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Abstract. In this study, TiO,/SnO, nanomaterials with the different SnO, contents of 1%, 5%, 10%, and
15% were synthesized via a facile one-step sol-gel method. Structural characteristics and surface
morphology of these materials were assessed through techniques such as X-ray diffraction (XRD) and
Scanning Electron Microscopy (SEM). These materials were then subjected to test photocatalyst activity.
The photocatalytic performance of the synthesized materials was evaluated to degrade the oxytetracycline
(OTC) antibiotic in aqueous solutions under UVC irradiation. The effect of various operating parameters
including reaction time, pH value, initial antibiotic concentration, and photocatalyst content on removal
efficiency was also investigated. Remarkably, the SnO./TiO. material with a 1% SnO. of weight
demonstrated the best photocatalytic performance. The OTC removal efficiency was achieved of 98.4%
after 120 min UVC irradiation. Furthermore, the reuse ability of the synthesized material was demonstrated
with OTC removal efficiency maintained at 95.87% after 5 cycles.

Keywords. Antibiotic residue, Binary material, Oxytetracyline, Photocatalyst, Tin dioxide, Titanium
dioxide.

1 INTRODUCTION

The issue of antibiotic residue pollution has become more and more common, posing significant threats to
the environmental life and ecosystems, which demands urgent attention and comprehensive solutions [1].
A globally comprehensive study has revealed alarming findings, indicating that approximately two-thirds
of water samples collected across 72 countries contain substantial levels of antibiotic residues. A lot of
rivers worldwide are polluted by antibiotic remnants. Notably, renowned water bodies such as the England's
Thame River are among those affected, with antibiotic concentrations surpassing acceptable limits. This
pollution creates an ideal breeding ground for bacteria to thrive and develop resistance against antibiotics,
exacerbating the challenge of combating antibiotic-resistant pathogens. Consequently, the remediation of
antibiotic residue in water to the permitted limitations before discharging into the water bodies has become
urgent action in recent years [2-4].

In Vietnam, the domestic economy has been witnessing the rapid development of some industries such
as livestock farming, pharmaceutical production, medical examination and treatment, and many other
industries. Besides their economic benefits, these industries also release significant antibiotics during their
operations which can follow wastewater going into receiving sources and cause severe pollution to the
environment [5]. In addition, the European Union also warned about antibiotic residues in seafood products
in Vietnam in 2016. Likewise, statistics from the Department of Agriculture and Rural Development of Soc
Trang province in 2016 revealed that there were 5,000-6,000 types of drugs and chemicals for disease
prevention and treatment, aquaculture, and environmental treatment available on the market. Unlike
developed countries, antibiotics and other pharmaceuticals in Vietnam can be easily purchased and used
[6]. Therefore, it is very difficult for aquaculture farmers to choose quality antibiotics that are allowed to
circulate in aquaculture industry. In recent years, Vietnam's revenue from processing and exporting seafood
products has been increasing and is one of the industries with the largest revenue, leading to the increasing
demand to use antibiotics in the aquaculture process. Many livestock farms use cheap, low-quality
antibiotics too much, which can easily affect product quality and cause environmental pollution due to
antibiotic residues. Using antibiotics to treat bacterial infections has been increased but has not been
processed effectively due to limitations in treatment facilities that can lead to their accumulation and
biotransformation in the water resources. Antibiotic residues in discharged wastewater can pollute the
environmental water and negatively affect human health. Particularly, some antibiotics such as
Chloramphenicol, Quinolone, Fluoroquinolone, and Oxytetracycline have been even discovered in shrimp
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and fish, causing people's health. Oxytetracycline (OTC) is a widely available antibiotic with one of the
main active mechanisms inhibiting bacterial protein synthesis. OTC belongs to the micro aromatic
polyketide family, which is synthesized by a type Il polyketide synthase [5].

Therefore, investigations have still been carried out to find effective solutions to more thoroughly
address the growing threat of antibiotics in water sources. Recently, to decompose antibiotic residues in the
water, various methods have been studied such as advanced oxidation treatment, membrane treatment,
microbial decomposition, and adsorption using activated carbon. However, these methods still have many
technical limitations. Further research is needed to apply effectively these methods in treating practical
wastewater containing antibiotics [7, 8]. Among these methods, photocatalysis has been one of the most
potential methods to apply for removing antibiotics from aqueous solution [9]. As well-known that
photocatalysis is usually chosen as a green and promising option for the degradation of toxic organic
pollutants that harm air and water resources [10, 11]. The advantages of this method include low cost, high
photocatalytic performance, chemical stability and environmental friendliness [7, 9, 10].

TiO, semiconductor is the most common photocatalyst used in environmental treatment such as air
pollution control and decomposition of pollutants in water [11, 12]. However, the application of TiO»
nanomaterials in real wastewater treatment still has some drawbacks such as high bandgap energy of TiO, (>
3.2eV), low lifetime of photogenerated electron-hole pairs, and difficulty in separation of finely powdered
TiO, from treated water for recycling or regenerating it [13]. To overcome these limitations, some
modifications to TiO, have been used such as coupled with other semiconductors [14-18], fixed in the large
surface material (carbon-based material, mesoporous material, zeolite, etc.) [19-22], or doping/co-doping with
the metal or non-metallic elements [15, 23-26]. Results of combining two or three semiconductors have
demonstrated that the photocatalytic performance of the photocatalyst composite could be improved due to
the reduction of band gap and the decrease in electron-hole recombination [17, 27-29].

Among semiconductors used to couple of TiO, tin oxide (SnO-) has been considered as one of the most
potential metal oxide materials owing the excellent lattice match between TiO, and SnO,. SnO: itself is
also known as one of the semiconductor materials with a large bandgap energy (> 3.6 eV) [30]. The
structure, energy band, and chemical properties of SnO, material are similar to TiO,, leading to SnO; also
being used as an effective photocatalytic material [21, 31, 32]. In the field of photocatalysis, SnO;
nanomaterials and SnO,-modified materials have been reported in recent researches to treat pollutants in
water [33, 34], such as treating the antibiotic azithromycin with GO/Fe304/Zn0O/SnO, material [21] and the
material combination of g-CsN4/SnS»/SnO, used to remove Cr®* [35]. However, the investigation on
SnO,/TiO; photocatalytic materials synthesized by sol-gel method to remove antibiotics in aqueous solution
is still quite little. Almost of the related researches focused on evaluating the ability to remove dyes and
some common organic substances in water [29, 32, 36, 37]. Therefore, in this study we synthesized
SnO,/TiO; photocatalytic materials by a facile one-step sol-gel method. The OTC antibiotic was chosen as
a model pollutant to evaluate the photocatalytic performance of the synthesized material. Furthermore, the
effect of operation parameters and reusability of materials were also investigated in this work.

2 EXPERIMENTAL

2.1  Reagents and chemicals

Tetraisopropyl orthotitanate — titan (1) isopropoxide (TTIP) (C12H2s04Ti, > 99% purity) and propan-2-ol
(-C3Hg0, > 99.5% purity) were purchased from Merck Co. Ltd. (Germany). Hexadecyltrimethylammonium
bromide (CTAB, >99% purity), tin (IV) chloride pentahydrate (SnCls.5H.0, > 98% purity), and
oxytetracycline (OTC, C22H22N209, > 99% purity) were provided by Shanghai Zhanyun Chemical Co. Ltd.
(Shanghai, China). Besides, other chemicals such as kali iodide (KI) and 1,4-benzoquinone (CsH4O5),
which were used in this work as the scavengers of photocatalysis, were of analytical chemical grade. Water
distilled two times was used for all the preparation of chemicals.

2.2 Synthesis of SNO2/TiO2 materials

SnO,/TiO, materials with different mass ratios (0%, 1%, 5%, 10%, and 15%) of SnO, were synthesized by
the modified sol-gel method with TiO, as the base material [38, 39]. In detail, firstly 2.0 g of CTAB was
added to 50 mL of ethanol solution. The mixture was continuously stirred for 30 min using a magnetic
stirrer. Next, the suitable mass of SnCl4.5H,0 to the desired ratio was added to the mixture under stirring
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conditions until SnCl..5H,0 was completely dissolved. Next, 11.7 mL of TTIP was added to this solution
and stirred vigorously for 3 h at room temperature. Then, a few ammonia (25-28%) droplets were dropped
gradually into the mixture until a cloudy sol appeared. This mixture was then kept in the ambient air for 24
h for aging purpose. Next, the obtained gel was washed several times with distilled water using a centrifuge
(DLAB-DMO636, China). The final solid was dried in an oven (Memmert-UN110, Germany) at 80 °C for
24 h. Finally, the powder was pounded finely with a mortar and calcined in a furnace (Nabertherm-
HTCO03/15, Germany) at 500 °C for 3 h. The SnO,/TiO, composites obtained at different mass ratios of
SnO2 0%, 1%, 5%, 10%, and 15% were denoted as TiSn0, TiSn1, TiSn5, TiSn10, and TiSn15, respectively.

2.3 Characterization of the materials

To investigate the crystalline structure of the synthesized materials, the X-ray powder diffraction (XRD)
analysis was carried out by an X-ray diffractometer (LabX XRD-6100, Shimadzu, Tokyo, Japan). The
patterns were recorded with a scan rate of 20/min over the angular (20) range of 10-80°. The morphology
of the materials was identified using a field-emission scanning electron microscope (FE-SEM, S-4800,
Hitachi, Japan).

2.4 Photocatalytic experiments

The synthesized materials were evaluated for their photocatalytic ability for the decomposition of OTC
solution with a initial concentration of 20 mg/L and at the material content used of 1.0 g/L under UVC light
irradiated from a 7-W high-pressure mercury lamp (242 nm, China). Before UVC light illumination, the
adsorption was carried out in the dark to obtain adsorption/desorption equilibrium for the material. Then, the
photocatalysis was investigated under UVC irradiation for 120 min. At pre-set time intervals, 3 mL of
aliquots were taken from the photoreactor and filtered by a 0.45-um PTFE Nylon syringe filter (Membrane
Solutions, Shanghai, China) to remove the material. The concentration of OTC in solution was identified by
a UV-visible spectrophotometer (Genesys 105, Thermo Scientific, Madison, W1, US) at wavelength of 360
nm. Moreover, the optimal operating parameters for OTC photodegradation were also carried out using the
best material obtained from the previous experiment. In this work, all experiments were repeated three
times to achieve high accuracy.

The kinetic equation derived from the Langmuir Hinshelwood model of heterogeneous catalysis is
shown in equation (1) [38-40]:

In (Cio) = —kpkot = —k,yt 1)

where kr, ki, and kin (min) are specific reaction rate constants for reactant oxidation, reaction equilibrium
constant, and the Langmuir— Hinshelwood model rate constant, respectively. Coand C (mg/L) are OTC
concentrations at initial and at time ‘t’, respectively.

3 RESULTS AND DISCUSSIONS

3.1 Characterization of the prepared materials

Figure 1 illustrates the XRD patterns of the synthesized materials. In XRD profile of TiSn0, the typical
peaks were observed at diffraction angle 26 of 25.28°, 38.75°, 48°, 55.7°, 64.02°, 68.96°, 70.34°, and 75.2°,
which corresponded to the (101), (004), (200), (211), (204), (116), (220), and (215) planes, respectively.
This result confirmed that this synthesis method only formed the TiO, anatase phases. In the XRD patterns
of TiSnl and TiSn10, besides the typical peaks of TiO; anatase phase, we could observe the presence of
the peaks at 27.57° (110), 36.08° (101), 42.18° (111), 56.54° (220), 64.06° (112), which were attributed to
the formation of SnO, crystallites. In addition, it could be seen that the XRD profiles of TiSn1 and TiSn10
were similar, confirming that the increase in tin content unchanged the phase of the crystallite of TiO,and
SnO, However, the intensity of the typical peaks of SnO, in TiSn10 was stronger than that of TiSn1,
implying that the mass of SnO nanoparticles in TiSn10 was larger as compared to TiSn1. These findings
demonstrated that TiO»/SnO, nanocomposites were synthesized successfully by the one-step sol-gel
method.
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Figure 1: X-ray diffraction spectra of TiSn0, TiSnl and TiSn10 materials.

The FE-SEM images of the prepared materials are illustrated in figure 2. The FE-SEM image of TiSn0
material (figure 2a) shows the formed TiO nanoparticles with rather uniform shapes, which had a raw
spherical structure with particle size in the range of 13-20 nm. In figure 2b, it could be observed that adding
SnO; with an amount of 1% weight seemed to reduce the average size of the sphere particles of TiSnl as
compared to TiSn0. Furthermore, the shape of TiSn1 nanoparticles was less homogeneous, i.e. with more
widen size range than that of TiSn0O, implying the presence of SnO; in TiO2/SnO, nanocomposites. This
result could be explained by the fact that Sn** added to the synthesis process could affect the formation of
the crystal lattice of TiOs..

%,
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Figure 2: FE-SEM images of pure TiO; (a) and TiSn1(b) material.

500nm

3.2 Photocatalytic performance of the synthesized materials

The results of evaluating OTC photodegradation efficiency using the synthesized materials with the various
SnO; ratios (figure 3) showed that in general the TiSn1 material demonstrated the highest performance. It
could be seen in figure 3a that the adsorptive capacity of all TiO./SnO, nanocomposites after 30 stirring
minutes in the dark was higher than that of TiSn0 (only pure TiO5). In detail, the OTC removal efficiency
by adsorption using TiSnO only obtained 17.4%. Meanwhile, these values when using TiSnl, TiSn5,
TiSn10, and TiSn15 rose gradually from 21.9% to 29.7%. This result indicated that the introduction of
SnO; might change the surface area of TiO./SnO, nanocomposites as compared to pure TiO,, which
improved their OTC adsorptive ability. Figures. 3a, b and ¢ show the changing of OTC removal efficiency,
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OTC concentration and kinetic of the OTC photocatalytic degradation using the different materials during
120 min irradiation with UVC light. The highest OTC degradation efficiency (98.4%) was achieved for
TiSn1. With the larger SnO; ratios (5%, 10%, and 15%) in TiO2/SnO2 nanocomposites, the OTC removal
efficiency using these materials was decreased, even lower than that of TiSn0. From calculation on the
kinetics of OTC photodegradation (figure 3c), the highest apparent constant rate (Kap) of OTC
photodegradation was obtained for TiSn1 (0.44 min™), followed by in order TiSn0 (0.27 min*?) > TiSn10
(0.23 min?) > TiSn5 (0.20 min*) > TiSn15 (0.17 min™). Although photocatalytic activity of SnO
nanoparticles could be lower than TiO, nanoparticles, the addition of suitable tin content during synthesis
could enhance the photocatalytic activity of the TiO2/SnO, nanocomposites. This result could be explained
by (i) the formation defect in the TiO- crystallite due to the presence of Sn** ions and (ii) the formation of
SnO; nanoparticles attached on the surface of TiO2 nanoparticles when the suitable SnCls mass was added
during synthesis, which could improve the lifetime of electron-hole pairs formed in photocatalysis [29].
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Figure 3: (a) OTC removal efficiency by adsorption and photocatalysis, (b) changing of C/Co value under UVC
irradiation, (c) kinetic of OTC photocatalytic degradation with the different materials.
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To evaluate the effect of initial OTC concentration on removal efficiency for the TiSn1 material, the
different OTC concentrations were investigated at 10 mg/L, 20 mg/L, 45 mg/L, and 60 mg/L. Figure 4
reveals the photocatalytic performance using TiSnl at the different OTC concentrations. Obviously, an
increase in the initial OTC concentration led a decrease in the OTC removal efficiency. In detail, the OTC
removal efficiency achieved 99.2% and 98.4% at two concentrations of 10 mg/L and 20 mg/L, respectively.
At the high initial OTC concentrations of 45 mg/L and 60 mg/L, the removal efficiency decreased
significantly to more than 60%. This could be explained by the fact that too many antibiotic molecules
could adhere to and cover the photocatalysts' surface, hindering the process of light rays reaching the surface
of the TiSn1 material and reducing the formation of the oxidation species such as hydroxyl radicals (*OH),
superoxide (O2"), etc. Another reason could be that the activated groups generated from the photocatalytic
process were insufficient to react to the OTC molecules present in the solution, leading to a decrease in
photocatalytic performance at the high OTC concentrations.
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Figure 4: The change in photocatalytic performance using TiSn1 material at the different initial OTC concentrations
in aqueous solution (experimental conditions: irradiation by 5 W UVC lamp, material content of 1.0 g/L, pHnature 7.3,
and room temperature).

The concentration of TiSn1l material was changed at 0.5 g/L, 1.0 g/L, and 1.5 g/L to determine the
optimal amount of material for OTC antibiotics photodegradation. As seen from figure 5, the highest OTC
removal efficiency was achieved at the material concentration of 1.0 g/L (98.4%), followed by 1.5 g/L (94.3
%) and 0.5 g/L (83.9 %). However, the difference in the photocatalytic performance of the TiSn1 material
was considered insignificant. Consequently, in this experiment the optimal material content of TiSn1 was

obtained at 1.0 g/L, at which the material concentration was selected for the next experiments.
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Figure 5: The OTC removal performance of TiSn1 at the various contents of TiSnl material (experimental
conditions: irradiation by 5 W UVC lamp, initial OTC concentration of 20 mg/L, at pHnawre 7.3, and room
temperature).

The pH is an important parameter in photocatalytic reactions as it influences forming the active species
(h*, *OH radical, and *O;"). Besides, the pH value of the solution significantly affects photocatalytic
activity, including the charge on the material and the formation of various OTC structures. To investigate
the effect of pH values on OTC antibiotics photodegradation using the TiSn1 material, the pH value of OTC
solution with an initial concentration of 20 mg/L was changed with pH values of 3, 5, 7, 9, and 11 by adding
0.1 mol/L NaOH or 0.1 mol/L HCI. Figure 6 shows the OTC removal efficiency of the TiSn1 material at
the different pH values of 3, 5, 9, and 11. It could be seen clearly that the OTC removal efficiency achieved
the highest at an acidic medium (94.3-98.7%). In contrast, the removal efficiency decreased dramatically
in the alkaline media with 75.7 % and 66.3 % at pH 9 and 11, respectively.
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Figure 6: The change in photocatalytic performance using TiSn1 material at the different pH values of aqueous
solution (experimental conditions: irradiation by 5 W UVC lamp, initial OTC concentration of 20 mg/L, material
content of 1.0 g/L, and room temperature).

To investigate the role of the active species generated by photocatalysis such as holes (h*), superoxide
(*O2"), and hydroxyl radicals (¢OH) in OTC decomposition reactions using the TiSnl material, radicals
scavenger test was conducted in this work. In this experiment, isopropanol (IPA, a *OH radical scavenger),
potassium iodide (K1, a h* hole scavenger), and p-benzoquinone (p-BQ, a *O radical scavenger) solution
was added to the 20 mg/L OTC aqueous solution to evaluate effect of active species on the OTC
photodegradation using TISn1. As shown in figure 7, the presence of IPA and Kl during photocatalysis
decreased the OTC removal efficiency from 98.4 % (no scavenger) to 74.81% (*OH radical scavenger) and
62.9% (h* hole scavenger) after 120 min UVC irradiation. Particularly, the addition of p-BQ (<O, radical
scavenger) decreased dramatically the OTC photodegradation, the removal efficiency in this case was only
18.4 % after 120 min UVC irradiation. These results confirmed the important role of *O,", h*, and *OH
radicals in the photocatalytic degradation reaction of OTC antibiotic in the water of the TiSn1 material.
Furthermore, it also demonstrated that <O,  radicals were the major reactive agents in OTC
photodegradation. These findings were consistent with our previous research [41].
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Figure 7: Performance of photocatalytic degradation of OTC antibiotic using TiSn1 material in the presence of
scavengers (experimental conditions: initial OTC concentration of 20 mg/L, material content of 1.0 g/L, at pHnature
7.3, and room temperature).

To test the reusability of the TiSn1 material, a recycle experiment was carried out for 5 cycles. After
each cycle, the used material was collected by the sedimentation, centrifugation, and drying process,
respectively. The material collected would be used for the next cycle. The experiment results showed that
the adsorptive ability of the material decreased in the next cycles (from 25.5% to 10.6%) which could be
explained because the material had not been completely removed from OTC molecules adhered to the
surface by the regeneration method mentioned above. However, the OTC removal efficiency changed
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insignificantly in the following cycles as compared to the first cycle under UVC irradiation. As shown in
figure 8, the OTC removal efficiency was maintained over 95% after five cycles. The slight decrease in
removal efficiency could be attributed to a certain loss of materials after each regeneration cycle and the
reduction of adsorption ability as the main reason. This result demonstrated the good reusability of TiSn1,
however, continued research is still needed in order to improve the recovery method of TiSn1 more effective
and simpler to expand its practical application.

98.52 97.41 96.04 96.35 95.82

Cycle 1 Cycle2 Cycle3 Cycle4 Cycle5

OTC removal efficiency (%)

Number of repeating cycles

Figure 8: Reusability of the TiSn1 photocatalyst for 5 repeated cycles (experimental conditions: initial OTC
concentration of 20 mg/L, at pHnawre 7.3, and room temperature).

4  CONCLUSIONS

In this study, the SnO2/TiO, nanocomposite materials were synthesized successfully using a one-step sol-
gel method employing CTAB as a substrate and TiO; as a foundational material. XRD and FE-SEM results
confirmed the formation of TiO, and SnO, nanoparticles in the synthesized materials. All the materials
presented good photocatalytic activity for OTC removal. The highest photocatalytic performance was
achieved at 1% wt. of the SnO, mass ratio, where 98.5 % of OTC removal was obtained after 120 min UVC
irradiation using TiSnl. The effect of operating parameters such as antibiotic concentration, material
content, and pH value in the solution was also carried out. The experimental results showed that the most
efficient OTC removal happened in the acidic medium at a material concentration of 1.0 g/L. The *OH
radicals were the most important agents in OTC photodegradation using TiSn1. The photocatalytic activity
of TiSn1 also maintained more than 95% after five cycles, which implied that TiSn1 could be a promising
photocatalyst for the application to remove antibiotics in agueous solution.
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, TONG HQP VAT LIEU QUANG XUC TAC SnO2/TiOz ,
UNG DUNG XU LY KHANG SINH OXYTETRACYCLINE TRONG NUGC

NGUYEN CHI HIEU!, MAI THE TUNG!, TRAN THI TUONG VAN*"
' Vién Khoa hoc Cong nghé va Quan Iy Méi Truong, Truong Dai hoc Cong Nghiép TP.HCM
" Tac gia lién hé: tranthituongvan@iuh.edu.vn

Tém tit. Trong nghién ctru nay, vat liéu nano TiO2/SnO; véi ti 1€ 1%, 5%, 10%, va 15% khéi lugng cta
SnO; dugce tong hop bang phuong phap sol-gel don gidn mot bude. Dac diém vé cau trac va hinh thai cua
vat lidu da dugc xac dinh thong qua nhidu xa tia X (XRD) va kinh hién vi dién tir quét (SEM). Cac vat liéu
nay sau d6 duoc danh gia hoat dong quang xuc tac. Hiéu sudt quang xdic tac cua cac vat liéu tong hop da
dugc danh gia dé phan hay khang sinh oxytetracycline (OTC) trong dung dich nu6c dudi sy chleu xa tia
UVC. Anh huéng cua cac thong s6 van hanh khac nhau bao gom thoi gian phan tng, gia tri pH, ndng do
khéng sinh ban dau va nong d6 vat liéu quang xuc tac ddi vai hiéu qua loai bo ciing da dugc nghién ctu.
Dang chu ¥, vat liéu SnO2/TiO2 v6i 1% SnO; vé trong lwong (TiSn1) da thé hién hidu sut quang xtic tic
tdt nhat. Hiéu suét loai bd OTC dat duoc 1a 98,7% sau 120 phut chiéu xa UVC. Hon nita, kha nang tai sir
dung cua vat lidu tong hop ciing da dugc chimg minh véi hidu qua loai bo OTC duy tri & mic 95,87% sau
5 1an tai st dung.

Tir khoa. Du lugng khang sinh, Vit liéu nhj phan, Oxytetracycline, Chét xtic tac quang, Oxit thiéc, Dioxit
titan.
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