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2. Experimental

2.1. Preparation of hydrogel electrolyte

To prepare hydrogel electrolyte, 15 mL of DI water was slowly heated to 90 °C. Subsequently, 2 g of PVA
was added and continued stirring for about 1 h until the dense and transparent homogeneous solution was
obtained. Then, 10 mL of 1 M KOH transparent solution was slowly added when the above solution was
cooled to 65 °C. Gel-like solution was acceptable until the prepared solution was utterly dissolved and cooled

down. Generally, the PVA/KOH gel electrolyte is safer and more stable than the aqueous electrolytes.

2.2. Characterizations

The morphology and energy dispersive X-ray spectroscopy (EDS) and element mapping images of all
samples with different microscopic sizes were characterized by a ZEISS Supra 55 scanning electron
microscope (SEM) with accelerating voltage of 5 kV and 20 kV respectively. The elemental compositions of
all samples were analyzed by X-ray photoelectron spectroscopy (XPS) employing a Thermo Scientific K-Alpha
spectrometer (monochromatic Al Ka X-ray source, h = 1486.7 eV). All the prepared samples were
characterized by X-ray diffraction (XRD) with a Rigaku DMax-Rb diffractometer under Cu Ka radiation (A =
1.54056 A). The porous properties of all the samples were obtained using N, adsorption/desorption studies
utilizing ASAP2460, and their specific surface areas were calculated using the Brunaure-Emmett-Teller (BET)
method. In addition, transmission electron microscope (TEM) images, high-resolution transmission electron
microscopy (HRTEM) images, energy dispersive X-ray spectroscopy (EDS), element mapping images and
selected area electron diffraction (SAED) of all the prepared products were characterized by a JEOL JEM
2100F transmission electron microscope at an acceleration voltage of 200 kV. Additionally, Raman
spectroscopy using the Thermo Fischer DXR was employed to compare the D peak and G peak of the samples,

which helped in analyzing their defect degree and graphitization degree.

2.3. Electrochemical measurements


javascript:;

All electrochemical data were collected using a Shanghai Chenhua electrochemical workstation (CHI 760E)
at room temperature. 6 M KOH aqueous solution was used as the electrolyte throughout the experiment.
To characterize the electrochemical performances, the rCSCTN was employed as the working electrode in
the three-electrode tests. The platinum tablet and the mercuric oxide electrode were deployed as the
counter electrode and reference electrode, respectively. Cyclic voltammetry (CV) and galvanostatic charge-
discharge (GCD) tests were performed over a potential window ranging from 0 to 0.5 V. Additionally,

electrical impedance spectroscopy (EIS) data were measured at a frequency range of 0.01 Hz to 10° Hz. To

determine the specific capacitance Cs of the electrode, GCD curves were analyzed under various current

densities, and the formula for calculating the specific capacitance Cs of the electrode is as follows:

C.= 1At s1
ST mAV (51)

In this equation, the resulting Cs (F g) is the specific capacitance of the working electrode. I (A) is the

discharge current in the GCD curves, At (s) is the discharge time at diverse current densities, ™ (g) represents

the mass of active material and AV (V) is the potential window of the working electrode.
2.4. Fabrication and electrochemical measurements of asymmetric supercapacitors (rCSCTN //AC)

To characterize the electrochemical performance of a solid asymmetric supercapacitor (ASC) device, we
utilized rCSCTN as the cathode, with active carbon (AC) serving as the anode in two-electrode tests. We
employed a KOH-based hydrogel electrolyte at ambient temperature, and collected electrochemical data.
To achieve a high-performing ASC device, the amount of charge stored in each electrode must satisfy the
equation (g* = g’). We calculated the amount of charge stored using the following equation:

q=CXxXmxAV (S2)

Where C (F g'1) means the specific capacitance of the electrode, ™ (g) means the weight of the active
substance and AV (V) means the voltage window. The AC electrode was constructed by calculating the
amount of electroactive component. The mass ratio of active carbon, acetylene black, and PVDF was

designed at 8:1:1 to afford a mixture using ethanol as solvent. Acetylene black was used as conductive agent



and PVDF was utilized as binder. Subsequently, the mixture was transferred to a vacuum drying oven and
dried at 50 C for about 5 h. The obtained solid was then embedded in clean nickel foam, which was made
into electrodes with a tablet press. Typically, the rCSCTN electrode and AC coated nickel foam electrode was
adhered together with KOH-based hydrogel. Afterward, the prepared KOH-based hydrogel electrolyte was
smeared evenly onto the surface of the rCSCTN electrode and AC electrode until it was largely saturated.
Then the rCSCTN electrode and AC electrode coated nickel foam electrode were assembled with tiny
pressure, allowing the formation of a thin separating layer of the KOH-based hydrogel electrolyte to achieve
the rCSCTN//AC ASC device. Using the GCD curves, the specific capacitance (CS) of the ASC could be figured
out, the energy density £ (W h kg) and power density P (W kg?) could be figured out using the following
two formulas:

E==CAV? (S3)

N

N~

P=E /At (54)
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Fig. S1 SEM images of rGO
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Fig. S3 EDS spectrum of rCSCTN-4, the inset is a table of elemental analysis results.
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Fig. S4 (a) TEM images of rCSCTN-4. (b) EDS spectrum of rCSCTN-4.
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Fig. S5 (a) XPS survey spectrum of rCSCTN-4. In-depth XPS spectra of (b) C 1s and (c) O 1s on the rCSCTN-4.
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Fig. S6 Pore size distribution of rCSCTN-2, 3 and 4.
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Fig. S7 (a) CV curves, (b) GCD curves of the prepared rCSCTN-3 electrode tested at different scan rates and
current densities, respectively. (c) Comparison of the specific capacitance at the different current densities

of the prepared rCSCTN-3 electrode.
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Fig. S8 (a) CV curves, (b) GCD curves of the prepared rCSCTN-2 electrode tested at different scan rates and
current densities, respectively. (c) Comparison of the specific capacitance at the different current densities
of the prepared rCSCTN-2 electrode.

&
=
n

0.09 750
2W0mvst 0.5 1Ag" —- 1Ag!
40mys? | 247 T 2 Ag!
0.06 60 my-s! / sag'| B 6001 3Ag!
z 80 mVs' 04 sag'| 4Ag!
= 003 100 mV-s" Z 547" 2 450 5Ag"
= = 034 =
b 2 S
t E g 300
5 000 5 g2 g
o ~ o
=
-0.03 0.1 2 1504
=
3
-0.06 0.0 0
0.0 0.1 0.2 0.3 04 0.5 0 300 600 900 1200 1500 1 2 3 4 5
Potential (V) Time (s) Current density (A-g™")

Fig. S9 (a) CV curves, (b) GCD curves of the prepared rCSCTN-1 electrode tested at different scan rates and
current densities, respectively. (c) Comparison of the specific capacitance at the different current densities
of the prepared rCSCTN-1 electrode.
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Fig. S10 (a) CV curves, (b) GCD curves of the prepared rCSCTN-4 electrode tested at different scan rates and
current densities, respectively. (c) Comparison of the specific capacitance at the different current densities
of the prepared rCSCTN-4 electrode.
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Fig. S11 Mechanistic pathway study on the rCSCTN electrodes. Plots of log i vs log v of the (a) rCSCTN-1, (b)
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Fig. S12 Electrochemical behaviors and kinetic mechanism of the 1 electrode. (a) The CV curves of the
rCSCTN-1 electrode at the different scan rates. (b-f) Separation of the diffusion and capacitive-controlled
currents of the rCSCTN-1 electrode at a different scan rate of 1, 3,5, 7and 9 mV-s1

="

0.06 1mVy!
3mV!
Smvs!
— 0,03 7mv-y!
5 9Imv-s?t
Nt
S 000
—
-
=
<003
-0.06 rCSCTN-2
00 01 02 03 04 05
Potential (V)
] Diffusion-controlled
0.036 ] Capacitive
~ 0.018
-
S~
- v=SmVs'
£ o000
-
s 37.9 %
=
O o001
-0.036 rCSCTN-2
00 01 02 03 04 05

Potential (V)

—n

N

Current (A)

o

Current (A)

[ ] Diffusion-controlled

0.012 [ Capacitive
0.006 1
v=1mV-s"
0.000 4
244 %
-0,006
00124 rCSCTN-2
0.0 0.1 0.2 0.3 0.4 0.5
Potential (V)
0.06 [ Diffugion-controlled
1 = Capacitive
0.03 1
v=TmVy-s"
0.00 4
435%
-0.03 1
-0.06 4 rCSCTN-2
00 01 02 03 04 05
Potential (V)

]

0.024

0.012

0.000

urrent (A)

C

-0.012

-0.024

ey

s
=)
=

.

Current (A)

-0.03

-0.06

[ | Diffusion-controlled
[ Capacitive

y=3mV.s"
32.5%
rCSCTN-2
0.0 0.1 0.2 0.3 0.4 0.5
Potential (V)
[] Diffusion-controlled
[ Capacitive
v=9mV-s'
49.6 %
rCSCTN-2
00 01 02 03 04 05
Potential (V)

Fig. S13 Electrochemical behaviors and kinetic mechanism of the rCSCTN-2 electrode. (a) The CV curves of
the rCSCTN-2 electrode at the different scan rates. (b-f) Separation of the diffusion and capacitive-
controlled currents of the rCSCTN-2 electrode at a different scan rate of 1, 3, 5, 7 and 9 mV-s!
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controlled currents of the rCSCTN-3 electrode at a different scan rate of 1, 3, 5, 7 and 9 mV-s!
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Fig. S15 Electrochemical behaviors and kinetic mechanism of the rCSCTN-4 electrode. (a) The CV curves of
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Table S1 The specific surface area and pore volume of each

sample.

Samples Specific surface area Total pore volume
(m?g?) (em®g?)

rCSCTN-2 10.302 0.043173

rCSCTN-3 5.405 0.276175

rCSCTN-4 40.785 0.096643
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Table S2 The performance comparison between rCSCTN-4 and other supercapacitors References.

Electrodes Electrolyte Current Specific Ref.
density  capacitance
rCSCTN-4 6 M KOH 1.0Ag! 1066Fg? This wor
k
CSS/G/PEDOT/MnO, 0.5M 05Ag! 1957Fg! [1]
Na,SO,4

CCG/PANI-NFs 0.1MHCI 03Ag! 210Fg? [2]
L/rGO/C/MOFs 1MNaNO; 5mVs! 390Fg? [3]

Sn0O, -NW@CNFMs 6 M KOH 5mVs! 420.1Fg! (4]
PANI/TiO,/GO 6 M KOH 1.0Ag! 430Fg? [5]

80



HGPG 1MH,S0, 10Ag! 437Fg? (6]

GMs 6 M KOH 1.0Ag! 205Fg? (7]
AC/Fes0, 1M 20Ag! 1685Fg!  [8]
N32503
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