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N-doped ordered mesoporous carbon (N-OMC) has been one of the most promising choices as
the electrode for supercapacitors due to its large surface area and uniform mesoporous structure.
However, there is still a big challenge to prepare N-OMC using a relatively simple method. Here,
a straightforward preparation of N-OMC was reported in which the precursor zeoliticimidazolate
framework was in situ grown in the SBA-15 template by a fast, solvent-free, and atom economic
solid—solid grinding strategy. After pyrolysis and removing of the template, the N-OMC was
obtained with ordered mesoporous structure, rich oxygen and nitrogen, and a large specific
surface area of 1004 m2/g. As the electrode material for supercapacitors, N-OMC displayed an
excellent specific capacitance of 228 F/g at 0.2 A/g and superb charge/discharge cycling stability,
which is promising for high-performance energy storage. This solid—solid grinding strategy may
offer a low-cost and scalable method to produce high-performance N-OMC for the electrode from

the zeoliticimidazolate framework.

. INTRODUCTION

The rapid increase in world population and economic
expansion around the world have led to increasing use of
energy-based appliances, which eventually results in high
energy consumption.! Owing to their high power density
and superior cyclability relative to batteries, supercapa-
citors have emerged as an important electrical energy
storage technology that will play a critical role in the
large-scale deployment of intermittent renewable energy
sources, smart power grids, and electrical vehicles.
Ordered mesoporous carbon (OMC) has received consid-
erable attention as electrode materials for fuel cells,
batteries, and supercapacitors® owing to its large specific
surface area, tunable pore structure, uniform and adjustable
pore size, and favorable physicochemical properties such
as electrical conductivity and mechanical stability.>~ The
ordered mesoporous structure of porous carbon plays an
important role in electrochemical performances®™® and
allows more facile molecular transport of reactants and
products thanks to its uniform channels.”'' Among
various synthesis strategies to develop OMC, the hard
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template methods have been used generally to produce
OMC with controllable morphology and tunable porous
structure, in which assembling of carbon precursors in
hard template channels by infiltration or polymerization is
the key process.lz’15 During the assembling process, the
precursor is normally dissolved in solvent (water, ethanol,
or other organics) before being evenly adsorbed in hard
template channels by capillary power. A large amount of
organic solvent is consumed in this strategy, leading to
pollutions to the environment. It is an arduous task to
recycle the organic solvent, especially in scale-up
production. An environmentally friendly alternate is free-
solvent strategy, more specifically, chemical vapor
deposition (CVD) and solid—solid grinding method. In
the conventional CVD strategy, the silica template is
modified with metal or metallic oxide in advance via
impregnation, then precursor gases deposit on the template
in a special instrument.'®"'® Comparatively, solid—solid
grinding is easy to operate and scale-up.'**' In addition,
grinding can generate heat that is helpful for guest
molecules including carbon precursors and metal to
disperse in the template by capillary forces, which is also
an energy-consuming process.””> > But the capacitance
properties of OMC prepared by the grinding method are
relatively poor due to its inert surface property, limiting its
application in supercapacitors. Doping with heteroatoms,
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such as oxygen and nitrogen, has been applied to improve
the overall specific capacitance by providing pseudocapa-
citance for the supercapacitor. Many reports have demon-
strated that N-doped carbons are promising for enhanced
electronic double layer capacitor (EDLC) capacitance.'>*°

Therefore, to develop N-doped OMC is significant for
supercapacitor application. To date, there are two primary
strategies to develop N-doped carbon materials including
post-treatment of carbons and in situ synthesis. In
contrast to the former, in situ synthesis is more advan-
tageous to form homogeneous carbon with high nitrogen
content.”’ Recently, metal-organic frameworks such as
zeoliticimidazolate frameworks (ZIFs) have been used as
templates/precursors to prepare N-doped porous carbons
through thermal conversion”®?° taking advantage of their
diverse structural topologies, tunable functionalities for
versatile applications. However, the N-doped porous
carbons derived from ZIFs usually have low specific
surface area and large micropores.®® It is still a challenge
to obtain OMC from ZIFs as the carbon precursor.

Herein, we reported a straightforward preparation of
N-doped ordered mesoporous carbon (N-OMC) with in
situ growth of ZIF-67 in SBA-15 by solid—solid grinding.
ZIF-67 was used as carbon and nitrogen precursors,
which enable the formation of the carbon matrix
and introduction of nitrogen achieved simultaneously.
SBA-15 was used as the template to control the meso-
porous structure. Solid—solid grinding provides a solvent-
free condition, which is environmentally friendly. The
N-OMC with high specific surface area and ordered
mesoporous characteristics showed excellent perfor-
mance for supercapacitors with a specific capacitance of
228 F/g at 0.2 A/g and remarkable stability of 99.97%
after 10,000 cycles at 5 A/g.

Il. EXPERIMENTAL SECTION
A. Preparation of N-OMC

SBA-15 was prepared according to our previous work.>!
Typically, 4.0 g of Pluronic P123 was dissolved in 50 mL of
water and stirred for 5 h at room temperature. The mixture
was added to 120 mL of 2 M hydrochloric acid solution and
remained for 2 h. Then, 8.5 g of TEOS was added to that
solution and stirred for 24 h at 35 °C. The mixture was then
aged at 80 °C for 24 h without stirring. After completion of
the reaction, the solid products were filtered, washed with
deionized water, and air-dried overnight. The P123 was
removed through calcining in air at 550 °C for 5 h.

The N-OMC was prepared via the template method
using SBA-15 as the template and ZIF-67 as carbon and
nitrogen precursors. Typically, 0.5 g SBA-15 and 0.06 g
Co(NO3),-6H,0 were mixed by grinding for 20 min in an
agate mortar. Subsequently, 0.8 g 2-methylimidazole
(Hmim) was added into the composites of
Co(NOs),-6H,0O and SBA-15 for another 20 min under

grinding. Finally, the ZIF-67/SBA-15 composite was car-
bonized by heat treatment at 750 °C in N,. The N-OMC
was obtained after etching the template and Co species.

B. Preparation of ZIF-67-S and ZIF-67-G

As reference samples, ZIF-67 was prepared in the
solvent of methanol and ethanol as previously reported
and solvent-free method (denoted as ZIF-67-S and
ZIF-67-G) respectively. Typically, after 0.06 g
Co(NO3),-6H,0 and 0.8 g 2-methylimidazole were
grinded in an agate mortar for about 20 min, the ZIF-
67-G was obtained. Finally, the as-prepared ZIF-67-S
was carbonized by heat treatment at 750 °C in N,. The
porous carbon was obtained after etching Co species as
the reference sample for electrochemical performance.

C. Characterization

X-ray diffraction (XRD) patterns were achieved using
a Rigaku D/MAX-2500 system (Rigaku Corporation,
Tokyo, Japan) with Cu K, (A, 15,406 nm). Raman
measurements were performed on a Jobin-Yvon HR800
spectrometer (HORIBA JobinYvon, Paris, France) using
a 532 nm laser. The morphology and microstructure of
samples were investigated by transmission electron mi-
croscopy (TEM; JEOL JEM-2100, JEOL, Tokyo, Japan).
Nitrogen  adsorption—desorption  isotherms  were
carried out on a Micromeritics TriStar 3020 instrument
(TriStar, Atlanta, Georgia) at —196 °C. The Brunauer—
Emmett-Teller method was used to calculate the specific
surface area, while the Barrett—Joyner—Halenda method
was applied to analyze the pore size distribution using the
desorption branch of isotherm. The total pore volume was
obtained from the amount of N, adsorbed at the relative
pressure (P/Py = 0.97). X-ray photoelectron spectros-
copy (XPS) was conducted on a Thermo Scientific
ESCALab 250Xi system (Thermo Fisher Scientific,
Waltham, Massachusetts) using an Al-K,, radiation under
a vacuum of 3 x 107'® mbar. Thermogravimetric
analysis (Pyris 1 TGA, Perkinelmer, Waltham, Massa-
chusetts) was performed under air flow from 20 to 800 °C
at a heating rate of 10 °C/min. Fourier transform infrared
(FT-IR) spectroscopy was recorded on a Nicolet
6700 FT-IR Spectrometric Analyzer (Nicolet, Madison,
Wisconsin) using KBr pellets.

D. Electrochemical measurements

The working electrode was prepared by coating the
viscous slurry (samples, carbon black and polytetra-
fluoroethylene with the mass ratio of 8:1:1 in ethanol)
onto a Ni foam current collector. The mass of active
material loaded on each working electrode was 4-5 mg
after drying at 100 °C for 24 h. Electrochemical measure-
ments were carried out in both three-electrode and
two-electrode  systems using an electrochemical
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workstation (CHI 760E, Chenhua Instruments, Shanghai,
China) with 6 M KOH solution as the electrolyte. For the
three-electrode system, Pt wire and Hg/HgO were used as
the counter and reference electrodes. For the fabrication of
supercapacitor devices, two slices of electrodes were
immersed in 6 M KOH and were separated by a filtration
paper, then tested by the current collector. Electrochemical
performances were evaluated by cyclic voltammetry (CV),
galvanostatic charge—discharge (GCD), and electrical im-
pedance spectroscopy (EIS) analysis. For the two-
electrode system, the specific capacitances (C, F/g), energy
density (E, W h/kg), and power density (P, W/kg) were
calculated by the following equations: C = 4IA#/AVm, E
= 0.5 C (AV)*, and P = E/At, where I (A), At (s), AV (V),
and m (g) are GCD current, discharge time, voltage
window, and mass of the active material, respectively. In
the three-electrode system, the specific gravimetric capac-
itance according to the GCD measurements: C = IA#/AVm.

lll. RESULTS AND DISCUSSION

The fabrication process of N-OMC is illustrated in
Fig. 1. SBA-15 is a good host template due to its highly
ordered hexagonal mesoporous structure and abundant
silicon hydroxyl group.”*?*%*3 The guest molecules
including metal oxides and precursors can enter the
channels of mesopores of SBA-15 by solid—solid grind-
ing. First, SBA-15 [Fig. Sl(a)] and Co(NOj3),-6H,O
powders were mixed by grinding. As shown in Fig. S1(b),
the color of mixture was changed to light pink gradually.
In this process, the Si—-OH group on SBA-15 can interact
with Co?™* forming Co-0-Si,* favoring the infiltration
of the guest precursor into the pores.24 Second, a certain
amount of Hmim was added into the composites of Co
(NO3),-6H,0 and SBA-15 and the mixture was ground.
Hmim and Co(NOs3),-6H,0 could react to form ZIF-67 by
grinding. After grinding, the color of the mixture turned
light purple, and uniform ZIF-67/SBA-15 was obtained
[Fig. S1(c)]. Subsequently, the composite of ZIF-67/SBA-
15 was carbonized by heat treatment at 750 °C in N».

Co(NOy),'6H,0 [
= 3
Grinding

SBA-15

Carbonization N
~———
Removing silica
and metal

FIG. 1. Schematic of the fabrication processes of N-OMC.

Therein, ZIF-67 was pyrolyzed into nitrogen-doped
carbon. Under catalysis of Co, the carbon was partially
graphitized.'** Finally, black powder of N-OMC copy-
ing the morphology and porous structure of SBA-15 was
obtained after etching the template and Co species
[Fig. S1(d)]. This strategy presented a meaningful sim-
ple and scalable route to produce OMC materials. The
operation was simple, and no organic solvent was
required; furthermore, nitrogen was in situ introduced
form a single nitrogen/carbon precursor.

For comparison, two pure ZIF-67 samples without
SBA-15 as the template were also obtained, one was
prepared by the grinding method (denoted as ZIF-67-G)
and the other was prepared by the traditional solution
reaction reported elsewhere (denoted as ZIF-67-S).'% The
FT-IR spectra of both samples were similar as shown in
Fig. S2(a). The peak at 1584 cm ™' was corresponding to
the C=N stretching mode of Hmim, and the peaks at
2929 and 3138 cm ™! were, respectively, attributed to the
C-H stretching mode of aromatic ring and aliphatic chain
in Hmim [Fig. S2(a)], agreeing with the reported spec-
trum of ZIF-67.%7% The peaks at 1584 and 3138 cm ™'
were also observed in the FTIR spectrum of ZIF-67/SBA-
15, with four major bands of SBA-15 including the Si—
O-Si vibrational modes at 807 and 1080 cm ™', and R* =
H" in the calcined state (962 cm™') as well as phys-
isorbed water at 1630 cm™~'.*°

In the small angle XRD patterns of SBA-15 and ZIF-
67/SBA-15 composites [Fig. S2(b)], the peaks at 0.98,
1.68, and 1.90° can be indexed to (100), (110), and (200),
indicating the highly ordered hexagonal mesoporous
symmetry. However, comparing with SBA-15, the
peak-shift toward higher 26 values and the weaker peak
of (100) for the ZIF-67/SBA-15 composite implied that
the degree of long-range structural order of SBA-15
was reduced.'”*** In the wide-angle XRD patterns
[Fig. S2(c)], all the diffraction peaks of the ZIF-67-G in
the 20 range of 5-40° were matched with those reported
for ZIF-67.2%4 By contrast, the ZIF-67/SBA-15 com-
posite only showed wide peak and weak characteristic
peaks of ZIF-67 such as 5.7, 12.2, 23.3, 29.6, and 36.3°
[the arrows in Fig. S2(c)], suggesting the high dispersion
of ZIF-67 nanoparticles in pores of SBA-15.%* The results
suggested that ZIF-67 could be prepared and dispersed
into the template channels by solid—solid grinding.

The TGA analysis in N, was tested to illustrate the
carbon residual of Hmim, ZIF-67-G, and ZIF-67/SBA-15
composite [Fig. S2(d)]. It can be seen that Hmim
evaporated completely above 200 °C. For ZIF-67-G,
the mass loss in 150-200 °C was correlated with water
evaporation,** and the mass loss in 500-600 °C was the
thermal characteristics of ZIF-67.**** ZIF-67/SBA-15
composites had a similar TGA weight-loss curve with
ZIF-67-G. But ZIF-67/SBA-15 composites showed
higher loss temperatures of 182 and 633 °C than

3410 J. Mater. Res., Vol. 33, No. 20, Oct 29, 2018



J. Du et al.: N-doped ordered mesoporous carbon prepared by solid—solid grinding for supercapacitors

ZIF-67-G (145 and 520 °C), suggesting that pyrolysis of
ZIF-67 occurred at higher temperatures in the confined
nanospace of SBA-15.%

After carbonization in N,, the ZIF-67 in SBA-15
converted into N-doped carbon. In comparison with
SBA-15 and ZIF-67/SBA-15, the small angle XRD of
N-OMC [Fig. 2(a)] only exhibited a obvious diffraction
peak at 260 = 0.98°, which reveals that N-OMC retained
a relatively weak 2D hexagonal ordered mesoporous
structure corresponding to Pémm space group of SBA-
15 after etching silica and metal. The wide-angle XRD
patterns of N-OMC, as depicted in Fig. 2(b), clearly
showed two wide peaks at 26.0 and 44.0° [the sign inset
of Fig. 2(b)], which are assigned to the diffractions of
(002) and (100) planes of graphite carbon (JCPDS No.
75-1621), indicating an insufficient graphitization cata-
lyzed by Co species.

The Raman characterization of N-OMC was analyzed
to reveal the lattice disordering in carbon materials, as
illustrated in Fig. 2(c). The Raman spectrum of the N-
OMC showed characteristic D and G bands at 1320 and
1580 cm_], which are associated with the disordered
carbon atoms and sp* hybridized graphitic carbon atoms,
respectively.44 The intensity ratio (Ip/Ig) of 1.00 con-
firmed the layered structure with a disordered graphitic
lattice,* agreeing with the result of wide-angle XRD.

Nitrogen isothermal adsorption—desorption measure-
ments were performed to analyze the textural properties

100
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of the N-OMC. As depicted in Fig. 2(d), a type IV
adsorption—desorption isotherm and H3 hysteresis loop
were observed. A sharp increase at low relative pressure
(PIPy < 0.1) was observed, revealing the abundant
micropores in the samples.*” Moreover, the hysteresis
at relative higher pressure (P/P, > 0.4) indicated the
presence of mesopores.48’5o In addition, N-OMC had
a specific surface area of 1006 m?/g and a pore volume of
0.96 cm?/g. It is worth noticing that the specific surface
area of the N-OMC was higher than those of the reported
mesoporous carbon’'? and the porous carbon with less
mesoporous structure (235 mZ/g) obtained by carboniza-
tion of ZIF-67-S (Fig. S3). The high specific surface area
favors high performance in supercapacitor due to more
reaction sites.”® The pore size distribution of N-OMC
from the adsorption branch displayed uniform pore size
distribution at 3.6 nm in the inset of Fig. 2(d), which was
close to the wall thickness (4 nm) of the SBA-15
template, suggesting that mesopores were formed by
the removal of the template.

The morphology and porous structure of N-OMC was
studied by SEM and TEM. SEM images of N-OMC are
shown in Figs. 3(a) and 3(b). The small rod-like sub-
particles were 1-2 um in length and 0.5 pm in diameter.
The TEM images of Fig. 3(c) display a rod-like mor-
phology and relatively ordered mesoporous structure.
From the magnification TEM images [Fig. 3(d)], it could
be seen that the sample consisted of ordered arrays of
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FIG. 2. Small and wide-angle XRD patterns (a and b), Raman spectrum (c), and nitrogen isothermal adsorption—desorption (d) of N-OMC.
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FIG. 3. SEM (a and b) and TEM images (c and d) and high resolution TEM image (inset) of N-OMC.

mesopores with one-dimensional channels, in agreement
with the results of small angle XRD. The mesoporous
structure of N-OMC with a uniform size of 3.6 nm could
be seen from the TEM images, consistent with the wall
thickness of the SBA-15 template and pore size distribu-
tion. Moreover, some carbon with disorder pores could
also be seen (Fig. S4), accounting for ZIF-67 generated
on the surface of SBA-15. The graphitic structure was
seen in the TEM images of the N-OMC [Fig. 3(d) inset],
which was attributed to the catalytic graphitization at
high temperature. The lattice distance of graphite was
0.34 nm, agreeing well with the (002) plane of the
graphitic sheet.

Surface chemistry of the N-OMC was investigated by
XPS to provide quantitative and qualitative information
of the surface elemental composition and its chemical
environments. As shown in Fig. 4(a), the survey curve
presented three dominated peaks centering at 284.6,
531.6, and 399.6 eV, corresponding to Cls, Ols, and
N1s, respectively. Thereby, the atomic contents of C, O,
and N were, respectively, estimated to be 84.55%, 6.00%,
and 9.45%, suggesting an effective carbonization and
high nitrogen doping. The high resolution XPS spectra of
Cls, Ols, and Nls were collected to demonstrate the
formed C-C, O-C, and N-C bonding. As depicted in
Fig. 4(b), the Cls core-level spectrum was divided to two
peaks centering at 284.6 and 285.9 eV, respectively,

3412

being ascribed to the primary C—C/C=C carbon bonds,
residual C-O bonds, and C=0O bonds formed in the
pyrolysis process of the carbon precursor.”* The oxygen
functionalities by deconvolution of the Ols peaks
[Fig. 4(c)] were the carboxyl C=0O bonds centering at
531.6 eV, and hydroxyl oxygen in amorphous hydroge-
nated carbon at 532.8 eV, respectively.” The deconvo-
lution of the core-level Nls spectrum identified two
nitrogen-containing species [Fig. 4(d)], ie., the
pyridinic N and pyrrolic N centering at 398.5 and
400.2 eV,>° respectively. Generally, there are four types
of nitrogen in nitrogen-doped carbon materials depending
on the bonding environments, including pyrrolic N
(400.1-400.2 eV), pyridinic N (398.2-398.5 eV), qua-
ternary N/graphitic N (401.1 eV), and N oxides of
pyridinic N (402-405 eV), as shown in the inset of
Fig. 4(d). The incorporation of nitrogen and oxygen
species into the carbon framework normally increases
the electron density, electron donating ability, and surface
basic sites of the carbon materials.

OMC has been widely applied for the electrode in
supercapacitors due to its large specific surface area,
tunable pore structure, and uniform or adjustable pore
size. In addition, the modification of carbon materials
with nitrogen or oxygen functionalities is effective to
improve the capacity while maintaining the superb cycle
ability of the supercapacitor.”’>® High energy density (or
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FIG. 4. XPS patterns of N-OMC (a), Cls, (b) Ols, (c) and Nls, and (d) spectrum of N-OMC.

gravimetric capacitance) at a high charge—discharge rate
is required for a good electrochemical energy storage
device. Thus, CV curves at different scan rates and GCD
tests at different current densities for N-OMC were
conducted as shown in Figs. 5(a) and 5(b). It could be
seen that when the scan rate increased from 5 to 30 mV/s,
a rectangular shape was retained [Fig. 5(a)], indicating
a good capacitance performance at a high scan rate and
an ideal EDLC.7”® The current density increased with
increasing of scan rate, and the CV curves showed a slight
tilt rectangular-like shape especially at 100 or 200 mV/s
[Fig. S5(a)], implying a fast charge/discharge process
with high power capability and low equivalent series
resistance. The nearly symmetric triangular-like shapes of
charge—discharge curves from 0.2 to 2 A/g [Fig. 5(b)]
further confirmed the electronic double-layer energy
storage mechanism. As shown in Fig. S5(b), it was noted
that even at a high current density of 20 A/g, the
discharge curves of the N-OMC capacitor only exhibited
a rather small voltage drop (IR drop) (0.31 V), suggesting
a rather low internal resistance. The specific capacities
calculated by discharge branches and the rate perfor-
mance at the current density range of 0.2-20 A/g were
shown in Fig. 5(c). The specific capacitance was calcu-
lated to be 228 F/g at the current density of 0.2 A/g,
which was higher than many mesoporous carbon materi-
als as shown in Fig. 5(c).**°1=7% Moreover, it can be seen
that the N-OMC had a high capacitance retention over

J. Mater. Res., Vol. 33, No. 20, Oct 29, 2018

51%, indicating that the N-OMC with a higher specific
surface area provided more transport and diffusion
channels for electrolyte ions.

The GCD of N-OMC and the porous carbon obtained
by carbonization of ZIF-67-S were tested. As shown in
Fig. S6, the GCD curves of N-OMC had a higher specific
capacitance than that of porous carbon obtained by
carbonization of ZIF-67-S from 0.2 to 1 A/g, consistent
with the previous result of ZIF-67-S (144 F/g) as the
carbon precursor for supercapacitors.®® This result in-
dicated that the ordered mesoporous structure and large
specie surface area have a positive effect on electro-
chemical performance.

Long cycling is another crucial parameter for practical
applications of supercapacitors. As displayed in Fig. 5(d),
99.97% of initial capacity was retained after 10,000
cyclic tests and the stability was better than many other
mesoporous carbon materials prepared by different
methods (detailed in Table SI). The GCD curves of the
last 10 cycles were almost similar with the first 10 cycles
[Fig. 5(d) inset], which were linear and symmetrical,
indicating excellent capacitive property and long-term
electrochemical stability.

The facilitated ion and electron transport behavior of
N-OMC was confirmed by the EIS test before and after
long cycle test. As shown in Fig. 5(e), the Nyquist plots
of the N-OMC electrode consisted of capacitive semi-
circles in the high frequency region and straight lines at
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FIG. 5. Electrochemical evaluation of N-OMC: CV curves at different scan rates (a), GCD curves at different current densities (b), specific
capacitances at different current densities and specific capacitances in previous studies (c), Cycle stability of the electrode at 5.0 A/g (d) and GCD
curves of the first and last 10 cycles (inset), Nyquist plots with fitting curves (e) and their corresponding high frequency ranges (inset), and Ragone

plots comparison with the reported porous carbons (f).

different constant inclining angles in the low-frequency
region. In the low-frequency region, the Nyquist plot
presented a straight line for an EDLC supercapacitor.”
At high frequency, the solution resistance (R;) and the
charge transfer resistance (R.) were obtained from
the intercept at real axis and the semicircle intercepts in
the Nyquist plots, which were determined to be 0.39 and
0.40 Q, respectively, before the long cycle test. After
10,000 charge—discharge cycles, the R, value was low-
ered to be 0.31 Q. The two close R, values and the similar
semicircle before and after long cycle test showed the
excellent stability of the N-OMC.

The capacitive behavior of the N-OMC sample using
6 M KOH as the aqueous electrolyte was further in-
vestigated in a two-electrode system. The CV curves of
the N-OMC [Fig. S7(a)] exhibited a rectangular shape
even at a rate as high as 200 mV/s. The quasi linear GCD
curves at different current densities confirmed the good
EDLC feature of N-OMC [Fig. S7(b)]. The specific
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capacitance of the N-OMC was calculated to be 199
F/g at a current density of 0.5 A/g.

Figure 5(f) showed a Ragone plot of the corresponding
power and energy densities based on the two-electrode
system. N-OMC exhibited a higher specific energy
density of 26.3 W h/kg surpassing most of porous
carbons reported elsewhere.®”-’"7"7® Even at a higher
power density of 5885 W/kg, the specific energy density
of 1.8 W h/kg was still retained. The superior perfor-
mance could be attributed to the nanostructure, O and N
doping as well as high specific surface area of N-OMC,
confirming that the synthesized N-OMC sample was
promising as an electrode material for high power
supercapacitors.

IV. CONCLUSION

A fabrication of N-OMC was demonstrated by a simple
approach with in situ growth of ZIF-67 in SBA-15 by
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solid—solid grinding. The successful growth of ZIF-67
nanoparticles in SBA-15 was proved by FT-IR, XRD,
and TGA analysis. The nitrogen/oxygen doping induced
defects in the carbon framework and increased the
electrochemistry performance due to good hydrophilia
of nitrogen and oxygen. The ordered mesoporous struc-
ture of ZIF-67 derived carbon favored high specific
capacity. The resulting N-OMC, featuring with high
specific surface area and a high amount of nitrogen and
oxygen doping (9.45 and 6.00 at.%, respectively),
exhibited outstanding electrochemistry performance and
remarkable long-term stability of 99.97% after 10,000
cycles as electrode materials for supercapacitors.
Thereby, the simple effective solid-solid grinding
method will open a new direction for preparing N-
OMC for supercapacitors.
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