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Abstract: We propose a novel method using cetyltrimethyl ammonium bromide (CTAB) as soft template followed
by successive graphitization and activation of pomelo peel to get a new biomass-derived hierarchical porous
carbon (HPC). The as-obtained HPC possesses a high specific area of 1 813 m*-g™" with abundant mesopores
structure, which is larger than that of 1 184 m*-g™' for the contrast of the porous carbon (PC) prepared without
CTAB. X-ray photoelectron spectroscopy (XPS) analysis presents the oxygen doped amount for HPC is larger than
that for PC, which could arise a high pseudocapacitance. In addition, the HPC also shows better electrochemical
performance than PC, when utilized as an electrode material in supercapacitor. At a current density of 0.5 A-g™,
the specific capacitance of HPC is up to 285 F-g™ in 1 mol -L™" KOH solution. Further investigation based on
two-electrode cell suggests good performance with high rate capability and relative stability. Such excellent
performance should be attributed to the synergistic effect of large specific surface area, high O-doping content

and reasonable pore-size distribution.
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0 Introduction

Energy storage devices have drawn abundant
attention for the increasing emergency of traditional
resources like fossil fuels!®. Supercapacitor, a vital
type of these devices, was further researched owing to
its high power density and excellent cycling stability®'.
Generally, it can be divided into two main species of
electrical double layer capacitors (EDLCs) and pseud-
ocapacitors, and the EDLCs are more promising for its
longer cycling life and better rate performance though
the relatively low specific capacitance™". Carbon as
a typical material used in EDLCs has been extensively

researched in the following aspects: graphenes 9,

16-17)

carbon nanotubes!"*'"”, carbon aerogels™ and porous

carbons!"?!,

As we all know, the performance of EDLCs is
primarily determined by the features of electrode
materials, including specific surface area (SSA), pore
structure, surface functionality and electrical condu-
ctivity. Typically, the electrolyte ions can be effec-
tively trapped in micropores and enhance the charge
storage density due to the strong electric potential,
while electrolyte in macropores, which keeps its bulk
phase behavior, can reduce the transport distance of
ions. For mesopores, electrolyte ions would have a
smaller probability to clash against pore walls, hence

2231 Furthermore,

reducing ion transport resistance
apart from the reasonable pore structure, the large
specific surface area is essential for sufficient
interface to form electric double layers. Hence, the
carbons with hierarchically pore structures and large
specific surface area are preferred to be used as the

It should be noted that the

performance of supercapacitors has been enhanced

electrode material ™05,

constantly, but the low energy density is still a critical
issue calling for further improvement. Additionally,
some routes to produce carbon materials are
complicated and not eco-friendly enough. For these
problems, it is imperative for us to find the ideal
carbon materials.

Some of the biomass is a big class of solid

wastes, but with the advantages of low cost, large

abundance, easy accessibility and environmentally
friendly™". Meanwhile, the problem of waste handling
can be solved efficiently through the application of

biomass. Several kinds of biomass like peanut shells®?%),

[19.30] 31

bamboo chopsticks!"™*”, pine needlesP", chicken eggshell

membranes

have been further researched in energy
storage. It can be found that after treated with
activated agent, the biomass-derived carbons often
possess a complicated hierarchical porous structure
which is strongly associated with the natural inter-
connection of the biomass material and handling
methods. However, depending on the natural property
or the activated process, not all the biomass-derived
carbon contains mirco-, meso- and macro-pores at the
same time, which leads to an inferior property of
supercapacitors.

Herein, we deliver an easy and low-cost approach
(HPCs) from

pomelo peels. Inspired by producing mesoporous

to produce hierarchical porous carbons

silicates from soft-template approach™!, we propose the
surfactant could interact with cellulose or lignin in the
biomass to form mesopore structure, while freeze-
drying was used to retain the macropores in the
biomass and the micropores are obtained from the
KOH activation. The obtained hierarchically porous
carbon possesses a high SSA up to 1 813 m*-g™, in
which the specific surface area of mesopore is up to
536 m*+g™', and displays a prominent electrochemical
performance with a high specific capacitance up to
285 F:g™ at 0.5 A-g™ in a three-electrode system.
Moreover, we also assemble symmetry supercapacitor
possessing a specific capacitance of 162 F-g™ at 0.5
A-g™, and can deliver a moderate energy density of
5.58 Wh-keg™ and a power density of 124.5 W-kg™ in
6 mol -L™" KOH electrolyte at a working potential of
1.0 V.

1 Experimental

1.1 Synthesis of PC and HPCs

Preparation of pomelo peel-derived porous carbon
was described as in Fig.l. The pomelo peel was
washed several times by deionized water and dried at

60 °C overnight in a vacuum oven. Then, the white
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Fig.1 Schematic diagram of preparation for PCs and HPCs

fine powder was collected by disintegrating the dried
pomelo peel in a bucker. Afterwards, the powder was
carbonized at 400 °C with a heating rate of 6 C+min™'
for 3 h in a muffle furnace. To ensure the oxygen-
limited conditions, the powder was placed in a
ceramic pot with a lid covered in a compressed state.
For demineralization, the resulted biochar was placed
in an adequate 1 mol -L™" HCI solution for 8 h under
vigorous magnetic stirring. The biochar was obtained
after filtration and vacuum-drying. To get the porous
activated carbon, moderated biochar was firstly
dispersed in 15 mL deionized water under stirring, then
KOH (wyohar:wron=1:3) was added into the slurry, and
the mixed solution was further stirred for 12 h. Here
the ratio of biochar and KOH was modified according
(supporting
information, Fig.S1). Then, the mixed black paste was

to the electrochemical performance
vacuum-dried at 60 °C overnight to remove the

redundant water. Subsequently, the mixture was
placed in a tubular furnace and heated to 800 °C with
a heating rate of 5 C *min™" for 2 h under a N, flow
(100 mL-min™), followed by HCI and deionized water
washing for several times until pH=7, and then the
PC was obtained. In comparisons, to get the HPC, all
the procedures are the same except for treating the
pomelo peel with CTAB before pre-carbonization at
400 °C and a substituted freeze-drying process. In
detail, 1.2 ¢ CTAB was dissolved in 10 mL DI water
at a teflon-lined stainless steel autoclave of 15 mlL,
followed by the addition of 2.4 g pomelo peel powder.
The mixture was stirred for a few minutes, then the
sealed autoclave was heated to 100 C and maintained

12 h. The products were directly freeze-dried without

- @

Mircopores-riched
porous carbon

Actlvatlon (PC)

Hierarchical porous

Actlvatlon carbon (HPC)

any further treatments. Additionally, the HPC was also
activated at 700 and 900 °C. The as-obtained PC and
HPC samples are termed PC-T, and HPC-T, where T
is the activation temperature.
1.2 Characterization of PC and HPCs

The as-prepared PC and HPCs were chara-
cterized by field-emission scanning electron micros-
cope (FE-SEM, Hitachi S-4800), transmission electron
microscopy (TEM, JEM-2100) and X-ray photoelectron
spectra  (XPS, PHI 5000 VersaProbe). The working
voltages of FE-SEM and TEM are 5 and 200 kV,
respectively. Raman spectra were obtained using a
LabRAM  Aramis

wavelength of 532 nm. Nitrogen adsorption-desorption

instrument with an excitation
isotherms were measured at 77 K using a surfer gas
adsorption porosimeter (Thermo Fisher Scientific). The
specific surface area was calculated by the Brunauer-
Emmett-Teller (BET) method based on the adsorption
data from 0.05 to 0.3 in the linear relative pressure
(P/Py). The pore size distribution was obtained accor-
ding to Horvath-Kawazoe method for micropore and
Barrett-Joyner-Halenda method for mesopore.
1.3 Preparation and characterization of

supercapacitors

Briefly for three-electrode system, 80% (w/w) PC
(or HPC), 10% (w/w) carbon black, and 10% (w/w)
polyvinylidene fluoride (PVDF) were homogeneously
mixed into slurry using a mortar and pestle. Then the
slurry was roll coated on nickel foam with a diameter
of 1 em, where nickel foam was the current collector.
After vaccum-dried at 100 “C overnight, this nickel
foam with PC or HPC coating was used as the working

electrode in a typical three-electrode system, where
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the electrolyte was 1 mol -L.™" KOH aqueous solution,
Pt wire and Hg/HgO electrode was counter electrode
and reference electrode, respectively. To assemble
symmetry supercapacitor, the fabrication of working
electrode was the same except it was assembled in a
stainless steel coin cell (CR2032) with 6 mol-L™" KOH
aqueous solution or 1 mol -7 tetraethylammonium
tetrafluoroborate acetonitrile solution (TEABF/AN)
and porous cellulose membrane as electrolyte and
separator, respectively. The amount of active materials
was about 2 mg on each current collector.

CHI 760E

Instrument, Inc.) was used for electrochemical evalua-

electrochemical ~ workstation (CH

tion. For three-electrode system, cyclic voltammetry
(CV) was carried out at various scan rates from 5 to
100 mV +s™ where the potential range is between —1.0
and 0 V vs Hg/HgO electrode. The galvanostatic
charge-discharge (GCD) tests were performed with
potential range between —1.0 and O V in various

current densities from 0.5 to 10 A -g "

Electro-
chemical impedance spectroscopy (EIS) measurements
were performed at open circuit potential from 100 kHz
to 0.01 Hz with an amplitude of 5 mV. The cycling
tests were evaluated by constant galvanostatic charge-
discharge measurement at a current density of 5 A-g™
for over 12 000 cycles. For two-electrode symmetry

supercapacitor, all the tests are almost the same

except the potential range for GCD was from O to 1 V.

(C, F-g™) of active

materials in three-electrode system was calculated

The specific capacitance

from the GCD curves with the following equation:

C=IAt/(mAV) (1)
where [ (A) is the discharging current, Az (s) the dis-
charge time, m (g) the mass of the PC (or HPC) coated
on the working electrode, AV (V) the potential change
during the discharge processes.

While the specific capacitance of the electrode
material for coin cell:

C=21At/(mAYV) (2)
where m (g) is the mass of the PC (or HPC) coated on
one electrode and other physical parameters are same
as above.

The energy density (E, Wh kg ™) and power
density (P, W -kg™) of symmetrical coin cell can be

calculated from the following equations:

vy

T 2x3.6x4 3)
P=L 3 600 @

T A

2 Results and discussion

SEM was used to investigate the microstructure
of PC and HPCs. Obviously, pomelo peel pyrolyzed at
400 °C present crumpled carbon sheet and no noti-
ceable pores on the surface in a high magnification as

shown in Fig.2(a,b), while the surface situation would

Fig.2 (a, b) SEM images of pomelo peel after pre-carbonization at 400 °C and (c, d) CTAB

hydrothermal-treated pomelo peel after pre-carbonization at 400 C
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be totally different if pomelo peel was hydrothermal
treated with CTAB. A low-magnification image (Fig.
2¢) shows crumpled carbon nanosheet, but a high-
magnification image reveals that there are countless
pores on the surface of the carbon sheets, and the size
of the pores is about dozens of nanometers (Fig.2d).
After activated by KOH at 800 °C, the biochar turned
into microporous carbon which should be attributed to
the etching effect of KOH for the intercalation of the
potassium compounds™.

Fig.3a displays the network-like curved surface
with obvious macropores in PC-800, while the HPC-
800 has formed relatively uniform 3D pore-hole
structure which would be beneficial for the diffusion
of electrolyte ions into the inner mesopores and
mircopores, as shown in Fig.3b. Further confirmations
of porous morphology to PC-800 and HPC-800 via
TEM are shown in Fig.3(c~f), S2 and S3. The uniform
pore with numerous pores which are transparent under

electron irradiation could be clearly observed for

HPC-800.

500 nm

Fig4a compares the
desorption isotherm of PC-800 with that of HPC-800,
while Fig.4b shows the pore size distribution. It is
clear that HPC-800 has significantly higher absorbed

nitrogen volume than PC-800. The steep increase in

nitrogen  adsorption-

the amount of nitrogen absorbed at low relative
(PIPy<0.1) for both PC-800 and HPC-800
indicates the existence of lager amounts of micropores.

The hysteresis located at P/Py>0.4 for HPC-800 is
apparently larger than that for PC-800, which suggests

pressure

more mesopores in HPC-800, and a steep increase in
the amount of absorbed nitrogen can only be found in
HPC-800 at high relative pressure (P/P;>0.9), mani-
festing the open structure in the HPC-800. As shown
in Fig.4b, HPC-800 possesses porous structure conta-
ining multiscale pores with pore size from subnano-
meter to submicron, while the PC-800 possesses a
micropores-dominated pore structure. This conclusion
can also be drawn from the specific surface area of
mesopores for HPC-800 and PC-800 as shown (Table
1). Table 1 lists key parameters of PC-800 and HPC-

500 nm

Mo

Fig.3 (a) SEM images of PC-800 and (b) HPC-800; (c, e) TEM images of the as-prepared PC-800 and (d, f) as-prepared HPC-800
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800 obtained from the BET measurements. It is that of PC-800 (1 184 m*-g™, 0.57 ¢cm?-g™). The
conclusive that the SSA and the pore volume are both increased SSA and pore volume should be attributed

higher for HPC-800 (1 813 m*-¢g™, 1.05 ¢cm?*+¢™) than to the increasing amounts of mesopore and micropore
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Fig.4 (a) Typical nitrogen adsorption-desorption isotherm for PC-800 and HPC-800; (b) Corresponding pore size distributions;
(¢) Raman spectra of PC-800 and HPC-800; (d) XPS survey spectra of the as-prepared PC-800 and HPC-800;
(e, f) High-resolution XPS spectra of Cls and Ols

Table 1 Textural properties of PC and HPC achieved from nitrogen adsorption-desorption

Sper® / Suien” Sueso” | ) Vien Ve /
Sample )

(m?-g™) (™) (- g™) (em®-g") (em’-g") (cm’g™)
PC-800 1184 976 208 0.57 0.47 0.1
HPC-800 1813 1277 536 1.05 0.57 0.48

* specific surface area calculated by the BET method based on the adsorption data from 0.05 to 0.3 in the linear
relative pressure (P/Py); " specific surface area of micropores; © specific surface area of mesopores; * total-pore volume; ° volume

of micropores; ' volume of mesopores.
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resulting from hydrothermal treatment with CTAB.
Moreover, the HPCs prepared under different tempera-
(Fig.S4 and
Table S1). To sum up, all the HPCs present a steep

tures exist little discriminating results

increase of absorbed nitrogen at a relative pressure (P/
Py>0.9), proving the open structures in all samples.
However, with the temperature increasing, the amount
of mesopores also increases with the slightly low SSA.
The distinct difference between HPC-900 and HPC-
800 can be concluded to the collapse of micropores
affected by higher carbonization temperatures.

It is noted that the hydrothermal treatment with
CTAB for raw pomelo peel plays a vital role in the
development of hierarchically pore structure. In
particular, the specific surface area of mesopores and
micropores, together with the surface morphology was
apparently affected by CTAB treatment. Pomelo peel
is rich in cellulose, lignin and polysaccharide. When
CTAB solution was added, rod-like micelle could
intercalate gap of cellulose or lignin molecules to form
mesopore during the hydrothermal process. After the
materials were carbonized, the mesopores were
retained.

Raman spectroscopy was used to investigate the
crystalline structures and defects of prepared PC and
HPCs. As shown in Fig.4c, the obvious bands of 1 346
and 1 583 ¢cm™ correspond to D (defects and disorder)
and G (graphitic) bands of the carbon material™),
respectively. The intensity ratio of D and G band
could disclose the structural defect and disorder
intensity of carbon materials, and here I}/ is about 1,
which indicates the amorphous carbon both in the PC
and HPCs. All these agree with the results of the TEM
experiments. The detailed images of HPC-700 and
HPC-900 are shown in Fig.S5.

X-ray photoelectron spectroscopy  (XPS) was
employed to investigate the surface and chemical
composition of PC-800 and HPC-800. Fig.4d displays
the XPS survey spectra and the surface composition of
the carbons and the oxygen functionalities are shown
in Table 2. The high resolution Cls and Ols spectra
of PC-800 and HPC-800 are shown in Fig.4(e,f). The

high resolution Cls spectrum can be deconvoluted to

three individual peaks centered at 284.5, 286.2 and
288.0 eVP  corresponding to C-C, C-O and C=0,
respectively. The high resolution Ols spectrum can be
resolved into two peaks representing the two different
types of oxygen functional groups according to early
research”’.  Here the COOH carboxylic groups (O-III,
535.4 €V) has been ignored for the relative minority,
so actually the surfaces are primarily covered by C=0
quinone type groups (O-1, 531 eV) and C-OH phenol/
(O-11, 532.4 V). In comparison,
the O content is larger in HPC-800, especially

C-0-C ether groups

quinone type groups, which has a positive effect on
enhancing the pseudocapacitance performance . Tt
also can be found that the N content in all carbons is
sufficiently low, which is not expected to promote the

storage capacity efficiently.

Table 2 Surface composition of the carbons and

the oxygen functionalities

Atom fraction / %

Sample
C N 0
HPC-800 85.98 0.72 13.30
PC-800 89.38 0.75 9.87

To evaluate the capacitance performance of the
samples, cyclic voltammetry (CV) and galvanostatic
charge-discharge (GCD) tests were applied in a 1
mol L. 7' KOH aqueous electrolyte through three
electrode system. Fig.5a shows the CV curves under
scan rates of 50 mV -s7! for HPC-800 and PC-800,
manifesting the larger specific capacitance in HPC-
800 based electrode. It should also be mentioned that
the broad peak near —-0.7 V. (vs Hg/HgO) could be
ascribed to the pseudo-capacitor performance arisen
from oxygen-containing group on the surface of
samples, and the most reactive oxygen functional
(O-I type)

for the unsaturated carbon-oxygen double bonds P,

groups should be the quinine type groups

According to the Ols XPS spectrum, the content of
quinine type groups in HPC-800 is distinctively more
than that in PC-800, correspondingly bringing more
pseudocapacitance, which illustrates more conspicuous

peaks in HPC-800. Furthermore, the curves of CV

(Fig.S6i) under the increasing scan rates remain
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Fig.5 (a) CV curves in 1 mol-L" KOH at a scan rate of 50 mV-s™'; (b) Galvanostatic charge-discharge lines obtained at 1 A-g™;

(c) Nyquist plots in a frequency range from 0.01 Hz to 100 kHz and the inset of (c) reveals the high-frequency region of

the plots; (d) Specific capacitance at different current density

displaying a quasi-rectangular shape, indicating the
capacitance originates from the electrical double
layers with a high charge-discharge speed, a good rate
electrochemical performance and little electrolyte
diffusion limitation™.

The galvanostatic charge-discharge curves of the
first cycle are depicted in the Fig.5h, where the
current density is 1 A-g™. All the curves (Fig.S6ii)
are nearly symmetrical with slight distortion in the
slope, suggesting the ideal capacitor behaviour of
electrical double-layered capacitor for all samples and
the existing of pseudocapacitance caused by oxygen-
containing groups. At a current density of 1 A-g™, the
specific capacitance of the samples can reach 250,
120, 180 and 160 F -g™' for HPC-800, HPC-700,
HPC-900 and PC-800, respectively. It should be noted
that HPC-800 shows a semicircle with larger diameter
at the high frequency range which reflects the larger

charge transfer resistance (R,). As mentioned above,

the HPC-800 has more oxygen-containing groups. But
it would further arise a larger pseudocapacitance,
which may decrease the conductivity and further
disturb the charge transfer despite of the fact that the
hierarchical porous structure in HPC-800 can improve
the charge transfer. The first intercept along the real
axis (the crosspoint between the real axis and semi-
circle) represents the equivalent internal resistance
(R, including the intrinsic resistance of electrode
material, the resistance of the electrolyte and the
contact resistance at the interface. The much smaller
R, for HPC-800 (0.5 ) than that of PC-800 (1.3 )
can be clearly seen in the inset of Fig.5c. By
extrapolating the vertical portion to the real axis, the
(ESR)
according to the intercept at real axis. This value
reaches 1.4 ) for PC-800 and 1.2 Q for HPC-800
with a difference of 0.2 (), which mainly results from

the much smaller R, of HPC-800 than that of PC-800,

equivalent series resistance is obtained
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with a 0.8 Q difference, and the larger R, of HPC-
800 than that of PC-800, with a 0.6 () difference. The
EIS of HPC-700 and HPC-900 are
depicted in Fig.S6. Fig.5d exhibits the capacitance

details of the

retention of electrode materials for current density up
to 10 A-g™. With the current density increasing, the
specific capacitances are decreasing for the electrolyte

ions would have less time to diffuse and enter into the
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404 — S5mVss?! ——100mV-s!
—10mV-s? =——200mV-s"!
— 30mVs! ——300mV-s!

301 oyt ——400mvst

—70mV-s!

Current density / (A-g™)
3

0
-104
N ’,’”/
Scan rate from 5 to 500 mV-s!
-30 T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Potential / V
1.24 © Current density —05Ag!l—2 A-g!
from 0.5 to 20 A-g”! —1Ag! —5Ag!
—7Ag!
1.0‘ 10 A.g*l

—20Ag"

Potential / V
f=]
N

0.0 T T T T T T T T T T
0 50 100 150 200 250
Time /s
() —o—PC-800 B
—0—HPC-800
101 ) g
5 06 j‘
81 j! N 04 g
4 02
s d
= 0.0 : o
N d | ’ 1 2 3 4
I 4 d : Z'/Q
L:\\':{ !
o
2-}
04 = ; . r
0 4 8 12 16 20
Z'/1Q

Fig.6

porosity under the higher current densities™. Overall
the HPC-800-based electrode has at least comparative
performance to those of most of other biomass-derived
carbon does (Table 3)"#,

The two-electrode coin cells were assembled to

investigate the further performance in practical

application. CV curves (Fig.6(a,b)) maintain the quasi-

rectangle shapes from a low scan rate to a high scan
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Table 3 Specific capacitance of activated carbon from different biomass precursors in a three-electrode system

Biomass precursors Sper / (m?-g™) Electrolyte C./(F-g" Current density Scan rate Reference
Bamboo-based industrial by-product 1472 6 mol -1 KOH 301 0.1 A-g - [19]
Corn grains 3420 6 mol - L™ KOH 257 1 A-g! — [41]
Human hair 2 100 6 mol-L" KOH 264 025 A-g" — [42]
Newspaper 417 6 mol- L' KOH 180 — 2mV-s™ [43]
Sorghum stalk 1355 2 mol- L KOH 216.5 05 A-¢g" — [44]
Ginkgo shells 1775 6 mol- L™ KOH 178 — 500 mV-s™ [45]
Shiitake mushroom 2 988 6 mol- L™ KOH 306 1A — [46]
PC-800 1184 1 mol- L' KOH 220 05 A-¢g" — This work
HPC-800 1812 1 mol- L™ KOH 285 05 A-¢g! — This work

rate up to 500 mV s, which indicates an excellent
capacitive behaviour with great rate performance. It
should be attributed to the easy and fast ionic motion
caused by hierarchical porous structure. It should also
be noted that there are no more peaks in CV images
in spite of the presence of numerous heteroatoms.
Herein it is different from the situation in three-
electrode system, which is consistent with the previous
report™. For HPC-800, the area for a single CV curves
under the same scan rate is larger than that for PC-
800, suggesting the larger specific capacitance. The
GCD curves

increasingly current density over the 0~1 V and the

(Fig.6 (c,d)) were measured under the

capacitance of coin cell supercapacitors can be drawn
from the discharge period of GCD curves. The specific
capacitance of supercapacitor based on HPC-800 is
calculated to 162 F-g™ at a current density of 0.5 A«
g™, while the value is 120 F-g™ for PC-800 under the

same condition. When the current density increased to

20 A -g™, the specific capacitances are decreased to
73 and 70 F-g™, respectively, demonstrating a great
rate capability. EIS measurements are carried out to
probe the electrochemical characteristics for superca-
pacitors and the Nyquist plots are shown in Fig.6e.
All the conditions are the same as the three-electrode
system. The supercapacitor based on HPC-800 owns a
0.6 Q),
(3.5 Q).
The high slopes in the low-frequency region reveal the

much smaller equivalent internal resistance

comparing to the device based on PC-800

ideal capacitive performance for both two devices.

Moreover, the Ragone plots (Fig.7a) confirm the
electrochemical performance of HPC-800 and PC-800
It shows that HPC-800 based
supercapacitor exhibits the energy density of 5.58
Wh kg ' at a power density of 124.5 W -kg .

Additionally, the cycling stability is a crucial parameter

electrode materials.

for surpercapacitors. After 12 000 galvanostatic charge

-discharge cycles at a current density of 10 A-g™, the

1044 5(3)
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(a) Ragone plots of HPC-800 and PC-800 based supercapacitors; (b) GCD curves of the first and

the last three cycles during the 12 000 cycles for HPC-800 based supercapacitors
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capacitance remains almost 100% for HPC-800 based
devices (Fig.7b), and the lower resistance could be
observed after cycling (Fig.S7). In order to achieve a
higher energy density performance, the HPC-800
based symmetry supercapacitor using organic electro-
lyte was assembled and accessed. It turned out that
the specific capacitance could be up to 53 F-g™ at a
current density of 0.5 A -g™. Besides, it could deliver
an energy density of 11.34 Wh kg™ with a power
density of 311.52 W-kg™. Further information can be
found in the Fig.S8 and S9. Furthermore, the device
was used to light up a yellow light-emitting-diode (LED)
with a lowest working potential of 2 'V (Fig.S10). The
disappointing performance on the specific capacitance
should be ascribed to less amount of mesopores which
match up with larger electrolyte ions.

Overall the HPC-800 electrode offers a better
performance, which is mainly attributed to synergistic
effects from several factors: the larger specific surface
area, hierarchical open pore structure with the higher
mesopore content and the optimum combination of O
content. Firstly, the large specific surface area
provides plenty of sufficient active interfaces to form
electric double layers. Secondly, the hierarchical
open-pore structure ensures the efficient ion diffusion,
but also decreases the resistance for the open
marcopores. The higher mesoporous content facilitates
ionic transport and shortens the diffusion pathways,

while

accommodation. Thirdly, the presence of O content,

numerous micropores serve as charge
especially the quinine type groups improves the

pseudocapacitance performance greatly.
3 Conclusions

In this work, a novel functionalized HPC has
been obtained via an improved KOH activating
process by using pomelo peel as the carbonaceous
precursor. The as-prepared HPC processes a 3D
hierarchical porous structure with various pore sizes,
high specific surface area and high-level O-doping. As
the electrode material for supercapacitors, it exhibits a
remarkable electrochemical performance with large

specific capacitance, great rate capability and superior

cycling stability. Notably, the high energy densities of
~5.58 and ~11.34 Wh kg™ are achieved in the coin
cell symmetric supercapacitor in aqueous and organic
electrolytes, respectively. Apart from the excellent
performance, the synthesis process is facile and eco-
friendly, presenting a promising future for the

application in energy storage devices.
Supporting information is available at http://www.wjhxxb.cn
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