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INTRODUCTION

Supercapacitor is one of the emerging energy storage
devices in recent years. Long cycle life, charge/discharge
process, high energy and power densities are the favours of
supercapacitor [1]. The supercapacitor devices are classified
into three types depending upon design of electrode namely
electrochemical double layer capacitor (EDLC), pseudo-
capacitor and hybrid capacitor [2]. Electrochemical proper-
ties of the supercapacitor mainly depend on used electrode
material [3]. Numbers of materials were used as electrode for
supercapacitor. Electrochemical double layer capacitor
electrodes consist of carbon based materials and pseudo
capacitor electrodes consist of metal oxide and conducting
polymers [4]. Transition metal oxide is good electrode material
for pseudo capacitor because transition metal oxides have a
high pseudo capacitive type, various oxidation states, high
power and mass density [5]. Electrochemical properties of the
single metal oxide material were improved to introduce doping
of another metal oxide or metal elements into the single metal
oxide [6]. Mixed metal oxide material is good electrode
material for lithium ion batteries and electrical capacitors.
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Mixed metal oxides have high electrical activity sites and their
synergistic effect influence to improve the high specific
capacitance [7]. Mixed transition metal oxide pseudo capacitor
shows a good performance compare with single metal oxide
electrode system, due to different oxidation state, various Faradic
redox reactions. Mixed metal oxides of NiMoO4, NiCoO4 and
CoMoO4 material shows a higher electrical conductivity than
single transition metal oxide materials [8]. At the same time
mixed metal oxide materials performance still suffer from poor
electrical conductivity, poor cycling stability and so the
researchers move towards hybrid capacitor [9]. Hybrid
capacitor consists of carbon based material and metal oxide
or polymer based materials in the same system. This synergistic
effect improves the performance of the capacitor and combine
properties of EDLC and pseudo capacitor [10]. Hybrid
capacitor carbon based materials provide a faradic charge
storage mechanism and metal oxide or conducting polymer
materials exhibit non faradic charge storage mechanism
of pseudo capacitive behaviour, this both type of storage
mechanism provide a high specific capacitance and power
density without losing their energy density of materials [11].
Number of metal oxide and carbon based materials were used



to construct electrode for supercapacitor like RuO2, NiO,
MnO2, CNT, graphene and activated carbons [12]. Tungsten
oxide and cobalt oxide are the most known electrode material
for supercapacitor. Tungsten oxide have the outstanding
properties of high photo activity, no-photo corrosion and good
electron transport. Co3O4 shows the large surface area, high
conductivity and good reversibility properties [13,14]. Recently
cobalt doped tungsten oxide material have great attention in
the field of sensors, catalysts and supercapacitors because this
material provide a number of applications in the room tempe-
rature [15]. Hydrothermal method, spray pyrolysis and various
techniques were used to prepare cobalt doped tungsten oxide
material with controllable size and shape [16]. One of the
promising carbon based electrode material is reduced graphene
oxide (rGO) for its high mechanical stability, electrical
conductivity, large surface area. These unique properties of
graphene oxide lead to use in catalysts, fuel cell, gas sensors
and supercapacitors [17]. Transition metal oxide electrochemical
properties were remarkably improved combining of graphene
into metal oxide material. Transition metal oxide and graphene
composite have good cyclic stability and rate capability due
to enhanced electrical conductivity and contact area between
the electrode/electrolyte [18]. Graphene films were constructed
using various techniques but film affected in architecture and
their properties. This draw back leads to the loss of active sites
in surface area of the graphene. The composite material as
layer by layer architecture were prepared using jet nebulized
spray pyrolysis technique. This method is useful for easy
doping of required composition and also grows nano level
thin film with uniform and required thickness. Layer by layer
method not only influence the thickness of the film, structure
and flexibility it also initiate to reach the good chemical stability
and charge/discharge process [19,20]. Recently manganese
oxide and reduced graphene oxide were synthesized by silar
method. This composite used as electrode for supercapacitor
and produce a high specific capacitance, high power and energy
density [21]. Electrolyte is one of the most important factors
to define the working voltage of prepared supercapacitor and
three types of electrolytes are presented namely organic, ionic
and aqueous electrolytes. Organic and ionic electrolytes have
poor conductivity and high viscosity. But aqueous electrolytes
have poor viscosity and high conductivity than others, many
pseudo capacitors device worked with aqueous electrolyte and
achieve an enhanced electrochemical performance [22]. In this
article, alternate layers of cobalt doped tungsten oxide and
reduced graphene oxide layers preparation using jet nebulized
spray pyrolysis technique and characterization of the material
for supercapacitor electrode are discussed.

EXPERIMENTAL

Cobalt acetate [Co(CH3COO)2·4H2O] and ammonium
tungstate [(NH4)2WO3]·2H2O were used to prepare cobalt
doped tungsten oxide layer by jet nebulized spray pyrolysis
technique. In this technique precursor solution is converted
into aerosol mist by double collision process. Jet nebulizer
technique consists of jet nebulizer assembly, air compressor
with pressure controller, electrical heater and mist container
tube. Jet nebulizer is one of the atomization mechanism and

that convert the solution to micron size droplets and aerosol
mist with help of compressed air. This mists and micron
droplets are passed through the guide tube to heater and deposit
over the substrate surface and form the metal oxide thin films
on surface of the substrate [20]. Graphene oxide was prepared
from graphite flakes by Hummers method. Ammonium
tungstate (0.2 mmol) and cobalt acetate (0.2 mmol) solutions
mixed in 2:1 ratio was ultra sonicated for 30 min. 6 mL of
the mixture is coated over the glass substrate at optimized
temperature of 380 °C. Prepared graphene oxide suspended
in ethanol was coated over the thin film layer of ammonium
tungstate cobalt acetate composite by fabricated sprayer with
a nozzle size of 1mm diameter. Third layer of ammonium
tungstate cobalt acetate composite coated over the surface of
graphene oxide layer. The prepared composite was calcinated
in nitrogen atmosphere at 450 °C for 2 h. During calcination,
ammonium tungstate, cobalt acetate and layer of the graphene
oxide undergo reduction to form CoWO4/rGO/CoWO4. The
same procedure was used to prepare undoped layer structure
of WO3/rGO/WO3. The layered composite materials are
characterized using XRD, PL, SEM, CV and EIS techniques.

RESULTS AND DISCUSSION

XRD pattern of prepared materials of reduced graphene
oxide (rGO), layers of WO3/rGO/WO3 and CoWO4/rGO/
CoWO4 composites are presented in Fig. 1. Reduced graphene
oxide (rGO) XRD pattern (Fig. 1a) reveals the peak at 26.42°
with d-spacing 3.3735 Å. The characteristics peak of graphene
oxide at 11.08° disappeared and appearance a peak at 26.42°
confirms the graphene oxides are reduced to rGO under the
experimental conditions [23]. Layered materials of undoped
tungsten oxide and reduced graphitic oxides XRD pattern (Fig.
1b) well agreed with standard JCPDS No. 89-8764 and exhibits
a tetragonal phase with polycrystalline structure.

Cobalt doped tungsten oxide and reduced graphene oxide
composite XRD pattern (Fig. 1c) shows a characteristic peak
at 2θ value of 10.63°, 26.48°, 29.50°, 35.51°, 36.46°, 38.59°,
42.36° and 61.41°. The peak at 26.48° corresponds to the
reduced graphene oxides in composite. The pattern is closely
matched with standard JCPDS No. 15-0867 with monoclinic
phase of CoWO4. Doped material peaks are slightly shifted in
their position compare with undoped material, this result
indicates the cobalt ions are into the tungsten oxide lattice due
to the smaller atomic radius of cobalt ion (1.16 pm) compared
with tungsten atomic radius (1.5 pm) [24]. Layers CoWO4/
rGO/CoWO4 composites broad peak of rGO indicates reduced
graphene oxides are presented in disorderly stacked structure
[25]. The average particle size of cobalt doped tungsten oxide
calculated using Debye Scherrer equation was found to be 60
nm.

Optical properties of the prepared composites were
characterized using photoluminescence spectroscopy (PL).
Fig. 2 shows the PL spectra of layered composite of undoped
WO3/rGO/WO3 (Fig. 2a) and doped CoWO4/rGO/CoWO4

composite (Fig. 2b). Undoped and doped composite shows a
peaks at 377.07, 405, 448.92, 471.95, 488.04, 496.05, 505.97,
521.03 and 361.07, 376, 405, 438.92, 451.05, 468.95, 493.92,
505.97, 521.94 nm, respectively. Doped material shows a UV
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Fig. 1. XRD pattern of (a) rGO, (b) WO3/rGO/WO3 and (c) CoWO4/rGO/
CoWO4 composites

emission peak at 361.07 nm due to the presence of band to
band transition. The blue emission appear at 405 and 438.92
nm for doped composite is related to existence of doped metal
ion Co2+ in the crystalline lattice and it facilitate the transition
between blocked conduction band to unblocked valence band.
The doped composite exhibits a green emission peak at 521
nm. The appearance of green emission may be due to different
luminescence centers and oxygen vacancies in doped compo-
sites [13,24]. Band gap energy of the prepared doped and
undoped composite is 2.38 and 2.48 eV, doped material band
gap energy value is lees then that of undoped material because
metal doping provides a new crystal defects. These formations
of localized energy state and decrease band gap energy promote
another pathway of transition [26].

Scanning electron microscopic studies was performed to
find out the morphology and size of the prepared composites
particle. Reduced graphene oxide, layers of WO3/rGO/WO3

and CoWO4/rGO/CoWO4 composites SEM images are pre-
sented in Fig. 3. The SEM image ofreduced graphene oxide
(Fig. 3a) clearly shows a reduced graphene oxide presented
in wrinkled structure. Layered WO3/rGO/WO3 composite SEM
(Fig. 3b) image confirms the tungsten oxide nanoparticles are
coated over the reduced graphene oxide layer. Prepared WO3/
rGO/WO3 composite shows a porous and irregular shape of
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Fig. 2. Photoluminescence spectra of (a) WO3/rGO/WO3 and (b) CoWO4/
rGO/CoWO4 composite

tungsten oxide nanoparticles and also tungsten oxide nanopar-
ticles aggregate together to form the clusters over the surface
rGO. Fig. 3c represents a SEM image of layered CoWO4/rGO/
CoWO4 composite. The image clearly shows the prepared
composite of CoWO4/rGO/CoWO4 are composed of nano sized
CoWO4 particles (60-80nm) and CoWO4 nanoparticles are
uniformly coated over the rGO layer.

Cyclic voltammetry (CV) technique was used to find out
the electrochemical performance of the prepared electrode
materials. Cyclic voltammetry was performed at -0.8 to 0.8 V,
2 M Na2SO4 used as an electrolyte of the prepared composite.
Fig. 4(a) reveals the CV curves of prepared layer composites
of WO3/rGO/WO3 and CoWO4/rGO/CoWO4 measured at scan
rate of 100 mV s-1 in 2 M Na2SO4 aqueous electrolyte. Both
composites show a nearly rectangular shape and small humps
in the curves and indicate composites have a both electric double
layer capacitance and pseudo capacitance properties. The high
specific capacitance of layered CoWO4/rGO/CoWO4 is inferred
from its high integrated area in CV loop compare to that of
WO3/rGO/WO3. The high specific capacitance is attributed to
larger surface area of doped materials [27]. Owing to the layered
structure, these materials posses good electrical conductivity,
more active site, remarkable charge storage and effective redox
reactions on the surface of layer. These properties influence
the ion transport or charge transfer and determine the electro-
chemical properties of the material [28].
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Fig. 4a. CV curves of WO3/rGO/WO3 and CoWO4/rGO/CoWO4 at 100 mV s-1

Fig. 4(b-c) represents a CV curves of prepared WO3/rGO/
WO3 and CoWO4/rGO/CoWO4 composites carried out at
different scan rate of 5, 10, 20, 50 and 100 mV s-1. For the scan
rate 5, 10, 20, 50 and 100 mV s-1, the specific capacitance of
the WO3/rGO/WO3 composite and CoWO4/rGO/CoWO4

composite are exhibit a 283.5, 187.6, 78.9, 52.6 and 39.6 Fg-1

and 500.9, 155, 94.5, 48.7 and 36.4 Fg-1, respectively. As pre-
pared composites humps shifted towards to higher potential
with increase of scan rate because charge polarization of the
electrode. CoWO4/rGO/CoWO4 composite has higher specific
capacitance 500.9 Fg-1 compare with WO3/rGO/WO3 compo-
site 283.5 Fg-1. The higher specific capacitance may be attributed
to higher active sites and better charge storage capacity of
layered CoWO4/rGO/CoWO4 [29].

Prepared electrode material conductivity behaviour was
characterized using electrochemical impedance spectroscopy
(EIS). Nyquist plots (Fig. 5) consist of three frequency region
high frequency, intermediate and low frequency regions. At
high frequency impedance curve intercept with the real axis
represents a combination resistance of contact resistance at
electrode, ionic resistance of electrolyte and intrinsic resistance
of substrate. Impedance curve form semicircle in intermediate
region and diameter of the semicircle represents a charge transfer
resistance. The straight line appeared at low frequency region
represents the Warburg impedance [30]. Electrical series resis-
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Fig. 4b. Cyclic voltammograms of WO3/rGO/WO3 at various scan rates
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Fig. 4c. Cyclic voltammograms of CoWO4/rGO/CoWO4 at various scan rates

tance of undoped and doped composite is 8.7 and 7.9 Ω, respec-
tively. The semicircle diameter of the CoWO4/rGO/CoWO4

is smaller then that of WO3/rGO/WO3 composite indicates
the smallest interfacial resistance and thus a good electrical
conductivity for CoWO4/rGO/CoWO4 composite [31]. These
results provide valuable information that CoWO4/rGO/CoWO4

composite has enhanced electrochemical properties compare
with WO3/rGO/WO3 composite.

Fig. 3. SEM images of (a) rGO, (b) WO3/rGO/WO3, (c) CoWO4/rGO/CoWO4
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Conclusion

Layered WO3/rGO/WO3 and CoWO4/rGO/CoWO4

composites were prepared using jet nebulized spray pyrolysis
technique. The WO3/rGO/WO3 and CoWO4/rGO/CoWO4

composite materials show a crystalline nature with tetragonal
phase and monoclinic phase, respectively. Band gap energy
was calculated using photoluminescence spectra and found
that band gap energy is lower (2.38 eV) for doped composite
than the undoped composite (2.48 eV). SEM confirms metal
oxide nanoparticles are coated over the reduced graphene oxide
layer and nanoparticles are in the range of 60-90 nm. Electro-
chemical properties of the prepared composite were analyzed
in CV and EIS. Cyclic voltammetric results reveal layered com-
posites have synergistic effect of both EDLC and pseudo capa-
citance. ESR of the doped and undoped composites is 7.9 and
8.7 Ω, respectively. CoWO4/rGO/CoWO4 composite have a
lower electrical series resistance compare with WO3/rGO/WO3

composite. This result indicates layered CoWO4/rGO/CoWO4

composite shows a better electrochemical performance
compare with WO3/rGO/WO3 composites.
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