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Abstract. Thick coatings, up to few microns, of the active material are necessary for the preparation and commercialization of electrode materials for energy storage applications, as thin layers of active material drains out of the current
collector after a few cycles. Moreover, larger mass loading of the active material is required for high energy density
pseudocapacitor applications as more active material involves more redox reactions to store large amount of charge. This
study reports thick electrodeposits of vanadium pentoxide (V2O5) on nickel foam substrate and its evaluation as supercapacitor electrode material. Vanadium pentoxide with thickness of 3–5 lm were successfully electrodeposited (potentiostatically and galvanostatically) on metallic nickel foam to obtain potentiostatically electrodeposited V2O5 on nickel
foam (PE-V2O5Ni) and galvanostatically electrodeposited V2O5 on nickel foam (GE-V2O5Ni), respectively. The PEV2O5Ni electrode with layered morphologies exhibits more charge storage and discharge capability than spherically dense
morphologies of GE-V2O5Ni electrodes. The synthesized electrode materials were structurally, morphologically and
chemically characterized through X-ray diffractometer, X-ray photoelectron spectroscopy, scanning electron microscopy
and energy dispersive X-ray spectroscopy. The PE-V2O5Ni and GE-V2O5Ni exhibited gravimetric capacitance of 657 and
421 F g-1 with tremendous stability in the polypropylene carbonate electrolyte.
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Introduction

Energy is prevalent in nature; however, efficient energy
storage is one of the most growing demands of the human
beings nowadays. In 21st century, the growing global energy
demand adjures scientists to search for ecofriendly and low
cost energy storing devices that far exceed the existing
technologies [1]. In this context, supercapacitor/ultracapacitors are making their presence as one of the most expectant
energy storage materials owing to their splendid features like
high power density, fast delivery rate and longer life cycles
[2–5]. Generally, there are two categories of supercapacitors, electric double layer capacitor (EDLC) in which energy
is stored by accumulation of charges in electric double layer
using carbon-based electrodes and pseudocapacitors (PC)
that store charges faradaically (redox reaction occur at the
interface of electrode) using predominantly metal oxide,
conducting polymers and their composite as electrode

materials [6,7]. PC have more specific capacitance and
enhanced energy density as compared to EDLCs due to
involvement of both surface and bulk of material [8].
Both PC and EDLCs comprise of two electrodes, suitable electrolyte and a substrate (current collector). Various
substrates like graphite, carbon cloth, aluminium, stainless
steel and nickel foam, etc. are used in supercapacitors as
active material supporter and current collector. It has been
demonstrated that the supporting active mass on 3D substrates like nickel foam provides larger active area that
facilitates successful intercalation of electrolyte and facilitates efficient ion and electron transfer that improves the
utilization of electro active material. Nowadays, they are
gaining more attention owing to their 3D structure, low cost
and high electrical conductivity. Furthermore, transition
metal oxides and hydroxides like ruthenium oxide, MnO2
[9], SnO2 [10], Fe3O4 [11] and Co3O4 [12] have gained
importance as pseudocapacitive electrode materials owing
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(a) Potentiostatic electrodeposition curve and (b) galvanostatic electrodeposition curve of V2O5 on nickel foam.

to their low toxicity and high flexibility in structures and
morphologies [13]. The electrode material is an important
component that defines electrochemical properties of ultracapacitors. For metal compounds to be used as capacitors, it
must possess three characteristics; conductivity, various
valence states and ability to intercalate host ions. Ruthenium oxide was the first metal oxide that was identified as
electrode material for supercapacitor, but its high cost
restricted its practical applications. In this context, vanadium pentoxide was widely studied due to layered crystalline structure, its capability to host alkali metal cations
[14], various oxidation states (V3?, V4?, V5?) and high
theoretical capacitance (598 F g-1) [15–17].
Numerous synthetic methods have been employed for the
preparation of V2O5 like chemical vapour deposition [18],
hydrothermal growth [19], sol–gel [20] and electrochemical
deposition [21–25]. Among them, electrodeposition process
has many advantages as compared to other techniques like
simplicity, low operational temperature, cost effectiveness,
negligible waste material and no need of binder as active
material can grow directly on the current collector [26]. The
use of binders has associated drawbacks as they can
decrease the capacitance and increase the impedance [27].
In typical electrode fabrication methods, conductive additives, active materials and polymer binders are mixed to
form homogeneous slurry that is then coated on the current
collectors. The high interfacial stress and poor adhesion of
electrode materials to the current collectors cause the failure
of the supercapacitors. Polymer binders and conductive
additives also reduce the energy-storage capacity of electrode materials [28]. The morphology and composition can
be effectively controlled by considering the electrolyte’s
characteristics and controlling the growth parameters like
potential, deposition time and current density [29].
Recently, researchers have used different substrates for the
deposition of V2O5, Bai et al [30] synthesized vanadium
oxide-based negative electrode material for electrochemical

Figure 2.

XRD pattern of electrodeposited V2O5 electrode.

capacitors by the electro-codeposition of V2O5-PANi
composite on a carbon cloth substrate, Scherer and his
group [31] used an electrochemical method to electrodeposit vanadium pentoxide on an FTO glass substrate, Ingole
and Lokhande [32] electrodeposited V2O5 on stainless steel
substrate and Vernardou et al [33] deposited V2O5 on FTO
substrate. In the present study, we developed a simplistic
method to electrodeposit V2O5 on nickel foam substrate as
current collector that can be used directly as an additive free
electrode. 3D structure of Ni foam has higher conductivity
and porous design that not only serves as 3D conductive
framework [28] but also helps in penetration of electrolyte
in the electrode that shortens the path for ions diffusion and
exposes more active sites [34]. Moreover, an electrode with
small resistance can be fabricated.
The thick deposits, up to 3–5 lm, attained in this
study exploring both potentiostatic and galvanostatic
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electrodeposition without the requirement of any supporting
template suggest new opportunities for applications based
on materials with high specific area such as catalysts
and energy storage devices. Moreover, an electrode of
12–15 lm was also synthesized and its performance was
elaborated. For laboratory scale purpose, thin deposition is
beneficial as lower mass loading leads to increased capacitance but it is not useful for commercialization as thin
coating drains out after certain number of cycles. Thick
coatings undergo multiple redox reactions without degradation of the electrode material.

2.

Experimental

Nickel foam, vanadyl sulphate (97%, Alfa Aesar), sulphuric
acid (99.9%, Sigma Aldrich) were used for electrodeposition. Deionized water was used in the whole process.

2.1

Electrodeposition

Electrodeposition of V2O5 on Ni foam current collectors
was carried out using 0.1 M aqueous vanadyl sulphate
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solution. Prior to electrodeposition, Ni foam was
ultra-sonicated in 0.1 M H2SO4 solution, washed with
de-ionized water and then ultra-sonicated in acetone and
methanol for 30 min. It was again washed with de-ionized
water and dried in N2 flow at 100°C for 30 min. The pH
of the electrolyte solution was adjusted at 3. Electrodeposition was carried out using both potentiostatic and
galvanostatic methods to synthesize potentiostatically
electrodeposited V2O5 on nickel foam (PE-V2O5Ni) and
galvanostatically electrodeposited V2O5 on nickel foam
(GE-V2O5Ni). Electrodeposition of V2O5 was performed
using Gamry Ref-3000 Potentiostat/Galvanostat in a three
electrodes set up with Ni foam as a working electrode,
saturated calomel electrode (SCE) as a reference and
graphite rod as a counter electrode. Potentiostatic electrodeposition was carried out at a potential of –1.6 V vs.
SCE for 600 s to deposit thick V2O5 coating (3–5 lm)
on nickel foam and galvanostatic electrodeposition was
carried out at current density of –10 mA cm-2. All the
electrodeposited samples were rinsed with de-ionized
water followed by annealing at 400°C for 4 h in a tube
furnace. The quantity of V2O5 deposited was evaluated by
measuring the difference between the weight of bare foam
and V2O5 deposited foam after annealing. The annealed

Figure 3. (a–c) FESEM images of galvanostatically electrodeposited V2O5 on nickel foam (GE-V2O5Ni) with
different magnifications and (d) EDX spectrum of GE-V2O5Ni.

273

Page 4 of 12

Bull Mater Sci

(2020) 43:273

sample was further used for structural, morphological and
electrochemical testing.

utilized for all electrochemical characterization. The areal
specific capacitance was calculated using equation (1):

ð1Þ
Csp ¼ Q=ADV ¼ r I dV =ADV;

2.2

where Csp is the specific capacitance (F cm-2), Q is the total
charge in Coulombs found by integrating the cyclic
voltammogram, A is the area of the working electrode (cm2)
and DV is the potential window of the cyclic voltammogram
(volts). The gravimetric discharge capacitance was calculated from GCD using equation (2):

Characterizations

The phase and crystal structure, elemental composition and
morphological studies were done by using X-ray diffractometer (XRD), energy dispersive X-ray spectroscopy
(EDX), X-ray photoelectron spectroscopy (XPS) and field
emission scanning electron microscopy (FESEM). XPS
measurements were carried out using a ScientaOmicron
system equipped with continuous dual X-ray Al/Mg source
(DAR 400) operated at 300 W. A hemispherical Argus
analyzer was used for data collection at base pressure better
than 10-9 mbar. The spectra collected were energy calibrated using the C 1s peak at 285 eV. Electrochemical
measurements were made in a conventional three-electrode
cell with V2O5 deposited Ni foam as working electrode,
graphite rod as a counter and SCE as the reference electrode. Electrolyte used for electrochemical measurements
was 0.5 M LiClO4 dissolved in propylene carbonate (PC).
Cyclic voltammetry (CV), galvanostatic charge/discharge
(GCD) and electrochemical impedance spectroscopy (EIS)
measurement were carried out to explore the charge–discharge capability, reversibility and other electrochemical
properties. Gamry Ref-3000 Potentiostat/Galvanostat was

Csp ¼ ðI  tÞ=ðm  V Þ;

ð2Þ

where Csp, I, t, m and V symbolizes the specific capacitance
(F g-1), current density (A g-1), discharge time (seconds),
mass of the active material loaded (gram) and discharge
potential windows (volts), respectively.

3.

Results and discussion

The current–time curves obtained during the potentiostatic
and galvanostatic deposition of V2O5 are shown in figure 1.
Electrodeposition of V2O5 from VOSO4 solution involves
the following mechanism:
VOSO4 $ VO2þ þ SO2
4

ð3Þ

2VO2þ þ 3H2 O ! V2 O5 þ 6Hþ þ 2e

ð4Þ

Figure 4. (a–c) FESEM images of potentiostatically electrodeposited V2O5 on nickel foam (PE-V2O5Ni) with
different magnifications and (d) EDX spectrum of PE-V2O5Ni.
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Both potentiostatic and galvanostatic methods showed
activation, nucleation and growth of deposition. A to B
shows the activation while B to C represents the nucleation
and growth processes (figure 1a and b). In potentiostatic
deposition, the growth rate decreases with time as semiconductor V2O5 is deposited on the surface of nickel foam.
This decreases the conductivity of nickel foam as shown by
change in slope of the current–time curve in figure 1a. The
decreased growth rate with decreasing current density has
significantly changed the morphologies, structure and the
porosity of the electrodeposited V2O5. Moreover, in the
potentiostatic deposition, the current quickly reaches a
constant value and deposited film is stabilized in very less
time. Contrary to this, in the galvanostatic deposition, the
growth rate is higher. Here, potential first increases from
–0.8 to –1.6 V vs. SCE and then remains constant as long as
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the concentration of VO2? ion and the pH of the solution do
not change significantly (figure 1b). With constant growth
rate, the morphologies and porosity of the electrodeposited
V2O5 does not change significantly throughout the process.
During the electrodeposition of V2O5 onto nickel foam,
colour of the foam changed from grey to brown that was
further confirmed by XRD and XPS. PE-V2O5Ni is more
ordered, even and crystalline with strong adherence to the
foam.
For determination of phase purity and crystal structure of
electrodeposited V2O5, XRD analysis was carried out.
Figure 2 represents the XRD pattern of the sample annealed
at 350°C for 4 h. The diffraction peaks with 2h angles 15.2,
20.28, 21.5, 26.3, 31.0, 33.6, 42.6, 51.4, 54.5 and 61.6°
corresponds to the planes (020), (001), (011), (110), (040),
(130), (012), (200), (201) and (240) of the orthorhombic

Figure 5. (a, b) FESEM images of potentiostatically electrodeposited V2O5 (PE-V2O5Ni) for
thickness comparison.
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Figure 6. (a) Survey scan and high resolution XPS scans of (b) V 2p and (c) O 1s of the PE-V2O5Ni sample on Ni
foam substrate.

crystal structure for V2O5 (JCPDS no. 41-1426) were
observed [35–38]. The orthorhombic V2O5 is made of two
layers comprising of stacks of distorted VO5 square pyramids that share edges forming zigzag double chains.
The morphological and structural features of electrodeposited V2O5 were characterized by FESEM. Size and
morphology greatly affects the electrochemical performance of the material. Fabrication of nanostructure material
is one of the stratagems to boost ions intercalation capacity.
Nanostructures shorten the passageways for electronic and
ionic transport. Figure 3a–c shows the FESEM images of
GE-V2O5Ni that exhibits compact and agglomerated V2O5
with no specific morphology as they undergo irregular
growth with larger particles. Figure 4a–c displays the
FESEM images of PE-V2O5Ni that shows the formation of
well-defined nanoplates like morphology having particle
size 200–300 nm with voids that allows penetration of
electrolytes. These channels offer supplementary pathways
for ions diffusion improving the electrode kinetics. Moreover, these nanostructures provide additional sites for
electrochemical activity and decrease the area of contact

between electrolyte–electrode during the electrochemical
process. The roughly estimated thickness of the V2O5
electrodeposited on the nickel foam is about 3–5 lm
(figure 3c). This thick layer of V2O5 gives rise to multiple
redox reactions, thus increasing the pseudocapacitance
required for commercialization of electrode material.
Figure 5a and b shows two different thicknesses 3–5 lm
and 12–15 lm calculated from SEM. It was found that for
3–5 lm film thickness, the capacitance did not vary
remarkably, but as the film thickness increased above 5 lm,
the capacitance decreased peculiarly. It is because of this
reason that 3–5 lm was considered as optimum thickness
for supercapacitive study of V2O5/Ni electrodes.
The elemental composition of electrodeposited films was
analyzed by EDX that confirmed the presence of desired
elements in the required stoichiometry as shown in figures 3d and 4d.
Figure 6 shows the representative survey and combined
high resolution XPS scans of PE-V2O5Ni, electrodeposited
on Ni foam substrate. The survey spectrum indicated the
presence of vanadium along with carbon, oxygen and
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Figure 7. (a) Cyclic voltammogram of PE-V2O5Ni at different scan rates, (b) cyclic voltammogram of GE-V2O5Ni
at different scan rates, (c) CV 200 cycle of PE-V2O5Ni, (d) CV 200 cycles of GE-V2O5Ni at scan rate of 120 mV s-1
and (e) variation of areal capacitance with increasing scan rate.

nickel. In the high resolution spectrum, the binding energies
of V 2p3/2 at 516.8 eV and V 2p1/2 at 524.4 eV confirms the
presence of vanadium in V5? oxidation state with 7.4 eV
splitting between the V 2p3/2 and V 2p1/2. For the O 1s, two
components can be distinguished under the O 1s peak. The
first component at 529.8 eV shows the metal oxygen
bonding and is in agreement with the V–O bond while the
second component at 531.5 eV exhibits the surface adsorbed oxygen mostly in the hydroxide form.

CV of electrodeposited V2O5 on Ni foam was performed in a
three electrode setup to explore its electrochemical properties.
LiClO4 (0.5 M) in PC was used as an electrolyte. The exposed
area of working electrode for the electrolyte was 1 cm2. The
V2O5 on Ni foam displayed a couple of redox peaks of 0.62 and
0.1 V at a scan rate of 10 mV s-1, demonstrating the reversible
faradaic nature of the process [39]. The area under the CV
curves shows the total charge stored initiating from faradaic
process [40]. This can be attributed to the lithium ion

273

Page 8 of 12

Bull Mater Sci

(2020) 43:273

Figure 8. (a–b) Coulombic efficiency vs. cycle number PE-V2O5Ni and GE-V2O5Ni, (c–d) retention of capacitance
vs. cycle number PE-V2O5Ni and GE-V2O5Ni.

intercalation/de-intercalation reaction of V2O5. The redox
reaction is explained in equation (5) [41]:
V2 O5 þ xLiþ þ xe

Lix V2 O5

ð0\x [ 1Þ

ð5Þ

where x represents the mole fractions of lithium ions. In the
above equation, the charge/discharge processes involve the
reversible intercalation/de-intercalation of Li? ions from
the layered V2O5 structure with instantaneous electron
transfer. From CV curves, absence of other peaks around
0.3 V (NiO to NiOOH redox process) confirms the only
contribution of V2O5 towards the capacitance [42].
Figure 7a and b represents the comparison of CV curves of
PE-V2O5Ni and GE-V2O5Ni, obtained at different scan
rates. Cyclic voltammogram of the PE-V2O5Ni shows high
redox capability than the GE-V2O5Ni owing to well-ordered
nanoplates-like structure of the former. Contrary to this,
cyclic voltammogram of GE-V2O5Ni do not possess proper
redox peaks for V2O5. The resemblance of curves at 1st and
11th scan rate exhibits its high stability within the potential
window of –1 to 1.5 vs. SCE in a LiClO4 in PC electrolyte
[33]. The maintenance of the shape of CV curves at higher
sweep rates is a better indication of good reversibility of the
PE-V2O5Ni. Figure 7c and d represents the CV curves of
PE-V2O5Ni and GE-V2O5Ni for 200 cycles at a scan rate of
200 mV s-1, indicating their excellent cyclic stability in

LiClO4 ? PC electrolyte. No degradation was observed for
the electrodes after multiple CV cycles. PE-V2O5Ni shows
high stability than GE-V2O5Ni, as confirmed by the
retaining of redox peaks even after 200 cycles. Figure 7e
shows the variation of areal capacitance with increasing
scan rate. GE-V2O5Ni exhibited specific areal capacitance
of 313, 212, 149, 116, 104, 94, 87, 80, 75, 71 and 67 mF
cm-2 at scan rates of 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and
100 mV s-1, respectively, while PE-V2O5Ni exhibited areal
specific capacitance of 393, 292, 229, 196, 184, 174, 167,
160, 155, 151 and 147 mF cm-2 at scan rates of 5, 10, 20,
30, 40, 50, 60, 70, 80, 90 and 100 mV s-1, respectively. A
decrease in the specific capacitance was observed at higher
scan rates for both the samples. During redox processes,
with increasing sweep rates, the specific capacitance
decreases. This is because at lower sweep rate, the electrolyte finds enough time to diffuse into the interior active
part of the electrode as a result capacitance increases, due to
insertion of more Li? ions [1,37]. Moreover, PE-V2O5Ni
possessed high capacitance than GE-V2O5Ni that can be
attributed to uniform morphology and well-ordered structure of V2O5, where Li? can easily penetrate into the
channels between nanoplates.
GCD study is carried out to evaluate the cycling stability
and electrochemical performance of the electrode material.

Bull Mater Sci

(2020) 43:273

Page 9 of 12

273

Figure 9. (a) GCD curve of PE-V2O5Ni at different current densities, (b) GCD curve of GE-V2O5Ni at different
current densities and (c) variation of gravimetric capacitance with increasing current density.

The electrodeposited V2O5 on nickel foam was also tested
by GCD to evaluate its electrochemical performance.
Figure 8a and b shows coulombic efficiency vs. cycle number
curves for 2000 charge–discharge cycles conducted at a current density of 1 A g-1 for PE-V2O5Ni and GE-V2O5Ni,
respectively. PE-V2O5Ni exhibited 98% while GE-V2O5Ni
possess 94% coulombic efficiency. Better electrochemical
performance of PE-V2O5Ni was also confirmed by the
gravimetric capacitance calculated from GCD at different
current densities (figure 8c). Generally, V2O5-based electrodes undergo capacity loss due to the strain associated with
ion intercalation into the electrode [37]. Cycling stability and
specific capacitance retention are important factors that
specify the sustainability of the electrode. Both PE-V2O5Ni
and GE-V2O5Ni were subjected to continuous cycles of
charge–discharge at a current density of 1 A g-1. PE-V2O5Ni
electrode retained 97% of initial capacity (figure 8c) after
2000 cycles expressing its excellent cycling stability than GEV2O5Ni whose capacitance decreased to 93% of the initial
capacitance (figure 8d). No abrupt change was observed in
GCD 2000 cycles that show no change in the amount of
charge stored and released during each GCD cycle. This can
be attributed to the excellent adherence of vanadium oxide on
nickel foam substrate and good compatibility of V2O5 layered
structure with Li? ion intercalation and de-intercalation

reactions. The excellent reversibility of electrodeposited
V2O5 on Ni (E-V2O5Ni) during the reversible phase transformations (alpha, sigma and gamma) is also responsible for
its excellent cycling stability. These transformations occur in
crystalline structures (alpha, sigma and gamma), hence,
ordered structure of PE-V2O5Ni exhibited more specific
capacitance and excellent reversibility. Figure 9a and b displays the GCD curves performed at different current densities
for the GE-V2O5Ni and the PE-V2O5Ni, respectively. The
discharge time of the PE-V2O5Ni at each current density was
higher than the GE-V2O5Ni that indicated its more charge
storage capacity and enhanced electrochemical performance
than the GE-V2O5Ni. The specific capacitance calculated for
the GE-V2O5Ni at different current densities 1, 1.5, 2, 2.5, 3
and 3.5 A g-1 were found around 428, 392, 357, 297, 251 and
208 F g-1 respectively, while the PE-V2O5Ni exhibited
specific capacitance 657, 602, 569, 538, 509 and 421 F g-1 at
current densities 1, 1.5, 2, 2.5, 3 and 3.5 A g-1, respectively.
Figure 9c exhibits an increase in specific capacitance
with decreasing current densities. The electrodeposited
PE-V2O5Ni exhibited highest capacitance of 657 F g-1 at the
current density of 1 A g-1. The GCD plots comprise of plateau regions for large intervals, showing a slower charge–
discharge than EDLC mechanism. This indicated both EDLC
and pseudocapacitive charge–discharge mechanism of the
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Figure 10. (a) GCD curve at different current densities and (b) coulombic efficiency vs. cycle number of PEV2O5Ni (*12–15 lm thickness), (c) GCD curve at different current densities and (d) coulombic efficiency vs. cycle
number of PE-V2O5Ni (*3–5 lm thickness).

Figure 11. (a) Nyquist plots, standard and experimentally calculated data and (b) simulated fit
curves corresponding to models 1 and 2 of GE-V2O5Ni and PE-V2O5Ni of electrodeposited V2O5
electrodes.

PE-V2O5Ni. The PE-V2O5Ni in this context exhibited more
plateau than GE-V2O5Ni showing more redox activities
for Li? ion intercalation/de-intercalation. Moreover, the
PE-V2O5Ni possesses high discharge time and less IR drop
than the GE-V2O5Ni. Figure 10a and c shows the GCD curves
performed at different current densities and figure 10b and d
exhibits coulombic efficiency vs. cycle number for the

PE-V2O5Ni (*3–5 lm and *12–15 lm thickness) samples.
Sample with *3–5 lm thickness possessed more discharge
time and coulombic efficiency, hence, it is considered as the
optimum thickness for supercapacitors.
Delivery of high power at faster rate and capability to
tank charges at a faster rate is one of the major requirements
from a supercapacitor. For a material to be ideal for
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supercapacitor or battery application, the electrode material
should offer low resistance when connected in circuit. This
can be attained if the charge transfer resistance is low. To
find out the involved resistances related to the electrode–
electrolyte system of the fabricated electrodes in the present
study, EIS measurements in frequency ranges from 0.1 Hz
to 1 MHz were employed for both GE-V2O5Ni and PEV2O5Ni electrodes. The equivalent series resistance (ESR)
is resistance offered by a device when it is connected in
series to a circuit. Polarization resistance (Rp) and the
electrolyte resistance/solution resistance (Rs) were estimated from the Nyquist plot of EIS spectra. Figure 11a
shows the Z curves of Nyquist plots and the insets (a) and
(b) shows the prepared models that fit within the Z curves
for the PE-V2O5Ni and GE-V2O5Ni. The ESR was found
around 25 and 40 X for the PE-V2O5Ni and GE-V2O5Ni,
respectively. The Rs and Rp values for the PE-V2O5Ni were
21 and 23 X while for the GE-V2O5Ni, the values were
found around 35 and 1130 X, respectively. The reason for
very high polarization resistance (Rp) exhibited by the GEV2O5Ni is highly compact, dense packing of the V2O5
during galvanostatic deposition due to extremely high
growth rate. The irregular and compact structure offers high
resistance to Li? ion (oxidation by Li? ion) coming from
the electrolyte to form LixV2O5. On the other hand, the
polarization resistance of the PE-V2O5Ni is too small that
shows small resistance to oxidation, as Li? ions can be
easily inserted and placed into the layered structure of
V2O5. The extremely low ESR of EV2O5 electrodes is
owing to the excellent electrical conductivity of nickel foam
substrate. The Nyquist plots are almost linear; this linearity
of the portion of curves represents the diffusion controlled
electron transfer mechanism [43]. This could be attributed
to the presence of only Li? ions in the electrolyte that only
contributes to the diffusion controlled charge storage
mechanism and the porous structure of the V2O5 on nickel
foam. Moreover, these Nyquist plots are at 45° angle with
the real-axis showing the presence of Warburg impedance
that represents the mass transfer between electrode and
electrolyte system. This inclination of straight line curve
towards real axis indicates the capacitive behaviour of the
material and most of the impedance of the PE-V2O5Ni
electrodes comes from the diffusion controlled charge
transfer mechanism.

4.

Conclusions

Additives and binder free supercapacitor electrodes were
synthesized by electrodeposition of V2O5 on 3D porous Ni
foam substrate as current collectors. The utilization of
electrodeposition technique and the 3D current collector in
a binder and additive free electrode resulted in thick
deposition of V2O5 which is advantageous for commercial
and industrial applications. Incorporation of binder has
decreased capacitance and increased electrode resistance.
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The highly porous morphology and greatly improved
conductivity achieved by employing 3D Ni foam assisted
ions mobility and charge transport in the supercapacitor
devices. Moreover, potentiostatic route of electrodeposited
V2O5 on nickel foam (PE-V2O5Ni) electrodes offer more
uniform and well defined nanoplates which exhibit more
charge storage-release capability and excellent reversibility
than the galvanostatically electrodeposited V2O5 on nickel
foam (GE-V2O5Ni) electrodes.
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