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Figure S1. SEM micrographs of SCHs.
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Figure S2. SEM micrographs of Starch-800.
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Figure S3. 13C CP-MAS spectra of SCMS-0.2-800.



Starch
‘ -

Starch-800
\ [ S

00 0B aoh i be
Binding Energy (eV)

Intansity (a.u.)

Figure S4. Full survey XPS spectra of starch and Starch-800.
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Figure S5. Deconvolution of C 1s spectra for (a) starch and (b) Starch-800.
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Figure S6. (a) Full survey XPS spectra of SCHs; (b-c¢) Deconvolution of C 1s spectra for SCHs.

XPS technique was applied to further reveal the composition and functionality of hydrochars
(Figure S6). The obvious signals of C (284.8 eV) and O (532.8 eV) were observed without other
impurities. The C; spectrum of SCH-x can be deconvoluted into three peaks corresponding to

C=C/C-C (284.5 eV, C-O (285.7 eV) and C=0 (287.5 V).
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Figure S7. Full survey XPS spectra of SCMS-0.2-y.
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Figure S8. Deconvolution of C 1s spectra for SCMS-0.2-y.

When pyrolysis at high temperature is applied, It is noticed that with the attenuation of the
C—0 signals in the Cls envelopes, O-C=0 (290.2 eV) bond signal showed up due to its high
binding energy that is expected to be the partly remaining form of oxygen after annealing to

high temperature (600-900 °C).!
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Figure S9. N, adsorption isotherms at 77 K on (a) SCMS-0.05- y; (b) SCMS-0.2-y and (c) SCMS-1- y.
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Figure S10. Adsorption isotherms of CO, on (a) Starch-800 and SCMS-x-800; (B) SCMS-0.2-y.
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Figure S11. CsHg and C;Hg adsorption isotherms of Starch-800 at 298 K and 0-1 bar. C;Hg: solid circles,

C;Hg: empty circles
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Figure S12. C;H and C;Hg adsorption isotherms of (a) SCMS-0.05-800 and (b) SCMS-1-800 at 298 K and
0-1 bar. C3Hg: solid circles, CsHg: empty circles
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Figure S13. Surface area plot for SCMS-0.05-800 and SCMS-1-800.
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Figure S14. Surface area plot for SCMS-0.2-y.
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Figure S15. (a) CsHg adsorption isotherms of SCMS-0.2-800 at three different temperatures and (b) Virial
fitting of the C5H, adsorption isotherms (points).

The isosteric heat of adsorption can be estimated from the adsorption isotherms at three
different temperatures 273 K, 285 K and 298 K by using the Virial equation:?
m n
InP =N +1/T Y aN;+ Y b,
i=o j=o
Here, P refers to the pressure (bar), N is the amount absorbed (mmol/g), T is the temperature
(K), a; and b; are Virial coefficients, and m, n represent the number of coefficients required to
adequately describe the isotherms. The values of the Virial coefficients a, through a,, were then
used to calculate the isosteric heat of absorption using the following expression:
m
Q4 =-R Z a;N;
i=o
Where the Qg is denoted as the coverage-dependent isosteric heat of adsorption, R refers to the
ideal gas constant. The heat enthalpy of C;Hg is determined using the isotherms data in the

pressure range from 0-1 bar (at 273 to 298 K).
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Figure S16. Heat of adsorption for C;Hg on SCMS-0.2-800.

18

25




Temperature controller
Carrier gas

— (- 5\ -
Column =
GC
analyzer R
ﬁ «
-
=

Figure S17. Schematic illustration of the apparatus for the gas breakthrough tests.
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Figure S18. Breakthrough cycling test of SCMS-0.2-800. C;Hg: solid circles, CsHg: empty circles.
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Figure S19. C;Hg and C;Hg adsorption isotherms of SCMS-0.2-800 at (a) 298 K and 0-8 bar; (b) 353
K and 0-1 bar. C3Hg: solid circles, C3Hg: empty circles
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Supporting Tables

Table S1. Elemental compositions of SCHs from elemental analysis.

Samples C% 0% H%
SCH-0.05 69.37 26.50 4.13
SCH-0.2 68.44 27.28 4.28

SCH-1 67.55 28.08 4.37
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Table S2. Comparison of C;Hg and CsHg uptake of top-performing adsorbents at 1 bar and 298 K.

C;Hguptake C;Hg uptake Uptake ratio of

Materials ol ol C3He/C3Hs Ref

KAUST-7 1.41 ~0 ) 3

Y-abtc 1.95 ~0 0 4

Zn3(OH),(pzdc)(atz) 2.08 ~0 0 3

Co-gallate 1.79 0.14 12.78 6

Co(AIP)(BPY)g s 1.992 0.482 4.142 7

MOFs

CPL-1 1.82 0.29 6.28 8

AGTU-3a 1.22 0.46 2.65 ?

Zn,(5-aip),(bpy) 1.91 0.76 2.51 10

SIFSIX-2-Cu-i 2.65 1.67 1.59 1

ZnAtzPO, 2.13 1.19 1.79 12

Zeolite Zeolite 13X 3.44b 3.03b 1.14b 13

SAM-HCP-Ag-3 1.75 0.5 3.50 14

MC-wiggle 2.6 1.5 1.7 15

SC-K 2.20 0.41 5.37 16
SCMS-0.05-800 2.52 0.73 345 This work

carbons

SCMS-0.2-800 2.54 0.08 31.75 This work
SCMS-1-800 2.22 0.02 111 This work
SCMS-0.2-700 2.24 1.69 1.33 This work
SCMS-0.2-900 1.81 0.05 36.2 This work

2 The experiment condition is 273 K and 100 kPa. ": The test temperature is 323 K.
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Table S3. Textural properties of SCMS-0.2-y samples.

Samples Micropore volume? (cm3/g)
SCMS-0.2-600 0.220
SCMS-0.2-700 0.224
SCMS-0.2-800 0.238
SCMS-0.2-900 0.221

4 Micropore volume given by CO, adsorption data based on Dubinin—Radushkevich (D—R) equation
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