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Abstract:

Graphene-Pani nanocomposites were prepared by a simple physical mixing method. Different weight
percentages of PANI were mixed with Graphene. As synthesized nanocomposites were used to fabricate
the electrodes for supercapacitor application. Graphene which was synthesized using Modified
Hummer’s Method was characterized using Raman spectroscopy, and SEM. PANI which was
synthesized using interfacial polymerization was characterized using Uv-vis spectroscopy, and SEM.
Graphene-Pani nanocomposites were also characterized by SEM.

The electrochemical measurements were carried out for the fabricated electrodesusing cyclic
voltammetry. Results revealed that the sample with the 15% PANI exhibited the least specific
capacitance of 253.25F/g compared to that of the sample with 5% PANI which resulted in 401.66F/g
and 10% PANI which showed the highest specific capacitance of 593.8F/g. These data clearly illustrate
that the simple method of physical mixing of two nanomaterials to produce the nanocomposites turned
out to yield a specific capacitance as high as 593.8F/g.
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1. Introduction:

Owing to the high power density and rapid charge-discharge rate, supercapacitors are becoming popular
and drawing the attention of the researchers. They find their immense potential applications in different
fields starting from transport to military, from medicine to aviation, and from energy recovery to
renewable energy technologies[1].

Depending on the energy storage mechanism, “supercapacitors are classified into three classes:
Pseudocapacitors, Electrochemical Double-Layer Capacitors (EDLCs), and hybrid supercapacitors”[2].
Supercapacitors store energy electrostatically by charge segregation in Helmholtz double layer at the
electrode-electrolyte interface[1]. This is a non-faradic action. Because there is no electron transport over
the electrode-electrolyte interface, no chemical changes occur in the electrode. In pseudocapacitors, the
charge storage is due to the faradic process resulting from the redox reactions at the surface, referred to as
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electrosorption of ions. Electron movement takes place across the current collector and the active
material[3].

The capacitive behavior of graphene is mainly due to the electrical double layer. The specific capacitance
of graphene is not considerably high. “The restacking of graphene sheets hinders the increase in the
specific capacitance”[4]. In order to obtain better capacitive performance, graphene is composited with
pseudocapacitive materials[5].

Among the conducting polymers, Polyaniline (PANI) has become the popular option for the fabrication
of energy storage devices as it has high conductivity, high specific capacitance, multi-redox reactions,
low cost, and high thermal stability [6].

The increased specific capacitance and improved stability can be obtained by using graphene PANI
nanocomposites. The role of Graphene is to provide the conducting lane for the high-speed movement of
ionic species and electric charges all over the composite electrode[7]. Whereas, PANI nanofibers
preclude the stacking and agglomeration of graphene sheets[8]. This provides a huge available surface
and excessive electrochemical consumption of the electrode|[8].

Mazhar B. Tayelet al.fabricated the supercapacitor electrode using a stainless steel current

collector, by depositing a layer of graphene and spraying a layer of polyaniline on that graphene

layer[9].

Kang Li et al.prepared electrodes by electrochemically exfoliating graphene on A4 size paper as

ink and then PANI was electrochemically deposited on it[5].

Zhe-Fei Li et al. prepared composites of Graphene-Polyaniline (PANI) nanoparticle by reducing

GO in the presence of the various substance of PANI nanoparticles[4].

A Maddu et al. synthesized Graphene-PANI nanocomposite by in situ polymerization of aniline in
graphene suspension, with a difference of graphene mass to aniline molarity[10].

Formerly, many researchers have reported various methods used to synthesize Graphene/Polyaniline
nanocomposites. As prepared nanocomposites were used in the fabrication supercapacitor electrode.

In this work, Graphene-PANI nanocomposites were prepared using a simple physical mixing method
which is unique, simple, and cost-effective.

The objective of this work is to fabricate electrodes by mixing different weight percentages of PANI to
Graphene and to study their electrochemical behavior and calculate the specific capacitance in each case.

The electrochemical behavior of such electrodes was studied using cyclic voltammetry (CV).
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2. Experimental:
2.1 Graphene synthesis
Graphene was synthesized using Modified Hummer's Method [11][12].
All the required chemicals were purchased from Vasa scientific, Bengaluru, India.
0.5g of graphite powder and 0.5g of Sodium Nitrate were added into 23ml of Sulphuric Acid in a flask
and stirred constantly for 4 Hours maintaining a low temperature. 3g of Potassium Permanganate was
added to the compound by maintaining the low temperature and the compound was stirred for an hour at
ambient temperature. 45 ml of distilled water was added gradually to the mixture and was heated to high
temperature for 2hrs. To this 10ml of Hydrogen Peroxide solution was added and stirred for an hour. The
resultant solution is Graphene Oxide (GO) solution[11].
Finally, the precipitates were treated with HCI and distilled water, and the mixture was filtered and dried
to obtain GO nanoparticles[12].
Reduction of GO to rGO
Ascorbic acid was mixed with 0.25g of GO in distilled water and heated at 70°C. The resulting brownish

solution was washed with water and ethanol to get reduced Graphene oxide [13].

2.2 PANI synthesis

PANI was synthesized using the interfacial polymerization method[14]. “Two varieties of mixtures were
prepared: (i1)120 mL hydrochloric acid with 4 mmole Ammonium Persulfate; and (ii) 20 mL chloroform
containing 4 mmole aniline. Boththe solutions were stirred witha magnetic stirrer for an hour. The
oxidant solution was slowly transferred to the aniline solution. After 24 hours, due to the reaction, green
Polyaniline nanofibers were formed. The obtained black-green Polyaniline nanofibers were cleaned and

dried at ambient temperature for 24 hours”[14].

2.3 Graphene PANI nanocomposites:

Graphene and PANI powders were milled and mixed at different weight ratios along with Polyvinylidene
fluoride (PVDF) to obtain the Graphene PANI nanocomposites. This mixture was coated on the cleaned
stainless steel substrates using the Doctor blade(or tape casting) method to obtain theelectrodes with
three different concentrations for comparison.

Graphene was taken as the main material and 5%, 10%, and 15% of PANI were added to get GP1, GP2,

and GP3 electrodes respectively.
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2.4 Material characterization and electrochemical measurements

The morphologies of the Graphene/Pani samples were found by applying the Field-Emission Scanning
Electron Microscopy (FE-SEM, Nova NanoSEM 230, FEI, Oregon, USA) the UV-vis
spectrophotometer, and Raman spectroscopy. “The cyclic voltammetry (CV) plots were obtained by
using a potentiostat/galvanostat (PGSTAT 204, Autolab, Eco—Chemie, the Netherlands) carried out with
a three-electrode electrochemical system, where the Graphene/PANI composites were used as the
working electrode, a Platinum wire was used as the counter electrode, and an Ag/AgCl/saturated KCI

electrode was used as the reference electrode in a 1 M KCI solution”. The electrolyte used is 1 M KOH.

3. Results and discussion:
3.1 SEM analysis of GO and rGO

Graphene Oxide (GO) was prepared using Modified Hummer’s method and later reduced to graphene.
To study the optical, electrical and surface properties of graphene and reduced graphene oxide (rGO),
SEM analysis was done. SEM images of both GO and rGO are shown in figure 1(a) and (b).

Figure 1: SEM images of (a) GO (b) rGO

Fig 1(a) shows the SEM image of Graphene oxide. GO nanosheets show free-standing structures,
which reveal the crumpled and rippled structure.SEM of GO demonstrated a 2D planar structure
with a distinct and interlinked porous network[15]. The wrinkles and folds indicate the flexibility
of graphene nanosheets [16]. It also reveals that the structure is having thin crumpled layers, with

randomly aggregated structures.
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SEM images (Figure 1(b)) show the morphology of reduced graphene oxide. “It indicates the
randomly oriented crumpled silk veil waves. The nanosheets are found to be rippled and
entangled with each other. The lamella-like structure of wrinkled rGO nanosheets is because of
the Van-der Waal's interactions”[17].

3.2 Raman Spectroscopy
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Figure 2. Raman Spectrum of Graphene

Figure 2 presents the Raman spectrum of graphene. This characterization aids in learning the thickness,
straining different layers, and effects of imperfections and doping of graphene. The two most intense
peaks were found in the spectrum. The peak at 1350 cm* which indicates the D Mode is on account of
the presence of sp*-hybridized carbon and the other peak at 1598 cm™* indicating G Mode, which is owed
to the presence of sp? -hybridized carbon atoms experiencing in-plane vibrations[18]. The D peak
indicates the defects in the sample and is due to first-order resonance. “It represents the breathing mode
of aromatic rings arising due to the defects in the sample. The D-peak intensity is used as a measure of
the degree of disorder”[19][18].

“The G peak is due to the C-C bond stretching of sp2 atoms in both the rings and chains[20]. It is the
result of in-plane optical vibrations and corresponds to the optical E2g phonons at the Brillouin zone
center resulting from the bond stretching of sp2 carbon pairs in both, rings and chains”[19][8].

333



International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-7, Issue-8, August 2021
ISSN: 2395-3470
WWw.ijseas.com

3.3 UV-Vis Spectrophotometry of PANI

20

=
[ee]
1

PANI

Absorption (a.u.)
o

=
i
1

=
N
1

10 T T T T T T
200 400 600 800
Wavelength (hm)

Figure 3: a) UV-Vis Spectra of Polyaniline

Figure 3 shows the Uv-vis Spectra of Polyaniline showing absorbance versus incident photon
wavelength (). The absorbance peak was observed at 330nm which is due to the transition of an
electron from the highest occupied molecular orbital (HOMO) to the lowest unoccupied
molecular orbital (LUMO) associated with m-i*orbits of the Benzoid ring[21]. The characteristic

of promoted PANI can be confirmed by the sharp trough at 440 nm assigned to localized
polaron[22].

Figure 4: a) Pure PANI b) GP1 c) GP2 d) GP3
SEM images were taken to investigate the Graphene PANI Nanocomposites.

334



LISEAS International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-7, Issue-8, August 2021
ISSN: 2395-3470
WWw.ijseas.com

Figure 4 shows, FESEM images of pure PANI and rGO/PANI composite with different concentrations of
PANI in Graphene. Fig 4. a shows SEM image for Pure PANI which reveals an amorphous structure with
fiber-like morphology[23].The addition of PANI to rGO changes the surface morphology of the
composite. Fig (b) to (d) show the rGO/PANI composites, which indicate the rough and porous surface
morphology. The porous structure of the composite aids in the perforation of electrolyte which, facilitates
in improving the contact area that lies between the electrode and electrolyte. This inturn changes the
specific capacitance. The cascading structure of PANI results in Mace-like morphology. This kind of
structure facilitates in enhancing the specific surface area and electrical conductivity of the composite.
Different compositions lead to change in composite morphologies, influencing the electrochemical

behaviors of the supercapacitor electrodes[24].
3.4 Electrochemical Analysis of rGO/PANI composite electrodes

“Electrochemical characterizations were performed on a regular three-electrode setup consisting of
saturated calomel electrode (SCE), Platinum (Pt) wire, and graphene/PANI nanocomposite coated
electrode used as a reference, counter, and working electrodes, respectively”. All experiments were
carried out at room temperature in ambient conditions with an aqueous 1M Potassium Hydroxide (KOH)
electrolyte.

Cyclic Voltammetry (CV) measurements were carried out for all the samples in the potential window of
0V to -1.0V. The effect of scan rates (from 10mV/s to 100 mV/s) was found. Figure 6, 7, and 8 show the
CV curves of GP1, GP2, and GP3 electrodes respectively at different scan rates. The specific capacitance

for all the samples was calculated using the following formula

Vc

Cs =
> T Vm (Va—=Vc) Jyq

1dv

where Cs is the specific capacitance,
V is the scan rate (V/s),
m is the active mass of electrode (g),

Va-Vc is the voltage window (V).
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Figure 7: CV curve for GP3 sample
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It is observed that GP2 electrodes with 10% PANI show a satisfactory redox peak due to strong EDLC
characteristics. GP1 electrodes with 5% PANI show better peaks but GP3 electrodes with 15% PANI

show the inferior EDLC behavior due to the inherent characteristic, which are shrinkage, and expansion

of PANI. There is also a limitation of weak interfacial interaction amongst graphene and PANI. For the

GP2

sample, “the curve is due to the progression of PANI from the semiconducting state

(leucoemeraldine) to the conductive state (emeraldine)[25]. It is also due to the enlarged specific surface

area of the graphene and nanostructure of PANI.

With the increase in the scan rate from 10, 25, 50, 75 to 100 mV/s, the response currents grow. “The
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oxidation peaks gradually shift to the positive potential while the reduction peaks move to the negative

potential due to the inadequate time for the ion migration at a high scan rate”[26].

Due to the exclusive fibrous-network arrangement and natural pseudocapacitive characteristics of PANI,
an interconnected transfer of electrolytes in the active material takes place. rGO has a high specific
surface area and it is responsible for the conductive network for electron transport. A combination of rGO

and PANI amplifies the specific capacitance of the composite.

4. Conclusion:
In summary, Graphene was successfully synthesized using Modified Hummer's method and then reduced
to rGO using ascorbic acid. PANI was synthesized using the interfacial polymerization method.
Graphene/PANI nanocomposite electrodes were fabricated using graphene as an active material and
adding different weight percentages of PANI along with the binder using a mechanical milling method or
physical mixing method, which is a unique, simple, and economical way of obtaining the
nanocomposites. It is also a faster and low-cost method compared to other complex techniques used by
different researchers.
From the results, it is clear that GP2 with 10% PANI gives the best specific capacitance compared to GP1
and GP2 samples. The results reveal that high specific capacitance can be attained by doping the
graphene with the right quantity of PANI which indicates a substantial modification of the composite
structure.
From this work, we infer that capacitances as high as 593.8 F/g can be obtained using the simple
mechanical mixing method to obtain the Graphene- PANI nanocomposites and this method has

promising applications in the field of supercapacitors.
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