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Reflection loss and solar cell temperature both have a significant impact on solar cell
efficiency and, consequently, on power generation. Herein, the aim is to investigate into
the impact of Nanocomposite Titanium Dioxide (TiOz)/Polyvinyl Alcohol (PVA) on
polycrystalline silicon solar cells. The solvent casting method is employed to prepare
nanocomposite TiO2/PVA for deposition on the front side of the solar cell. The Tauc plot
is used to investigate the influence of TiOz nanoparticle concentration (10-20nm) on the
energy bandgap of a nanocomposite. To test the optical properties of the solar cell after
depositing the Nanocomposite coating film and to confirm the suspension of TiOz in PVA
and construct a Nanocomposite, an ultraviolet-visible spectrometer and a Fourier
transform infrared spectrometer are provided. The results show that increasing the TiO2
in the TiO2/PVA Nanocomposite increases the energy bandgap. The Ultraviolet-Visible
spectrometer observes that the Nanocomposite films absorb the Ultraviolet wavelength
and transmittance at the visible wavelength. Finally, it found the lowest reflection
obtained was 3.9% for 0.2wt% TiOz in TiO2/PVA nanocomposite and the enhancement
of the solar cell efficiency was (+2.3%).

1. INTRODUCTION

The world's electrification and consumption are reliant on
energy sources. Traditional energy sources are non-renewable
and rapidly depleting. The infinite available in nature
renewable sources, such as solar and wind. Even if renewable
energy extraction is more expensive, maintenance costs are
low, and power can still be mined without any demand [1].
Solar power is an environmentally friendly and cost-effective
energy source as compared to other options. The Sun generates
energy by converting 650,000,000 tons of hydrogen into
helium through a thermonuclear reaction. This process
generates heat and electromagnetic radiation, spreading across
the atmosphere. Just 57 percent of these rays penetrate the
earth's surface, containing 1.6 * 1018 units of energy from the
sun [2].

There are numerous viable renewable energy resources in
development, with photovoltaics emerging as the most
promising as a potentially clean and sustainable energy
technology to substitute for fossil fuels. The expansion of the
photovoltaic (PV) market necessitates the advancement of
high-performance and low-cost silicon solar cell processing
technologies focused on optimizing the "cost-to-efficiency"
ratio for larger-scale mass production. Multi-crystalline
silicon (mc-Si) solar cells have recently dominated the market,
accounting for half of all PV modules produced worldwide.
When combined with high conversion efficiency and
dependability, several factors limit the performance of these
photovoltaic systems: solar radiation reflection and rising
surface temperature of the solar cell, both of which result in
solar cell conversion efficiency losses. So, fabrication of an
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indispensable antireflection coating and controlling the solar
cell's temperature control the wavelength absorbed in the
silicon solar cell. And as known, the excess photon's energy to
eject an electron is released as heat on the surface solar cells
[3].

Due to their various uses in batteries, air and water
purification, surface coating, solar cells, and packaged food,
the polymer matrix in nanocomposites has been studied
extensively [4]. Polymers serve as the matrix and
nanoparticles serve as the filler in polymer matrix
nanocomposites. Nanocomposites vary from traditional
composite materials in that the reinforcing process has a high
surface-to-volume ratio and the reinforcing particles are well
dispersed in the matrix [4]. Filler materials in conventional
composite materials are in the micrometer range, while
nanocomposite materials have filler materials that are on the
nanoscale, i.e. 1-100 nm. The integration of inorganic
nanofillers into organic polymers has been the subject of
recent research [5, 6]. Nanoparticles of Titanium dioxide, TiP,
and TiW, for example, have been doped into polymeric
materials such as PANI, Polyamide, and Polyvinyl alcohol to
create nanocomposite materials [7, 8].

Yahia et al. [9] stated that TiO2/PVA nanocomposites can
be employed in various areas of laser power attenuation, and
UV-blocking to save human skin. Kawata et al. [10] uncovered
that the film with Polyaniline (PAni)/ TiO, nanocomposites
has poor adhesion to the FTO glass. Experimentally, Zaini et
al. [11] studied the behaviour of a mono-crystalline solar PV
panel and reported that the electrical parameters change with
a variation in temperature. He et al. [12] demonstrated that
combining a novel zinc coating with a good appearance and a
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nano-metric watery paint is a promising strategy to make the
painting material safe, economical, and environmentally
friendly. Nosrati and Olad [13] created unique nonocomposite
coatings and demonstrated that modified polyacrylic coatings
have a lower glass transition temperature than unmodified
polyacrylic coatings.

Zaini et al. [14] managed to combine nano-sized titanium
dioxide with various organic binders and use them as a coating
to study their effects on the performance of solar cells. Nosrati
et al. [15] prepared several photocatalytic coatings and
claimed that the coatings containing 2% and 3%
TiO2/polypyrrole nanocomposite were the best coating
formulations. In same respect, Nosrati et al. [16] employed
spectroscopy analysis and revealed that a modified coating
efficiently decolorized a dye contaminant.

PVA is water soluble and ethanol soluble, unlike most other
organic solvents. Vinyl acetate monomer is the main raw
material used in PVA. It can be deposited as a thin layer on the
surface as well as a thick layer of the desired shape and size
via the solution casting process, mentioned by Kumar etal. [17
18]. Because of their low electric charge and low thermal
conductivity, all polymers are insulating. Some authors have
reviewed the conductivity of polyvinyl alcohol film [19, 20].
Anatase, brookite, and rutile are the three phases of TiO,
present in nature. The crystal structure of anatase and rutile is
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tetragonal, while that of brookite is orthorhombic. The phase
and particle size of titanium dioxide affect the properties of
nanocomposites [21].

In current research, we are investigating nanocomposite,
polyvinyl alcohol-titanium dioxide and its effect on improving
the efficiency of the crystalline silicon solar cell. TiO,/PVA
nanocomposite films are created using the dip-coating process.
The characteristics of nanocomposites TiO»/PVA are done
with UV-V spectroscopy and a solar module analyzer to check
the solar cell parameters. Thermal studies and the influence of
solar cell surface temperature on output power are conducted
using K-type thermocouples with a computerized data logger.
The formation of a Ti-O-O bond, which helps in the
suspension of nanosize titanium dioxide in polyvinyl-alcohol,
is verified by FTIR results.

2. EXPERIMENTAL SETUP DESIGN

Figure 1/A&B depicts the general process for preparing thin
films coating nanocomposite PVA/ TiO, while a rigged solar
cell tester to calculate solar cell parameters that are applied in
this work is shown in Figure 2.

The experimental steps depicted in Figure 2 are detailed in
the subsections that follow as described.
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Figure 1. (A). Schematic diagram of PVA+TiO; coating film
preparation; (B). Flow chart Nanocomposite preparing

Figure 2. Experimental setup design (Rig solar cell test)
(1) Lamp (2) data logger (3) PC- laptop (4) Solar cell module
analyzer (5) Variac light intensity (6) Pyrometer/solar power meter
device (7) Mc-si solar cells coating and un-coating (8) Wider
stander/resistor

Figure 3. Polycrystalline silicon solar cell

2.1 Geometry description

A Multi-crystalline Silicon solar cell with a dimension of
26>39 mm? was used in this study as pictured in Figure 3.
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2.2 Washing the samples

The sample (Si solar cell) was cleaned very well as per the
following protocol. The substrates were placed in a beaker
containing water and detergent, then placed in an ultrasonic
bath for 15 minutes, during which they were washed several
times with water. The process was repeated with Acetone
instead of detergent.

Finally, the substrates were left to dry at room temperature.
Thus, the samples are completely free of dirt and contaminants
and ready to work.

2.3 Prepare polyvinyl alcohol (PVA)

PVA solution was made by dissolving 1 gram of PVA in 50
milliliters of distilled water and stirring it at room temperature
at 300 RPM until it became transparent. This solution was
filtered with 451 m paper and allowed the solution to sit until
it was no longer visible in the foam. To prevent the formation
of bacteria, the mixture is tightly sealed. To prepare all of the
samples, the technique was performed four times.

2.4 Prepare the polyvinyl alcohol/titanium dioxide

nanocomposites

TiO, nanoparticle solutions were made by dissolving
0.1gram, 0.05 gram, 0.025 gram, and 0.00125gram of TiO,
NPs in 50 milliliters of distilled water. As a result, titanium
dioxide solutions containing 0.2, 0.1, 0.05, and 0.0025 wt
percent were prepared and left it 4 hours under sonicated
process. The solution of PVA was made at the same time by
dissolving 1 gram of PVA in 50 milliliters of distilled water
and stirring at room temperature. With continuous sonication,
solutions of TiO, were applied to PVA solution in the form of
drops. After this, solution has been thoroughly mixed. To
prepare all of the nanocomposite film concentrations, the same
process was repeated.

There are many main objectives for doping the Polyvinyl
Alcohol in Titanium Dioxide solution. To begin with, the PVA
has the absorption property in the wavelength spectrum in the
ultraviolet region (200-400). In addition, it prevents the
Titanium dioxide nanoparticles from being an agglomeration
because the TiO, particles are entrapped and encapsulated by
the Polyvinyl Alcohol chains. By increasing the solution
viscosity (incrementing the PVA concentration), the motion of
the encapsulation particles slows down. In conclusion, the
existing PVA in TiO; solution and creating Nanocomposite
TiO2/PVA aimed at forming a film on the solar cell because it
has excellent film-forming ability.

In other words, it could explain the preparation process
through specific steps. Through the TiO, dispersion process.
The 50 ml of the PVA solution was dropped into the TiO,
solution at a rate of 12.5 ml every 30 minutes after the first two
hours of the total dispersion period (four hours).

UV-V is spectroscopy, a solar module analyzer to examine
the optical properties of synthesized nanocomposites and solar
cell parameters. Thermo-couples K-types with data loggers
were used to study the thermal insulation capability of the film.

It can describe the absorption unit as follows:

A =EbCA (1)
where,

Absorbance [absorption unit (A.U)]: £ Molar absorptivity
(L/ (mole. cm)) b: path length(cm), C: concentration (mole /L).



2.5 Measurement of thin-film thickness

The thickness of prepared thin-film can be measured by
micrometer (Micro-printer) Figure 4. pictured that device. It is
also easy to measure thickness by means, as the device is
calibrated before Initiation to measurement. The thickness of
the layer is measured before and after the coating process and
by knowing the difference. To get a more precise thickness,
multiple readings from various locations on the base's surface
are taken, and the sum of those readings is used to calculate
the average thin-film thickness (0.62pum).
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Figure 4. Thin-film thickness measurement (micro-printer)

3. RESULTS AND DISCUSSIONS

3.1 Ultraviolet-visible absorption analysis

To test the UV-Vis absorption properties of prepared
nanocomposites, the UV-Vis spectra of native PVA and
TiO2/PVA nanocomposites ranged from 200 to 700 nm and
were presented as shown in Figure 5. Accordingly, the pure
PVA has a 275 nm absorption wavelength. 338, 370, 390, and
360 nm are the absorption wavelengths of nanocomposite
TiO2/PVA specimens at 0.2, 0.1, 0.05, and 0.0025 wt%,
respectively. These absorption peaks can be traced back to z-
w* transitions. On the other hand, PVA only showed an
absorbance of (330 to 360) nm in the UV zone. The bands of
absorption were broadened in nanocomposites, and the
intensity depended on the weight percentage of titanium
dioxide nanoparticles doped. Besides, the maximum
broadening was investigated when TiO, nanoparticles were
doped with 0.05 weight percent. Finally, the results
demonstrate that the 0.2 weight percent of TiO doped into the
polymer has the highest intensity. Therefore, nanocomposite
PVA/ TiO; films can be employed as ultraviolet filters due to
their selective absorbance capabilities.

absorbance

200 300 400 500

wavelength nm

600 700

Figure 5. UV-Vis spectrameter . (E) native PVA (A) 0.2
wit% TiO2/PVA nanocomposite (D) 0.1wt% TiO; (C) 0.05
wit% TiO- (B) 0.025wt% TiO;
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3.2 Energy gap calculations

Tauc's relationship was used to measure the bandgap of the
polyvinyl alcohol film and the prepared nanocomposite
(titanium dioxide-polyvinyl alcohol) films. Tauc plot is used
to determine the optical bandgap, or Tauc bandgap, of either
disordered or amorphous semiconductors. Typically, a Tauc
plot shows the quantity hv (the photon energy) on the abscissa
and the quantity (ahv)1/2 on the ordinate, where o is the
absorption coefficient of the material.

As shown in Figure 6, on the y-axis (ahv) and on the x-axis
(hv), the graph was plotted. Calculating the straight-line
portion of the graph extrapolated curves provided the bandgap
values. The bandgap of pure PVA was 4.1 eV, but loading
TiO; nanoparticles increased the bandgap of nanocomposites.
Also, 0.2, 0.1, 0.05, and 0.0025 wt percent doping had
bandgaps of 527 eV, 4.6 eV, 444 ¢V, and 4.25 eV,
respectively. It seems that the bandgap steadily increases as
the weight percentage of TiO, nanoparticles in
nanocomposites increases. Therefore, these TiO2/PVA films
with a high bandgap may be used as antireflection coatings in
photovoltaic panels.
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Figure 6. Tauc plot; (a) native PVA (b) 0.2 wt- TiO; (c)
0.0025wt- TiO; (d)0.05wt- TiO2 (e) 0.1wt- TiO;

3.3 Fourier transforms infrared spectroscopy analysis

Fourier transforms infrared spectroscopy (FTIR) is a useful
tool for observing interactions between polymer constituents
by varying vibration modes and band positions [22].

Figure 7 illustrates the Fourier transforms infrared
spectroscopy of TiO2/PVA and nanocomposite. FTIR over the
rigion 400-4000 cm wavelength was presented. PVA has
distinct bands at 2850-3000 cm%, 3600-3650 cm%, 3200-3570
cm?, and 1000-1200 cm, which correspond to C-H alkyl
stretching bands, hydroxyl groups, hydrogen-bonded bands,
and C-O stretching bands, respectively [23]. Crystallization is
defined by the stretching band of PVA at 1140 cm™ [8]. In
TiO, doped PVA nanocomposites, the Ti-O stretching band, is
found at 700 cm™*. At 515 nm, a new band corresponding to
the Ti-O-0 bond has been discovered, which helps to suspend
titanium dioxide NPs in polyvinyl alcohol [22]. PVA and
nanocomposites TiO/PVA have bands that are identical to
those previously used.

3.4 Nanocomposite TiO2/PVA as an antireflection coating
thin-film

Polycrystalline silicon solar cells suffer from high reflection,
resulting in a loss of almost 30% of the incident energy. This



reduces the power output and, as a result, the performance of
the solar cell. This study uses a Nanocomposite coating of
titanium dioxide (TiO2) with different concentrations (0.1gram,
0.05gram, 0.025gram, 0.00125gram) and a polymer type -
polyvinyl alcohol (PVA) with a concentration of (1-gram) on
the front surface of the solar cell. The UV-Vis reflectance
spectrum investigated the Nanocomposite reflection as shown
in Figure 8. The bare polycrystalline silicon solar cell had a
reflection of 35%, which was reduced to 10.25%, 8.3%, 6.1%,
3.9% for 0.2wt%,0.1wt%,0.05wt%,0.0025%, respectively.

3.5 The effect of TiO2/PVA nanocomposite on solar cell
temperature

Figure 9 illustrates the solar cell surface's temperature after
one hour of 1,000W/m? irradiation. Initially, all of the cells'
surface temperatures are the same, which is around 25<C, and
then Both solar cells' temperatures increased over time, at
various steady-state temperatures. The temperature steadily

stabilized by the end of the 1-hour test. The temperature of the
uncoated solar cell is higher (WOC = 83.70C), Other cells with
different concentrations have temperatures of
(78.4°C,76.91°C,75.4°C, and 74°C with coatings of 0.2,
0.0025, 0.1, 0.05 wt% respectively, which are marginally
lower than the uncoated cell. The findings prompt discussions
about how UV radiation can play a role in the process that
leads to these outcomes. UV radiation is well known for
causing solar devices to degrade [24, 25]. In the solar cell
industry, the majority of previous studies show that titanium
dioxide NPs can effectively filter ultraviolet radiation in many
cases [26]. In contrast to previous research, this study
emphasizes the use of polyvinyl alcohol as a matrix material
to synthesize nanocomposites because of its film-forming
capability, and it plays a key role in determining the
performance of PVA/ TiO, at solar panel temperature.
According to the findings, the 0.05wt coating method provides
the best UV radiation filtration among the prepared
concentrations and has the lower solar cell surface temperature.
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Figure 8. Anti-reflection measurements for different
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Figure 9. Temperature Vs. time nanocomposite PVA/ TiO;
coating silicon solar cell

3.6 I-V &P-V curves characteristics

Figures 10-11 & Table 1 show the current-voltage, power-
voltage characteristics of a polycrystalline silicon solar cell.
Temperature variations and reflection loss have an impact on
all of these characteristics. Solar module analyzer type
PRAVO-200 was utilized to consider the effect of
Nanocomposite TiO2/PVA with different concentrations (0.1
g, 0.05 g, 0.025 g, and 0.00125 g) with (1 g) of Polyvinyl
alcohol. The test was indoor with controlling room
temperature at (25°C) and fixed radiant flux (1000w/m?) with
a normal light to the solar cells.

The test for each model took an hour, at zero time (anti-
reflection effect only, there was no temperature effect). All of
the solar cells (with different concentrations) have a positive
effect compared to a solar cell without Nanocomposite and as
noted in the figure, higher enhancement was for the lower
reflection loss 3.9% for (0.2 wt%g) (Pmax: 0.168 W, VOC:
0.535 V, ISC: 0.366A, 1:16.5%) and the minimum
enhancement for higher reflection loss (10.25%) at (0.0025
wt%) (Pmax: 0.1494 W, VOC: 0.51V, ISC: 0.3507 A,
n:14.9%).

In comparison to without coating (Pmax: 0.144 W, VOC.:
0.5 V, ISC: 0.34A, 1n:14.2%), the relationship between the
Nanocomposite concentrations and the power enhancement
was linearly. After one hour (total test time), the effect of the
temperature deterioration due to the Eq. (1). The results show
that minimum temperature effect on the solar cell power
output was for minimum temperature 74°C for (0.05wt%)
which (23.7%) after one- hour test time, while without coating
at the same condition test record 26.5% of the power output
loss due to temperature effect at 83.7°C. Accordingly, that
varying in temperature effect was significantly observed in the
figure, that varying was due to the effect of concentrations on
the Ultraviolate ray absorption.

n=n0-pT;—T)) )

Table 1. Data extracted from solar module analyzer (PROVA- 200A) for coating and without coating (WOC) Polycrystalline
silicon solar cell

samples  Voc (V) Isc (A) Pwmax (W)

Temperature after 1-h _ Reflection% 1 (%)

wOC 0.5 0.34 0.144
0.2wt% 0.535 0.366 0.168
0.1wt% 0.53 0.36 0.1632
0.05wt% 0.52 0.355 0.1573

0.0025wt 0.51 0.3507 0.1494
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Figure 10. Current Vs. Voltage Nano-composite PVA/ TiO;
coating crystalline Si solar cell

Figure 11. Power Vs. Voltage to coating, un-coating mc-si
solar cells



4. CONCLUSION

Four different concentrations of TiOz (0.2wt%, 0.1wt%,
0.05wt%, and 0.0025wt%) were doped into PVA and created
a Nanocomposite TiO»/PVA. A casting technique was
employed to deposit the Nanocomposite on the front side of
the polycrystalline silicon solar cell. The Ti-O-O bond enables
us to suspend TiO, nanoparticles in PVA and was confirmed
using FTIR. UV-Vis spectrometer shown the ability of the
Nano-coating to absorbed the ultraviolet wavelength at
different broadened depend on the TiO2 wt % in TiO2/PVA.
The maximum broadening was investigated When TiO,
nanoparticles doped with 0.05 weight percent. The findings
uncover that the energy bandgap increased as the TiO,
increased. Also, 5.27 eV was the maximum energy bandgap
with 0.2wt% of TiO,. Besides, the surface solar cell
temperature (9.7°C) was the maximum temperature variation
when compared to without coating solar cell. Finally, the solar
module analyzer PROVA-200A investigated the maximum
efficiency enchantment of (+2.3%), where the bare solar cell
was 14.2% and the maximum enhancing solar cell with
nanocomposite was 16.5%.
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