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Supplementary Figure 1. Thermogravimetric analysis (TGA) curve of CA-hydrochar prepared
from cellulose acetate and activated carbon (CA-4800) derived from the hydrochar via activation
at 800 °C and KOH/hydrochar ratio of 4.
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Supplementary Figure 2. Powder XRD patterns of CA-hydrochar and activated carbons prepared
from cellul ose acetate.
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Supplementary Figure 3. SEM images of activated carbons prepared from cellul ose acetate.
The carbons were prepared from activation at various temperatures (600 — 800 °C) of
cellulose acetate-derived hydrochar at KOH/hydrochar ratio of 4.
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Supplementary Figure 4. Porosity of activated carbons prepared under similar conditions but
from different precursors. (@) Nitrogen sorption isotherms and (b) pore size distribution curves
of activated carbons prepared from cellulose acetate (CA-4600) or cellulose (C-4600) by
activation of their respective hydrochars at 600 °C and KOH/hydrochar ratio of 4.
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Supplementary Figure 5. Porosity of activated carbons prepared under similar conditions but
from different precursors. (a) Nitrogen sorption isotherms and (b) pore size distribution curves
of activated carbons prepared from cellulose acetate (CA-4700) or cellulose (C-4700) by
activation of their respective hydrochars at 700 °C and KOH/hydrochar ratio of 4.
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Supplementary Figure 6. Porosity of activated carbons prepared under similar conditions but
from different precursors. (a) Nitrogen sorption isotherms and (b) pore size distribution curves
of activated carbons prepared from cellulose acetate (CA-4800) or cellulose (C-4800) by
activation of their respective hydrochars at 800 °C and KOH/hydrochar ratio of 4.
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Supplementary Figure 7. Porosity of activated carbons prepared under similar conditions but
from different precursors. Nitrogen sorption isotherms (top) and pore size distribution curves
(bottom) of cellulose acetate-derived activated carbon (CA-4700) compared to analogous
activated carbons derived from lignin (LAC4700), grass (ACGR4700) and carbon nanotube
superstructures (CN4700) prepared under similar conditions (i.e., 700 °C and KOH/carbon
ratio of 4).
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Supplementary Figure8. IR spectraof cellulose acetate-derived CA-hydrochar and activated
carbons derived from the CA-hydrochar compared to activated carbon derived from sawdust
(SD2600). The IR spectrafor SD2600 is adapted from reference 1.
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Supplementary Figure 9. Total hydrogen uptake of cellulose acetate-derived activated
carbons (CA-4T) compared to cellulose-derived activated carbons (C-4T).
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Supplementary Figure 10. Excess and total hydrogen uptake of activated carbons
derived from cellulose acetate compared to benchmark polypyrrrole-derived
compactivated carbon (PPY -4800), zeolite templated carbon (ZTC5) and commercialy
available activated carbon (AX21). Data for PPY-4800 and ZTC5 is taken from
reference 2 and 3, respectively.
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Supplementary Figure 11. Nitrogen sorption isotherms (A) and pore size distribution curves
(B) of cellulose acetate-derived activated carbon (CA-4700) compared to to benchmark
polypyrrrole-derived compactivated carbon (PPY-4800), zeolite templated carbon (ZTC-5)
and commercialy available activated carbon (AX21). Datafor PPY-4800 and ZTC5 is taken
from reference 2 and 3, respectively.
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Supplementary Figure 12. Porosity of activated carbons prepared under varying conditions and
from different precursors. () Nitrogen sorption isotherm and (b) pore size distribution curve of
cellulose acetate-derived activated carbon (CA-4800) compared to analogous activated carbons
with similar porosity derived from the hydrochar of Jujun grass (ACGR4700) and Camellia
Japonica (ACCA4700). Data for samples ACGR4700) and ACCA4700 is taken from reference
4.
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Supplementary Figure 13. Excess and total gravimetric hydrogen uptake of activated carbon
(CA-4700) derived from cellulose acetate compared to the best benchmark high surface area
metal organic frameworks (MOFs), namely, NOTT-112, NU-100 and MOF-210. Data for
NOTT-112, NU-100 and MOF-210 is taken from reference 5, 6 and 7, respectively.
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Supplementary Figure 14. Excess and total hydrogen uptake at 25 °C and pressure of up to
30 bar of CA-4T activated carbons derived from cellul ose acetate and acommercially available
activated carbon AX21.
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Supplementary Figure 15. Excess and total hydrogen uptake at 25 °C and pressure of up to
100 bar of sample CA-4700.
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Supplementary Table 1. Elemental analysis of cellulose acetate-derived CA-hydrochar and

cellulose-derived C-hydrochar and activated carbons derived from the hydrochars.

Sample Cl%] H[%] O[%] (O/CR (HIC)®

C-hydrochar 69.5 6.1 24.4 0.263 1.053
CA-hydrochar 66.2 3.9 29.9 0.339 0.707

C-4600 86.9 1.2 115 0.099 0.163
C-4700 92.2 0.6 7.1 0.057 0.072
C-4800 95.0 0.2 4.4 0.035 0.030
CA-4600 76.1 11 22.8 0.225 0.173
CA-4700 814 0.7 17.9 0.165 0.103
CA-4800 78.3 11 20.6 0.197 0.169

@Atomic ratio
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Supplementary Table 2. Textural properties and H> uptake of cellulose acetate-derived
activated carbons (CA-4T) compared to cellulose-derived activated carbons (C-4T).

Sample Surfaceares  Porevolume®  Pore sizef Ho uptake” (wt%)
(m*g™) (cm*g™) (A) 1 bar 20 bar®
CA-4600  2001(1790) 095(0.79) 6/85/12 3.1 6.2 (5.6)
CA-4700  3771(3484)  175(154)  7/85/12 3.9 8.1(7.0)
CA-4800  2864(2662)  132(L17) 68512 34 6.8 (6.0)
C-4600 2014 (1843)  094(081) 12 23 4.9 (4.3)
C-4700 2370(2201)  1.08(0.96)  12/15 25 5.6 (4.9)
C-4800 2047 (1707)  0.98(0.74)  12/20 21 4.8(4.2)

Values in the parenthesis refer to: 2micropore surface area and Pmicropore volume. ¢Pore size
distribution maxima obtained from NLDFT analysis. 4Gravimetric (wt%) H. uptake at -196 °C
and various pressures (i.e., 1 or 20 bar).°The values in parenthesis are excess H. uptake.

17



Supplementary Table 3. Textural properties and H. uptake of cellulose acetate-derived
activated carbon (CA-4700) compared to cellulose-derived activated carbon (C-4700), and
analogous activated carbons derived from the hydrochar of other biomass, namely, glucose (G-
4700), starch (S-4700), euca yptus sawdust (E-4700), furfural (F-4700), lignin (LAC4700), jujun
grass (ACGR4700), Camellia Japonica (ACCA4700), and carbon nanotube superstructures
(CN4700), under similar activation conditions (i.e., at 700 °C and KOH/carbon ratio of 4).

Sample Surface aresf  Porevolume®  Pore size H2 uptake® (wt%) Reference

(m? gt) (cm*g?) (A)

1 bar 20 bar®

CA-4700 3771(3484) 175(L54)  7/85/12 3.9 8.1(7.0)  Thiswork
C-4700  2370(2201) 1.08(0.96)  12/15 25 56(49 8
G-4700  2121(2012) 1.00(091) 1215 2.4 53(46) 8
S4700  2194(2082) 1.01(0.92) 1215 2.4 54(47) 8
E-4700  2252(2088) 1.03(0.91)  12/15 25 56(49 8
F-4700  2179(2067) 1.03(0.94)  12/15 25 54(47) 8
LAC4700 2038(1832) 1.00(0.84)  6/8/1U21 19 52(44) 9
ACGRA700 3144 (2753) 156 (1.23)  6/8/12/20 2.4 55(45) 4
ACCA4700 2983 (2500) 150 (L14)  6/12/22 2.4 54(45) 4
CN4700  3202(1106) 2.14(050)  8/12/28 2.4 67(53) 10

Values in the parenthesis refer to: 2micropore surface area and Pmicropore volume. ¢Pore size
distribution maxima obtained from NLDFT analysis. 4Gravimetric (wt%) H2 uptake at -196 °C
and various pressures (i.e., 1 or 20 bar).°The values in parenthesis are excess H: uptake.
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Supplementary Table 4. Textural properties and H> uptake of cellulose acetate-derived
activated carbon (CA-4700) compared to benchmark polypyrrrole-derived compactivated carbon
(PPY-4800), zeolite templated carbon (ZTC-5) and commercially available high surface area
activated carbon (AX21).

Sample Surface ares? Porevolume® Pore size Ho uptake” (wt%) Reference

(m? gt (cm3g?) (A)
1 bar 20 bar®
CA-4700 3771(3484) 1.75(154)  7/8.5/12 3.9 8.1(7.0)  Thiswork
PPY-4800 3844 (-) 2.89 () 13/34 2.2 73(65) 2
ZTC-5 3322(2837) 1.66(L18) 12 25 73(63) 3
AX21 3191 (1768) 1.80(0.89)  12/21/25 2.1 59(47)  Thiswork

Values in the parenthesis refer to: 2micropore surface area and Pmicropore volume. ¢Pore size
distribution maxima obtained from NLDFT analysis. 4Gravimetric (wt%) H2 uptake at -196 °C
and various pressures (i.e., 1 or 20 bar).°The values in parenthesis are excess H» uptake.
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Supplementary Table 5. Excess H. uptake of cellulose acetate-derived activated carbon (CA-
4800) compared to analogous activated carbons with similar porosity (i.e., surface area, pore
volume, pore size and level of microporosity) derived from the hydrochar of Jujun grass
(ACGR4700) and Camellia Japonica (ACCA4700).*

Sample Surface area? Porevolume® Poresize®  Elemental composition H2 uptake”
(m?g?) (cm®g?) (A) (Wt%) (Wt%)
Cl%] H[% O[%] lbar  20bar
CA-4800 2864 (2662) 1.32(117) 6/8512 783 11 20.6 34 60
ACGR4700 3144 (2753) 156(1.23) 6/812 862 05 133 24 45
ACCA4700 2983 (2500) 150(1.14) 7/85/12 87.0 05 125 24 45

The values in the parenthesis refer to: 2micropore surface area and °micropore volume. °Pore
size distribution maxima obtained from NLDFT analysis. 9Excess (Wt%) H- uptake at -196 °C
and various pressures (i.e., 1 or 20 bar).
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Supplementary Table 6. Surface area, pore volume hydrogen storage (at -196 °C and 20 or 30
bar) for CA-4T carbons compared to the best benchmark meta organic frameworks (MOFs).

Sample Surface Pore Gravimetric Volumetric Reference
area Volume  H: uptake (wt%)>? H2 uptake (g I™Y)P
(m?*g?) (em®*gl) Excess  Total Excess Total
CA-4600 2001  0.95 56(58) 6.2(67) 40(41) 44(48)  Thiswork
CA-4700 3771 175 70(72) 81(89) 32(33) 37(41) Thiswork
CA-4800 2864 1.32 6.0(6.1) 6.8(7.3) 34(34) 41(41)  Thiswork
NOTT-112° 3800  1.62 6.8(7.0) 7.8(86) 16(17) 19(21) 511
NU-100° 6143  2.82 6.9(7.8) 85(10.0) 11(12) 13(15 6,11
MOF-210° 6240  3.60 6.4(73) 84(102) 8(9 11(13) 7,11
M OF-210¢ 6240  3.60 6.4(7.3) 84(102) 16(18) 22(26) 711

aGravimetric excess and total H uptake at -196 °C and 20 bar or (for values in parenthesis) at
30 bar. PVolumetric excess and total H, uptake at -196 °C and 20 bar or (for values in
parenthesis) at 30 bar. Packing density values (g cm) used, according to reference 11, are: 0.23
(NOTT-112),* 0.15 (NU-100)** and 0.125 (MOF-210).! The packing density values are based
on experimental data (reference 11) that shows that the actual “tapped density” of MOFs is
roughly one-half of the ‘ideal’ crystal density. “Crystal density (0.25 g cm®)” was used to
calculate volumetric storage capacity values.
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