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Abstract: Polyaniline (PANI) was effectively immobilized on the surface of ordered mesoporous carbon (OMC) by
using Mn,O; as sacrificial template. The observed microstructure and morphology indicate that a thin layer of PA-
NI was coated on OMC uniformly. As a supercapacitor electrode material, the discharge capacity of the optimized
PANI/OMC could reach 467 F/g, which is far higher than that of OMC, PANI and Mn,O,/OMC. Furthermore,
PANI/OMC composites with different content of PANI are obtained by adjusting the amount of Mn,O; on OMC
and their properties are characterized. The results show that a thin layer of PANI can improve the capacity of PA-
NI/OMC composites effectively and the further increase of PANI reduces the capacity of PANI/OMC composites.

The sacrificial template method presented here is beneficial to coating a layer of polymer on carbon materials, and
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the content of polymer layer can be controlled by adjusting the amount of Mn,; in Mn,O;/OMC.
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0 Introduction

The much wider applications of electronic de-
vices and the growing demand for secure energy
resources have made novel energy storage device
played an increasingly important role in people’s

[ As a necessary and efficient energy

daily lives
storage device, supercapacitors have become the
current hot spot in the research of energy and ma-
terials science, which have the characteristics of
high power density, long cycle life, good stabili-

ty, and environmental friendliness~*,

Superca-
pacitor combines the strengths of the convention-
al capacitors and batteries. According to the
charge storage mechanism, supercapacitors can
be classified into two categories, electrical double
layer capacitors ( EDLCs) and pseudocapaci-
tors""). The former store charges by reversibly
adsorbing ions in the electrolyte solutions onto

the electrode surface and the later do through fast
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reversible redox reactions on the interface be-
tween the electrode materials and the electro-

(58] The performance of supercapacitor de-

lyte
pends largely on the quality of the electrode mate-
rials, so to develop excellent electrode materials
is a great challenge for the exploitation superca-
pacitors. Porous ordered mesoporous carbon
(OMCOC) has been studied extensively as electrode
materials for supercapacitors owing to its high
surface area facile tailored pore structure, and ex-
cellent thermal and chemical stability!™®. How-
ever, their energy storage density is too low for
many important applications™.

In order to further enhance the specific ca-
pacitance of carbon-based materials, to hybrid
with chemically active materials that can combine
faradaic and double layer capacitive performance

L Polymer is a

has made a stunning progress
promising material to modify the carbon materials

and enhance their faradaic capacity. As one of the
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conductive polymers, polyaniline (PANI) has ex-
cellent electrochemical reversibility, easy prepa-
ration and good environmental stability. Howev-
er, as a supercapacitor electrode material, the cy-
cling stability of PANI is not good enough in the

doping/dedoping processes-'*,

Therefore, incor-
poration OMC with conducting PANI seems to be
an effective method for improving the perform-
ance of supercapacitors due to the synergic effect
of PANI and OMC'"*'"/, As for the preparation
methods of PANI and OMC hybrids, many works
have been reported including electrochemical re-

combination micro-emulsion

[17]

Lis-16] polymeriza-

tion'™ and solution chemical polymerizationt'*'*]

and template method™ %', All of them, sacrifi-
cial template method can help realize in-situ coat-
ing PANI on carbon materials effectively. Re-
cently, Yang et al. synthesized PANI/SWCNT
hybrid

(Single-walled carbon nanotubes)

using

KMnO,

MnO, acted as sacrificial template. Mi et al. pre-
pared PANI nanofibers using the organic fiber as
sacrificial template (methyl orange/FeCl;) route,
in which the template could be automatically re-
moved with the reduction of Fe®" 2 2,

In this paper, a simple and effective sacrifi-
cial template method was reported to prepare PA-
NI/OMC composites.

process was described in Fig.1. At the begin-

The typical preparation

ning, KMnO, as etching agent will react with
OMC to form a Mn,0O; shell wrapped on the sur-
face of OMC, and then PANI would cover on
OMC to replace Mn,0O; in the following polymeri-
zation process. The electrochemical tests demon-
strate the PANI/OMC composites can exhibit a
relatively high specific capacitance of 467 F/g and
long-term stability, which make it a competitive
candidate as electrode material for future energy

storage systems.

Aniline

Fig. 1 Tllustration of process for preparation of PANI/OMC composite

1 Experiment
1.1 Reagents

Aniline was purified by distillation with zinc
dust under vacuum before use and stored at 4 °C.
All other reagents were analytical grade and were

used as received without further purification.
1.2 Synthesis of Mn,0,/0OMC
Mn,0;/OMC nanocomposites were synthe-

0.1g

OMC was dispersed into 20 ml. water under soni-

sized by hydrothermal method. First,
cation for 30 min, and then KMnQO, aqueous solu-
tion was added into OMC suspension and keep
stirring for 2 h at room temperature. Finally, the
mixed solution was transferred into a 50 mL Tef-
lon-lined stainless-steel autoclave, sealed and

maintained at 150 °C for 6 h. After the reaction

was finished, the kettle was naturally cooled
down to room temperature. The obtained black
solid product was washed several times with dis-
tilled water and dried at 60 °C. The Mn,O,/OMC
loaded with different amount of Mn,; was pre-
pared by using 10 mL. KMnO, aqueous solution
with different content, and the obtained products
by using 0.1, 0.3, 0.5 and 0. 6 g KMnO, were
designated as Mn,O;/OMC-1, Mn,O,/OMC-3,
Mn,0,/OMC-5, and Mn,0,/OMC-6 according-
ly.

1.3 Synthesis of PANI/OMC and PANI

Suspension A was prepared by dispersing 30
mg Mn,O;/OMC in 30 mL deionized (DI) water
under ultrasound. Solution B was mixed aniline
into HCl aqueous solution and ensure that the
system include 2. 8 mmol/L aniline and 1 mol/L

HCI after mixing. Then, keep Solution B in ice
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bath. PANI/OMC was prepared as following:
Solution B was added into Suspension A quickly
and kept stirring in ice bath for 6 h, the resulting
product was washed with water and ethanol sev-
eral times, and then dried at 60 °C in vacuum.

In order to prepare PANI/OMC composites
with different PANI content, Mn,0;/OMC with
different amount of Mn,O; formed in the above
experiment were used. The amount of Mn,0O;/
OMC was fixed, 30 mg, and following same
process as above just added different amount of
aniline (0. 47, 1. 42, 2. 37 and 2. 84 mmol, re-
spectively) which was depended on the amount of
Mn,0O; in Mn,0O,/OMC composites (the mass ra-
tio of aniline; Mn,O;=26. 28). The products were
named as PANI/OMC-1, PANI/OMC-3, PANI/
OMC-5 and PANI/OMC-6
Mn,0;/OMC-1, Mn,0;/OMC-3, Mn,0;/OMC-
5, and Mn,0;/OMC-6, respectively. Besides,

pure PANI was prepared in the same way using

corresponding to

ammonium persulfate (APS) as oxidant for com-

parison.
1.4 Characterization of materials

Powder X-ray diffraction (XRD, XRD-7000)
was used to characterize the phase constitution of
the materials. Fourier transform infrared (FT-
IR) spectra were recorded on a Nicolet FT-IR
6700 spectrophotometer (Thermo Nicolet). The
morphology and microstructure of the samples
were investigated by field-emission scanning elec-
tron microscopy (FESEM, JEOL-7800F) and
transmission electron microscopy (TEM, JEM-
2100). Thermogravimetric analysis (TGA) data
were collected by thermogravimetric analyzer

(TGA, Q50).
1.5 Electrode preparation and measurement

85% active material, 10% acetylene black,
and 5% polytetrafluoroethylene (PTFE) were
mixed and then coated on SSWM (Stainless steel
welde mesh) (1.0 emX 1.0 cm) as working elec-
trode. Each electrode contains approximately
2.5 mg of active material and the electrodes were
dried at 60 °C for 6 h before test. The electro-

chemical performance was evaluated on an elec-

trochemical workstation (CHI 660 C, Shanghai
Chenhua Instrument Co. Ltd, China) in a three-
electrode system in 1 M H,SO,. Platinum foil
and saturated calomel electrode (SCE) were used
as the counter and reference electrode, respective-
ly. Specific capacitance was calculated by the fol-
lowing equations-**

C=dUaD / (mAV) (D
where m (g) is the mass of active material, and
I (A, At(s), AV (V), C (F/g) are the dis-
charge current, total discharge time, potential
drop during discharging and specific capacitance,

respectively.

2 Results and Discussion

The structure and composition of the pre-
pared investigated by XRD.
Fig. 2(a) shows the XRD patterns of pure OMC,
Mn,0;/OMC and PANI/OMC. The XRD pattern
of the OMC exhibits a broad peak from 20° to 28°

samples were

and follow a weak peak at 44°, suggesting that
OMC is not well crystallized and composed of mi-
crocrystalline. Compared with the XRD pattern
of OMC, the characteristic broad peak of carbon
become weak and some new peaks appear at the
XRD pattern of Mn,0;/OMC, which matches
well with the standard XRD pattern of cubic
Mn, O, (JCPDS No. 41-1422). This suggests that
OMC was expended partially and Mn,O,; was
formed and wrapped on the surface of OMC. As
can be seen from the XRD pattern of PANI/
OMC, the peaks of Mn,0O, disappear and the
characteristic peak of carbon become much broa-
der and weaker than that of OMC, resulting from
the present of the two characteristic broad peaks
of HCl-doped PANI at 20 around 21° and 26° as
reported®?7 It demonstrated that during the
polymerization process Mn,O, was expended out
and PANI was coated on the surface of OMC in-
stead of Mn,0;.

The surface properties of the obtained sam-
ples were further characterized by FT-IR
(Fig. 2(b)). No obvious

infrared absorption
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Fig. 2 XRD and FT-IR of as-prepared samples

peaks was observed from OMC. As for the
Mn,0;/OMC, the peak appears at 3 500 cm ™ ' as-
signed to Hydroxyl (OH) stretching vibration of
the adsorbed water of the materials’®!. The
peaks below 1 400 cm ™' can be ascribed to funda-
mental vibrations of octahedral MnO;™*" and the
peaks around 600—450 cm ' correspond to Mn—

001 which indicate the exist-

O bending vibrations
ence of manganese oxide in the sample. After
polymerization reaction, the characteristic peaks
of Mn—O bond disappeared, and four sharp char-
acteristic peaks of PANI located at 1 569, 1 488,
1291 and 1 128 ecm ™' were observed in the FTIR
spectrum of PANI/OMC. The peaks at 1 569 and
1 488 cm ' can be assigned to the stretching vi-
bration of the quinoid ring and benzenoid ring, re-
The peaks at 1 291 and 1 128 cm ™!

ascribe to the C—N stretching of the aromatic

spectivelyt!,
amines rings. Further the N—H out-of-plane

bending absorption also was observed at
790 cm 1Y,

Mn,0; was expended out and the PANI was

These results suggest that the

formed during the polymerization process, which
are consistent with its XRD result.

The morphology and microstructure of the

as-prepared samples were observed by using field
emission scanning electron microscope (FESEM)
and transmission electron microscope (TEM). It
is clearly that the OMC illustrated in Figs. 3(a;)
and (a,) is relatively uniform ropes consisted by
highly ordered carbon nanowires like reported in
Refs. [33-347]. As can be seen from Fig. 3(b,),
OMC was wrapped with thick Mn,O, layer con-
sisting of many nanoflakes and nanowires. The
thick Mn,0; layer was further observed in Fig. 3
(b,), which could act as good templates for the
formation and covering of PANI on OMC. Figs. 3
(c;) and (c,) demonstrated that Mn,O, shell dis-
appeared and OMC had been wrapped by PANI
shell after the polymerization reaction. Compared
Figs. 3(c,) and (c;) with Figs. 3(a;) and (a,), it
was clear that a thin PANI layer successfully
wrapped on the surface of OMC and replicated the
ropes structure of OMC. From the above obser-
vation, in our experiment, OMC which covered
by uniform Mn,0; layer could be formed by ad-
justing the raw ratio of OMC and KMnO,. In the
following polymerization process, Mn,0; acted as
oxidant and template reacted with aniline and
formed PANI layer on the surface of Mn,0;/
OMC instead of Mn,0; layer until Mn,0O; was
completely consumed. The combination between
OMC and PANTI in the proposed method is stron-
ger than that of reported in Refs. [12, 27, 347,
and the synergistic effect of OMC and PANI may
has a great improving on the electrochemical per-
formance of the PANI/OMC composites.

The content of Mn,O; in Mn,0,/OMC and
PANI/OMC was investigated by TGA. As can be
seen from Fig. 4, as for the OMC/Mn,0;, the
first weight loss of about 12% occurring from
room temperature to 200 °C attributed to the de-
sorption of H, O, followed an obvious weight loss
(20%) located at around 250—600 °C, which
could assign to the decomposition of OMC.
Therefore, the content of Mn,O, in Mn,0,/OMC
is about 68%. The TGA plot of PANI/OMC ex-
hibits a 95% weight loss from 30 to 700 °C and
5% Mn,O, left, suggesting that most of Mn,O,
has been consumed, acted as oxidant during the

PANI polymerization process.
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(a,) TEM image of OMC

(b,) TEM image of Mn,0,/OMC

(c,) TEM image of PANI/OMC

Fig. 3 FESEM and TEM images of OMC, Mn,0O,/OMC and PANI/OMC
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Fig. 4 TGA curves of OMC/Mn,0; and PANI/OMC

Cyclic voltammograms(CV) and galvanostat-
ic charge/discharge(GCD) tests were employed to
evaluate the electrochemical performance of all
the samples obtained in this paper. Fig.5(a) dis-
plays CV curves of all samples at 5 mV /s with a
potential ranging from —0.2 V to 0.8 V. Nearly
rectangular CV curves were observed for the
OMC and Mn,0,;/OMC based electrode, while
obvious redox peaks were found in the CV curves
of PANI and PANI/OMCF* | Two pairs of red-
ox peaks (0. 33/0. 23 and 0. 54/0. 45, respective-
ly) appeared in PANI/OMC-5 originate from the
redox transitions between the leuco-emeraldine

state and polaronicemeraldine state of PANI®™,

Among all the samples, PANI/OMC-5 deliver
the highest current response, which indicates that
the PANI coated on OMC can remarkably im-
prove the capacitance behavior of OMC and PA-
NI. GCD tests were further performed to evalu-
ate all the samples. The symmetrical galvanostat-
ic charge/discharge curves with slight IR (Infra-
red absorption spectrum) drops imply superior
conductivity and reversible redox reaction (Fig. 5
(b)). The specific capacitance of OMC, Mn,0,/
OMC, PANI and PANI/OMC calculated from
the charge/discharge curves at a curret density of
0.5 A/g is 105, 146, 251 and 467 F/g, respec-
tively. As shown in Fig. 5(b), the specific capaci-
tance of the PANI/OMC composites is higher
than that of pure OMC, pure PANI, and Mn,O;/
OMC composites, which indicated that decorating
OMC with PANTI is significant. The super conduc-
tivity, large surface area and double layer capaci-
tance of OMC make it being a good supporting
material.

Based on above results, in order to study the
effect of PANI content in the PANI/OMC com-
posites on their electrochemical capacitance, dif-

ferent amount PANI were introduced into PANI/
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Fig.5 CV and GCD curves of PANI, OMC, Mn,0;/
OMC and PANI/OMC electrodes at a current
density of 0.5 A/g

OMC composites by adjusting the amount of
Mn,0; in Mn,O,/OMC. When a small amount of
PANI was introduced, there was a thin layer of
PANI on the OMC substrate.
Fig. 6, with the increasing of PANI content, the

As shown in

specific capacitance of PANI/OMC increased, and
PANI/OMC-5 reached a maximum capacitance of
467 F/g. Nevertheless, when more PANI was in-
troduced, excess PANI particles would be free
from the OMC substrate and the specific capaci-
tance of PANI/OMC decreased. The specific ca-
pacitance of PANI/OMC composites above men-
tioned were 264, 333, 467 and 408 F/g at a cur-
rent density of 0. 5 A/g, respectively, and the
PANI/OMC-5 composites obtained a maximum
specific capacitance of 467 F/g, while the capaci-
tance of OMC and pure PANI was only 105 and
251 F/g. These results indicated that incorpora-
tion OMC with PANI was an effective method for

improving the supercapacitor performance of PA-

500

400}
300}
200}
100}
0

PANI/OMC-1 PANI/OMC-3 PANI/OMC-5 PANI/OMC-6

Specific capacitance / (F * g )

Fig. 6 Specific capacity of PANI/OMC with different
PANI content

NI/OMC composites due to the synergic effect of
PANI and OMC.

The performace of PANI/OMC-5 was ex-
plored further. Fig. 7(a) displays the CV curves
of PANI/OMC-5 electrode at different scan rates,
and all of the curves have two obvious pairs of
redox peaks (0.33/0.23 and 0.54/0. 45, respec-
tively). The current densities of the redox peaks
increase linearly with the scan rates, indicating
the fast diffusion of the electrolyte in the elec-
trode, which is benifited from the special porous
structure of OMC. As shown in Fig. 7(b), the
nearly symmetrical charge-discharge curves and
small resistance confirm their excellent capacitive
properties. The areal specific capacitances of PA-
NI/OMC-5 electrode are calculated to be 457 F/g
at 0.5 A/g, 402 F/gat1 A/g , 367 F/g at 2 A/
g, 332 F/g at 5 A/g and 294 F/g at 10 A/g. In
general, PANI/OMC-5 composites prepared from
Mn,O,/OMC do processes good electrochemical
properties.

The cycling stability was one of the impor-
tant indexes to evaluate electrode materials.
Fig. 8 showed the change of the capacitance of the
PANI/OMC-5 with the increase of cycle num-
bers. At first, there was a sharp decline of the
specific capacitance of PANI/OMC-5 possibly be-
cause of the dissolution of residual Mn,0O; corre-
sponding to the TGA data. The specific capaci-
tance even rose a bit after the electrode became
stable gradually. In all, a capacity fade of 9 %

was observed after 5 000 charge/discharge cycles
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for this composite. This result revealed that these
kind of active materials had good capacitive prop-

erties with high electrochemical stability.
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Fig. 7 CV and GCD curves of PANI/OMC-5 electrode

at different scan rates and current densities
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Fig. 8 Cycle performance for PANI/OMC-5 electrode

at current density of 1 A/g

3 Conclusions

The PANI/OMC composite was successfully
fabricated by a sacrificial template method. A
thin PANI layer was wrapped on the OMC and
the content of PANI could be controlled by the a-
mount of Mn,O; in Mn,O,/OMC. The electro-

chemical results demonstrated that the PANI/
OMC composite had better capacitive characteris-
tics than that of pure OMC, pure PANI and
Mn,O,/OMC. With the increase of PANI con-
tent, the specific capacitance of PANI/OMC in-
creased first and then decreased, reaching a maxi-
mum capacitance of 467 F/g at a current density
of 0.5 A/g when introduced PANI covered on the
OMC substrate completely and no free PANI par-
ticles existed. The excellent cycle life of PANI/
OMC composites may thanks to its stable hierar-
Therefore, the PANI/OMC

composites developed here is a promising candi-

chy architecture.

date electrode for supercapacitors.

Acknowledgements

This work was financially supported by Chongqing
Key Laboratory for Advanced Materials and Technologies
of Clean Energies, Institute for Clean Energy &. Advanced
Materials ( Southwest University); the Natural Science
Foundation of Chongqging (No. cstc2013jcyjA5004); the
Fundamental Research Funds for the Central Universities
(No. XDJK2013B031); Program for Excellent Talents in
Chongqing (No. 102060-20600218) ; and the National Nat-
ural Science Foundation of China (No. 21163021).

References:

[1] ZHOU Z, WU X F. High-performance porous elec-
trodes for pseudosupercapacitors based on graphene-
beaded carbon nanofibers surface-coated with nano-
structured conducting polymers[J]. Journal of Power
Sources, 2014,262:44-49.

[2] STRAUSS V, MARSH K, KOWAL M D, et al. A
simple route to porous graphene from carbon nan-
odots for supercapacitor applications[J]. Advanced
Materials, 2018, 30(8):1704449-1704458.

[3] SHISL, HIJAZI A, SARI A, et al. Balancing cir-
cuit new control for supercapacitor storage system li-
fetime maximization[J]. IEEE Transactions on Pow-
er Electronics, 2017, 32(6):4939-4948.

[4] YU G, XIE X, PAN L, et al. Hybrid nanostruc-
tured materials for high-performance electrochemical
capacitors[ J]. Nano Energy, 2013, 2(2):213-234.

[5] ZHOU Y, QIN Z Y. LIL, et al. Polyaniline/multi-
walled carbon nanotube composites with core-shell
structures as supercapacitor electrode materials[J].
Electrochimica Acta, 2010, 55(12):3904-3908.

[6] YU P, ZHAO X, HUANG Z, et al. Free-standing

three-dimensional graphene and polyaniline nanowire



No. 4

Li Jinjin, et al. Immobilization of PANI on Mesoporous Carbon; Preparation:--

637

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

(16]

arrays hybrid foams for high-performance flexible and
lightweight supercapacitors[ J]. Journal of Materials
Chemistry A, 2014, 2(35):14413-14420.

YU M, SONG Z, ZHANG C, et al. One-step syn-
thesis of mesoporous carbons from mixed resources
by microwave-assisted phosphoric acid activation for
supercapacitors [ J ]. Materials Technology, 2017,
32:701-705.

WU J, ZHANG Q E, WANG J. et al. A self-assem-
bly route to porous polyaniline/reduced graphene ox-
ide composite materials with molecular-level uniform-
ity for high-performance supercapacitors[ J]. Energy
& Environmental Science, 2018, 11(5):1280-1286.
WANG G. LIANG K, LIU L, et al. Fabrication of
monodisperse hollow mesoporous carbon spheres by
using “confined nanospace deposition” method for su-
percapacitor[ ] ]. Journal of Alloys & Compounds,
2017, 736:35-41.

CONG H P, REN X C, WANG P, et al. Flexible
grapheme-polyaniline composite paper for high-per-
formance supercapacitor[ J]. Energy Environmental
Science, 2013, 6(4):1185-1191.

LU H, DAI W, ZHENG M, et al. Electrochemical
capacitive behaviors of ordered mesoporous carbons
with controllable pore sizes [ J]. Journal of Power
Sources, 2012, 209(7):243-250.

LUO Y, ZHANG Q, HONG W, et al. A high-per-
formance electrochemical supercapacitor based on a
polyaniline/reduced graphene oxide electrode and a
copper (i) ion active electrolyte[ J]. Physical Chemis-
try Chemical Physics, 2017, 20(1):131-136.
ZHANG Z, WANG G, L1Y, et al. A new type of
ordered mesoporous carbon/polyaniline composites
prepared by a two-step nanocasting method for high
performance supercapacitor applications[J]. Journal
of Materials Chemistry A, 2014, 2.:16715-16722.
WANG Y G, YU L, XIA Y Y. Electrochemical ca-
of hybrid

based on Ni (OH);/carbon nanotube composites and

pacitance performance supercapacitors
activated carbon[J]. Journal of the Electrochemical
Society, 2006, 153(4) . A743-A748.

WANG D W, LI F, ZHAO J, et al. Fabrication of
graphene/polyaniline composite paper via in situ
anodic electropolymerization for high-performance
flexible electrode[ J]. Acs Nano, 2009, 3(7).:1745-
1752.

ZHANG L L, LIS, ZHANG ], et al. Enhancement
of electrochemical performance of macroporous car-
bon by surface coating of polyaniline[J]. Chemistry

of Materials, 2010, 22(3):1195-1202.

[17]

(18]

(19]

(20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

WEI X, XUN Y, ZHUO S P, et al. Preparation of
polyaniline-coated mesoporous carbon and its en-
hanced electrochemical properties [ J |. Journal of
Shandong University of Technology, 2010,20(12) .
1179-1182.

BARRAZA H J, POMPEO F, O'REA E A, et al.
SWNT-filled thermoplastic and elastomeric compos-
ites prepared by miniemulsion polymerization [ ] ].
Nano Letters, 2002,2(8):797-802.

DU X S, XIAO M, MENG Y Z. Facile synthesis of
highly conductive polyaniline/graphite nanocompos-
ites[J]. European Polymer Journal. 2004,40(7):
1489-1493.

MARTIN C R. Nanomaterials: A membrane-based
synthetic approach[ J]. Science, 1994, 266 (5193):
1961-1966.

MAO L., ZHANG K, CHAN H S O, et al. Surfac-
tant-stabilized graphene/polyaniline nanofiber com-
posites for high performance supercapacitor electrode
[J]. Journal of Materials Chemistry, 2011,22(1):
80-85.

MI H, ZHANG X, YANG S, et al. Polyaniline
nanofibers as the electrode material for supercapaci-
tors[J]. Materials Chemistry and Physics, 2008, 112
(1):127-131.

YANG F, XU M, BAO S J, et al. MnO,-assisted
fabrication of PANI/MWCNT composite and its ap-
plication as a supercapacitor [ J ]. Rsc Advances,
2014,4(63):33569-33573.

BAO SJ, LICM, GUO C X, et al. Biomolecule-as-
sisted synthesis of cobalt sulfide nanowires for appli-
cation in supercapacitors [J]. Journal of Power
Sources, 2008,180(1):676-681.

ZHANG Z, WAN M, WEI Y. Highly crystalline
polyaniline nanostructures doped with dicarboxylic
acids[ J]. Advanced Functional Materials, 2010, 16
(8):1100-1104.

DENG J, DING X, ZHANG W, et al. Carbon nano-
tube-polyaniline hybrid materials[]J]. European Poly-
mer Journal, 2002, 38 (12):2497-2501.

LIU J, WAN M. Composites of polypyrrole with
conducting and ferromagnetic behaviors[ J]. Journal
of Polymer Science Part A Polymer Chemistry,
2015,38(15) :2734-2739.

WANG Y G, LI H Q, XIA Y Y. Ordered whisker-
like polyaniline grown on the surface of mesoporous
carbon and its electrochemical capacitance perform-
ance[ J |. Advanced Materials, 2010, 18 (19):2619-
2623.

PARIKH S J, CHOROVER ]J. FTIR spectroscopic



638 Transactions of Nanjing University of Aeronautics and Astronautics

Vol. 35

study of biogenic Mn-oxide formation by pseudo-
monas putida GB-1[]J]. Geomicrobiology Journal,
2005,22(5):207-218.

[30] DUBAL D, DHAWALE D, SALUNKHE R, et al.
A novel chemical synthesis of interlocked cubes of
hausmannite Mn;O, thin films for supercapacitor ap-
plication [J ]. Journal of Alloys and Compounds,
2009,484(1) .218-221.

[31] HUANG L, WANG Z, WANG H, et al. Polyaniline
nanowires by electropolymerization from liquid crys-
talline phases[ J]. Journal of Materials Chemistry,
2002,12(2) :388-391.

[32] QIAO Y, LI C M, BAO S J, et al. Carbon nano-
tube/polyaniline composite as anode material for mi-
crobial fuel cells [J]. Journal of Power Sources,
2015,170(1) :79-84.

[33] JUN S. Synthesis of new, nanoporous carbon with
hexagonally ordered mesostructure[ J]. Journal of the
American Chemical Society, 2014, 122 (43).10712-
10713.

[34] XIA K, GAO Q, WU C, et al. Activation, charac-
terization and hydrogen storage properties of the me-
soporous carbon CMK-3[J]. Carbon, 2007,45:1989-
1996.

[35] FANL Z, HU Y S, MAIER ], et al. High electro-
activity of polyaniline in supercapacitors by using a
hierarchically porous carbon monolith as a support
[J]. Advanced Functional Materials, 2010,17 (16)
3083-3087.

[36] SHI M, BAI M, LI B. Synthesis of mesoporous
crosslinked polyaniline using SDS as a soft template
for high-performance supercapacitors[ J]. Journal of
Materials Science, 2018, 53(13):9731-9741.

[37] MOMBESHORA E T, NDUNGU P G, JARVIS A

L L, et al. Oxygen-modified multiwalled carbon

nanotubes: Physicochemical properties and capacitor
functionality[J]. International Journal of Energy Re-
search, 2017, 41:1181-1201.

Ms. Li Jinjin received the B. S. degree in Materials Science
and Engineering from Southwest University of Science and
technology in 2013 and M. S. degree in Clean Energy Sci-
ence from Southwest University in 2016, respectively. She
joined in Urban Vocational College of Sichuan in September
2016, where she is an assistant professor of Special Materi-
als Research Laboratory. Her research is focused on car-
bon-based supercapacitor and relevant fields.

Mr. Liu Yang received the B. S. degree from Southwest
University in 2005 and M. S. degree from Southwest Uni-
versity in 2011, respectively. In May 2012, he joined Special
Materials Research Laboratory, Urban Vocational College
of Sichuan. From December 2017, he works as associate
professor.

Mr. Li Kunyang received the M. S. degree in Chemical
from Guizhou Normal University in 2016, respectively. He
joined in Urban Vocational College of Sichuan in September
2013, where he is a lecturer of Special Materials Research
Laboratory. His research is focused on photovoltaic elec-
trochemical energy field.

Prof. Bao Shujuan received her M. S. and Ph. D. degrees in
Materials Science from Xinjiang University and Lanzhou U-
niversity in 2003 and 2006, respectively. She worked as a
post-doctoral fellowship at Nanyang Technological Univer-
sity, Singapore, from 2006 to 2008, as a visiting Scholar at
the University of Texas at Austin, USA, from 2017 to
2018. She is currently a professor at Southwest University,
China. Her research interests focus on controllable synthe-
sis and functionalization of nanomaterials, and their impor-
tant applications in nanoelectronics and energy systems

such as fuel cell, battery and supercapacitor.

(Production Editor: Xu Chengting)



