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Abstract

Activated carbon derived from plant wastes is attractive for the fabrication of low cost and high performance electrochemi-
cal energy storage devices. The heteroatoms (O, N)-doped porous carbon (KAC-700) is fabricated from bamboo shoots
shells via KOH activation. The symmetric supercapacitor based on KAC-700 has gravimetric and volumetric capacitance
of 223.21 F g~' and 167.63 F cm™>, respectively, at current density of 1 A g~!in 1 M H,SO, electrolyte. This supercapacitor
also delivers a high energy density of 13.15 Wh kg~! at power density of 546.60 W kg~ in 1 M Na,SO, electrolyte, as well
as high capacitance retention rate of 93.62% after 4000 cycles at 5 A g~!. Compared with graphene, carbon nanotubes and
other expensive carbon material, this activated carbon has a bright future due to its low cost and easy fabrication process as

electrode material for supercapacitors.

1 Introduction

Supercapacitors have attracted extensive attention as effi-
cient energy storage devices due to the characteristics of
large capacity, fast charging and good cycle stability [1-3].
Supercapacitors can be divided into two types according
to the different energy storage mechanism. One is carbon-
based double-layer supercapacitor, which stores and releases
charges through the electrostatic interaction between elec-
trode materials and electrolyte. Another one is electrochemi-
cal capacitor, the pseudocapacitor, which stores the charge
by the oxidation-reduction reaction on the electrode surface
[4-6]. Pseudocapacitor electrode materials mainly include
metal oxides and conductive polymers, such as MnO, [7],
V,05 [8], Prussian blue [9], PPy [10], PANI [11]. Carbon
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materials [3, 12] are most common electrode materials for
supercapacitors because of their stable chemical properties,
ease of building stable bilayer structures, larger specific
surface area (SSA) with hierarchical pores through pore
structure engineering, high electrical conductivity and good
compatibility with other composite materials. For example,
sheet-like nanocarbon fabricated from graphene oxide and
a polytetrafluoroethylene (PTFE) polymer shows excellent
electrochemical performance [13]. A hybrid supercapacitor
using porous graphene nanosheet as negative electrode gives
a high energy density of 50.0 Wh kg™! with power density of
467 W kg~! [14]. While significant effort has been devoted
to produce various carbon electrode materials including acti-
vated carbon [12, 15], carbon nanotubes [13], and graphene
[14], activated carbon is the preferred choice for commercial
supercapacitor due to the low preparation cost.

Carbon precursors with high carbon content like fossil
fuels [16], polymers [17], and biomass materials [12] are
usually used to produce activated carbon. Among them, the
plant wastes, as a kind of biomass materials, are of particular
interest because they are cheap, easily available and envi-
ronment friendly. Some of the plant wastes being exploited
are wild jujube [12], soybean residue [18], pomelo peels
[19], banana peels [20], lotus stems and leaves [21], cel-
tuce leaves [22] and willow catkins [23]. The fabrication
of activated carbon from plant wastes usually involves two
steps, carbonization and activation by zinc chloride [24, 25],
potassium hydroxide [14, 26], phosphoric acid [27], or other
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activators [28, 29]. For most activated carbon derived from
biomass precursors, the fabrication processes are relatively
complex and time-consuming. Therefore, it is still a chal-
lenge to explore effective fabrication methods to obtain bio-
mass based carbon with high electrochemical performance,
such as introducing heteroatoms into activated carbon and
making it with hierarchical pores.

As a renewable plant waste, bamboo shoots shells have
high content in protein, amino acids and carbohydrates
which would introduce heteroatoms into the activated carbon
final product [30]. These heteroatoms will improve the wet-
tability and electrical conductivity of the carbon electrodes
[15]. In this work, activated porous carbon was derived
from bamboo shoots shells by using KOH (KAC-700) and
ZnCl, (ZAC-700) as activators through one-step activa-
tion method to build hierarchical pores. The two-electrode
symmetrical supercapacitors were assembled and tested in
different electrolytes. Overall, KAC-700 based superca-
pacitor electrodes have better electrochemical performance
than ZAC-700 based electrodes. In 1 M H,SO, electrolyte,
the gravimetric capacitance and volumetric capacitance of
KAC-700 are 223.21 F g~! and 167.63 F cm™> at current
density of 1 A g~!. The energy density of KAC-700 reaches
up to 13.15 Wh kg~! at power density of 546.60 W kg~! in
1 M Na,SO, electrolyte. Meanwhile, it has a high capaci-
tance retention rate of 93.62% after 4000 cycles at 5 A g™
in 1 M Na,SO,. The results show that KAC-700 exhibits
excellent electrochemical performance as electrode material
for supercapacitor.

Fig.1 Schematic of the acti-
vated porous carbon derived
from bamboo shoots shells for
supercapacitor
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2 Experimental
2.1 Materials

The bamboo shoots shells were obtained from a supermarket
in Hefei. Potassium hydroxide (KOH), zinc chloride (ZnCl,),
sulfuric acid (H,SO,), sodium sulfate (Na,SO,), hydrochlo-
ric acid (HCI) and ethanol were analytical pure grade and
purchased from Sinopharm Chemical Reagent Co., Ltd.
PTFE (60 wt%) was purchased from Sigma-Aldrich. Deion-
ized water was used for all the experiment processes.

2.2 Preparation of activated carbon

Figure 1 illustrates the process of preparing activated car-
bon by one-step activation. First, the bamboo shoots shells
were cut into pieces, followed by ultrasonic cleaning in etha-
nol and deionized water for 20 min and filtration. Next, the
washed material was placed in blast furnace at 60 °C for
24 h and then transferred to a vacuum oven at 110 °C for
drying. Finally, the dried material was ground with a ball
mill at a speed of 450 r min~"' for 8 h. The resulting sample
is denoted as Raw-C.

KOH and ZnCl, were used to activate Raw-C, respec-
tively. 2 g Raw-C was mixed with 2 g KOH (Raw-C:KOH
mass ratio of 1:1) and 6 g ZnCl, (Raw-C:ZnCl, mass ratio
of 1:3) in 40 mL deionized water, respectively. The mixture
of Raw-C and KOH was stirred at 80 °C until the water was
completely evaporated. The mixture of Raw-C and ZnCl,
was stirred firstly then immersed at room temperature for
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6 h, and then placed in vacuum oven at 60 °C to evapo-
rate water. The two dried mixtures were both activated in
tube furnace under N, flow (heating rate is 10 °C min~!
from room temperature to 700 °C and gas flow rate is
50 mL min~"!) and held at 700 °C for 2 h, respectively. The
obtained materials were washed with 1 M HCI and deionized
water until the pH was adjusted to 7. The resulting samples
are denoted as KAC-700 (KOH activation) and ZAC-700
(ZnCl, activation).

For comparison, Raw-C was carbonized directly in the
same heat treatment condition as above, and the sample was
denoted as AC-700.

2.3 Structural characterizations

Morphologies and microstructures of the samples were
examined with field emission scanning electron micro-
scope (FE SEM, SU8020) and high-resolution transmission
electron microscope (HRTEM, JEOL-2100), respectively.
Pore size characteristics of the samples were investigated
by a pore size analyzer (Autosorb iQ) at 77 K. The SSA
and pore size distribution of the samples were calculated
by the Brunauer—-Emmett—Teller (BET) method and the
quenched solid density functional theory method from N,
adsorption—desorption isotherms, respectively. The surface
functional groups, elemental components, and chemical
states of the sample material were analyzed by X-ray photo-
electron spectroscopy (XPS, Perkin-Elmer, ESCALAB 250).
The composition and crystal structure of the material were
analyzed by X-ray diffraction (XRD, ESCALAB 250xi) with
Bragg’s angle (20) range from 10° to 80°.

2.4 Electrochemical measurements

Activated carbon, acetylene black and PTFE were mixed
thoroughly with a weight ratio of 80:15:5 then rolled into
a sheet (The thickness is about 40 pm.). Round discs with
a diameter of 9 mm (The mass and thickness of a single
electrode are about 1.45-2.05 mg and 40 um, respectively.)
were punched out from the sheet to build supercapacitor
electrode. Two electrodes were assembled into a symmetri-
cal supercapacitor. The electrochemical performances of
the samples were measured in two-electrode symmetri-
cal supercapacitor. The electrolytes were 1 M H,SO, and
1 M Na,SO,, respectively. The cyclic voltammetry (CV),
constant current charge and discharge (GCD) and electro-
chemical impedance spectroscopy (EIS) measurements were
performed on electrochemical workstation (CHI660E, Chen-
hua Instruments, China). The electrochemical properties of
the electrode materials were analyzed by CV (various scan
rates from 0.5 to 0.01 V s_l), GCD (various current densities
from 30 to 1 A g~!) and EIS curves (The frequency range is
0.01 Hz-100 kHz).

The gravimetric capacitance (C,, F g~!) and volumetric
capacitance (C,, F cm™) of the samples based on the GCD
curves were calculated by the following equation [12, 31]:

C = 4] X dt

£ mxdU M
C,=C,X%Xp )
p=m/V 3
V=axrxh )

where I (A) is the constant discharging current, m (g), dU
(V) and p (g cm™>) are the mass of total active material, volt-
age change (IR drop was excluded) within the discharge time
(dt (s)) and density of individual electrode, respectively. V
(cm?), r (cm) and & (cm) are the volume, radius and thick-
ness of the electrodes, respectively.

The energy density (E, Wh Kg=!) and power density (P,
W Kg™!) of the samples were calculated according to [31]:

E= x%ngUz 6))

oo | —

P= g X 3600 ©)

where C o (F g_l) is the specific capacitance, U (V) is the cell
voltage for charging and discharging (IR drop was excluded),
and ¢ (s) is the discharge time.

3 Results and discussion
3.1 Characterization

Figure 2 shows the surface morphologies and microstruc-
tures of the samples. The SEM of AC-700 shows the form
of irregular sheet or flake, which is just carbonized and not
activated (Fig. 2a). The activated sample material (ZAC-700
and KAC-700) has a significant difference from AC-700.
There are some obvious irregular particles on the ZAC-
700 as shown in Fig. 2c. In contrast, KAC-700 has mainly
porous honeycomb structures (Figs. 1, 2b). This porous
structure for KAC-700 can store electrolytes and form a
three-dimensional channel for ion transport, which is more
conducive to the diffusion and transport of electrolyte ions.
HRTEM images (Fig. 2d—f) clearly show the disordered slit-
like pattern, indicating that the prepared samples are mainly
composed of amorphous carbon, which is also confirmed by
XRD inspection.

Figure 3 shows the N, adsorption and desorption iso-
therms and pore size distributions of KAC-700 and ZAC-
700. Figure 3a, ¢ show that the two samples have the I/
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Fig.2 a SEM and d TEM images of AC-700. b SEM and e TEM images of KAC-700. ¢ SEM and f TEM images of ZAC-700
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Fig.3 a, ¢ N, adsorption and desorption isotherms, b, d pore size distribution of KAC-700 and ZAC-700
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IV-type N, adsorption—desorption isotherm with a signifi-
cant hysteresis loop, indicating the existence of abundant
micropores and mesopores in them [32, 33]. However, the
pore size distribution of KAC-700 is different from that of
ZAC-700. There are mainly micropores and few mesopores
in KAC-700 (Fig. 3b), but ZAC-700 has more mesopores
than micropores (Fig. 3d). The SSA and the pore volume of
KAC-700 and ZAC-700 were obtained by BET method from
N, adsorption—desorption isotherm, as shown in Table 1.
KAC-700 has SSA of 1351 m* g7! (S0 = 1309 m? g™},
S meso/macro =42 m% g7!), and ZAC-700 has SSA of
1189 m2 g_l (Smicm: 526 m2 g_l’ Smeso/macro =663 m2 g_l)‘
The pore volume of KAC-700 is 0.533 cm® g7!, and it is
1.675 cm?® g~! for ZAC-700. The pore size distribution of
activated carbon has great influence on its specific capaci-
tance. Usually, the electric double-layer capacitance (EDLC)
of activated carbon is mainly determined by the micropores,
and the meso/macropores will influence its rate capability
[34, 35]. Therefore, the difference of pore size distribution
of KAC-700 and ZAC-700 would affect their electrochemi-
cal performance.

Figure 4a shows the XRD pattern of the samples. Both
AC-700 and ZAC-700 have two broad diffraction peaks con-
centrated at 23° and 43.8°, respectively. However, KAC-700
only has a weak diffraction peak at 23°. The peaks at 23°
and 43.8° indicate the (002) diffraction of inorganic carbon
and the (100) diffraction of graphitized carbon, respectively
[36]. Therefore, KOH activation would make the activated
carbon more amorphous. The Raman spectra of the samples
show two different peaks located at 1338 and 1589 cm™!
(Fig. 4b), which correspond to the D-band and G-band of
the activated carbon, respectively. The D-band indicates the
disordered graphite structure, while the G-band indicates the
presence of crystalline graphite carbon. D-band and G-band
strength ratio (Ip/Ig) can be used to reflect the degree of
graphitization of carbon materials [37]. The I,,/I; ratios of
AC-700, ZAC-700 and KAC-700 are 1.01, 1.03 and 1.06,
respectively, indicating that KOH activation is more effec-
tive in increasing the defects of activated carbon than ZnCl,
activation, which is consistent with the XRD results.

Figure 4c shows the XPS full spectra of the samples. C
Is, O 1s and N 1s peakes can be clearly observed from the
graph. The C Is of the KAC-700 (Fig. 4d) can be deconvo-
luted into the following five peaks: C=C (Sp2, 284.7 eV,
39.5%), C—C (Sp3, 285.1 eV, 32.7%), C-0O (286.4 eV), C=0
(287.3 eV) and O=C-0 (289.1 eV) [38—41]. It is reported
that larger area ratio of Sp2/Sp3 suggested a higher degree of
graphitization. Compared with ZAC-700 (Sp2/Sp3=0.99),
KAC-700 (Sp2/Sp3=1.2) has a higher degree of graphiti-
zation, which is also demonstrated by Raman spectroscopy
[42]. The O 1s of the KAC-700 (Fig. 4e) can be deconvo-
luted into the following three peaks: C=0 (quinone type
groups, 531.2 eV), C-0O (ether groups, 532.2 eV), O-H (phe-
nol groups, 533.2 eV) [43]. N Is (Fig. 4f) can be deconvo-
luted into the following three peaks: pyrrolic-N (N in five-
member ring, 399.5 eV), graphitic-N (N in graphene basal
plane, 400.7 eV), pyridine-N-oxide (402.5 eV) [44]. It is
also reported that the presence of graphitic-N can enhance
the conductivity of electrode materials, which is beneficial
for rate and cycling performances of supercapacitors [45].
In addition, the nitrogen and oxygen are introduced success-
fully to change the electron distribution of carbon electrode
materials, and to improve the wettability between electrode
materials and electrolyte, and also to increase the active sur-
face area of electrolyte [46]. Physical and electrochemical
properties of the samples are summarized in Table 2. The
BET and XPS results suggest that the surface area and pore
feature may have larger effect than heteroatom doping on
the capacitance.

3.2 Electrochemical characterization

Electrochemical performances of AC-700, ZAC-700
and KAC-700 in 1 M H,SO, were shown in Fig. 5. Fig-
ure 5a shows the CV curves of AC-700, ZAC-700 and
KAC-700 at scan rate of 10 mV s~!. It is obvious that
the CV curves of ZAC-700 and KAC-700 have rectangu-
lar shape with no redox peak, which indicates their good
double-layer capacitance performance. Figure 5b shows
the GCD curves of C-700, ZAC-700 and KAC-700 at

Table 1 Microporous structures a2 -l b2 o—1 c d (3 o1 e (amd o] f
Sample SBET (m g ) Smicm (l'Il g ) Smeso/macm VT (Cm g ) vmicro (Cl’l’l g ) Vmeso/macro
of the ZAC-700 and KAC-700 (m? g—l) (cm® g—l)
samples
ZAC-700 1189 526 663 1.675 0.264 1.411
KAC-700 1351 1309 42 0.533 0.456 0.077

4Specific surface area
b¢-Plot micropore area
‘t-Plot external area
Total pore volume
°t-Plot micropore volume

ft-Plot external volume
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Fig.4 a XRD pattern, b Raman spectrum and ¢ XPS survey of AC-700, ZAC-700 and KAC-700. d C 1s spectra, e O 1s spectra and f N 1s spec-
tra of KAC-700

Table2 Physicaland Sample XPS (wt%) Sp2/Sp3 Ipyly  ClA(Fgh)  CP(Fem™)

electrochemical properties of g

the samples C N O
AC-700 80.99 2.07 15.95 0.93 1.01 29.45 7.51
ZAC-700 87.76 4.18 8.06 0.99 1.03 187.97 121.20
KAC-700 82.24 1.9 15.81 1.2 1.06 223.21 167.63

3Gravimetric capacitance at 1 A g~

®Volumetric capacitance at 1 A g™
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Fig.5 Electrochemical performance of AC-700, ZAC-700 and KAC-
700 measured in 1 M H,SO,. a CV curves at 10 mV s~.. b Galvano-
static charge—discharge curves at 1 A g~!. ¢ Gravimetric and volumet-

current density of 1 A g~!. They all have an almost sym-
metrical shape without obvious IR drop, indicating the low
series resistance and excellent reversibility of the sam-
ples. Both Fig. 5a, b clearly show that ZAC-700 and KAC-
700 would give much better capacitive performance than
AC-700. The gravimetric and volumetric capacitances
of ZAC-700 and KAC-700 were calculated from the gal-
vanostatic discharge curves at different current densities
from 1 to 30 A g~! (Fig. 5¢). At 1 A g~!, the gravimetric
and volumetric capacitances of ZAC-700(p: 0.64 g cm™>)
are 187.97 F g7! and 121.20 F cm™, respectively, while
KAC-700 (p: 0.75 g cm™>) has the gravimetric and volu-
metric capacitances of 223.21 F ¢! and 167.63 F cm™>,
respectively (also in Table 2). From 1 to 30 A g~!, the
gravimetric capacitance retention of ZAC-700 and KAC-
700 can reach 90.70% and 81.80%, respectively. Table 1
show that KAC-700 has higher Sggr, Shicro a0d Viicros
but lower S, cco/macro aA09 V meso/macro than ZAC-700. As for
porous carbon, the specific capacitance (EDLC) is mainly
determined by the micropores which would provide high
SSAs with large active sites for storage of electrolyte ions,
and the meso/macropores which would act as electrolyte
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range

reservoir to minimize the diffusion resistance and distance
of electrolyte ions to the active sites can influence the rate
capability of porous carbon [12]. Therefore, on one hand
KAC-700 shows higher specific capacitances than ZAC-
700 from 1 to 30 A g_l, and on the other hand the rate
capability of ZAC-700 is better than that of KAC-700,
as shown in Fig. 5c. However, even at high current den-
sity of 30 A g~!, KAC-700 still maintains higher capaci-
tances (182.48 F g_1 and 137.04 F cm™3) than ZAC-700
(170.57 F g_1 and 109.99 F cm™3). Therefore, overall
KAC-700 has better capacitive performance than ZAC-
700. Furthermore, the high degree of amorphous structure
and defects in KAC-700 would also be conducive to the
improvement of its capacitance [47]. Figure 5d shows the
Nyquist plots of the samples. The nearly vertical lines of
ZAC-700 and KAC-700 in the low frequency region indi-
cate their ideal capacitive performance. The intercept of
Nyquist plot with real axis illustrates the equivalent serial
resistance (R,) of the electrode. As mentioned above, the
meso/macropores would minimize the diffusion resist-
ance and distance of electrolyte ions to the active sites,
therefore the symmetric supercapacitor based on ZAC-700
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has lower Rs (0.73 Q) than that on KAC-700 (1.27 Q), as
shown in the inset of Fig. 5d.

A wide operating voltage would help to increase the
energy density of supercapacitor. Therefore, the symmetri-
cal supercapacitors based on the ZAC-700 and KAC-700
was tested with 1 M Na,SO, as the electrolyte to increase
the operating voltage [48]. The CV curves of ZAC-700 and
KAC-700 at 10 mV s~! with voltage window range from 0
to 1.6 V do not change significantly (Fig. 6a). The inset of
Fig. 6a shows the CV curves of KAC-700 at different voltage
windows. Figure 6b shows the GCD curves of ZAC-700 and
KAC-700 at 1 A g~!. The approximate symmetrical triangles
with no significant IR drop of the GCD curves indicate the
excellent capacitive behavior of ZAC-700 and KAC-700.
The gravimetric (volumetric) capacitances of ZAC-700
and KAC-700 at 1 A g~! are 124.38 F g7! (70.91 F cm™>)
and 147.93 F g7! (119.23 F cm ™), respectively (Fig. 6¢).
Even at 30 A g‘l, ZAC-700 and KAC-700 still maintain
high gravimetric (volumetric) capacitances of 106.9 F g~
(60.94 F cm™) and 92.58 F g~! (74.62 F cm™). Compared
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Fig.6 Electrochemical performance of ZAC-700 and KAC-700
measured in 1 M Na,SO,. a CV curves at 0.01 V s~!. The inset shows
CV curves of KAC-700 at different voltage window at 0.01 V s~ b
Galvanostatic charge—discharge curves at 1 A g~!. ¢ Gravimetric and
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with some biomass derived carbon, such as Wild jujube pit
[12], Soybean residue [18], Lignin [49] and Olive pits [50],
KAC-700 has a higher volumetric capacitance, as shown
in Table 3. According to the latest reports about N-doped
electrodes, such as N-doped mesoporous carbon spheres
(The specific capacitance is 231 F g='at 1 A g=1) [51]
and N-doped carbon nanotubes (The energy density of the
HPCNT-SC cell is 8.45 Wh kg™'.) [52], the KAC-700 has
certain advantages in terms of electrochemical properties,
price and material sources. In Fig. 6d, it can be observed
that ZAC-700 and KAC-700 have low R of 1.1 Q and 1.7 Q,
respectively. The almost vertical lines in the low frequency
region also illustrate their good capacitance behavior in 1 M
Na,SO, electrolytes.

Figure 7a shows the Ragone plot of ZAC-700 and KAC-
700 electrodes in 1 M H,SO, and 1 M Na,SO, electrolytes,
respectively. Overall, KAC-700 has better electrochemical
performance than ZAC-700. KAC-700 has energy density of
7.75 Wh kg™! at a power density of 327.87 W kg™!in 1 M
H,SO,. Its energy density increases to 13.15 Wh kg™! at a
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volumetric capacitances calculated from the discharge curves under
different current densities. d Nyquist plots, the inset shows high fre-
quency range



Journal of Materials Science: Materials in Electronics (2018) 29:20991-21001 20999
Table 3 Comparison of KAC- M? P CcAg C.% (Fem™) Ce(Fg™h) Ef Refs
700 with the recently reported M £ i
biomass-based carbon Lignin 3E 0.1 97.1 208.4 6 M KOH [49]
Glucose 3E 0.2 335 386 2 M KOH [53]
Frutescens 3E 0.5 287 270 6 M KOH [54]
Seaweed 2E 0.05 208 264 1 M H,SO, [55]
Wild jujube pit 2E 0.5 62.4 260 6 M KOH [12]
Soybean residue 2E 0.2 150 258 1 M H,SO, [18]
Pomelo peels 2E 0.2 171 342 6 M KOH [19]
Olive pits 2E 0.5 140 260 6 M KOH [44]
KAC-700 2E 1.0 167 223 1 M H,SO, This work
1.0 119 147 1 M Na,SO,
“Materials
®Two or three electrodes system
“Current density (A g1
dSpecific volumetric capacitance (F cm™)
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Fig.7 a Ragone plots of ZAC-700 and KAC-700 in 1 M H,SO, and 1 M Na,SO,, respectively. b Cycling stability of KAC-700 in 1 M Na,SO,
for 4000 cycles at 5 A g~!. The inset shows the detailed GCD curves of the start, middle and last three cycles

power density of 546.60 W kg~!, due to a wider operating
voltage window in 1 M Na,SO,. After 4000 charge—discharge
cycles at 5 A ¢! in 1 M Na,SO,, KAC-700 keeps a high
capacitance retention rate of 93.62% (Fig. 7b). There is no sig-
nificant distortion for the shape of GCD curves during cycling
(inset of Fig. 7b), indicating the excellent electrochemical sta-
bility of KAC-700. The porous structure of KAC-700 pro-
vides more active sites and favorable transport channels for
the electrolyte ions.

4 Conclusions

In summary, activated porous carbons were successfully
fabricated from bamboo shoots shells via one-step activa-
tion by KOH and ZnCl,, respectively. The KAC-700 based
symmetric supercapacitor delivers gravimetric and volu-
metric capacitances of 223.21 F g~! and 167.63 F cm™>
atl Aglin1 M H,SO,, and has a high capacitance

@ Springer
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retention rate of 81.80% at 30 A g~'. In addition, its energy
density is up to 13.15 Wh kg~' at a power density of
546.60 W kg~! in 1 M Na,SO,. Meanwhile, KAC-700 has
a capacitance retention rate of 93.62% after 4000 cycles at
5 A g~!. Therefore, this activated porous carbon derived
from plant waste through simple and scalable technology
has excellent electrochemical performance as supercapaci-
tor electrode materials.
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