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Self-templating synthesis of nitrogen-decorated hierarchically

porous carbon from shrimp shell for supercapacitors
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www.rsc.org/ Nitrogen-doped hierarchically porous carbon (HPC) was prepared from shrimp shell using its intrinsic mineral scaffold

(CaCO0s) as the self-template combined with KOH activation. The roles of the template removal and KOH activation on the
hierarchical porous structure of obtained HPC were discussed in detail. The as-made HPC with abundant micropores,
mesopores and interconnected macropores exhibits high electrochemical performance when used as the supercapacitor
electrode. The specific surface area of HPC can be easily controlled via changing activation temperature, and the natural
nitrogen in shrimp shell can be preserved, which favor the final electrochemical property. Attributing to the synergetic
electrochemical activity of the accessible porosity and the heteroatom, the hierarchically porous carbon pyrolyzed at 700
°C displays the largest specific capacitance of 348 F g in 6 M KOH electrolyte. The hierarchical porosity of the obtained
carbon provides a well-defined ion pathway and electrolyte reservoir, allowing for rapid ionic transportation. This self-
templating method represents a very attractive approach for scalable production of hierarchically porous carbons from

natural biomass containing both nitrogen/carbon sources and intrinsic templates.
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Introduction

Electrochemical capacitors (ECs), also known as supercapacitors,
capitalize on the high efficiency and performance stability of fast
electrosorption of electrolyte ions at the charged interface®3. As an
effective electrode, porous carbon materials have high capacitance,
which is mainly dependent on their surface properties and porous
structures.  Various  carbons including  ultramicroporous,
microporous, mesoporous carbon with the narrow pore size
distribution have been widely applied to the electrode materials of
ECs*8. However, their pore textures are not suitable for high-rate
supercapacitors due to the poor ion transport in inner pores.
Hence, novel porous carbon with hierarchical porosity, namely,
macropores combined with micropores and mesopores, is highly
desired due to their unique structural features in comparison to
conventional micro- and/or mesoporous materials with uniform
pore dimensions. Xia et al. reported that the carbon with

hierarchically = porous  structure showed the excellent
electrochemical behavior with a specific gravimetric capacitance of
223 F g! and 73% retained ratio®. As a promising material for
energy storage, hierarchically porous carbon (HPC) with well-
defined pore dimensions and topologies offer minimized diffusive
resistance to mass transport due to their macropores and high
surface area for active site dispersion over the micro- and/or

mesopores.

Lots of extraordinary works described the synthesis of HPC via

hard-templating, soft-templating, dual-templating, or non-
templating strategies. The most commonly used technique for the
fabrication of HPC is the hard templating method with hierarchically
nanostructured silica, MOF or diatomite as template to impregnate
with an appropriate carbon source, followed by the carbonization
of the composites, and subsequent removal of the templatel0-14,
For example, Hu et al. reported that the macroscopic carbon
monoliths with both mesopores and macropores were successfully
prepared by using meso-/macroporous silica as the template and
mesophase pitch as the precursor®. Generally, hard-template
methods suffer from the drawbacks such as complicated
structures of the template, the massive use of template and
tedious template removal processes. Alternatively, HPC was also
synthesized from a novel benzoxazine chemistry using a soft-

templating method and KOH chemical activation?s. Furthermore, a

This journal is © The Royal Society of Chemistry 20xx

modified dual-templating strategy for the architectural design of 3D
HPC as a promising electrode material for high-rate EC was
developed by using polystyrene and Pluronic F127 as macro- and
mesoporous templates, respectivelyl®. Those methods still involves
the massive use of soft templates and organic solvents, and the
experimental conditions universally need to be very precise at low
carbon precursor concentration, which hinders the mass
production?’. In the non-templating route, the process involves the
activation of carbon precursor with H3PO, followed by activation of
KOH, and the resulting carbon exhibited a specific capacitance of
306 F g -1 in aqueous electrolytel8, However, the currently effective
template methods and acid/base activation strategies suffer from
the drawbacks of either high cost or tedious steps. Therefore, the

sustainable and scalable methods for the production of HPCs are

still in great demand.

Besides improving the wettability and increasing the charge
screening ability of carbon, nitrogen-sites at the carbon surface can
facilitate charge transfer across the electrode/electrolyte interface.
Such redox-sites may contribute significantly to the energy storage
by enabling access to reversible faradaic reactions and possibly
pseudocapacitance!®22, As nitrogen-doped carbon exhibits
improved performance, some techniques have been focused on the
introduction of nitrogen species into the carbon framework, which
are achieved either by post treatment of carbon with nitrogen-
containing precursors (e.g. melamine and polyvinylpyridine) or via
treating carbon materials with ammonia gas23. One ideal choice is
preparing nitrogen doped carbon from natural biomass, which acts

as both nitrogen and carbon sources.

As an important marine organism, around 1.3 million tons of
shrimp are produced in China each year. Shrimp shell, a kind of food
waste in high quantity, is cheap and reliable biomass source
without increasing competition for food. Shrimp shell is composed
of naturally inorganic CaCOs; (about 60%) along with nitrogen
containing polysaccharide named as chitin. The former can act as
the natural template for the synthesis of porous carbon,
meanwhile, the latter may be good precursor for the fabrication of
nitrogen-doped porous carbon. White et al. reported that prawn

shell was used to make mesoporous carbon with its intrinsic

mineral scaffold as the template?4. However, to our knowledge, the

J. Mater. Chem. A, 2016, 00, 1-3 | 2

Page 2 of 12



Page 3 of 12

fabrication of hierarchically porous carbon has been rarely

reported.

In this study, HPC was fabricated from waste shrimp shell by the

self-templating route combined with KOH activation and
subsequent CaCOs; removal. It is found that KOH activation can
create the micropores in carbon skeleton, while the removal of
CaCOs template naturally existed in shrimp shell brings mesopores
and macropores. The porosity of HPC could be easily controlled by
adjusting the pyrolysis temperature under a fixed weight ratio of
shrimp shell to KOH. The HPC-based supercapacitor demonstrates
good electrochemical performance with large specific capacitance,

high power density, and long cyclic stability.

Experimental

Synthesis of nitrogen decorated HPCs from shrimp shell

Bohai shrimp shell was used as the raw material in this study.
Shrimp shell and KOH with a mass ratio of 1:4 were thoroughly
mixed together and dried at 80 °C overnight. Then the dried
mixture was pyrolyzed at 600~800 °C for 1 h in a horizontal furnace
in Ar atmosphere. Then, the obtained sample was sufficiently
dissolved in acetic acid at room temperature until the complete
removal of CaCOs. Finally, the samples were thoroughly washed
with deionized water until the solution became neutral. After
exposure in oven at 80 °C, a series of samples were harvested and
denoted as C/KOH-T (T=600, 700 or 800 °C). For comparison, shrimp
shell was pyrolyzed at 700 °C for 1 h in the absence of KOH to yield
C-700 sample. Furthermore, C-CaCOs/KOH-700 was produced via

CaCOs; removal and subsequent KOH activation.
Electrochemical measurements

The electrochemical performance of as-obtained samples was
investigated using a three-electrode cell and a two-electrode cell at
room temperature. The working electrodes were fabricated by
mixing the prepared powder with 10 wt% acetylene black and 5
wt% polytetrafluoroethylene (PTFE) binder. A small amount of
ethanol was added to the mixture to produce a homogeneous
paste. The mixture was pressed onto nickel foam current-collectors
(1.5 cm in diameter) to make electrodes. The mass of the active
material was in a range of 4-5 mg per electrode. Before the

electrochemical test, the as-prepared electrode was soaked

This journal is © The Royal Society of Chemistry 20xx
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overnight in a 6 M KOH electrolyte. For the three-electrode cell,
platinum foil and Hg/HgO electrode were used as the counter and
reference electrodes, respectively. For two-electrode cell, two
symmetrical work electrodes were assembled and tested at
different cell voltages. The cyclic voltammetry (CV) measurement
workstation

was conducted on a CHI660D electrochemical

(Shanghai Chenhua) and the galvanostatic charge-discharge
measurement was performed on a Land CT2001A cycler (Wuhan
Land Instrument Company, China) at room temperature. The
electrical conductivity of as-made carbons was measured by a two-
probe method. |-V curves were recorded with CHI 660E
electrochemical workstation. The morphologies and structures of
the as-obtained products were examined using field emission
scanning electron microscopy (SEM, Hitachi Ltd SU8010), X-ray
photoelectron spectroscopy (XPS, Thermo VG Scientific Sigma Probe
Spectrometer) and elemental analysis (Elemental AnalyzerVario EL
). The Brunauer-Emmett-Teller (BET) surface area of as-
synthesized samples was determined by physisorption of N2 at 77 K

using a Micromeritics ASAP 2020 analyzer.

Results and discussion

Fig.1 illustrates the strategy for the self-templating synthesis of
nitrogen decorated HPC with hierarchical pores using shrimp shell
as the carbon precursor with the assistance of KOH activation. It is
well known that KOH activation is a widely used method to produce
micropores of carbon materials, of which two main mechanisms
involves according to previous report?>. As shrimp shell is
concerned, aromatization occurs at increasing heat treatment
temperature to gradually develop the basic structural unit of
graphitic structure below 700 °C, then the graphite layers expand by
rapidly removing intercalated potassium above 700 °C2. In this
case, shrimp shell was firstly activated by KOH in Ar atmosphere for
producing micropores at 600-800 °C, then intrinsic CaCOs; template
was removed by acetic acid to fabricate the macropores and
mesopores in the resultant carbon. HPC with hierarchical porosity
was obtained and used as electrode materials for ECs. Above
mentioned self-templating method for tailoring of the pore sizes of

the resultant carbons is different to other hard- or soft-template

methods, of which additional template is needed 10-14,

J. Mater. Chem. A, 2016, 00, 1-3 | 3



Please dn not adjust margins

ARTICLE

N-d.!'ped

)

2
e HPC ) _
- [+
1 &'rolvsis N Oc -] ®
2) Removal of CaCO, ] o e
I
" . SRey, Macro-Meso-C
Shnmp:shell ) "'0;,0""' ore,
A Aagj =200,
SO iy —

~ ., Micro-C

Supercapacitor

Fig. 1. Synthesis schematic of HPC, Macro-Meso-C and Micro-C from

shrimp shell.

Fig. 2 shows the representative SEM images of raw shrimp shell
and C/KOH-700 sample with different magnifications. Shrimp shell
is composed of lamellar layers (Fig.2a), of which lots of particles are
densely aggregated on their surfaces (Fig. 2b). Such layer structures
play an important role on the final shape of the obtained product.
As expected, flat microplates for C/KOH-700 sample with a rough
surface are observed (Fig. 2c-d), of which disordered macropores
present on the surfaces of the layer architectures (Fig. 2e). These
structures significantly increase charge storage and capacitance of
the samples?6: 27, The presence of macropores further supports

CaCOs in shrimp shell acts as the template, which enables the easy

control of the porous structures of obtained HPC.

sample with different magnifications.

4 J. Mater. Chem. A, 2016,00, 1-3

Journal Name

The porosity of the obtained samples was further investigated
using nitrogen adsorption-desorption measurements (Fig. 3a). The
pore size distributions of all samples in the range of micorpore and
mesopore are summarized in Fig. 3b. For C-700 sample, its isotherm
belongs to type IV sorption isotherm with a large H3 hysteresis loop
at P/Po= 0.4-0.8 and a further uptake of N in the high relative
pressure region at P/Po= 0.9-1.0, reflecting a substantial existence
of massive mesopores and macropores. The mesoporous size of C-
700 is centered at 6.5 nm (the inset of Fig. 3b), which is mainly
attributed to the presence of intrinsic CaCOsin the shrimp shell. For
C-CaC03/KOH-700 sample, which was activated by KOH after the
removal of CaCOs, shows characteristic of type | sorption isotherm
at P/Po= 0.01-0.1, indicating micropore is dominant. The primary
and secondary micropore sizes of C-CaCO3/KOH-700 are centered at
0.8 and 1.2 nm, respectively. Such result demonstrates that KOH
activation can only create the micropores in carbon skeleton, which
is in accordance with the reference reports# 28, On the basis of
these results, we can deduct that direct pyrolysis of shrimp shell
with KOH can produce hierarchical pores in the resultant carbons.
As expected, C/KOH-600, C/KOH-700, C/KOH-800 samples display
combined type IV/I sorption isotherm, indicating the presence of
mesopores and micropores?. In conjunction with the pore size data
shown in Fig. 3b, these results indicate the presence of two distinct
miocropore size distributions for all above samples denoted as
primary micropores (1.4 nm) and secondary micropores (1.8 nm), as
well as a large range of mesopore distribution (2.0-4.0 nm). It is
obvious that the mesopore sizes of C-700, C/KOH-700 and C-
CaCO3/KOH-700 are significantly reduced, indicating the importance
of the sequence of the removal of intrinsic CaCOs in shrimp shell for
tuning the pore sizes of the obtained carbons. Furthermore, an
additional uptake in the high relative pressure region (P/P = 0.9-1.0)
is also observed in C/KOH-600, C/KOH-700, C/KOH-800 samples.
This is typical existence for macropores, as observed in SEM image
of C/KOH-700. The nitrogen adsorption-desorption measurements
indicate that the intrinsic CaCO; of shrimp shell can be used as the
self-template to produce mesopore and macropore, and KOH

activation can help to create micropore in the final carbons.

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins




Please dn not adjust margins

Journal Name

700 f @l == C-CaCo /KOH-700
wsze C/IKOH-800 = C/KOH-600
o~ = CJKOH-700 == C-700

0.0 0.2 0.4 0.6 0.8 1.0
Relative Pressure (P/P )

—=C-CaCO /KOH-700 _._ c/KOH-700

020} == C/KOH-800 o= C/KOH-600

C-700

°
o
2

dv(d) (cm’ nm™ g)

0.000

7 6 9 10 11 12
Pore Diameter (nm)

dv(r) (cm* nm” g7

0.5 1.0 15 20 25 3.0 35 4.0
Pore Diameter (nm)

Fig. 3 (a) Nitrogen adsorption and desorption isotherms and (b)
corresponding pore size distributions of C-700, C/KOH-600, C/KOH-
700, C/KOH-800 and C-CaCO3/KOH-700 samples.

Detailed information on the BET surface area (Sger) is also
summarized in Table 1. C-700 sample shows a low Sger of 315 m2 gt
and a small volume of 0.65 cm3 g?. Significant increases are
observed in both surface area and pore volume for C/KOH-600,
C/KOH-700, and C/KOH-800 samples as the activation temperature
increasing from 600 to 800 °C. Sger reaches 1087, 1113, and 1343
m?2 glas well as the pore volume runs up to 0.60, 0.68, and 0.73
cm3 gl for C/KOH-600, C/KOH-700 and C/KOH-800 samples,
respectively. Such changes of Sger depend on the pyrolysis
temperature, i.e., the higher temperature kept, the larger Sger of
the resultant carbons achieved. The Sger of C-CaCO3/KOH-700 (2032
m2 g1)is much larger than those of HPC due to more micropore
developed in it. Furthermore, all of the as-made carbons except C-
700 have the larger Smic than Smes. Above results indicate that KOH
plays an important role on the creation of microporous structures

and improvement of specific surface area in the final product 4 28,

Table 1 Porous properties of the carbons derived from shrimp shell.

Sample SBETa Smicb Smesc thal d Pore size
(m?g) (m?g*) (m?g?) (cm*g?) (nm)

C-700 315 129 186 0.65 5.10~6.95

C /KOH-600 1087 801 286 0.60 1.26~2.35

C/KOH -700 1113 889 224 0.68 1.13~2.35

C /KOH -800 1343 1039 304 0.73 1.15~2.35

C-CaCO4/KOH-700 2032 1735 297 0.83 0.64~1.83

This journal is © The Royal Society of Chemistry 20xx
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(a) Seer is the specific surface area obtained from BET method. (b) Smic is the
microporous surface area calculated from t-plot method. (c) Smes is the
mesoporous surface area from t-method external surface area (Smes = SBer-Smic)-

(d) Viotal is the total volume calculated at a relative pressure of 0.99.

In order to elucidate the surface composition of the porous
carbons and their role in the electrochemical performance of the
obtained HPCs, the incorporated nitrogen of carbon network was
further analyzed by XPS (Fig. 4). From XPS spectra of N1s (Fig. 4b),
the most pronounced peaks represent pyridinic N (N-6 at 398.2 eV),
pyrrolic/pyridonic N (N-5 at 399.8 eV), quaternary N (N-Q at 400.5
eV) and oxidized N (N-X at 402.0 eV)3% 31, For comparison, the
quantitative analyses of the carbon samples are listed in Table 2.
Nitrogen content decreases significantly with the temperature
increasing from 600 to 800 °C during KOH activation, while carbon
content follows in reverse order. The amount of N-5 species is
significantly high in all samples with the content in the range of
47.2-71.4 %, whereas N-X species only account for small part of the
nitrogen species. It is reported that N-5 form with planar structures
and good electricity conductivity are found generally more active
than N-X form with 3D structures in supercapacitor3 33, The
obvious peaks for C1s peaks represent C=C (at 284.6 eV) and C-C (at
285.5eV) with the total content above 75% (Fig. 4a), indicating the

formation of carbon skeleton after the pyrolysis of shrimp shell34.

b N1s

Intensity (a.u.)
Intensity (a.u.)

286.2 eV
287.4 eV
1288.8eV

282 284 286 288 290 292 39% 398 400 402 404

Binding energy (eV) Binding energy (eV)

Fig. 4 XPS spectra of deconvoluted high-resolution (a) C1s, (b) N1s
for C/KOH-800, C/KOH-700, C/KOH-600 and C-700 samples.
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Table. 2 The contents of C, N and O in HPCs from elemental analysis and XPS analyses.

Sample Elemental analysis C-1 C-2 N-6 N-5 N-Q [%] N-X

(wt %) [%] [%] [%] [%] [%]

C N (0] 284.6 285.5 398.2 399.8 400.5 402.0

eV eV eV eV eV eV

C-700 60.6 3.7 33.8 729 2.2 17.5 65.8 9.9 6.8
C/KOH-600 61.6 7.5 28.2 68.1 115 14.6 47.2 33.8 4.4
C/KOH-700 68.5 3.6 259 75.0 4.1 24 71.4 9.6 16.6
C/KOH-800 81.3 2.1 16.0 72.8 3.8 104 54.8 13.9 20.9
C-CaCO3/KOH-700 67.7 3.6 26.7

The electrochemical performance of the shrimp shell-derived
carbons for supercapacitors was performed in 6 M KOH electrolyte
using three-electrode cells. Fig. 5a shows CV curves of the obtained
carbons at a scan rate of 5 mV s1. C-700, C/KOH-600, C/KOH-700,
C/KOH-800 and C-CaCOs;/KOH-700 all show good rectangular-like
shapes. It is clearly that the samples activated by KOH exhibit larger
rectangular-like shapes than C-700. And the capacitance decreases
C/KOH-700>C-CaCO5/KOH-
700>C/KOH-600>C/KOH-800>C-700. Such obvious differences on

in the following order at 5 mV s

the CV curves are related to their different porous structures and
nitrogen-doping content. The galvanostatic charge/discharge curves
at a current density of 50 mA g are used to characterize the
capacitive properties of the carbons, as shown in Fig. 5b. Such
results agree with the description of CV curves. Fig. 5c gives the
relationships between specific capacitance (Cs) and current density
according to the galvanostatic charge and discharge results. The
value of Cs is calculated according to Cs = IxAt/(AVxm) from the
discharge curves, where / is the constant discharge current, At is the
discharge time, AV is the potential drop during discharge time, and
m is the total mass of the active electrode materials35. The C/KOH-
700 electrode shows 348 F g1 at the current density of 50 mA g1,
which is lower than 362 F g1 of C-CaCO3/KOH-700 electrode in the
same current density. In contrast, good capacitance retention is
observed in C/KOH-700 supercapacitor in comparison to C-
CaCO3/KOH-700 in the tested range of current density above 100
mA g1 In this case, the charge storage capacities of the obtained
samples decrease in the following order: C/KOH-700>C-CaCO5/KOH-
700>C/KOH-600>C/KOH-800>C-700.  Such  performances are

attributed to the character of the porous structures, the nitrogen

content as well as the type of N-configuration of the samples.

This journal is © The Royal Society of Chemistry 20xx

Among all samples above mentioned, C/KOH-700 presents the
highest performance for 348, 328, 320, 300, 295 and 290 F g at the
current density of 0.05, 0.1, 0.2, 0.5, 1.0 and 2.0 A g, respectively.
These values are significantly higher than those of previously
reported N-doped hydrothermal carbons (300 F g1 at 0.1 A g1)3¢,
activated carbon (250 F g at 0.05 A g1)?7, mesoporous N-rich
carbon (305 Fg1at 0.2 Ag?)3, and N, P, O co-doped carbon (260 F
g1 at 0.05 A g'1)33. According to previous reports, the pore sizes of
the samples are the most effective factor in a double-layer
formation, and nitrogen functionalities play important roles in
improving the surface wettability and capacitance?’.31.38.39, C-700,
with the lowest Sger of 315 m? g1 and the moderate nitrogen
content (3.7 wt%), exhibits the lowest electrochemical capacitance
of all samples. It is observed that the increased specific surface area
can help to get the high charge storage capacity. Although C/KOH-
600 sample has much lower specific surface area (1087 m2 g1) than
1343 m2 g of C/KOH-800 sample, it has a larger capacitance, which
is contributed to the induced pseudocapacitance brought by its N-
rich functionalities (7.5 wt%). On the other hand, both C/KOH-700
and C-CaCO;/KOH-700 samples contain the similar nitrogen
content, but the former exhibits the higher performance than the
latter due to their different pore sizes. The hierarchical pore
structure of C/KOH-700 provides a well-defined ion pathway and
electrolyte reservoir, allowing for rapid ionic motion? 28 40, 41,
However, ion transport in C-CaCO3/KOH-700 sample might be
hindered by its narrow micropore size under high current density,
though C-CaCO3/KOH-700 with much higher specific surface area
(2032 m? g1) than 1113 m? g of C/KOH-700.

Nyquist plots of the carbons in Fig. 5d provide complementary

information to further understand their capacitive behaviors. It is

J. Mater. Chem. A, 2016, 00, 1-3 | 6
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reported that a larger diameter of semicircle for the electrode
reflects the existence of higher R.: (charge-transfer resistance) in
the high frequency region, indicating the rich nitrogen containing
functional groups in the samples®2. It is observed that R of as-
made samples is in the following order: C/KOH-700<C/KOH-800<C-
CaC03/KOH-700<C-700<C/KOH-600, indicating an increasing trend
of R The electrical conductivity of obtained carbons was measured
by a two-probe method. The conductivity of C-CaCO3/KOH-700 and
C-700 are 140 and 31 S m%, while the conductivity of C/KOH-600,
C/KOH-700 and C/KOH-800 are 22, 156 and 150 S m'%, respectively.
Such results are in line with the synergetic effects of increased
nitrogen content as well as high surface area and large pore size in
the resultant carbons. Among them, C/KOH-700 with the moderate
nitrogen content and surface area exhibits the highest conductivity..
The stability of the capacitance performance of C/KOH-700 and C-
700 samples was evaluated by 1000 cycles at a current density of 1
A g (Fig. 5e). The Cs of C-700 electrode is found to gradually
increase in the first 150 cycles, which might contribute to the
increasing surface wettability. During the rest cycles, the Cs of C-
700 is relatively stable about 60 F g, while that of C/KOH-700
electrode slightly drops 6.4% from 295 to 276 F g1, demonstrating
the superior long-term stability as the electrode material. Such
improved stability and high capacitance can be related to its
hierarchically porous structure which provides a well-defined ion

pathway and electrolyte reservoir.

The capacitive behaviors of C/KOH-700 and C-700 samples were
also examined in two cell system, and the results are shown in Fig.
6. The CV curves in rectangular-like shapes indicate a good
capacitive behavior over a wide range of voltage (from0to 1V, see
Fig. 6a). The electrochemical performance of C/KOH-700 is much
better than that of C-700. The galvanostatic charge/discharge
curves showed in Fig. 6b agree with the CV curves. Fig. 6¢ is the EIS
of C/KOH-700 and C-700 samples. C/KOH-700 has a less diameter of

This journal is © The Royal Society of Chemistry 20xx
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semicircle than that of C-700, clarifying the importance of
hierarchically porous structure for ion diffusion when both possess
similar nitrogen content. Based on the total mass of two electrodes,
the specific capacitance of C-700 maintains 125 Fg1at 0.05A g™ In
contrast, good capacitance retention is observed in C/KOH-700
supercapacitor. Its specific capacitance reaches of 239 and 201 F g1
at 0.05 and 1.0 A g%, respectively, which is nearly 2-fold higher than
that of C-700. Fig. 6e shows Ragone plots of both samples and their
energy and power characteristics. C/KOH-700 and C-700 show the
specific energy of 8.3 and 2.7 Wh kg1, corresponding to the specific
power of 1105 and 907 W kg1, respectively. The increased power
characteristics for C/KOH-700 originate from its hierarchical pore
structure as shown in Fig.3. Additionally, good electrochemical
property and wettability contribute to the efficient electron/ion

transfer and the large exposure of active sites, respectively.

Conclusions

Nitrogen decorated HPCs were successfully prepared from shrimp
shell by the self-templating method combined with KOH activation.
This method for the fabrication of hierarchical porous structure is
very simple, efficient and sustainable. The intrinsic CaCOsin shrimp
shell plays the self-template role of usually needed in template
method, thus simplifies the preparation process of HPCs. Shrimp

shell as a kind of natural biomass waste in millions of tons, is a

|u ‘

potential “zero-cost” carbon precursor, which offers a “green
material” to produce HPCs. Simultaneously, this strategy provides a
green and high value application of seafood waste. Additionally, the
obtained nitrogen-decorated porous carbon shows good
electrochemical performance as EC electrode, which exhibit good
capacitive behaviors including large capacitance, long cycle life, high
energy and power densities. The prepared HPCs also have good
application future in many fields such as electrochemistry, catalysis

and gas storage.
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Fig. 5 Electrochemical performances of C-700, C/KOH-600, C/KOH-700, C/KOH-800 and C-CaCO3/KOH-700 samples measured in a three-
electrode system in 6 M KOH electrolyte: (a) CV cures at the scan rate of 5 mV s'1; (b) charge-discharge curves at the current density of 100
mA g1; (c) specific capacitances of carbon samples at different current densities; (d) Nyquist plots of various carbon samples; (e) cycling

performances of C/KOH-700 and C-700 samples for 1000 cycles loaded at a current density of 1 A gL
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Nitrogen-doped hierarchically porous carbon for the supercapacitor electrode was prepared from
shrimp shell using its intrinsic mineral scaffold (CaCOs) as the self-template combined with KOH
activation.




