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Abstract: The aim of this paper is to review the cleaning of solar photovoltaic (PV) systems and applied coatings that eliminates costly
automated cleaning systems by using nano-sized TiO, combined with various organic binders.
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1. Introduction:

Solar radiation is the sum of the electromagnetic and
corpuscular radiation of the Sun, which is the main source of energy
and daylight for the Earth. It propagates in the form of
electromagnetic waves at the speed of light and reaches the earth's
surface through the atmosphere. The sun's rays pass through it to
reach the surface, and it partially reflects, scatters and changes their
quantity and quality. Less than two billionths of solar radiation
reaches the Earth, but it is the main source of energy for all physico-
chemical processes occurring on the Earth's surface and in the
atmosphere. There are different forms of light - direct sunlight when
the sky is clear and diffused light when the sky is cloudy

Photovoltaic power generation is a technology for generating
renewable energy from solar radiation. A photovoltaic (PV) solar
cell is a device used to convert solar radiation into electrical energy
using semiconductor materials. There are many types of
photovoltaic (PV) solar cells, such as - polycrystalline silicon,
monocrystalline silicon, thin film and amorphous [1].

Solar energy production from photovoltaic (PV), concentrated
photovoltaic (CPV), and concentrated solar (CSP) systems has
grown steadily in recent years due to the ever-increasing demand
for energy, as well as environmental and economic concerns related
to fossil fuel consumption.

The average amount of solar energy falling in one year on one
square meter of horizontal earth surface, expressed in kWh/m?,
defines the theoretical resource of solar energy. The average annual
duration of sunshine for Bulgaria is about 2150 h, and the average
annual solar radiation resource is 1,517 kWh/m? [2].

Cleaning the surface of photovoltaic systems is a worldwide
problem.

A comprehensive review of the dust problem on photovoltaic
systems is given. There are expensive automated cleaning systems
that have emerged in recent years, such as electrical, mechanical,
chemical, and electrostatic. [3].

Self-cleaning materials have unique properties due to their
practical applications in the field of energy and the environment /4/.
The self-cleaning coatings that are applied to glass (a major part of
solar panels) are divided into two categories: hydrophobic and
hydrophilic. Both saw coatings are self-cleaning through the action
of water. The first (hydrophobic) is cleaned by the rolling droplets,
and the second (hydrophilic) by flowing water that washes away the
dirt.

The key difference between hydrophobic and hydrophilic
molecules is that hydrophobic molecules are non-polar while
hydrophilic molecules are polar. Water is a well-known solvent for
dissolving most of the compounds. There are compounds in nature
that do not mix with water. Substances that can mix with water are
called hydrophilic substances; substances that cannot mix with
water are known hydrophobic substances. This is mainly due to the
polarity of the water molecules. Non-polar compounds cannot be
dissolved in a polar solvent. Polar compounds can dissolve in polar
solvents. Nonpolar compounds dissolve in nonpolar solvents.
Therefore, hydrophilic substances must be polar to dissolve in water
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Photocatalytic ~ TiO,/SiO, coatings  with excellent
superhydrophilic wettability were investigated on lightweight
polycarbonate substrates for self-cleaning applications [6].

Regardless of whether the surfaces are hydrophilic or
hydrophobic, they characterize the molecular-scale self-cleaning
mechanism of TiO, coatings.

Self-cleaning glass uses an organic process where dirt is broken
down by daylight and then washed away by rain.

Hydrophilic coatings, which are based on titanium dioxide,
have an additional property: they react with sunlight and thus help
the chemical breakdown of accumulated dirt. This is a process
known as photocatalysis.

Research is focused on hydrophobic and hydrophilic coatings.
There are also disadvantages that prevent the mass use of these
coatings. Hydrophobic material processing is an expensive and
time-consuming technique, and the coatings produced are usually
unclear, which precludes their applications in coatings on glass
substrates. Self-cleaning coatings based on hydrophilic coatings that
rely not only on the flow of water to wash away dirt, but also on
sunlight, as the coating breaks down organic dirt while reducing the
adhesion of inorganic dirt (Fig. 1, 2).
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Fig. 1. Schematic representation of self-cleaning processes on (a)
superhydrophilic and (b) superhydrophobic surfaces.
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Table 1. Contact angle and wettability

Contact angle: Wettability:
6>90° Hydrophobic
0> 150° Superhydrophobic

0°<0<90° Hydrophilic
0<10° Superhydrophilic

YEARVIII, ISSUE 1, P.P. 19-20 (2023)


mailto:stancho14@abv.bg

INTERNATIONAL SCIENTIFIC JOURNAL "INDUSTRY 4.0"

WEB ISSN 2534-997X; PRINT ISSN 2534-8582

10°<60 <90° Hydrophilic

a e

6> 90° Hydrophobic

0<10° Superhydrophilic

6> 150° Superhydrophobic

Fig. 2. Schematic representation of a drop of liquid in equilibrium on a
hydrophilic and hydrophobic surface.

Research is focused on the participation of TiO, - as the main
component in self-cleaning coatings.

Titanium dioxide TiO, is a versatile transition metal oxide that
has a large number of applications such as protective coatings,
photodetector, optical thin films, microelectronic devices, self-
cleaning surfaces, and photocatalyst for the degradation of organic
pollutants in wastewater. All these applications are a translation of
their attractive properties such as high transmission in the visible
region, wide band gap for the anatase phase (3.4 eV) and high
photocatalytic activity under ultraviolet light [5].

Adsorption of hydrophobic molecules explains the self-cleaning
properties of titanium dioxide. The possibility of aqueous photolysis
has been investigated and a useful method developed. Water is
transparent to visible light, it cannot decompose directly, but only
by radiation with a wavelength shorter than 190 nm.

2. Experiment:

Many variants of coatings involving TiO,, different types of
solvents and silane derivatives have been investigated.

Glass substrates were cleaned in acetone to avoid any organic
contamination and then washed with ethanol and water. Double
distilled water was used for all experiments. Precursor materials
such as Ti(OCH(CHjs),), and silane derivatives were used for the
synthesis of the coating layers. Isopropanol, ethanol and water
function as solvents. Acetic acid is used as a chelating agent.

The goal of the research is to obtain self-cleaning glass intended
for photovoltaics, construction, automotive and other fields.
Applying a few nm thick titanium oxide coating to the outside of
the glass creates two mechanisms by which the glass self-cleans.
The first is the photocatalytic effect, where ultraviolet rays catalyze
the breakdown of organic compounds on the surface. The second is
the hydrophilizing effect, in which water forms a thin layer washing
away the destroyed organic compounds.
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3. Conclusions:

In conclusion, there should be continued research interest in the
development of self-cleaning TiO,-based materials to make the
research a reality.
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