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Abstract
Keywords This review article examines various photolytic techniques and parameters for direct
Photocatalysis, direct yellow 12, vyellow 12 dye degradation. It has been thoroughly reviewed how a photocatalyst's
dye degradation, TiO2 structure and physio-chemical characteristics, particularly its absorption capacity
photocatalyst, wastewater and surface area correlate to its photocatalytic activities in the photo-degradation
treatment. of dyes that contain azo group. The most widely used dye classes for adding color to

cotton fabrics are direct dyes. Because of their degraded products, which include
Article History aromatic amines, which are thought to be extremely carcinogenic, reactive azo dyes
Received: 06 December 2025 pose a particular environmental and health risk. Because of its stability in both
Accepted: 16 January 2026 acidic and alkaline solutions, direct yellow 12 dye, also referred to as chrysophenine
Published: 31 January 2026 G, is used in a variety of industrial processes. Direct dye 12 is extremely toxic to

both human and animals, and it can result in irreversible eye damage. Previously,
Copyright @Author effluents containing azo dyes were treated using chemical coagulation or adsorption
Corresponding Author: * onto activated carbon. However, conventional techniques primarily transfer
Mubarak Ali pollutants from wastewater to solid waste. Thus, in order to degrade such dangerous

dyes, cuttingedge, environmentally friendly techniques must be used. The
photodegradation of direct yellow 12 dye by photocatalytic process is regarded as a
promising methodology for industrial discharges treatment methods due to its low
cost, non-toxic nature, and minimum pollution. Several operational parameters
governing the photodegradation of harmful dyes are critical for determining the
oxidation rates and efficiency of the photocatalytic system. Our findings revealed
that a few fundamental factors influence photodegradation: substrate
concentration, photocatalyst amount, pH of the solution, reaction medium
temperature, light intensity and duration of irradiation, photocatalyst surface area,
oxygen dissolution in the reaction medium, substrate and photocatalyst nature,
doping of metal and non-metal ions, and substrate and photocatalyst structure.
These outcomes will be useful in identifying the most practical and affordable
solutions to degrade direct yellow 12 dye through photocatalytic based degradation

processes.
INTRODUCTION
Dyes and pigments rank among the most hazardous concentrations can result in numerous health
contaminants that are discharged directly into the disorders in humans, including malfunctions of liver,
environment. Due to their mutagenic, teratogenic, kidney, central nervous system, reproductive system,
and carcinogenic properties, which even at low and brain (Ozdes et al., 2010). Anionic dyes are the
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most prominent group of dyes which are soluble and
are known to cause major health and environmental
issues. They are categorized as cationic which are basic
in nature, anionic which are direct, reactive and
acidic, and nonionic which are in dispersed phase.
Due to these factors, dye removal from water and
wastewater is a very crucial.

Dyes pollution and toxicity

Significant environmental contamination is caused by
the persistent presence of harmful organic dyes in
industrial effluents from the textile, garment and
paper industries (Chiu et al., 2019). Ten to twelve
percent of many dyes, including Victoria blue,
Caramine Rhodamine B, Indigo Red, Black-T, Rose
Bengal, Red 120, Methylene Blue, and Thymol blue,
are used per annum in the textile industry; however,
during different industrial processes like synthesis and
cleaning a major amount of twenty percent is lost and
enter into the canal systems according to several
studies (Deng et al., 2013, Xu et al., 2010). Due to the
damaging effects on marine life and impending
carcinogenic effects on humans, dyes discharged from
industrial effluents into water body systems must be
eliminated (Khan et al., 2024; Kumar et al., 2017).

These industrial coloured effluents contained

extremely toxic and harmful organic molecules which
are difficult to degrade (Chen et al., 2010).

Dyes are even visible in water at low concentrations
and pollute aquatic environments (Daneshvar et al.,
2003). The major threat is the release of effluents
from textile factories into the surrounding
environment. It is time-consuming to decolorize them
due to their high color and organic content. As a
result, dye removal from wastewater is an extremely
important task (Wahab et al., 2019). Due to extremely
harmful impact of these dyes on human, plants and
animals, the discharged of these detrimental
substances from industrial wastewater into water
bodies must be eliminated (Khan et al., 2024).

The textile industry signifies a global environmental
pollution problem because of unplanned release or
disposal of contaminated effluents into canals, which
has a momentous influence on the quality of clean
water assets. This harmful impact of these dyes cause
a substantial environmental test for the textile
companies. There is a need of time to increase the
awareness about the harmful effects of these organic
molecules and efforts must be made to remove or
degrade these substances from wastewaters (Rafiq et

al. 2021)
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It is reported that a lot number of contaminants
which were released by dying industries were
untreatable. There are some organizations which are
established to protect the workers working in dye
industries from the harmful effects of these dyes
effluents. The tested samples from the wastewaters of
dyeing factories showed that a lot number of samples
had LD (lethal dose) more than 95%. The highest
rates of poisonousness were found in basic and direct

dyes, followed by diazo (Deng et al., 2013).

Classification of dyes

Dyes typically have numerous structural varieties,
making complete classification based on a single
parameter difficult and useless in terms of practical
understanding (Figure 2). Though, dyes are normally
classified into many groups and different classes based
on their source, structure, and the type of fabric which
they are most well-matched, as illustrated in the figure
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Figure 2: Classification of different dyes

chemical activity of these

structure

azo group containing dyes. These azo pigments share
a mutual structure with group -N=N-, which is linked
to two carbon atoms on both sides by sp2
hybridization. The azo groups are naturally related to
complex aromatic systems, and the resultant stability
of these aromatic structures is unsafe to the
environment system (Sohrabi et al., 2010; Havuz et al.,
2010). Furthermore, they possess amphoteric
properties because they contain additional sulfoxyl,
carboxyl, hydroxyl, or amino functional groups. The

depending on the pH of the system, the dyes will be
anionic in which acidic group is deprotonated, while
the cationic form the amino group will be protonated,
or non-ionic (Zaharia and Suteu, 2012).

Acidic dyes are the most common among them, while
basic dyes are cationic in environment, direct dyes are
called functional dyes, on the other hand disperse
dyes are non-ionic. There are large classes of dyes
which are being classified on the basis of their
structure. The functionality of these dyes are also
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mainly depends on their structure (Robinson et al.,
2001).

Acidic dyes are mostly applied on the fabric that
contain nitrogenous group, or they comprise the
acidic structure, this is the reason these dyes are called
acidic while the basic dyes are those which produce
cations in solution form and they commonly applied
to the acrylic fabric. On the other hand, the other
kind of dyes which are direct dyes have large
applications in textile industries. They consist of ionic
salts and electrolytes and the association of these dyes
with fabric is mostly associated with electrostatic
forces (Christie, 2001). Disperse dyes exhibit low

Table 1: Classes and properties of different dyes

water solubility. These dyes have the ability to interact
with polyester chains and produce dispersed particles.
The strength of association between fabric and
disperse dyes can be different depending on the
variety of fabric on which these dyes are applying. The
reactive dyes are largely employed on cellulosic fibers.
They have capability to form covalent bonds with
protein fibers and nylon. Cellulosic fibers are dyed
with sulfur to produce dull colors. They bear enough
fastness in most of the cases, but also fade quickly
when exposed to chlorine. The dyes which are not
faded even when they come in contact with chlorine
are vat dyes. (Golob & Ojstrsek, 2005). The class and

its characteristics are described in Table 1.

Dyes Properties

Direct dyes Soluble in water

Basic dyes Brighter dyes, soluble in water
Acidic dyes Soluble in water

Sulphur dyes containing sulfur or

Reactive dyes

Soluble in water, anionic compounds and major dye class

Vat dyes

chemically complex, water-insoluble

Dispersive dyes
Insoluble in water

Direct Yellow 12 Dye

The direct yellow 12 dye belongs to anionic class of
dyes (Figure 2). This direct yellow 12 dyes have vast
application in different industries due to its chemical
structure which provide him excellent stability in basic
as well as acidic solutions. Thus direct yellow 12 dye
are being used by textile industries for the processing

of jute, leather, silk and wool. It is also being used for
the dyeing of cotton and textile products as well as ink
manufacturing and paper producing industries. These
dyes also have biological applications in veterinary
medicines and dermatology (Khaled et al., 2009).
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Figure 3

Direct Yellow 12 dye has been described as an
extremely toxic dye for the environment, humans and
animals, with the potential to cause permanent eye

injuries (Ozmihci and Kargi 2006). It has high
tinctorial strength and a reddish yellow hue (Sanghavi
& Ranga, 2019) (Table 2).

Table 2: Main characteristics of Direct Yellow 12 Dye

Colour Index No. Synonym Formula M.W (g/mol") A max in nm
Chrysophenine yellow
24895 680.70 65
C30H26N408S2 Na
Dyes treatment methodologies has become highly prevalent in recent vyears

In recent years, treating or degrading the harmful dyes
and pollutants has become very difficult and a tedious
process (Naseem et al., 2018). Several strategies have
been employed to deal with this specific issue, such as
membrane filtration (Wang et al., 2018), ozonation
(Aziz et al., 2018), removal by ion exchange method
(Wahab et al., 2019), bioadsorption (Chen et al.,
2010), adsorption (Naseem et al., 2018), catalytic
reduction (Anaraki & Ejhieh, 2015), photocatalytic
degradation (Borandegi et al., 2015), biological or
aerobic treatment (Ejhieh and Samani, 2013), and the
absorption process is typically preferred due to its cost
effectiveness and efficiency (Shirzadi and Ejhieh,
2017).

However, disadvantages such as less efficient in
absorption, inadequate pollution and
reduced mechanical firmness of adsorbents impede

removal,

effective pollution removal (Martinez et al., 2019;
Salimi et al., 2018). Photodegradation of pollutants

(Nasrollahzadeh al., 2018). Photocatalytic
degradation is required for the successful removal of
harmful organic contaminants from wastewater,
which is critical to ecological and environmental
safety. Photocatalysis, an advanced oxidation process,
has recently gained popularity for water remediation
(Ozmihci and Kargi, 2006).

The phenomenon of photocatalytic water splitting by
employing ultraviolent light source on a TiO2
electrode was also a milestone (Ghahfarokhi et al.,
2015). This discovery the wusage of
heterogeneous catalysis technique to cope with the
prevailing degradation
focused heavily on the photocatalytic properties of
inorganic semiconductors (Guillard et al., 2003). A lot
of researcher focused their research to study the
photocatalytic phenomenon for the treatment of
harmful dyes presents in industrial wastewaters and
evaluated the efficiency of these processes. In order to
modify the performance and working of titanium

et

caused

issue. Researchers have
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photocatalyst a comprehensive research was done by
Akbal in 2005. This study was planned to enhance the
photocatalytic degradation efficacy of titanium oxide.
The finding of this study depict that the structure, size
and nature of photocatalyst is very significant for the
degradation of harmful pollutants and dyes from
wastewaters. (Akbal, 2005).

A number of studies explored a variety of
photocatalytic methods being used for treating the
dyeing industrial waste samples, containing dyes
pigments and other harmful pollutants (Ikram et al.,
2021). The current study investigates from literature
the most suitable options for the degradation of azo
dyes and their products in wastewaters. The article
focuses on the fundamental essential variables
affecting dye photocatalytic decolorization through
different photocatalysts. Different parameter effecting
the performance of these processes were assessed and
investigated thoroughly to study the treating efficacy
of these photocatalytic phenomenon.

Adsorption is now the preferred and most effective
dye removal technique because it is used to remove a
wide range of dyeing materials, including the
treatment through biological method and by using
activated carbon. However, each of these techniques
has some drawbacks, for example the adsorption by
activated carbon convert the harmful dyes from liquid
to solid phase. The other drawback is that the
biological processes are very difficult to control and
sometimes these processes cannot degrade the dyes
completely, resulting in increased total treatment
costs due to the need for additional treatment (Reza
et al., 2017). Conventional chemical, biological and
physical processes for treating textile dye-containing
wastewater have also some disadvantages like
generation of harmful byproducts and non-
economical.

Photocatalytic degradation

Photocatalytic degradation is a very effective process
in which different dyes and many other harmful
contaminants present in industrial wastewaters and
canals are being treated by the help of different type
of photocatalysts containing semiconductor materials.
In this process sunlight is being absorbed by the
catalyst and this light source helps in degrading the
toxic dyes as well as other harmful effluents from
wastewater to make them clean. This degradation is

far more efficient and economical as compared to the
other already available classical methods (Zhang et al.,
2018, Li et al., 2018). This photocatalysts can degrade
a large number of dyes in very short period of time
and irradiation. During these photocatalytic treating
processes, no harmful by products of dyes are formed,
thus make it very affordable and efficient method
(Najeeb et al., 2021).

The main phenomenon of photo degradation of dyes
contaminants involves the generation of reactive
hydroxyl species, these hydroxyl radicals help in
oxidizing the harmful organic molecules and convert
these harmful substances into harmless molecules like
CO2 and H2O and some other non-toxin inorganic
structures. This manuscript reviews the degradation of
harmful dyes by implying photocatalytic methods
using solar and some other high intensity light sources
like UV irradiation. The degradation of dyes is
influenced by both reaction temperature and light
intensity. The other important parameters which
influence the performance of catalytic process are
surface area, particle size, and usage of co-catalyst.
Synthetic dyes are commonly used in food technology
(Slampova et al. 2001), the textile and leather
industries (Sakthivel et al. 2003),
photoelectrochemical cells (Haferlach et al. 2008) and
medicine (Wrobel et al. 2001).

Modern oxidation technology is gaining popularity
for the treatment of harmful dyes. For the degradation
of harmful pollutants and dyes present in waste from
different  fabric and  chemical industries,
photocatalysis is the most feasible option which help
in treating a large range of environmental
contaminants and dye stuffs. This process is very
economical as well as eco-friendly for the degradation
purposes. There is need to extensively study the
photocatalysis process and parameters which effect
the performance of this photocatalytic system to
enhance the efficiency of degradation of all the dyes
and other effluents being released into our
environmental system and contaminate it. In order to
improve the photocatalytic degradation process it is
required to focus on the photocatalysis process by
using different type of photocatalysts. These
photocatalysts can be synthesized from a large range
of elements which possess photolytic properties like
transition metals, metalloids and noble metals.
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During this process different kinds of doping
materials can also be studies to further improve the
degradation efficacy at large scale dye treatment which
will benefit us to improve the quality of our
environmental system (Koe et al., 2020).

Several operational parameters effect the entire
photodegradation  process which involve the
adsorption of dye molecule on the surface of specific
photocatalyst and decomposition of these dyes into
harmless molecules (Ikram et al., 2020). These
different parameters effect the performance of the
photocatalytic process. Extensive study has been done
on the optimization of different parameters which are
pH of the system, concentration of substrate,
photocatalysts and dyes, irradiation time, doping
materials, temperature and effect of pro-catalysts (Raza
et al., 2020), For example in some photocatalytic
process the photodegradation efficiency decreases as
the initial dye concentration increases (Lee et al.,
2017). Semiconductor based photocatalysts used in
the photocatalysis are also very useful for the
remediation of harmful dyes (Seyedi et al., 2018).
Currently, there are a lot of treatment methods are
being employed for the elimination of toxic dyes from
wastewaters including the chemical treatment
methodologies. In these chemical processes different
oxidizing molecules are used which hinder the efficacy
of dyes removal from aqueous samples. As compared
to this process photocatalysis degradation of dyes with
the help of heterogeneous semiconductors as a
photocatalysts are very efficient, eco- friendly and cost
effective method (Zhang et al. 2023).

Photocatalytic degradation of direct yellow 12 dye

Synthetic dyes are among the most common
pollutants found in wastewater today. The main
reason behind the toxicity of these dyes lies in the fact
that all the industries release their wastewaters into
canal system without any biological or chemical
treatment. These untreated toxic and harmful
substances enter aquatic system and disturb the
aquatic life by hindering the sunlight entering into the
water which is essential for the natural marine life
(Sima and Hasal 2013). Among different dyes
methylene blue, methyl orange and rhodamine B are
widely studied. Aromatic amines can be produced as
a result of dye contamination which are extremely

harmful to the human and their environment system
(Hickman et al. 2018).

These harmful dyes as well as their detrimental
byproducts must be degraded and treated before their
release into the wastewater system. Scientists and
researchers have been struggling in finding the best
solution to degrade or remove toxic dyes for the
betterment of humanity and environment. The
degradation of these dyes by implying photocatalytic
processes is very effective and energy efficient. In these
processes different kind of photocatalysts are used
which help in the catalyzing the dye molecule and
break it into simple structures by attacking the most
fragile bonding site (Ye et al., 2018). After this process
these harmful chemicals go through a series of
reaction which convert harmful organic structures
into environment friendly small (Saravanan et al.
2017). The degradation potential can be foreseen by
the structure and physical properties of dye molecule
(Isari et al. 2018). A lot of research is being done on
the photodegradtion of dyes by using visible light and
some UV source (Jorfi et al., 2018).

Degradation of Direct yellow 12 dye by UV Assisted
Ozone Process

Investigated the process of photodegradation of
yellow 12 dye by using O3 and UV and study the
progress by implying the strong analytical technique,
HPLCMS/MS. In this study different factors are
studies which can alter the photocatalytic activity of
the system. The most prominent factor is pH which
significantly affects the degradation potential of the
system. The other factors which were investigated
during this study were the concentration of dye, time
of reaction and reaction temperature which can
affects the process of degradation of yellow 12 dye. It
was noticed that the removal of colour substances is
most effective in alkaline medium as compared to
acidic system. During this study ozone and UV were
used collectively and observed the upsurge in dye
removal. It is also observed that by using these two
light sources together the reaction time of degradation
reduced significantly. These findings suggested that
using UV can reduce the reaction time and dose of
ozone. The COD was also decreased considerably by
this process (EI Nemr et al. (2018).
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Photodegradation of yellow 12 dye using UV with
semiconductor

Bahrami & Nezamzadeh-Ejhieh conducted a detailed
research in (2015) to study the biodegradation of
yellow 12 dye by using a UV source with a series of
semiconductors. It was observed that the usage of UV
enhances the efficacy of degradation process by
reducing the reaction time noticeably. HPLC-MS/MS
was used in this study to observe the progress of these

Table 3: Degradation rate at different pH

reactions by measuring the percentage of degradation
of yellow 12 dye. The chemical oxygen demand
decreased by more than 83% compared to the
untreated direct yellow 12 dye concentration. The
efficacy of this reaction was also measured at different
pH to see the maximum photodegradation rate. The
table 3 depicts the rate of colour removal caused by
the presence of yellow 12 dye at different rates by
applying different pH.

Degradation through photocatalytic process of
direct yellow 12 dye in the presence zinc oxide

used zinc oxide as a photocatalyst to study the
degradation potential against the yellow 12 dye. In
this study zinc oxide under the UC source was applied
to degrade the yellow 12 dye and observed the efficacy
of the system. During this research different factors
like pH, reaction temperature, concentration of dye
and amount of catalyst were also studied to optimize

[nitial Catalytic Value
Photocatalyst pH (g/L) K (min™)
2.1 2.0 0.0176
3.3 2.0 0.0281
3.7 2.0 0.0254
6.2 24 0.0096
7.1 2.0 0.0092
0.2 2.0 0.0129
11.3 2.0 0.0169
UV \ TiO2 3.5 1.0 0.0158
3.4 3.0 0.019
3.5 4.0 0.0320
3.5 5.0 0.0399
3.4 6.0 0.0341
3.5 5.0 0.0629
UVAH202\TiO2 3.3 5.0 0.0079
3.3 5.0 0.0041
3.5 5.0 0.0040
the best conditions under which maximum

degradation was observed. It is observed that the
maximum degradation was achieved in alkaline

medium (Rao et al. (2009).

Titanium dioxide photocatalyst for the degradation
of direct yellow 12 dye

In another important study comprehensively
examined the photodegradation of yellow 12 dye
present in water sample by using titanium dioxide as
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a photocatalyst. Solid state dispersion method was
used in this study to reduce the harmful yellow 12 dye.
The result of these study shows the efficacy of
titanium dioxide as a dye degradation. 90% removal
of harmful yellow 12 dye was noticed during this study
which depicts the importance of this photocatalyst
(Nikazar et al. (2007).

Photodegradation of yellow 12 dye using UV,
UV+H202 and UV+H202 +Fe**

Evaluated the photodegradation of three commercial
dyes including direct yellow 12 dye, direct red 28, and
reactive black by using different type of catalyst under
the UV source. The colour reduction and absorbance
of yellow 12 dye in contaminated wastewater was
observed in this experiment. After 60 minutes of
irradiation, reactive black showed 99% removal while
and direct vellow 12 dye expressed 98% removal
which  shows the high efficiency of this
photodegradation process (Bali et al. (2004).

Direct red 28 had a maximum color removal
efficiency of 39% after 50 minutes of irradiation, but
increased to 68% after 110 minutes. Comparable
mineralization efficacy was 45, 65 and 15%,
respectively. While the addition of iron based catalyst
to the system significantly improved the color
removal, the efficiencies being 95, 90 and 84% for the
reactive black dye, yellow 12 dye and react 28 dye only
after 5 min of irradiation. The resultant efficiencies of
these systems were 98% for 45 min irradiation, 100%
for 59 min irradiation and 94% for 88 min
irradiation, respectively. However, the bordering
advantage was less significant as H2O2 and Fe(II)
concentrations improved.

Inspected the photocatalytic reduction of another dye,
hodamine B dye by using ferum- titanium oxide
photocatalyst which was reinforced on reduced
graphene oxide. The degradation efficiency of this
system was assessed by the presence of sulphate,
nitrate, chloride and phosphate anions. It is studied
that the removal efficiency of this system was
decreased by the presence of these anions ranging
from 90% to 40%. The presence of nitrate decreased
the efficiency by 89%, phosphate caused 68%
decrease in performance, chloride reduced the
efficiency by 80% while chloride caused 40%
decrease. This variation in efficiency caused by the
extent of light absorption by each anions which effects

the efficiency of photolytic degradation. The textile
wastewater was tested for its total organic corban
which was reduced by 70%, COD reduction was
recorded at 60% while average oxidation state and
carbon oxidation state shows enhancement in
biodegradation. This study showed that the efficiency
of this system to remove the harmful dyes from
wastewater and also enhancing the quality of waste
water by decreasing the toxic contaminates from
industrial wastewater (Isari et al. (2018).

Conducted a series of experiments on the degradation
of some toxic dyes which were present in
contaminated industrial effluents. They observed that
in real waste water samples collected from the
industrial discharge, the efficacy of titanium dioxide
was not as much impressive as they were tested in the
laboratory water samples. The catalyst and the UV
light source were used collectively and studied the
degradation of dyes. It was observed that the colour
was decreased over the time, BOD and TOC
reduction were also seen after more than 24 hours
under continuous UV irradiation. The study was very
useful to see the potential of one of the best
photocatalyst, titanium dioxide under UV light show
the reduction of harmful substances in real industrial
effluents (Touati et al. (2016).

Jorfi (2018) employed the modern analytical tool to
investigate the performance of biodegradation process
for the removal of toxic dyes from aqueous samples.
The study showed the presence of many harmful
organic molecules in water samples taken from
industrial waste including quinolone,
dimethylquinoline, fluoroacetamide, palmitic acid,
methylisoquinoline and linoleic acid. These
contaminated samples were treated while using
photocatalysts containing TiO2 being doped with
different elements like lanthanum manganese,
molybdenum, and activated carbon for different time
duration of irradiation at different pH. With different
type of catalysts, the efficiency of dye removal was
different ranging from 70% to 95% removal. This
study also revealed that the oxidation of contaminants
and their intermediates are very important for the
complete conversation of harmful pollutants into
harmless materials. The colour of wastewater was also
improved by utilizing this system (Khan et al. 2016).
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Photocatalysts

Photocatalysts are the most important materials which
are being used for the degradation of harmful dyes
from different kind of wastewaters. There are
different kind of photocatalysts which shows different
efficiencies depending upon many factors which effect
the performance of these photocatalysts. These
photocatalysts use the solar energy to degrade harmful
and toxic pollutants and making the while process of
photodegradation very economical and environment
friendly (Khalid et al., 2017). There are many studies
reported in literature which shows that photocatalysts
can also performed efficiently in degrading long-
lasting organic contaminants through light absorption
in the water (Pang et al. 2016; Hak et al. 2018). In the
photocatalysis  processes the most commonly
employed photocatalysts are ZnO and TiO2 which
possesses high potential to degrade the dyes from
water samples (Han et al. 2018).

These  photocatalysts, however, have some
disadvantages, mainly the wide band in energy gaps,
reduced absorption at low light and high
recombination rates of photo-induced electrons and
holes, which bound their practical application in
these methods (Huang et al. 2017). A high energy gap
value necessitates some extra energy absorption to
achieve the charge carrier separation (Michael et al.
2019). Furthermore, there is also an option that the
holes and electrons present in the photocatalytic
system could combine together and become unable to
play its important role in the degradation of dyes. This
phenomenon can significantly reduce the overall
efficacy of the photocatalytic system (Jo et al. 2018).
The photocatalysts modification has been the subject
of interest of many researchers in an attempt to
overcome these challenges. If a doping agent is
introduced into a bulk photocatalyst, the electron
transfer kinetics are influenced due to the presence of
high dipole moments. This enables a larger number of
electrons to be transferred from the VB of the
photocatalyst to its CB, thus bringing the energy gap
value closer (Chiu et al. 2019). As witnessed by the low
energy gap value, visible light or sunshine can be
absorbed more efficiently. As mentioned by Zhang
and Jaroniec (2018). Consequently, the nature of the
matrix material, as well as the microstructure, size, and

form of the composite also affect the performance of
the composition (Li et al. 2018).

Characterized the photocatalytic capabilities of
Fe2TiO5 nanoparticles to degrade toxic dyes in
wastewaters. A band gap of approximately 2.16 eV for
the mesoporous Fe2TiO5 nanoparticles and good
light absorption in the visible region were observed.
To assess the photocatalytic performance, we observed
how methylene blue faded when exposed to natural
sunlight. In this study, attempts were made to identify
the conditions for the degradation of methylene blue
by changing the concentration of the catalyst, initial
concentration of dye and the pH of dye solution.
Fe2TiO5 corroded quickly in very high pH condition
which possibly results from the higher concentration
of OH radicals (Vasiljevic et al., 2020).

The adsorption of the organic contaminants was also
different when comparing the different allotropes of
the photocatalyst type even though they are photo
catalytically active (Lopez et al., 2013). Due to the
interaction between metal oxide and support, it is
possible to form very small nanoparticles at the active
areas of the support. In the study by Unlu et al. (2018),
this might result in increased the surface area for
photocatalyst which act as supportive materials to
behave as electron reservoirs. Thus, greater number of
pollutants can be decomposed and the rate of
recombination of the photo-generate electrons and
holes decreases. Graphene, carbon nanotubes, a wide
range of biomass, and clay are well-known examples of
oxygen-rich support materials.

Classification of photocatalysts depends on the
physical and chemical properties of the elements that
are used to produce them This includes whether they
are noble metals, transition metals or nonmetals or
metalloids. There are several noble metals, including
gold, palladium, ruthenium, and rhodium. The
transition metals include copper, zinc, and titanium,
while the non-metals and metalloids are nitrogen,
clay, graphene, and CDs. The following sub-section
provides an elaborated discussion on these materials.

Rhodium

Rhodium complex is the photosensitizer that is
employed most frequently. These photosensitizers are
the material that may remain chemically unreactive
while transferring photons from the visible light to
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alternative substance to augment its natural activity.
Rh has certain merits including the photocatalyst life
and long excited state energy, chemical stability, and
electron transporting ability. This may enhance its
photodegradation of pollutants because of its high
visible light absorption which enhances radical
generation as stated by Ozawa et al. (2014). However,
the Rh photosensitizer unit can deliver electrons to
another photocatalyst unit at a fast rate, which
enhances the photocatalysis reaction and prevents the
charge carriers from regenerating (Kumar et al. 2018).

Silver

Among various nanoparticles, the distinctive
characteristic of silver (Ag) was attributed to its
superior antibacterial properties (Mahmoudi et al.
2015). Not only it may be incorporated in optical and
electronic devices, but it has also antibacterial
consumer products and medicinal application due to
its characteristic and low material cost than other
noble metal such as gold and platinum (Murphy et al.
2015). Silver in various forms including as a co-
catalyst, membrane nanofiller and also as an effective
adsorbent has been a topic of interest in water
treatment applications (Das et al., 2013; Mahmoudi et
al., 2015). Currently, Germs such as Staphylococcus
aureus and Escherichia coli (E.coli) are found
significantly in water and wastewater and therefore its

efficiency as a disinfectant is a plus for water treatment
technologies (2018).

Platinum

Pt catalysts are characterized by some unique features
that allow them to be widely used in various industries
such as electronics, biomedical, and catalyst (Atabaev
et al., 2016). Another issue that arises with
commercialization is the high cost of Pt as highlighted
by Mahy et al. (2019). In the group of all the noble
metals, platinum is the best suitable co-catalyst for
reducing contaminants employing photogenerated
electrons because it can promptly capture the
electrons in the conduction band of the
semiconductor, thus enhancing the photocatalytic
efficiency and minimizing the charge -carrier
recombination (Xie et al. 2014). While Oh et al.
(2014) and Jaramillo-Paez et al. (2018) revealed that Pt

enhances the  photocatalytic  efficiency  of

semiconductor photocatalysts through boosting their
light absorption and transferring it to them.

Titanium

Out of all the diverse categories of heterogeneous
photocatalysts, one can use titanium dioxide (TiO2).
In addition to being able to consistently absorb light
and facilitate charge transfer, it is non-toxic and
inexpensive and does not present any toxicity
problems. Bagheri et al. (2015) investigated the crystal
structures of the three most common polymorphs,
namely anatase, rutile, and brookite of TiO2.

Copper

The heterogeneous photocatalyst based on copper
(Cu) has seen extensive application because of its
plentiful supply, high selectivity, ease of use in
creating semiconductor layers, inexpensive cost, and
satisfactory photocatalytic activity (Saraswat et al.
2018). As a result of its smaller Eg (2.17 eV), copper
oxide is a widely utilized the p-type semiconductor for
photoelectrodes in pollution removal (Isherwood
2017).

Along with the metals already mentioned, researchers
also created and studied hybrid photocatalysts that
contained ions of other metals. Hybrid photocatalysts
like Cu** /TiO2, Fe*'/TiO2, Ru** /TiO2, It™ /TiO2,
Ru” /TiO2 and Rh* /TiO2), Pd** /TiO2 were
created by Kitano et al. (2016) by combining TiO2
with a variety of metal ions. The resulting materials
include rutile, anatase, and mixtures of these
crystalline structures.

Zinc oxide

Zinc oxide (ZnO) is a crystalline powder that has a
white to yellowish-white color. It has a wurtzite crystal
structure which is completely soluble in water
(Dimapilis et al. 2018). The most commonly employed
as a bulk heterogeneous photocatalyst is ZnO, because
of its impressive physio-chemical characteristics and
its capacity to enhance antibacterial activity (Al-Fori et

al. 2014).

Ferum oxide

Iron oxide has primarily four crystallographic forms
which are o Fe203 also known as hematite, y-
Fe203, B- Fe203 and & Fe203. While a- Fe203 is
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the most thermodynamically favorable phase of
Fe203 and has found numerous practical
applications as a catalyst, a sorbent, in solar cell and
biomedical applications (Machala et al. 2011). One of
the most prominent features of a- Fe2O3 is its stability
in chemical and thermal processes. It is quite available
and hardly affects the environment. Also, it is
characterized by a remarkably high light absorption
capacity, which can make it desirable for conversion
of solar energy, as showed by Abdul Rashid et al 2016.
Moreover, the properties of nanosized a- Fe2O3 are
uniquely magnetic in nature. Roldan et al in their
study published in 2013 observed that a- Fe2O3 bears
better magnetic performance than ferum. The
ferromagnetic behaviour is particularly advantageous
in the photocatalytic treatment process as it allows for
easy isolation of the photocatalyst from the solution
after the process (Micheal et al. 2019).

Titanium dioxide photocatalyst

There is no doubt that TiO2 or titania is one of the
most widely recognized and documented materials
due to the stability of its chemical structure,
biocompatibility, and unique physical and optical and
electrical characteristics. There are four different
mineral forms of it: anatase, rutile, brookite as well as
titanium dioxide or TiO2. Anatase form of titanium
dioxide has crystalline structure that is categorized in
tetragonal system of crystallography. It is mainly used
as a photocatalyst when irradiated with ultraviolet or
UV light according to the figure referred by Zhang et
al in 2018.

Rutile TiO2 possesses a tetragonal form of crystal
structure. This specific form of titania is primarily
used in paints, as a white pigment. The structure of
brookite form of TiO2 bears orthorhombic crystalline
structure. The catalyst TiO2 is a mineral that
crystallizes in the monoclinic symmetry and is
relatively new member of the titania family.
Importantly, it must be noted that TiO2 is a
multifunctional material with numerous applications.
Some applications include in paint pigments,
sunscreen lotions, electrochemical electrodes,
capacitors, solar cells, as a food colorant, and in
toothpastes (Puma et al., 2008).

If photons strike TiO2, the electrons on its surface are
activated and then transferred to the conduction
band. On the other hand, positive holes formed in the
valance band at the same

instance. Electrons and the positive holes have a
decision to either release energy in the form of heat or
interact with other molecules. In an interesting way,
some species have the capacity to form highly reactive
and strong oxidizing free radicals such as hydroxyl
radicals. These radicals then move forward and
oxidize the organics that are present on the given
surface Figure. Also, these holes have the capacity to
reduce the substrate through electron transfer
through the holes in the structure. In other words, the
formation of radical types in the TiO2+UV system can
be defined by the following diagram illustrated in
Figure 4.
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Figure 4: Schematic diagram of photodegradation mechanism

The potential use of this material as a photocatalyst in
a large-scale water treatment facility is attributed to
various factors (Aramendia et al., 2005):

A photocatalytic reaction occurs at ambient
temperature.

Photocatalytic reactions have the advantage of not
producing intermediate products like photolysis
reactions do. This means that organic pollutants can
be fully converted into non- toxic substances such as

CQO2, HCI, and water.

This affordable photocatalyst can be easily applied to
a wide range of surfaces, including glass, fibers,
stainless steel, inorganic materials, sand, and activated
carbons (ACs), enabling repeated use without
interruption.

Photogenerated holes have a highly oxidizing effect,
while photogenerated electrons undergo sufficient
reduction to generate superoxide’s from dioxygen’s

(Figure 6).
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Photocatalysis

Photocatalysis can be defined as a process that is
activated by light and further accelerated by the
presence of a photocatalyst. These reactions occur
when a photon is absorbed with sufficient energy.
When light is absorbed it promotes the electron from

€hech b €p

Conduction Band

the valence band to the conduction band in the
semiconductor catalyst. This leads to a charge
separation in which there is an empty space called a
hole in the valence band. For a photocatalyzed
reaction to occur, it is essential that the electron and
the hole do not recombine.

HO

A A A

+ Pollutant

‘OH

+ - - -
Baba b, by,

Valence Band

Figure 6: General Mechanism of Photocatalysis

The overall goal of the process is to enable the
activated electrons to interact with an oxidant so as to
form a reduced product. Also, it seeks to cause a

reaction between the generated holes and a reductant
to form an oxidized product. In a study done by Gaya
et al. in 2008, the electrons generated by light can
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donate it to the dye or get transferred to electron
acceptors (Figure 7).

Operating parameters in photocatalytic processes
The photocatalytic degradation of dyes is affected by
some factors that have to be taken into account. Some
of these factors are the pH level, the size and
concentration of photocatalyst

particles, initial dye concentration, temperature of
reaction, dopant content, the presence of electron
acceptors and intensity of light. The following
operating parameters will be explained one by one
since they are all affected by the photocatalytic
methods that occur in the photodegradation of dyes
in effluents of wastewaters.

Effect of pH on photocatalytic degradation of dyes
In photocatalytic dye decolorization, the pH has a
great impact with regard to the reaction rates of the
dye at different manners. The dye adsorption on the

surface of a semiconductor depends with the pH of
the solution since the catalyst surface charge is
governed by the pH (Borker and Salker, 2006). Earlier
researches have also been made in the past to analyze
the effect of pH level on the photocatalytic
degradation of harmful dyes (Huang et al., 2008).
While investigating the effects of pH on the
photocatalytic degradation of dyes there is two major
aspects to look at. It is clear that industrial pollutants
do not have only a neutral effect. In addition, the pH
of the reaction mixture affects the surface charge
characteristics of the photocatalyst as pointed by
Chakrabarti and Dutta in their 2004 study.

The task of comprehending the effects of most
important factor which is pH on the effectiveness of
the photodegradation procedure is an intricate one
since there are three possible reaction pathways
involved in dye demineralization. Such mechanisms
include the interaction with hydroxyl radicals, positive
holes direct oxidation, and direct reduction by
electrons from the (CB) conducting band. The extent
of contribution for every mechanism varies with pH
as well as the nature of substrate (Reza et al., 2017). In
a research by Zhu et al in 2012, the authors analyzed
the effect of pH on the photocatalytic surface charge
characteristics. They further observed that it could be
attributed to the point of zero charge phenomenon. A

study carried out by Alaton et al in 2002 revealed that
for TiO2 particles, the pH pzc is 6.8. At an acidic
environment or when the pH is below 6.8, the surface
of the photocatalyst gains a positive charge. On the
other hand, the surface of the electrode becomes
negatively charged at the alkaline or basic pH values.
The pH can also have a substantial effect on how fast
the photocatalytic dye decolorization occurs as well as
its overall rate. For instance, positive holes act as
important oxidation agents at lower pH levels. Under
higher or neutral pH conditions, the oxidation
process is driven by hydroxyl radicals (OH). Lachheb
et al. conducted a study in 2002 where they
investigated the influence of pH on Methyl Red,
Crocein Orange G, Congo Red, Alizarin S and
disappearance kinetics. According to their findings,
the pH did not affect disappearances rates
significantly. At the very high pH values adsorption of
MB is more favorable onto negatively charged
surfaces. However, due to presence sulfonate group
which carries negative charge, the adsorption of OG
decreases with increasing alkalinity. Several other dyes
having different functional groups exhibited behavior
similar to that observed with respect to MB.In their
research, Baran et al., found that Bromocresol purple
dye degrades better under acidic rather than alkaline
conditions (Baran et. al., 2008).

TiOH + H" = TiOH," *

TiOH + OH = TiO + H,O 3

Effect of dye concentration on photocatalytic
degradation of dyes

Photocatalysis depends on the absorption of dyes by
the photocatalyst's surface. What is important for the
process of photocatalysis is not how much dye there is
in the whole solution but rather the amount that gets
adsorbed onto the surface of the photocatalyst
through photodegradation. The initial concentration
of dye with respect to its adsorption plays a significant
role in every photochemical reaction. This percentage
decreases as long as we keep constant quantities of
reactants and increase them (Reza et al., 2017). More
organic substances will be adsorbed onto the surface
area if more amounts are taken up; hence fewer
photons will reach this region thereby reducing
decolorization percentages since OH ions generation
also reduces because many OH radicals are consumed
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during oxidation processes (Azad and Gajanan, 2017).
It has been shown from earlier works that when dye
concentrations rise so does degradation rate constant
drop (Mahvi et al., 2009).

The speed at which something deteriorates under
light exposure can be influenced by its starting point
concentration level. Photodegradation was studied by
Illinous et al., in 2013 where they looked into what
happens when different amounts of initial
concentrations were used for reactive yellow 12 dye
during photodegradation process. As per Akerdi et

al.’s findings last year there appeared to have been less
efficiency observed during decomposition with higher
amounts of dyestuff being applied than those lower
down the scale were employed.

Another example includes manipulating initial
quantity which caused researchers see change in path-
length traveled by entering photon into solution
inversely proportional where lesser volume had more
paths crossed through it compared against larger ones
as illustrated in Kansal et al.’s study back in 2008
(Table 4).

Table 4: Effect of initial concentration of dye on photocatalytic degradation

[nitial dye-12 conc. Constant Parameters kd (min™) UV + O3kd (min™) O3

(mg/1)

100 UV source: 254 nm pH: 12 0.0269 0.0260
Ozone : 400 mg/h

200 UV source: 254 nm pH: 12 0.0183 0.0143
Ozone : 400 mg/h

300 UV source: 254 nm pH: 11 0.0121 0.0105
Ozone : 400 mg/h

400 UV source: 254 nm pH: 10 0.0112 0.0100
Ozone : 350 mg/h

500 UV source: 254 nm pH: 9 0.0079 0.0078
Ozone : 350 mg/h

Effect of photocatalyst concentration on In another study during 2007 by Riga et al., it was

photocatalytic degradation of dyes

The concentration of photocatalyst is additionally a
factor in the degradation of dye. The degradation of
dye through photodegradation can be improved by
increasing the amount of photocatalyst. A greater
quantity of active sites is available on the entire surface
of the photocatalyst when there is a higher catalyst
concentration. This leads to an increased production
of OH radicals which results in discoloration of the
dye solution. At a certain point, when catalyst
concentration exceeds some limit value or go above
certain level then solutions become cloudy; this
cloudiness cuts off necessary UV radiation for
continuation of reaction and thus decolorization falls

down (Coleman et al., 2007).

noticed that with higher TiO2 loading or when other
catalysts were used there tends to be an increase in
concentration adsorbed dyes on surface area per unit
mass (Figure 5). MO dye photodegradation at
different concentrations is shown in figure 5. The
percent photodegradation noticeably increased as
more photocatalysts were introduced into system
however this was only observed through experimental
findings which showed direct relationship between
concentration levels and %degradation rates achieved
(Kumar and Pandey, 2017). Several researchers have
studied about how different factors affect dyes
degradation rate within wastewater treatment plants
such as Abdellah et al., 2018 who reported on what
impacts does catalyst loading have towards improving

https://fmhr.net

| Ali et al., 2026 |

Page 751



Volume 4, Issue 1, 2026

Frontier in

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

these processes! In their research work Konstantinou
and Albanis investigated TiO2-assisted photocatalytic
degradation process for azo dyes under aquatic
condition back in year 2004 where they found out
that initial rates are directly proportional to quantities
used indicating presence heterogeneous regime only
works well with large amounts but also has its
limitations since beyond specific point no further
significant changes may occur until some additional
measures taken into account so as still remain
effective enough even if efficiency decreases drastically
beyond expected thresholds levels achieved before this
had been reached otherwise none whatsoever would
suffice according expectations made before starting
any experiments at all.

It has been shown by various experiments that the
number of active sites on the surface of photocatalyst
increases with an increase in catalyst concentration.
This consequently leads to more OH and superoxide
radicals which come into contact with dye molecules
causing it degrade or break down into simpler
compounds until very few bonds are left intact
between atoms within its structure thereby reducing
stability hence making easy for microbial attack on
such substrates thus enabling faster biodegradation
rates to occur eventually resulting complete
mineralization process taking place rapidly than usual
expected time frames required under normal
circumstances where only partial degradation occurs
due limited availability catalysts surfaces areas
available for photon absorption (Huang et al., 2008;
Sun et al., 2008).

Influence of dopants on photocatalytic degradation
of dyes

The photodegradation of harmful organic dyes is one
of the most potential applications of heterogeneous
photocatalysis. Dopants have been extensively studied
about their impact on

the photocatalytic activity of photocatalysts (Kumar
and Pandey, 2017). Doping can improve the efficacy
of the photocatalyst in many ways such as contraction
its band gap, creating oxygen vacancies which act as
unique surface adsorption sites for organic molecules,

forming impurity energy levels and trapping electrons
at these levels (Barakat et al., 2013). Generally
speaking, catalysts having low energy levels between
the conduction and valence bands are efficient visible
light responsive photo catalysts because they generate
more number of electron-hole pairs. Indeed, under
visible light irradiation some features like oxygen-
deficient sites; narrowness in band gaps; presence of
impurity energy levels etcetera has shown to greatly
enhance Yousefi et al’s (2013) found that
photocatalysts with oxygen deficiency sites did exhibit
significant increase in their ability to adsorb visible
light. Photocatalytic activity refers to how effectively a
given substance drives chemical reactions using energy
derived from absorbed photons but it depends on
whether or not photo-induced charges recombine
before reacting with other species within Barakat et al.,
2013 showed that dopant atoms could trap photo
induced Zhang et al., 2023 work revealed that when
electrons were allowed to move freely without any
recombination, then this leads enhanced by
preventing holes from combining back again with
them thus making them available for creation these
new compounds.

The catalyst can include dopant ions via interstitial or
substitutional methods. In the crystal lattice of the
catalyst, dopants can modify electronic properties in
the visible light region (Pouretedal et al., 2009). The
absorption edge of the material shifts towards the red
due to d electron transfer as illustrated by figure
(Chang and Cho 2016) but after an optimal level of
doping contents, decrease in photocatalytic activity
happens through; (i) lessening the space charge region
or (ii) reducing surface area of the catalyst as well as
the penetration depth of radiation into photocatalyst
beyond space charge layer. Besides this, sometimes
doping contents may act as electron-hole
recombination centers when average distance among
trap sites is reduced by aggregating the dopant
contents (Xu et al, 2002), thus reducing
photodegradation. When subjected to UV light
source, Bouras et al.’s study showed that under same
conditions Basic Blue 41 dye was better degraded with
pristine TiO2 than Fe-doped TiO2.
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Figure 7: Photocatalytic mechanism of Ag-doped TiO2 photocatalysts

The amount of dye that was decolorized decreased
significantly when the concentration of Fe increased
from O to 30 at%. The same trend was observed for
CoTiO2 and Cr-TiO2 at different reduction levels.
This means that transition metals (TM) in TiO2
photocatalysts  obstructs the photo catalytic
degradation process of some dyes (Bouras et al., 2007).
Semiconductors energy levels, surface states, optical,
structural and electromagnetic properties can be
changed considerably by altering doping levels. The
presence of dopants
determines material behavior more so than any other
factor. Dopants in semiconductor nanocrystals decide
what kind of optical and electronic behavior they will
exhibit specifically (Wang et al., 2013). Moreover,
photons absorbed by them transfer their energy
quickly to their surroundings which prevents
undesirable reactions on the surface of nanocrystals
through rapid localization. Chauhan et al. (2014)
found out that introducing ZnS to photocatalysts
together with other transition metals like Ni, Cu, and
Mn enhances their reactivity.

within a semiconductor

Effect of the intensity of light and irradiation time
on photocatalytic degradation

Both the intensity of light and the time of irradiation
affect the fading of dye (Gaya and Abdullah, 2008).

When photocatalysts captivate light energy which is
equal to or greater than band gap energy, it results into
transferring electrons from valence band to
conduction band leaving holes in valence band
(Sohrabnezhad et al., 2009).

Radiation can be also increased by intensifying the
rate of photodegradation. The probability for exciting
a photocatalyst is increased with higher intensity
incident light (Saleh et al, 2011). However,
recombination of electron-hole pair remains one big
problem in photocatalysis. At low light intensity there
is difficultness with separation electron-hole pairs due
to increase recombination which leads to less
production free radical thus reducing degradation
organic molecules. This can be solved by using more
intense lights (Pirhashemi et al., 2018).

Therefore; wavelength and intensity of UV source in
a photo-catalytic reactor affects degradation of dye in
aqueous solution of photo catalysts. In terms
reproducibility an artificial UV source provides good
reproducibility as compared to solar light enabling
higher efficiency in degrading textile dyes. On other
hand solar light being non-hazardous and abundant
has been considered cost effective alternative light
sources because it usually employed along with
different parabolic collectors or straightly used solar
irradiation (Mariselvam et al., 2016).
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Figure 8: Three types of semiconductor heterojunction structure

Effect of reaction temperature on photocatalytic
degradation of harmful dyes

The gradual increase in temperature raises the rate of
photodegradation of organic compounds. This occurs
because at higher temperatures, the solution begins to
bubble thereby generating free radicals. Furthermore,
a rise in heat also aids electron-hole recombination by
enhancing degradation reactions. Additionally,
increasing temperatures heighten oxidation rates
between organic molecules at interfaces (Karimi et al.,
2014).

In their research on Acid Red 18 dye, Mozia et al.,
2009 discovered that the constant for rate of reaction
during photochemical decomposition increases with
increasing temperatures. In another study conducted
by Soares et al., 2007 they also found out that there
was an ideal operational range between 40-500C
where most efficient results were obtained. However
at lower temperatures desorption from surface
becomes slower than degradation so this step limits
the reaction while adsorption of dye onto
photocatalyst becomes limiting when we raise
temperature but not too much above room
temperature since according Zhou and Ray (2003)
optimal ranges are usually around 293K - 353 K.

At low temperatures it is energetically more favorable
for reactants to adsorb which leads to release of heat
spontaneously. Over 80 C charge carrier
recombination takes place leading to decrease in
efficiency again the best temperature region falls
within the interval from twenty degrees Celsius up till

eighty degrees celsius for successful decolorization
process Kumar et al., (2015).

Effect of various photocatalysts on photocatalytic
degradation of dyes

The various photocatalysts’ chemical reactions differ
due to the lattice mismatch and BET surface area
difference. Equally, how effluent is absorbed, and the
duration as well as rate at which electron-hole pairs
recombine are altered by the presence of impurities on
the surface of a photocatalyst. It can have a significant
role in some photodegradation reactions to have a
large surface area. There have been great strides made
towards increasing the specific surface areas of
photocatalysts for full utilization of their properties
(Birnal et al., 2020).

Decolorization kinetics of gentian violet were studied
by Saquib and Muneer through examination of three
different photocatalysts; PC500, P25, UV100. Among
other photocatalysts P25 degrades dye fastly and
causes mineralization also quickly. For a photo-
catalytic reaction to occur it should have larger
numbers of electrons and holes available for
appropriate reactants This is because it takes longer
time for recombination between electron- hole pair in
P25 hence more efficient reactions are allowed
(Saquib et al., 2003).

The titanium dioxide is one eminent photo-catalyst
that exists in four different mineral forms. Anatase
TiO2 has proven itself as an excellent photo-catalyst
relative to other types of TiO2 because its bandgap
energy is higher than that of rutile form which means
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wider range absorption ability by anatase type
compared with rutile type under similar conditions
such as wavelength or intensity etcetera where this
could lead into more number excited states being
accessible potentially along with greater possibility
being there for initiating conjugate reactions
involving electrons since conduction band level might
become shifted upwards correspondingly so as to
match up with them better according law
conservation charge. Besides that, it was found out
during investigations that there is formation highly
stable surface peroxide groups due to photo-oxidation
reaction taking place within anatase TiO2 However it
has been shown through research work that mixed
phase composite containing both rutile and anatase

exhibits higher activity than pure anatase (Reza et al.,
2017).

Effect of inorganic salts

It is common to find mineral ions in the dye contents
of waste water. Some cations such as copper,
phosphate and iron have been found to decrease the
efficiency of photo-degradation at particular
concentrations. This is because they can compete for
active sites on the TiO2 surface with dyes which may
deactivate photocatalyst leading to reduction in
targeted dyes degradation (Chong et al., 2010).
Calcium, magnesium and zinc were among the metals
that have received much attention due their impacts
on organic compound’s photodegradation. Research
has shown that these elements do not exhibit any
inhibitory effects when they are present in higher
oxidation states. The formation of chloride radical
anions can also block catalyst surface active sites while
previous studies had already reported about chloride
ion and phosphate ion inhibiting photocatalytic
degradation (Liao et al., 2001).

Effects of Oxidizing agents on photocatalytic
degradation of dyes

Certain agents can affect the degradation of dyes
through photocatalysis. For instance, Saquiba et al.
found that certain chemicals such as hydrogen
peroxide, ammonium persulphate and potassium
bromate were observed to participate in the
breakdown processes of Fast Green FCF (1) and
Patent Blue VF (2). The experiment employed

Hombikat UV 100 and Degussa P25 as the
photocatalysts. They noticed that some compounds
promote the decomposition of

dye 1 when exposed under UV 100 rays while all
electron acceptors greatly enhance the degradation
rate of dye 2 in the presence of P25.

In another study carried out by Huang et al., they also
investigated how incorporating H202 affects methyl
orange decolorization. The higher the concentration
of hydrogen peroxide, the faster the rate at which
color is lost. The range in concentration used was
from 0.4-2 mM/1 H202. What they found was that
among all other concentrations tested with their
system, adding 1.2mM/1 H202 gave them maximum
results against the photocatalytic degradatio of methyl
orange solution, this reaction got better with addition
H202. According to Zhiyong et al.’s work [158], one-
hour sunlight exposure led to complete disappearance
of MO after it had been mixed with deugussa
P25(0.5g/L) and H202 (Imm).

Conclusion

In this review article the previously available literature
on the different photocatalytic methods being used
for the photo-degradation of direct yellow 12 dye and
some others harmful dyes has been reviewed
comprehensively. The negative impact of these
harmful dyes on the environment and human health
which are being released into the canal system in the
form of industrial waste has also been studied.
Literature date shows that the yellow direct 12 dye is
extremely toxic to human as well as animal health.
Therefore, there has always been top priority for the
researchers to find the easy, economic, quick and
environment friendly methods to degrade or remove
these toxic dyes from the wastewaters. From the
literature survey we find that a large number of
classical as well as advanced degradation methods are
being used for the degradation purpose. Among these
methods photocatalytic degradation is extensively
used because these methods are efficient and
environment friendly. Different studies have been
done on photocatalytic degradation by employing
different types of photocatalysts and light sources.
Each type of catalyst has its own unique degradation
potential against the different type of dyes. This review
has also investigated the impact of different
parameters like pH, reaction temperature, initial
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concentration of dyes and substrate, type of
photocatalyst, pro-catalyst, and doping of another
element. Each parameter affects the performance of
photocatalytic activity of the degradation process. This
review study will help the scientist and environmental
researchers to choose the most affordable method foe
the degradation or of direct yellow 12 dye from the
dying contaminated wastewaters.

REFERENCES

Abdellah, M. H., Nosier, S. A., El-Shazly, A. H., &
Mubarak, A. A. (2018). Photocatalytic
decolorization of methylene blue using
TiO2/UV system enhanced by air sparging.
Alexandria engineering journal, 57(4), 3727-3735.

Ahmad, S. O. A., Ikram, M., Imran, M., Naz, S., Ul-
Hamid, A., Haider, A., ... & Haider, J. (2021).
Novel prism shaped C3 N4-doped Fe@Co304
nanocomposites and their dye degradation and
bactericidal potential with molecular docking
study. RSC advances, 11(38), 23330-23344.

Akbal, F. (2005). Photocatalytic degradation of
organic dyes in the presence of titanium dioxide
under UV and solar light: effect of operational
parameters. Environmental Progress, 24(3), 317-
322.

Akerdi, A. G., Bahrami, S. H., & Pajootan, E. (2020).
Modeling and optimization of Photocatalytic
Decolorization of binary dye solution using
graphite electrode modified with Graphene
oxide and TiO2. Journal of Environmental Health
Science and Engineering, 18, 51-62.

Alaton, L. A., Balcioglu, 1. A., & Bahnemann, D. W.
(2002). Advanced oxidation of a reactive
dyebath  effluent: comparison of O3,
H202/UV-C and TiO2/UV-A processes.
Water research, 36(5), 1143-1154.

Al-Fori, M., Dobretsov, S., Myint, M. T. Z., & Dutta,
J. (2014). Antifouling properties of zinc oxide
nanorod coatings. Biofouling, 30(7), 871-882.

Anari-Anaraki, M., & Nezamzadeh-Ejhieh, A. (2015).
Modification of an Iranian clinoptilolite nano-
particles by hexadecyltrimethyl ammonium
cationic surfactant and dithizone for removal of
Pb (II) from aqueous solution. Journal of Colloid

and Interface Science, 440, 272-281.

Aramendia, M. A., Marinas, A., Marinas, J]. M,
Moreno, J. M., & Urbano, F. ]J. (2005).
Photocatalytic ~ degradation of herbicide
fluroxypyr in aqueous suspension of TiO2.
Catalysis Today, 101(3-4), 187-193.

Atabaev, T. S., Hossain, M. A,, Lee, D., Kim, H. K.,
& Hwang, Y. H. (2016). Ptcoated TiO2
nanorods for photoelectrochemical water
splitting applications. Results in Physics, 6, 373-
376.

Azad, K, & Gajanan, P. J. C. S. J. (2017).
Photodegradation of methyl orange in aqueous
solution by the visible light active Co: La: TiO2
nanocomposite. Chem. Sci. J, 8(3), 1000164-
1000174.

Aziz, K. H. H., Miessner, H., Mueller, S., Mahyar, A.,
Kalass, D., Moeller, D., ... & Rashid,

M. A. M. (2018). Comparative study on 2, 4-
dichlorophenoxyacetic acid and 2, 4-
dichlorophenol  removal from aqueous
solutions via ozonation, photocatalysis and
non- thermal plasma using a planar falling film
reactor. Journal of hazardous materials, 343, 107-
115.

Bagheri, S., Hir, Z. A. M., Yousefi, A. T., & Hamid,
S. B. A. (2015). Progress on mesoporous
titanium dioxide: synthesis, modification and
applications.  Microporous and ~ Mesoporous
Materials, 218, 206-222.

Bahrami, M., & Nezamzadeh-Ejhieh, A. (2015). Effect
of the supported ZnO on clinoptilolite nano-
particles in the photodecolorization of semi-real
sample bromothymol blue aqueous solution.
Materials Science in Semiconductor Processing, 30,
275-284.

Bali, U., Catalkaya, E., & Sengiil, F. (2004).
Photodegradation of Reactive Black 5, Direct
Red 28 and Direct Yellow 12 using UV,
UV/H202 and  UV/H202/Fe*": a
comparative study. Journal of hazardous materials,
114(1-3), 159-166.

Barakat, N. A., Kanjwal, M. A., Chronakis, I. S., &
Kim, H. Y. (2013). Influence of temperature on
the photodegradation process using Ag-doped
TiO2 nanostructures: negative impact with the
nanofibers. Journal of Molecular Catalysis A:

Chemical, 366, 333-340.

https://fmhr.net

| Ali et al., 2026 |

Page 756



Volume 4, Issue 1, 2026

Frontier in

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

Baran, W., Makowski, A., & Wardas, W. (2008). The
effect of UV radiation absorption of cationic
and anionic dye solutions on their
photocatalytic degradation in the presence
TiO2. Dyes and Pigments, 76(1), 226-230.

Birnal, P., de Lucas, M. M., Pochard, I., Domenichini,
B.,, & Imhoff, L. (2020). Photocatalytic
properties of atomic layer deposited TiO2
inverse opals and planar films for the
degradation of dyes. Applied Surface Science, 512,
145693.

Borandegi, M., & Nezamzadeh-Ejhieh, A. (2015).
Enhanced removal efficiency of clinoptilolite
nano-particles toward Co (II) from aqueous
solution by modification with glutamic acid.
Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 479, 35-45.

Borker, P., & Salker, A. V. (2006). Photocatalytic
degradation of textile azo dye over Cel—
xSnxO?2 series. Materials Science and Engineering:
B, 133(1-3), 55-60.

Bouras, Panagiotis, Elias Stathatos, and Panagiotis
Lianos.  "Pure  versus  metal-ion-doped
nanocrystalline titania for photocatalysis."
Applied Catalysis B: Environmental 73.1-2 (2007):
51-59.

Chakrabarti, S., & Dutta, B. K. (2004). Photocatalytic
degradation of model textile dyes in wastewater
using ZnO as semiconductor catalyst. Journal of
hazardous materials, 112(3), 269-278.

Chang, L. H., & Cho, C. P. (2016). Exploration of
silver decoration concentration to enhance
photocatalytic efficiency of titanium dioxide
photocatalysts. Solid State Sciences, 62, 112-120.

Chauhan, R., Kumar, A., & Chaudhary, R. P. (2014).
Photocatalytic degradation of methylene blue
with Cu doped ZnS nanoparticles. Journal of
luminescence, 145, 6-12.

Chen, S., Zhang, J., Zhang, C., Yue, Q., Li, Y., & Li,
C. (2010). Equilibrium and kinetic studies of
methyl orange and methyl violet adsorption on
activated carbon derived from Phragmites
australis. Desalination, 252(1-3), 149-156.

Chiu, Y. H., Chang, T. F. M., Chen, C. Y., Sone, M.,
& Hsu, Y. J. (2019). Mechanistic insights into

photodegradation of organic dyes using

heterostructure photocatalysts. Catalysts, 9(5),
430.

Chong, M. N, Jin, B., & Chow, C. W. (2010). Saint
C. Recent Developments in Photocatalytic Water
Treatment Technology: A Review. Water Res,
44(10), 2997-3027.

Christie, R. (2001). Colour chemistry Royal society of
chemistry. United Kindgom, 46, 118- 120.
Coleman, H. M., Vimonses, V., Leslie, G., & Amal,
R. (2007). Degradation of 1, 4-dioxane in water
using TiO2 based photocatalytic and
H202/UV processes. Journal of Hazardous

Materials, 146(3), 496-501.

Daneshvar, N., Salari, D., & Khataee, A. R. (2003).
Photocatalytic degradation of azo dye acid red
14 in water: investigation of the effect of
operational parameters. Journal of Photochemistry
and Photobiology A: Chemistry, 157(1), 111-116.

Das, S. K., Khan, M. M. R,, Parandhaman, T., Laffir,
F., Guha, A. K., Sekaran, G., & Mandal,

A. B. (2013). Nanosilica fabricated with silver
nanoparticles: antifouling adsorbent for
efficient dye removal, effective water
disinfection and biofouling control. Nanoscale,
5(12), 5549-5560.

Deng, F., Min, L., Luo, X., Wu, S., & Luo, S. (2013).
Visible-light photocatalytic degradation
performances and thermal stability due to the
synergetic effect of TiO2 with conductive
copolymers of polyaniline and polypyrrole.
Nanoscale, 5(18), 8703-8710.

Dimapilis, E. A. S., Hsu, C. S., Mendoza, R. M. O., &
Lu, M. C. (2018). Zinc oxide nanoparticles for
water disinfection. Sustainable Environment
Research, 28(2), 47-56.

El Nemr, A., Hassaan, M. A., & Madkour, F. F.
(2018). HPLCMS/MS mechanistic study of
direct yellow 12 dye degradation using
ultraviolet assisted ozone process. Journal of
Water and Environmental Nanotechnology, 3(1), 1-
11.

Gaya, U. I., & Abdullah, A. H. (2008). Heterogeneous
photocatalytic ~ degradation  of  organic
contaminants over titanium dioxide: a review of
fundamentals, progress and problems. Journal of
photochemistry and photobiology C: Photochemistry
reviews, 9(1), 1-12.

https://fmhr.net

| Ali et al., 2026 |

Page 757



Volume 4, Issue 1, 2026

Frontier in

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

Gil, A., Assis, F. C. C., Albeniz, S., & Korili, S. A.
(2011). Removal of dyes from wastewaters by
adsorption on pillared clays.  Chemical
Engineering Journal, 168(3), 1032-1040.

Gnanaprakasam, A. ]., Sivakumar, V. M., &
Thirumarimurugan, M. (2018). Investigation of
Photocatalytic Activity of Nd-Doped ZnO
Nanoparticles Using Brilliant Green Dye:
Synthesis and Characterization. Iranian Journal
of Chemistry and Chemical Engineering (IJCCE),
37(2), 61-71.

Golob, V., & Ojstriek, A. (2005). Removal of vat and
disperse dyes from residual pad liquors.

Dyes and pigments, 64(1), 57-61.

Guillard, C., Lachheb, H., Houas, A., Ksibi, M.,
Elaloui, E., & Herrmann, ]J. M. (2003).
Influence of chemical structure of dyes, of pH
and of inorganic salts on their photocatalytic
degradation by TiO2 comparison of the
efficiency of powder and supported TiO2.
Jowrnal of Photochemistry and Photobiology A:
Chemistry, 158(1), 27-36.

Haferlach, T., Bacher, U., Kern, W., Schnittger, S., &
Haferlach, C. (2008). The diagnosis of
BCR/ABLnegative chronic myeloproliferative
diseases (CMPD): a comprehensive approach
based on morphology, cytogenetics, and
molecular markers. Annals of hematology, 87, 1-
10.

Hak, C. H., Sim, L. C., Leong, K. H., Lim, P. F., Chin,
Y. H., & Saravanan, P. (2018). M/gC 3 N 4 (M=
Ag, Au, and Pd) composite: synthesis via
sunlight photodeposition and application
towards the degradation of bisphenol A.
Environmental Science and Pollution Research, 25,
25401-25412.

Han, M., Zhu, S., Lu, S, Song, Y., Feng, T., Tao, S.,
... & Yang, B. (2018). Recent progress on the
photocatalysis of carbon dots: Classification,
mechanism and applications. Nano Today, 19,
201-218.

Havuz, T., Doénmez, B., & Celik, C. (2010).
Optimization of removal of lead from bearing-
lead anode slime. Journal of Industrial and

Engineering Chemistry, 16(3), 355-358.

Valadez, M., de Jesus Ruiz-Baltazar, A., ... &
Herrera-Ordonez, ]. (2018). Swelling and
methylene blue adsorption of poly (N, N-
dimethylacrylamide-co-2- hydroxyethyl
methacrylate) hydrogel. Reactive and Functional
Polymers, 122, 75-84.

Hickman, R., Walker, E., & Chowdhury, S. (2018).
TiO2-PDMS composite sponge for adsorption
and solar mediated photodegradation of dye
pollutants. Journal of water process engineering, 24,
74-82.

Huang, J. J., Lin, C. C., & Wuu, D. S. (2017a).
Antireflection and passivation property of
titanium oxide thin film on silicon nanowire by
liquid phase deposition. Surface and Coatings
Technology, 320, 252-258.

Huang, M., Xu, C., Wu, Z., Huang, Y., Lin, J., & Wu,
J. (2008). Photocatalytic discolorization of
methyl orange solution by Pt modified TiO2
loaded on natural zeolite. Dyes and pigments,
77(2), 3277-334.

Huang, Z., Gao, Z., Gao, S., Wang, Q., Wang, Z.,
Huang, B., & Dai, Y. (2017b). Facile synthesis
of S-doped reduced TiO2-x with enhanced
visible-light photocatalytic performance. Chinese
Journal of Catalysis, 38(5), 821-830.

Ikram, M., Tabassum, R., Qumar, U., Alj, S., Ul
Hamid, A., Haider, A., ... & Imran, M. (2020).
Promising performance of chemically exfoliated
Zr-doped MoS 2 nanosheets for catalytic and
antibacterial applications. RSC advances, 10(35),
20559-20571.

Isari, A. A., Payan, A., Fattahi, M., Jorfi, S.,, &
Kakavandi, B. (2018). Photocatalytic
degradation of rhodamine B and real textile
wastewater using Fe-doped TiO2 anchored on
reduced graphene oxide (Fe-TiO2/rGO):
Characterization and feasibility, mechanism
and pathway studies. Applied Surface Science,
462, 549-564.

Isherwood, P. ]J. M. (2017). Copper zinc oxide:
Investigation into a p-type mixed metal oxide
system. Vacuum, 139, 173-177.

Jaramillo-P4ez, C. A., Navio, J. A., Hidalgo, M. C., &
Macias, M. (2018). ZnO and PtZnO

Hernandez-Martinez, A. R., Lujan-Montelongo, J. A., photocatalysts: Characterization and
Silva-Cuevas, C., Mota-Morales, ]. D., Cortez-
https://fmhr.net | Ali et al., 2026 | Page 758



Volume 4, Issue 1, 2026

Frontier in

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

photocatalytic activity assessing by means of
three substrates. Catalysis Today, 313, 12-19.

Jo, Y. K., Lee, J. M., Son, S., & Hwang, S. J. (2019).
2D inorganic  nanosheet-based  hybrid
photocatalysts:  Design, applications, and
perspectives. Journal of Photochemistry and
Photobiology C: Photochemistry Rewviews, 40, 150-
190.

Jorfi, S., Mirali, S., Mostoufi, A., & Ahmadi, M.
(2018). Visible light photocatalytic degradation
of azo dye and a real textile wastewater using
Mn, Mo, La/TiO2/AC nanocomposite.
Chemical and biochemical engineering quarterly,
32(2), 215-221.

Kansal, S. K., Singh, M., & Sud, D. (2008). Studies on
TiO2/ZnO photocatalysed degradation of
lignin. Journal of Hazardous materials, 153(1-2),
412-417.

Karimi, L., Zohoori, S., & Yazdanshenas, M. E.
(2014). Photocatalytic degradation of azo dyes
in aqueous solutions under UV irradiation
using nanostrontium  titanate as  the
nanophotocatalyst. Journal of Saudi Chemical
Society, 18(5), 581-588.

Khaled, A., El Nemr, A. ElSikaily, A., &
Abdelwahab, O. (2009). Treatment of artificial
textile dye effluent containing Direct Yellow 12
by orange peel carbon. Desalination, 238(1-3),
210-232.

Khalid, N. R., Majid, A., Tahir, M. B., Niaz, N. A., &
Khalid, S. (2017). CarbonaceousTiO2
nanomaterials for photocatalytic degradation of
pollutants: A review. Ceramics International,
43(17), 14552-14571.

Khan, S., Noor, T., Igbal, N., & Yaqoob, L. (2024).
Photocatalytic Dye Degradation from Textile
Wastewater: A Review. ACS omega.

Khan, W. Z., Najeeb, 1., & Ishtiaque, S. (2016).
Photocatalytic degradation of a real textile
wastewater using titanium dioxide, zinc oxide
and hydrogen peroxide. Int J Eng Sci, 5(7), 61-
70.

Kitano, S., Tanaka, A., Hashimoto, K., & Kominami,
H. (2016). Metal ion-modified TiO2
photocatalysts having controllable oxidative
performance under irradiation of visible light.

Applied Catalysis A: General, 521, 202-207.

Koe, W. S., Lee, ]. W., Chong, W. C., Pang, Y. L., &
Sim, L. C. (2020). An overview of
photocatalytic  degradation: photocatalysts,
mechanisms, and development of
photocatalytic membrane. Environmental Science
and Pollution Research, 27(3), 2522-2565.

Konstantinou, 1. K., & Albanis, T. A. (2004). TiO2-
assisted photocatalytic degradation of azo dyes
in aqueous solution: kinetic and mechanistic
investigations: a review. Applied Catalysis B:
Environmental, 49(1), 1-14.

Kumar, A., & Pandey, G. (2017). A review on the
factors affecting the photocatalytic degradation
of hazardous materials. Mater. Sci. Eng. Int. J,
1(3), 1-10.

Kumar, A., Hitkari, G., Gautam, M., Singh, S., &
Pandey, G. (2015). Synthesis, characterization
and application of Cu-TiO2 nanaocomposites
in photodegradation of methyl red (MR). Int.
Adv. Res. J. Sci. Eng. Technol., 2.

Kumar, A., Kumar, P., Aathira, M. S,, Singh, D. P.,
Behera, B., & Jain, S. L. (2018). A bridged
ruthenium dimer (Ru-Ru) for photoreduction
of CO2 under visible light irradiation. Journal of
industrial and engineering chemistry, 61, 381-387.

Lachheb, H., Puzenat, E., Houas, A., Ksibi, M.,
Elaloui, E., Guillard, C., & Herrmann, J. M.
(2002). Photocatalytic degradation of various
types of dyes (Alizarin S, Crocein Orange G,
Methyl Red, Congo Red, Methylene Blue) in
water by UV-irradiated titania. Applied Catalysis
B: Environmental, 39(1), 75-90.

Lee, Y. Y., Moon, J. H., Choi, Y. S., Park, G. O., Jin,
M, Jin, L. Y,, ... & Kim, J. M. (2017).

Visible-light driven photocatalytic degradation of
organic dyes over ordered mesoporous Cd x
Znl-x S materials. The Jowrnal of Physical
Chemistry C, 121(9), 5137-5144.

Li, X., Peng, K., Chen, H., & Wang, Z. (2018). TiO2

nanoparticles assembled on kaolinites with

different ~ morphologies for efficient
photocatalytic performance. Scientific reports,
8(1), 11663.

Li, Y., Guo, S., Yang, H., Chao, Y., Jiang, S., & Wang,
C. (2018). One-step synthesis of ultra- long
silver nanowires of over 100 pum and their

https://fmhr.net

| Ali et al., 2026 |

Page 759



Volume 4, Issue 1, 2026

Frontier in

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

application in flexible transparent conductive
films. RSC advances, 8(15), 8057-8063.

Li, Z., Wang, G., Zhai, K., He, C., Li, Q., & Guo, P.
(2018). Methylene blue adsorption from
aqueous solution by loofah sponge-based
porous carbons. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 538, 28-
35.

Liao, C. H., Kang, S. F., & Wu, F. A. (2001). Hydroxyl
radical scavenging tole of chloride and
bicarbonate ions in the H202/UV process.
Chemosphere, 44(5), 1193-1200.

Lopez, M. C., Fernandez, M. 1., Martinez, C., &
Santaballa, J. A. (2013). Photochemistry for
pollution abatement. Pure and Applied Chemistry,
85(7), 1437-1449.

Machala, L., Tucek, J., & Zboril, R. (2011).
Polymorphous transformations of nanometric
iron

(III) oxide: a review. Chemistry of materials, 23(14),
3255-3272.

Mahmoudi, E., Ng, L. Y., Ba-Abbad, M. M., &
Mohammad, A. W. (2015). Novel nanohybrid
polysulfone membrane embedded with silver
nanoparticles on graphene oxide nanoplates.
Chemical Engineering Journal, 277, 1-10.

Mahvi, A. H., Ghanbarian, M., Nasseri, S., & Khairi,
A. (2009). Mineralization and discoloration of
textile wastewater by TiO2 nanoparticles.
Desalination, 239(1-3), 309- 316.

Mabhy, J. G., Tilkin, R. G., Douven, S., & Lambert, S.
D. (2019). TiO2 nanocrystallites photocatalysts
modified with metallic species: Comparison
between Cu and Pt doping. Swrfaces and
Interfaces, 17, 100366.

Mariselvam, R., Ranjitsingh, A. J. A., Mosae
Selvakumar, P., Alarfaj, A. A., & Munusamy,

M. A. (2016). Spectral studies of UV and solar
photocatalytic degradation of AZO dye and
textile dye effluents using green synthesized
silver nanoparticles. Bioinorganic Chemistry and
Applications, 2016.

Micheal, K., Ayeshamariam, A., Boddula, R.,
Arunachalam, P., AlSalhi, M. S., Theerthagiri,
J., ... & Al-Mayouf, A. M. (2019). Assembled
composite of hematite iron oxide on sponge-

like BiOCl with enhanced photocatalytic

activity. Materials science for energy technologies,
2(1), 104-111.

Mozia, S., Morawski, A. W., Toyoda, M., & Inagaki,
M. (2009). Application of anatase-phase TiO2
for decomposition of azo dye in a photocatalytic
membrane reactor. Desalination, 241(1-3), 97-
105.

Murphy, M., Ting, K., Zhang, X., Soo, C., & Zheng,
Z. (2015). Current development of silver
nanoparticle preparation, investigation, and
application in the field of medicine. Journal of
nanomaterials, 2015, 5-5.

Najeeb, J., Ahmad, G., Nazir, S., Naseem, K., &
Kanwal, A. (2021). Critical analysis of various
supporting mediums employed for the
incapacitation of silver nanomaterial for aniline
and phenolic pollutants: a review. Korean
Jowrnal of Chemical Engineering, 38, 248- 263.

Naseem, K., Farooqi, Z. H., Begum, R., Wu, W,
Irfan, A., & Al-Sehemi, A. G. (2018). Silver
nanoparticles engineered polystyrene-poly (n-
isopropylmethacrylamide-acrylic  acid) core
shell hybrid polymer microgels for catalytic
reduction of Congo red. Macromolecular
Chemistry and Physics, 219(18), 1800211.

Nasrollahzadeh, M., Sajjadi, M., & Sajadi, S. M.
(2018). Biosynthesis of copper nanoparticles
supported on manganese dioxide nanoparticles
using Centella asiatica L. leaf extract for the
efficient catalytic reduction of organic dyes and
nitroarenes. Chinese Journal of Catalysis, 39(1),
109-117.

Nezamzadeh-Ejhieh, A., & Kabiri-Samani, M. (2013).
Effective removal of Ni (II) from aqueous
solutions by modification of nano particles of
clinoptilolite with dimethylglyoxime. Journal of
Hazardous Materials, 260, 339-349.

Nezamzadeh-Ejhieh, A., & Karimi-Shamsabadi, M.
(2013). Decolorization of a binary azo dyes
mixture using CuO incorporated nanozeolite-X
as a heterogeneous catalyst and solar
irradiation. Chemical engineering journal, 228,
631-641.

Nikazar, M., Gholivand, K., & Mahanpoor, K. (2007).
Enhancement of photocatalytic efficiency of
TiO2 by supporting on clinoptilolite in the
decolorization of azo dye direct yellow 12

https://fmhr.net

| Ali et al., 2026 |

Page 760



Volume 4, Issue 1, 2026

Frontier in

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

aqueous solutions. Journal of the Chinese
Chemical Society, 54(5), 1261- 1268.

Oh, W. C., Ullah, K., Zhu, L., Meng, Z. D., Ye, S., &
Sarkar, S. (2014). Photocatalytic properties
under visible light with graphene based
platinium selenide nanocomposites synthesized
by microwave assisted method. Materials science
in semiconductor processing, 25, 34-42.

Ozawa, H., Honda, S., Katano, D., Sugiura, T., &
Arakawa, H. (2014). Novel ruthenium
sensitizers with a dianionic tridentate ligand for
dye-sensitized solar cells: the relationship
between the solar cell performances and the
electron-withdrawing ability of substituents on
the ligand. Dalton Transactions, 43(21), 8026-
8036.

Ozdes, D., Gundogdu, A., Duran, C., & Senturk, H.
B. (2010). Evaluation of adsorption
characteristics of malachite green onto almond
shell (Prunus dulcis). Separation Science and
Technology, 45(14), 2076-2085.

Ozmihci, S., & Kargi, F. (2006). Utilization of
powdered waste sludge (PWS) for removal of
textile dyestuffs from wastewater by adsorption.
Jowrnal of environmental management, 81(3), 307-
314.

Pang, Y. L., Lim, S., Ong, H. C., & Chong, W. T.
(2016). Synthesis, characteristics  and
sonocatalytic activities of calcined y-Fe2O3 and
TiO2 nanotubes/y-Fe2O3 magnetic catalysts in
the degradation of Orange G. Ultrasonics
Sonochemistry, 29, 317-3217.

Pirhashemi, M., Habibi-Yangjeh, A., & Pouran, S. R.
(2018). Review on the criteria anticipated for
the fabrication of highly efficient ZnO-based
visible-light-driven photocatalysts. Journal of
industrial and engineering chemistry, 62, 1-25.

Pouretedal, H. R., Norozi, A., Keshavarz, M. H., &
Semnani, A. (2009). Nanoparticles of zinc
sulfide doped with manganese, nickel and
copper as nanophotocatalyst in the degradation
of organic dyes. Journal of hazardous materials,
162(2-3), 674-681.

Puma, G. L., Bono, A., Krishnaiah, D., & Collin, ]J.
G. (2008). Preparation of titanium dioxide
photocatalyst loaded onto activated carbon
support using chemical vapor deposition: A

review paper. Journal of hazardous Materials,
157(2-3), 209-219.

Rafiq, A., Ikram, M., Ali, S., Niaz, F., Khan, M., Khan,
Q., & Magbool, M. (2021). Photocatalytic
degradation of dyes using semiconductor
photocatalysts to clean industrial water
pollution. Journal of Industrial and Engineering
Chemistry, 97, 111- 128.

Rao, A. N., Sivasankar, B., & Sadasivam, V. (2009).
Kinetic studies on the photocatalytic
degradation of Direct Yellow 12 in the presence
of ZnO catalyst. Journal of molecular catalysis A:
Chemical, 306(1-2), 77-81.

Rashid, N. M. A., Haw, C., Chiu, W., Khanis, N. H.,
Rohaizad, A., Khiew, P., & Rahman, S.

A. (2016). Structural-and optical-properties analysis of
single crystalline hematite (a- Fe2O3)
nanocubes prepared by one-pot hydrothermal
approach. CrystEngComm, 18(25), 4720-4732.

Raza, A., Qumar, U., Hassan, J., Ikram, M., Ul
Hamid, A., Haider, J., ... & Ali, S. (2020). A
comparative study of dirac 2D materials,
TMDCs and 2D insulators with regard to their
structures and
photocatalytic/sonophotocatalytic ~ behavior.
Applied Nanoscience, 10, 3875-3899.

Reza, K. M., Kurny, A. S. W., & Gulshan, F. (2017).
Parameters affecting the photocatalytic
degradation of dyes using TiO 2: a review.
Applied Water Science, 7, 1569-1578.

Riga, A., Soutsas, K., Ntampegliotis, K., Karayannis,
V., & Papapolymerou, G. (2007). Effect of
system parameters and of inorganic salts on the
decolorization and degradation of Procion H-
exl dyes. Comparison of H202/UV, Fenton,
UV/Fenton, TiO2/UV and TiO2/UV/H202
processes. Desalination, 211(1-3), 72-86.

Robinson, T., McMullan, G., Marchant, R., &
Nigam, P. (2001). Remediation of dyes in textile
effluent: a critical review on current treatment
technologies with a proposed alternative.
Bioresource technology, 77(3), 247-255.

Roldan, M. V., Pellegri, N., & de Sanctis, O. (2013).
Electrochemical ~ method for  Ag-PEG
nanoparticles synthesis. Journal of Nanoparticles,

2013(1), 524150.

https://fmhr.net

| Ali et al., 2026 |

Page 761



Volume 4, Issue 1, 2026

Frontier in

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

Sakthivel, S., Neppolian, B., Shankar, M. V,,
Arabindoo, B., Palanichamy, M., &
Murugesan,

V. (2003). Solar photocatalytic degradation of azo dye:
comparison of photocatalytic efficiency of ZnO
and TiO2. Solar energy materials and solar cells,
77(1), 65-82.

Saleh, T. A., Gondal, M. A., Drmosh, Q. A., Yamani,
Z. H., & Al-Yamani, A. (2011). Enhancement
in photocatalytic activity for acetaldehyde
removal by embedding ZnO nano particles on
multiwall  carbon  nanotubes.  Chemical
engineering journal, 166(1), 407-412.

Salimi, F., Emami, S. S., & Karami, C. (2018).
Removal of methylene blue from water solution
by modified nano-boehmite with Bismuth.
Inorganic and Nano-Metal Chemistry, 48(1), 31-40.

Sanghavi, L. K., & Ranga, S. V. (2019). Study of
operating parameters for removal of direct
yellow 12 dye using Prosopis juliflora bark. Int.
J. Res. Anal. Rev, 6(2), 869-880.

Saquib, M., & Muneer, M. (2003). TiO2-mediated
photocatalytic degradation of ol
triphenylmethane dye (gentian violet), in
aqueous suspensions. Dyes and pigments, 56(1),
37-49.

Saraswat, S. K., Rodene, D. D., & Gupta, R. B.
(2018). Recent advancements in semiconductor
materials for photoelectrochemical water
splitting for hydrogen production using visible
light. Renewable and Sustainable Energy Reviews,
89, 228-248.

Saravanan, R., Gracia, F., & Stephen, A. (2017). Basic
principles, mechanism, and challenges of
photocatalysis. Nanocomposites for wvisible light-
induced photocatalysis, 19-40.

Seyedi, N., Saidi, K., & Sheibani, H. (2018). Green
synthesis of Pd nanoparticles supported on
magnetic graphene oxide by Origanum vulgare
leaf plant extract: catalytic activity in the
reduction of organic dyes and Suzuki-Miyaura
cross-coupling reaction. Catalysis Letters, 148,
277-288.

Shahwan, T., Sirriah, S. A., Nairat, M., Boyacy, E.,
Eroglu, A. E., Scott, T. B., & Hallam, K.

R. (2011). Green synthesis of iron nanoparticles and
their application as a Fenton-like catalyst for the

degradation of aqueous cationic and anionic
dyes. Chemical Engineering Journal, 172(1), 258-
260.

Shams-Ghahfarokhi, Z., & Nezamzadeh-Ejhieh, A.
(2015). As-synthesized ZSM-5 zeolite as a
suitable support for increasing the photoactivity
of semiconductors in a typical
photodegradation process. Materials Science in
Semiconductor Processing, 39, 265- 275.

Shirzadi, H., & Nezamzadeh-Ejhieh, A. (2017). An
efficient modified zeolite for simultaneous
removal of Pb (II) and Hg (II) from aqueous
solution. Journal of Molecular Liquids, 230, 221-
229.

Sima, J., & Hasal, P. (2013). Photocatalytic
degradation of textile dyes in a TiO2/UV
system.

Chemical Engineering Transactions, 32, 79-84.

Slampova, A., Smela, D., Vondrackova, A., Jancarova,
I., & Kuban, V. (2001). Determination of
synthetic colorants in foodstuffs. Chemické listy,
95(3).

Soares, E. T., Lansarin, M. A., & Moro, C. C. (2007).
A study of process variables for the
photocatalytic degradation of rhodamine B.
Brazilian Journal of Chemical Engineering, 24, 29-
36.

Sohrabi, M. R., & Ghavami, M. (2010). Comparison
of Direct Yellow 12 dye degradation efficiency
using UV/semiconductor and
UV/H202/semiconductor systems.
Desalination, 252(1-3), 157-162.

Sohrabnezhad, S., Pourahmad, A., & Radaee, E.
(2009). Photocatalytic degradation of basic blue
9 by CoS nanoparticles supported on AIMCM-
41 material as a catalyst. Journal of Hazardous
Materials, 170(1), 184-190.

Sun, J., Qiao, L., Sun, S., & Wang, G. (2008).
Photocatalytic degradation of Orange G on
nitrogen-doped TiO2 catalysts under visible
light and sunlight irradiation. Jowrnal of
hazardous materials, 155(1-2), 312-319.

Touati, A., Hammedi, T., Najjar, W., Ksibi, Z., &
Sayadi, S. (2016). Photocatalytic degradation of
textile wastewater in presence of hydrogen
peroxide: Effect of cerium doping titania.

https://fmhr.net

| Ali et al., 2026 |

Page 762



Volume 4, Issue 1, 2026

Frontier in

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

Jowrnal of Industrial and Engineering Chemistry, 35,
36-44.

Unli, B., Cakar, S., & Ozacar, M. (2018). The effects
of metal doped TiO2 and dithizone-metal
complexes on DSSCs performance. Solar Energy,
166, 441-449.

Vasiljevic, Z. Z., Dojcinovic, M. P., Vujancevic, ]. D.,
Jankovic-Castvan, 1., Ognjanovic, M., Tadic, N.
B., ... & Nikolic, M. V. (2020). Photocatalytic
degradation of methylene blue under natural
sunlight using iron titanate nanoparticles
prepared by a modified sol-gel method. Royal
Society open science, 7(9), 200708.

Wahab, A., Imran, M., Ikram, M., Naz, M., Aqeel, M.,
Rafiq, A., ... & Ali, S. (2019). Dye degradation
property of cobalt and manganese doped iron
oxide nanoparticles. Applied Nanoscience, 9,
1823-1832.

Wang, X., Shen, S., Jin, S., Yang, J., Li, M., Wang, X,
... & Li, C. (2013). Effects of Zn** and Pb*'
dopants on the activity of Ga2 O3-based
photocatalysts for water splitting. Physical
Chemistry Chemical Physics, 15(44), 19380-
19386.

Wolpher, H., Johansson, O., Abrahamsson, M.,
Kritikos, M., Sun, L., & Akermark, B. (2004).
A tridentate ligand for preparation of
bisterpyridinelike ruthenium (II) complexes
with an increased excited state lifetime.
Inorganic Chemistry Communications, 7(3), 337-
340.

Wrobel, D., Boguta, A., & lon, R. M. (2001).

Mixtures of synthetic organic dyes in a

photoelectrochemical ~ cell.  Journal  of
Photochemistry and Photobiology A: Chemistry,
138(1), 7-22.

Xie, S., Wang, Y., Zhang, Q., Deng, W., & Wang, Y.
(2014). MgO-and Ptpromoted TiO2 as an
efficient photocatalyst for the preferential
reduction of carbon dioxide in the presence of
water. Acs Catalysis, 4(10), 3644-3653.

Xu, An-Wu, Yuan Gao, and Han-Qin Liu. "The
preparation, characterization, and  their
photocatalytic activities of rare-earth-doped
TiO2 nanoparticles." Journal of catalysis

207.2 (2002): 151-157.

Xu, S., Zhu, Y., Jiang, L., & Dan, Y. (2010). Visible
light induced photocatalytic degradation of
methyl orange by polythiophene/TiO2
composite particles. Water, Air, & Soil Pollution,
213, 151-159.

Ye, Z., Kong, L., Chen, F., Chen, Z,, Lin, Y., & Liu,
C. (2018). A comparative study of
photocatalytic activity of ZnS photocatalyst for
degradation of various dyes. Optik, 164, 345-
354.

Yousefi, A., Allahverdi, A., & Hejazi, P. (2013).
Effective dispersion of nano-TiO2 powder for
enhancement of photocatalytic properties in
cement mixes. Construction and building
materials, 41, 224-230.

Zaharia, C., & Suteu, D. (2012). Adsorption of
cationic dye on cellolignin. BioResources, 8(1),
427-446.

Zhang, H., Xue, G., Chen, H., & Li, X. (2018).
Magnetic biochar catalyst derived from
biological sludge and ferric sludge using
hydrothermal  carbonization:  preparation,
characterization and its circulation in Fenton
process for dyeing wastewater treatment.
Chemosphere, 191, 64-71.

Zhang, J., Wu, H., Shi, L., Wu, Z., Zhang, S., Wang,
S., & Sun, H. (2023). Photocatalysis coupling
with membrane technology for sustainable and
continuous  purification of  wastewater.
Separation and Purification Technology, 125225.

Zhang, L., & Jaroniec, M. (2018). Toward designing
semiconductor-semiconductor heterojunctions
for photocatalytic applications. Applied Surface
Science, 430, 2-17.

Zhang, Q., Zhang, Q., Wang, H., & Li, Y. (2013). A
high efficiency microreactor with Pt/ZnO
nanorod arrays on the inner wall for
photodegradation of phenol. Journal of
hazardous materials, 254, 318-324.

Zhou, Hu, Jie Zhou, Taofen Wang, Jianxian Zeng,
Lihua Liu, Jian Jian, Zhihua Zhou, Lingwei
Zeng, Qingquan Liu, and Guoqing Liu. "In-situ
preparation of silver salts/collagen fiber

hybrid composites and their photocatalytic and
antibacterial activities." Journal of hazardous

materials 359 (2018): 274-280.

https://fmhr.net

| Ali et al., 2026 |

Page 763



Frontier in

Medical & Health
Research

Volume 4, Issue 1, 2026
ISSN: (e) 3007-1607 (p) 3007-1593

Zhou, S., & Ray, A. K. (2003). Kinetic studies for
photocatalytic degradation of Eosin B on a thin
film of titanium dioxide. Industrial & engineering
chemistry research, 42(24), 6020-6033.

Zhu, H., Jiang, R., Fu, Y., Guan, Y., Yao, J., Xiao, L.,
& Zeng, G. (2012). Effective photocatalytic
decolorization of methyl orange utilizing
TiO2/ZnO/chitosan  nanocomposite  films
under simulated solar irradiation. Desalination,

286, 41-48.

https://fmhr.net | Ali et al., 2026 | Page 764



