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Section 1 Calculation of Qst
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Where N represents the adsorption capacity (cm3/g), P is the pressure (mmHg), T is the 

temperature (K), ai and bj are constants, and R is 8.314 J/mol/K.

Section 2 Langmuir Freundlich formula
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Where p is the pressure of the gas when the adsorption reaches equilibrium (kPa); q is 

the adsorption capacity per unit mass of adsorbent (mol/kg), qm1 and qm2 are the 

saturated capacity of component 1 and component 2 (mol/kg), respectively; b1 and b2 

represent the affinity coefficients of component 1 and component 2 (1/kPa); C1 and C2 

are deviations from the ideal uniform surface.

Separation factor (S)

𝑆 =  
𝑞1/𝑞2

𝑃1/𝑃2



Fig. S1 Scanning electron microscopy (SEM) images of SAPO-17-S-3 (a), SAPO-17-

S-5 (b), SAPO-17-S-10 (c), SAPO-17-S-15 (d), SAPO-17-S-30 (e), SAPO-17-S-60 (f), 

SAPO-17-S-120 (g), SAPO-17-S-180 (i).

Fig. S2 Energy dispersion spectrometer (EDS) mapping of SAPO-17-S-1.



Fig. S3 Ammonium temperature-programmed desorption (NH3-TPD) profile of 
synthesized SAPO-17-S-1 and SAPO-17-30.



Fig. S4 29Si MAS NMR spectra (a), 27AI MAS NMR spectra (b) and 31P MAS NMR 

spectra (c) of SAPO-17-S-1 and SAPO-17-30 samples.



Fig. S5 Virial fitting for CO2 of SAPO-17-S-1 (a) and SAPO-17-30 (b).

Fig. S6 CO2-TPD profile of synthesized SAPO-17-S-1 and SAPO-17-30.



Fig. S7 CO2, CH4 adsorption-desorption isotherms of SAPO-17-S-1 and SAPO-17-30 

at 273 K (a), 298 K (b), CO2/CH4 selectivity of SAPO-17-S-1 (c), SAPO-17-30 (d) at 

273 K,298 K.

Fig. S8 CO2/N2 IAST selectivity of SAPO-17-30 at 273 K and 298 K.



Fig. S9 XRD patterns of sample SAPO-17-S-1 after granulation.

Fig. S10 XRD patterns of SAPO-17-S-1 before and after breakthrough experiments.

Table S1 The textural properties of SAPO-17-30, SAPO-17-180 and SAPO-17-S-1.

Sample
Si/(Si+Al+

P)

SBET
 a 

/(m2/g)

Smicro 
b

/(m2/g)

Sext 
b

/(m2/g)

Vmicro 
b

/(cm3/g)

Vtotal 
c

/(cm3/g)

SAPO-17-30 0.038 511 478 33 0.23 0.24

SAPO-17-180 0.037 524 482 42 0.23 0.25

SAPO-17-S-1 0.04 594 547 47 0.26 0.29

a S 
BET was calculated by BET equation from the linear part of adsorption isotherm (0.05 

< P / P0 < 0.30). 
b Smicro, Sext and Vmicro are calculated by t-plot method. 
c Vtotal is calculated at a pressure of P / P0 = 0.95



Table S2 The fitting parameters of Dual-site Langmuir Freundlich formula for SAPO-

17-S-1 at 273 K, 298 K.

Temperature 273 K 298 K

Gas CO2 N2 CO2 N2

qm1 0.96244 0.07031 0.17109 0.04089

b1 0.00269 0.0177 1.63771 0.00981

1/C1 1.54446 1.4077 0.57532 1.62833

qm2 67.31991 1.19658 16.13895 0.63961

b2 0.00768 6.45822E-4 0.01051 4.51902E-4

1/C2 0.36935 1.3493 0.58388 1.39483

R2 1 0.9999 1 0.99989



Table S3 The fitting parameters of Dual-site Langmuir Freundlich formula for SAPO-

17-30 at 273 K and 298 K.

Temperature 273 K 298 K

Gas CO2 N2 CO2 N2

qm1 4.72844 0.0501 0.42672 0.0129

b1 0.0113 0.00817 0.03616 0.0235

1/C1 1.02373 1.96655 0.99566 1.60555

qm2 0.20216 0.565 5.50477 0.27067

b2 0.39487 4.36652E-4 0.00314 8.66997E-4

1/C2 0.99644 1.61631 1.01147 1.37659

R2 0.99999 0.99972 0.99999 0.99973



Table S4 Comparisons of CO2 uptake and selectivity for the separation of CO2/N2, 

CO2/CH4 on various zeolites and SAPOs.

Material Condition
CO2 uptake

(mmol/g)

CH4 uptake

(mmol/g)

N2 uptake

(mmol/g)
S (CO2/CH4) S (CO2/N2) Ref.

SAPO-17-S-

1a

273 K, 

101 kPa
3.47 0.83 0.36

91

(0.02/0.98 bar)

280

(0.15/0.85 bar)
This work

SAPO-17-30a
273 K, 

101 kPa
2.86 0.82 0.29

5

(0.02/0.98 bar)

44

(0.15/0.85 bar)
This work

SAPO-56b
273 K, 

101 kPa
5.5 ＿ 0.52 ＿ 10.5 1

SAPO-17b
273 K, 

101 kPa
3.3 ＿ 0.38 ＿ 8.68 1

SAPO-

35_0.14a

273 K, 

101 kPa
4.8 ＿ 0.45 ＿

40.4

(0.2/0.8 bar)
2

SAPO-17
298 K, 

100 kPa
1.7 0.53 ＿ ＿ ＿ 3

SAPO-43c
298 K, 

100 kPa
1.07 0.16 0.07 ＿ 15.28 4

SAPO-34
298 K, 

100 kPa
2.26 0.4 ＿

5.7

(0.02/0.98 bar)
＿ 5

SAPO-DNL-

6

298 K, 

100 kPa
4.65 0.38 ＿ ＿ ＿ 6

SAPO-RHOa
298 K, 

100 kPa
4.41 0.83 0.23

26

(0.02/0.98 bar)

50

(0.15/0.85 bar)
7

Na-SAPO-

RHOa

298 K, 

100 kPa
3.5 ≈0 0.09

2196 (0.02/0.98 

bar)

196 (0.15/0.85 

bar)
7

K-SAPO-

RHOa

298 K, 

100 kPa
0.9 ≈0 ≈0 —

29 (0.15/0.85 

bar)
7

Cs-SAPO-

RHOa

298 K, 

100 kPa
0.5 ≈0 ≈0 —

22 (0.15/0.85 

bar)
7

H-SSZ-13a
298 K, 

100 kPa
3.98 0.22 ＿ ＿

73.6

(0.15/0.75 bar)
8

Cu-SSZ-13a
298 K, 

100 kPa
3.75 0.25 ＿ ＿

72 (0.15/0.75 

bar)
8

Fe-MORa
273 K, 

100 kPa
3.89 0.013 0.013

7.7×10123

(0.5/0.5 bar)

7.8×1041

(0.15/0.85 bar)
9

13Xa
298 K, 

100 kPa
5 0.26 0.22

103

 (0.5/0.5 bar)

420 

(0.1/0.9 bar)
10

Mg-MOF-74a
298 K, 

100 kPa
8.00 1.11 ＿

137

 (0.5/0.5 bar)
＿ 10

MIL-53(Al)a
298 K, 

100 kPa
2.23 0.87 0.17

7

 (0.1/0.9 bar)

22.8 

(0.15/0.85 bar)
11

Li-ZK-5d 303K, 4.7 ＿ ＿ 94 12



100kPa

Na-ZK-5 d
303K, 

100kPa
4.0 ＿ ＿ 56 12

K-ZK-5 d
303K, 

100kPa
4.0 ＿ ＿ 96 12

Mg-ZK-5 d
303K, 

100kPa
4.4 ＿ ＿ 121 12

Ca-ZK-5 d
303K, 

100kPa
4.0 ＿ ＿ 69 12

Na-MERa
298 K, 

100 kPa
3.8 0.32

229 (0.02/0.98 

bar)
13

K-MERa
298 K, 

100 kPa
3.57 0.052

1818 (0.02/0.98 

bar)
13

a IAST
b Relative ratio 1/1
c Single-component ratios 1/1

d 

𝛼𝐶𝑂2/𝑁2
= (

𝑁𝐶𝑂2

𝑁𝑁2

)/(
𝑦𝑁2

𝑌𝐶𝑂2

)
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