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Fig. S1. Photograph of CKCGs-900-1 hydrothermal 2 h.
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Fig. S2. Photographs of CKCGs-800-1, CKCGs-900-N,, CKCGs-900-0.5, CKCGs-900-1.5, and
CKCGs-1000-1.
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Fig. S3. Photographs of the KOH-A-1 and KOH-A-2
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Fig. S4. High-resolution XPS spectra of Cls for CKCGs.

Fig. S5. (a) SEM image of CKCGs-900-1, and EDS elemental mapping images of (b) C, (c) N, and
(d) O in CKCGs-900-1.
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Fig. S6.The relationship of CH,4 adsorption capacity with (a) Vg s5um, (b) Sger, (¢) O-content, (c) N-
content, (¢) surface C-OH&C-OOH total concentration and (f) surface N-5&N-6 total concentration.
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Fig. S7. Different hydrothermal duration affecting the CH4 adsorption capacity. (Red marking

hydrothermal 1 h, black marking hydrothermal 0.5 h, blue marking hydrothermal 2 h)
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Fig. S8. CH4 adsorption performance comparison of CKCGs-1, KOH-A-1 and KOH-A-2 at 25 °C

and 1 bar.
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Fig. S9. The adsorption isotherms of (a) CH4 and (b) N; on CKCGs-900-1 at 0, 25, and 45°C.
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Fig. S10. The initial slopes of CH4 and N, adsorption isotherms (0-0.12 bar) for (a) CKCGs-800-1,
(b) CKCGs-900-0, (c) CKCGs-9-0.5, (d) CKCGs-900-1, (e) CKCGs-900-1.5 and (f) CKCGs-1000-

1, at 25 °C.
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Fig. S11. Comparison of CH4/N, selectivity and CH,; adsorption capacity with some other
adsorbents at 1 bar and 25 °C (red symbols present particle and column samples, black symbols
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Fig. S12. Breakthrough curves for CH4/N, (30/70 v/v) binary mixture on (a) CKCGs-800-1, (b)
CKCGs-1000-1 at 25 °C and 1 bar.
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Table S1. The mechanical strength and yield of these granular carbon samples.

Samples Mechanical strength (N/granule) Yields? (%)
CKCGs-800-1 25.95 21.07
CKCGs-900-N, 37.18 16.13
CKCGs-900-0.5 31.07 19.24
CKCGs-900-1 21.61 17.57
CKCGs-900-1.5 12.03 13.85
CKCGs-1000-1 11.66 12.80

3 Calculated by considering the mass change of the original precursor (corn kernels) upon the
final obtained carbon granules.

Table S2. Average particle size and Standard Deviation of Corn Kernels and the derived carbon granules.

Corn carbon granule size (cm)
Samples kernel
size (cm) CKCGs-900-N, CKCGs-800-1  CKCGs-900-0.5 CKCGs-900-1 CKCGs-900-1.5 CKCGs-1000-1

No. 1 0.9 0.75 0.80 0.71 0.7 0.62 0.50
No. 2 0.91 0.78 0.79 0.72 0.68 0.65 0.48
No. 3 0.86 0.76 0.81 0.69 0.69 0.64 0.49
No. 4 0.91 0.75 0.82 0.71 0.71 0.59 0.51
No. 5 0.9 0.74 0.79 0.69 0.69 0.60 0.48
No. 6 0.88 0.76 0.81 0.68 0.68 0.61 0.52
No. 7 0.87 0.74 0.82 0.73 0.68 0.62 0.49
No. 8 0.89 0.75 0.78 0.73 0.7 0.63 0.50
No. 9 0.88 0.76 0.84 0.74 0.68 0.62 0.51

No. 10 0.92 0.77 0.82 0.70 0.73 0.59 0.48
No. 11 0.91 0.75 0.81 0.71 0.71 0.64 0.49
No. 12 0.89 0.74 0.80 0.69 0.67 0.62 0.49
Average
particle 0.89 0.75 0.82 0.71 0.70 0.61 0.49
size
Standard
deviation 0.018 0.013 0.018 0.018 0.017 0.019 0.013
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Table S3. Content of different O-containing functional groups in Ols spectra of CKCGs samples.

O/at. O groups ratio ® (%) O groups ratio ©
Samples

(%) C=0 C-OH -COOH 0,/H,O C=0 C-OH -COOH OyH,0
CKCGs-800-1 14.92 43.29 47.62 6.93 2.16 6.46 7.10 1.03 0.33
CKCGs-900-N, 15.04 47.54 49.18 1.23 2.05 7.15 7.40 0.18 0.31
CKCGs-900-0.5 14.46 43.54 45.80 7.51 3.15 6.30 6.62 1.09 0.45
CKCGs-900-1 14.33 41.35 46.41 8.44 3.80 5.93 6.65 1.21 0.54
CKCGs-900-1.5 14.00 41.17 47.32 8.71 2.80 5.76 6.62 1.22 0.40
CKCGs-1000-1 13.09 31.03 48.97 15.86 4.14 4.06 6.41 2.08 0.54

aThe surface total O concentration (at.%) obtained from XPS analysis;

b Percentage of each deconvoluted peak in relation to Ols total area (%);

¢ The surface concentration (at.%) of each O-containing group is calculated by multiplying the percentage of deconvolution
peak of each O group in the O1s spectra by the total O concentration. In the case of CKCG-900-1, for example, the C-OH
percentage in Ols spectra of 46.41 % multiplied by the O content of 14.33 at. % is calculated to be 6.65 at. %.

Table S4. Content of different N-containing functional groups in O1s spectra of CKCGs samples.

N/at. N species ratio® (%) N species ratio ©
Samples

(%) N6 N-5 N-Q N-X N-6 N-5 N-Q N-X
CKCGs-800-1 241 31.72 57.27 6.17 4.84 0.76 1.38 0.15 0.12
CKCGs-900-N, 242 31.22 57.71 6.81 4.26 0.76 1.40 0.16 0.10
CKCGs-900-0.5 2.33 30.45 58.77 6.13 4.65 0.71 1.37 0.14 0.11
CKCGs-900-1 231 29.67 60.28 5.74 4.31 0.69 1.39 0.13 0.10
CKCGs-900-1.5 2.14 27.50 63.50 5.00 4.00 0.59 1.36 0.11 0.08
CKCGs-1000-1 1.81 18.09 64.82 9.55 7.54 0.33 1.17 0.17 0.14

2 The surface total N concentration (at. %) obtained from XPS analysis;

b Percentage of each deconvoluted peak in relation to N1s total area (%);

¢ The surface concentration (at.%) of each N-containing group is calculated by multiplying the percentage of
deconvolution peaks of each N group in the N1s spectra by the total N concentration. In the case of CKCG-900-1, for
example, the N-5 percentage in N1s spectra of 60.28 % multiplied by the N content of 2.31 at. % is calculated to be 1.39
at. %.
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Table S6. The comparison between CKCGs-900-1 and other representative adsorbents on CHy
adsorption capacity and CH4/N, IAST selectivity at 25 °C and 1 bar.

. CH, uptake CH4/N, Ratio of
Physical -
Adsorbent (mmol g!) TAST Selectivity CH4/N, Ref.
form
@ 25 °C, 1 bar

HCK4.5 Powdery 1.39 4.51 20/80 [S1]
Al-FUM-Me Powdery 1.21 8.60 50/50 [S2]
SBMOF-1 Powdery 0.92 11.5 50/50 [S3]
nano-ZK-5 Powdery 1.34 4.2 20/80 [S4]
SA-1-700 Powdery 1.53 5.00 50/50 [S5]

Table S5. Langmuir-Freundlich parameters for the CH4 and N, adsorption isotherms on the
porous carbon granules.

Samples Gas Temperature Jmn b n R?

CH, 25 °C 2.56065 0.39922 1.23015 0.99990

CKCGs-800-1
N, 25 oC 229363  0.14119 121101 0.99963
CH, 25 oC 234149 021258  1.13587 0.99957

CKCGs-900-N,
N, 25 °C 2.10798 0.13734 1.2235 0.99413
CH, 25 °C 3.00275 0.54049 1.21938 0.99996

CKCGs-900-0.5
N, 25 oC 222188  0.17667  1.16042 0.99988
0°C 4.0012 0.8210 1.21851 0.99983
CH, 25 °C 3.05675 070716  1.17389 0.99988
45 °C 2.49156 0.56251 1.0713 0.99981

CKCGs-900-1

0°C 2.36322 0.30752 1.12021 0.99968
N, 25 °C 1.89563  0.24963  1.06393 0.99996
45 °C 1.67176 0.18734 1.02128 0.99996
CH, 25 °C 3.59313 0.47987 1.14975 0.99995

CKCGs-900-1.5
N, 25 oC 1.94714 026263  1.04394 0.99993
CH, 25 oC 3.5588  0.44928  1.10175 0.99983

CKCGs-1000-1
N, 25 °C 2.6300 0.16395 1.09866 0.99981
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N-WAPC Powdery 1.01 11.76 15/85 [S6

]
CICTF-1-650 Powdery 1.47 8.60 50/50 [S7]
PS-1-550 Powdery 1.44 6.60 50/50 [S8]
sOMC Powdery 0.90 3.80 50/50 [S9]
[Ni3(HCOO)q] Powdery 0.82 6.18 50/50 [S10]
PCNPs Powdery 1.17 10.0 30/70 [S11]
CSK-7 Powdery 1.25 3.64 50/50 [S12]
Cu-MOF Powdery 0.47 6.9 50/50 [S13]
CGUC-1-8 Powdery 1.34 5.0 50/50 [S14]
PCF-Co-0.5 Powdery 0.97 6.8 30/70 [S15]
0O-Cell-113-a Powdery 1.69 12.64 15/85 [S16]
10 %Ni/C Powdery 1.26 53 30/70 [S17]
OTS-2-450 Powdery 0.93 4.9 50/50 [S18]
OAC-2 Powdery 0.84 4.6 50/50 [S19]
Ni/DOBDC Powdery ~1.16 ~1.5 50/50 [S20]
[Mg;(HCOO)4] Powdery 0.74 55 50/50 [S21]
Na-CHA-4.0 Powdery .34 e e [S22]
PAF-1-SO;H Powdery 062 e e [S23]
L RC-E0 Shaped 112 5.5 15/85 [S24]
bindorcomtaining  Shaped 1459 e [325]
binderconaining  Shaped 1125 e e [526]
bindg%ggl}iimng Shaped 1.0%4 e e [S26]
binder-co;uaining Shaped 0.87 10.3 30/70 [S27]
CKCGs-900-1 Granule 1.31 17.62 10/90 this work
CKCGs-900-1 Granule 1.31 11.59 15/85 this work
CKCGs-900-1 Granule 1.31 5.21 30/70 this work
CKCGs-900-1 Granule 1.31 2.40 20/50 this work
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