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A B S T R A C T

In this work, the graphene was synthesized by electrochemical exfoliation method, which was used to prepare
the polyaniline-graphene composite film (PANI-GR) onto fluorine doped tin oxide (FTO) electrode by chron-
oamperometry technic at monomer oxidation potential 0.8 V vs. SCE. During the electropolymerization, the
incorporation of the synthetized graphene into polyaniline matrix was assured by agitation of the electrolyte
(10−2 M Ani/1M H2SO4) containing different mass of graphene (1, 2 and 3mg). By taking the advantages of the
high conductivity of GR and the pseudocapacitance of PANI, the FTO/PANI-GR composite film was taken as an
example for the application to the supercapacitor electrode materials. The morphology and structure of FTO/
PANI and FTO/PANI-GR were characterized by different technics SEM, XRD, FTIR, Raman spectroscopy and
UV–visible spectroscopy. The electrochemical performance was evaluated by cyclic voltammetry, galvanostatic
charge-discharge tests and electrochemical impedance spectroscopy (EIS). The obtained specific capacitance for
the PANI material alone is about 176.29 F g−1 this value was increased up to 305.57 F g−1 for the composite film
PANI-GR 3mg at 5mV s−1.

1. Introduction

Nowadays, conducting organic polymers are used in many technical
applications especially in electrochemistry equipments like sensors,
redox capacitors, catalysis and batteries [1–4]. Due to their high ca-
pacitance, conducting organic polymers represent the most important
component of supercapacitor electrode [5,6]. Moreover, derivate
carbon materials such active carbon [7], carbon nanotubes [8], and
graphene [9–11] are known to be chemically stable and have large
specific surface area. The latter features are so many targeted by
searchers which that explain their use in supercapacitor electrodes.
Thus, to produce high performance electrode materials, nano-compo-
sites conducting organic polymers and derivate carbon materials are
undergoing deep investigations because of their interesting properties.

Within the same framework, graphene embodies a new element of
carbon-based materials group represents the main constituent in several
electrochemical devices such as supercapacitors. The expressed pre-
ference for the graphene is widely justified by its high electrical con-
ductivity, mechanical strength, flexibility and effective working area
[12]. The graphene witnesses significant stability during the

charge–discharge process; however its specific capacitance (around
100–200 F g−1) is proved to be limited by the stored energy mechanism
mostly subsequent to the electric double-layer capacitance [13].

Among the processes leading to high quality graphene synthesis, the
best way consist to proceed with direct exfoliation of graphite in so-
lution, mainly electrochemical, sonochemical, and liquid-phase ex-
foliation [14–16]. In the opposite, the selected material rather required
for pseudocapacitors, conducting organic polymers provides, in fact,
high specific capacitance, nevertheless, they cause poor stability at-
tributed to the Faradic mechanism [17]. In addition to the above-de-
scribed characteristics, graphene may be combined with conducting
organic polymer to form graphene/conducting organic polymer com-
pound which is more electrochemically performant than pure graphene.
The synergistic effects of each component that improve conductivity
and increase electrochemical stability in the discharge process [18]
explain the gain in performance shown by the graphene/conducting
organic polymer. This stability as well as the high performance have
been investigated in particular when combining conducting organic
polymer with pure graphene such graphene/polyaniline [19–21], gra-
phene/polypyrrole [22,23], and graphene/polythiophene composites
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[24,25] particularly focused on. Among the conducting organic poly-
mers, PANI, due to its cost relatively low, simple synthesis process and
significant specific pseudocapacitance, has witnessed positive features
towards active electrode materials pseudocapacitors [26].In the light of
the exposed deductions and features, composites of graphene/poly-
aniline have acquired a major interest in the electrochemical field [27].
To recall the outlines of the process, in their first step starting elec-
trochemical synthesis of graphene/PANI composite films with high
capacitance of 640 F g−1, at 0.1 A g−1 [28]; Yan et al. produced a
compound of graphene/polyaniline, in situ polymerization, with high
specific capacitance of 1046 F g−1 at a scan rate of 1mV s−1 relative to
115 F g−1 for pure PANI [29], figures due to the presence of graphene
nanosheets that modify the structure of PANI. Yan Jun and co-produced
an effective supercapacitor electrode made of graphene nanosheets,
carbon nanotubes and PANI, following an easy chemical in-situ mode.
The electrode thus obtained is characterized by high specific capaci-
tance 1035 F g−1 at 1mV s−1 [30].

In the present study, we develop a new and a facile method to
synthesis the polyaniline-graphene composite film, in one-step by
electrochemical way. The graphene has been prepared by the electro-
chemical exfoliation method which was characterized by X-ray dif-
fraction and FTIR spectroscopy. The (FTO/PANI-GR) composite films
were electrochemically prepared by chronoamperometry technic on a
working electrode (FTO) which was immersed in electrolyte containing
the graphene dispersed by stirring at different weight (1, 2 and 3mg) in
sulphuric acid 1M as the supporting electrolyte and 10−2 M aniline as
monomer. The composite films are characterized by scanning electronic
microscopy, FTIR spectroscopy, Raman spectroscopy and UV–visible
spectroscopy. The capacitance properties were evaluated by cyclic
voltammetry and electrochemical impedance spectroscopy.

2. Experimental

Graphene was synthesized by the electrochemical exfoliation. Two
high-purity graphite rods, placed parallel with a separation of 6 cm in
ionic solution. The ionic solution was prepared by diluting 2.6ml of
sulphuric acid (Sigma-Aldrich; 98%) in 100mL of deionized water. The
electrochemical exfoliation process was carried out by applying dif-
ferent potential between both graphite electrodes (5 V for 5min). To
prepare the graphene sheet suspension, the exfoliated graphene sheets
were collected with a 100 nm porous filter and washed with deionized
water by vacuum filtration. After drying, they were dispersed in N,N-
diméthyl formamide DMF (Sigma-Aldrich) solution by mild water-bath
sonication for 5min. To remove unwanted large graphite particles
produced in the exfoliation, the suspension was subjected to cen-
trifugation at 2500 rpm. Then, the centrifuged suspension can be used
for further characterizations and film preparation. All of these elec-
trochemical exfoliation experiments were performed at room tem-
perature.

Electrochemical tests were performed at room temperature in one
compartment cell by the use a PGZ-301 Voltalab coupled with a com-
puter equipped with software (voltamaster 4) which makes it possible
to select the electrochemical technique and to fix the desired parameter.
The electrochemical measurements were performed in a three-electrode
cell, the working electrode is fluorine doped tin oxide glass substrate
(FTO) (from SOLEMS), the reference electrode is a saturated calomel
electrode (SCE) and the auxiliary electrode is a platinum plate.

The FTO/PANI and FTO/PANI-GR (1, 2 and 3mg) films were
characterized by various technics. The X-ray analysis was performed
using a Rigaku make powder X-ray diffractometer (model RINT 2100)
with a CuKα radiation (λ=1.54 Å). The UV–visible spectrums of dif-
ferent films were recorded using a Shimadzu UV-1800 UV–vis spec-
trophotometer. The FTIR transmittance spectra of films were obtained
using Fourier transform infrared spectrometer (IRAFFINITY-1S
Shimadzu). Raman scattering measurements were recorded at room
temperature with a HORIBA scientific Lab RAM HR Evolution RAMAN

SPECTROMETER operating with a laser excitation source emitting at
437 nm. The Electric conductivity of the samples was measured using a
Kheithley 2400 electrometer with LUCAS LABS Model (PR04-8400)
Field emission scanning electron microscopy micrographs were ob-
tained by using a (FESEM, JEOL, JSM-6701F).

3. Results and discussion

The Fig. 1 represents the XRD patterns of graphite and graphene. So,
in the XRD pattern of graphite powder (Fig. 1A) illustrates character-
istics peaks of (002) at 26.50°, (101) at 42.31° and (004) at 54.60° with
high intensity [31]. The powder of graphene (Fig. 1B) depicts a char-
acteristic peak of (002) at 26.60° with weaker compared to graphite's
peak. The decrease in the intensity of (002) plan peak indicates large
exfoliation of graphite to graphene nanosheets [32]. The size of gra-
phene nanoparticles estimation can be quantified by XRD in applying
Debye–Scherrer's Eq. (1) as follows:

=D 0. 9λ/wcos θ (1)

where D is the size of nanoparticle, λ is the wavelength used for XRD, w
is the full width half maxima and θ is the peak position, in applying this
formula, we have calculated the size of nanoparticles of graphene as
13 nm.

The electropolymerization of aniline was carried out by chron-
oamperometry method from 10−2 M aniline dissolved in 1M H2SO4,
with in an imposed potential of 0.8 V vs. SCE for 180 s period of time.
The graphene sheets was added into to the solution (1, 2 and 3mg) and
dispersed by stirring. Then the polyaniline-graphene composite was
deposited on the working electrode after end time, all tests were rea-
lized in the same conditions as that imposed for electropolymerization
of aniline in absence of the graphene.

Chronoamperograms of preparation of films composite FTO/PANI
(A), FTO/PANI-GR 1mg (B), 2 mg (C) and 3mg (D) during electro-
polymerization were shown in Fig. 2. The obtained curves are very si-
milar to that obtained by G. Zotti and al [33]. Through the initial stage,
the anodic current slightly decreases and then increases with the square
of the electrolysis time. The slight decrease in the current is attributed
to the formation of a uniform polyaniline film through the radical-
coupling polymerization [34].

In radical-coupling polymerization, the current is controlled by the
diffusion of aniline, and a slight current decrease is observed. In addi-
tion, the charging current of the electric double layer was subtracted
from the current for the polymerization. It is interesting to find that
even after the initial stage the anodic current continues to increase with
the electrolysis time. The nucleation processes correspond to the first
stage and in the second stage correspond to two dimensional growth

Fig. 1. XRD spectra of natural graphite (A) and graphene (B).
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progressive nucleation and one-dimensional growth of progressive nu-
cleation. The current response was fairly proportional to the time, in
addition, the current/time slopes of the curves are proportional to the
incorporated graphene weight.

The Fig. 3 shows the FESEM image of FTO/PANI and FTO/PANI-GR
composite films. The Fig. 3A shows the FTO/PANI film that indicates a
well porous morphology with distinct structures of uniform size. While
the larger area stands for a close contact with the electrolyte. The
outcome issues are proven to be in accordance with our earlier results
[35].

From the SEM images observation, we can clearly perceive a no-
ticeable change in the structure of FTO/PANI-GR shown in Fig. 3B
compared to the film of FTO/PANI. The observed change imply that the

graphene nanosheets have been embedded in PANI with adequate in-
terconnections.

The UV–visible absorption spectra of FTO/PANI and FTO/PANI-GR
(1, 2 and 3mg) composite films are shown in Fig. 4. All the films pre-
sented two characteristic absorption bands at 395 nm and 790 nm wa-
velengths. The first absorption band is attributed to π–π* band transi-
tion, second absorption band is due to the formation of polaron or
bipolaron states for charged defects in the polyaniline [36]. The ab-
sorption bands of composite films FTO/PANI-GR (1, 2 and 3mg) in-
crease gradually with the quantity of incorporated graphene, which
show a bathochromic shift by comparing with FTO/PANI film, this is
due to the fact that the presence of graphene particles ameliorate the
electrical conductivity of PANI. Also, it can reveal an increase of the

Fig. 2. Chronoamperograms of FTO/PANI (A), FTO/PANI-GR 1mg (B), 2mg
(C) and 3mg (D).

Fig. 3. FESEM images of FTO/PANI (A, B), FTO/PANI-GR (C, D).

Fig. 4. UV–visible spectra of FTO/PANI (A), FTO/PANI-GR 1mg (B), 2mg (C)
and 3mg (D).
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stability of the films upon incorporation of graphene in polyaniline
matrix.

The Fig. 5 displays the FTIR spectra of FTO/PANI (A), FTO/PANI-
GR (B) and graphene (C). The spectrum of polyaniline (Fig. 4A) displays
different characteristic peaks involving the peaks at 866, 1086, 1318,
1505, 1614 and 3428 cm−1. The peaks set correspond to the vibration
modes as follow: bending of CeH out-of-plane on benzene ring (B),
bending of CeH in-plane, mode of N=quinoid ring (Q)]N, stretching
of aromatic-N, stretching of NeBeN, stretching of N]Q]N, and the
peak at 3428 cm−1 was due to OeH stretching band of water, respec-
tively [37,38].

Through the comparison of the two spectra sets, FTO/PANI-GR
(Fig. 4B) to FTO/PANI, we notice an occurrence of a band at
1040 cm−1. The new band in vibration absorption mode stands for a
charge transfer and specific interaction of graphene fragments with
quinoid rings of PANI skeleton [39].

The Fig. 5C displays the spectrum of pure graphene pointing up to a
C]C characteristic peaks of graphene materials within the range
1340–1700 cm−1. The issued spectrum reveals an absorption peak at
1227 cm−1 that refers to the CeOH stretching. In addition, a peaks at
2982 and 2905 cm−1 refers to the CeH stretching vibrations. Finally,
the first peaks displayed at 1681 cm−1 is related to the stretching vi-
bration of carboxylic group and the second peaks displayed at
1086 cm−1 is assigned to the CeO stretching vibrations [40].

Raman spectra of graphene (A), FTO/PANI (B) and FTO/PANI-GR
(C) are shown in Fig. 6. The graphene spectrum 6A depict two large
bands, the G-band at 1353 cm−1 representing the in-plane bond-
stretching motion of the pairs of sp2 carbon atoms (E2g) and the D-band
at 1577 cm−1corresponding to in-plane (A1g) zone-edge mode, is in-
herently Raman-active at the graphitic edges [29,41]. The D-band is
significantly less intense than the G-band; it means the graphene
structure contains low amount of defects and low impurities [42].

The FTO/PANI spectrum 6B shows the CeC stretching of the ben-
zenoid ring band at 1592 cm−1, the C]C stretching of the quinoid ring
at 1558 cm−1, the C]N stretching of the quinoid ring at 1514 cm−1,
the CeC stretching of the quinoid ring at 1468 cm−1, the CeN
stretching of the quinoid ring at 1355 cm−1, the CeN stretching of the
benzenoid ring at 1200 cm−1 and the CeH bending of the benzenoid
ring at 1184 cm−1 [43,44].

The FTO/PANI-GR spectrum 6C exhibits all bands representing
graphene and polyaniline. It confirms the interaction of graphene with
the polymer matrix quinoidal structure via π–π stacking. Accordingly,
all large bands arrays intensity remarkably decreases and the polyani-
line bands slightly shift [29,42].

Cyclic voltammetry is an ideal technic for characterizing the capa-
citive performance of materials in supercapacitors. Fig. 7 shows the
cyclic voltammograms of FTO/PANI and FTO/PANI-GR (1, 2 and 3mg)
composite films carried out in a potential range of −0.2 to 1 V vs. SCE
at different scan rates (5, 10, 20, 30, 50 mV s−1). All the cyclic plots
show a reversible redox response.

First, in comparison with the FTO/PANI film, we observe all FTO/
PANI-GR composite films show a significant increase in the areas of the
charge and discharge curves in the cyclic voltammetry plots, which
increase with increasing the graphene mass incorporated in polymer
matrix. Secondly, three pairs of redox peaks are observed. The two pairs
of peaks at 0.2 and 0.8 V vs. SCE are associated with the redox of PANI
molecules from its semiconducting state (leucoemeraldine) to its con-
ductive from (emeraldine) and emeraldine to its full oxidation state
(pernigraniline) respectively [45]. Meanwhile, the weak peaks at
0.4–0.5 V V vs. SCE are attributed to the formation of the head-to-tail
dimer [46]. Third, we can observe that in increasing the potential scan
rate, the anodic peaks shift positively and the cathodic peaks shift ne-
gatively. This phenomenon is attributed to the increase in the resistance
of the electrode. Meanwhile, the peak current increases steadily with
the increase of potential scan rate, indicating a good rate capability of
composite films.

The high cyclic voltammetry response currents is observed for the
FTO/PANI-GR 3mg composite film which show significantly higher
specific capacitance than FTO/PANI, this is due to the porosity struc-
ture of the FTO/PANI-GR composite films than FTO/PANI film and due
to the pseudocapacitance of polyaniline. The FTO/PANI-GR composite
films electrodes integrate the excellent electrical conductivity with the
high pseudocapacitance of PANI, thus allowing an enhanced electro-
capacitive performance. It is given that the pseudocapacitance of PANI
comes from the surface faradic redox reaction, PANI with a large
electrochemical active surface area would be highly desirable to max-
imize its utilization efficiency [47,48]. Although the high conductivity
of graphene improves the conductivity of PANI, as the presence of
graphene nanosheets provide a high contact interface between PANI
and electrolyte [44,49,50] consequently, exploration of graphene with
high surface area and open. So the specific capacitance is calculated
accurately on the basis of the following Eq. (2):

∫
=

−
SC

i(E) dE

2 (E E ) mv
E

E

1 2

1
2

(2)

SC: specific capacitance
E2-E1: potential window in cyclic voltammetry
∫ E1

E2i(E) dE: voltammetric charge obtained by integration of curve

Fig. 5. FT-IR (ATR) spectrum of FTO/PANI (A), FTO/PANI-GR (B), GR (C). Fig. 6. Raman spectroscopy of GR (A), FTO/PANI (B), FTO/PANI-GR (C).
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in CV
m: weight of deposited materiel on working electrode, we used a

balance with accuracy of 0.01mg
v: scan rate.
The specific capacitances of FTO/PANI and FTO/PANI-GR (1, 2 and

3mg) composite films in dependence of different scan rates are illu-
strated in Fig. 8. The FTO/PANI film show a specific capacity of about
176.29 F g−1 at 5mV s−1, after the incorporation of the graphene
sheets, we have observed a significant increase in specific capacitance
which were 201.34, 274.56, and 305.57 F g−1 for FTO/PANI-GR (1, 2
and 3mg) composite films respectively.

However, the FTO/PANI film present the worse rate capability, their
specific capacitance shows different extents of decrease with increasing
the potential scan rate. The FTO/PANI-GR 3mg composite film shown
the best rate capability, this may be attributed to the presence of the
graphene in polymer matrix, which allows the fast and efficient electron
and ion transport in the electrode surface.

The impedance spectra of FTO/PANI and FTO/PANI-GR 1mg (B),
2 mg (C) and 3mg (D) composite films measured at open circuit po-
tential (0.230 V vs. SCE) is shown as Nyquist diagrams in Fig. 9. The
films were analyzed in aqueous solution 1M H2SO4. All measurements
were plotted on a frequency band ranging between 100 KHz and
100MHz, with an alternative current voltage of 10mV.

The EIS measurements are interpreted in terms of an equivalent
electric circuit, the electrode/solution interface is modelled as a circuit

Fig. 7. Cyclic voltammograms of FTO/PANI (A), FTO/PANI-GR 1mg (B), 2mg (C) and 3mg (D), at different scan rates in 1M H2SO4 electrolyte.

Fig. 8. Specific capacitances of FTO/PANI (A), FTO/PANI-GR 1mg (B), 2mg
(C) and 3mg (D), at different scan rates.
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composed of a constant phase element (Q2) in parallel of charge
transfer resistance (R2) and another constant phase element (Q3); this
circuit is preceded by an electrolyte resistance (R1). The fitting of the
a.c. impedance data was done using electrochemical software the EC-
Lab Z fitting.

As can be seen, the EIS spectra have a single semicircle in the high
frequency region characteristic of a charge transfer process and a
straight line with a high slope which approaches a 90° in a low-fre-
quency region indicates a capacitive behavior. The straight line with a
high slope at the low frequency region can confirm that these composite
films can be used as electrodes in capacitors [51].

The semicircle diameter decreases with increasing graphene content
in polyaniline matrix, suggesting a decrease in resistance and therefore
a significant increase in the electric conductivity of composite films
containing graphene, from 35.88Ω·cm2 for FTO/PANI to 16.76Ω·cm2

for FTO/PANI-GR 1mg, 3.88Ω·cm2 for FTO/PANI-GR 2mg and
0.59Ω·cm2 for FTO/PANI-GR 3mg. These results indicate that a slower
electron transfer in PANI film, but the incorporation of graphene na-
nosheets in PANI film can improve the interaction between conductive
polymer chains. The errors of all parameters are from 0.1% to 7.8%,
indicating that these fitting values are acceptable (Table 1).

The usefulness of EIS is a good tool to estimate the specific capa-
citance of different films by combining electrical double-layer capaci-
tance (Q2) producing on the surface of the film and pseudocapacitance
(Q3) of the film. The value of Q2 is much less than that of Q3, so the
specific capacitances of films are regarded to be the value of Q3 ap-
proximately. The estimated specific capacitance is 41.09 F·g−1 for FTO/

PANI, 41.88 F·g−1 for FTO/PANI-GR 1mg, 62.05 F·g−1 for FTO/PANI-
GR 2mg and 66.2 F·g−1 for FTO/PANI-GR 3mg. The results indicate
that the conductivity of the film affect on the value of the capacitance.

The specific capacitance can be also estimated by EIS technic at a
specific frequency by calculating of the real (C′) and imaginary (C″)
capacitances, the Fig. 10 shows C′ and C″ vs logarithm frequency curves
carried out at 1 V/SCE. These parameters were given by the Eqs. (3) and
(4):

′ = − ″C Z /w |Z|2 (3)

″ = ′C Z /w |Z|2 (4)

and then, the specific capacitance was calculated by the Eq. (5):

= ′ + ″C [(C ) (C ) ]2 2 1/2 (5)

The obtained specific capacitances by EIS were 15.21, 22.57, 31.93
and 106.34 F g−1 for FTO/PANI-GR (1, 2 and 3mg) composite films
respectively.

The capacitance propriety can be described as relaxation time
constant (τ0) at frequency (f0), which clearly defines the boundary
between the resistive and capacitive behaviors in imaginary frequency
component C″ vs frequency plot [52]. Here, the relaxation time con-
stant (τ0) values are 111.72ms for PANI and 107.51ms for PANI+GR
3mg, which clearly indicates that the presence of graphene in polymer
matrix let a fast charge transport phenomena than PANI alone.

The Fig. 11 displays the electric conductivity of the FTO/PANI/
graphene composite where the graphene amount us added gradually.

The electric conductivity of FTO/PANI and FTO/PANI-GR (1, 2 and

Fig. 9. Nyquist diagrams fitting of FTO/PANI and FTO/PANI–GR with different mass, obtained at OCV in 1M H2SO4.
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3mg) composite films measured are reported in Table 2. System-
atically, the electric conductivity of FTO/PANI-GR composite films in-
creased with the increase of the graphene amount in polymer film. The
conductivity attained the value of 4.76 S/cm for FTO/PANI-GR 3mg
which is fifty times higher than the conductivity of the pure FTO/PANI
0.09 S/cm. The noticed electric conductivity increase is likely due to
two facts: the first is the nanoscale dispersion of graphene nanosheets in
the PANI matrix with formation of conducting network while the
second is the interaction between the big π-conjugated structure of the
graphene and the quinoid ring of PANI, where the graphene within the
PANI matrix served as electric conductive bridge [53].

The electrochemical performance of the FTO/PANI (A), FTO/PANI-
GR 1mg (B), 2 mg (C) and 3mg (D)in asymmetric supercapacitor with
tow electrodes was investigated by the galvanostatic charging-dis-
charging measurements in 1M H2SO4. A typical charge discharge pro-
files was observed at 0,1 A·g−1were shown in Fig. 11, all curves in-
dicated nearly triangular shaped linear charge-discharge profile over
the measured potential limit between 0 and 0.7 V, which confirm the
capacitive characteristics of the electrodes. In order, to estimate the
specific capacitance (SC) from discharge curves, we have used this Eq.
(6):

=SC It/mΔV (6)

where I is the charge/discharge current, t is discharge time, ΔV is
the potential limit during discharge and m is the weight. The specific
capacitance of the electrodes was found to be 80.74 F g−1 for FTO/
PANI and 104.05 F g−1, 142.37 F g−1, 162 F g−1 for FTO/PANI-GR 1, 2,
3 mg respectively. It can be observed that an important increase in the
specific capacitance of about 100%. This result further supports the
specific capacitance observed from the cyclic voltammetry measure-
ments.

The electrochemical performance of the supercapacitor is an im-
portant factor for practical applications. Therefore, the energy and
power density of the materials in asymmetric supercapacitor with two

Table 1
Impedance electrical parameter values corresponding to FTO/PANI, FTO/PANI-GR 1, 2 and 3mg.

Element FTO/PANI FTO/PANI-GR 1mg FTO/PANI-GR 2mg FTO/PANI-GR 3mg

Value err.% Value err.% Value err.% Value err.%

R1 (Ω·cm2) 2.59 0.3 4.00 0.4 3.02 0.3 3.91 0.2
R2 (Ω·cm2) 35.88 0.6 16.76 1.4 3.884 4.6 0.598 6.2
Q2 (μF·cm2) 66.22 3.4 64.06 1.4 43.29 2.3 20.6 7.8
n2 0.99 0.4 0.98 1 1 0.2 1 1.1
Q3 (F·g−1) 41.09 0.4 41.88 0.6 62.05 0.5 66.2 0.3
n3 0.9 0.2 0.85 0.4 0.9 0.3 0.87 0.1

Fig. 10. The real (C′) and imaginary (C″) capacitances vs logarithm frequency curves at 1 V/SCE.

Fig. 11. Galvanostatic charge-discharge curves of FTO/PANI (A), FTO/PANI-
GR 1mg (B), 2mg (C) and 3mg (D) at the current density of 0.1 A·g−1 in 1M
H2SO4 from 0 to 0.7 V.

Table 2
Electric conductivity of FTO/PANI and FTO/PANI-GR (1, 2 and 3mg) compo-
site films.

FTO/
PANI

FTO/PANI-
GR 1mg

FTO/PANI-
GR 2mg

FTO/PANI-
GR 3mg

Electrical conductivity
(S/cm)

0.09 0.454 4 4.76
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electrodes system were calculated after galvanostatic charge/discharge
test at 0.1 A g−1. In the case of FTO/PANI electrode, the observed en-
ergy density was no higher than 5.49Wh kg−1 with 34.95W kg−1 as
power outcome. But in presence of graphene in material electrode, the
energy density proved to be higher than FTO/PANI electrode that was
about of 7.08Wh kg−1 for FTO/PANI-GR 1mg, 9.68Wh kg−1 for FTO/
PANI-GR 2mg and 11.02Wh kg−1 for FTO/PANI-GR 3 g. The obtained
power at low current 0.1 A g−1 was 35.04W kg−1, 35.1W kg−1 and
35.2W kg−1 for FTO/PANI-GR 1, 2 and 3mg, respectively. The energy
and power performance values of materials containing graphene are
fairly better than the polyaniline alone.

4. Conclusion

In summary, the (FTO/PANI-GR) composite films were electro-
chemically prepared by chronoamperometry technic on a working
electrode (FTO) which was immersed in electrolyte containing the
graphene dispersed by stirring at different weight (1, 2 and 3mg) in
sulphuric acid 1M as the supporting electrolyte and 10−2 M aniline as
monomer. The FTO/PANI-GR composite films were taken as an ex-
ample for the application to the supercapacitor electrode materials. The
obtained specific capacity for the PANI material alone is about
176.29 F g−1 this value was increased up to 305.57 F g−1 for the
composite film FTO/PANI-GR 3mg at 5mV s−1. While the films with
polyaniline and graphene give a good capacitance, this is due to the
beneficial effect of graphene electronic conductivity.
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