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Abstract: This study explores the possibility of improving the efficiency of TiO,-based solar cells through ultrasonic
treatment during the preparation of the photoanode. The article investigates the influence of ultrasonic processing
of the photoanode in a solar cell fabricated with a Ru-based dye (0.3 mM N3) and an electrolyte composed of 0.05KI
+0.10TBAI + 0.1PEO + 0.25PC + 0.25EC + 0.5DMF + 0.015I on its photoelectric performance.
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INTRODUCTION:

The efficiency of thin semiconductor films primarily Ey q,— energy of the cavitation bubble, R — bubble
depends on their photosensitivity and the technology radius, B,— internal pressure.
used for forming the mass-transfer layer [1]. To remove impurities and obtain TiO, in a gel-like
Typically, this process is based on the fabrication of state using an ultrasonic source, the following
thin films from a gel-like TiO, mixture with the parameters are selected: ultrasonic frequency fu,
application of ultrasonic treatment. The process, power Pyt , and treatment time tish [5].

technology, and models of TiO, layer formation using

The essence of obtaining TiO, in a gel-like form
ultrasound are discussed below [2].

through the application of ultrasound lies in the

The process of ultrasonic mixing is mainly associated following process. Under ultrasonic exposure, and
with cavitation phenomena. Ultrasonic waves (in the due to the temperature rise caused by cavitation, the
frequency range of 20-100 kHz) penetrate the TiO, mixture transitions into a gel-like state [6]. This
mixture with high energy, generating gas bubbles can be explained by the fact that, as the temperature
(cavitation cavities) [3]. When these bubbles collapse, increases, the liquid acids in the mixture gradually
a significant amount of energy is released, resulting in evaporate, which leads to an increase in the solution’s
alocalized increase in temperature and pressure. This density. In the gel state, it becomes possible to form
promotes the breakdown of aggregated structures a thin film characterized by high hardness and a
and creates favorable conditions for uniform particle smooth surface [7].

dispersion [4]. The general equation describing this process can be

4 ; )
E — 2 R3p written as:
kav 3 v Thax = Ty + aPystisy
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where Tmax is the maximum temperature of the
cavitation bubbles, To is the ambient temperature, a
is the thermal coefficient of energy generation, Py is
the ultrasonic power, and t;gp, is the treatment time
(s).

Formation of the Layer by the Spin Coating Method

To obtain high-quality thin films, the spin coating
technique is widely used. In the first stage, glass
substrates such as FTO and ITO are cleaned with
ethanol and dried using a hot air flow device [8]. A
drop of TiO, gel or an ultrasonically prepared
suspension is then applied to the substrate surface.
The substrate is rotated at a constant angular
velocity, ensuring uniform distribution of the solution
across the surface.

The technological process of spin coating, in
determining the thickness of the formed layer, can be
described by the following formula:

h(t) = h ( K”)
= hpexp o

where h(t) is the layer thickness, ho is the initial
coating thickness, K is the geometric factor, n is the
liquid viscosity, p is the liquid density, and w is the
angular velocity of rotation (rad/s).

To prepare a mixture using ultrasound, it is essential
to understand the purpose and principle of operation
of the main components of the system. The frequency
of the ultrasonic module should be in the range of 20—
40 kHz, and the power should vary within 100-300 W
[9].
Mathematically,
expressed as:

Vi (t) = Vysin(2uft + ¢)
where Vj is the signal amplitude, f is the frequency,
and ¢ is the phase.

the ultrasonic signal can be

The energy of the ultrasonic signal is proportional to
the power supplied to the ultrasonic source.

b U

us — R
load

Integration of Ultrasonic Mixing and Spin Coating
Processes for Optimal Dispersion and Film Hardness.
The integration of ultrasonic mixing and spin coating
processes creates optimal conditions for achieving a
high degree of dispersion and hardness in the
resulting TiO, coating [10].
To prepare the TiO, mixture using the traditional
method, 4.0 g of TiO, (Sigma-Aldrich), 3.8 g of ethanol
(98%, Uz Farm), 0.5 g of ethyl cellulose (48.0-49.5%
ethoxy groups, Sigma-Aldrich), and 0.15 g of nitric
acid (65%, Bekton) were combined with 20 mL of
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ethylene. The components were weighed on high-
precision electronic scales with an accuracy of up to
0.0001 g under controlled conditions [11]. The
resulting mixture was stirred at room temperature for
30 minutes.

The TiO,-containing paste was then thermally treated
to remove volatile components using a rotary
evaporator (IKA SMASH rotary evaporator) at 50 °C in
a water bath and at 1 atm for 30 minutes [12].

For comparison with industrial products, a
commercial TiO, paste (TiNanoxide D/SP, Solaronix
SA) was used as a reference. Two coating techniques
were applied:the traditional doctor blade method
(stencil deposition),

the spin coating method.

The area of the dried layers was 1.0x1.0 cm and
2.0x2.0 cm.

Glass substrates were pre-treated by immersion in a
sulfochromic solution for 24 hours, followed by
rinsing with distilled water and isopropy! alcohol, and
drying at 100 °C [13].

To control the thickness of the applied layer, thin
films of various materials were used, including
adhesive tapes (up to 35 um) and aluminum foils (9
and 14 um). The TiO, paste was deposited on each
substrate using the doctor blade technique and then
subjected to ultrasonic treatment in a bath operating
at 200 W power and 20 kHz frequency for 6-200
seconds. Ultrasound was applied through probe-type
transducers. The films were subsequently dried at
120 °C for 5 minutes and calcined at 350-450 °C for
30 minutes [14].

After removal from the muffle furnace, the FTO/TiO,
samples were cooled to room temperature.
According to the experimental plan, a Ru-based dye
(0.3 mMol N3) was then prepared. The required mass
of ruthenium corresponding to 0.3 mMol was
weighed and dissolved in ethanol. The prepared
solution was used to sensitize the photoanode
consisting of FTO/TiO, [15].

This process is commonly described in the literature
as the dipping method. At this stage, the photoanode
and the dye solution were kept under dark conditions
for several days to ensure uniform distribution of dye
molecules throughout the mesoporous TiO, layer.

In thin-film solar cells, a layer that provides charge
transfer and maintains electrical contact between the
photoanode and counter electrode is essential. This
function is performed by the electrolyte, one of the
key components of the solar cell. The electrolyte
composition used was as follows: 0,05KI + 0,10TBAI +
0,1PEO + 0,25PC + 0,25EC + 0,5DMF + 0,015l. The
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sequence of electrolyte preparation plays a critical
role, and active research is ongoing in this area.

For each series of samples, the electrolyte was
subjected to ultrasonic treatment for 3, 5, and 7
minutes at temperatures of 20 °C, 50 °C, and 70 °C,
respectively. The theoretical basis for selecting these
conditions lies in the assumption that the
transmission of low-amplitude oscillations through
the liguid medium enhances catalytic activity within
the system [16].

After the sample preparation stage, their electrical
conductivity was analyzed. The results were
represented in Nyquist coordinates.

Measurements were performed using a HIOKI
IM3570 Impedance Analyzer and a BUCHI Glass Oven
B-585. The samples were placed between two
electrodes in compact round cells, which allowed for
precise control of the measurement area and
minimized errors in calculating electrical parameters.

Figure 1. Unstained appearance of photoanodes fabricated using the new method.

Figure 2. Morphological image of the photoanode in the unstained state obtained by
SEM.
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Figure 3. Spectral analysis of TiO, glass obtained by SEM.

Figure 4. External view of the TiO,-based photoelectric cell in its finished state.
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Figure 5. PhotoVAX. Measurement performed using the “Autolab” device (U = 0-0.7
V, 1 =0-0.003 A).
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Figure 6. PhotoVAX. Autolab-UT FE with photoanode.

To initiate the experimental studies, a solar simulator
was prepared. As the radiation source, the NOVA
setup was selected and brought into operational
condition. During the experiment, a standard
illumination source AM 1.5 with an intensity of 1000
W/m? was used to simulate solar radiation.

In this study, the measured parameters include:
Short-circuit current density (JBc) mA/cm?, Open-
circuit voltage (Uoc) V, Fill Factor (FF), Overall
efficiency (n) — %.

These parameters were automatically imported into
the computer system for subsequent data processing.

Table 1. Modeling the influence of dye and ultrasonic treatment on TiO,-based
photoanodes based on statistical data.

Type of Photoanode JUL (MAlem?) | VO (V) | FE [ (%)
0.3 mMol N3 dye based on Ru 15.55 042 0.72 5.83
Ultrasound applied to the electrolyte 17.05 042 0.73 584
Ultrasound applied to the photoanode 20.05 0.4 0.75 5.88
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Figure 7. Effect of ultrasound on the electrolyte and photoanode of a Ru-based
(0.3 mM) sample with N3 dye.

From the graph, the fill factor (FF) for the first sample
was determined to be FF = 0.72. When ultrasound
was applied to the electrolyte used in the same
sample, the fill factor increased to FF=0.73. The
highest value, FF = 0.75, was achieved when
ultrasonic treatment was applied directly to the
photoanode.

CONCLUSION

To enhance the efficiency of dye-sensitized solar cells
(DSSCs), it is essential to thoroughly investigate the
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effect of ultrasonic treatment on the photoanode
formation process and its influence on crystallization
phenomena within the photoelectric cell.

Analysis of the presented graphs and experimental
data demonstrates that applying ultrasound during
the preparation of photoanodes improves structural
characteristics and increases the fill factor. In
particular, ultrasonic treatment during the
crystallization process plays a crucial role in
enhancing the structural density and surface
uniformity, which in turn leads to an increase in the
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overall efficiency of the solar cell.

Furthermore, the influence of ultrasound varies
depending on the type of dye and its doped forms,
making it important to determine the optimal
parameters of ultrasonic exposure. The use of this
method enables control and refinement of the
crystallization process, improving the electrophysical
properties and stability of the photoanodes.

Thus, the optimization of ultrasonic processing
parameters represents a promising direction for
improving the efficiency and manufacturing quality of
dye-sensitized solar cells.
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