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Abstract: Titanium dioxide (TiO,) nanosheets are potential candidate material to be developed
for photocatalytic applications. The natural resources of TiO, are abundant in the form of the
mineral ilmenite (FeTiO3). In this work, TiO, nanosheets have been synthesized using ilmenite
mineral as the precursor through a post-hydrothermal process with temperature variations of 80,100,
120, and 150°C for 24 hours. The resulting TiO, nanosheets were characterized by x-ray diffraction
(XRD), scanning electron microscope (SEM) and ultraviolet visible-diffuse reflectance
spectroscopy (UV-DRS). XRD analysis showed that the majority phase of the nanosheets was
anatase TiO, accompanied by a small amount of sodium-titanate. The SEM study reveals the
average thickness of nanosheets derived from post-hydrothermal process was 24.86 nm. XRD test
results also showed that the increase in post-hydrothermal temperature from 80 to 150°C has
resulted in an increase in the crystallite size of anatase TiO from 35.14 to 45.59 nm. Such increase
in the crystallite size has been found to lead to a decrease in the bandgap energy (E;) of nanosheets
from 2.85 to 2.70 eV. These results support the potential use of the resulting TiO, nanosheets as the
photocatalytic material under the visible light illumination
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1. Introduction

Titanium dioxide (TiO,) is found naturally in form of
ilmenite mineral (FeTiO3) with 30-65% content of TiO,
and other oxide minerals  ?. However, this abundant
ilmenite mineral is not currently optimized for use in
various applications. This makes it necessary to process
ilmenite further to obtain TiO, nanostructures. The
structures at the nanometer level are assumed to have
more pronounced properties than bulk materials. For
several  optical  applications, nanoparticles?  or
zero-dimensional  (0-D) nanostructures still have
limitations based on their low optical response to visible
light that experience fast electron-hole pair
recombination,  thereby  reducing  photocatalytic
efficiency # . Therefore, the modification of the TiO;
morphology  from  zero-dimensional (0-D) to
one-dimensional (1-D) structures needs to be carried out
to overcome the challenges ®. One-dimensional (1-D)
TiO, nanostructures such as nanowires, nanorods,
nanotubes, and nanosheets are considered ideal for

photocatalytic applications. This is because they have a
large surface area that can increase the absorption of
photon energy in the visible light range, leading to more
intensive interaction with the surrounding medium 7 ®.

The hydrothermal technique was used for the
formation of the desired TiO» nanosheets because it is
easy, inexpensive, and environmentally friendly % '0.
Furthermore, it has the bandgap energy (Eg) closer to the
TiO; bulk value of 3.20 eV, which facilitates the electron
excitation under the visible light exposure '' and
enhances its photocatalytic performance

A previous study was carried out using the commercial
precursor P25 Degussa nanoparticles to produce TiO»
nanosheets '?. However, the bandgap energy of the
nanosheets obtained was still significantly large at
3.65eV '3, which is much higher than 3.20 eV of bulk
TiO,'* > Therefore, the nanosheets were not suitable yet
for the visible light photocatalysis application '9. In
addition, the P25 Degussa precursor material used has
several obstacles such as the import routes, limited stock,
and high price For a country like Indonesia which has
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abundant mineral deposits, this motivates efforts to
obtain an alternative TiO, precursor from the local
resource, namely FeTiO; ilmenite mineral . A
hydrometallurgical extraction process has also been
carried out using the sulfate pathway as a route to
convert the ilmenite into TiOz '¥%2). In previous studies
23, the extraction process has converted the ilmenite into
filtrate and slag/residue. Meanwhile, this study was
carried out systematically using the local Indonesia
ilmenite slag as the precursor for the formation of TiO,
nanosheets. The nanosheets obtained were further
subjected to  post-hydrothermal treatment with
temperature variation. This is to enhance the
nanocrystalline and reduce the bandgap energy close to
the bulk value of anatase TiO, for fulfilling the
requirement of the expected photocatalytic processes®?.

2. Experimental

Titanate nanosheet was synthesized by hydrothermal
method using local Indonesian mineral ilmenite (slag
ilmenite resulting from sulfuric acid leaching process) as
a precursor. The 10 grams of ilmenite slag was dispersed
into 30 ml of 10 M sodium hydroxide (NaOH) solution.
The mixed solution was stirred for one hour to
homogenize. Then the solution was transferred to a
Teflon-coated autoclave. The autoclave was tightly
closed and heated at 150°C for 24 hours in the oven.
After the autoclave was slowly cooled to room
temperature, the powder product obtained was washed
with distilled water, then spelled with 0.1 M hydrochloric
acid (HCI), and finally washed with distilled water until
the pH value of the treated nanosheets became neutral
and dried at 110°C for 8 hours. Subsequently,
post-hydrothermal treatment with varying temperatures
(80, 100, 120, and 150°C) was given for 24 hours. For
the purpose of post-hydrothermal treatment, TiO,
nanosheets were placed on a buffer in a Teflon-coated
autoclave to prevent the sample from being in direct
contact with water such as cooking rice.

The resulting TiO, nanosheets were characterized
using X-ray diffraction (Bruker AXS-20 diffractometer
using Cu K-a radiation of 1.5406 A, operated at 40 kV,
40 mA). The size of the TiO, nanosheet crystallites was
estimated using the Scherrer equation 29
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where L is the mean crystal size, A is the X-ray
wavelength, 6 is the Bragg angle, and f is the line
widening, based on the full width at half maximum
(FWHM) in radians 2. The optical properties of the TiO,
nanosheets were analyzed  using  UV-DRS
spectrophotometer (UV-1601, Shimadzu). The bandgap
energy (E,) of TiO» nanosheets was estimated by
analyzing the absorbance spectrum using Tauc plot
method 27. Further confirmation of the nanosheet

structure was carried out by observing using SEM (Leica
Oxford Instrument, LEO 420i).

3. Result and Discussions

The increased temperature treatment in the
post-hydrothermal process produced a dominant anatase
phase followed by a minor sodium titanate phase. The
anatase phase was formed when the temperature
increased due to dehydration of the nanocrystalline
Ti-OH interlayered group, leading to a Ti-O-Ti crystal
structure 2®. In the process of forming the sodium
titanate phase, the Ti-O-Ti bond formula occurs when
hydrothermal treatment was carried out, where there are
several bond chains of titanium with oxygen. Similarly, it
also occurs in the TiO, anatase phase during a
chain-breaking process to form a new structural phase
with Ti-O-Na, Ti-OH bonds, while Na+ and H+ ions
exchange take place when the process rises with HCI 2.
Figure 1 showed the XRD pattern for TiO, nanosheets
that have passed through the post-hydrothermal
treatment with temperature variations of 80, 100, 120,
and 150°C. The results of the XRD analysis showed that
an increase in the post-hydrothermal temperature of
150°C increases the diffraction intensity of TiO, anatase
(®). This was indicated by a diffraction peak of 25.10°
with a crystal plane (011). It was also discovered that
there was an increase in the diffraction intensity of
sodium titanate (A) at 2 6, namely, 26.93, 34.03, and
52.01° with crystal planes (130), (140) and (440)
according to the COD No. 1529535.

Based on Table 1, the relationship between crystallite
size and post-hydrothermal temperature showed an
increase in the crystallite size of the anatase phase on
post-hydrothermal nanosheets. Furthermore, an increase
in the diffraction peak's intensity in the XRD pattern
showed that the TiO2 nanocrystal grows more
significantly from 35.14 to 4559 nm. as
post-hydrothermal temperature increases from 80 to
150°C
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Fig. 1: XRD pattern of TiO2 nanosheets at various post
hydrothermal temperatures: (a) 80, (b) 100, (c) 120, and (d)
150°C
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Table 1. The crystallite size of TiO2 nanosheet after
post-hydrothermal treatment

Code Post-hydrotermal Crystallite Size
Temperature (°C) (nm)
Sample A 80 35.14
Sample B 100 40.26
Sample C 120 41.00
Sample D 150 45.59

The post-hydrothermal treatment formed the
morphological integrity of the TiO> nanosheets structure
as observed by SEM. The nanosheets structure occurred
when TiO; crystals were treated with NaOH solution of
high concentration, which turned titanate into layers and
peels-off to form sheets. Furthermore, the nanosheets has
a stable morphology due to the presence of a negatively
charged Ti-O- bond and a positively charged Ti-bond on
the side of the nanosheets. This makes it impossible for
the titanate nanosheets to be rolled up to avoid the
formation of nanotubes and maintain the integrity of the
nanosheets. The TiO, nanosheets has an average
thickness of 24.863 + 0.355 nm and the thickness
distribution of the nanosheets with R-Square = 0.88 as
shown in Figure 2.

At a temperature of 80°C, the post-hydrothermal
treatment showed that some of the nanosheets were not
homogeneous and had not formed a perfect TiO,
nanosheets (Fig.3a). Meanwhile, at 100°C, the
morphological structure of titanium dioxide nanosheets
looks like sheets that are more homogeneous and clearer
(Fig.3b). At 120°C, it was discovered that the titanium
dioxide nanosheets have cracked with several piles of
powder on top of the nanosheets (Fig.3c). The increase in
the temperature of post-hydrothermal treatment to 150°C
has been found to be able to maintain the integrity of
nanosheet structure and the morphology was
homogeneous in a stable condition (Fig,3d).
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Fig. 2: The thickness distribution of nanosheet TiO2

Fig. 3: SEM image of nanosheet TiO2 at various post
hydrothermal temperatures: (a) 80, (b) 100, (c) 120, and (d)
150°C

For determining the relationship between the
crystallite size and optical properties of titanium dioxide
nanosheets, UV-DRS spectroscopy was carried on the
samples. The nanosheet samples show strong absorbance
in the ultraviolet region (Fig. 4), while they are relatively
transparent in the visible region. In addition, the
absorption edges show red-shift from about 550 to 602
nm in wavelength as the post-hydrothermal temperature
increased, which can be related to the lower bandgap
energy (£,) of TiO, nanosheets as estimated by the using
the Tauc plot, which is plotted (chv)? as a function of
photon energy (Av) given in Fig.5. Based on the results in
Fig.5, it can be observed that with increasing
post-hydrothermal treatment temperature from 80 to
150°C, the bandgap energy of TiO; nanosheets decreased
from 2.85 t0 2.70 eV.

1.6 - f\‘w .
14 -J\u “M’ — 3

1.2 - '""‘r \\

1.0 4

0.8

Absorbance (%)

0.6 4

0.4 4

0.2 T T T r ¥ T T T T
300 400 500 600 700 800
Wavelenght (nm)

Fig. 4: Absorbance spectra of TiO2 nanosheet at various post
hydrothermal temperatures: (a) 80, (b) 100, (¢) 120, and (d)
150°C
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The values are rather far below the bulk value of TiO;
which is 3.20 eV. This can be due to impurities (Fe) in
the TiO; nanosheet resulted from the nature of ilmenite
(FeTi03). The presence of Fe element can indirectly acts
as doping for anatase TiO» nanosheets. In addition, the
crystallite size of TiO, nanosheets also influences the
bandgap energy value.This showed that the larger the
crystal size, the smaller the bandgap energy 3%. It can be
understood that increasing post-hydrothermal
temperature in this work is useful for maintaining the
structural integrity of TiO, nanosheets and facilitating
lower bandgap energy so that the resulting nanosheets
has the opportunity to be applied as photocatalytic
material under the illumination of visible light.
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Fig. 5: Band gap energy of TiO2 nanosheet at various post
hydrothermal temperatures: (a) 80, (b) 100, (c) 120, and (d)
150°C

4. Conclusion

TiO, nanosheets have been successfully synthesized
from a natural precursor of local Indonesian ilmenite at a
low cost through a simple post-hydrothermal process.
The XRD study revealed the presence of dominant TiO,
anatase phase accompanied with small amount of sodium
titanate. The post-hydrothermal treatment has succeeded
in increasing the crystallite size of the anatase phase
significantly from 35.14 to 45.59 nm and managed to
maintain the integrity of the TiO, nanosheet structure.
The increase in the crystallites size of the TiO, nanosheet
has affected in the decrease in the bandgap energy from
2.85 to 2.70 eV. The resulting bandgap energy is lower
than that of the bulk value of TiO, anatase which
provides opportunities for the material to be used in the
photocatalytic ~ applications under visible light
illumination.
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