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Part I 
Adsorptive kinetics models
[bookmark: OLE_LINK3][bookmark: OLE_LINK20]The adsorption kinetics could be described by the pseudo-first order model:

pseudo-second order model:

and Avrami model:

[bookmark: _Hlk110427795][bookmark: _Hlk110427823]Where  (mg g-1) and  (mg g-1) are the adsorption amount of CO2 at time t (min) and equilibrium, respectively;  (1 min-1),  (g (mg min)-1) and  (1 min-1) are adsorption rate constants.

Adsorptive isotherms models
The adsorption isotherms could be described by the Langmuir model:

And Freundlich model:

[bookmark: _Hlk84811423]Where  (mg g-1) is the amount of CO2 adsorbed at equilibrium,  (mg g-1) is the saturated amount of adsorbed gas, pe (kPa) is the partial pressure of CO2, Kl (1 kPa-1) is the Langmuir constant related to adsorption capacity, Kf (mg (g kPa1/n)-1) is the Freundlich constant related to adsorption capacity and n is the adsorption intensity. 

Activation energy calculation 
[bookmark: _Hlk117888536]The activation energy was calculated by Arrhenius equation:



Where K is the reaction rate constant, A is the pre-exponential factor (1 s-1), Ea is the activation energy (kJ mol-1), and R is the universal gas constant (8.3145 J (mol K)-1). By taking logarithm of both sides, the equation could be transformed to another form:


By fitting a line between ln K and 1000 T-1, the slope of line was used to obtain activation energy:


Where Kline is the slope of fitting line.

Part II 
Table S1. Adsorption kinetic parameters of CO2 on biochar at 35 - 65 oC.
	[bookmark: _Hlk101050340]Biochar
	Pseudo-first order model
	Pseudo-second order model
	Avrami model
	qe, exp
(mg g-1)

	
	
	
	
	

	
	qe
(mg g-1)
	k1
(1 min-1)
	R2
	qe
(mg g-1)
	k2
(g (mg min)-1)
	R2
	qe
(mg g-1)
	kA
(1 min-1)
	n
	R2
	

	Adsorption at 35 oC

	BB
	42.14
	1.416
	0.912
	43.60
	0.060
	0.815
	41.95
	1.445
	2.822
	0.986
	42.54

	LBB3
	39.43
	1.086
	0.943
	41.15
	0.046
	0.896
	39.23
	1.123
	1.606
	0.959
	40.16

	LBB5
	39.66
	1.284
	0.931
	41.08
	0.058
	0.829
	39.47
	1.298
	2.324
	0.987
	39.73

	LBB10
	44.52
	1.262
	0.931
	46.17
	0.050
	0.836
	44.29
	1.285
	2.305
	0.985
	44.75

	LBB15
	48.51
	1.341
	0.925
	50.18
	0.049
	0.824
	48.28
	1.362
	2.486
	0.987
	48.61

	LBB20
	48.81
	1.320
	0.927
	50.51
	0.049
	0.824
	48.58
	1.336
	2.429
	0.988
	48.97

	Adsorption at 45 oC

	BB
	35.85
	1.458
	0.902
	37.05
	0.072
	0.806
	35.68
	1.488
	3.051
	0.986
	36.29

	LBB3
	32.71
	1.154
	0.935
	34.06
	0.059
	0.878
	32.52
	1.206
	1.894
	0.963
	33.23

	LBB5
	32.74
	1.372
	0.916
	33.85
	0.076
	0.803
	32.59
	1.375
	2.683
	0.991
	32.77

	LBB10
	37.53
	1.343
	0.919
	38.83
	0.064
	0.814
	37.35
	1.360
	2.617
	0.989
	37.64

	LBB15
	40.39
	1.408
	0.914
	41.75
	0.063
	0.806
	40.21
	1.423
	2.763
	0.989
	40.45

	LBB20
	40.74
	1.398
	0.914
	42.11
	0.062
	0.803
	40.56
	1.406
	2.732
	0.991
	40.81

	Adsorption at 55 oC

	BB
	32.61
	1.413
	0.909
	33.77
	0.075
	0.837
	32.45
	1.476
	2.697
	0.972
	33.25

	LBB3
	29.49
	1.180
	0.936
	30.70
	0.068
	0.880
	29.33
	1.229
	1.810
	0.960
	30.02

	LBB5
	29.10
	1.411
	0.918
	30.07
	0.088
	0.811
	28.98
	1.419
	2.629
	0.989
	29.29

	LBB10
	33.51
	1.382
	0.921
	34.66
	0.074
	0.819
	33.36
	1.401
	2.568
	0.988
	33.69

	LBB15
	36.04
	1.439
	0.918
	37.23
	0.072
	0.816
	35.88
	1.459
	2.655
	0.988
	36.24

	LBB20
	36.58
	1.428
	0.918
	37.79
	0.071
	0.814
	36.42
	1.443
	2.643
	0.989
	36.79

	Adsorption at 65 oC

	BB
	27.97
	1.357
	0.909
	29.03
	0.082
	0.858
	27.91
	1.499
	2.786
	0.982
	28.53

	LBB3
	24.84
	1.186
	0.935
	25.85
	0.081
	0.886
	24.71
	1.246
	1.796
	0.957
	25.34

	LBB5
	24.29
	1.436
	0.916
	25.09
	0.107
	0.813
	24.17
	1.462
	2.744
	0.988
	24.44

	LBB10
	28.10
	1.402
	0.919
	29.06
	0.089
	0.822
	27.97
	1.437
	2.637
	0.985
	28.32

	LBB15
	30.44
	1.457
	0.917
	31.44
	0.086
	0.819
	30.30
	1.495
	2.729
	0.985
	30.63

	LBB20
	31.09
	1.455
	0.917
	32.11
	0.085
	0.816
	30.95
	1.484
	2.710
	0.987
	31.23





[bookmark: _Hlk151198253]Table S2. Multicomponent adsorption experiment on impregnated biochar at 25 oC.
	[bookmark: _Hlk137996331]Experiment
	Gas
	Flow rate (mL min-1)
	Purity
	Volume Concentration
	Adsorption capacity (mg g-1)
	Breaking point
(s)
	Dry point (s)

	1
	CO2
	3
	100%
	12.0%
	28.50
	68.6
	161.6

	
	N2
	22
	100%
	88.00%
	
	
	

	2
	SO2
	10
	1%
	0.4%
	51.10
	3999.0
	6372.8

	
	N2
	15
	100%
	99.6%
	
	
	

	3
	NO
	10
	1%
	0.4%
	0.24
	14.4
	110.4

	
	N2
	15
	100%
	99.6%
	
	
	

	4
	CO2
	3
	100%
	12.0%
	23.70
	70.1
	133.4

	
	NO
	10
	1%
	0.4%
	0.14
	17.3
	35.8

	
	SO2
	10
	1%
	0.4%
	45.06
	3572.0
	6160.8

	
	N2
	2
	100%
	87.2%
	
	
	


Breaking point and dry point are recorded when the ratio of outlet concentration to inlet concentration reached 0.05 and 0.95. Adsorption capacity was calculated when the ratio of outlet concentration to inlet concentration reached 1 for the first time.
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