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Abstract Contaminated water is considered one of the major problems facing societies in recent years, leading to
the increasing need for new purification systems, which has consequently become a leading area of research among
scientists. Photocatalysts and Advanced Oxidation Processes (AOPs) are recognized as effective techniques for
water purification and pollutant removal. These methods are particularly applicable in reducing both organic and
inorganic contaminants in wastewater. The development of new technologies and nanostructures can enhance the
efficiency of these processes and make them more suitable for broader use in water treatment. In the present study,
a TiO,/CoFe,04 nanocomposite was synthesized using the sol-gel method. X-Ray Diffraction (XRD), Scanning
Electron Microscopy (SEM), and UV-visible diffuse reflectance spectroscopy (UV-vis DRS) were employed to
analyze the synthesized composite. The photocatalytic activity of the produced composite was studied through the
degradation of methyl orange. The X-ray diffraction analysis indicated that titania was in the anatase phase while
cobalt ferrite exhibited a cubic spinel structure. The average particle size of the nanoparticles was approximately
100 nm. The synthesized composite demonstrated effective degradation performance without the addition of
oxidants. The photocatalytic degradation of titania increased followed by the addition of cobalt ferrite. The band
gap energy of the samples decreased from 2.3 eV to 2.91 eV following the inclusion of CoFe,O.. The kinetic rate
constants for the degradation of methyl orange for pure titania and composite samples were 0.0082 and 0.0143,
respectively. Scavenger tests were conducted to investigate the photocatalytic degradation mechanism, which
showed that superoxide and hydroxyl radicals were the most active species in the photocatalytic degradation

process.
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1. INTRODUCTION

One of the most critical current topics in industrial
wastewater treatment is identifying the most effective
method to convert industrial wastewater pollutants into
less harmful forms. Industrial wastewater contains
various types of pollutants that must be removed from
water streams. This can be achieved through physical,
chemical, biological, or combined processes.
Discharging untreated wastewater undoubtedly impacts
the environment, particularly limited water resources.
Any contamination in one source ultimately affects
others. Pollution of groundwater by pathogens,
inorganic, as well as organic pollutants, is one of the
most significant challenges facing humanity. Given the
long lifespan and high pollutant release potential of
factories, their removal remains one of the most
challenging problems confronting human societies
(Morin-Crini et al., 2022).

Titanium dioxide is a light-sensitive semiconductor
that can be used as a photocatalyst to decompose organic
compounds and toxic pollutants in wastewater and air.
UV radiation on TiO; leads to the formation of valence
band holes and conduction band electrons, creating an
oxidative and reductive environment where toxic
materials and organic pollutants are decomposed into

simple, non-toxic molecules such as carbon dioxide and
water, which do not require additional disposal or
recycling. However, this material is only activated by
high-energy UV radiation, which significantly limits its
practical application. Research has therefore focused on
integrating TiO» with other materials to control electron-
hole recombination and enhance limited solar light
absorption. In addition, smaller and nano-sized particles
are preferred to enhance the photocatalytic activity of
this semiconductor, as a higher surface area improves
photocatalytic activity (Peiris et al. 2021). However, this
poses some problems in separating the catalyst from
treated water. Fixing the semiconductor using supports
results in a significant reduction in surface area. To
benefit from the high surface area of nano-sized TiO»
photocatalyst particles and achieve effective catalyst
recovery, use of titanium dioxide composite with
magnetic nano-powders can be considered as an
alternative option. Among various magnetic materials,
cobalt ferrite nanoparticles were selected as the catalyst
in this study. These magnetic particles possess strong
anisotropy, high coercivity, and good magnetism along
with chemical stability (Heydaryan & Almasi Kashi
2023). Therefore, the objective of this research is to
synthesize a  titanium  dioxide-cobalt ferrite
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nanocomposite to enhance the catalytic activity of the
composite. The  synthesized composite  was
characterized through different methods, and its
capability for methyl orange degradation was then
evaluated.

2. MATERIALS AND METHODS

The raw materials for synthesizing cobalt ferrite
powder included cobalt nitrate, iron nitrate salts, and
citric acid. Nickel ferrite nanoparticles were synthesized
via a self-combustion sol-gel method. Initially, cobalt
nitrate, iron nitrate salts, and citric acid were separately
dissolved in distilled water. After complete dissolution,
the solution was stirred continuously for one hour. The
mixture was then heated under stirring to 80°C until the
water completely evaporated, forming a thick gel. The
resulting brown gel was heated at 250°C to initiate the
combustion reaction.

The burnt powders were mechanically ground in a
mortar to remove agglomerates and subsequently
calcined at 800°C for one hour to obtain cobalt ferrite
spinel structures. Mesoporous titanium dioxide particles
were synthesized using the sol-gel method, with
titanium tetra-isopropoxide (TTIP) as the titanium
precursor and P123 as a surfactant. Specifically, 0.9 g of
P123 was dissolved in 60 mL of absolute ethanol under
stirring. TTIP was then added dropwise to the resulting
clear solution and stirred for three hours to achieve
uniform dispersion. Subsequently, 36 mL of distilled
water was gradually added to the mixture and aged for
24 hours to form a gel. Meanwhile, ammonia solution
was added to adjust the pH to 10. The resulting gel was
repeatedly washed with distilled water and dried under
vacuum at 80°C for five hours. It was then calcined at
200°C and 450°C for two and three hours, respectively,
to produce mesoporous TiO> powder. Mesoporous
TiO,- CoFe;O4 composites were prepared by adding
CoFe;04, obtained from the self-combustion sol-gel
process, into the TiO, gel under stirring. The gel

T=Anatase TiO2
C= Cubic CoFe204

Intensity (%)

underwent thermal treatment similar to that of pure TiO»
to produce the composite material.

X-ray diffraction analysis was used to examine the
phases of the obtained composite. For this purpose, a
Philips X'Pert model device was employed. The
morphology of the powder and the surface of the
composite components was investigated using a MIRA3
TESCAN scanning electron microscope (SEM). For
imaging, the components and powder were coated with
gold and then placed inside the SEM chamber.
Absorption measurements were conducted using a
spectrophotometer (T70 UV/VIS Spectrometer, PG
Instruments Ltd), and diffuse reflectance spectroscopy
(DRS) was performed using an Avantes-Avaspec-2048
spectrophotometer.

3. RESULTS AND DISCUSSION

The produced composite was analyzed using X-ray
diffraction (XRD) after the calcination process to
investigate its phases, and the results are presented in
Figure 1. The diffraction peaks at angles of 25.35°,
36.88°, 37.78°, 38.50°, 48.08°, 53.92°, 55.12°, 68.59°,
70.36°, and 75.09° correspond to the crystal planes
(101), (103), (004), (112), (200), (105), (211), (116),
(220), and (215), respectively. They indicate the
formation of titanium dioxide with an anatase structure
(Liu_& Fu, 2020). In this structure, anatase has a
tetragonal crystal system where titanium atoms are
located at the corners and center of the unit cell along
the c-axis, while oxygen atoms are arranged in an
octahedral configuration, resulting in a distorted
structure. This unique arrangement enhances the
photocatalytic activity of anatase. Moreover, peaks at
angles of 18.28°, 30.08°, 35.4°, 37.05°, 43.05°, 56.9°,
62.41°, 70.50°, and 78.7° correspond to the crystal
planes (111), (220), (311), (222), (400), (511), (440),
(620), and (444), respectively, indicating the formation
of CoFe;04 with a cubic spinel structure and an inverse
spinel configuration.

2 Theta (Degree)

Figure 1. X-ray diffraction pattern of calcined composite.
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The photocatalytic efficiency of the samples over time
was investigated. The results showed that, as time
passes, methyl orange is degraded; however, the
degradation is more pronounced in the composite
sample compared to pure titanium dioxide. The higher
photocatalytic activity of the composite sample can be
attributed to the interaction between the two
semiconductors ~ which  reduces electron-hole
recombination. In other words, when light is applied to
the photocatalytic system, electrons are transferred from
the valence band to the conduction band, creating a hole
in the valence band. The generated electron-hole pairs
participate in reactions with water, producing free
radicals. The generated free radicals attack the organic
dye adsorbed on the surface of the photocatalyst,
decomposing it into harmless species like water and
carbon dioxide.

4. CONCLUSION

In the present study, a titanium dioxide-cobalt ferrite
photocatalyst was synthesized using the sol-gel method.
The resulting material was examined in terms of its
phase and crystallite size. The synthesized nanoparticles
were approximately spherical in shape, with an average
particle size of about 100 nanometers. The bandgap
energy of titanium dioxide decreased with the addition
of cobalt ferrite. The photocatalytic activity results
indicated that compositing titanium dioxide with cobalt
ferrite enhances the degradation of methyl orange.
Further investigations revealed that superoxide and
hydroxyl radicals are the primary active species
responsible for the photocatalytic activity of this
composite system.
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