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TOM TAT

Vit li¢u nano TiO, pha tap C, N, S (TH-TiO, ) duoc tong hop bang phuong phap thily nhiét sir dung tién
chatla TiIOSO, va thiourea di¢u ché tir quéng [lmenite. Anh hudng cuia nhiét do nung dén kha nidng phan hiiy quang
xuc tac tetracyline cta vat ligu TH-TiO, , dugc khao sat mot cach hé théng. Hoat tinh quang xtc tac dugc danh gia
qua su phan hity khang sinh tetracycline ndng d6 30 mg/L duéi anh sang kha kién. Két qua thuc nghiém cho thiy
nhiét d6 nung déng mot vai trd quan trong trong qué trinh két tinh ctia vat ligu. Mau TiO, pha tap C, N, S nung &
500°C trong khong khi, thoi gian 1 gio cho hiéu qua quang xuc tac tot nht. Pang chu y 13 viéc nung mau & 500°C
d3 1am tang d¢ tinh thé héa, loai bo hiéu qua du luong chit hitu co trén bé mat, diéu khién kich thudc hat thich hop,
va cai thién dang ké hoat tinh quang xtc tac.

Twr khoa: TiO,, Anatase, quang xiic tdc, tetracycline.
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ABSTRACT

C, N and S co-doped TiO, samples (TH-TiO, ) were synthesized by the hydrothermal method using

thiourea and TiOSO, prepared from Ilmenite ore. The influence of the annealing temperature on the tetracycline

photocatalytic degradation of the TH-TiO,  samples was systematically investigated. Photocatalytic activities of

all samples were evaluated by the photodegradation of tetracycline antibiotics at 30 mg/L under the visible light

irradiation. It is found that the annealing temperature plays an important role in the crystallization of the samples.

The C, N and S co-doped TiO, sample annealed at 500°C in air for 1 hour exhibits the best photocatalytic activity.

It is worth mentioning that annealing at 500°C improves crystallinity, effectively eliminates organic residues on

the surface, controls particle sizes, and significantly improves the photocatalytic activity of the obtained sample.

Keywords: TiO, Anatase, Photocatalyst, Tetracycline.

1. INTRODUCTION

Titanium and titanium dioxide are applied in many
fields such as aerospace, space, ship, chemicals
(production of paper, paint, plastic, rubber,
ink, soap, cosmetic, pharmaceutical,...), food
processing, medical instruments, photo-catalytic
treatment of organic pollutants,...! Currently,
there are many methods for fabricating nano-
sized TiO, such as chemical vapor deposition
(CVD), oxidation of titanium tetrachloride
(known as the chloride process), sol-gel method
and thermal treatment or hydrolysis of titanium
alkoxides.”®> However, these methods require
not only expensive titanium sources but also
stringent synthesis conditions, and thereby
hindering them from practical applications.

*Corresponding author.

Email: nguyenthilan@gqnu.edu.vn

Ilmenite ore is known as a cheap, non-toxic
and widely distributed material source in the
world, in which Vietnam is one of the countries
with large reserves of titanium. Therefore, it is
highly desirable to fabricate nano-sized TiO,
from Ilmenite ore. Nowadays, titanium dioxide
(TiO,) is mainly used for the photocatalytic
decomposition of organic pollutants. However,
the band gap of TiO, is wide (3.0 eV for the rutile
phase and 3.2 eV for the anatase phase), which
is not suitable for the visible light irradiation, so
TiO, only shows photocatalytic activities in the
ultraviolet light region.

Besides, the rate of electron-hole
recombination in TiO, is relatively fast, limiting
its photocatalytic efficiency. To overcome these
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disadvantages, many studies have been done
such as denaturing TiO, by Fe, Mn, Zn..%’
or combining with other materials to prepare
composites such as TiO,/MoO,,* TiO,/MoS,,’ ...
In particular, many recent reports have
demonstrated that the introduction of non-metals
such as N, C, S, P and halogen into the TiO,
structure leads to an increase in the photocatalytic
activities of TiO, inthe visible lightregion. In fact,
the modification of TiO, with carbon increases
the photosensitivity of the obtained material'®
while the modification with nitrogen and sulfur
reduces the band gap energy of TiO,, thereby
improving the photocatalytic activities under the
illumination of the visible light.!' However, these
studies only use commercial TiO, sources, very
few studies on TiO, denaturation from Ilmenite
ore.'? In this present work, C, N and S co-doped
TiO, samples were synthesized from TiOSO,
(prepared from Ilmenite ore of Binh Dinh) by
the hydrothermal method. The hydrothermal
method was chosen for this work due to the fact
that this method has a number of advantages over
other methods, such as low energy consumption,
low cost, high speed of reaction, and simple and
environmentally friendly process. It should be
noted that, this method allows controlling the
structure of the obtained materials by tailoring
hydrothermal parameters. Therefore, in this
work, the influence of the annealing temperature
on the photodegradation of tetracycline was
systematically investigated.

2. EXPERIMENT
2.1. Materials synthesis

Starting materials: Binh Dinh Ilmenite ore,
concentrated sulfuric acid H,SO, (Guangdong,
China), distilled water, thiourea CHN.,S
(Guangdong China), tetracycline C,,H,,O,.N, . HCI

(Institute of Drug Quality Control Ho Chi Minh
City, Vietnam).

2.1.1. Synthesis of TH-TiO,

2.27 grams of TiOSO, prepared from Binh Dinh
Ilmenite ore '* was put into Teflon flask before

adding a defined amount of thiourea (with molar
ratio of thiourea to TiO, = 2:1) and 180 mL of
distilled water. The Teflon flask was put in the
autoclave and dried at 180°C for 12 hours."
After the hydrothermal process, the autoclave
was naturally cooled to room temperature. The
obtained white precipitate was filtered and
washed several times with distilled water until
the water has a constant pH before annealing
at different temperatures (400, 500, 600, and
700 °C) for 1 hour. The obtained materials were
denoted as TH-TiO, , (a=400, 500, 600 and 700°C).

2.1.2. Synthesis of TiO,

The TiO, sample was also prepared under the
same conditions as the TH-TiO,  without the
addition of thiourea.

2.2. Photocatalytic evaluation

The photocatalytic activities of the obtained
through  the
photocatalytic decomposition of tetracycline

samples were evaluated
(30 mg/L) with the catalytic concentration of
0.6 g/L. The mixture was magnetically stirred in
the dark for 30 minutes to reach an absorption-
desorption equilibrium, before illuminating with
a 60 W filament lamp (filter cutoff A > 420).
The remaining tetracycline concentrations as a
function of the iradiation time was determined
by HPLC-UV method at a wavelength of about
355 nm.

Tetracycline photodegradation efficiency
of the obtanined samples is calculated by the
following formula:

C -C
H=—° .100 (M
CO

In which, C_ is the initial concentration of

tetracycline and C is the remaining concentration
of tetracycline after each corresponding time.

2.3. Materials characterization

The phase identification of the obtained materials
as done by X-ray diffraction method using a DS
Advance Brucker diffractometer operated at 40 kV
and 100 mA with Cu-Ko radiation (A, = 1,5406A),
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and the crystallite size is calculated from the

Debye - Scherrer equation r = 0,89. A

B .cosO @

The infrared (IR) spectra were recorded on GX-
PerkinElmer. Scanning Electron Microscopy
(SEM) and Transmission Electron Microscopy
(TEM) images were taken on Nova Nano
SEM 450 and JEOL JEM 1010, respectively
to investigate the surface morphology of the
obtained samples. Specific surface area of all
samples was measured on Micromeritics ASAP
2000 Equipment at the Institute of Chemistry,
Vietnam Academy of Science and Technology.
Tetracycline concentration was determined
by HPLC-UV method at A = 355 on Thermo
Scientific series 3300 HPLC (Thermo Scientific
Technologies, CA, USA).

3. RESULTS AND DISCUSSION
3.1. Materials characterization

IR spectra in the absorption range from 400 -
4000 cm™ for TH-TiO, ,  vaTiO,
shown in Figure 1. IR spectra of both samples
has a absorption band around 400 - 700 (860)
cm! due to the valence oscillation of Ti-O-Ti
bond.'> ¢ The peaks at 3550 and 1518 cm™! are

due to the valence and deformation fluctuations

samples are

of the hydroxy group of water adsorbed on the
surface of the samples. ''®* The peak around
1400 cm™ of the doped sample is attributed to
the oscillation of NH,* ions."” Compared with
the TiO,,, sample, the TH-TiO,,, sample
has additional absorption peaks at 2982, 2320,
1992, 1712, 1634, and 1050 cm, suggesting
the formation of new bonds on the TiO, crystal
lattice structure after doping. The peak at
1050 cm! corresponds to the oscillation of the
Ti-O-S bond 2*?* and thereby indicating that S
atoms has entered in the TiO, crystal structure.
In addition, the peak at 1992 cm of the TH-TiO,
sample may be due to the formation of new
compounds during the thiourea decomposition.
The characteristic peak observed at 2320 cm™ is
related to the oscillation of the C = O group of
CO, present in the air. The band around 1712 cm'

corresponds to the carbonyl group, the peak at
2982 cm! corresponds to the C-H bond %232
and the peak near 1634 cm'is due to the bending
vibration of the N-H bond.?** These peaks were
not observed in the TiO, , , sample, suggesting
that C, N, S has been successfully doped into the

crystal structure of TiO,.

TH-TiO, _,

Transmittance T / a.u.

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / ¢cm”

Figure 1. IR spectra for TH-TiO, . and TiO

2-500 2-500

The influence of the annealing temperature
on the crystal structure of TH-TiO,  samples
annealed at between 400-700°C was investigated
by XRD and the obtained XRD patterns are
shown in Figure 2.
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Figure 2. XRD patterns for TH-TiO,, annealed at

different temperatures

It is found that all TH-TiO,, samples
crystallized in the anatase phase, no rutile or
brookite phases are observed. As the annealing
temperature increases from 400 to 700°C, the
(101) peak intensity increases and the spectral line
half width at the (101) plane became narrower,
resulting in a larger crystallite size. This proves
that TiO, anatase gradually crystallizes as the
annealing temperature increases.”’ The average
crystallite size of the TH-TiO, samples was
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calculated by Scherrer's equation and presented
in Table 1. It should be noted that the average
crystallite size of all doped samples is smaller
than of the un — doped sample TiO, . This
suggests that co-doping C, N and S into TiO,
prevents the grain growth which is in good
agreement with previous reports. 2212829

The specific surface area and porosity of
the obtained samples were determined by the
BET method and their results are presented in
Figure 3.
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Figure 3. N, adsorption-desorption isotherms at
77 K and pore diameter distribution curves of the
TH-TiO, , samples according to BJH

The N, adsorption-desorption isotherms at
77K of the TH-TiO, samples shown in Figure 3
belong to IV type with type H1 loops (according
to IUPAC classification). This is characteristics
for material systems with the mesoporous
structure formed by the particles intersecting
with cylindrical-like canal systems or created by
agglomeration of spherical particles.

The specific surface area determined
according to the BET method for the TH-TiO,
samples annealed at 400 - 700 °C is 73.47, 92.25,
65.20 and 47.35 m?/g, respectively.

The N, adsorption-desorption isotherms
of the TH-TiO,  samples begin to condense at
the relative pressure P/P;  of about 0.7-0.95,
in which TH-TiO,,, sample has capillary
condensation phenomenon at a relatively
lower pressure than the others, indicating that
this sample has narrower capillaries. This is
consistent with data on the average pore diameter
calculated by the BJH method of the TH-TiO,

samples (13.81, 10.46, 15.13 and 24.30 nm for

the sample annealed at 400, 500, 600 and 700°C,
respectively).

In addition, it is found that except for the
TH-TiO, ,,, sample the specific surface area of
the TH-TiO, samples decreases as a function of
the annealing temperature. This may be because
a change in the annealing temperature results in
a change in the particle size and consequently a
change in the specific surface area. Indeed, Carp
et al reported that the activation energy decreases
for increasing the annealing temperature, so the
growth speed of the grain is large and the particle
size increases rapidly at the high temperature. In
contrast, at the low annealing temperature, the
activation energy is large, so the particle growth
rate is slower. As a result, the particle size of the
obtained materials is small.*

The surface morphology of the TH-TiO,
samples are characterized by TEM and SEM
methods and the results are shown in Figure 4
and Figure 5 (a-e). As can bee seen in Figure 4, the
obtained samples have a structured morphology,
the particles are spherical, quite uniform. SEM
images also indicate that as the annealing
temperature increases, the particle size of the

TH-TiO, , samples increases.

Figure 4. SEM images of TH-TiO
(b), TH-TiO, _ (c), TH-TiO

2-400 (a), TH'Tioz-soo
(d), and TiO,  , (e)

2-600 2-700
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TH-TiOy 509

. 100 nm

Figure 5. TEM image of TH-TiO

2-500

UV-Vis DRS was employed to investigate
the influence of the annealing temperature on the
light adsorption of the TH-TiO, , samples and
their UV-Vis DRS spectra are shown in Figure 6.
As can be seen in Figure 6 there is a redshift as a
function of the annealing temperature. This may
be due to the evaporation of the doped elements
as the annealing temperature increases.’!
Particularly, TH-TiO, ,, va TH-TiO,
have strong absorption in the visible light region.
This is because the three doping of C, N and S

has narrowed the band gap energy of TiO, and

samples

created many carriers 232, The band gap energy
of all samples was calculated based on the
Kubelka-Munk equation and shown in Table 1
and Figure 7. Accordingly, the band gap of the
TH-TiO,  samples annealed at 400 — 700°C is
2.86, 2.88, 3.02, and 3.05, respectively, which is
lower than that of the TiO, , sample (3.2 €V). The
decrease in the band gap energy after doping may
be attributed to the occurrence of the hybridized
states of doped elements (C, N and S) in the band

gap of the doped samples.?>33

= - 2TH-TiO,-400
= 2TH-TiO,-500
= - 2TH-TiO,-600
== 2TH-Ti05-700

Absorbance / a.u.

0.0 T T T T
200 300 400 500 600
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Figure 6. UV-Vis- DRS spectra for TH-TiO, (a =
400, 500, 600, 700°C) and TiO

2-500.
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Figure 7. Kubelka-Munk function versus photon
energy for band gap estimation

Table 1. Specifications of TH-TiO,  vaTiO, , materials
Sample (s:fz}l:?:ll::)e suffr‘;ecceli:ea Bjrr;:rgg;p

(m?/g) (eV)
TH-TiO,,, 7.47 73.47 2.86
TH-TiO, 9.52 92.25 2.88
TH-TiO, 9.79 65.20 3.02
TH-TiO, ,, 13.40 47.35 3.05
TiO, ., 14.39 36.01 3.20

3.2. Photocatalytic activities

The tetracycline photocatalytic degradation
of TH-TiO,, and TiO,
Figure 8. It is worth mentioning that all C, N
and S co-doped TiO, samples yield a higher
photodegradation efficience than the undoped
TiO, sample. Particularly, the TH-TiO, , show
the best photocatalytic activity under the visible
light irradiation (96%). This is because the TH-
TiO, ,,, sample has the largest specific surface
area and thereby having more active sites for the

adsorption and decomposition of the tetracycline.

samples is shown in

PN

- | _
) 1y yl

Dark adsorption -4

C/Co

0.0

0 4s 60 7S 90 10s 120 135 150
Time / min

Figure 8. The change in C/Co as a function of time
for TiO,,, va TH-TiO, (a = 400, 500, 600 and

2-500

700°C), tetracycline concentration of 30 mg/L

84 | Tap chi Khoa hoc - Truong Pai hoc Quy Nhon, 2020, 14(3), 79-87



SCIENCE

QUY NHON UNIVERSITY

4. CONCLUSIONS

C, N and S co-doped TiO, photocatalysts
prepared by the hydrothermal method were
characterized by modern physical methods.
The effect of the annealing temperature on
the tetracycline photodegradation of the TH-
TiO, , samples was systematically investigated.
Experimental results indicate that the annealing
temperature has a great influence on the particle
size and band gap energy and thereby affecting
the photocatalytic activities of the TH-TiO,
samples. It is found that all co-doped samples
show the high photocatalytic performance in
the visble light region. This suggests that (C, N,
S) co-doped TiO, photocatalysts are promising
candidates for the photocatalytic decomposition
of toxic organic substances in the wastewater
under the visible light irradiation.

Acknowlegment: This research is partly funded
by the TEAM project (ZEIN2016PR431 code).
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