Journal of Physical Chemistry and Functional Materials Volume 4, Issue 1 (2021) 28-33

Journal
Materials

of Physical Chemistry and Functional

Home Page of Journal: https://dergipark.org.tr/jphcfum

A Review on Photocatalyst self-cleaning glass

@ Rezhin Mahdi Abdulrahman * ¢ Zhiwar Omer Khdr, *Bestoon Anwer Hamad Ameen

@ Department of Physics, College of Science, University of Raparin, Sulaymaneyah, Iraq
b Department of Physics, College of Education, Salahaddin University-Erbil, Erbil, Iraq
* Corresponding author: E-mail: rezho.mahdyl2345@gmail.com

ABSTRACT

ARTICLE INFO

In this research, we have reviewed the recent investigations on the photocatalyst Keywords:

semiconductor in which titanium based on the surface mainly focuses on protecting Light energy

the environment and human health. This titanium has been widely read and Photocatalyst,
investigated in the past four centuries and it has been shown that in many ways we 10,

can benefit from it. Here we need a light energy source to activate the electronics in

the semiconductor that then this light energy is converted into chemical energy

because of its photochemistry, and that chemical energy is used in reaction chemical ~ Received: 23-04-2021,
Accepted: 19-05-2021

on the surface of the cover and electrons and halls have a major role in the chemical ISSN: 2651-3080

effect that eventually produces carbon oxide and water and cleanses the surface of the
coating.

1. INTRODUCTION [4]. The idea of this technology is taken from nature that in

fact the grasses have this characteristic for the raining

The self-cleaning operation is cleaning the face of drops. This technology is very used and developed for

the windows without human effect can help, only UV light today is world [5]. Especially the appearance of lotus gala,

is used to destroy organ dirt and then it is rained down, many scientists are trying to use the characteristics and the

called this Photocatalyst. Self-cleaning materials that can health of the living to develop and invent their ideas, such

be easily cleaned with water can be used in many different as imitating the water and falling underwater, all based on

areas, these materials cleaned with rain drops can say it some different models [6]. of material have been

will reduce cost and have minimal damage to the determined that all of them are semiconductor metal (ZnO,,
TiO2, ZrO3) etc... [7]. But the most recent type of tio2

semiconductor, which has a lot of use, is because it has a

environment [1]. Due to the increase in the population, use
cars, and industrial factories the rate of environmental

pollution has increased. In the future, it will be a big high light and electrical characteristic, low cost [8]. And

danger for humanity and spreading bacteria and viruses.
Especially the antibiotic resistance, are still a major there
at to human health [2]. Such problems can be done by
receiving data and making a suitable and strong plan we
can face such problems [3]. In today is world, the rate of
buildings is increasing at the same time they have an
excessive height and cleaning the windows of these
buildings is impossible and dangerous for humans, but this
technology that has been developed has become a good
solution for these problems the effect of these phenomena

has caused decrease in dirt on the windows of the building

there is another feature that is antibacterial and dose not let
bacteria stay on it is face and cause a place of life for
bacteria, despite the fact that it works with UV radiation,
but this feature works against bacteria at night [9].

2. TiO: as Photocatalys

Photocatalyst is an action that works by taking
advantage of sunlight energy, each photocatalyst has its
own characteristics and benefits but here we only talk
about the effects that have on removing organ poisons. It

means it is an action to clean up the environment [10].
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Titanium dioxide or oxide of titanium with a chemical
formula of TiO2 [11]. has

polymorphs. The well-known phases of titanium dioxide

Titanium oxide many
are naturally occurred rutile (discovered in 1803), anatase
(discovered in 1801), and brookite (discovered in 1825),
named after their reddish color, extended crystallographic
shape, and a mineralogist, respectively [12]. TiO2 has the
unique properties. Avery important topic of semiconductor
photochemical by one after one investigations, scientists
have made photocatalysis develop. Especially the use of
the semiconductor titanium dioxide as Photocatalyst to
eliminate organ dirt from O2 [13]. Photocatalysis is an
active area of research in the field of heterogeneous
catalysis owing to its potential applications in
environmental cleaning and H-energy production. IN most
cases, photocatalytic degradation is conducted over the
TiO2 owing to its peculiarities of chemical inertness, no
photo corrosion, low cost, and nontoxicity [14]. Also, the
use of TiO2 operation is still limited, and it cannot be used
more in its limits to steal this because of the lack of quality
skills and the need to activate light UV. Photo sent sizing
TiO2 has been proved a promising way to extend spectral
response from UV area to visible region [15]. Most studies
focus on organ photographers while studying non-organic
photons is rarely mentioned, photon sting TiO2 with non-
organic substitution is higher than that under the organ
have been

components mostly destroyed during

photocatalysis [16].

3. Literature review of Photocatalyst synthesizes

In this section we deceased the technique of
preparation and synthesis of samples by commonly used to
get nanoparticle preparation and the doping martial in
literatures. In this chapter we show that the photocatalytic

activity of difference dopants TiO2 for H2 production.
3.1. Sol-gel method

In materials science, the sol-gel process is a method
for producing solid materials from small molecules. The
method is used for the fabrication of metal oxides,
especially the oxides materials science, the sol-gel process
is a method for producing solid materials from of silicon
(Si) and titanium (Ti) [17].

conversion of monomers into colloidal solution (sol) that

The process involves
acts as the precursor for an integrated network (gel) of
either discrete particles or network polymers. That road
was found here in 1800 because of this road of mixing
material [18] Sol-gel technology finds applications in the
development of new materials for catalysis [19]. Sol-gel is
one of the most exploited methods; it is used mainly to
produce thin film and powder catalysts. Many studies
revealed that different variants and modifications of the
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process have been used to produce pure thin films or
powders in large homogeneous concentration [20]. Sol-gel
related methods of doping TiO2 photocatalysts, with
emphasis on the efficiency of the catalysts prepared by the
method in any considered photocatalytic activity. This has
been considered important, as numerous researches are
currently going on in this field. Sol-gel is a simple way of
low temperatures and is generally used in nanoparticle and
has a lot of benefits [21]. Prepared Pt doped TiO2 hollow
spheres using the sol-gel method for hydrogen production
activity [22]. Properties of gel-derived and conventionally
prepared ceramics, examines films in detail, and presents a
variety of applications [23]. Several steps and conditions

are applied in a sol-gel process to control the final

morphology as suggested by Mehrotra and Singh. Fig.1.
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Figure 1. Different sol-gel process steps to control the
final morphology of the product [24].

3.2. Hydrothermal/ solvothermal methods

These are two processes, hydrothermal and
solvothermal methods are generally used in Nano organic
chemistry for the cysts non amputees nano materials with
various morphologies for different apps. The hydrothermal
method is a processes of crystallizing a substance at a high
temperature and high vapor pressure using an aqueous
solution of the material [25]. Compared to hydrothermal
method, the solvothermal method uses a non-aqueous
solvent, has better control of the properties of TiO> and the
temperature can be increased much higher meaning high
boiling point solvents can be used. The difference between
these two styles is that water used as a processor
previously reacts chemically under organized temperatures
and pressure from the treatment materials found on the
sealed autoclavable steel ships, which requires two stages;
as well as all the unique blessings that are in place. In
this
parameters that affect its creation such as PH, temperature
[26].

addition, system carefully organizes several
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3.3. Solid State Reaction Methods

Solid state chemical reaction for nano material
production is a method used in photocatalysis. TiO>
photocatalytic materials were successfully synthesized by
solid state reaction. Comparing to other method, the solid
state reaction is very cheap and does not need special
equipment or solvent to perform, during this process. The
powders of the nano materials obtained by the were
carefully mixed, after which the powder mixture was
transferred to clean crucible alumina and calcined at high
temperature. The TiO, photocatalytic materials were
obtained by annealing the precursor in the temperature
rang (300-800) Celsius [27].

3.4. Nano-structured TiO:.

Among the various statisticians used to improve the
performance of photocatalyst tio2.hcluding using crystal
structure and its surface. We must consider the stability of
the structures and size when using them in the fields [28].
For the nano-titanium morphology and surface area,
various ordered structures have been studied. Tio2 nano-
tubes [29]. Anodic tio2 nano-tubes have been reported to
allow a high control over the separation of photo generated
charge carriers in photocatalytic reactions this allows for
engineering rise to enhanced photocatalytic efficiencies
and selectivities [30].

3.5. Immobilized TiO:2

Another used of titanium dioxide nanomes described
above is the formation of water carrying uniforms that
make it difficult to be cleared so it creates barriers to
photocatalytic use of industrial standards [31].

As a result, many studies have attempted the
modification of tio2 nano-particles on support materials
such as clays, quartz, stainless and steel [32]. An important
substance supporting tio2 nanos by Chinese, chemical and
mechanical morphology, temporary exchange ability, toxic
nature, low cost and availability. So the tio2 nanothirsty
has attracted a lot of attention to use in both climate
cleaning and prepared by a large number of researchers
[33].

3.6. Other methods

Also there are other various techniques for preparing
titanium dioxide (TiO:) are the following: Deposition
methods, Oxidation methods, Sonochemical and
microwave-assisted methods, Templute based methods

and Electrochemical anodization.
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4. Application of titanium dioxide nanoparticles.

Right now nanoparticles material they have invaded
an Important area in the researches. Because of the
characteristics and benefits of various uses such as: TiO:
nanoparticles. And that’s to make the environment safe. So
all science and technology are in the service of protecting
the environment through (adsorption, absorption, filtration,
catalysis) here we care more about the TiO» catalysis.
Because it can be prepared in various way and cost less.
And it is considered an environment friend [34]. TiO2 in
the material that is used in hundreds of products without
knowing that we used it very day. The applications of TiO:

nanoparticles are shown in Fig. 2.

Figure 2. Generally, the high rate of use of tio2 in these
fields [35].

4.1. TiO: nanoparticles use to reduce the toxicity of
the drugs.

If the herbs are used in natural medicine, then they
should not poison to be harmless, this is a hypothesis for
the future that the can be avoided from this damage. TiO>
is the nature of the element with low toxicity, and unseen
biological effects. The size and type of cell damage that
strongly depends on the chemical and physical properties
of the including size, crystal structure and photo activation
[36].

4.2. TiO: nanoparticles use in water cleaning.

It to clean the water that has been infected with
bacteria and viruses through waste water especially the
water on earth and underground water which has a lot of

benefits in human life and in the environment [37].
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4.3. TiO2 nanoparticles use in agriculture.

Used to be gamic (shown male and female flowers).
So titanium can facilitate the increase in grain products.
Especially corn. So again the environment and humane
will benefit from this product [38].

4.4. TiO2 nanoparticles use in medicine.

Is used to eradicate bacteria and viruses, which
means it works as an antibacterial. Except for this used to
monitor skin and fixed. TiO2 nanoparticles commonly
used nanoparticles in medical applications and hence in
cancer studies. New therapeutics and therapies will be
developed and nanotechnology for this aim will be an

important approach for the researchers [39].
4.5. TiO2 nanoparticles use in coating.

4.5.1. Self-cleaning operation

The operations of self-cleaning glass in the past has
been investigated a lot by researchers. It is currently used
in many fields and benefited from it as a human and
environmental assistant. The environmental protection side
is destroying all kinds of harmful bacteria and viruses. In
order for this cleaning action to happen on glass. It must
first be covered with a spherical substance, which in this
study we use TiO> as a cover. Self-cleaning equipment has
a significant focus on both energy and environment.
Recently, to understand the principles of self-cleaning.
There has been a lot of explanation on it and many
products have been made [40].

4.5.2. Photocatalytic water splitting

In the 21 century, humans faced a unique serious
energy, and they became environmental problems such as
the destruction of stone sources and the destruction of the
environment worldwide [41]. Therefore, it is expected that
these problems will be solved as soon as possible to create
a unique and suitable society, this energy change system is
shown in Fig. 3.

— Hydrogen generation

P
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Figure 3. schematic of the energy conversion system
expected for constructing a sustainable society. Note that
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sunlight also produces wind, biomass, and hydro power in
addition to solar power [42].

Here we talk about a development in the catalyst
because of the distribution of water under the visible light
[43], and we emphasize the water splitting. In fact, the
photocatalyst talks about the chemical works that are
accelerated by chemical energy and this chemical energy
is basically light energy that has been converted to
chemical energy and is used in reaction chemical [44].
Ti02, as the most used photocatalyst, has various benefits
with excellent chemical stability and large surface area,
intoxication, and low costs. However, the vast energy band
space (3.0- 3.2 eV) is only flowing with UV rays
(wavelength < 400 nm), so that less than 5% of the sun's
energy is effectively used [45]. Although the process of
changing solar energy to hydrogen was efficiency 1.1%
[46]. But this efficiency is very low for such water
splitting in produce hydrogen. So we need to improve the
process of changing sun’s energy to produce hydrogen for
about (5-10) % [47].

This action happens in some steps after one. When
the light is located in the semiconductor. That this light
must be equal or larger than the semiconductor gap band
to stimulate the electrons, and this will cause the creation
of pairs of electrons and holes the electrons will also be
active and go to the face of the glass cover each electrons
will be involved in the (Reduction) action and holes will
be involved in the (oxidation) action. and equation (1)-(8)
demonstrate the basic reaction process of a semiconductor
to generate the photocatalytic radical [48]. Show that
Figure 4.

Excitation: Photon (hv) + Semiconductor — e—CB +
h+VB

&)
Recombination: e— + h+ — energy (2)
Oxidation of H20: H20 + h+VB — «OH + H+ 3)
Reduction of adsorbed O2: 02 + e— — 02— @)
Reaction with H+: O2¢— + H+ — «OOH (5)
OH + pollutant - — —H20 + CO2 (6)
O2e- + pollutant - — —CO2 + H20 (7
*OOH + pollutant — CO2 + H20 (8)
Conduction band Raddgtion:
Electron (e7) | Ote—~0r
Super_oxide
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_—— : Band gap (E,)
irradiation :
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Figure 4. Schematic illustration of the photocatalytic
reaction process of a semiconductor. Adapted with
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permission from Reference [11].
Elsevier [49].

Copyright (2012)

which can escape the charge-annihilation reaction,
migrate to the surface, where the photoexcited electrons
can reduce atmospheric oxygen to generate superoxide
radicals (¢ O2 —) or hydroperoxyl radicals (HO2 «). The
valence band hole can also oxidize surface adsorbed water
or OH- and produce *OH. These reactive oxygen species
can convert organic pollutants into CO; and water
resulting in the cleaning of the surface. A major limitation

in developing self-cleaning materials based [50].

5. Conclusions

In this chapter, we have given an overview of the
development of modified TiO2 catalysts and its future
prospects from a scientific point of view. We note that the
field has experienced major advances in the last 5 years
especially in the area of modifying TiO2 with carbon
nanomaterials. Based on the literature we have covered
here. we believe that there is still quite a lot that can be
achieved in improving the performance of TiO2 catalysts

for photocatalytic applications.
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