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Details about electrochemical calculations

CV is an effective analysis means for exploring the electrochemical kinetics of electrodes. According to the
Duun’s method !, the relationship between peak current (i) with disparate scanning rates (v) can be described in
the following equations:

i=axvy (D)

logi = b % logv + loga 2)

The b value depended on the slope of the log i with respect to log v, the b value of 0.5 is indicative of a
diffusion-controlled process, while b = 1 represents a fast capacitive process.

By separating the total current response (7) at a given voltage, the contribution can be quantitatively separated
into capacitive-controlled process and diffusion-controlled process according to the following equation:
i=ky+ikpy”?  (3)

Where the kv and k,v'? correspond to capacitive- and diffusion-controlled contribution, respectively.

In three-electrode system, the areal specific capacitances (C,, mF cm)and gravimetric specific capacitances
(C,, F g!) of a single electrode was calculated from GCD curves according to equations (4) and (5), respectively.

The volumetric specific capacitances (Cy, F cm) of single electrode was calculated from C, by the formula (6).
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Where 1 (A), 4t (s), s (cm?), d (cm), m (g), AV (V) represents the discharge current, galvanostatic discharge

time, the geometry area, thickness and mass of working electrode, the potential window of the discharge process,



respectively.

In two-electrode system, the C’s (mF cm2), C’, (F g') and C’y (F cm™) were calculated from GCD curves by

the equations (7) to (9).
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The areal energy density (E,, mWh cm2), areal power density (P, mW cm2), gravimetric energy density (E,,
Wh kg!), gravimetric power density (P,, W kg'!), volumetric energy density (mWh cm) and volumetric power

density (mW cm) was based on the calculated capacitance values and evaluated according to the following
equation:
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Fig. S1. (a) XPS survey spectra of OC-900 and a-OC-900. (b) Faradaic redox reactions involved in the alkaline/
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Fig. S2. Capacitive properties of electrodes in three-electrode system with 6 M KOH electrolyte. (a) The

comparison of CV curves of OC-X and activated samples at 100 mV s-!. The GCD profiles of (b) OC-800, (¢)

0OC-900 and (d) OC-1000, respectively. (e) CV curves and (f, g) GCD profiles of a-OC-800. (h) GCD profiles

of a-0C-900. (i) CV curves and (j, k) GCD profiles of a-OC-1000.
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Fig. S3. Capacitive properties of concentration series samples in three-electrode system with 6 M KOH

electrolyte. (a) CV curves and (b, ¢) GCD profiles of a-OC-0.5%. (d) CV curves and (e, f) GCD profiles of a-

0C-2%. (g) Rate performance of concentration series samples.
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Fig. S4. Capacitive properties of activation time series samples in three-electrode system with 6 M KOH
electrolyte. (a) CV curves and (b, ¢) GCD profiles of a-OC-6 h. (d) CV curves and (e, f) GCD profiles of a-OC-

24 h. (g) Rate performance of activation time series samples.
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Fig. S5. Capacitive properties of activation temperature series samples in three-electrode system with 6 M KOH

electrolyte. (a) CV curves and (b, ¢c) GCD profiles of a-OC-150 °C. (d) CV curves and (e, f) GCD profiles of a-

0OC-200 °C. (g) Rate performance of activation temperature series samples.
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Fig. S6. Capacitive properties of electrodes in three-electrode system with 6 M KOH electrolyte. (a) The

comparison of CV curves of OC (B) and a-OC (B) at 100 mV s!. (b) CV curves of a-OC (B). GCD profiles of

(c) OC (B) and (d, e) a-OC (B). (f) Rate performance of OC (B) and a-OC (B). (g) Comparison of C, and Cy

versus different current densities of a-OC (B).
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Fig. S7. Capacitive properties of electrodes in three-electrode system with 6 M KOH electrolyte. (a) The
comparison of CV curves of OC (PO) and a-OC (PO) at 100 mV s™'. (b) CV curves of a-OC (PO). GCD profiles
of (¢) OC (PO) and (d, ¢) a-OC (PO). (f) Rate performance of OC (PO) and a-OC (PO). (g) Comparison of C,

and Cy versus different current densities of a-OC (PO).
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Fig. S8. Capacitive properties of electrodes in three-electrode system with 6 M KOH electrolyte. (a) The
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Fig. S9. Capacitive properties of electrodes in three-electrode system with 6 M KOH electrolyte. (a) The
comparison of CV curves of OC (C) and a-OC (C) at 100 mV s!. (b) CV curves of a-OC (C). GCD profiles of
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Fig. S10. Capacitive properties of electrodes in three-electrode system with 6 M KOH electrolyte. (a) The
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Fig. S11. The capacitive properties of symmetric supercapacitors (a-OC-900//a-OC-900) with 6 M KOH, 1 M
H,S0,4, and 1 M Na,SO, electrolyte, respectively. The GCD profiles of devices in (a) 6 M KOH, (b) 1 M H,SO,,
and (c¢) 1 M Na,SOj electrolyte. The long cycle performance of devices in (d) 6 M KOH, (e) 1 M H,SO,, and
(f) 1 M Na,SO, electrolyte. (g) The comparison of CV curves of devices in different electrolytes. (h) Nyquist
plots of devices in different electrolytes, the inset is the corresponding equivalent circuit diagram and fitted

values. (1) Comparison of C, and Cy versus different current densities of devices in 6 M KOH.
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Fig. S12. The capacitive properties of symmetric supercapacitors (a-OC-900//a-OC-900) with 6 M KOH at
different temperature. (a) CV curves and (b) GCD profiles of devices at 0 °C. (c) CV curves and (d) GCD

profiles of devices at -20 °C. (e) CV curves and (f) GCD profiles of devices at -40 °C.
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Table S1. Porosity characteristics of OC-800, OC-900, OC-1000, a-OC-800, a-OC-900, a-OC-1000.

SpET Sic Vi Vimic Vinie! Vi Dy

Sample
(m?gh) (m’gh (em’gh (em’gh) (%) (nm)
0C-800 371.6 348.2 0.20 0.18 90 2.19
0C-900 300.2 282.3 0.17 0.15 88 1.59
0C-1000 204.8 200.5 0.13 0.12 92 1.09
a-0C-800 722.8 601.8 0.35 0.26 74 1.95
a-0C-900 612.6 552.4 0.30 0.21 70 1.89
a-0OC-1000 5324 487.2 0.25 0.22 88 1.86

Sger, total specific surface area.

Swmic, specific surface area of micropores.
V,, total pore volume.

Vmic, micropore volume.

Dp, average pore diameter.



Table S2. Element analysis of OC-900 and a-OC-900

Cls O Is
0)
Samples  C (at.%) %) O/C  c=c C-0 C=0 0-C=0 nm-n* 0-1 O-1I O-III Chemisorbed/
at.7o
(BE, (BE, (BE, (BE, (BE, (BE, (BE, (BE, physisorbed
at.%) at.%) at.%) at.%) at.%) at.%) at.%) at.%) water
284.8, 285.4, 286.6, 288.8, 291.0, 530.6, 532.5, 534.3, 536.7,
0C-900 95.5 4.5 0.05
56.1 22.8 10.5 8.3 2.4 11.8 67.9 14.8 6.1
284.8, 285.8, 286.9, 289.0, 291.0, 531.1, 532.7, 533.9, 535.9,
a-0C-900 89.5 10.5 0.12
62.0 10.7 15.9 6.0 5.4 32.7 29.2 32.1 6.0

BE: Binding energy, eV.

at.%: atomic content ratios.



Table S3. The comparison of a-OC-900 and other carbon-based electrodes with high mass loading (three-electrode system).

Electrode mass

Cycle
Precursor Method loading; Electrolyte Initial capacitance  Rate performance Y .
: durability
thickness
9383.7 mF cm??, 5592.0 mF cm?,
96.8%
o ~40 mg cm 3302 F g, 200.1 F g!
Basswood H,0, activation 6 M KOH ’ 50,000
~800 pm 117.5 F cm™ 699 F cm?
100 mA cm™
at 2 mA cm at 300 mA cm?
4102 mF cm?2,
94%
KOH 12.5 mg cm? 328 F g, 3484 mF cm?,
Peanut dregs .. 6 M KOH 20,000
activation 125 um 328 F cm? at 200 mA cm?
20 mA g!
at 10 mA cm™
L 6590 mF cm?, 4990 mF cm™2, 90.5%
Phytic acid 17.17 mg cm?
Basswood .. 6 M KOH 384 F g, 285F g, 20,000
activation ~800 um
at 1 mA cm™? at 30 mA cm 20 mA cm?
. 8410 mF cm?, 3776 mF cm?, 87%
Enzymolysis- ~25 mg cm™
Basswood 6 M KOH 328 F g, 1469 F g, 15,000
treated ~800 um
at 1 mA cm™ at 50 mA cm™ 50 mA cm?
3204 mF cm?, 2800 mF cm2,
. 30 mg cm?
Basswood CO, activation . 1 M Na,SO, 118.7F g, 103.7F g, /
mm
at 1 mA cm™? at 30 mA cm™
. 5251 mF cm?, 4273 mF cm??, 91%
Resin L 46.2 mg cm?
L CO, activation 1 M Na,SO, 115F g, 93.5F g, 10,000
3D printing 1.5 mm
at 3 mA cm at 30 mA cm 30 mA cm?
7600 mF cm2, ~5000 mF cm?2,
L i 54.75 mg cm?
Basswood Delignification 15 6 M KOH 130 F g, ~80 F g1, /
.5 mm

at 1 mA cm?

at 50 mA cm?




Table S4. The comparison of a-OC-900//a-OC-900 and other carbon-based devices with high mass loading (two-electrode system).

Electrode
mass Initial Rate Cycle Maximum Maximum power
Precursor Method ) Electrolyte ) . ) ) Ref.
loading; capacitance performance durability energy density density
thickness
6205.7 mF cm?, 4849.5 mF cm™?, 819 64 mWhem? 1102 mW om?
.64 mWh cm?, 2 mW cm??, .
H,0, ~40 mg cm 221.6F g, 1732 F g ° This
Basswood e 6 M KOH ’ 50,000 58.8 Wh kg, 3915.7 W kg!
activation ~800 um 77.6 F cm?3 60.6 F cm?3 work
30 mA cm?  20.6 mWhcem®  1370.3 mW cm
at 5 mA cm? at 100 mA c¢cm?
i 1280 mF cm2,
Conductive ~950 mF cm?2, 92.6%
KOH, MgS0, 10 mg cm™ 111 Fg!
carbon Co 6 M KOH 95F g! 10,000 / / 8
activation 700 pm 16.1 F cm?3
black at 10 A g 2Ag!
atl A g!
175F g, 125 F g, ~90%
Waste L 10 mg cm™ 8 g ° 6.2 Wh kg,
KOH activation 6 M KOH 129 F cm?3, 100 F cm?3, 10,000 / 9
cotton ~150 um 4.97 mWh cm?3
at0.5 A g! at 10 A g'! 05Ag!
PAN 1536 mF cm™2, 1030 mF cm2, ~99.4%
layer-by-layer 12 mg cm- mrem mrem ° 0.22 mWh cm?2,
PMMA .. 1 M H,SO, 103 F cm™ 69 F cm? 20,000 10.3 mW cm? 10
electrospinning 82 um 14.3 mWh cm?3
GO at | mA cm? at 4 mA cm™ 10 mA cm
L 1148.5 mF cm™, 811 mF cm??, 89%
Phytic acid 12 mg cm?
Graphene o 6 M KOH 574 F cm3 40.5 F cm?3 5,000 7.9 mWh cm?3 2500 mW cm? 11
activation ~100 um
at 1 mA cm? at 100 mA cm? 20 mA cm?




Electrode

mass Initial Rate Cycle Maximum Maximum power
Precursor Method ) Electrolyte ) . ) ) Ref.
loading; capacitance performance durability energy density density
thickness
4700 mF cm2, 2900 mF cm™
L 17.17 mg 90.5%
Phytic acid 206.5F g, 106 F g'! 0.94 mWh cm™2, 14.4 mW cm
Basswood L cm2 6 M KOH ’ 20,000 3
activation 29.3 F cm? 18.1 Fcm? 41.2 Whkg!, 437.4 W kg!
~800 um 20 mA cm?
at | mA cm? at 20 mA cm
. 1500 mF cm?, 570 mF cm?2, 86.6%
Enzymolysis-  ~25 mg cm? 0.21 mWh cm??, 15.0 mW cm™
Basswood 6 M KOH 79F g! 30F g'! 15,000 4
treated ~800 um 10.97 Wh kg*! 800 W kg'!
at 1 mA cm? at 50 mA cm? 20 mA cm?
5365 mF cm?,
203 F cm?
H,SO 33 2 >125F g'lat ~99%
GO 2> PEENT IMH,S0,  at33 mA cm? s ° / / L
treatment 260 um 70 mA cm? 10,000
175F gl at
039 A ¢!
846 mF cm,
160 mF cm??, 81.48%
L. i ~55 mg cm 65F g!
Basswood  Delignification 6 M KOH 20F g'! 15,000 9.04 Wh kg! 2.39 W kg, 7
1.5 mm 2.6 Fcm3
at20 mA cm? 20 mA cm™

at 1 mA cm?
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