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Abstract

Contamination of water resources by antibiotics poses a serious threat to public health

and the environment, necessitating the development of sustainable treatment strategies. In
this study, the effective treatment of water contaminated with commonly used antibiotics-
tetracycline, ciprofloxacin, and amoxicillin-both individually and in mixture, was
evaluated under natural sunlight irradiation using a BiOBr (2D)/UiO-66 (0D)
nanocomposite. The nanocomposite was synthesized via a two-step thermochemical
method with a Bi:Zr atomic ratio of 11:1 and characterized using XRD, FESEM/EDX,
UV-Vis and nitrogen adsorption—desorption analyses. Characterization results confirmed
the successful synthesis of a porous type-I1 heterojunction structure with pore sizes mainly
in the range of 2-10 nm, a surface area of 25.11 m?g, efficient solar light absorption, a
layered morphology of BiOBr decorated with UiO-66 nanoparticles with relatively
uniform distribution, and suitable interaction. Performance tests indicated acceptable
efficiency of the synthesized nanocomposite in the photocatalytic degradation of different
antibiotics and effective solar-assisted treatment of polluted water. Within 2 h under
sunlight irradiation and at a dosage of 0.5 g/L, the nanocomposite achieved degradation
efficiencies of 90.8, 88.7 and 66.8% for tetracycline, ciprofloxacin, and amoxicillin,
respectively, in single-solute systems with an initial concentration of 10 ppm. In the
mixed-antibiotic system, degradation efficiencies were 90.9, 83.3, and 28.4%,
respectively. Kinetic analysis of the removal efficiencies showed that the
photodegradation of all three antibiotics followed a first-order model. Reusability
assessment of the nanocomposite showed structural stability and suitable photocatalytic
activity over four consecutive cycles. These findings introduce the synthesized
nanocomposite as an efficient, stable, reusable, and environmentally friendly photocatalyst
for the treatment of antibiotic-contaminated water under sunlight.
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1. Introduction Ui0-66 was dispersed in 60 mL of distilled water
The increasing global scarcity of clean water is a and stirred for 20 min. Subsequently, 0.72 g of
formidable challenge, primarily due to the KBr was added and stirring continued for an
widespread presence of persistent organic additional 10 min. In another beaker, 2.91 g of
pollutants like antibiotics in industrial and urban bismuth nitrate was dissolved in 60 mL of
wastewaters. The incomplete metabolism of these dimethylformamide and stirred for 30 min to
pharmaceuticals and  the limitations  of form a clear solution. The suspension containing
conventional treatment methods lead to their UiO-66 and KBr was then gradually added to the
persistence in the aquatic environment, fostering bismuth nitrate solution under continuous stirring
the development and spread of antibiotic-resistant in an ultrasonic bath. The mixture was transferred
bacteria, a severe public health threat. to a reflux system and maintained at 80 °C for 4 h
Co_nve_rsely, photocataly5|s,_ a type Of _advanced with continuous stirring. The resulting precipitate
Zﬁédit:lgpaig;cl;(l:eessélt(epr\r%?\,/eIs((gelrz;rgrrr?(';?llgrg eg[rieln was separated by centrifugation, dried overnight
2014). = in an oven at 80 °C, and calcined at 350 °Cfor3h

This process uses semiconductor materials to to obtain the final nanocomposite powder.
generate reactive species that can effectively
mineralize pollutants. While many photocatalysts ~ 2-1- Performance tests
exist, most are activated by UV light, which The nanocomposite performance was evaluated
constitutes only about 4% of the solar spectrum under sunlight irradiation (Sanandaj, June,
(Hou et al., 2006). This highlights the critical between 12:00 and 14:00) using a beaker placed
need for efficient photocatalysts that can harness on a magnetic stirrer and in an ice-water bath to
abundant natural sunlight. BiOBr has emerged as maintain a constant temperature of the reaction
a promising candidate for photocatalysis due to mixture. Tests involved the degradation of
its unique layered structure and ability to individual (10 ppm) and triple-mixed (3.33 ppm
efficiently absorb visible light (Saddique et al., each) antibiotics, using a catalyst dosage of 0.5
2023). . . g/L. Following 60 min of dark stirring to achieve

However, its ~ high electron-hole equilibrium, the mixture was exposed to sunlight
recombination rate limits its efficiency. To for 120 min. During the illumination exposure,
overcome this, combining BiOBr with a stable  gyyples were collected every 30 min, purified
and highly porc#cjs metal-organic framework™ like o hanocomposite particles by centrifugation,
géo'% Is an effective strateqy. Employing UIO- o4 e antibiotics concentration was quantified

nanoparticles enhances pollutant adsorption )
and charge transfer, significantly boosting the using a spectrophotometer.
composite performance (Sha and Wu, 2015; . .
Rezaei et al., 2025a). 3. Discussion and results

Despite the proven efficiency of BiOBr/UiO- 3.1. Material characterization
66 nanocomposites in degrading various organic XRD analysis confirmed the successful formation
pollutants, studies on their application for of both BiOBr and UiO-66 crystalline phases.
different antibiotics under real-world conditions FESEM images visually confirmed the
remain limited. Furthermore, most existing characteristic layered nanosheet morphology of
studies have relied on artificial light sources, BiOBr decorated with UiO-66 nanoparticles,
which are costly and do not reflect environmental indicating a suitable physical contact between
conditions. This research addresses these critical these species, which is crucial for heterojunction
gaps by, for the first time, evaluating the formation. EDX confirmed the presence and
photocatalytic ~ efficiency of the porous uniform distribution of all constituent elements,
BiOBr/UiO-66 nanocomposite  for  the with an experimental Bi/Zr atomic ratio of 11.3,
degradation of a mixture of common antibiotics close to the nominal value of 11. Nitrogen
(tetracycline, ciprofloxacin, and amoxicillin) adsorption-desorption analysis showed that the
under direct sunlight. The use of commercially nanocomposite has a specific surface area of
available drugs also makes our approach more 25.11 m#g and a porous structure. UV-Vis
relevant to practical pollution scenarios. spectroscopy confirmed its strong absorption in

the visible light region, with an absorption band
2. Methodology edge at approximately 467 nm. The band gap
The BiOBr (2D)/UiO-66 (0D) nanocomposite energy was calculated to be 2.65 eV, making it
was synthesized via a two-step thermochemical highly suitable for solar Ilgh_t utilization. Based on
method. Initially, 0.15 g of the pre-synthesized energy  level  calculations, a  Type-ll
heterojunction was confirmed between BiOBr
! Metal- Organic Framework (MOF)
Water and Wastewater oMb 5 of
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Fig. 1. Photocatalytic degradation efficiency of the nanocomposite: a) individual pollutants and
b) mixed pollutants system

and UiO-66, facilitating efficient charge carrier
separation.

3.2. Photocatalytic performance

The nanocomposite demonstrated exceptional
photocatalytic efficiency under sunlight. Prior to
the test, direct photolysis was examined, showing
that tetracycline’ and ciprofloxacin®  were
degraded by 13% and 8%, respectively, while
amoxicillin® showed negligible  photolysis.
However, with the nanocomposite, degradation
efficiencies reached 90.8% for TC, 88.7% for CP,

! Tetracycline (TC)
2 Ciprofloxacin (CP)
% Amoxicillin (AM)

Water and Wastewater

and 66.8% for AM within 120 min (Fig. 1-a). All
degradation processes followed a first-order
kinetic model with high correlation coefficients
(R?>0.997). The differences in degradation rates
can be attributed to factors such as the chemical
structure, and adsorption behavior of each
antibiotic. In the more challenging mixed-
pollutant system, the nanocomposite maintained
its high performance (Fig. 1-b). Degradation
efficiencies were 90.9% for TC, 83.3% for CP,
and 28.4% for AM, with an overall degradation of
67.5% for the mixture. The decrease in efficiency
for CP and AM in the mixture is attributed to
competitive effects among the pollutants to access
active sites on the catalyst surface and to react
with the limited reactive species.

Vol. 36, No. 2, 2025

VEe® Jlo Y osled X 550



dx.doi.org/10.22093/wwj.2025.535808.3502

Toward efficient solar-driven photocatalytic ...

3.3. Stability and reusability

The nanocomposite showed excellent stability
and reusability over four consecutive cycles.
FESEM analysis confirmed its morphological
integrity after four consecutive cycles of use. This
high operational stability, combined with a 61%
mineralization efficiency for the mixed pollutants,
proves the catalyst's suitability for long-term,
practical applications.

4. Conclusions

In this research, a porous BiOBr(2D)/UiO-66(0D)
nanocomposite was synthesized and investigated
for the photocatalytic degradation of widely used
antibiotics  (tetracycline, ciprofloxacin  and
amoxicillin) ~ under  sunlight irradiation.
Characterization results confirmed the successful

formation of a Type-1l heterojunction with
suitable  textural  properties,  nanoparticle-
decorated nanosheet morphology with relatively
uniform distribution and strong interaction, and
efficient sunlight absorption capability. These
attributes lead to more adsorption of antibiotics
and effective charge carrier separation, and
thereby, enhanced photocatalytic efficiency. The
nanocomposite demonstrated high efficiency in
both pure (individual) and mixed antibiotic
systems, with the process following first-order
kinetics. Moreover, maintaining the activity over
four consecutive cycles emphasized its durability
and reliability. In general, BiOBr/UiO-66 is
introduced as an efficient and stable photocatalyst
for the treatment of pharmaceutical wastewater
containing antibiotics.
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Fig. 3. Evaluation of the BiOBr/UiO-66 nanocomposite performance in the photocatalytic degradation of the individual
antibiotics: a) photolysis, b) relative concentration changes over time, ¢) final efficiency and d) time-dependent
concentration variations based on the linearized form of the first-order kinetic model
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Fig. 5. a) Photocatalytic performance of the BiOBr/UiO-66 nanocomposite in treatment of wastewater containing
the antibiotics mixture over four successive cycles and b) FESEM image of the BiOBr/UiO-66
nanocomposite after the fourth cycle
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