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1. Materials characterization

Field emission scanning electron microscopy (FE-SEM) and energy dispersive
spectroscopy (EDS) were observed by FEI NOVA NanoSEM 450 system.
Transmission electron microscopy (TEM) and selected area electron diffraction
(SAED) were carried out on FEI Tecnai G2 F30 system. Raman measurements were
carried out on Renishaw inVia Raman Microscope using laser excitation at 532 nm.
Specific surface area and pore size distribution were calculated according to the data
recorded on Quantachrome Autosorb-iQ-C. The data of X-ray photoelectron
spectroscopy (XPS) were collected on Thermo ESCALAB 250 photoelectron
spectrometer. X-ray diffraction (XRD) patterns were obtained using a Shimadzu XRD-
70008 diffractometer with Cu Ka radiation.

2. Electrochemical measurements

The electrochemical properties of the samples were evaluated by the CHI 760E
electrochemistry workstation in 6 M KOH solution. The as-prepared samples, carbon
black, and binder poly (tetrafluoroethylene) with the mass ratio of 80:10:10 were mixed
together by adding a small amount of ethanol, followed by ultrasonic treatment and
evaporation of solvent. Then the mixture was rolled into carbon film, which was further
dried at 80°C overnight to obtain the carbon-based electrode. For three electrode tests,
the as-obtained samples were used as the working electrode, platinum foil was used as
the counter electrode, and Hg/HgO electrode was used as the reference electrode,
respectively. For two electrode tests, two work electrodes were symmetrically

assembled with a cellulose-based non-woven fabric as separator. The gravimetric
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capacitance for a single electrode C,, (F g!) was calculated according to galvanostatic

charge-discharge profiles. For the three-electrode test
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and for the two-electrode test
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Where C,, is the specific capacitance (F g!), I is the discharging current (A), At is the
discharge time (s), m is the mass of active material in a single electrode (g), and AV is
the potential change during the discharge process, respectively.

For the preparation of zinc-ion hybrid capacitors (ZHCs), different proportions of
biomass-derived activated carbon, Super P carbon, aqueous binders (Lal33 and
polyacrylic acid), and carbon nanotubes were thoroughly mixed in a 7:2:0.9:0.1 ratio.
The resulting slurry was then coated onto graphite foil, with the active material mass
controlled at approximately 1.0 mg cm. The slurry was dried at 60°C for 12 h. The
coin cells were assembled in an air atmosphere using 3 M ZnSQO, as the aqueous
electrolyte and zinc foil as the negative electrode. The battery performance was tested
using a LAND (CT 3002 A) battery testing system.

Energy density (Wh kg') and power density (W kg!) of the electrodes were
calculated based on the following equations:
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3. Figures
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Fig. S1. The SEM images of the rice straw are as follows: (a-b) rice straw, (c-d) NaOH-treated

rice straw, (e-f) rice straw treated with NaOH and 10% H,0,, and (g-h) rice straw treated with

NaOH and 20% H,0,.

Fig. S2. The digital photos of the rice straw: (a) rice straw precursor, (b) rice straw treated with

NaOH, (c) and rice straw treated with NaOH and H,0,.



Fig. S3. The SEM images of N-RSC-1:2:5 and N-RSC-1:4:5.
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Fig. S4. High resolution XPS spectra of N, O-RSC-10: (a) C 1s.



(a) C 1) (b) N 13 (c) 015
f

C < s
£ cc k) s
£ z =
]

294 292 290 288 286 284 404 402‘ ) 400 398 3% 540 538 536 534 532 530 528

Binding energy (cV) Binding energy (eV) Binding energy (¢V)

(d) o

_—
(]
N

N s (D O 1]

Intensity (a.u.)
Intensity (a.u.)
Intensity (a.u.)

294 292 290 288 286 284 101 102 300 308 396 540 538 536 534 532 530 528
Binding energy (V) Binding energy (eV) Binding energy (V)

Fig. S5. High resolution XPS spectra namely (a,d) C 1s, (b,e) N 1s, and (c,f) O 1s spectra for N,

O-RSC and N, O-RSC-20.
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Fig. S6. Cyclic voltammograms of N-RSC-1:2:5, N, O-RSC and N-RSC-1:4:5 at scan rates of (a)
5mV s7! and (b) 100 mV s7!; (¢) galvanostatic charge—discharge curves of N-RSC-1:2:5, N, O-
RSC and N-RSC-1:4:5 at a current density of 1 A g™!; (d) specific capacitances of N-RSC-1:2:5, N,

O-RSC and N-RSC-1:4:5 at different current densities.
6



Energy density (Wh kg™)

Rs Rct Zw

WG
CPE1

Fig. S7. Equivalent circuit diagram.
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Fig. S8. Ragone plots of N, O-RSCs zinc-ion hybrid supercapacitor.



Fig. S9. The SEM images of O-RSC-10.
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(b) 100 mV s7!; (c) galvanostatic charge—discharge curves of N, O-RSC-10 and O-RSC-10 at a

current density of 1 A g™; (d) specific capacitances of N, O-RSC-10 and O-RSC-10 at different
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Fig. S10. Cyclic voltammograms of N, O-RSC-10 and O-RSC-10 at scan rates of (a) 5 mV s™! and
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Fig. S11. Z' vs. ® 2 plots.

Fig. S12. The SEM images of N, O-RSC-10-600 (a, b) and N, O-RSC-10-800(c, d).
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Fig. S13. Cyclic voltammograms of N, O-RSC-10, N, O-RSC-10-600 and N, O-RSC-10-800 at
scan rates of (a) 5 mV s ! and (b) 100 mV s™'; (c) galvanostatic charge—discharge curves of N, O-
RSC-10, N, O-RSC-10-600 and N, O-RSC-10-800 at a current density of 1 A g™!; (d) specific
capacitances of N, O-RSC-10, N, O-RSC-10-600 and N, O-RSC-10-800 at different current

densities.
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Table S1. Pore structure parameters of N, O-RSCs

Sample SBET Shnic Sines Votal Vmic Pore size
(m* g™) (m* g) (m* g™) (em® g (em’g?!)  (nm)
N, O-RSC 1661 1125 536 0.95 0.48 2.20
N, O-RSC-10 2103 1842 260 1.16 0.78 1.98
N, O-RSC-20 1718 1161 556 0.92 0.50 2.15
Sger: specific Brunauer-Emmett-Teller surface area;
Smic: micropore surface area;
Sieso: Mesopore surface area;
V¢ total pore volume;
Vic: micropore volume;
Vineso: Mesopore volume
Table S2. The content of N, O and C of N, O-RSCs
Sample C (at%) N (at%) O (at%) H (at%)
N, O-RSC 90.12 1.32 7.78 0.78
N, O-RSC-10 86.35 1.40 11.85 0.40
N, O-RSC-20 81.38 1.47 15.90 1.25
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Table S3. Equivalent circuit impedance fitting parameters of all samples

Sample R, (&) Re (Q) Zy(Q)
N, O-RSC 0.51 3.63 0.62
N, O-RSC-10 0.56 2.58 0.48

N, O-RSC-20 0.59 2.70 0.48
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Table S4. Comparison of the specific capacitance of recently reported carbon materials derived

from natural biomasses for supercapacitors in aqueous electrolyte.

Cyclic
Materials Electrolyte Capacitance (F g) Cycle number Ref.

stability
N, O-RSC-10 6 M KOH 2738 (1 Agh) 93.9% 15000 (10 A g1 This work
N-S-FHCF (MB) 6 M KOH 235(1Agh 83.4% 3000 (1 Agh [S1]
HPCMgK-600 6 M KOH 2253 (1 Agh 88% 10000 (5 A g [S2]
BHPC-3 6 M KOH 2262 (0.5A gh 78.4% 5000 (1 A g!) [S3]
APG-1% 6 M KOH 1585(1 Agh) 75.6% 4000 (5 A gh [S4]
HHCSs-700 6 M KOH 241 (0.5 A g 87.9% 10000 (10 A g1 [S5]
LUDC 0.5 6 M KOH 177.5(0.5A g 96% 12000 (10 A g1 [S6]
N/S-UCNioo 6 M KOH 2252 A¢gh 90.8% 10000 2 A g [S7]
SC-CSC-7 6 M KOH 1054 (0.1 A gh) 93.5% 2000 (1 A gh) [S8]
PC4 6 M KOH 128 (0.5 A gh) 97.3% 2000 (10 A g'h) [S9]
SPAC 1 M H,SO4 208.95(0.06 Ag) 89.7% 1000 (0.08 A g')  [S10]
LPRAC-20% 6 M KOH 217.3(0.5A ¢gh 95.3% 5000 (20 A g'1) [S11]
LK-800 3 M KOH 2552 (1 Agh 99.5% 10000 (10 A g [S12]
PC-Ni/ MnO, 6 M KOH 2673 (0.1 Agh 83.6% 5000 (1 A g) [S13]
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