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Introduction

The rapid expansion of urban areas and population
growth has led to excessive exploitation and discharge
of natural resources, resulting in severe environmental
pollution—particularly water contamination. Among
various pollutants, synthetic dyes pose a significant
threat, accounting for approximately 17-20% of
global water pollution [1]. Methyl orange (MO), an
anionic azo dye widely used in multiple industries,
is especially concerning due to its high solubility,
toxicity, and persistence in aquatic environments.
Due to the inefficiency of conventional wastewater
treatments in removing dye pollutants, photocatalysis
has emerged as a promising alternative, offering
effective degradation of organic contaminants into
harmless byproducts like CO, and H,O. Titanium
dioxide (TiO,), a widely studied photocatalyst, offers
advantages such as chemical stability, strong oxidizing
power, and environmental compatibility [2]. However,
its nanoparticle form suffers from drawbacks including
agglomeration, difficult recovery, and potential
secondary pollution. To address these limitations, one-
dimensional nanostructures such as TiO, nanofibers
have gained attention due to their high aspect ratio,
directional charge transport, and enhanced surface
area [3]. Despite these improvements, TiO,-based
nanostructures still face challenges such as rapid
electron-hole recombination, wide bandgap energy,

Accepted: January 28, 2025

and limited pollutant adsorption. To overcome these
issues, composite nanofibers incorporating functional
nanoparticles have been developed. Cerium oxide
(CeO,) stands out due to its strong redox properties,
non-toxicity, and ability to trap charge carriers via Ce*"/
Ce’* redox pairs and oxygen vacancies [4]. However,
CeO, nanoparticles tend to aggregate, reducing their
catalytic efficiency. To address this obstacle, CeO,
nanoparticles should be immobilized. y-Al,O, offers
high surface area, thermal stability, and environmental
friendliness, making it an ideal substrate for stabilizing
CeO, nanoparticles [5]. This study introduces
electrospining TiO, nanofibers decorated with varying
amounts of impregnation synthesized CeO,-AlO,
nanoparticles (1, 2.5 and 5 wt.%) for the first time,
and evaluated their photocatalytic performance in
degrading methyl orange under UV light irradiation.

Materials and Methods

CeO,~ALO, composite nanoparticles containing
30 wt.% ceria were initially synthesized via an
impregnation technique. A mixture of cerium nitrate
hexahydrate (Ce(NO,),"6H,0) dissolved in double-
distilled water and alumina was stirred and heated
for 3 h, then dried at 110 °C for 24 h, followed by
calcination in air at 550 °C for 4 h. To fabricate the
photocatalytic nanofibers, varying amounts (1, 2.5, and
5 wt.%) of the synthesized composite nanoparticles
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were added to an electrospining precursor solution
containing titanium isopropoxide, ethanol, acetic
acid, and polyvinylpyrrolidone (PVP). The mixture
was homogenized, sonicated, and stirred thoroughly
to ensure uniform dispersion. Electrospinning was
then carried out under optimized conditions, and the
collected nanofibers were placed at room temperature
before undergoing final calcination at 550 °C for 6 h.

The photocatalytic performance of the synthesized
nanofibers was evaluated through the degradation of
methyl orange (MO) under UV irradiation. A 1000 mL
Pyrex reactor equipped with a magnetic stirrer, ice-
water bath, and a 125 W medium-pressure mercury
lamp was used as experimental setup. For testing,
photocatalytic nanofibers (0.5 g/L) were dispersed
in a methyl orange solution (20 ppm). Prior to
irradiation, the suspension was stirred in the dark for
I h to establish adsorption—desorption equilibrium.
The reactor was then exposed to UV light to initiate
photocatalytic degradation. Samples were collected
at regular intervals, centrifuged, and analyzed
using a spectrophotometer to determine pollutant
concentration.

Results and Discussion

Catalyst Characterization

To examine the physicochemical characteristics of the
photocatalysts, various techniques including XRD,
FESEM, and EDX were employed. According to XRD
analysis, both crystalline phases of TiO, (anatase and
rutile) are formed in the titania-based nanofibers.
However, the identification of the crystalline phases
of CeO, and AlLO, in the nanofibers containing
Ce0O>—Al20s nanoparticles is difficult due to the weak
intensity of their characteristic peaks. This could be
due to the low loading amount of these nanoparticles
and their proper distribution in the titania nanofiber
structure. FESEM images revealed that CeO>—Al:Os

sample consists of very small adhered nanoparticles
of approximately equal size together with a dense
structure and a rough surface. In contrast, TiO:
nanofibers doped with these nanoparticles showed an
entangled and porous morphology from nanofibers
with nonuniform diameter and size. No visible
nanoparticles were observed on the fiber surface,
likely due to low loading and uniform dispersion. EDX
analysis confirmed the presence of expected elements
(Al, Ce, and O in nanoparticles; Ti, O, and also trace
amount of Al, Ce, and C in nanofibers) and absence
of impurities. Detected carbon can be attributed to the
residual of PVP, which was not completely destroyed
during the calcination process.

Photocatalytic Performance

The photocatalytic degradation of methyl orange was
evaluated using pure and CeO>—Al0s-decorated TiO-
nanofibers under UV light for 2 h irradiation. As shown
in Fig. 1, photolysis alone removed only ~12% of the
dye. Doping TiO: with CeO>—Al0s enhanced pollutant
adsorption and improved photocatalytic efficiency.
The highest degradation rate (74%) was achieved with
1 wt.% nanoparticle decorating, attributed to enhanced
adsorption capacity, uniform nanoparticle dispersion
within the nanofiber structure, and strong interfacial
interactions—previously confirmed by FESEM
analysis—which likely contributed to improved
charge carrier separation efficiency. However,
further increasing the nanoparticle content to 5 wt.%
reduced efficiency to 66%, likely due to a decrease
in the number of available optically active sites,
reduced light absorption, and enhanced electron—hole
recombination caused by structural defects in the TiO-
phase. Moreover, the kinetic study indicates that the
first-order model provides the best fit, as evidenced by
its higher correlation coefficient, which is closest to 1
(R>>0.99).

100 [ Performance test conditions
Photocatalyst dosage= 0.5 g/L
MO concentration = 20 ppm
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Fig. 1 Photocatalytic degradation of methyl orange under UV irradiation.
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Conclusion

Based on the characterization results, structural
decoration of titania nanofibers with an appropriate
amount of ceria-alumina nanoparticles does not
cause a noticeable change in the crystalline structure
and morphology of titania nanofibers. However, the
removal results demonstrate that incorporating an
appropriate content of CeO>—AlOs nanoparticles into
TiO2nanofibers markedly improves their photocatalytic
performance in methyl orange degradation. The
enhanced activity of the AlCe(1%)-TNF sample stems
from favorable structural and optical modifications,
such as increased adsorption capacity, well-distributed
active sites, and possibly efficient charge separation.
Higher loadings led to decreased performance, due
to active site blockage, the decrease in the number of
accessible active sites and likely increased structural
defects. Furthermore, kinetic evaluations confirmed
that the degradation process adheres closely to a first-
order model.
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