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Abstract: This study investigates the electrochemical performance of ZnWO. and
Er,03/ZnWQO, composites as potential supercapacitor electrode materials. Using cyclic
voltammetry (CV), galvanostatic charge-discharge (GCD), and electrochemical
impedance spectroscopy (EIS), the capacitive behavior, charge transfer kinetics, and
stability of the materials were thoroughly evaluated. Results demonstrate that the
Er,03/ZnWO, composite exhibits significantly enhanced specific capacitance and
longer discharge time compared to pure ZnWO, alone. This improvement is attributed
to the increased pseudocapacitive contribution from Er,O; and its synergistic
interaction with ZnWO,. Nyquist plot analysis revealed a lower charge-transfer
resistance and better ion diffusion in the composite, indicating improved faradaic
activity and efficient charge storage. The synergistic effect between Er,03; and ZnWO,
enhances both energy storage capability and cycling stability. These findings highlight
the Er,03/ZnWO, composite as a promising and efficient electrode material for high-
performance supercapacitors, offering excellent and superior electrochemical
characteristics over ZnWO, alone, and promising durability for future energy

storage devices.
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1. Introduction

The rapid growth in energy demand and

nanotubes, carbon aerogels, and graphene

environmental issues has spurred substantial
research into advanced energy storage devices
[1-3]. Supercapacitors, or electrochemical
capacitors, have emerged as a novel type of
energy storage solution, drawing significant
interest from researchers in fields such as
electronics, devices, and electric vehicles. This
interest is due to supercapacitors’ high-power
density, long cycle life, broad operating
temperature range, safe performance, eco-
friendliness, and affordability. Supercapacitors
offer a power density higher than that of
batteries and an energy density greater than that
of traditional capacitors. Based on their energy
storage mechanism, supercapacitors are
classified into two categories: electrochemical

double-layer  capacitors  (EDLCs) and
pseudocapacitors.  Generally, carbon-based
materials (like activated carbon, carbon

oxide) exhibit EDLC behavior, while materials
with redox properties (such as metal oxides and
conducting polymers) show pseudocapacitance.
A key limitation of EDLCs is the structural
breakdown of carbon-based materials during
cycling, which affects their stability. In
pseudocapacitors, the faradaic reactions occur
both on the electrode surface and within its
bulk, resulting in higher capacitance and
enhanced cycle stability compared to EDLCs.
However, selecting appropriate electrode
materials is crucial for achieving high specific
capacitance in pseudo capacitors [4-6].
Recently, tungstate-based binary metal oxides
have attracted significant interest due to their
favorable properties, such as eco-friendliness,
making them well-suited for pseudocapacitor
applications [7-8]. Zinc tungstate (ZnWO,),
part of the AWQ, family, is a notable material
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that can crystallize in either the scheelite or
wolframite structure. ZnWO, is isostructural
with  ZnWO,; and CdWO., featuring a
monoclinic wolframite-type structure within
the Py space group [9]. Beyond energy
storage, ZnWOQ, is also widely used in fields
like photocatalysis and gas sensing, thanks to
its  beneficial physical and chemical
characteristics. Moreover, ZnWQO, serves as an
effective electrode material for supercapacitors,
as both zinc and tungsten exhibit
electrochemical activity [10-11]. Blending
transition and inner transition metal oxides
have garnered significant attention due to their
potential applications in various scientific and
technological fields. Their favorable capacitive
properties and eco-friendliness make them
promising candidates as electrode materials for
supercapacitors [12].

Rare earth elements possess unique
characteristics, including variable oxidation
states, diverse coordination numbers, 4f-

electron transitions with multiple
conformational states, and vacant sites in
crystal structures, distinguishing them from
transition metals [13]. Furthermore, the great
stability of these components in solutions has
allowed the development of electrodes with
exceptional reproducibility and endurance [14].
Erbium, in particular, is coveted for its use in
optical communication technology, high-
performance luminous devices, and as a
component of different electrocatalysts. Erbium
oxide (Er,O3) is a unique substance with
potential applications as a catalyst in sensors,
biosensors, supercapacitors, and
photodegradation. Its effectiveness is due to its
distinctive features, which include a high
specific heat capacity, semiconducting nature,
and low toxicity [15-16]. Herein, combining
Er,03 and ZnWO, produceda composite
material ~ with  improved  performance,
particularly for supercapacitors. Erbium doping
altered the electronic structure of ZnWO,,
potentially  enhancing  conductivity and
introducing new active sites for charge storage.
This hybrid technique takes advantage of the
unique qualities of both materials to obtain
high energy density, great stability, and a
longer cycle life. Researchers are investigating
such combinations to push supercapacitor
performance beyond standard materials,

making them appropriate for applications that
require quick charge and discharge capabilities,
such as electric vehicles and portable gadgets.

2. Experimental
2.1. Materials and chemicals

Every chemical used was sourced from a
commercial source without any further
purification. Zinc nitrate hexahydrate (98%),
Erbium nitrate pentahydrate (99.9%), and
Sodium tungstate dihydrate were obtained from
Sigma Aldrich. Deionized water (DI) (18 M
cm) was obtained from the Millipore water
system used to prepare all aqueous solutions.

2.2. Synthesis of Er,03/ZnWO,

The Er,03/ZnWQO,  composite  was
synthesized via the calcination co-precipitation
method. Initially, stoichiometric amounts of Zn
(NO3)2'6H20 and Er (NO3)3-5H20 in a 11
molar ratio were dissolved in deionized (DI)
water under constant stirring for 30 minutes to
ensure homogeneous mixing. Subsequently, a
Na;WOQO4:2H,0  solution was  carefully
introduced dropwise into the mixture until a
pink precipitate was observed. The precipitate
was thoroughly washed with DI water to
remove any residual ions. The collected
precipitate was then dehydrated by heating at
80 °C for 6 hours. Finally, the dried powder
underwent calcination at 500 °C in an air
atmosphere for 2 h to obtain Er,03/ZnWOs,.
The ZnWO, sample was synthesized following
the same procedure as described for
Er,03/ZnWQ,, with the only modification
being the exclusion of Er (NO3)s-5H,O from
the initial reactant mixture.

2.3. Material Characterization

Various methods of analysis were employed
to verify the effectiveness of the preparation.
SEM (JEOL JSM 6510LV) was used to
investigate the materials' crystalline phase. The
crystal structure at the 20 range of 5°-70 was
characterized by X-ray diffraction (XRD)
patterns performed with a Bruker equipment (A
= 1.54178 A, step size of 0.02 and scan step
length of 0.80 s). In addition, FT-IR patterns
(FT-DATR in the wavenumber range of 500 to
4000 cm) observed with a MATTSON IR-
5000S  spectrophotometer, whose total
reflectance was decreased by a diamond, were
used to monitor the functional groups in the
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structure. The catalysts were electrochemically
analysed using Corrtest CS350, then the
resulting data was fitted with CS workstation
software.

2.5. Electrochemical Performances

A three-electrode cell setup was employed
to conduct electrochemical measurements using
3.0 M KOH as the electrolyte at an ambient
temperature. The synthesized materials,
deposited on nickel foam (NF), acted as the
working electrodes (WE), with platinum foil as
the counter electrode (CE) and Hg/HQO as the
reference electrode (RE). An electrochemical
workstation facilitated the primary
electrochemical analyses, including
galvanostatic charge-discharge (GCD), cyclic
voltammetry (CV), and electrochemical
impedance spectroscopy (EIS).

To prepare the electrodes, an activation
process was first carried out with 50 CV cycles
at a scan rate of 50 mV/s. CV measurements
were subsequently performed over a voltage
window of 0 to 0.6 V at varying scan rates
from 1 to 100 mV/s. GCD profiles were
collected within the same voltage range, at
current densities of 1, 5, 7, 10, and 20 A g™
EIS data were acquired across a frequency
spectrum from 10° Hz to 1072 Hz at an open-
circuit potential (OCP) with a 5-mV amplitude.

3. Results and Discussion
3.1. Specifications of the Material

The composition and phase structure of the
products were first analyzed by X-ray
diffraction (XRD) as shown in Fig.1.
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Fig.1. XRD patterns of Er,Os/ ZnWO, and
ZnWO,

The prominent diffraction peaks that the
sample exhibited at 26 = 15.46°,19°, 23.8°,
24.4°, 30.6°, 36.4°, 38.4°, 41.3°, 51.8° and 62°
correspond to the (010), (100), (011), (110),
(111), (021), (200), (121), (130), and (113)
planes. These peaks can be indexed to the
monoclinic wolframite structure of ZnWOsa,
aligning well with the standard reference
(JCPDS card no. 15-0774, space group Pa.)
[17]. This alignment confirms the absence of
any other phases or impurities. Peaks at 29.5°,
34°, 36°, 44°, 48.8° and 58° are attributed to
Er,03[18-19].

The morphology of Er,03/ZnWOQO, is examined
using SEM analysis in Fig.2. The ZnWO,
appears to have a roughly spherical shape with
a textured, granular surface. The surface
morphology shows unevenly distributed
smaller particles or clusters on the surface,
which gives it a patterned appearance. This
texture suggests possible agglomeration of
Er,O; particles on the surface of ZnWO,
forming a larger composite structure.

- N LR :
Fig. 2. SEM images of Er,O3/ ZnWO,

3.2. Electrochemical performance of Er,Os/
ZnWO4

The cyclic voltammetry (CV) graph in
Fig.3. compares  the  electrochemical
performance of ZnWO4 and Er,03/ZnWO, in a
supercapacitor configuration, with current
density (A g*) plotted against potential (V vs.
Hg/HgO). The CV curves for Er,03/ZnWO,
exhibit more pronounced redox peaks
compared to ZnWOs, indicating stronger
faradaic reactions, which are characteristic of
pseudocapacitive behavior. This suggests that
Er,O3 introduces additional redox-active sites,
enhancing the charge storage capacity beyond
what is provided by the electric double-layer
capacitance. The Er,03/ZnWO, composite also
shows significantly higher current density than

Mans J Chem. Vol 68(2)2025.

39



ZnWQO. alone across the potential range,
implying an improvement in  specific
capacitance due to the synergistic effect of
Er,O;, The area under the CV curve for
Er,03/ZnWO, is notably larger, suggesting
increased charge storage and  superior
capacitive performance, making it more
effective as an electrode material for
supercapacitors. The potential window is
approximately 0 to 0.6 V, typical for aqueous
electrolytes like KOH, which offers stability in
supercapacitor systems. The enhanced redox
peaks in Er,0s3/ZnWO, also suggest good
reversibility and potential for high cyclic
stability, important for long-term
supercapacitor applications. The galvanostatic
charge-discharge (GCD) curves for ZnWOs and
Er,03/ZnWQO, electrodes shown in Fig.4.
demonstrate notable differences in charge
storage capacity, with potential plotted against
time. Both curves show a linear charge-
discharge profile, indicating stable capacitive

behavior. However, the Er,03/ZnWO,
composite exhibits a significantly longer
discharge time compared to ZnWOsa,

suggesting an enhanced specific capacitance.
This enhancement likely stems from the
introduction of additional redox-active sites by
Er,O3, which facilitates stronger faradaic
reactions and thereby improves the overall
charge storage. The linearity of the profiles also
implies a balanced contribution from both

double-layer capacitance and
pseudocapacitance, with the Er,03/ZnWO,
composite  benefiting from a  greater

pseudocapacitive effect. The Nyquist plot in
Fig.5. illustrates the electrochemical impedance
spectroscopy (EIS) data for ZnWO. and
Er,03/ZnWO, electrodes. In this plot, the x-
axis represents the real component of
impedance (Z') in ohms (Q), while the y-axis
displays the imaginary component (Z"). The
graph highlights notable differences in
impedance characteristics between the two
materials. The semicircular section observed at
high frequencies is associated with charge
transfer resistance, and the subsequent linear
segment at lower frequencies indicates
diffusion-controlled behavior.

The smaller semicircle diameter for
Er,O3/ZnWQ, suggests it has a lower charge
transfer resistance compared to the ZnWO,.

The larger arc observed for Er,03/ZnWOs
implies a higher overall impedance, which may
result from enhanced faradaic reactions due to
the addition of Er,Os;. In the low-frequency
region, both electrodes display a linear tail,
which reflects their capacitive nature. The
steeper slope for Er,03/ZnWQO, suggests
improved ion diffusion and a more ideal
capacitive performance. Er,03/ZnWO,
composite has better ion diffusion and
pseudocapacitive characteristics, making it
suitable for energy storage applications. The
black line represents a fitted model, which
aligns closely with the experimental data,
indicating an accurate match for the impedance
behavior of both materials.
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Fig.3. Cyclic voltammograms of Er,Os/
ZnWO4 and ZnWO,.
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Fig.4. Galvanostatic charge-discharge of Er,Os/
ZnWOg4and ZnWOQO,.
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Fig.5. Nyquist plot for Er,Os/ ZnWO,and
ZnWO4.
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4. Conclusion

In summary, the electrochemical analysis of
ZnWOa and Er,03/ZnWO, composites reveals
their promising applications in supercapacitors.
The CV profiles show pseudocapacitive
behavior for both materials, with Er,O3/ZnWOQO,
exhibiting a higher current response, suggesting
enhanced charge storage capabilities due to the
addition of Er,O3. GCD measurements support
these findings, with Er,03/ZnWO, displaying a
longer discharge period and greater specific
capacitance, indicating improved energy
retention.

Further insights are provided by the Nyquist
plot, which highlights the impedance
characteristics of each electrode. Er,O3/ZnWO,
demonstrates lower charge transfer resistance,
suggesting efficient electron movement and a
larger semicircular arc, indicative of greater
faradaic activity contributing to its enhanced
capacitance. The steeper linear region in the
low-frequency range for Er,03/ZnWQO, points
to better ion diffusion, thereby improving its
pseudocapacitive performance.

In conclusion, incorporating Er,O3; into
ZnWOs significantly enhances the
electrochemical properties, boosting specific
capacitance, pseudo capacitance, and ion
mobility. This enhancement makes the
Er,03/ZnWO, composite an excellent electrode
material for supercapacitors, providing higher
energy storage potential and superior stability
compared to ZnWOs alone.
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