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Abstract

Titanium dioxide particles were prepared by sonochemical-hydrothermal process from a precursor
of titanium isopropoxide in the presence of polyvinyl alcohol aqueous solution. Sonication of the precursor
was conducted using sonic horn operated at 20 kHz until the completely precipitated product was reached.
As-obtained intermediate products were then loaded into a Teflon-lined stainless steel autoclave for
hydrothermal process withlOM NaOH aqueous solution and heated under different temperature 80-120°C.
The synthesized products were characterized of structural properties and surface morphology by X-ray
diffraction spectroscopy and field emission scanning electron microscope. The results show that prepared
samples have a good crystallinity and the high purity TiO,. In addition, it is acknowledged that the

hydrothermal temperature has a significant influence on their physical properties.
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Introduction

In recent years, nanostructure materials
have received much attention owing to their
superior properties which differ from those of bulk
materials. Titanium dioxide (TiO,) is versatile
oxide semiconductor material accompanying its
exceptional properties including wide optical band
gap (~3.2 V)", strong ultraviolet absorptivity,
non-toxicity, long-term chemical stability, excellent
photocatalysis and high energy conversion efficiency.
Applications of TiO, have been explored in
different fields including photocatalysts'”, sensor
devices”, solar cell”, antifogging® and self-
cleaning devices®. Also, there has been a great
interest in controlling the structural properties of
materials and finding enhanced properties of
materials by employing a variety of preparative
methods. In addition, many different methods and
techniques have been developed for preparation
of TiO, nanomaterials such as co-precipitation

process”, sol-gel process®, electrospinning,
hydrothermal  technique"”, and sonochemical
process."”

Sonochemical-hydrothermal technique is
one of effective techniques for synthesizing a great
variety of materials. Sonochemical-hydrothermal
synthesis is a prospective method to obtain
nanostructures where polymorphism, particle size,
crystallinity, morphology, and processing time could
be very well controlled as required, comparing to
any other techniques. More recently, there have
been related works employing the potential of
sonochemical-hydrothermal process to synthesize
nanostructure of TiO,. Phan et al. employed a
simple hydrothermal process for preparing TiO,
nanomaterials using concentrated hydrochloric
acid'®. Guo et al. reported on the sonochemical
synthesis of nanocrystalline TiO, by hydrolysis of
titanium alkoxides."? Viana et al. successfully
prepared TiO, nanoparticles from titanium (IV)
isopropoxide diluted in isopropyl alcohol."*

In this work, we report novel sonochemical
-hydrothermal synthesis of titanium dioxide
nanostructures via a precursor solution of titanium
(IV) isopropoxide. The effects of technique and
hydrothermal temperature on their physical
properties and microstructure were investigated.

*Corresponding author E-mail: narongdet.wo@gmail.com; E-mail: kpewisan@gmail.com
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Materials and Experimental Procedures

10 mL solution of titanium (IV) isopropoxide
(C]2H2804Ti, Slgma-Aldrlch) m 100 mL deionized
water was used as precursor of TiO,. Sodium
hydroxide anhydrous pellets (NaOH, Carlo Erba)
and polyvinyl alcohol (PVA, Sigma-Aldrich) which
are typically used as general capping template for
promoting the anisotropic growth of nanoparticles'"”
was added to precursor until pH became 10-12 and
stirred for 10 minute. The sonication of solution
was performed by a Sonics Model VCX 750 until
the completely precipitated product was reached.
As-obtained intermediate products were then
loaded into a Teflon-lined stainless steel autoclave
for hydrothermal process and heated under
different temperatures in a range of 80-120°C
for 8 hours. After cooled down to room temperature,
the precipitates were washed with deionized water
and centrifuged at 5000 rpm for 5 minute. The
powders were washed several times until it became
neutral. Finally, the as-precipitated powders were
dried at 80°C for about 12 hours. The corresponding
diagram of synthesis process in schematically
illustrated in Figure 1.
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Figure 1. Flow chart of the sonochemical-hydrothermal
process.

The powder X-ray diffraction (XRD)
patterns of the samples were obtain by PANalytical
diffractometer (X’Pert PRO MPD model pw
3040/60) using Cu K, (A = 0.154 nm) irradiation at
a scanning rate (26) of 0.02° s and a 26 range of
10-60° operated at 40 kV and 30 mA. The
morphologies of the prepared samples were
analyzed using field emission scanning electron
microscope (FE-SEM, Hitachi S4700) and
transmission electron microscopy (TEM, TECNAI
G220). Raman spectra were obtained at room

temperature using a Thermo Scientific, The DXR
Smart Raman spectrometer, equipped with an
InGaAs detector. The radiation from Nd-YAG
laser (1.5 W) was used as the excitation source.

Results and Discussion

Figure 2. shows the XRD patterns of TiO,
nanoparticles (a) hydrothermally operated at
120°C for 8 hours (b) sonochemical for 30 minute,
(¢) sonochemical-hydrothermal at 80°C for 8 hours,
(d) sonochemical-hydrothermal at 100°C for
8 hours and (e) sonochemical-hydrothermal at
120°C for 8 hours. As seen in Figure 2, all sharp
peaks observed in the XRD patterns belong to
anatase phase of TiO,. Noticeable diffraction peaks
positioned at 26= 25.50°, 37.98°, 48.98° and 54.66°
which is observed on the spectra of sonochemical
process and sonochemical-hydrothermal process
attribute to (101), (004), (103) and (200) orientation
plane of anatase-TiO,."'® These results indicate that
the synthesized powders in monoclinic phase of
TiO, (TiO, (B)) phase can be obtained by single-
step hydrothermal process whereas TiO, anatase
phase was obtained by sonochemical process and
double-step  sonochemical-hydrothermal ~ process.
Possible formation mechanism of TiO, undertaken
during sonochemical process is represented.
During sonication, dissolved titanium isopropoxide
in deionized water can undergo hydrolysis and
condensation process to create hydrolyzed alcoxides,
which have great amount of functional hydroxyl
groups. At the same time, rapid collision driven by
intense ultrasound energy can generate localized
high temperature region, which can expedite the
condensation reactions of hydroxyl groups to
produce the nucleation of fine spherical TiO,
nanoparticles. The average crystallite size of TiO,
can be calculated from the full-width at half
maximum (FWHM) by well-known Scherrer’s
formula expressed in Eq.""

Do KA
Pcosb

(1)

Where D is the crystallite size, K is the
shape factor, A is the X-ray wavelength of Cu K,
(0.154 nm), £ is the full-width at half maximum
(FWHM) and 0 is the Bragg angle."” The crystallite
size of TiO, synthesized by each process was
calculated from the (101) plane diffraction peak
and the corresponding results are shown in Figure 3.
It is seen that as-hydrothermally-synthesized product
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is in TiO, (B) accompanying the characteristic
diffraction peak at 20 =29.76° and 48.22° relating to
the result of Yoshida and co-worker."® Meanwhile,
as-sonochemically-synthesized powder is in anatase
phase with average crystallite size of 8 nm. The as-
synthesized powder after hydrothermal process
shows significant increase in crystallite size up to
10 nm with increasing hydrothermal temperature
up to 100°C thereafter slight decreases as the
temperature rises to 120°C. This feature may be
due to high pressure in hydrothermal process at
elevated temperature that can suppress or quench
the crystal growth of TiO,. Moreover, the
Na,Ti0;3 phase also exists in all sonochemical-
hydrothermal powders, indicating the typical
layered titanate family generated during process
with post-thermal treatment.””
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Figure 2. XRD patterns of TiO2 nanoparticles synthesized
by (a) hydrothermal at 120°C, (b) sonochemical
for 30 min, (c) sonochemical-hydrothermal at
80°C, (d) sonochemical-hydrothermal at 100°C,
(e) sonochemical-hydrothermal at 120°C.
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Figure 3. The grain size of TiO, synthesized by
sonochemical-hydrothermal process.

The morphologies of the as-synthesized
products were investigated by FE-SEM. FE-SEM
image of TiO, obtained by single hydrothermal
process and single sonochemical process are shown
in Figure 4 (a) and (b), respectively. The nanostructure
synthesized by hydrothermal process appears in
non-uniform morphology (Figure 4 (a)) meanwhile
the product synthesized by sonochemical process
exists in spherical morphology (Figure 4(b)).
FE-SEM images of the powders obtained by pre-
sonochemical process followed hydrothermal

process at various temperatures of 80, 100 and
120°C are shown in Figure 4(c), (d) and (e), respectively.
The images disclose the as-synthesized particles
have uniformly fine spherical morphology with
average size of less than 40 nm.

Figure 4. FE-SEM images of TiO, nanoparticles synthesized
by(a) hydrothermal at 120°C, (b) sonochemical
for 30 min, (c) sonochemical-hydrothermal at
80°C, (d) sonochemical-hydrothermal at 100°C,
(e) sonochemical-hydrothermal at 120 °C.

TEM is a useful technique for the analysis of the
size and shape of ultrafine particles. Figure. 5
shows the TEM images of TiO, nanoparticles
(a) hydrothermally operated at 120°C for 8 hours,
(b) sonochemical for 30 minute, (c) sonochemical-
hydrothermal at 80°C for 8 hours, (d) sonochemical-
hydrothermal at 100°C for 8 hours and (e) sonochemical-
hydrothermal at 120°C for 8 hours. The TiO,
nanostructures grew step by step with considerably
different morphology. In the hydrothermal, it is
evidently observed that the as-synthesized product
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is in uniquely short rod-like structure (Figure 5(a))
with thick wall, corresponding to TiO, (B) phase.
For single sonochemical process, Figure 5.(b)
shows mostly fine distinct shaped particles whose
size less than 10 nm. This value monitored by
TEM is in good accordance with the result
extracted from XRD pattern. The proportion of
regular structure and the increase in particle size
are attained by the assistance of hydrothermal
process with increasing reaction temperature as
shown in Figure 5(c-¢). The previous XRD results
demonstrated that the proportion of the anatase
phase is increased via sonochemical-hydrothermal
process due to the increase of reaction temperature
in system, which is in harmony with the results
indicated by TEM images.

Figure 5. TEM images of TiO2 nanoparticlessynthesized
by (a) hydrothermal at 120°C, (b) sonochemical
for 30 minute, (c) sonochemical-hydrothermal at
80°C, (d) sonochemical- hydrothermal at 100°C,
(e) sonochemical-hydrothermal at 120°C.

Figure 6. shows the Raman spectra of TiO,
nanoparticles. Based on factor group analyses,
typical anatase has six Raman active modes (A, +
2By, + 3E,). The Raman spectrum of an anatase
single crystal has been investigated Choi et al.*?,
who concluded that the six allowed modes
appeared at 144 cm’ (Ey), 197 cm’ (Ey), 399 cm’
(Big), 513 cm! (Ayy), 519 cm™ (By), and 639 cm'’'
(Eg). The main spectral feature of sonochemical
30 minutes (b) and sonochemical-hydrothermal
80°C (C) are closely similar to the reference
TiO,?". However, the spectrum of hydrothermal
(a), sonochemical-hydrothermal 100°C (d) and
sonochemical-hydrothermal 100°C (d) show the
band broadening with decrease in intensity.
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Figure 6. Raman spectra of TiO, nanoparticlessynthesized
by(a) hydrothermal at 120°C, (b) sonochemical
for 30 minute, (¢) sonochemical-hydrothermal at
80°C, (d) sonochemical- hydrothermal at 100°C,
(e) sonochemical-hydrothermal at 120°C.

Conclusions

In summary, titanium dioxide nanostructures
were synthesized by sonochemical-hydrothermal
process starting from a precursor of titanium
isopropoxide. Large size of rod-like structures with
thick wall of TiO, (B) were obtained by single
hydrothermal process meanwhile fine nanoparticles
of anatase Ti0O, with size less than 10 nm can be
obtained by single sonochemical process for
30 minutes. The amelioration in their shape
regularity and crystallite size can be achieved by
the incorporation of hydrothermal process for short
reaction time.
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