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Abstract: A composite of Multiwalled Carbon Nanotubes
(MWCNTs) and polyaniline (PAni) was synthesized by in
situ oxidative polymerization of aniline monomers on poly
(sodium 4-styrenesulfonate) (PSS) dispersed MWCNTs to
produce coaxial structures of MWCNT-PAni composite. The
structural, morphological, thermal, surface, and capacitive
properties of the composite were analyzed. Scanning electron
microscopy images of the composite revealed nanofibrous
structure. Infrared spectrum showed slight shifts for several
bands of the composite from the bands of PAni to suggest
that the MWCNTs have strong attractive interactions
with the PAni backbone. The composite was fabricated
onto a graphite electrode and the fabricated electrode was
characterized using cyclic voltammetry. The fabricated
electrode exhibited specific capacitance values of 446 Fg-
1, and the value retained 82.5% after 800 cycles. Owing to
the good capacitance behavior and cycling stability, the
synthesized composite holds promise for energy storage
devices like supercapacitors.

Keywords: Carbon nanotube, Non-covalent functionaliza-
tion, Polyaniline, Supercapacitor.

1. INTRODUCTION

For the last two decades since its reported discovery in 1991
by S. Ijima [1], the allotrope under consideration, Carbon
Nanotube (CNT), owing to its outstanding mechanical
properties, excellent thermal conductivities, and tailorable
electrical and chemical properties, has been exploited in a wide
range of applications involving nanoscale systems [2]. Due
to their large surface area, low resistivity and superior cycle
stability, CNTs are excellent materials for use in electrical
energy storage devices like supercapacitors. In fact, composites
incorporating a CNT backbone coated by an active phase with
pseudocapacitive properties, such as CNT/oxide or CNT/
polymer composite, represent an important breakthrough for
developing a new generation of supercapacitors. These are

based on greater effective percolation of electrolyte due to
the open mesoporous network of CNTs and the robustness of
CNTs which resist volumetric changes during charge-discharge
cycles, leading to enhancement of the cycling performance [3].

Polyaniline (PAni), a conducting polymer which conducts
electricity by Mott’s variable range hopping mechanism of
polarons and bipolarons, is an attractive material for use
as electrode in supercapacitors because of high specific
capacitance, tunable electrical properties by reversible doping
and high conductivity in the doped state which takes part in
the charging process, fast charge/discharge electro-transfer
kinetics and low cost, ease of synthesis, excellent thermal
and environmental stability and easy processability due to
reversible doping [4-6]. In recent years, the use of CNTs and
conducting polymers [7-14] like polyaniline [7-10] in the
synthesis of nanocomposites for energy storage applications
has substantially attracted the attention of scientists around the
globe, on account of electrodes fabricated from such composites
exhibiting synergetic effects, for instance, good cycle stability
and high capacitance. These factors have greatly enhanced the
performances of energy storage devices such as supercapacitors
[15].

Supercapacitors have high power densities, but low energy
densities. They have been a fascinating choice for the energy
storage applications in electric, hybrid electric, and fuel cell
vehicles, where they will serve as a short-time energy storage
device with high power capability and allow energy storage
from regenerative braking [3]. Polymers [16-20], metal oxides
[21-25], and their composites [26-29] have been known
to exhibit double layer and pseudo-capacitance behaviors.
Porous carbon materials such as activated carbon [30,31] and
CNTs [32-37] exhibit double-layer capacitance, in addition
to pseudocapacitance due to electrochemically active redox
reactions [6].

An underlying problem associated with the processing of CNTs
prior to the synthesis of nanocomposites is their entanglement.
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Carbon nanotubes, due to the strong attractive interactions,
namely van der Waals forces and m-m stacking between
individual tubes, exist as entangled bundles, as a consequence
of which the interfacial interaction between CNTs and polymer
matrix is below par when composites are synthesized. This
leads to diminished performance of the composite as electrode
material [38].

Conventional methods of dispersion include mechanical and
covalent dispersions, which are detrimental to the CNT structure
and environmentally harmful as well. On the contrary, physical
or non-covalent functionalization results in the dispersion
of CNTs without damaging their structure or harming the
environment, by using polymers and surfactants [39-44] instead
of strong acids or vigorous mechanical agitations.

The work aims at synthesizing a composite of Multiwalled
Carbon Nanotubes (MWCNTs) and PAni by following
an environmentally friendly method of non-covalent
functionalization [45] in which MWCNTs was dispersed in
PAni using poly (sodium 4-styrenesulfonate) as a dispersant.
Structural and compositional characteristics of the composite
were compared with MWCNTs and PAni and distinctive
features of the nanocomposite were analyzed. Finally, attempts
have been made to correlate morphological, topological, and
capacitive properties to the structure of the nanocomposite.

II. EXPERIMENTAL

A. Synthesis of MWCNT-PAni Composite and PAni

Multiwalled carbon nanotube (Diameter: 6-9 nm, length:
5 um; Sigma Aldrich), poly (sodium 4-styrenesulfonate) (PSS,
My~70,000, Sigma Aldrich), ammonium peroxydisulfate
(APS, (NH,),S,04, Merck, India) and hydrochloric acid (HCI,
RCI Labscan Ltd, Thailand) were used as received and were
used for the synthesis of MWCNT-PAni binary composite
and PAni without any further purification. Aniline (C4H;NH,,
Merck, India) was distilled prior to use. All other chemicals
were used without further purification. De-ionized water (DI;
conductivity: 0.055 pSem ™! at 25.0 °C) from HPLC grade
water purification systems (BOECO, Germany) was used for
the preparation of all aqueous solutions.

The entangled MWCNTs (20 mg) were dispersed by non-
covalent functionalization which was carried out by sonication
with PSS (0.6 mL 18 wt% solution in DI water) for 30 min.
Wrapping of PSS around MWCNT stabilized it by static
charge repulsion and the -SO;™ groups acted as templates for
attachment of anilinium ions to the MWCNTs. 7.50 mL of 2
M HCl solution was used for doping 100 uL aniline. 0.5 g APS
was dissolved in 25 mL DI water and used as oxidant for the
oxidative polymerization of aniline. Aniline to APS mole ratio
taken was 1:2.

The MWCNT-PAni composite was synthesized by oxidative
polymerization of aniline on PSS dispersed MWCNTs. 100
UL of aniline and aqueous solution of HCI were added to the

PSS dispersed MWCNT solution, and sonicated for 10 min.
Aqueous solution of APS was added dropwise into the above
mixture in an ice bath for 6 h under constant stirring. The
prepared MWCNT/PAni composite was left to stand overnight,
then collected using centrifugation and washed with acetone,
ethanol and DI water, and finally dried at 80 °C for 12 h in
vacuum. PAni was synthesized by a similar procedure. In this
case, the aniline-HC1 mixture was stirred for 2 h in ice bath with
dropwise addition of APS until the mixture turned blue-green.
The mixture was then left to stand overnight and the PAni was
washed and dried as mentioned above.

B. Material Characterization and Electrochemical
Analysis

The MWCNT, MWCNT-PAni composite and PAni were
characterized using Fourier transform infrared (FTIR)
spectroscopy  (Frontier FT-IR/NIR, PerkinElmer, USA),
scanning electron microscopy (JSM-6490LA, JEOL, Japan),
thermogravimetry (Exstar 7200 TG-DTA, Hitachi, Japan),
dynamic light scattering (DLS) technique (Zetasizer Nano
7590, Malvern Instruments Ltd., UK), Brunauer-Emmett-
Teller (BET) surface area analyzer (BELSORP mini-1I, BEL
Japan Inc.) and UV-visible spectroscopy (Spectro UVD-3500,
Labomed Inc., USA) to assess their molecular, structural,
morphological, and topological properties.

For FTIR spectra measurements, KBr pellets were used. UV-
visible absorption spectra were recorded by dispersing the
samples in ethanol. Surface area and pore size distribution
were determined from adsorption-desorption of N, gas at
different relative pressures and a constant temperature of -196
°C on the surface of MWCNTs, MWCNT-PAni composite,
and PAni after pre-treatment. To fabricate the electrode, 3.3
mg of the MWCNT-PAni composite was dispersed with
20 wt % poly(vinyl alcohol) (PVA, My~88,000) binder in
200 uL ethanol and 25 uL of this solution was cast onto the
surface of a graphite electrode having surface area 1.13 cm?,
which was dried in vacuum at 80 °C for 12 h. The fabricated
graphite was used as the working electrode for electrochemical
measurements. An electrochemical workstation (CHI 760E,
CH Instruments Inc., USA) was used for the electrochemical
measurements. A three-electrode cell consisting of Ag/AgCl
and platinum as reference and counter electrodes, respectively
was used for electrochemical analysis. 0.5 M aqueous solution
of Na,SO, was used as the electrolyte, which was purged with
N, gas for 20 min prior to measurements.

III. ResuLts AND DiscussioNn

A. Material Characterization

a. Structural Characterization

Fig. 1 shows the FTIR spectra of MWCNT, MWCNT-PAni
composite, and PAni. The spectrum for pristine MWCNT (Fig.
la) shows that the band at wavenumber 3452 cm™ is due to
O-H stretching vibration on the surface of MWCNTs; this
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might have originated either from ambient moisture bound to
the MWCNT surface, or some species present in the structure
that arose during the purification of the MWCNTSs. The band at
1577 cm™ can be attributed to the IR active phonon mode of the
MWCNTs [46]. For pristine PAni (Fig. 1¢), the bands at 1485
and 1575 cm™! can be assigned to the C-C stretching vibrations
of the benzenoid and quinoid rings [47]. Furthermore, the
bands at 1312 em™, 1415 cm™, and 3133 ¢m™ correspond to
C-N stretching vibrations of aromatic amines and short-chain
oligomers, and C-H stretching vibration, respectively. The
N=Q=N stretching band at 1140 cm " is the characteristic band
of polyaniline base; this band was described by Macdiarmid et
al. as the “electron-like band” and is considered to be a measure
of delocalisation of electrons and, thus, it is a characteristic
peak of PAni conductivity. The band appearing at 825 cm™ is
attributed to an out-of-plane C-H vibration [48].
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Fig. 1: FTIR Spectra of (a) MWCNT, (b) MWCNT-PAni
Composite, and (c) PAni

The spectrum of MWCNT-PAni composite (Fig. 1b) has peaks
similar to PAni and MWCNT: at 3440 cm™ (O-H stretching),
2855 and 2930 cm™ (C-H stretching), 1408 and 1115 cm™ (C-N
stretching), 1467 cm™ (aromatic C-C stretching). This suggests
that the backbone of PAni was not damaged by MWCNTs and
that the aniline monomers underwent polymerization on the
surface of MWCNTs [47]. In addition, the bands characteristic
of PAni shifted to lower wavenumbers, indicating that the
MWCNTs exhibited strong attractive interactions with the
quinoid units of PAni backbone, hence weakening the bonds
within the PAni backbone [49].

b. UV—visible Spectral Analysis

The interfacial interaction between PAni and MWCNTs was
characterized using UV-visible spectra (Fig. 2). MWCNTs (Fig.
2a) have a strong characteristic absorbance peak at 250 nm,

corresponding to additional absorption due to the 1D Van Hove
singularities [44]. It can, therefore, be inferred that the CNTs
are successfully dispersed in the solvent. PAni (Fig. 2¢) and
the MWCNT-PAni composite (Fig. 2b) exhibit sharp absorption
peaks at 207 and 205 nm, respectively [50], indicating m-7*
transition of the benzenoid ring of the PAni units in both the
PAni and the composite via extended conjugation between
adjacent rings in the polymeric chains. The peaks of PAni at
246 and 292 nm and those of MWCNT-PAni composite at 235
and 286 nm also correspond to m-rt* transition. PAni has also
a weak absorption peak at 376 nm, which can be attributed
to polaron-m* transitions because of cationic species called
polarons.
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Fig. 2: Absorption Spectra for (a) MWCNT, (b) MWCNT-
PAni Composite, and (c) PAni

The hypsochromic shift in the bands for MWCNT-PAni
composite as compared to pristine PAni suggests strong
interactions between the quinoid rings of the PAni backbone
and MWCNTs. Moreover, this indicates that the interaction
between CNT and PAni layer facilitates electron delocalization,
which enhances the conductivity of the composite [47, 50].

¢. Morphological Analysis

The morphology of MWCNTs, PAni, and their composite can
be interpreted from their SEM images shown in Fig. 3. Fig.
3a shows the SEM image of MWCNTs in which the tubular
structure cannot be readily understood. In fact, this is not
surprising. Formation of dense agglomerates is apparent due
to their entanglement which arises from attractive forces of
van der Waals force and m-m stacking between the individual
tubes [38]. PAni (Fig. 3c¢), is in the form of granular, rod-like
aggregates, which do not possess clearly defined nanostructure.
The SEM image of MWCNT-PAni composite (Fig. 3b), on the
other hand, shows coaxial, tubular structure, which is formed
by encapsulation of the MWCNTs by PAni.
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Fig. 4: SEM Images of (a) PAni and (b) MWCNT-PAni Composite

The SEM images of PAni and MWCNT-PAni composite at a
higher magnification are shown in Fig. 4. It can be observed
that the rod-like aggregates of PAni (Fig. 4a) have diameters
from around 100 to 180 nm, the average diameter being ca. 140
nm. The tube-like aggregates of the MWCNT-PAni composite
(Fig. 4b), however, have diameters of around 80-90 nm, from
which it can be deduced that the MWCNT-PAni composite
is in the form of nanofibers, resulting from uniform coating
or encapsulation of aniline monomers on the PSS dispersed
MWCNTs. Nanofiber structure also suggests that the MWCNTs
were well dispersed by PSS before polymerization took place.

d. Thermal Stability and Compositional Characterization

Fig. 5 shows thermogravimetric (TG) curves for MWCNT,
MWCNT-PAni composite, and PAni under nitrogen atmosphere.
The TG curves show that the degree of thermal degradation of
MWCNT-PAni composite (Fig. 5b) is lower than that of PAni
(Fig. 5c) but higher than that of pristine MWCNTs (Fig. Sa).
The initial degradation temperature of PAni is 160 °C, whereas
that of MWCNT-PAni composite is 210 °C, which suggests
that the thermal stability of the composite is greater than that of
pristine PAni. The improved thermal stability of the composite
in comparison to pristine PAni is due to enhanced van der Waals

and 7-T interactions between the benzenoid units of the PAni
and MWCNTs [47].

The TG curves (Fig. 6) of MWCNT, MWCNT-PAni composite,
and PAni under oxygen atmosphere may be compared to
determine the composition of MWCNT in the MWCNT-PAni
composite. The TG curve of MWCNTs in air (Fig. 6a) shows
that MWCNTs are thermally very stable and start to degrade
at around 500 °C. The weight loss of about 96% at about
630 °C suggests that the backbone of the CNT structure is entirely
broken down. In the thermograms of doped polymers like PAni,
the first step loss usually takes place at temperatures below
100 °C, which corresponds to the loss of ambient moisture.
The second step loss takes place at temperatures below 250-
270 °C, corresponding to the loss of oligomers and dopants.
Further mass losses correspond to degradation of the backbone
of the polymer [47]. The TG curve of PAni (Fig. 6¢) reveals
that it contained 3 wt% of ambient moisture, which was lost at
temperatures below 100 °C. A further loss of 17 wt% occurred
before reaching a temperature of 260 °C, due to the loss of
dopant and oligomers. The mass losses above this temperature
can be attributed to the degradation of the PAni backbone, with
the highest amount of degradation occurring between 250 and
320 °C. The TG curve of MWCNT-PAni composite (Fig. 6b)
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shows the following mass losses: ambient moisture- 5 wt%
(below 100 °C), dopant and oligomers- 5 wt% (below 270
°C). In this case, the degradation and decomposition of the
backbone took place between 270 and 660 °C. Hence, it can be
inferred that the thermal stability of the polymer chains of PAni
is enhanced due to incorporation of MWCNTs in the structure.
This supports the data from the TG studies under nitrogen
atmosphere.
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Fig. 5: Thermograms for (a) MWCNT, (b) MWCNT-PAni
Composite, and (c) PAni Under Nitrogen Atmosphere
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Fig. 6: Thermograms for (a) MWCNT, (b) MWCNT-PAni
Composite, and (c) PAni Under Oxygen Atmosphere

e. Particle Size Analysis

Size distributions of the particles of MWCNT, MWCNT-PAni
composite, and PAni were determined using a particle size

analyzer, which measured the solvodynamic diameter of the
particles dispersed in dimethyl sulfoxide (DMSO) as shown in
Fig. 7. All of the samples consisted of aggregates of particles
having a wide variety of sizes, i.c., the particles were highly
polydispersed. MWCNTs consisted of aggregates having an
average size of ~480 nm (Fig. 7a), while the MWCNT-PAni
composite aggregates had an average size of ~434 nm (Fig. 7b).
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Fig. 7: Particle Size Distribution of (a) MWCNT, (b)
MWCNT-PAni Composite, and (¢) PAni Dispersed in DMSO

Aggregates of PAni had an average size of ~525 nm (Fig. 7c).
MWCNTs, owing to the strong attractive forces between the
individual tubes due to van der Waals forces and n-7 stacking,
formed bundles in their native state, which gave rise to
agglomerates of size about ~0.5 um. The same is true for PAni
and MWCNT-PAni composite. These formed aggregates of
similar size ranges of the MWCNTs due to strong intermolecular
forces of attraction. Due to the tendency of MWCNTs to form
aggregates or bundles, the non-covalent dispersion imparted
to them by PSS molecules enables the bundles to disintegrate
and the individual tubes to get isolated from one another, thus
allowing the uniform coating of PAni around the MWCNTs.

f. Surface Area and Pore Size Distribution Analysis

Adsorption isotherms for MWCNT, MWCNT-PAni composite,
and PAni are shown in Fig. 8. It can be observed that the
isotherm for MWCNTs (Fig. 8a) resembles Type-III, indicative
of macroporous or a non-porous surface, in spite of MWCNTs
adsorbing the greatest volume of gas. In the adsorption isotherm
of PAni (Fig. 8c), a hysteresis loop can be seen, corresponding
to Type-V [51], from which it can be inferred that the surface
is mesoporous and has weak affinity for the adsorbate. The
adsorption isotherm of MWCNT-PAni composite (Fig. 8b)
represents Type-IV [51], indicating a mesoporous surface on
which capillary condensation occurs. Thus, we can conclude
that the macropores in the MWCNT structure are changed to
mesopores on encapsulating it with PAni, rendering a better
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contact area for the percolation of electrolyte when the composite
is used as electroactive material on graphite electrode surface.

From BET plots of the samples, the specific surface areas were
calculated using the BET equation [52] as tabulated in Table I.
The pore volumes and mean pore sizes of the samples derived
from their Barrett-Joyner-Halenda (BJH) plots (Fig. 9) are
also summarized in Table . MWCNTs have the largest surface
area, while the MWCNT-PAni composite has the least. This
suggests that the encapsulation of MWCNTs with PAni reduces
its surface area. In addition, since the macropores are reduced
to mesopores, the surface area of the MWCNTs is reduced as a
result of formation of composite.
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Fig. 8: Nitrogen Adsorption-Desorption Isotherms of
(a) MWCNT, (b) MWCNT-PAni Composite, and (¢) PAni

The mean pore diameters indicate that all three samples have
mesoporous structure. MWCNTs have the highest total pore
volume, meaning that a large number of mesopores are present
in them which contribute to the macroporous structure, but the
MWCNT-PAni composite has the highest mean pore diameter,
suggesting a well-defined mesoporous structure, which will
facilitate the penetration of electrolyte when the composite
is fabricated as a supercapacitor electrode. PAni also has a
mesoporous structure and a very low surface area in comparison
to MWCNTs.

TABLE I: SURFACE AREA AND PORE Si1zEs oF MWCNT,
MWCNT-PANI1, CoMPOSITE, AND PANI

Sample Specific Pore volume | Mean pore
surface area (cm® g!) | diameter, r,
(m’ g) (nm)
MWCNT 143.3 0.17 4.7
MWCNT-PAni 6.6 0.01 8.3
composite
PAni 12.2 0.02 6.6
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Fig. 9: BJH Plots Showing Pore Size Distribution for
(a) MWCNT, (b) MWCNT-PAni Composite, and (¢) PAni

B. Model Proposed for the Structure of MWCNT-PAni
Composite

In this work, the MWCNTs were dispersed by PSS, which
attached themselves to the MWCNTs by van der Waals forces
and -7 stacking. Sulfonate groups of PSS are considered to
attach to the MWCNTs after their dispersion with PSS.Dong et
al. [58] proposed the mechanism for such attachment of PAni
to CNTs sulfonated with calcium lignosulfonate. In this case,
aniline is converted to anilinium ion on addition of dopant, HCI;
it then underwent oxidative polymerization to form emeraldine
salt of PAni. The probable mechanism for the formation of
MWCNT-PAni composite from PSS dispersed MWCNT and
doped aniline is illustrated in Fig. 10a. As shown in Fig. 10a, the
negatively charged sulfonate groups attached to the MWCNTs
acted as templates for the attachment of positively charged
anilinium ions, which underwent oxidative polymerization on
the MWCNT surface, producing emeraldine salt form which
comprised polarons.
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Fig. 10: (a) Schematic Representation the Polymerization of Doped Aniline on PSS Dispersed MWCNTs and
(b) MWCNT Encapsulated with Benzenoid and Quinoid Units of PAni

The MWCNTs can thus be visualized to be encapsulated by
PAni chains where the benzenoid and quinoid units of which
form the aforementioned attractive interactions with the
MWCNTs. Similarly, in case of MWCNT-PAni composite, the
nanotubes are surrounded by the benzenoid and quinoid units of
PAni, as shown in Fig. 10b. Therefore, the decrease in surface
area of MWCNTs on encapsulation with PAni as observed with
BET and SEM analyses can be explained by this model as the
macropores of pristine MWCNTs, after encapsulation, decrease
in size, leading to the formation of mesopores in the composite.
Such microstructure of the composite would assist to enhance

storing capacity of charges of the composite as clarified by
capacitance measurement with cyclic voltammetry (vide infra).

C. Electrochemical Characterization

Fig. 11 shows the cyclic voltammograms at scan rates ranging
from 5 to 200 mVs™' for the fabricated electrode. The cyclic
voltammograms show that within the potential window 0.5
to 1.2 V, the curves have rectangular shape, indicating the
absence of Faradaic reactions within this region. The area
of the rectangular region (IdV) corresponding to the specific
capacitance increases with decreasing potential scan rate.
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Fig. 11: Cyclic Voltammograms of Graphite Electrode Fabricated with MWCNT-PAni Composite at Scan Rates of 5, 10, 25, 50,
100, and 200 mVs™'. The Direction of the Arrow Indicates Increase in Potential Scan Rate



18 Journal of Scientific and Technical Research

Volume 7, Issue 2, December 2017

The variation of specific capacitance, C; with scan rate is
shown in Fig. 12. Here C=1dV/mv, where 1dV is the area under
the region of positive current in the cyclic voltammogram, m
is the mass of electroactive material in g and v is the potential
scan rate in Vs~ [53]. The specific capacitance decreases with
increase in the potential scan rate. The highest value of C,,
446 Fg'' was observed at a scan rate of 5 mVs™, plateauing
out at a scan rate of 100 mVs™'. This is due to the fact that the
electrolyte ions are only able to reach the outer surface of the
electrode at high scan rates, and the electrochemically active
material that is accessible only through the deep pores does not
actively contribute to the pseudocapacitance [54]. As a result,
high scan rates lead to low C. The superior capacitive property
of this fabricated electrode can be attributed to the nanofibrous
morphology of the MWCNT-PAni composite yielding a
higher surface area, which enhances the effective access of the
electrolyte, and leads to the storage of greater amount of charge
via both the double-layer and redox capacitive mechanisms
[55].
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Fig. 12: Variation of Specific Capacitance of the Graphite
Electrode Fabricated with MWCNT-PAni Composite as a
Function of Potential Scan Rate

The cyclic voltammograms of the fabricated electrode, before
and after 800 cycles, at a scan rate of 5 mVs™, are shown in Fig.
13. The C; of the electrode after 800 cycles was determined
to be 368 Fg'!, which is 82.5% of that before cycling (446 Fg’
1, suggesting good retention capability of C, by the electrode.
The slight decrease in specific capacitance upon repeated
cycling occurred due to swelling and shrinkage of PAni in
the composite, revealing that the mesoporous structure of
the composite deteriorates with repeated cycling. It can thus
be surmised that increasing the content of MWCNTs in the
composite could improve the cycling performance [56].

However, good retention also indicates good interfacial
interaction between MWCNTs and PAni, resulting from
the highly accessible surface area and low resistivity of the
MWCNTs [57], which might have in turn resulted from the
superior dispersion of MWCNTs by PSS prior to the synthesis
of composite. The mesoporous structure of the composite was

additionally involved in the good specific capacitance and
retention ability or cycling performance of the composite.

Hence, from the electrochemical data, it can be inferred
that MWCNT-PAni composite synthesized by non-covalent
dispersion of MWCNTSs with polymer wrapping by PSS, when
fabricated on a graphite electrode, exhibits superior capacitance
behavior in addition to good cycle stability.
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Fig. 13: Cyclic Voltammograms for the Fabricated Electrode at
the Scan Rate of 5 mVs™ Before and After 800 Cycles

IV. CoNcLUSIONS

MWCNTs can be dispersed by an environmentally friendly
method of non-covalent functionalization, using a polymer,
PSS, prior to synthesizing a composite with PAni to enhance
the interfacial interaction between the CNT and PAni. The
backbone of PAni is not damaged due to incorporation of
MWCNTs in the polymer matrix. Furthermore, the MWCNT-
PAni composite has coaxial nanofibrous structure, the average
tube diameter of the fibres being of nanodimension, indicating
that the MWCNTs, which, in their pristine form, formed
dense aggregates or bundles due to strong intermolecular
forces of attraction resulting from van der Waals forces and
n-mt stacking, must have been well dispersed by PSS via
static charge repulsion. The incorporation of MWCNTs in the
PAni structure also enhances the thermal stability of PAni, in
addition to introducing well-defined mesopores in the structure.
A hypsochromic shift of the UV-visible absorption peaks for
the composite compared to pristine PAni is noticeable due to
the presence of strong interactions between the quinoid units of
PAni and MWCNTs. Moreover, the MWCNT-PAni composite
fabricated working electrode exhibits specific capacitance of
446 Fg™! at a scan rate of 5 mVs™', which reduces to 82.5% of
the initial value after 800 cycles, indicating good cycle stability,
and hence holding great potential as a “green” material for
application in supercapacitors. The studies also indicate that an
increase in the MWCNT mass loading in the composite might
increase the cycle stability.
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