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TOM TAT

TONG HQP VA HOAT TiNH QUANG XUC TAC CUA TiO, PHA TAP C,N VA S
DUOI VUNG ANH SANG KHA KIEN

Vdt liéu TiOz pha tap cdc nguyén t6 phi kim C, N va S dwoc tong hop bang phwong phép thiy nhiét tie

dung dich titanyl sulfate véi cdc tién chdt pha tap khdc. Sw anh hudng cia cde nguyén té pha tap vaio cau

triic tinh thé, hinh thai hoc, dién tich bé madt, trang thdi lién két va kha ndang hdp thu dnh sing dwoc ddc
trung qua cdc phirong phdp XRD, UV-Vis-DRS va XPS. Sw hinh thanh cdc lién két méi Ti-O-C, O-N-Ti,
sw chén cdc nguyén to phi kim vao mang tinh thé TiOy hay su thay thé ion Ti** bang S da tao ra su

chuyén dich dé nang lwong ving cam cia vt liéu pha tap. Két qua chirng minh rang, vit liéu TiO2 dong

pha tap ca ba nguyén t6 C, N va S (TH-TiOy) cho hoat tinh quang xiic tdc tot nhdt qua sw phdn hity chdt

khdng sinh tetracycline trong dung dich mede dwdi vimg dnh sang nhin thay. Sw tang hoat tinh quang xiic

tac cua vt liéu dong pha tap TH-TiO2 so véi cdc thanh phan pha tap nguyén t6 riéng 1é 1a do sw giam toc

dé tdi 16 hop ciia cac cdp electron-16 trong quang sinh.

Tir khéa: Tong hop, chdt xiic tic quang, TiOa, pha tap, tetracycline

1.INTRODUCTION

Population growth has increased the demand for
food production, which has led to aquaculture
becoming an important agricultural industry
worldwide. With the advantage of being a
country with a sea area of 3,448,000 km? and a
coastline of 3260 km, Vietnam has favorable
conditions to develop the aquaculture, fishing,
and seafood processing industry. Therefore, in
recent years, the shrimp farming industry has
grown in size and number of farming
establishments to meet the needs of domestic and
foreign markets. Parallel with the industry's rise
are the environmental consequences, especially
the large amount of wastewater from shrimp
ponds that discharge much untreated polluted
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sewage. Several chemical and biological
compounds have been mainly wused in
aquaculture production worldwide. Compounds
that carry many environmental risks, such as
antibiotics, pesticides, and disinfectants, are
highly toxic and are among the most dangerous
pollutants. In the long term, the discharge of
aquatic animals into water bodies contributes to
environmental pollution and directly impacts
marine communities of water receptors, thereby
reducing water quality [1]. Excretion and food
waste accumulate during shrimp culture, often
decreasing water quality and negatively affecting
shrimp growth and the environment. Shrimp
farming wastewater contains significant amounts
of nitrogen, phosphorus, organic matter, and



xenobiotics such as antibiotics and hormones,
which can damage the habitat of natural aquatic
species, causing a decrease in oxygen levels in
the water. Pollutants are treated by standard
absorption, sedimentation, filtration, membrane
[2], and biological treatment. Although treatment
costs are high and may produce harmful
secondary pollutants, these methods do not
entirely remove persistent organic compounds in
water, especially fats (which are difficult to
decompose) destroyed by microorganisms.
Countries are currently researching a promising
and effective solution in water treatment to solve
this problem, which is enhanced oxidation
processes (AOPs).

Recently, different types of pollutants from
industrial activities, agriculture, sewage, etc., are
directly rejected to water bodies, causing water
pollution. Therefore, removing pollutants from
wastewaters is one of the major issues in the
contemporary world [3].

AOPs include many different methods and
directions [4], such as treatment with Os, HO;
Fenton process; TiO, photocatalysis is an open and
potential development direction. After first being
applied in water treatment in 1972-1977 [5, 6],
there have been many studies related to this field.
TiO, semiconductors can catalyze the oxidation of
organic molecules that are difficult to decompose
into smaller molecules. Titanium dioxide (TiOy) is
the most widely used photocatalyst for the
decomposition of various organic pollutants
because of its cheapness and nontoxicity, in
addition to its high activity, optical properties, and
chemical stability. The band gap energy of TiO;
(3.0-3.2 eV) requires UV light irradiation, and thus
only a small portion of the solar spectrum is
absorbed in the UV region (A < 380 nm) [7].

However, despite its many advantages, TiO, can
only work under a narrow range of ultraviolet
light [2]. According to the works [8] the
modification of TiO, can increase the catalytic
activity and expand the active light region to the
visible area. Many studies have suggested that
TiO, doped with nonmetal elements such as C, S
and N can extend the absorption spectrum to the
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visible light region [9-11]. Inheriting those
results, in this work, TiO, was prepared from
ilmenite ore by using sulfuric acid method, and
then TiO, modified C, N, and S was synthesized,
investigated the activity, and it was used to study
the photodegradation of tetracycline antibiotics
in water solution under visible light and sunlight.

2. EXPERIMENTAL
2.1. Materials and synthesis

TiO; is prepared from Binh Dinh IImenite ore,
Sulfuric acid (H2SQ4, 98%), thiourea (CH4N3S,
99%), ammonium hydroxide (NH4OH), glucose
(CeH1206), sulfur (S), ethanol (C;HsOH), were
purchased from Factory Co., Ltd (China),
tetracycline  hydrochloride  (Cz2H240sN2.HCI,
96.09%), was obtained from Drug Testing
Institute in Ho Chi Minh City (Vietnam).

Synthesis of TiOSO4 material from Binh Dinh
ilmenite ore.

The sulfuric acid solution into a 500 mL heat-
resistant flask and slowly add 50 g of ilmenite
ore. The ore is decomposed for 1 hour (with
stirring) at 200-210 °C on a stove away from the
sand. The mixture after decomposition was
allowed to cool naturally and then dissolved with
H.SO, 0.005M solution on a heated magnetic
stirrer for about 3 hours at 70 °C. Allow the
mixture to settle for about 8 hours, then separate
the liquid and solid residues. The filtrate after
separation of solid residues is de-ferrous by
using iron planers to reduce Fe3* to Fe?* [12, 13].
The solution after iron reduction is concentrated
until scum. Continue to cool the solution after
concentration at about -2 °C to -5 °C for 8 hours.
After that, cold filtration was carried out to
separate the iron in the form of FeSO4.7H,0,
obtaining TiOSO, solution.

Synthesis of C, N, and S doped TiO, materials

Take 2.27 grams of TiOSO. synthesized from
llmenite ore and a determined amount of
thiourea (with the molar ratio of thiourea /TiO2 =
2:1) were put in a Teflon flask dissolved with
distilled water. Put the Teflon flask in the
autoclave, and perform 180 °C hydrothermal for
12 hours.



After hydrothermal, the autoclave was allowed to
cool naturally to room temperature. Filter the
resulting white precipitate and wash it several times
with distilled water until the filtrate has a constant
pH. The obtained product was dried and calcined at
500 °C for 1 hour to get TH-TiO, material.

The synthetic single-element doping samples are
similar to TH-TiO, materials. However, they
replace thiourea with NH4OH, glucose, and sulfur
solutions in ethanol too, in turn, introduce nitrogen
into the crystal structure of TiO2 (N- TiO,), C-
doped TiO, material (C-TiOy), sulfur-doped
material (S-TiO). The mass of the doping agents
was calculated based on the number of moles of
each doping element in the TH-TiO, sample.

2.2. Photocatalytic activity

The catalytic activity of C-TiOz, N-TiO2, S-TiO;,
and TH-TIiO; were estimated through the
decomposition of tetracycline (10 mg/L) and the
catalytic mass (0.6 g/L). The mixture was stirred
in the dark for 30 minutes to reach the
adsorption/desorption equilibrium, then
illuminated with a 60W filament lamp (filter cut-
off 1 <400 nm), lighting distance of the lamp is
10 cm. The remaining tetracycline concentration
was determined by the HPLC-UV method on
Thermo Scientific series 3300 HPLC (Thermo
Scientific Technologies, CA, USA) (/. max = 355
nm).

2.3. Methods of analysis

The X-ray diffraction (XRD) was conducted in
D8 - Advance 5005 with Cu Ka A =0.154 nm. The
element composition and oxidation state on the
catalyst surface in the sample was determined by
X-ray electron spectroscopy (XPS) (ESCALab
250-Thermo VG, UK, Ewha Woman's University,
Korea). The elemental analyses were conducted
using EDX spectroscopy on JSM Jeol 5410LV
(Japan).

3. RESULTS AND DISCUSSION
3.1. Characterization of materials

The composition of the material samples C-TiOp,
N-TiOz, S-TiO,, and TH-TiO, was investigated
by an XRD diagram; the results are presented in
Figure 1.
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Figure 1. XRD patterns of C, N, and S modified
TiO, samples.

From the figure, the peaks appear at 26 = 25.3°,
37.8°% 48.1° 53.9° 55.0° 62.6° 68.8° 70.3%
75.1° corresponds to the lattice faces (101),
(004), (200), (105), (211), (204), (116), (220),
(215) of the TiO. anatase phase [14]. Thus, it
can be seen that the use of different doping
agents does not affect the crystal structure of the
material.

The oxidation states of C, N, and S in TH-TiO;
were studied by XPS spectra (Figure 2).

XPS spectrum Figure 2a shows the N1s
characteristic peaks of TH-TiO; and N-TiO;
samples. According to [15], peaks with energy at
399.6 eV in N-TiO, and all peaks with energy
~400.0 eV appear due to the insertion of N atom
into TiO, lattice or/and ON bond formation - Ti.
Also, according to the author, N doping will
form NO bonds and create a localized
intermediate energy state (mid-gap high-
localized states) which helps to raise the valence
band energy and thus contribute to reducing the
bandgap energy of the doped material. On the
other hand, according to [16], the N1s peak of
TH-TiO, (400.1 eV) is lower than the
corresponding energy peak in the N-TiO, sample
(400.7 eV) due to the presence of other elements,
namely carbon and sulfur. This proves that C, N,
and S elements have been successfully doped
into TiO; crystal lattice.

XPS spectrum Figure 2b shows that all doped
material samples have the appearance of peak



energy at 284.0 — 285.6eV. This energy value is
defined as that of the control carbon (C1s) used
in the measurement and is referred to as the
adventitious carbon (AdC) [17]. The XPS
spectrum of C in the TH-TiO, sample appeared
to have characteristic peaks at 286.4 and 289.1
eV. According to [16], these two energy peaks
are distinct from C-O and C=0 bonds. According
to [18], the formation of Ti-O-C carbonate
groups is responsible for the appearance of the
bond at 286.4 eV. Many studies show that the
construction of carbonate groups incorporated
into the interstitial positions of TiO; lattice helps
reduce the material's bandgap energy and
increase the absorption capacity of—the visible
light [18]. The decrease in the binding energy of
Cls in the TH-TiO, sample compared with the
C-TiO, model is also attributed to the presence
of N and S elements in the TiO; crystal lattice.
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Figure 2. XPS spectrum of (a) N1s; (b) C1s; (c)
S2p; (d) Ti2p; (e) Ols in samples TH-TiO2, N-
TiO; C-TiOy; S-TiO..

The XPS S2p spectrum of TH-TiO- in Figure 2¢
peaks at 168.7 and 169.6 eV attributed to the S&*
group corresponding to the S&* cation in the S=0O
SO bond formed when some Ti* ions in the
TiO, lattice are replaced by sulfur atoms [19].
The peaks corresponding to Ti-S bonds were not
found around the 160-163 eV positions because
sulfur anion doping to form Ti-S bonds is often
challenging. The S% ion (1.7 A) has a much
larger radius than the O% ion (1.22 A), so
significant energy is required to form Ti-S bonds
instead of Ti- bonds. O. Therefore, the
replacement of Ti** by S®* is more favorable than
0% by S% This result was also verified by Ohno
et al. when doping sulfur into TiO,. Besides,
Ohno also showed a charge imbalance created
when the S® ion replaces the Ti*" ion in the
crystal lattice. The excess positive charge is
neutralized by the hydroxyl ion, which increases
the photocatalytic activity of the material [20].
Furthermore, according to [21], the doping of
sulfur into TiO, forms a new energy structure,



which contributes to the reduction of the
bandgap energy of the material. The XPS S2p
spectrum of S-TiO, with peaks at 169.1 eV and
170.3 eV also characterizes the doped S®* cation
in TiO,. However, the increase in the binding
energy in the XPS spectrum from the TH-TiO; to
the S-TiO, sample because the sulfur doping into
the TH-TiO, selection requires higher formation
energy than the single doping of the sulfur
element into the TiO [19].

XPS Ti2p spectrum of C, N, S-doped TiO; is
shown in Figure 2d XPS Ti2p spectrum in TH-
TiO, appears two primary components of Ti%*
state in TiO. are Ti2p3/2 and Ti2pl/2 at 459.0
and 464.7 eV [22]. The decrease in the binding
energy of Ti2p from the C-TiO, sample to the
TH-TiO, sample is caused by the electron
interactions between Ti with anions and the
formation of new bonds, causing partial electron
transformations leading to an increase in the
electron density on Ti. This confirms that C, N,
and S elements have been successfully doped
into TiO,[16].

The XPS O1s spectrum of the samples is shown
in Figure 2e. The XPS of Ols of TH-TIiO;
appeared at a peak with the energy level of 530.0
eV, which is characteristic of O in the Ti-O bond
in the TiO; lattice [23]. According to [24], after
doping, elements C, N, and S will replace in
place of O. A part of electrons from C, N, and S
will move to Ti and further to O because element
O has ample electronegativity electricity. As
explained above, the increase in electron density
on Ti and O is responsible for the decrease in the
binding energy.

Figure 3 shows that N-TiO, and S-TiO, materials
only absorb photons of ultraviolet light (below
400 nm). Meanwhile, the material samples TH-
TiO, and C-TiO, can absorb photons of visible
light.

The bandgap energy determined by the Kubelka—
Munk function for samples TH-TiO2, N-TiO, S-
TiO,, and C-TiO; is 2.88, 3.05, 3.15, and 2.70
eV, respectively.
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Figure 3. UV-Vis DRS spectra of TH-TiO, S-
TiO2, N-TiO, and C-TiOx.
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Figure 4. Photosynthetic efficiency of
tetracycline degradation with different catalysts
(conditions: mcatalyst = 0:6g-L™; concentration

of TC = 10 mg.L?; adsorption time = 30 min)

From Figure 4, it is shown that TH-TiO, material
exhibits the best photocatalytic activity with TC
decomposition efficiency above 96%. The two
samples, N-TiO, and S-TiO;, performed
relatively poorly in the visible light region.




Although the surface area is more extensive and
the bandgap energy is smaller than that of S-
TiO,, the photocatalytic activity of N-TiO; is
worse than that of S-TiO», which contradicts the
above hypotheses. The test results of the
isoelectric point of N-TiO, materials have

clarified the above contradiction. N-TiO;
materials are synthesized in an NHsOH
environment with pHpzc = 8. In a primary

setting, the following equilibria occur, increasing
the negatively charged centers on the material's
surface [25], then there is the appearance of N-
TiO, materials. There is a repulsive interaction
between the anionic form of tetracycline and the
negatively charged material surface, reducing the
adsorption capacity of tetracycline, thereby
reducing the tetracycline treatment efficiency.

~Ti-O-H+OH — -Ti-O +H,0
~Ti-N-H,+OH — -Ti—-NH +H,0

The results from Figure 4, it is shown that TH-
TiO, material exhibits the best photocatalytic
activity with TC decomposition efficiency above
96%. The two samples, N-TiO; and S-TiOg,
performed relatively poorly in the visible light
region.

4. Conclusion

The modified TiO, materials samples C-TiOx,
N-TiO,, S-TiO,, and TH-TiO,  were
successfully prepared by hydrothermal method
to reach nanometer particle size, low bandgap
energy, and increased activity. In particular, the
TH-TiO, material sample has the best
photocatalytic activity on degradation of
tetracycline, with degradation efficiency up to
96% after 120 minutes illumination under the
visible  light from (60W-220V) lamp.
Photocatalytic activities of the TH-TiO, were
markly improved due to the reducing of band
gap energy and the less recombination of photo-
generated electrons and holes.
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