<)
%
Journal of Energy Storage 106 (2025) 114742

e — S

— —
= = —_ — —
Cm r e ——

=

oo ,’ Contents lists available at Sciencelirec %
| ﬁ {*3 S48 r%ﬂergy
‘,‘H > L) (.Jld(.e
& Journal of Energy Storage —
| AN journal homepage: wwwi.elsevier.com/locate/est
Research papers

One-step preparation of waste epoxy resin-derived nanosized carbon o

aerogel and its high supercapacitor performance

Chongjun Zhao , Haimin Ou, Chunhua Zhao

Key Laboratory for Ultrafine Materials of Ministry of Education, Shanghai Key Laboratory of Advanced Polymeric Materials, School of Materials Science and Engineering,
East China University of Science and Technology, Shanghai 200237, PR China

ARTICLEINFO ABSTRACT

Keywords:

Carbon aerogel
Waste epoxy resin
Block

One-step preparation
Supercapacitor

Energy storage devices serve critical roles in both harvesting energy from new €energy sources and supplying
energy to consumers, and the performance of supercapacitors is heavily reliant on the performance of activated
material, which is determined by the qualities achieved during the specified preparation process. Herein, due to
the merit of isotropy of OD carbon nanoparticles in structuré and current transfer, spherical carbon aerogels (CA)
with the size of ¢ ~ 100 nm are carbonized within 3 min in air in an open tube furnace, in which those waste
epoxy resin blocks are chosen and reused as the carbon source. After the activation, the surface of activated CA
(ACA) becomes rough, and its specific surface area reaches 1222.40 mz-g‘l. The above ACA owns high elec-
trochemical supercapacitor performance: Referring to the ACA-based electrode, a specific capacitance of 298.8
F-g~1 at 1 A-g~' and 92.81 % retention after 20,000 cycles of repeated charge/discharge. As for its symmetric
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supercapacitor (SSC), it has good CV behavior even at 1000 mV-s~ !, accompanied by an energy density of 20.92
W h-kg ! at the power density of 300 W-kg !, and 12.34 W h-kg 1 even at 12000 W-kg .

1. Introduction

Due to pollution and the impending depletion of fossil fuels, it has
become the secondary choice in energy SOUrCES. Clean and renewable
power sources, such as sun, wind, and tidal, are now the top contenders.
However, energy storage 1s required to receive and store the generated
electricity [1,-]. Although both the battery (e.g., Li-ion battery, Li-S
battery, and Zn-air battery) [%] and supercapacitor (SC) can be used
to store the above electric energy, supercapacitor is widely employed in
electric vehicles, aircraft, and power storage due to their merits,
including high power density, outstanding cycling stability, and
extended lifespan [4- 7], but their energy density has still to be improved
[ ]. Currently, supercapacitors are classified as electric double-layer
capacitors (EDLCs), pseudo-capacitors, and hybrid capacitors based on
their storage mechanism [10]. Carbon-based supercapacitors, the most
common type of electric double-layer capacitors, are popular in the
commercial sector due to their excellent electrochemical stability, high
power density, good electrical conductivity, long cycle life, and non-
toxicity [}~ ).

Up to now, one-dimensional (1D) nanosized carbon, including car-
bon nanotubes (CNT) [14], nanofibers [15], and nanorods [16], have
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been widely used in supercapacitor. Moreover, two-dimensional (2D)
nanosized carbon containing graphene (including graphene oxide and
reduced graphene oxide) [17,1 8] and nanosheets (curled) [19] are also
exploited in the same field. However, the differences in current transfer
and stress along various directions should be carefully considered,
especially in the cases of the high power density (high current) and thick
electrode due to the anisotropy of 1D and 2D (especially at curled state).
Hence, the isotropy particles with a sphere or sphere-like shape may
minimize the difference in current transfer and mechanic stress of the
thick electrode, which facilitates its electrochemical performance and
stability.

Due to its wide application as adhesives In composites and paint
[20], the used epoxy resin waste has great potential in providing a rich
arbon source. However, up to now, only a few works on epoxy resin-
derived carbon as electrode materials are reported [21,22], and no
nanosized carbon is prepared by using virgin or waste epoxy resin.

Besides, carbon aerogel is an ideal supercapacitor electrode material
due to its high specific surface area, good chemical stability, and
excellent electrical conductivity [23-28]. Now, carbon aerogel is usually
prepared by typical Pekala's method, in which resorcinol and formal-
dehyde are chosen as the precursors [29]. Moreover, in a multi-step, at
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least five steps are included: (i) Solation, (ii) Gelation (cured at 25-90 “C
for several days to form a gel and aged at room temperature for several
days to reinforce the gel), (i) Solvent Exchange (a few hours or even a
day), (iv) Drying, and (v) Carbonization (600-1200 °C for several
hours). Furthermore, the preparation of nanosized aerogel carbon is
dependent on the nanosized template of gel, i.e., no nanosized carbon
aerogel is acquired if not nanosized but block precursor is supplied. The
laborious, time-consuming, and expensive approach limits its use in
supercapacitors [30,31]. Obviously, simplification of the preparation
method and cost reduction are critical to promoting the use of carbon
aerogels in supercapacitors.

Here, nanosized carbon aerogel is produced in 3 min using the bulk
precursor of a waste epoxy resin block, with no template needed.
Symmetric supercapacitors (SSC) with activated carbon aerogel elec-
trodes exhibit a high energy density of 20.92 W h-kg~! and a power
density of 300 W-kg ", making them acceptable for practical applica-
tions. This work provides a new technique for efficiently preparing
nanosized carbon aerogel and reuse of discarded epoxy resin in the

2. Experimental

2.1. Materials and reagents

The waste epoxy resin (Shanghai King Chemical Co. Ltd.) was cut to a
sizeof 1 x 2 x 0.3 cm®>. Nickel foam, acetone (>98.5 %), ethanol (>99.7
%), potassium carbonate (>99.0 %), and potassium hydroxide (>85.0
%) were bought from Shanghai Aladdin Biochemical Technology Com-
pany. Hydrochloric acid was obtained from Sinopharm Chemical Re-
agent. All chemicals were used without further purification.

2.2. Preparation of carbon aerogel

The waste epoxy resin was directly carbonized in air in an open tube
furnace for 3 min to prepare the carbon aerogel. When the set temper-
ature was reached, the epoxy resin was placed in a quartz tube. Subse-

quently, the gasified and solidified product was collected at the end of

the downstream of the quartz tube. The obtained carbon aerogel samples
were cleaned with acetone, alcohol and deionized water and then dried
at 80 °C, which were named CA-T (T is carbonization temperature, and
T = 500, 600, 700, 800, 900, 1000, and 1100 °C). For comparison,
carbon samples from the residue of epoxy resin suffered from the
carbonization process at 900 °C in N, for 3 min or 3 h, which were
termed NC-900-3M and NC-900-3H, respectively.

2.3. Chemical activation of carbon

CA-900 was further activated at 650 °C in N, atmosphere for 180 min
with different doses of solid KOH and K>CO3 additions (5:0, 6:0, 7:0, 5:1,
and 4:2). ACA was named ACA-X-Y (X = 4,5,6,and7;Y =0, 1, and 2),
in which X and Y refer to the mass ratio of KOH and K2CO3, respectively.
For comparison, NC-900-3M and NC-900-3H were activated at the same
condition with the mass ratio of NC: KOH: KoCO3 = 1:5:1, which were
named ANC-900-3M and ANC-900-3H. All the activated CA (ACA) and
activated NC (ANC) samples were cleaned with diluted hydrochloric
acid and deionized water and then dried at 80 °C for 6 h.

2.4. Characterization of activated carbon aerogel (ACA)

A field emission scanning electron microscope (FESEM, Hitachi, S-
4800) was used to observe the morphology and the size of activated
carbon aerogel. For the investigation of the BET surface area and the
porosity, Micromeritics ASAP 2460 was adopted. Fourier transform
infrared spectroscopy (FTIR, Nicolet 6700) was used to analyze the
surface chemical functional groups of the samples, while Raman spec-
troscopy (Invia reflex, Renishaw Instruments, England) was utilized to
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learn the chemical changes in carbon material at room temperature, Tp,
elements and chemical state analysis of the samples was ?valuated by X-
ray photoelectron spectroscopy (XPS, ESCALAB 250 Xi), and all Xps
peaks were calibrated with the C 1s line at 284.8 eV.

2.5. Electrochemical measurements of activated carbon aerogel

Powdery ACA clamped by two nickel foams with a work area of 1 ~
1 em?, acted as the working electrodes. Hg/HgO and Pt foil were used as
the reference electrode and the counter electrode, respectively. The
electrochemical meastirements were run in an aqueous solution of 6.0 M
KOH on the electrochemical workstation (CHI660E, Shanghai Chen-
hua). Referring to the three-electrode system, the potential window was
—1-0V, and the cyclic voltammetry (CV) measurement was performed
at scan rates from 5 to 500 mV-s~ ', while the galvanotactic charge and
discharge (GCD) at current densities from 0.5 to 30 Ag ' As for the

- two-electrode system, the voltage window was 0-1.2 V. and the CV
' curves were displayed at scan rates from 5 to 1000 mV-s ', while GCD

curves at current densities from 0.5 to 20 A-g *. The frequency range of
electrochemical impedance spectroscopy (EIS) was 10°-0.01 Hz with 4
disturbance of 5 mV.

Based on the charge/discharge time of the measured GCD curves of
the electrode materials, the specific capacitance (Cs, F-g ') of both the
three-electrode system and SSC, the energy density (E, W h-kg ') and

the power density (P, W-kg ') of SSC are calculated with the following
equations:

I* At
Cs —y e (1)
A Cs*AV? )
~ 2*%3.6
E
P e D
N 3600 (3)

where I (A) is the charge/discharge current, At (s) is the discharge time,

m (g) is the mass of the working electrode, and AV (V) is the selected
voltage window.

3. Results and discussion
3.1. Preparation of carbon aerogel from epoxy resins

High temperatures are typically associated with phenomena such as

‘pyrolysis, evaporation, and carbonization. As a result, the treatment

temperatures have a significant impact on carbon aerogel synthesis.
After being treated at high temperatures, the results consist of three
components: residual carbon, waste gas [32], and carbon aerogel.
Obviously, the carbon aerogel and waste gas grow with temperature,
while the leftover carbon decreases.

Scheme 1 configures the whole preparation process of CA and NC.
The generated carbon aerogel can be disregarded at 500 “C. and the
epoxy resin primarily transforms into carbon blocks. When the tem-
perature rises, the resin-derived carbon starts to lessen and is fully
eliminated at 800 °C. Conversely, the amount of the obtained carbon
aerogel increases with temperature up to 900 °C, after which it barely
changes, even at 1100 °C. Regarding the carbon aerogel preparation
period, 3 min is selected since after treating the epoxy resin in the
furnace for >3 min at 900 "C, no residue is seen. Moreover. the bulk
density of CA-900 is 0.06 g-cm >, In comparison, in N2 atmosphere, no
carbon aerogel but carbon block is generated even when the epoxy resin
is suffering from the same temperature of 900 °C in 3 min or even over 3
h, as shown in Fig. S1. The optimal conditions for preparing carbon
aerogel from waste epoxy resins include a temperature of 900 C and a
duration of 3 min, as well as abundant oxygen in the air.
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Scheme 1. Schematic for preparation of carbon aerogel (CA) and carbonized in N; (NC).

3.2. Morphological structure and chemical state

As shown in the SEM images of CA-900 in ig. la and b, despite the
bulk precursor of a waste epoxy resin block of 1 x 2 x 0.3 cm®, a
nanosized carbon aerogel sphere with an average diameter of 100 nm is
directly prepared through a one-step process without any template.
Moreover, upon the activation process, the smooth surface of carbon
acrogel nanoparticles becomes rough (Figs. S2 and ia-f), which im-
proves the specific surface area and active sites of the carbon aerogels
[ ] and thus facilitates their electrochemical performances, which are
later discussed. It is worth noting that the mixture active agent of KOH
and K5>CO3; endows a better uniform surface to carbon aerogels than the
single active agent of KOH (¥ig. lc—f), which is consistent with the
previously reported work [34].

The improvement on the specific surface area (SSA) and pore dis-
tribution are further confirmed by the nitrogen adsorption-desorption
test. As shown in ¥ic. 2a, the adsorption-desorption isotherms of all
samples belong to the category I isotherms, according to the classifica-
tion of the International Union of Pure and Applied Chemistry (IUPAC)
| ]. In addition, the specific performance is an obvious and rapid

adsorption trend at low relative pressure (P/Py < 0.1), which suggests

the existence of the abundant micropores, and the isotherm has a sloping |

and clear hysteresis loop in the region of P/Py > 0.4, indicating the
existence of small-sized mesopores in the structure [26]. The porosity
parameters of the samples are listed in [able 1. The BET specific surface

40 pin

areas of ACA-6-0 and ACA-5-1 are 1208.59 and 1222.40 m’g ',
respectively, and the ACA samples have a good pore volume and
micropore volume, which favors the formation of a three-dimensional
(3D) porous interconnection network [37]. Furthermore, as given in
Fig. 2b and Table 1, ACA-6-0 possesses mesopore size around 5-10 nm,
while the ACA-5-1 is 2-5 nm. As listed in Table 1, the pore volumes of
ACA-6-0 and ACA-5-1 are 0.70 and 0.67 cm’-g ', and their micropore
volumes reach 0.26 and 0.37 cm>.g~ ', respectively.

Fig. 2c presents the FTIR spectra of CA-900 and ACA samples, dis-
playing the vibration of different functional groups on the surface of
carbon aerogel. 3423 cm ' shows a broad, strong characteristic ab-
sorption peak, which corresponds to the stretching hydroxyl vibration
(O-H) of carboxylic acids [38]. On the other hand, as shown in Fig. Zc,
upon activation, -OH (1232 cem ') [33] and C-O-C (1094 em ) [39]
functional groups are greatly enhanced, which suggests that the affinity
of the carbon surface to the electrolyte is improved and thus produces an
additional specific capacitance [40,41]. Moreover, mixed activated
agents of KOH and K»COj3 introduce more aromatic CO- and phenolic
-OH in carbon aerogels than KOH activation, as shown in Fig. 2c.

ig. 2d-f give the Raman spectra of CA-900, ACA-6-0, and ACA-5-1,
in which two notable vibration bands (D-band at 1350 em ', G-band at
1580 cm™!) of hexagonal graphite are clearly observed [42]. D-band,
defects in the carbon atom lattice, corresponds to the amorphous form,
while G-band, the in-plane stretching vibration of sp* hybridization of
carbon atoms, is assigned to the graphite state of the carbon aerogel

) um 40 nm

o m——

Fig. 1. SEM images of (a, b) CA-990, (¢, d) ACA-6-0, and (e, f) ACA-5-1.
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rption isotherms and (b) BJH pore size distribution curves of ACA-6-0 and ACA-

Table 1
Porosity parameters of the ACA samples.
Sample SBET Pore volume Micropore volume Average pore
(m%g ) (cm>g 1) (cm>.g 1) size (nm)
ACA-6- 1208.59 0.70 0.26 2.32
0
ACA-5- 1222.40 0.67 0.37 2.18
1

samples [42,43]. Hence, the ratio of D and G peaks (Ip/Ig) is used to
determine the degree of amorphousness of the material, i.e., the degree
of defects [44]. As listed in Table 2, Ip/lg increases after activation,
especially for mixed activated agent (ACA-5-1), suggesting more defects
for ACA samples. These indicate that ACA samples have more pores or
defects, which provide a higher surface area and active site species and
thus improve the electrochemical performance [45].

F1g. 2 presents XPS of CA-900 before and after activation treatment,
and the elemental contents are listed in Tablc 3, In which C content is
majority, N is minority, and O is middle. Moreover, as presented in
g Sa, d, and g, chemical activation increases the oxygen contents and
decreases the C contents and N contents, and the mixed active agent of
KOH and K,CO; is milder than KOH in introducing oxygen functional
groups, which is consistent with the previous FTIR results. As given in
the deconvolution of C 1s in Iig. 3b, e, and h, five functional groups,
assigning to the sp” C=C (284.0 eV), sp? C-C (284.8 eV), C-O-C (286.0
eV), O-C=0 (288.5 eV), and C=0 (289.6 eV) are observed [46-48].

Table 2

Ratio of Iy/1; of the CA-900 before and
after chemical activation.

Sample In/lg
CA-900 0.86
ACA-6-0 0.91

ACA-5-1 1.05

e ——
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5-1. (¢) FTIR spectra and (d—f) Raman spectra of CA-

Moreover, the O 1s deconvolution spectrum displays three staple peaks.
assigned to C-OH (533.4 eV), C=0 (532.5 eV), and quinone (531.2 eV).
respectively [49]. In the C 1s spectra of ACA-6-0 and ACA-5-1, the
content of C=0 groups increases after activation, whereas in the O 1s
spectra of ACA-5-1, the content of C=0 groups decreases and quinone
content increases after activation. This may be due to the layered
structure of the carbon aerogel being destroyed when the carbon-carbon

double bond in the hexagonal ring is extensively oxidized by solid KOH
activation.

3.3. Electrochemical performances of the ACA-based electrode

The CA-900 activated with various alkali ratios was studied in order

_ to determine the best activation scheme (Figs. S3 and S4). Firstly, as
» shown in Fig. 82, the surface of carbon aerogel nanoparticles

becomes
rough, which improves the surface area and thus the active sites. Sec-

ondly, as shown in Fig. S3, at the S, 6, and 7 doses of single active
of solid KOH, ACA obtained with 6 doses of solid KOH, ACA-6-0 e
the highest specific capacitance (198.2 vs. 195.9 and 180.6 F-g ') and
the best ratability, Thirdly, when the ratio of CA to total active agent is
kept at 1:6, as shown in Fig. 84, ACA-5-1 (298.8 F-g ') delivers the prior
electrochemical performance (specific capacitance and ratability) to
other ACA samples (i.e., 198.2 F-g ! for ACA-6-0 and 228.1 F.g ' for
ACA-4-2). Hence, the optimal ratio of solid KOH and KyCOgq is 5:1. As
shown in Figs. S3d and S4d, Nyquist curves in EIS consist of typical
characterization of EDLC, i.e., semicircle at high frequency, vertical line
at low frequency, and short slope line at middle frequency region. As the
diameter of this semicircle determines the charge-transfer resistance
(Ret), while the intercept at the real axis stands for the internal resis.
tance (Rs), the values of Ret and Rs are calculated and listed in Table S1
Moreover, all these Ret and Rs data are <1.0 Q, which are obviously less
than those carbon aerogels derived from other carbon sources | .

In order to verify the electrochemical performance of the epoxy
resin-derived carbon aerogels, another two carbon samples from epoxy
resins are prepared at 900 “C in Ny atmosphere for 3 min and 3 b ke

agents
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Fig. 3. XPS of (a—c) CA-900, (d-f) ACA

Table 3
Element analysis of the CA-900 before and after chemical activation (wt%).

: S o e I OL L3 W e S Y e s D o s R
Sample Cls O1s N 1s
CA-900 92.41 5.89 1.71
ACA-6-0 71.96 26.60 1.44
ACA-5-] 83.95 15.16 0.88

e —————— e i OB

ANC-900-3M and ANC-900-3H. As shown in Fig. 4a, the area of the CV
curve for ACA-5-1 is significantly larger than others, and the specific
capacitances of ACA-5-1, ANC-900-3H, and ANC-900-3M is 289.8,
148.3, and 56.0 F-g k. respectively (Fi2. 4b). As can be seen in Fig. 4e,
the specific capacitance of ACA.5-1 tends to slowly decrease with
Increasing current density from 1 to 30 A-g"', and the retention of
specific capacitance for ACA-5-1, ANC-900-3H, and ANC-900-3M are
07.3 %, 14.2 %, and 16.1 %, respectively. Obviously, carbon aerogels
prepared in air have significantly higher specific capacitance and rat-

ability than epoxy resin-derived carbons prepared in N, atmosphere for
3 min or 3 h,

The high specific capacitance and ratability of ACA-5-1 may be -
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d, 8) survey spectrum, (b, &, h) C 15, and (c, f, 1) O 1s spectra.

Fig. 5a shows CV curves of ACA-5-1 at di
quasi-rectangular shape is maintained ey
Moreover, based on the GCD curves in Fi
30 A-g~! still reaches 201.0 F.g~!
A-g ' (298.8 F-g™') at a 30 times

8- 5b, the specific Capacitance at
» Which means 67.3 retention at 1
current density. Referrin

which maybe resulted from

sisting of isotropy aerogel carbon sphere nanoparticles.
compared with those activated car

carbon sources [56-60] (Table -
work, ACA-5-1, exhibits a com

Moreover,
from other



<
Sl

P

e

S -
= U
e

N =
& =

~

T
-
F-—.
S—
Qf
o
-r.h
-~
—
i
_—
——
—
—
o
(et
_
p -

G. B :
hao et al. Journal of Energy Storage 106 (2025) 11474,

i ANL -900-H
i A NC -HH)-IM
i ACA-S-|

. ANC 000311
s ANCOD0-IM
e A A K1

"'“'—-._‘._

Current density (A-g”)

40 500 &0 00

Polential (V vs. H
(V v&. Hp/HgO) Current density (A-g’")

Fig. 4. Electrochemical performances of ANC-900-3H. ANC i
S -J00-31, -900-3M, and ACA-5-1 in 6 M KOH in a three-el ; ot /1 1
curves at 1 A-g~", (¢) ratability, and (d) Nyquist plots. ree-electrode system: (a) CV curves at 100 mV's ', (b) GCD

100
80 (a)—— SmV:s! ~1.0 K
&0 10 mV-s""
i ——30 mV-s"’ S
< 40 ——50 mV-s" z 08
<" =
%- =
E o £ 0.6
=
£ 20 S
S Z 0.4
= 40 S
& :
—60 2 |
-0.2 B
_lw " 0 ..‘
-1.0 —0 - ' ‘
8 0.6 -0.4 -0.2 0.0 0 200 400 600 800 1000 1200 1400
Potential (V vs. Hg/HgO) Time (s)
(c) B
e - 20 A-g!
? e #tq.-r-tnapg.g.‘,‘; ﬁ-ﬁﬁfi!*‘!'ﬂ##i"'-vu:-n.-s-agi-.} :
°\ : - N LR AR R N R R R AR N Ry Yew e . ] ™
JRu— 40 -
= 80 2.1
= 3 a0 —e— ] % cycle
E %o 20 I ML 20000 ® cycle 92.81 %o
S 60 S w 2
2 'E u g l 2 nﬂ
o = ’H - .
£ 40 i Ly ﬁ{r__—;l -
) E -20 I |
~ = 0.6
=- “ A0 — ] o C}TIE
5 20 e ———20000 " ¢ycle ;o :
i " —l-_-_l__—t_l —
-10 08 06 -04 -02 00 i T 06" D9 12 LS LE %)
0 Potential (V vs. Hg/HgO) Z (Ohm)
0 5000 10000 15000 20000
Cycle Number
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CD curves at various current densities from 0.5 to 30 A-g™', (¢) cyclic test at 20 A-g”', inset left: CV curves and inset right: EIS spectra of first and last cycles

3.4. Electrochemical performances of symmetric supercapacitor The square of the applied voltage determines the energy density. As a

result, 1.2 V rather than 1.1 V is chosen as the SSC's work voltage. As
shown in Fig. 6b, the envelopes of CV curves increase with the scan
rates, and no obvious distortion occurs on the shape of the CV curve even
when the scan rate reaches 1000 mV.s ' suggesting that this SSC of

A symmetric supercapacitor (SSC) made of two electrodes based on
ACA-5-1 that function as both the anode and the cathode is created in
order to assess the practical applicability of ACA-5-1 even more. The CV

curves in various voltage windows are displayed in Fig. 6a. When the
voltage window of 1.3 V is selected, there is a clear polarization at the
end of the voltage. As given in the energy density equation of Eq. (2).

ACA-5-1//ACA-5-1 owns excellent ratability. Furthermore, based on the
GCD curves (I'iy. 6e), the specific capacitances at 0.5, 1, 2, 3, 5, 10. and
20 A-g ! are calculated to be 104.6, 91.0, 84.0, 80.0, 75.8, 69.2, and
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Table 4 (il
CamBhison 6f the sl TR Lastly, as shown in Fig. §5, two SSC connected in series as a power
omparit 1€ clectrochemical performance of ACA-5-1 with those of the supply can even drive three LEDs in parallel at the same t;
activated carbon aerogels from other carbon sources. Dbt
Carbon sources Activator _ Specific capacitance (F.g -') o 3.5. Storage mechanism of ACA-5-1
Starch KON 211.5(05Ag [56] i
PlEC'[U({IJl“Iﬂ .ra[FﬂI‘ KOH 22]1} (0‘5 Ag I] [.‘ .‘?4 ’-.[‘hﬁII Charge Stﬂrage l'l'lECl‘lEll'lism Of ACA'S']. iS fl.ll'ther inVESt]gatEd by
Resorcinol-Lignin KOH 1428 (0.5Ag Y [58] using the following computational model [67]:
CMC KOH 1526 (0.5Ag ") [50!
Sliced bread KOH 229.0 (0.2 Ag ) [60] i = ay” (4)
EpoxXy resin KOH + K,COy 2988 (1.0Ag ") This work
L ar  logi = blogv + loga (5)

61.7 F-g ', respectively. Consequently, the energy density and power
; ! here both d ' ' fit
density of SSC of ACA-5-1//ACA-5-1 are acquired: A considerable en- where both a and b are determined by the intercept and slope of the

_ 3 line of logi as the function of logv in Eq. (5). b is usually used to provide
ergy density of 20.92 W h-kg L at the power density of 300 W-l(g"1 and e g . . . . Moy
L kinetic inf t h th
12.34 W h-kg 1 2t 12000 W-kg‘l. As given in the Ragone plot in Fly. 64, etic information of the electrochemical behaviors, which varies in the

. , ; : : range 0.5 to 1 [68]: the current is controlled by semi-infinite diffusion b
the electrochemical performance of this SSC is superior to those previ- — 0.5, while capacitive behavior b = 1. As b is 0.91 (Fiz. 6f), the storage
ously reported devices, which use pure activated carbon as the electrode ’ ' ' ~sie s

" o 5 ' of ACA-5-1 is considered a capacitive behavior.
maten? s [61-66]. I_n addluon, SSC of ACA-5-1//ACA-5-1 has a high The capacitance contribution of the ACA-5-1 can be further distin-
cycle life, as shown in Fig. Ge, 80.12 % retention of the specific capac-

: i R guished based on Eqgs. (6)-(7) [69].
itance is still maintained after 10,000 repeated charge/discharge cycles.
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Fig. 6. Electrochemical performances of the S5C device of ACA-5-1//ACA-5-1: (*V curves (a) in different voltage windows and (b) for a series of scan rates from 5 (o
1000 mVs ', (¢) GCD curves ranging from 0.5 to 20 A-g ', (d) Ragone plots, and (e) cyclability. The results of computing: (f) linear fit plot of logi and logv. (g)

Diffusion contribution and capacitive contribution in the CV curves at 10 mV:s '. (h) Normalized capacitive contribution for a series scan rates from 5 to 100 mV.s '
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; — 1/2
I(V) k1V+ klv (6)

(7)

pacitive contribution increases with

% at 100 mV-s~!, These indicate that the
-5-1 is dominated by capacitance behavior.

3

the scan rates and reaches 91
dynamic process of ACA

4. Conclusions

Carbon aerogel with ¢ ~ 100 nm is prepared by carbonizing waste
€poxy resin within 3 min in air in an open tube furnace, in which oxygen

and temperature play key roles. Activated carbon aerogel (ACA) at the
optimum conditions has uniform porosity and

area of 1222.40 m?‘-g‘l. Optimized ACA own
performance: referring to its electrode, a high
298.8 F-g' (at 1 A-g™") and 92.81 % retention of the injtial specific
capacitance after 20,000 cycles. As for its SSC, good CV behavior even at
1000 mV-s™" and an energy density of 20.92 W h-kg™ at a power
density of 300 W-kg ™' and 12.34 W h-kg~! at 12000 W-kg™*. According
to the result of computing, the storage of ACA-5-1 is considered a
capacitive behavior, and the capacitive contribution Increases with the

scan rates and reaches 91 % at 100 mV-s~!. This work supplies a new
Strategy to reuse the waste epoxy resin in the future.

a high specific surface
s good electrochemical
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