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Abstract: This review reports on the basic mechanism of photocatalysis
and different ways of enhancing the photocatalytic efficiency. It further
examines enhancement of the photocatalytic property using the different
combinations of semiconductor oxides (TiOz, ZnO, stratified WO3/TiO,
WO3/Zn0). TiO,, ZnO semiconductors have been widely used from the
recent few decades in the photocatalytic degradation process, but the main
drawback of these materials is able to utilize the UV part of the solar
spectrum. So many researchers tried to utilize a major portion of the solar
spectrum using different strategies such as doping, applying external bias,

India stratified films, etc. The main aim of this review is providing different
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Introduction

In the recent few years, increasing the demand and
scarcity of fresh, clean, potable water sources due to the
rapid progress of different industry sectors, population
growth has become a worldwide subject (Hunge, 2017).
In this regard different applied strategies and solutions
have been developed to overcome this problem. There
are few examples such as the stowing of rainwater for
everyday activities and growing the catchment
capability for stormwater that could solve the
complications in short-term (Shevale et al., 2020). It is
found that nearly about 4 billion people worldwide
facing the problem of little access to clean and
sanitized water supply. According to the WHO millions
of people died every year by severe waterborne
diseases. Due to more discharge of micropollutants and
contaminants into the potable water sources can
increase these statistical figures in the short future
(Yadav et al., 2019). In this regard to overwhelm the
worsening of clean water scarcity, there is a need to
develop advanced technologies with low-cost and high
photocatalytic efficiency.

Presently existing wastewater treatment methods
such as adsorption or coagulation, membrane filtrations
just focus on the contaminants present by shifting them
to other phases, but still remain and not being
completely removed (Ali et al., 2018). Other
commonly used water treatment methods such as
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strategies for enhancing the photocatalytic efficiency.
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sedimentation, distillation, filtration, chemical and
membrane methods involve more operating costs and
could produce toxic secondary pollutants into the
environment. These highly toxic pollutants are more
redundant (Yadav et al., 2018). The most commonly
used disinfection process is chlorination. This
disinfection method can produce the mutagenic and
carcinogenic by-products which are dangerous to
human health. In recent decades Advanced Oxidation
Processes (AOPs) as the innovative water treatment
method for the destruction of organic pollutants present
in the wastewater. AOPs are based on the generation of
highly reactive radicals like superoxide and hydroxyl
(Hunge et al, 2018a). Among these AOPs,
heterogeneous photocatalysis employing semiconductor
materials (TiO2, ZnO, Fe;03) has demonstrated that the
conversion of organic pollutants into pure water and
carbon oxide. Among the semiconductor catalysts,
titanium dioxide (TiO2) has gained more interest in the
R&D of photocatalysis technology. The TiO; is the
most active photocatalyst under the photon energy of
300 nm< | < 390 nm and remains stable after the
repeated catalytic cycles, whereas ZnO has a similar
band gap and properties as compared to that of TiO,.
But these catalyst main drawback is absorbed only
ultraviolet part of the solar spectrum. So many
researchers focus on how to make the use of the solar
spectrum efficiently (Dhodamani et al., 2020). This
review focus on the basics of photocatalysis and
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effective utilization of the solar spectrum by applying
different strategy. Also it provides an overview of the
understanding and development of photocatalytic water
treatment methods.

Fundamental and Mechanism of
Photocatalysis

Heterogeneous photocatalysis comes under AOPs.
Basically photocatalytic  degradation  mechanism
involves the interaction between the semiconductor
materials with a photon of light. It generates the charge
carriers and then the formation of radicals. It involves
the absorption of photons having energy (4v) equal to
or greater than the bandgap energy (Eg) of
semiconductor material and then there is a transfer of
electrons (e”) from its valence Band (VB) to conduction
Band (CB), thus there is a simultaneous generation of
a hole in the valence band (Hunge et al., 2019a). For
example in the case of TiO,, when the TiO; particle is
irradiated with adequate photon having energy equal
to or greater than band gap energy hv usually 3.2 eV
for anatase phase and 3.0 eV rutile phase. The light
wavelength  for such photon energy usually
corresponds to | < 400 nm, thus creating the electron-
hole pairs. The series of redox reactions that occurs at
the surface of semiconductor material are as follow
(Hunge and Yadav, 2018):

Semiconductor (TiO,)+hv =e ¢, +h'y, 1)
Recombination of charge carriers @
e s + h'ys = Energy(Heat)

H,O +h',5 =-OH (Hydroxyl radical )+ H" (3)
O, + € ¢z =07, (Super oxide radical)) (4)

In heterogeneous photocatalysis, the liquid phase
organic impurities are degraded to its corresponding
intermediates byproducts and then further mineralized
into carbon dioxide and water:

TiO, + Organic pollutant +light (hv)
= Intermediate = CO, + H,0

()

The overall photocatalysis reactions are divided into
four independent steps, (i) Mass transfer of the organic
impurity in the liquid stage to the TiO,, (ii) Adsorption
of the organic impurity on stimulated TiO, surface. (ii)
Redox reaction for the adsorbed phase on the TiO;
surface. (iv) Desorption of the intermediate product
from the TiO, surface. In photocatalysis, the
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photocatalytic activity depends on the ability of the
catalyst to create electron-hole pairs and then
generation radicals, which are able to undergo several
reactions (Hunge et al., 2019b). The main drawback of
this process is low efficiency due to the recombination
of charge carriers, so there needs to develop some
strategy to overcome this drawback. Some strategies
are discussed below.

Graphene Based Composites

Graphene is the most promising carbon material for
photocatalysis application due to its good properties such
as high surface area, good electrical conductivity and
chemical stability. The faster electron transfer capability
of GO has motivated researchers to fabricate the
graphene based semiconductor materials and inspecting
their application in different fields like gas sensors,
photocatalysis etc. (Hunge et al., 2020).

Photoelectrocatalysis

Photocatalysis can be enhanced by applying an
external potential to the semiconductor photoelectrode
known as photoelectrocatalysis. In photoelectrocatalysis
photocatalysts are deposited onto the conducting
transparent electrodes and in order to increase the rate of
a chemical reaction by applying an external bias to a
semiconductor electrode which is simultaneously
irradiated by a stream of photons. However, technique,
would make the treatment in a practical application
much easier and have potential to enhance charge
separation by applying a potential to serve higher
degradation performance (Hunge et al., 2018b).

Doping of Metal lons

The photocatalytic efficiency of semiconductor
material is decided by its band position. The bandgap
of semiconductor material is minimized by
introducing a new band between conduction and
valence bands. This can be achieved by doping of
metal ions (Hunge et al., 2018c).

By Surface Sensitization

This is another way to improve the photocatalytic
efficiency. Surface sensitization is done by noble metals
like Ag, Au, Pt etc. (Wen et al., 2015).

Coupling of Two Semiconductors

It is also one of the trending methods for improving
photo efficiency. A suitable combination of two
semiconductor materials restricts the recombination of
charge carriers (Hunge et al., 2018d).

Sonocatalytic Degradation Technique

Sonocatalytic degradation process is an alternative
way for the degradation of organic compounds. The
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sonocatalytic method is similar to photocatalysis
excluding the use of ultrasound as the energy source.
Sonocatalytic process involves two major phenomena,
one is sonoluminescence and another one hot spots
formed by acoustic cavitation in a liquid can produce
glows with a wide range of wavelengths, high
temperatures up to 5000 K and high pressure up to 1000
atm that causes splitting of the water molecule, into the
oxygen and hydrogen peroxide (H20>). In addition there
is the formation of highly reactive radicals like hydroxyl
radical (*OH) and superoxide radical (*O,-), that contain
unpaired electron and attack on the organic impurity.
These radicals are helpful for sonocatalytic degradation
(Hunge et al., 2019b).

Conclusion

This review, present the basic mechanism of
photocatalysis and different strategy for enhanced
photocatalytic degradation efficiency. The advanced
oxidation process proved to be a green path for the
degradation of organic pollutants. By avoiding the
recombination of charge carriers and can improve
efficiency. Also utilize a maximum portion of the solar
spectrum for photocatalysis application.
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