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1. Introduction

Electrochromic materials are substances that change color
when an electric field is applied. All the inorganic
materials of interest are oxides belonging to transition
elements, so the electrochromic property is highly
dependent on the electronic structure of the materials.
Inorganic electrochromic materials have advantages such
as better stability, lighter weight, and easier production.
Among these, tungsten oxide has high color efficiency,
fast response time, and high chemical and electrochemical
stability.

Various methods exist for depositing tungsten oxide,
such as hydrothermal, sol-gel, thermal evaporation,
sputtering, and electrodeposition. Electrodeposition is
recognized as a suitable method for fabricating
nanostructured materials, providing precise control over
thickness and structure, and is feasible at normal
temperature and pressure, making it a low-cost method.
This research investigates the effects of voltage and time
of the electrodeposition on the electrochromic
performance of tungsten oxide.

2. Experimental

To prepare the electrolyte of WOs electrodeposition, a
solution containing 0.25 M sodium tungstate dihydrate and
0.03 M hydrogen peroxide was mixed with a magnetic
stirrer. The pH of the solution was then adjusted to 0.8 by
adding nitric acid and finally heated to 60 °C to become
homogeneous and clear.

For WOs3 deposition, FTO substrates with a resistance
of 8 Q/cm? were first cleaned in an ultrasonic bath with
ethanol and then placed in the prepared electrolyte under
constant cathodic potential at room temperature. A
potentiostat ACM was used for linear sweep voltammetry
(LSV). According to the LSV results (Figure 1), various
potentials were selected for electrodeposition including

300 and 350 mV for 3 and 5 min, and 400 and 450 mV for
3 min.

The cell used in this study consists of three electrodes;
an FTO glass sheet as the working electrode with
dimensions of 1x1 cm?, a silver/silver chloride electrode
as the reference, and a platinum electrode as the auxiliary.

During deposition, a blue tungsten oxide film formed,
which turned to transparent when the applied voltage was
cut. The deposited films were then immersed in a distilled
water and exposed to ambient air for 24 h at a temperature
range of 21 + 3 °C.

Afterwards, samples were characterized by FESEM,
UV.VIS, cyclic voltammetry (CV), and
chronoamperometry (CA) measurement in 1 M H>SOj4
solution to evaluate the electrochromic performance.
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Figure 1. Linear sweep voltammetry of WO3
electrodeposition on fluorine-doped tin oxide substrate.
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3. Results and Discussion

The simplified reaction for the electrochromism of
tungsten oxide is as follows:

WOs (coloriless)+ xM™+ xe” <= M\WO; (blue) (Eq. 1)

The structural study of the electrodeposited layers
showed that the coating was uniformly applied. With
increasing voltage, the density of particles and porosity
increased, causing cracks and splits in the film. Research
has shown that higher voltages have led to more cracks,
which enhance charge exchange and, consequently, the
coloring of layers under applied voltage.

3.1 Investigation of Electrochromic Properties Using
Cyclic Voltammetry

In cyclic voltammetry, as the CV area increases, the
amount of charge exchanged increases and the color
efficiency decreases. The results showed that with an
increase in deposition voltage from -300 mV to -450 mV,
the CV curve area has increased.

3.2 Response Time Examination
Chronoamperometry

The time required for the coloration and bleaching
processes of the formed layers under different deposition
conditions was obtained from chronoamperometric curves.
These curves were plotted by applying voltages of -600
and -1000 mV for 30 s in 1 M sulfuric acid electrolyte. The
best response times were observed for specimens
electrodeposited at the potentials of -300 mV for 3 min and
-450 mV for 3 min.

Using

3.3 Optical and Electrochemical Stability Properties
According to UV-VIS results, with an increase in
deposition potential from -300 mV to -450 mV, the optical
contrast of the layers increased. Additionally, at -450 mV
for 3 min, good stability was observed (Figure 2).
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Figure 2. Cyclic voltammetry results comparing the first
and 100™ cycles for the specimen of tungsten oxide
electrodeposited at -450 mV for 3 min.

4. Conclusion

Electrodeposition technique was used to prepare
electrochromic tungsten oxide coatings on FTO substrates.
Choosing the appropriate voltage and deposition time
significantly affected the quality, transparency, and
electrochromic properties of the electrodeposited film.
Electrochemical and structural investigations showed that
a cathodic voltage of -450 mV for 3 min can result in the
highest color efficiency. Additionally, results indicated
that under this condition, the properties remain stable up to
100 cycles.
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Effect of Voltage and Time of Electrodeposition on the Electrocheromic Charactristics of WO3
Coating

Parisa Kazemizadeh Mostafa Mirjalili Ghasem Barati Darband

Abstract Electrochromic materials change color when placed in an electric field. Among their most important
applications, we can mention electrochromic windows. These windows play an important role in saving energy as well
as controlling the light and thermal conditions of the room. Tungsten oxide as an electrochromic material has attracted
a lot of attention from researchers due to its high color efficiency. We studied the effect of voltage and time on the
electrochromic properties to reach optimal conditions for tungsten oxide deposition using electrochemical deposition
method. Optical and microstructural investigations and cyclic voltammetry were performed and showed that the cathodic
voltage of -450 mV (versus Ag/AgCl reference electrode) and the deposition time of 3 minutes has improved the
electrochromic characteristics of tungsten oxide layers in one molar sulfuric acid electrolyte. The color efficiency for this
layer was 12.16 cm?/C and it has shown good stability up to 100 cycles.

keywords Electrochromic, Electrodeposition, Tungsten oxide, ITO Glass.
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