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Scheme S1 lllustration of a lab-scale fix-bed reactor.
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Fig. S1 PXRD patterns of AC, ACO-1, ACO-2, and ACO-3.

Fig. S2 SEM images of AC with 500 fold magnification.

S4



JHEL

Fig. S3 SEM images of ACO-1 with 500 fold magnification.
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Fig. S5 Pore-size distribution of AC, ACO-1, ACO-2,and ACO-3 calculated by the non-local density
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Fig. S6 The virial graphs for adsorption of CO, on AC at 296 K (a) and 273 K (b).
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Fig. S7 The virial graphs for adsorption of CO, on ACO-1at 296 K (a) and 273 K (b).
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Fig. S8 The virial graphs for adsorption of CO; on ACO-2at 296 K (a) and 273 K (b).
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Fig. S9 The virial graphs for adsorption of CO, on ACO-3at 296 K (a) and 273 K (b).
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Fig. S10 Comparison of the enthalpies for gas adsorption of CO, on AC (gray), ACO-1 (blue), ACO-
2 (red), and ACO-3 (olive green) from two methods: virial equation (solid) and linear extrapolation
(open).
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Fig. S11 The graphs of the Single-site Langmuir-Freundlich equations fit for adsorption of CO; (a),
N> (b) on AC at 296 K.

S8



(a) 3.0- (b)o.zs-

N
(3]
1

0.20

N
o
1

S.154
o

£
£0.10-

n (mmol/g)
o

-
o
1

<
Equation | A*b1*x*cl/(1sb1"x*c1) 0.05 Fquation [ ATBISx clA1TbiTx el)
0.5 Adj. Rsquare 0.99993 . T Adj. R-square 099999
. Nalue Standard Error Value Standard Feror
D Al 68914 022278 D AT 145846 0.06129
D b1 001845 321886E4 D b1 000198 SS0IGTES
0.0 D ol 0.75483 000843 0.00 D o1 0.59712 0.008
" T T T T T 1 T 1 i

o

L
20 40 80 100 120 0 20 100 120

60 0 60
P (kPa) P (kPa)

Fig. S12 The graphs of the Single-site Langmuir-Freundlich equations fit for adsorption of CO (a),
N2 (b) on ACO-1at 296 K.
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Fig. S13 The graphs of the Single-site Langmuir-Freundlich equations fit for adsorption of CO, (a),
N2 (b) on ACO-2 at 296 K.
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Fig. S14 The graphs of the Single-site Langmuir-Freundlich equations fit for adsorption of CO (a),
N> (b) on ACO-3 at 296 K.
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Fig. S15 The comparison of loaded CO, density on ACO-2 with representative porous carbon
materials. Green (blue) bars represent representative porous carbons that modification with different
method such as N doping, K™ ions doping and carbonization, while red bars express the porous
carbons were modification by O doping which are showing in Table S2.
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Table S1 Porous structure parameters of the AC and ACO-n samples.

Sample 2 (m?/g) ®(m%/g) V,* (cm*/g)
BET Lana
AC 948.63 1259.73 0.28
ACO-1 805.14 920.66 0.24
ACO-2 832.05 981.51 0.25
ACO-3 657.21 811.02 0.23

®The specific surface area was determined by the BET equation (p/po = 0.05-0.3).

bThe specific surface area was determined by the Langmuir quation (p/po = 0.05—0.98).

“The micropore volume were estimated by Dubinin-Radushkevich (DR) method (eq. S1) in relative
pressure range from 10 to 10" based on the adsorption isotherms of CO; at 273 K.!

V/V, = exp(—lf(gnﬁjz (RTID/P0))" ) evrevreerevieeiennn (0. S1)

where V is the volume adsorbed at a pressure p, Vo is the micropore volume, Egis the
characteristic energy dependent on the pore structure, and £ is the affinity coefficient which is

characteristic of the adsorptive. The term (Rﬂn(pfpu}]z is usually named A2
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Table S2 The comparison of CO, adsorption performances on ACO-2 with representative porous

carbon materials.

A CO; uptake .
Materials Modification 1 o6 k. 1par | oo, Qu iasT | P | Refs
method (mmolig) (m°g™) | (kd/mol) (cm’/g) | (g/cm”)
AC-KOH-N KOH, N doping 5.05 2511 336 30.75 | 1.16 0.19 2
NC-650-3 KOH, N doping 4.80 1535 33.0 19° 0.56 0.38 3
PFS-800 KOH 4.62 1272 40.0 - 0.38 0.53 4
PN-650-2 KOH, N doping 4,57 1445 37.0 22" 0.52 0.39 5
PUF-400-KOR- KOH 4.33 1516.3 61.0 057 | 0.33 6
1-700
NDPC-2-600 N doping 4.30 1211 74.2 15.2 0.55 0.34 7
KNC-A-K KOH, N doping 4.04 614 59.3 48° 8
NPC-2 KOH, N doping 4.02 1255.9 33.5 32.4 0.52 0.34 9
AC-2-635 K>COs 3.86 1381 30.4 21 0.56 0.30 10
mJUC160-900 N doping 3.50 940 23.1 29 0.34 0.45 11
OAC-1 O doping 3.46 925 23.5 26.5 0.45 0.34 12
KBM-700 KOH, N doping 3.29 1129 44.0 99.1 0.40 0.36 13
NPC-650 KOH, N doping 3.10 1561 43.0 0.65 0.21 14
This
ACO-2 O doping 3.01 832.05 23.1 48.5 0.25 0.53 wor
k
AAC-1 Carbonization 3.00 392 28.0 45 0.22 0.60 15
MOFC-800 N doping 2.96 1086.9 28.1 29 16
HCM-DAH-1 N doping 2.60 670 35.9 28 0.20 0.57 17
KOH,
MOP-7C L 2.23 1508 34.7 21 0.56 0.18 18
carbonization
IBN9-NC1 N doping 1.81 925 44.1 42 0.16 0.50 19
MCN N doping 1.46 156 32.2 158" 20

The porous carbons materials with orange and green background are modified by oxygen-doping.

4 Calculated the density of loaded CO; by the equation

N(co,) X4
T Vpx22.4x1000

p is the density of loaded CO> (g cm™), and N(coz) is CO; sorption capacity at 296 K and 1 bar

(cm® g*).

bThe selectivity predicted by IAST for the gas mixtures (CO2:N2 = 0.10:0.90) at 296 K.
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