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Abstract: The present study deals with the intensified synthesis of starch-
polyaniline (starch-PANI) nanocomposite using an ultrasound-assisted method.
Starch is a key component in this nanocomposite, which acts as a backbone of the
nucleation of PANI. The Electrochemical property of the nanocomposite arises due
to the addition of PANI. This is one of green approach for the synthesis of bio
nanocomposite using ultrasound. The crystallinity of the composite is evaluated
using the Scherrer Formula. The starch-PANI nanocomposite was characterized by
XRD, FT-IR, Raman, XPS and TEM. The composite nanoparticles show spherical
morphology. The elemental composition of starch-PANI showed O 1s peak at 546
eV, N 1s peak at 416 eV, C Is peak at 286 eV and S 1s peak at 176 eV. The
electrochemical studies of the starch-PANI electrodes are evaluated by cyclic
voltammetry (CV), galvanostatic charge/discharge (GCD), and electrochemical
impedance spectroscopy (EIS). Starch-PANI electrode has shown the maximum
specific capacitance of 499.5 F/g at 5 mV/s scan rate.

Keywords: Starch; polyaniline; sonochemical synthesis; ultrasound; biocomposite;
electrochemical analysis; supercapacitor

1 Introduction

This era marks the rising demand for energy storage in industrial, electronics, and automobile
applications. High power and energy density, short time charge-discharge and longer life cycle, are the
attributes that make supercapacitors a reliable source for energy generation and storage [1]. Because of
their enormous applications and uses, supercapacitors are filling the gap between batteries and capacitors
[2]. The important behavior of the supercapacitors is that they cannot only discharge in a short period but
also charged in a very short period. Depending on their charge storage mechanism, electrochemical
capacitors can be broadly divided into electric double-layer capacitors (EDLCs), pseudocapacitors and
hybrid capacitors [3,4]. Generally, carbon-based materials are used to fabricate electrodes in EDLCs
because of their high rates of absorption/desorption of electrolytic ions [4]. The pseudocapacitors store
charges through the Faradaic process. In pseudocapacitors metal oxides, porous carbon-based composites
and the polymer composites are used as electrode materials [5]. On the contrary, the hybrid capacitor
consists of a battery type electrode (Faradaic) and capacitive type electrode (electrostatic), resulting in
high power and energy densities [5].

Starch is a polysaccharide, which is mainly extracted from natural sources and consists of amylose
and amylopectin. Carbon derivatives extracted from starch have proved to be a promising source for
electrochemical applications [6,7]. In the past, porous carbon and carbon microspheres were extracted
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from starch and used for supercapacitor electrode applications [8,9]. Starch and cellulose are chemically
similar, since these polymers are made of repeating glucose monomers and only differ in their geometric
configuration. There is extensive work reported on the cellulose composite’s electrode materials for
supercapacitors. Libo et al. [10] reported that the synthesis of cellulose/CNT nanofibers for supercapacitor
electrodes and have shown better microstructural and enhanced electrical properties. Few attempts reported
on utilization cellulose/polyaniline [11], nanocellulose/polypyrrole [12] composites for electrochemical
applications. These reports mainly focused on tapping the electrolyte absorption and energy deposition
properties that cellulose has to offer [13]. There has been no extensive research carried out on the use of
starch composites for applications in supercapacitors, though certain composites as starch/graphene [14],
starch-polymer/metal oxide are promising materials for electrochemical applications [14,15].

Intrinsically conducting polymers (ICP) are organic macromolecules having special conducting
properties viz polyaniline (PANI), polypyrrole, polythiophene and polyacetylene are few well known
systems. PANI and polypyrrole composites have been extensively explored for the supercapacitor
electrode applications [1,16,17]. PANI was extensively used to prepare the composites with graphene [18],
carbon nanotubes [19,20], carbon paper [21], gold [22], stainless steel [23], graphite [24,25], activated
carbon [26] due to its easy synthesis and deposition. It is important to mention that PANI offers high
pseudocapacitive performance. Eftekhari et al. showed that they observed an increased specific
capacitance when PANI was deposited on carbon and metal oxide-based templates [27]. Based on this,
PANI-graphene [28], PANI-SnO; [29], PANI-MnO, [30]and ternary composites PANI-graphene-carbon
nanotubes (CNT) [31], MnO,-PANI-reduced graphene oxide [32] have been reported for giving high
specific capacitance.

Previous work has shown the preparation of PANI/biopolymer composites using various matrices
which include chitosan, cellulose and cellulose derivatives [33]. A few reports have studied on the usage
of starch as a biopolymer for the above mentioned PANI/biopolymer composites. PANI deposited on
non-toxic, biodegradable starch can lead to the formation of nanocomposites for various electrochemical
applications [33]. Ehsan et al. [34] reported on an enhanced thermal and mechanical characteristics of
PANI/Starch/polystyrene composites. Yuhong et al. [1] discussed the preparation of rGO/PANI/SnO,
nanocomposite for supercapacitance and reported high supercapacitance and good cycling stability. There
are a very few studies on the synthesis and application of starch-PANI composites for energy generation
and storage applications.

In this work, we have used sonochemical routes for synthesizing the nanocomposites. The chemical
effects caused by ultrasound energy (acoustic waves) are mainly because of the cavitation effects [35].
Process intensification using ultrasound has been previously reported for the synthesis of platinum-
ruthenium [36], gold and platinum nanoparticles [37] for use in fuel cells as electrodes. Researchers also
synthesized Cu,O-graphene [38], and graphene oxide-Fe>O;3 [39] using process intensification for lithium
ion battery electrodes. Dipanwita et al. [40] and Shahram et al. [41] reported that the synthesis of MnO,-
graphene composites by using sonochemical method, which gave good specific capacitance and cyclic
stability. Ultrasound assisted synthesis aids in the preparation of uniformly distributed nanoparticles in a
very short time and utilizing less energy. High reaction rates can be achieved using sonochemistry,
resulting in time efficient synthesis. Sonochemical method is an energy and time efficient technique,
when compared to other methods viz. solvothermal, electrochemical and microwave [42].

Cavitation will help to prepare the starch-PANI nanocomposite and also due to the cavitation effect
conductivity nature of the composite enhanced. Nazarzadehzareh E et al. [30] discussed the preparation of
starch-PANI nanocomposite by ultrasonic irradiation and reported that conductivity of the composite
enhanced by ultrasound are mainly because of the cavitational effects and also they found that
conductivity of the composite was increased by increasing the polyanilne. Ultrasound assisted synthesis
of starch-PANI procedure as follows, initially 100 mL of 1 M HCI added in 250 mL beaker followed by 4
mL of aniline was added. Then 3 g starch was added into the above mixture and sonicated for 30 min.
Following sonication 5 g APS solution dropwise added to the above solution and sonicated in ice bath for
1 h. Then the above resultant mixture was kept under ultrasound probe sonication in ice bath further 6 h to
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completion of polymerization. After completion of sonication, starch-PANI powder was obtained through
repeated filtration, washing with deionized water and methanol. The resultant product was dries in
vacuum at 50°C.

In this work, we have used an ultrasound assisted method for synthesizing the starch-PANI
nanocomposites for supercapacitor. Aniline was polymerized on the conductive surface of starch granules
in the presence of CTAB. APS was used as an initiator for polymerization. The specific capacitance was
mainly contributed from the pseudo capacitance from the addition of polyanilne. Finally, we have
synthesized starch-PANI nanocomposite and achieved high reaction rates at less time period. The
structural parameters, functional groups and morphology of the synthesized nanocomposite were studied
in detail. The electrochemical studies of the nanocomposite calculated by using CV, GCD and EIS. A few
reports have studied on the preparation of starch-PANI nanocomposite and its electrochemical
applications. W. Wu et al. [51] discussed the preparation of the pure PANI, G-PANI and SDAS-PANI
with their specific capacitances were 237, 379 and 433 F/g, respectively which are lower than present
work starch-PANI specific capacitance is 499.5 F/g. Several reports are studied on the synthesis of starch-
PANI, but those reports are various methods for different applications. According to the previous
literature till date, no reports on electrochemical properties of starch-PANI nanocomposite, especially
supercapacitor application.

Ultrasound cavitation is one of a green approach to use for nanocomposite synthesis. The use of
ultrasound energy is greater interest in the area of green chemistry for synthesis. In this work ultrasound
irradiation is used for formation of bio nanocomposite. Nowadays, food waste is a major issue. There is a
need to convert these food wastes into useful materials. Generally, starch can be extracted from food
waste and used for synthesis of various composites. Starch is an environmentally friendly and
biodegradable material. In view of this issue, the current reports deal with ultrasound assisted synthesis of
starch-PANI nanocomposite. The crystalline size, morphology, functional groups and elemental
compositions were analyzed. Electrochemical studies of starch-PANI electrodes for supercapacitor were
calculated by CV, GCD, and EIS. The specific capacitance of composite material was also investigated.

2 Experimental
2.1 Materials

Starch, sulfuric acid (H2SO4, 98 wt%), aniline (99%) were procured from Zen Chemicals, Bangalore,
India, ammonium persulfate (APS) (98%) and cetyltrimethylammonium bromide (CTAB) were procured
from Sisco Research Laboratories Pvt Ltd., Mumbai, India. Deionized water was used to prepare the all
aqueous solutions. All other chemicals and solvents were used as received.

2.2 Method
2.2.1 Sonochemical Synthesis of Starch-PANI Nanocomposite

The starch-PANI nanocomposite was synthesized using sonochemical method. Fig. 1 shows the
schematic representation of nanocomposite synthesis. Initially, 5 g of starch was added in 250 mL of
deionized water to which 0.15 g of CTAB was added. Then the mixture was sonicated for 30 min by using a
20 kHz ultrasound probe sonicator (2 s on 1 s off time pulse mode, M/s Dakshin Ultrasonicator, Mumbai,
India, tip diameter 10 mm, Fig. 2). Following sonication 2 mL of 98% H>SO4 was added to the sonicated
solution, and the ultrasound-assisted acid hydrolysis led to the formation of starch nanocrystals. To this
solution 2.5 g of aniline was added and sonicated for 30 min. 0.5 g ammonium per-sulphate initiator was
added to the solution by dropwise and sonicated in an ice bath for 30 min, at a constant temperature of 10°C.
Miniemulsion of aniline was formed using addition of CTAB. The starch-PANI nanocomposite was
obtained through repeated filtration, washing with deionized water and ethanol. The resultant compound
was dried in a vacuum oven at 80°C for 6 h. Fig. 3 shows the procedural flow of the synthesis.
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Figure 1: Graphical representation of starch-PANI nanocomposite synthesis using sonochemical method
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Figure 3: Procedural flow of the synthesis of starch-PANI nanocomposite
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2.3 Characterization Methods

X-ray Diffraction (XRD) spectra were recorded on a Bruker D8 Advanced X-ray diffractometer.
Fourier Transform Infrared Spectroscopy (FTIR) spectra were recorded using KBr pellet method by
PerkinElmer Spectrum 100 FTIR spectrophotometer. Transmission electron microscope (TEM) analysis
was performed by Philips CM 200. Raman spectra were recorded by inVia, Renishaw Raman microscope
(Renishaw, UK) and X-ray photoelectron spectroscopy (XPS) were carried out by ESCALab 2000 system,
Thermo Scientific, USA.

2.4 Electrochemical Characteristics

Electrochemical performance of supercapacitor was conducted using 3 electrode system consisting
of 1 M Na,SO4 aqueous solution, wherein starch-PANI coated carbon paper was used as working
electrode, graphite plate as counter electrode and standard saturated calomel electrode (SCE) as reference
electrode. The working electrode for electrochemical measurement was made by mixing the synthesized
material (starch-PANI composite), carbon black and polyvinylidene fluoride (PVDF) in mortar and pestle
with the mass ratio of 75:20:5 and adding few drops of N-methyl-2-pyrrolidinone (NMP) to form uniform
slurry. The resultant mixture was coated on a carbon paper (1 cm % 1 cm) and dried at vacuum oven.

Electrochemical performance of electrochemical capacitor was carried out by CV, GCD, and EIS
methods by using a PARSTAT 2273 (Advanced Electrochemical System) testing system. CV and GCD
were evaluated in the potential range of -0.2 to +0.8 V at various scan rates varying from 5 to 160 mV/s
and various current densities (0.5, 1 and 2 A/g). The electrochemical impedance spectroscopic (EIS)
measurement was evaluated at 0.1-1 x 10° Hz as frequency range and voltage amplitude 5 mV.

3 Results and Discussion
3.1 XRD Analysis

The phase structure and the crystallite size of starch-PANI composite were elucidated using the XRD
analysis. The observed peaks at 20 = 17.24°, 23.18°nd 30.50° which associated with (200), (211) and
(311) planes of the starch, respectively while at 15.24°, 18.16°, 20.04° and 26.60° which associated with
(011), (100), (020) and (200) planes of the PANI, respectively [34,43]. Bouget et al. [44] have discussed
in detail the structural parameters of polyaniline by in situ polymerization and indicating
pseudoorthorhombic crystallite structure form. The XRD results are in line with the previous observations
reflecting highly ordered crystallite structure of starch-PANI composite. Due to the effect of ultrasound
the crystallite size of the Starch-PANI nanocomposite was smaller in size. Individually starch is not
crystalline material. However, crystallinity bring out by using addition of polyaniline in the composite
using ultrasound. In XRD, identified the starch interference in the composite as shown in Fig. 4.
Structural parameters of as synthesized starch-PANI nanocomposite results are tabulated in Tab. 1. The
crystallite size of composite was evaluated by Scherrer Formula [45].

0.941
L

14 = ﬁl/zcose (M

where

Lp = Average Crystallite size,

B = Full width at half maximum,
0 = Bragg angle

A = X-ray wavelength
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Figure 4: XRD pattern of starch-PANI nanocomposite:(a) PANI, (b) Starch and (c) Starch-PANI

Table 1: Structural parameters obtained from XRD of synthesized starch-PANI nanocomposite

No. 20 (Degree) (h k1) plane Components d-spacing (A) FWHM Crystallite Size

(nm)
1 15.24 (011) PANI 5.80 0.34 24.63
2 17.24 (200) Starch 5.13 0.25 33.33
3 18.16 (100) PANI 4.77 0.44 19.11
4 20.04 (020) PANI 4.40 0.18 46.83
5 23.18 (211) Starch 3.86 0.09 89.67
6 26.60 (200) PANI 3.35 0.26 33.86
7 30.50 311) Starch 2.93 0.62 13.66

3.2 FTIR Analysis

FTIR is used to identify the functional groups present in starch-PANI composite. The characteristic
broad peak of starch (3370.63 cm™) and PANI (1639.93, 1461.85, 1162.68 and 785.41 cm™) are observed in
the synthesized starch-PANI composite. The structural and functional groups of starch and PANI are also
reported in the literature [46,47]. The characteristic broad band peak at 3370.63 ¢cm™! attributed to O-H group
indicates starch. A peak at 2926.14 cm™! can be attributed to C-H band stretching vibration of pyranoid ring.
The broad band peak at 1639.93 cm™ can be assigned as N-H bending, and those at 1461.85, 1421.36 and
1340.65 cm™! could be assigned to C-C stretching vibration for benzenoid ring. The broad band peaks at
1244.09 and 929.84 cmare due to C-N and C-H stretching vibrations of the aromatic ring, respectively.
Further, the spectrum exhibits the presence of aromatic (860.51, 764.82 and 709.13 cm™) and carboxyl
(1244.09 cm™), alkane (527.61 cm™) groups from PANI and starch. Several other bonds such as C-O-C and
C-O are observed as broad bands between 1244.09-860.51 cm™. The FTIR analysis for starch and
polyaniline included, which are shown in Fig. 5. It can see that starch-PANI nanocomposite formed and
which are line with the previous studies [29,48].



JRM, 2019, vol.7, no.12 1285

(e)
60 L (c)

504

785 L (b)

404 516,54

575.35

1461.85
30

206214

Transmittance (%)
Transmittance (%)

204

104 101250

S T ) T A S S PR e e e e |
4000 3500 3000 2500 2000 1500 1000 500 0 1 I 1

1 1 1 L
4000 3500 3000 2500 2000 1500 1000 500

4
Wave number {cm’) )
Wave number (cm ')

Figure 5: FT-IR spectra of synthesized starch-PANI nanocomposite:(a) Starch, (b) PANI and (c) Starch-
PANI

3.3 TEM Analysis

The images of starch-PANI nanocomposite were obtained from transmission electron microscopy
(TEM) analysis (Fig. 6). The composite nanoparticles show spherical shape and closely bound with the
surface of starch. Due to the polymerization of aniline, surface of the particles is rough in nature, giving a
better conductivity for the electrode material. The average particle size of the starch-PANI composite was
approximately 20-100 nm.

3

Figure 6: Morphology of synthesized starch-PANI composite (a) 50 nm and (b) 10 nm by Sonochemical
method

3.4 Raman Spectroscopy Analysis

Raman spectral analysis (Fig. 7) was used to obtain structural information of the PANI based
composite material. The bands between 818 cm™ and 1236 cm'which are attained with C-H bending
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modes, between 1547 cm™ and 1610 cm! to stretching modes of C-C, and various C-N stretching modes
(polarons, amines, imines) between 1236 cm™ and 1547 cm™. A weak band at 1180 cm™! can be assigned
to C-C bond in plane deformation of quinoid ring of the PANI. The bands at 1337 ¢cm™, 1411 ¢cm’!, and
1610 cm™! are attributed to C-N stretching, C-C stretching of benzamide and benzide units, respectively.
The intense bands at 1180 cm™ and 1610 cm™ are characteristic of p-disubstituted benzene rings. Few
weak bands are observed at 1411 cm™,1337 cm’!, and 1236 cm''due to the formation of semiquinone
radical cations, which are, p-disubstituted benzene which were further converted to polarons [19].
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Figure 7: Raman spectra of synthesized starch-PANI nanocomposite

3.5 XPS Analysis

The surface analysis and elemental composition of starch-PANI composites was carried out using
XPS and presented in (Fig. 8). The XPS spectrum of the composite showed peaks for O 1s at 546 eV, N
Isat416 eV, C 1s at 286 eV and S 1s at 176 eV [49]. The presence of sulphur is due to sulphate formed
from ammonium per sulphate.
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Figure 8: X-ray photoelectron spectra (XPS) of starch-PANI nanocomposite

The individual elementals of XPS spectra were analyzed to understand the composition. The N 1s
plot is shown in Fig. 9(a), the composite was deconvoluted into three sub-peaks for -NH-, N*/N, and -
N=/N at 399 eV, 400.3 eV, and 402.2 eV respectively. The area under the graph indicates that the -NH- is
present in the highest quantity. The N* is observed due to the presence of protonated emeraldine base
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form of PANI. The starch and N* could possibly result in the formation of hydrogen bonds. The C 1s scan
is shown in the Fig. 9(b), the higher intensity peak at 284.4 eV can be attributed to C-OH, other peaks for
(C-H, C-C), C=0, and C-N are found at 286.4 eV, 287.9 eV, and 289 eV respectively. The O 1s XPS
spectra in Fig. 9(c) show three subplots at 532.7 eV, 534.6 eV and 530.9 eV representative of -C-OH, S-O
and C-OC bonding states respectively [49,50].
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Figure 9: (a) XPS spectra of N 1s for starch-PANI
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Figure 9: (b) XPS spectra of C 1s for starch-PANI
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Figure 9: (c) XPS spectra of O 1s for starch-PANI
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3.6 Electrochemical Analysis

Starch-PANI composite electrode and its electrochemical studies of supercapacitors were
characterized by using CV, GCD, and EIS analysis are conducted in a three-electrode system with 1M
NaxSOselectrolyte solution.

3.6.1 Cyclic Voltammetry (CV)

Fig. 10 shows the CV measurements in 1 M Na2SO4 electrolyte solution at different scan rates
varying from 5 tol60 mV/s for starch-PANI composite. It can be observed that curves are quasi
rectangular shape at 40, 80 and 160 mV/s and curves shapes are steady with the increasing scan rate,
which represent that good electrochemical capacitive behavior of the prepared electrodes. But few
oxidative peaks at scan rates of 5, 10 and 20 mV/s, which indicates the EDLC behavior. Area under CV
curves are proportional with the capacitance and curves are almost similar shape, which shows the mirror
characteristics, which indicates that redox reactions are electrochemically reversible and also
electrochemical capacitor behavior [4]. Previous literature has shown that curves of PANI and PANI
based composite. K.Z. Htut et al. [55] reported that the CV curves show two redox peaks for each
oxidation and reduction process for PANI and PANI based composites, which can be assign to the
conducting state (emeraldine/pernigraniline) and semiconductor state (leucoemeraldine/emeraldine)
transitions of PANI. A. Alptekin et al. [56] reported that CV curves of VACNT/PANI at different scan
rates and found that area under the curve increases with the increasing the scan rates from 20 to 400 mV/s
and oxidation peaks to be steady on the CV curve and its indicates resistance effects were not pronounced
for the synthesized composite electrodes, otherwise CV curves shape from horizontal to diagonal. The
specific capacitances (Cs) were first evaluated from CV using the equation [18].

C, [iav

= Vom AV vem AV(F/g) (2)
where

Cs= Specific Capacitance

1= Current in (A)

V = Potential in CV Test (V)

Vs= Scan rate (V/s)

m = Mass of active Material (g)

AV = Potential Window (V)
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Figure 10: CV curves for starch-PANI composite at various scan rates (5, 10, 20, 40, 80 and 160 mV/s)
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The specific capacitance for starch-PANI electrode calculated using the CV curves was 499.5, 262.5
and 138.10 F/g at scan rates of 5, 10 and 20 mV/s respectively. It can be seen that specific capacitance
values decrease with an increase in scan rate, which indicates that high specific capacitance at a lower
scan rate. Several conventional methods were synthesized the combination of PANI with carbon materials
for electrochemical studies are mention in the introduction. But this work gives the maximum specific
capacitance of starch-PANI is 499.5 F/g at 5 mV/s, which is greater than previously reported pure PANI,
G-PANI and SDAS-PANI with their specific capacitances were 237, 379 and 433 F/g, respectively [51].

3.6.2 Galvanostatic Charge-Discharge (GCD)
The specific capacitances were also estimated by the galvanostatic charge-discharge (GCD) analysis.
The GCD curves of starch-PANI at current densities of 0.5, 1 and 2 A/g are shown in Fig. 11. The
synergistic effect between double layer capacitance and pseudocapacitance an obvious discharge pattern
can be observed at the charge-discharge process, corresponding to starch and PANI [4]. The Cs values
can be estimated using the below formula [52].
_ IxAt
S T mxAV
where

3)

Cs= Specific Capacitance (F/g)
I = Discharge Current in (A)
At = Discharge Time in (s)

m = Mass of active Material (g)
AV = Potential Window (V)
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Figure 11: GCD curves of starch-PANI composite at different current densities (0.5, 1 and 2 A/g)

The Cs of the starch-PANI electrode evaluated by GCD curves were 66.5, 48 and 31.5 F/g at current
densities of 2, 1 and 0.5 A/g respectively using GCD. Due to the pseudo capacitance behavior the
resulting curves are triangular in shape. The GCD and CV curves are different due to the shape of GCD
curves are not perfect and few errors in the calculation of specific capacitance by the discharge current
and potential window. By comparing both the methods CV results are more precise values and the
comparative analysis purpose GCD results are calculated.

Generally, a real electrochemical cell does not similar to an electrochemical cell. In a real
electrochemical cell, the working electrode is keep at a relative distance to the reference electrode. Which
indicates that uncompensated resistance cannot avoid totally. So, such resistance leads to voltage drop in



1290 JRM, 2019, vol.7, no.12

the electrochemical cell is known as IR drop. Even some cases low uncompensated resistance gives the
higher voltage drop when the current is passed.

The following approaches can be used to avoid or minimize the IR drop.

e Higher conductivity electrolyte provides benefits that reduces the total resistances of the
solution.

e The size of the working electrode is reduced, then it generates small amount of current which
decrease the IR drop and the working electrode generates the total current depends on the
surface area.

e The preliminary function of Luggin capillary is that which help in reduces the distance between
the working electrode and the reference electrode and it also reduces uncompensated resistance.

e The positive feedback that generated most of recent potentiostats and also that effects the
reduction of uncompensated resistance. In that case, IR compensation switch is ON during the
operation of instrument.

3.6.3 Electrochemical Impedance Spectroscopy (EIS)

The EIS data were determined using the Nyquist plot. The conductivity of the electrode was
analyzed by using EIS. EIS plot for starch-PANI composite is presented in Fig. 12. The Nyquist curve
shows semicircle in the high frequency region and the finite slope of the straight line in the low frequency
region. The curves, which are generally, shown in the shape of small semicircles, shows both the resistive
and capacitive properties of the charge transport phenomenon [53]. The Nyquist plot for starch-PANI
nanocomposite electrode was analyzed from 0.1 Hz to 100 kHz was frequency range and 5 mV was
voltage amplitude with SCE as reference electrode. Nyquist plot of starch-PANI composite electrode
material shows small semicircle and different slope lines, which indicate that starch-PANI composite
electrode material, has the characteristic of apseudo capacitor and a double layer capacitor. Thus, starch-
PANI nanocomposite electrode material exhibits excellent capacitive performance [54].
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Figure 12: EIS Spectra of starch-PANI nanocomposite

4 Conclusion

In summary, starch coated with PANI nanocomposite has been synthesized by ultrasound assisted
method. Aniline was polymerized on the conductive surface of starch granules in the presence of CTAB.
APS was used as an initiator for polymerization. The specific capacitance was mainly contributed from
the pseudo capacitance from the starch-PANI nanocomposite. The structural parameters, functional
groups and morphology of the synthesized nanocomposite were studied in detail. The starch-PANI
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nanocomposite was characterized by XRD, FT-IR, Raman, XPS and TEM. The electrochemical studies of
the nanocomposite calculated by using CV, GCD and EIS. The starch coated with PANI (starch-PANI)
composite electrode shown the maximum specific capacitance of 499.5 F/g at a scan rate of 5 mV/s. The
starch-PANI blend has shown promising electrochemical performance and can be used as a reliable,
biodegradable supercapacitor electrode.
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