
	
	88.89
	
	
	88.63
	
	
	88.62
	
	

	50.75
	84.91
	
	
	92.49
	
	
	93.49
	
	
	93.87
	
	
	93.83
	
	
	93.57
	
	

	60.7
	91.44
	
	
	97.05
	
	
	97.46
	
	
	98.25
	
	
	97.89
	
	
	98.18
	
	

	70.65
	96.34
	
	
	101.22
	
	
	101.28
	
	
	100.59
	
	
	100.62
	
	
	100.57
	
	

	80.6
	100.90
	
	
	103.70
	
	
	103.46
	
	
	103.71
	
	
	103.18
	
	
	103.42
	
	

	90.55
	104.87
	
	
	106.00
	
	
	105.61
	
	
	105.82
	
	
	105.53
	
	
	105.57
	
	

	100.5
	107.91
	
	
	107.51
	
	
	107.62
	
	
	107.46
	
	
	106.90
	
	
	107.61
	
	

	110.45
	111.25
	
	
	109.75
	
	
	109.34
	
	
	108.39
	
	
	108.94
	
	
	108.46
	
	

	120.4
	113.91
	
	
	111.70
	
	
	110.87
	
	
	110.42
	
	
	111.18
	
	
	110.40
	
	

	130.35
	116.54
	
	
	112.80
	
	
	112.00
	
	
	112.02
	
	
	112.17
	
	
	111.52
	
	

	140.3
	118.70
	
	
	113.91
	
	
	113.42
	
	
	112.74
	
	
	112.35
	
	
	112.81
	
	

	150.25
	121.09
	
	
	115.68
	
	
	114.70
	
	
	113.89
	
	
	114.31
	
	
	113.93
	
	

	160.2
	122.64
	
	
	116.51
	
	
	115.55
	
	
	115.20
	
	
	115.10
	
	
	114.83
	
	

	170.15
	124.99
	
	
	117.18
	
	
	117.11
	
	
	115.90
	
	
	116.17
	
	
	115.32
	
	

	180.1
	126.60
	
	
	119.00
	
	
	117.56
	
	
	116.54
	
	
	116.52
	
	
	116.40
	
	

	190.05
	128.36
	
	
	119.59
	
	
	118.57
	
	
	117.42
	
	
	117.86
	
	
	117.20
	
	

	200
	130.05
	
	
	120.17
	
	
	119.05
	
	
	118.14
	
	
	118.77
	
	
	117.95
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.


Table S3 Adsorption parameters of mixed gas in quartz slit at 368 K. 
	System
	50% He-50% CH4
	10% He-90% CH4
	5% He-95% CH4
	1% He-99% CH4
	0.5% He-99.5% CH4
	0.1% He-99.9% CH4

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	2.56
	0.01669
	0.99985
	3.22
	0.031
	0.99986
	3.31
	0.03309
	0.99984
	3.40
	0.03509
	0.99985
	3.39
	0.03529
	0.99982
	3.41
	0.03561
	0.99982

	10.95
	24.43
	
	
	31.08
	
	
	32.02
	
	
	32.83
	
	
	32.62
	
	
	32.78
	
	

	20.9
	40.91
	
	
	50.51
	
	
	51.27
	
	
	52.60
	
	
	52.66
	
	
	52.75
	
	

	30.85
	53.46
	
	
	63.38
	
	
	64.24
	
	
	64.97
	
	
	65.22
	
	
	64.94
	
	

	40.8
	63.16
	
	
	72.08
	
	
	72.77
	
	
	73.51
	
	
	73.41
	
	
	73.96
	
	

	50.75
	71.11
	
	
	78.35
	
	
	79.33
	
	
	79.21
	
	
	79.58
	
	
	79.67
	
	

	60.7
	77.98
	
	
	83.52
	
	
	83.81
	
	
	83.91
	
	
	84.22
	
	
	84.31
	
	

	70.65
	83.10
	
	
	87.06
	
	
	87.60
	
	
	87.81
	
	
	87.92
	
	
	87.91
	
	

	80.6
	88.19
	
	
	90.73
	
	
	90.95
	
	
	90.70
	
	
	90.94
	
	
	90.85
	
	

	90.55
	92.37
	
	
	93.76
	
	
	93.46
	
	
	92.93
	
	
	93.44
	
	
	93.35
	
	

	100.5
	95.57
	
	
	96.50
	
	
	95.27
	
	
	95.60
	
	
	95.20
	
	
	95.32
	
	

	110.45
	99.58
	
	
	97.65
	
	
	97.70
	
	
	97.88
	
	
	97.45
	
	
	97.57
	
	

	120.4
	102.11
	
	
	99.88
	
	
	99.12
	
	
	98.76
	
	
	99.39
	
	
	99.22
	
	

	130.35
	105.22
	
	
	101.71
	
	
	101.28
	
	
	101.01
	
	
	100.74
	
	
	100.57
	
	

	140.3
	107.65
	
	
	103.57
	
	
	102.99
	
	
	101.95
	
	
	101.70
	
	
	101.85
	
	

	150.25
	110.53
	
	
	104.82
	
	
	103.75
	
	
	103.55
	
	
	103.10
	
	
	102.96
	
	

	160.2
	112.51
	
	
	106.11
	
	
	105.36
	
	
	104.49
	
	
	104.34
	
	
	103.97
	
	

	170.15
	114.50
	
	
	107.16
	
	
	106.56
	
	
	105.74
	
	
	105.61
	
	
	105.37
	
	

	180.1
	116.78
	
	
	108.17
	
	
	107.41
	
	
	106.21
	
	
	106.58
	
	
	106.21
	
	

	190.05
	118.62
	
	
	109.64
	
	
	108.46
	
	
	107.54
	
	
	107.33
	
	
	107.77
	
	

	200
	120.16
	
	
	110.73
	
	
	109.41
	
	
	108.25
	
	
	108.60
	
	
	108.23
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.


Table S4 Adsorption parameters of mixed gas in quartz slit at 418 K. 
	System
	50% He-50% CH4
	10% He-90% CH4
	5% He-95% CH4
	1% He-99% CH4
	0.5% He-99.5% CH4
	0.1% He-99.9% CH4

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	2.08
	0.01319
	0.99985
	2.51
	0.02309
	0.99994
	2.57
	0.02478
	0.99995
	2.63
	0.02606
	0.99992
	2.63
	0.02608
	0.99991
	2.63
	0.02631
	0.99994

	10.95
	20.08
	
	
	24.20
	
	
	24.88
	
	
	25.20
	
	
	25.36
	
	
	25.41
	
	

	20.9
	33.97
	
	
	40.16
	
	
	41.19
	
	
	41.92
	
	
	41.75
	
	
	42.01
	
	

	30.85
	44.98
	
	
	51.98
	
	
	52.64
	
	
	53.57
	
	
	53.46
	
	
	53.28
	
	

	40.8
	53.95
	
	
	60.62
	
	
	61.07
	
	
	61.68
	
	
	61.79
	
	
	61.64
	
	

	50.75
	61.60
	
	
	66.99
	
	
	67.63
	
	
	68.13
	
	
	67.75
	
	
	67.99
	
	

	60.7
	67.95
	
	
	72.21
	
	
	72.71
	
	
	72.91
	
	
	72.61
	
	
	72.96
	
	

	70.65
	73.33
	
	
	76.68
	
	
	76.77
	
	
	76.86
	
	
	76.60
	
	
	76.52
	
	

	80.6
	78.03
	
	
	80.27
	
	
	80.29
	
	
	80.21
	
	
	80.10
	
	
	80.34
	
	

	90.55
	82.32
	
	
	83.30
	
	
	83.60
	
	
	83.46
	
	
	83.32
	
	
	83.05
	
	

	100.5
	86.23
	
	
	86.23
	
	
	85.82
	
	
	85.48
	
	
	85.06
	
	
	85.45
	
	

	110.45
	89.70
	
	
	88.33
	
	
	87.89
	
	
	87.85
	
	
	87.65
	
	
	87.75
	
	

	120.4
	93.35
	
	
	90.36
	
	
	90.07
	
	
	89.74
	
	
	89.23
	
	
	89.58
	
	

	130.35
	96.08
	
	
	92.35
	
	
	91.78
	
	
	91.53
	
	
	90.99
	
	
	91.29
	
	

	140.3
	98.70
	
	
	94.14
	
	
	93.90
	
	
	93.05
	
	
	92.93
	
	
	92.64
	
	

	150.25
	101.01
	
	
	95.93
	
	
	94.91
	
	
	94.31
	
	
	94.26
	
	
	94.08
	
	

	160.2
	103.62
	
	
	97.09
	
	
	96.51
	
	
	95.35
	
	
	95.21
	
	
	95.63
	
	

	170.15
	105.95
	
	
	98.56
	
	
	97.80
	
	
	96.95
	
	
	96.50
	
	
	96.50
	
	

	180.1
	107.91
	
	
	99.98
	
	
	98.42
	
	
	98.38
	
	
	97.55
	
	
	97.34
	
	

	190.05
	110.15
	
	
	100.93
	
	
	99.46
	
	
	98.92
	
	
	99.06
	
	
	98.99
	
	

	200
	111.99
	
	
	102.17
	
	
	100.72
	
	
	99.96
	
	
	100.03
	
	
	99.29
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.


Table S5 Adsorption parameters of mixed gas in quartz slit at 493 K. 
	System
	50% He-50% CH4
	10% He-90% CH4
	5% He-95% CH4
	1% He-99% CH4
	0.5% He-99.5% CH4
	0.1% He-99.9% CH4

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	1.62
	0.01027
	0.99985
	1.90
	0.01692
	0.99996
	1.93
	0.01806
	0.99996
	1.96
	0.01895
	0.99996
	1.96
	0.01899
	0.99996
	1.96
	0.0191
	0.99995

	10.95
	15.88
	
	
	18.45
	
	
	18.76
	
	
	19.01
	
	
	18.98
	
	
	19.01
	
	

	20.9
	27.34
	
	
	31.10
	
	
	31.41
	
	
	31.92
	
	
	32.02
	
	
	31.96
	
	

	30.85
	36.85
	
	
	40.79
	
	
	41.28
	
	
	41.82
	
	
	41.69
	
	
	41.76
	
	

	40.8
	44.87
	
	
	48.43
	
	
	48.97
	
	
	49.29
	
	
	49.57
	
	
	49.52
	
	

	50.75
	51.59
	
	
	54.78
	
	
	55.32
	
	
	55.33
	
	
	55.36
	
	
	55.44
	
	

	60.7
	57.60
	
	
	60.06
	
	
	60.39
	
	
	60.37
	
	
	60.52
	
	
	60.43
	
	

	70.65
	62.77
	
	
	64.44
	
	
	64.37
	
	
	64.78
	
	
	64.74
	
	
	64.49
	
	

	80.6
	67.42
	
	
	67.74
	
	
	68.03
	
	
	68.16
	
	
	67.93
	
	
	67.92
	
	

	90.55
	71.77
	
	
	71.32
	
	
	71.07
	
	
	71.10
	
	
	71.21
	
	
	70.86
	
	

	100.5
	75.46
	
	
	74.12
	
	
	73.76
	
	
	73.89
	
	
	73.55
	
	
	73.75
	
	

	110.45
	78.97
	
	
	76.97
	
	
	76.39
	
	
	75.81
	
	
	75.90
	
	
	75.96
	
	

	120.4
	82.01
	
	
	79.19
	
	
	78.53
	
	
	78.41
	
	
	78.22
	
	
	77.88
	
	

	130.35
	85.26
	
	
	80.77
	
	
	80.26
	
	
	79.66
	
	
	79.82
	
	
	79.96
	
	

	140.3
	87.96
	
	
	82.87
	
	
	81.93
	
	
	81.74
	
	
	81.53
	
	
	81.35
	
	

	150.25
	90.48
	
	
	84.66
	
	
	83.92
	
	
	83.01
	
	
	83.09
	
	
	83.11
	
	

	160.2
	93.22
	
	
	86.41
	
	
	85.41
	
	
	84.66
	
	
	84.66
	
	
	84.33
	
	

	170.15
	95.36
	
	
	87.69
	
	
	87.01
	
	
	86.33
	
	
	86.16
	
	
	85.71
	
	

	180.1
	97.74
	
	
	89.06
	
	
	87.93
	
	
	87.10
	
	
	87.12
	
	
	87.13
	
	

	190.05
	99.97
	
	
	90.66
	
	
	89.54
	
	
	88.20
	
	
	88.43
	
	
	88.15
	
	

	200
	101.88
	
	
	91.75
	
	
	90.04
	
	
	89.73
	
	
	89.66
	
	
	89.24
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.


Table S6 Adsorption parameters of helium with different mole fraction in quartz slit at 318 K. 
	System
	50% He
	10% He
	5% He
	1% He
	0.5% He
	0.1% He

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	1.00
	0.0113
	0.99636
	0.20
	0.0097
	0.99283
	0.10
	0.00953
	0.99296
	0.02
	0.00917
	0.99252
	0.01
	0.00975
	0.99318
	0.00
	0.00914
	0.99277

	10.95
	8.53
	
	
	1.46
	
	
	0.71
	
	
	0.14
	
	
	0.07
	
	
	0.01
	
	

	20.9
	13.20
	
	
	2.03
	
	
	0.98
	
	
	0.19
	
	
	0.10
	
	
	0.02
	
	

	30.85
	16.51
	
	
	2.42
	
	
	1.17
	
	
	0.23
	
	
	0.11
	
	
	0.02
	
	

	40.8
	18.96
	
	
	2.75
	
	
	1.34
	
	
	0.26
	
	
	0.13
	
	
	0.03
	
	

	50.75
	21.01
	
	
	3.07
	
	
	1.47
	
	
	0.29
	
	
	0.14
	
	
	0.03
	
	

	60.7
	22.95
	
	
	3.33
	
	
	1.63
	
	
	0.31
	
	
	0.16
	
	
	0.03
	
	

	70.65
	24.70
	
	
	3.55
	
	
	1.74
	
	
	0.35
	
	
	0.17
	
	
	0.03
	
	

	80.6
	26.71
	
	
	3.83
	
	
	1.88
	
	
	0.36
	
	
	0.18
	
	
	0.04
	
	

	90.55
	27.93
	
	
	4.08
	
	
	2.01
	
	
	0.39
	
	
	0.20
	
	
	0.04
	
	

	100.5
	29.49
	
	
	4.37
	
	
	2.10
	
	
	0.42
	
	
	0.21
	
	
	0.04
	
	

	110.45
	30.94
	
	
	4.58
	
	
	2.23
	
	
	0.44
	
	
	0.22
	
	
	0.04
	
	

	120.4
	32.34
	
	
	4.77
	
	
	2.34
	
	
	0.46
	
	
	0.22
	
	
	0.05
	
	

	130.35
	33.43
	
	
	5.01
	
	
	2.47
	
	
	0.48
	
	
	0.24
	
	
	0.05
	
	

	140.3
	34.90
	
	
	5.27
	
	
	2.54
	
	
	0.50
	
	
	0.25
	
	
	0.05
	
	

	150.25
	35.97
	
	
	5.41
	
	
	2.64
	
	
	0.52
	
	
	0.26
	
	
	0.05
	
	

	160.2
	37.18
	
	
	5.64
	
	
	2.76
	
	
	0.54
	
	
	0.27
	
	
	0.05
	
	

	170.15
	38.04
	
	
	5.88
	
	
	2.84
	
	
	0.56
	
	
	0.28
	
	
	0.06
	
	

	180.1
	39.37
	
	
	5.98
	
	
	2.92
	
	
	0.58
	
	
	0.29
	
	
	0.06
	
	

	190.05
	40.61
	
	
	6.16
	
	
	3.02
	
	
	0.60
	
	
	0.30
	
	
	0.06
	
	

	200
	41.93
	
	
	6.43
	
	
	3.14
	
	
	0.62
	
	
	0.30
	
	
	0.06
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.


Table S7 Adsorption parameters of helium with different mole fraction in quartz slit at 368 K. 
	System
	50% He
	10% He
	5% He
	1% He
	0.5% He
	0.1% He

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	0.86
	0.00917
	0.99787
	0.17
	0.0096
	0.99573
	0.09
	0.00952
	0.99547
	0.02
	0.00909
	0.995
	0.01
	0.0091
	0.99499
	0.00
	0.00916
	0.99501

	10.95
	7.88
	
	
	1.43
	
	
	0.70
	
	
	0.14
	
	
	0.07
	
	
	0.01
	
	

	20.9
	12.83
	
	
	2.16
	
	
	1.06
	
	
	0.21
	
	
	0.10
	
	
	0.02
	
	

	30.85
	16.57
	
	
	2.66
	
	
	1.31
	
	
	0.26
	
	
	0.13
	
	
	0.03
	
	

	40.8
	19.83
	
	
	3.09
	
	
	1.51
	
	
	0.29
	
	
	0.15
	
	
	0.03
	
	

	50.75
	22.18
	
	
	3.45
	
	
	1.66
	
	
	0.33
	
	
	0.16
	
	
	0.03
	
	

	60.7
	24.54
	
	
	3.78
	
	
	1.84
	
	
	0.36
	
	
	0.18
	
	
	0.04
	
	

	70.65
	26.83
	
	
	4.10
	
	
	1.99
	
	
	0.39
	
	
	0.19
	
	
	0.04
	
	

	80.6
	28.71
	
	
	4.37
	
	
	2.13
	
	
	0.42
	
	
	0.21
	
	
	0.04
	
	

	90.55
	30.50
	
	
	4.63
	
	
	2.28
	
	
	0.45
	
	
	0.22
	
	
	0.04
	
	

	100.5
	32.27
	
	
	4.84
	
	
	2.41
	
	
	0.47
	
	
	0.24
	
	
	0.05
	
	

	110.45
	33.52
	
	
	5.19
	
	
	2.50
	
	
	0.49
	
	
	0.25
	
	
	0.05
	
	

	120.4
	35.33
	
	
	5.41
	
	
	2.66
	
	
	0.53
	
	
	0.26
	
	
	0.05
	
	

	130.35
	36.47
	
	
	5.67
	
	
	2.76
	
	
	0.54
	
	
	0.27
	
	
	0.05
	
	

	140.3
	38.42
	
	
	5.85
	
	
	2.84
	
	
	0.56
	
	
	0.28
	
	
	0.06
	
	

	150.25
	39.38
	
	
	6.15
	
	
	3.02
	
	
	0.59
	
	
	0.29
	
	
	0.06
	
	

	160.2
	41.27
	
	
	6.32
	
	
	3.11
	
	
	0.61
	
	
	0.30
	
	
	0.06
	
	

	170.15
	42.49
	
	
	6.59
	
	
	3.19
	
	
	0.63
	
	
	0.32
	
	
	0.06
	
	

	180.1
	43.66
	
	
	6.80
	
	
	3.30
	
	
	0.66
	
	
	0.33
	
	
	0.07
	
	

	190.05
	45.04
	
	
	6.92
	
	
	3.38
	
	
	0.68
	
	
	0.34
	
	
	0.07
	
	

	200
	46.34
	
	
	7.10
	
	
	3.52
	
	
	0.69
	
	
	0.34
	
	
	0.07
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.


Table S8 Adsorption parameters of helium with different mole fraction in quartz slit at 418 K. 
	System
	50% He
	10% He
	5% He
	1% He
	0.5% He
	0.1% He

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	0.76
	0.00791
	0.99874
	0.15
	0.00859
	0.99712
	0.08
	0.00847
	0.99642
	0.01
	0.00855
	0.99678
	0.01
	0.00864
	0.99699
	0.00
	0.00816
	0.99674

	10.95
	7.20
	
	
	1.34
	
	
	0.67
	
	
	0.13
	
	
	0.07
	
	
	0.01
	
	

	20.9
	12.10
	
	
	2.15
	
	
	1.06
	
	
	0.21
	
	
	0.10
	
	
	0.02
	
	

	30.85
	16.09
	
	
	2.73
	
	
	1.34
	
	
	0.26
	
	
	0.13
	
	
	0.03
	
	

	40.8
	19.39
	
	
	3.20
	
	
	1.57
	
	
	0.31
	
	
	0.15
	
	
	0.03
	
	

	50.75
	22.23
	
	
	3.63
	
	
	1.77
	
	
	0.35
	
	
	0.17
	
	
	0.03
	
	

	60.7
	24.58
	
	
	4.00
	
	
	1.96
	
	
	0.38
	
	
	0.19
	
	
	0.04
	
	

	70.65
	27.03
	
	
	4.33
	
	
	2.13
	
	
	0.42
	
	
	0.21
	
	
	0.04
	
	

	80.6
	29.08
	
	
	4.63
	
	
	2.27
	
	
	0.45
	
	
	0.22
	
	
	0.04
	
	

	90.55
	31.08
	
	
	4.93
	
	
	2.40
	
	
	0.47
	
	
	0.24
	
	
	0.05
	
	

	100.5
	32.88
	
	
	5.24
	
	
	2.57
	
	
	0.51
	
	
	0.25
	
	
	0.05
	
	

	110.45
	34.64
	
	
	5.53
	
	
	2.71
	
	
	0.53
	
	
	0.27
	
	
	0.05
	
	

	120.4
	36.16
	
	
	5.81
	
	
	2.83
	
	
	0.56
	
	
	0.28
	
	
	0.06
	
	

	130.35
	37.73
	
	
	6.03
	
	
	2.96
	
	
	0.58
	
	
	0.29
	
	
	0.06
	
	

	140.3
	39.33
	
	
	6.28
	
	
	3.06
	
	
	0.60
	
	
	0.30
	
	
	0.06
	
	

	150.25
	41.23
	
	
	6.53
	
	
	3.20
	
	
	0.63
	
	
	0.31
	
	
	0.06
	
	

	160.2
	42.46
	
	
	6.80
	
	
	3.32
	
	
	0.66
	
	
	0.33
	
	
	0.07
	
	

	170.15
	43.95
	
	
	7.05
	
	
	3.38
	
	
	0.68
	
	
	0.34
	
	
	0.07
	
	

	180.1
	45.02
	
	
	7.25
	
	
	3.59
	
	
	0.69
	
	
	0.35
	
	
	0.07
	
	

	190.05
	46.41
	
	
	7.47
	
	
	3.71
	
	
	0.72
	
	
	0.36
	
	
	0.07
	
	

	200
	47.97
	
	
	7.67
	
	
	3.79
	
	
	0.74
	
	
	0.37
	
	
	0.07
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.


Table S9 Adsorption parameters of helium with different mole fraction in quartz slit at 493 K. 
	System
	50% He
	10% He
	5% He
	1% He
	0.5% He
	0.1% He

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	0.64
	0.00642
	0.99938
	0.13
	0.0072
	0.99834
	0.06
	0.00721
	0.99823
	0.01
	0.00734
	0.9984
	0.01
	0.0074
	0.99826
	0.00
	0.00741
	0.99835

	10.95
	6.25
	
	
	1.20
	
	
	0.60
	
	
	0.12
	
	
	0.06
	
	
	0.01
	
	

	20.9
	10.83
	
	
	2.00
	
	
	0.99
	
	
	0.20
	
	
	0.10
	
	
	0.02
	
	

	30.85
	14.67
	
	
	2.63
	
	
	1.30
	
	
	0.26
	
	
	0.13
	
	
	0.03
	
	

	40.8
	17.99
	
	
	3.17
	
	
	1.56
	
	
	0.31
	
	
	0.15
	
	
	0.03
	
	

	50.75
	20.96
	
	
	3.63
	
	
	1.78
	
	
	0.35
	
	
	0.18
	
	
	0.04
	
	

	60.7
	23.60
	
	
	4.02
	
	
	1.98
	
	
	0.39
	
	
	0.20
	
	
	0.04
	
	

	70.65
	26.04
	
	
	4.42
	
	
	2.17
	
	
	0.42
	
	
	0.21
	
	
	0.04
	
	

	80.6
	28.12
	
	
	4.78
	
	
	2.33
	
	
	0.46
	
	
	0.23
	
	
	0.05
	
	

	90.55
	30.35
	
	
	5.10
	
	
	2.51
	
	
	0.49
	
	
	0.25
	
	
	0.05
	
	

	100.5
	32.49
	
	
	5.41
	
	
	2.65
	
	
	0.53
	
	
	0.26
	
	
	0.05
	
	

	110.45
	34.34
	
	
	5.67
	
	
	2.81
	
	
	0.56
	
	
	0.28
	
	
	0.06
	
	

	120.4
	35.90
	
	
	6.00
	
	
	2.95
	
	
	0.58
	
	
	0.29
	
	
	0.06
	
	

	130.35
	37.49
	
	
	6.29
	
	
	3.10
	
	
	0.61
	
	
	0.30
	
	
	0.06
	
	

	140.3
	39.34
	
	
	6.53
	
	
	3.24
	
	
	0.64
	
	
	0.32
	
	
	0.06
	
	

	150.25
	40.82
	
	
	6.86
	
	
	3.35
	
	
	0.66
	
	
	0.33
	
	
	0.07
	
	

	160.2
	42.33
	
	
	7.04
	
	
	3.46
	
	
	0.69
	
	
	0.34
	
	
	0.07
	
	

	170.15
	43.65
	
	
	7.37
	
	
	3.59
	
	
	0.71
	
	
	0.35
	
	
	0.07
	
	

	180.1
	45.50
	
	
	7.63
	
	
	3.74
	
	
	0.73
	
	
	0.37
	
	
	0.07
	
	

	190.05
	46.87
	
	
	7.77
	
	
	3.85
	
	
	0.76
	
	
	0.38
	
	
	0.08
	
	

	200
	47.83
	
	
	8.05
	
	
	3.96
	
	
	0.77
	
	
	0.39
	
	
	0.08
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.


Table S10 Adsorption parameters of methane with different mole fraction in quartz slit at 318 K. 
	System
	50% CH4
	90% CH4
	95% CH4
	99% CH4
	99.5% CH4
	99.9% CH4

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	2.36
	0.03008
	0.99958
	4.29
	0.04846
	0.99965
	4.51
	0.05083
	0.99963
	4.72
	0.02445
	0.999631
	4.74
	0.0519
	0.9996
	4.77
	0.05179
	0.99962

	10.95
	23.38
	
	
	41.48
	
	
	43.69
	
	
	45.39
	
	
	45.41
	
	
	45.62
	
	

	20.9
	38.84
	
	
	64.13
	
	
	66.92
	
	
	68.11
	
	
	68.67
	
	
	69.11
	
	

	30.85
	49.81
	
	
	76.86
	
	
	79.24
	
	
	81.00
	
	
	81.02
	
	
	81.39
	
	

	40.8
	58.05
	
	
	84.55
	
	
	86.74
	
	
	88.64
	
	
	88.50
	
	
	88.62
	
	

	50.75
	63.90
	
	
	89.41
	
	
	92.03
	
	
	93.58
	
	
	93.69
	
	
	93.57
	
	

	60.7
	68.49
	
	
	93.72
	
	
	95.83
	
	
	97.93
	
	
	97.73
	
	
	98.18
	
	

	70.65
	71.64
	
	
	97.67
	
	
	99.54
	
	
	100.25
	
	
	100.44
	
	
	100.57
	
	

	80.6
	74.20
	
	
	99.87
	
	
	101.58
	
	
	103.34
	
	
	103.00
	
	
	103.42
	
	

	90.55
	76.94
	
	
	101.92
	
	
	103.60
	
	
	105.43
	
	
	105.33
	
	
	105.57
	
	

	100.5
	78.42
	
	
	103.14
	
	
	105.52
	
	
	107.05
	
	
	106.69
	
	
	107.61
	
	

	110.45
	80.31
	
	
	105.17
	
	
	107.11
	
	
	107.95
	
	
	108.72
	
	
	108.46
	
	

	120.4
	81.57
	
	
	106.93
	
	
	108.54
	
	
	109.96
	
	
	110.96
	
	
	110.40
	
	

	130.35
	83.11
	
	
	107.79
	
	
	109.54
	
	
	111.55
	
	
	111.94
	
	
	111.52
	
	

	140.3
	83.81
	
	
	108.64
	
	
	110.89
	
	
	112.24
	
	
	112.10
	
	
	112.81
	
	

	150.25
	85.12
	
	
	110.27
	
	
	112.06
	
	
	113.36
	
	
	114.06
	
	
	113.93
	
	

	160.2
	85.45
	
	
	110.86
	
	
	112.79
	
	
	114.66
	
	
	114.83
	
	
	114.83
	
	

	170.15
	86.96
	
	
	111.30
	
	
	114.27
	
	
	115.34
	
	
	115.90
	
	
	115.32
	
	

	180.1
	87.23
	
	
	113.02
	
	
	114.64
	
	
	115.96
	
	
	116.23
	
	
	116.40
	
	

	190.05
	87.75
	
	
	113.44
	
	
	115.54
	
	
	116.82
	
	
	117.56
	
	
	117.20
	
	

	200
	88.11
	
	
	113.74
	
	
	115.91
	
	
	117.52
	
	
	118.47
	
	
	117.95
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.


Table S11 Adsorption parameters of methane with different mole fraction in quartz slit at 368 K. 
	System
	50% CH4
	90% CH4
	95% CH4
	99% CH4
	99.5% CH4
	99.9% CH4

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	1.70
	0.02211
	0.99971
	3.05 
	0.03285
	0.99983
	3.22 
	0.03407
	0.99983
	3.38 
	0.03531
	0.99985
	3.38 
	0.0354
	0.99982
	3.41 
	0.03563
	0.99981

	10.95
	16.55
	
	
	29.65 
	
	
	31.31 
	
	
	32.70 
	
	
	32.55 
	
	
	32.76 
	
	

	20.9
	28.08
	
	
	48.35 
	
	
	50.21 
	
	
	52.39 
	
	
	52.56 
	
	
	52.72 
	
	

	30.85
	36.89
	
	
	60.72 
	
	
	62.94 
	
	
	64.72 
	
	
	65.10 
	
	
	64.92 
	
	

	40.8
	43.33
	
	
	68.99 
	
	
	71.26 
	
	
	73.22 
	
	
	73.26 
	
	
	73.93 
	
	

	50.75
	48.93
	
	
	74.90 
	
	
	77.66 
	
	
	78.88 
	
	
	79.41 
	
	
	79.64 
	
	

	60.7
	53.43
	
	
	79.74 
	
	
	81.98 
	
	
	83.55 
	
	
	84.04 
	
	
	84.27 
	
	

	70.65
	56.28
	
	
	82.96 
	
	
	85.60 
	
	
	87.43 
	
	
	87.73 
	
	
	87.87 
	
	

	80.6
	59.48
	
	
	86.35 
	
	
	88.82 
	
	
	90.28 
	
	
	90.73 
	
	
	90.81 
	
	

	90.55
	61.88
	
	
	89.13 
	
	
	91.18 
	
	
	92.48 
	
	
	93.21 
	
	
	93.30 
	
	

	100.5
	63.29
	
	
	91.65 
	
	
	92.86 
	
	
	95.13 
	
	
	94.96 
	
	
	95.27 
	
	

	110.45
	66.05
	
	
	92.46 
	
	
	95.20 
	
	
	97.38 
	
	
	97.20 
	
	
	97.52 
	
	

	120.4
	66.77
	
	
	94.47 
	
	
	96.46 
	
	
	98.24 
	
	
	99.13 
	
	
	99.17 
	
	

	130.35
	68.75
	
	
	96.04 
	
	
	98.52 
	
	
	100.47 
	
	
	100.47 
	
	
	100.52 
	
	

	140.3
	69.23
	
	
	97.72 
	
	
	100.15 
	
	
	101.38 
	
	
	101.42 
	
	
	101.79 
	
	

	150.25
	71.15
	
	
	98.67 
	
	
	100.73 
	
	
	102.96 
	
	
	102.81 
	
	
	102.90 
	
	

	160.2
	71.25
	
	
	99.79 
	
	
	102.25 
	
	
	103.88 
	
	
	104.04 
	
	
	103.91 
	
	

	170.15
	72.02
	
	
	100.57 
	
	
	103.37 
	
	
	105.11 
	
	
	105.30 
	
	
	105.31 
	
	

	180.1
	73.12
	
	
	101.36 
	
	
	104.12 
	
	
	105.55 
	
	
	106.26 
	
	
	106.15 
	
	

	190.05
	73.58
	
	
	102.72 
	
	
	105.08 
	
	
	106.87 
	
	
	107.00 
	
	
	107.70 
	
	

	200
	73.82
	
	
	103.63 
	
	
	105.90 
	
	
	107.55 
	
	
	108.26 
	
	
	108.16 
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.


Table S12 Adsorption parameters of methane with different mole fraction in quartz slit at 418 K. 
	System
	50% CH4
	90% CH4
	95% CH4
	99% CH4
	99.5% CH4
	99.9% CH4

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	1.32
	0.0177
	0.99986
	2.36 
	0.0245
	0.99993
	2.49 
	0.02555
	0.99993
	2.61 
	0.0262
	0.99992
	2.62 
	0.0262
	0.99991
	2.63 
	0.02633
	0.99994

	10.95
	12.88
	
	
	22.86 
	
	
	24.21 
	
	
	25.07 
	
	
	25.29 
	
	
	25.40 
	
	

	20.9
	21.88
	
	
	38.01 
	
	
	40.13 
	
	
	41.71 
	
	
	41.65 
	
	
	41.99 
	
	

	30.85
	28.89
	
	
	49.25 
	
	
	51.29 
	
	
	53.31 
	
	
	53.33 
	
	
	53.25 
	
	

	40.8
	34.56
	
	
	57.42 
	
	
	59.49 
	
	
	61.37 
	
	
	61.64 
	
	
	61.61 
	
	

	50.75
	39.37
	
	
	63.36 
	
	
	65.86 
	
	
	67.78 
	
	
	67.57 
	
	
	67.96 
	
	

	60.7
	43.37
	
	
	68.21 
	
	
	70.75 
	
	
	72.52 
	
	
	72.42 
	
	
	72.92 
	
	

	70.65
	46.30
	
	
	72.35 
	
	
	74.64 
	
	
	76.44 
	
	
	76.39 
	
	
	76.48 
	
	

	80.6
	48.95
	
	
	75.64 
	
	
	78.01 
	
	
	79.76 
	
	
	79.88 
	
	
	80.30 
	
	

	90.55
	51.24
	
	
	78.36 
	
	
	81.21 
	
	
	82.99 
	
	
	83.09 
	
	
	83.00 
	
	

	100.5
	53.35
	
	
	80.99 
	
	
	83.25 
	
	
	84.98 
	
	
	84.81 
	
	
	85.40 
	
	

	110.45
	55.05
	
	
	82.79 
	
	
	85.18 
	
	
	87.32 
	
	
	87.38 
	
	
	87.70 
	
	

	120.4
	57.19
	
	
	84.55 
	
	
	87.24 
	
	
	89.18 
	
	
	88.95 
	
	
	89.53 
	
	

	130.35
	58.35
	
	
	86.33 
	
	
	88.83 
	
	
	90.95 
	
	
	90.70 
	
	
	91.23 
	
	

	140.3
	59.38
	
	
	87.87 
	
	
	90.84 
	
	
	92.45 
	
	
	92.63 
	
	
	92.58 
	
	

	150.25
	59.78
	
	
	89.41 
	
	
	91.72 
	
	
	93.68 
	
	
	93.94 
	
	
	94.02 
	
	

	160.2
	61.15
	
	
	90.29 
	
	
	93.19 
	
	
	94.70 
	
	
	94.89 
	
	
	95.56 
	
	

	170.15
	62.00
	
	
	91.51 
	
	
	94.43 
	
	
	96.27 
	
	
	96.15 
	
	
	96.43 
	
	

	180.1
	62.90
	
	
	92.73 
	
	
	94.82 
	
	
	97.69 
	
	
	97.20 
	
	
	97.27 
	
	

	190.05
	63.74
	
	
	93.46 
	
	
	95.75 
	
	
	98.19 
	
	
	98.70 
	
	
	98.92 
	
	

	200
	64.03
	
	
	94.50 
	
	
	96.93 
	
	
	99.22 
	
	
	99.67 
	
	
	99.22 
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.


Table S13 Adsorption parameters of methane with different mole fraction in quartz slit at 493 K. 
	System
	50% CH4
	90% CH4
	95% CH4
	99% CH4
	99.5% CH4
	99.9% CH4

	P
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2
	A
	κ
	R2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	0.98
	0.014
	0.99996
	1.77 
	0.018
	0.99998
	1.86 
	0.01865
	0.99997
	1.86 
	0.0187
	0.99997
	1.95708
	0.0191
	0.99996
	1.96 
	0.01911
	0.99995

	10.95
	9.63
	
	
	17.26 
	
	
	18.16 
	
	
	18.16 
	
	
	18.93 
	
	
	18.99 
	
	

	20.9
	16.51
	
	
	29.10 
	
	
	30.41 
	
	
	30.41 
	
	
	31.92 
	
	
	32.00 
	
	

	30.85
	22.19
	
	
	38.16 
	
	
	39.98 
	
	
	39.98 
	
	
	41.56 
	
	
	41.89 
	
	

	40.8
	26.88
	
	
	45.26 
	
	
	47.42 
	
	
	47.42 
	
	
	49.42 
	
	
	49.37 
	
	

	50.75
	30.63
	
	
	51.15 
	
	
	53.54 
	
	
	53.54 
	
	
	55.18 
	
	
	55.59 
	
	

	60.7
	34.00
	
	
	56.04 
	
	
	58.41 
	
	
	58.41 
	
	
	60.32 
	
	
	60.35 
	
	

	70.65
	36.73
	
	
	60.03 
	
	
	62.20 
	
	
	62.20 
	
	
	64.53 
	
	
	64.37 
	
	

	80.6
	39.30
	
	
	62.96 
	
	
	65.70 
	
	
	65.70 
	
	
	67.70 
	
	
	68.33 
	
	

	90.55
	41.41
	
	
	66.21 
	
	
	68.56 
	
	
	68.56 
	
	
	70.96 
	
	
	70.67 
	
	

	100.5
	42.97
	
	
	68.71 
	
	
	71.11 
	
	
	71.11 
	
	
	73.29 
	
	
	73.36 
	
	

	110.45
	44.63
	
	
	71.30 
	
	
	73.59 
	
	
	73.59 
	
	
	75.63 
	
	
	75.49 
	
	

	120.4
	46.11
	
	
	73.19 
	
	
	75.58 
	
	
	75.58 
	
	
	77.94 
	
	
	77.90 
	
	

	130.35
	47.77
	
	
	74.48 
	
	
	77.16 
	
	
	77.16 
	
	
	79.52 
	
	
	79.92 
	
	

	140.3
	48.62
	
	
	76.33 
	
	
	78.70 
	
	
	78.70 
	
	
	81.21 
	
	
	81.31 
	
	

	150.25
	49.66
	
	
	77.80 
	
	
	80.57 
	
	
	80.57 
	
	
	82.76 
	
	
	83.07 
	
	

	160.2
	50.89
	
	
	79.37 
	
	
	81.95 
	
	
	81.95 
	
	
	84.31 
	
	
	84.74 
	
	

	170.15
	51.71
	
	
	80.32 
	
	
	83.42 
	
	
	83.42 
	
	
	85.80 
	
	
	85.69 
	
	

	180.1
	52.24
	
	
	81.44 
	
	
	84.19 
	
	
	84.19 
	
	
	86.75 
	
	
	87.30 
	
	

	190.05
	53.10
	
	
	82.89 
	
	
	85.69 
	
	
	85.69 
	
	
	88.05 
	
	
	87.92 
	
	

	200
	54.05
	
	
	83.70 
	
	
	86.07 
	
	
	86.07 
	
	
	89.27 
	
	
	89.29 
	
	


Note: P=Pressure (MPa); A=Adsorption (m3/t); unit of κ is MPa-1.

