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ABSTRACT

Titanium dioxide (TiO,) and the TiO,-based materials have been deployed in a
wide variety of applications, e.g. in dye-sensitized solar cells, water purification and
treatment, photocatalytic water splitting, and gas sensors. Moreover, nanosheets are of
special interest because of its transformability into various two-dimensional (2D)
functional nanostructures. It has large surface area with high chemical activity and
guantum confinement effect. The purposes of this research are a) to investigate the
prepared nanosheets from Thai magnetic leucoxene mineral using hydrothermal
method, b) to study of the nanosheets properties such as size, shape and crystal
structure, and c) to know the application of nanosheets on photocatalytic activity and
electromagnetic wave absorber application.

This research has experimentally synthesized the nanosheets from the natural
magnetic leucoxene mineral under the hydrothermal synthesis condition of 105°C for 24
hours. Magnetic leucoxene was utilized as the starting material due to its high TiO,
content (70-80%) and inexpensiveness. The characterization of the synthesized
nanosheets was subsequently carried out as follows: crystalline structure, chemical
composition, shape, size and specific surface area using X-ray diffraction (XRD), X-ray
fluorescence (XRF), scanning electron microscopy (SEM), transmission electron
microscopy (TEM) and Brunauer-Emmett-Teller (BET) specific surface area analysis.
The said characterization was used to determine the applications of nanosheets on
photocatalytic activity and electromagnetic wave absorber applications.

The results indicated that at the beginning, the magnetic leucoxene was of

rutile phase while the synthesized nanosheets were of titanate structure (HzTixOzx+1).
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After the calcination at the temperature range of 300 and 400 °C, the calcined
samples demonstrated TiO, (B). At 500 and 600 °C, the calcined nanosheets revealed a
bi-crystalline mixture consisting of TiO, (B) and anatase TiO,. At 700-1000 °C, the
crystalline structure showed anatase and rutile phase. At 1100 °C, the prepared samples
consisted of a mixture of anatase, rutile phase of TiO,, and Fe,Oz; phase. The
synthesized product also exhibited the flower-like morphology with 2-5um in diameter,
and the nanosheets structure was slightly curved, with 100nm-2um in width and 1-3nm
in thickness. At 100-200 °C, the product showed sheets—like structure. At 300-1100 °C,
the calcined nanosheets became unstable and began to decompose and transform into
nanoparticles. The increasing size of nanoparticle decreased the specific surface area of
the nanosheets caused by increasing calcination temperature. Furthermore, the BET
specific surface area of the nanosheets was approximately 279.8 m?g. More
importantly, the synthesized nanosheets achieved the higher photocatalytic activity
under UV and visible light than the commercial TiO, nanoparticles (JRC-01, JRC-03,
ST-01 and P-25). The electromagnetic wave absorber coin with nanosheets and the
commercial TiO, nanoparticles (P-25) can absorb electromagnetic wave in gamma (y)
ray and x-ray region were 96.57 and 89.88 % of the initial intensity, respectively. The
electromagnetic wave absorber plates made from the as-synthesized nanosheets and
recycled high density polyethylene (HDPE) composite could be used for the
electromagnetic wave absorption activities in gamma (y) ray and x-ray region. This
synthesis method provided a simple route to prepared nanostructure materials from
low-cost Thai mineral with high potential for energy and environment applications.

Keywords: nanosheets, magnetic leucoxene mineral, hydrothermal, titanate, TiO,
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CHAPTER 1

INTRODUCTION

1.1 Research background

Nanotechnology and nanoscience are the rapid evolution of the novel advance
technological materials for the section of energy and environmental. Nanomaterials are
study about phenomena and materials at scales between 1 nm to 100 nm. In the recent
researches nanotechnologies and nanomaterials are attract tremendous attention. The
novel technologies preparation and superior physical properties are development
materials to application fields. The most nanomaterials application fields are the fields
of energy production and environmental such as fuel cells, thermoelectricity, hydrogen
conversion, photovoltaic, and environmental purification [1-11].

TiO,-related materials and titanate (H,TizO; Na,TisO; NaxH,«TizO;) are
importance for environmental purification, industries, and utilizing solar energy. The
various applications use TiO; for catalysts, water treatment materials, gas sensors and a
semiconductor in dye-sensitized solar cell. The nanostructured materials (nanosheets,
nanotubes, nanofibers, nanowires and nanorods) have been received considerably
attended due to novel applications and their unique properties. Several methods are
employ in the preparation of the TiO,-derive nanomaterials such as carbon
nanotube inner templating, anodic oxidation of a titanium sheet, supramolecular
assembly templating, electrodeposition, hydrogen treatment, electrospinning,
hydrothermal, anodic porous alumina templating, supramolecular assembly templating,
and sol-gel [12-41].

Kasuga et al. first proposed synthesis of TiO, nanotubes by hydrothermal
method. The hydrothermal method is applies prepare low-dimensional TiO,
nanostructures, such as nanosheets, nanotubes, nanowires, nanoparticles and nanofibers.
Hydrothermal is a simple process. Temperatures use in the preparation of an extremely
in a closed system, low-cost, environmentally friendly and samples are prepare with a
special shape high specific surface area [12, 26-27, 32].

Of particular interest for this experimental research is the hydrothermal
method due to its straightforwardness whereby the nanomaterials are synthesized in a
closed system [50-51]. Moreover, the synthesized materials would be of a distinctive
shape and large specific surface area. In this research, the starting material is the
naturally-mineral magnetic leucoxene due to its high TiO, content (70-80%) and
inexpensiveness (USD 0.5/kg). Unlike the authors’ previous works in which titanium
butoxide was the starting material in the nanosheets synthesis [12] and ilmenite in the
synthesis of nanofibers [17] using the hydrothermal technology, this current research



has synthesized the high-photocatalytic nanosheets and electromagnetic wave absorber
from the naturally-mineral magnetic leucoxene under the hydrothermal condition.

1.2 Purpose of the Study
1.2.1 To prepared nanosheets from Thai magnetic leucoxene mineral by
hydrothermal method.
1.2.2 To study the properties nanosheets such as size, shape, crystal structure,
and so on.
1.2.3 To study photocatalytic application of nanosheets.
1.2.4 To study electromagnetic wave absorber application of nanosheets.

1.3 Scope of the Study

1.3.1 Prepare nanosheets from Thai magnetic leucoxene mineral by simple
hydrothermal method.

1.3.2 Characterize the properties of nanosheets such as chemical properties
of nanosheets by X- ray fluorescence, (XRF), crystal structure with X-
ray diffraction, (XRD), shapes and sizes with a scanning electron
microscope, (SEM) and transmission electron microscope, (TEM),
specific surface area with Brunauer-Emmett-Teller (BET) analysis.

1.3.3 Photocatalytic activity will be investigate under UV light and visible
light.

1.3.4 Electromagnetic wave absorber application will be investigate under
grammar ray (y- ray) and X- ray wavelength.

1.4 Benefits of the Research
1.4.1 To obtain nanosheets from raw material of Thailand.
1.4.2 To obtain the knowledge about the nanosheets material with unique
properties.
1.4.3 To obtain the applications of nanosheets such as photocatalytic and
electromagnetic wave applications.

16



CHAPTER 2

BACKGROUNDS AND THORETICAL

2.1 Titanium Dioxide

Titanium dioxide (TiOy) is known titania or titanium (V) oxide from a
natural occur oxide of titanium element. Titanium dioxide chemical formulais TiO,
present white powder [35]. TiO; is transition metal oxides. TiO, found four common
polymorphs: (Table 2.1) rutile (tetragonal structure lattice constants a= 4.5936 ‘A,
€=2.9587°A unit cell contains 6 atoms), anatase (tetragonal structure lattice constants a=
3.784 °A, c=9.515 "A) (Figure 2.1), TiO, (B) (monoclinic) and brookite (orthorhombic
lattice constants a= 9.184 “A, b= 5.447 “A, c= 5.154 "A) (Figure 2.2) [36,]. In high
pressures and high temperatures brookite phase and anatase phase transform to the rutile
phase more stable than anatase phase for sizes particle greater than 14 nm and grow
faster than anatase phase. Rutile phase can stable at up to 60 k bar and photocatalyst
activity very poor [37-38]. Oxygen deficiency Titanium dioxide is an n-type
semiconductor [39]. The anatase band gap is 3.2 eV, brookite is~3.2 eV and rutile is
3.0 eV [40]. The investigate photocatalyst is TiO, due to low cost, high photo-activity,
thermal stability good chemical and low toxicity [41]. Fujishima and Honda reported
in 1972 is the first major advance the photoelectrochemical splitting of water The
first major advance was in 1972 when Fujishima and Honda reported the
photoelectrochemical splitting of water used anode TiO, and counter electrode Pt
[42].

Table 2.1 Crystal structure data for TiO, [43]
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Figure 2.1 Crystal structures of the rutile and anatase phases of TiO, [43].

18



Figure 2.2 Lattice structure of brookite TiO, [43].

Table 2.2 Physical properties of TiO,[44].

Physical properties of TiO;

Molecular weight 79.87g/mol
Density 4.23 glem®
Melting point 1870 °C
Boiling point 2972°C
porosity 0%
Dielectric constant (1 MHz) 85
Thermal conductivity (25°C) 11.7 Wmk™
Electrical resistivity (25°C) 10" ohm.cm
Electrical resistivity (700°C) 2.5x10* ohm.cm
Young ‘s modulus 230 GPa

Table 2.2. shows the TiO, physical properties. The TiO, energy band gap is
3.2 eV, high photoreactivity, biocompatibility, chemical stability, include strong
ultraviolet absorptivity, long-term photostability, non-toxicity and cost-effectiveness
due to these properties extraordinary. The utilized several applications of TiO; is for
energy-related devices, dye-sensitized solar cells (DSSCs), antibacterial compositions,
hydrogen storage, self-cleaning ceramics and glass, lithium ion  battery,
optoelectronic  device, photocatalyst  humidity  sensor, water-splitting, and
photocatalyst for organic pollutants degradation [45]. The titanium metal processes
and production of TiO, pigment shown in Figure 2.3. The chloride process to
manufacture titanium pigment to the pigment industry. [46]. Therefore, TiO,
nanomaterials are prepared by many processes such as micelle and inverse micelle,
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hydrothermal, chemical vapor deposition electro-deposition, solvothermal, sol-gel and
so on [12-34].

Figure 2.3 The processes production of Ti metal and pigment TiO, [46].

2.2 Magnetic Leucoxene Mineral

Magnetic leucoxene mineral is one of TiO,-related mineral. The main
component TiO, mineral has five type minerals such as limenite mineral TiO, ~50 - 60
%, Hydro llmenite mineral TiO, ~60 - 70 %, Magnetic Leucoxene mineral TiO, ~70 -
80 %, Leucoxene mineral TiO, ~80 - 90 %, Rutile mineral TiO, ~90 - 100 %. Magnetic
Leucoxene mineral consists mainly of TiO, and mixture of portions of the impurities
Fe203, A|203, CaOo, SiOz, MnO, Nb205’ MgO and 803

2.3 Hydrothermal Technology

Sir Roderick Murchison (British Geologist) was the first person to use word
“hydrothermal” (1792-1871) to explain action of water at high pressure and high
temperature in the earth’s crust to formation of minerals and various rocks. The
Hydrothermal method has been gathering interest, and popular from technologists and
scientists of properties extraordinary. The word “hydrothermal” has geological origin.
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A self-explanatory word “hydro” meaning water and “thermal” meaning heat. [47]. In
1845K. F. E. Schafthaul was the first person to hydrothermal research publication
reports the synthesis of freshly precipitated silicic acid in Papin’s digestor
transformation to tiny quartz crystals. The term hydrothermal usually refers to
mineralizers under high pressure and temperature conditions or any heterogeneous
reaction in the presence of aqueous solvents [48].

The nanomaterials in hydrothermal processing can be explained to process of
preparation nanoparticles from sub-micron by superheated aqueous solution.
Nanostructured materials exhibit interesting properties including and unique,
improvement of mechanical, electrical, physical and chemical properties [49]. The
special advantages of hydrothermal technique is avoidance of pollution, fast reaction
times, lowest residence time, lower energy consumption, controlled stoichiometry,
lower temperature operations in the presence of the solvent, higher dispersion,
narrow particle size distribution, higher rates of reaction, high quality, simple
equipment, uniformity, controlled microstructure, excellent reproducibility, high
crystallinity, dense particles, controlled morphology, the high control diffusivity in a
strong solvent media in a close system, high purity, less defects, and so on [50-53].

The synthesis of hydrothermal offers more advantages than non conventional
and conventional synthesis methods. The advanced methods have the respective costs
for instrumentation, prepare a large variety of forms, precursors and energy are less for
hydrothermal processes. Hydrothermal methods are more environmentally from the
environmental perspective than many other methods. The encounter problems of high
temperature processes were stress-induced defects and poor stoichiometric control due
to volatilization of components such as cooled to room temperature of phase
transformations that as the phosphor. Moreover, the phosphor powders ability to
precipitate directly from solution the uniformity and regulates rate of nucleation,
aging and growth, which aggregation control, affects size, particle sizes and
morphology possible with hydrothermal processing that is not possible with many
synthesis processes. This beneficial of method to industries which pigments, medical
diagnostics pharmaceuticals, materials, will benefit from powders with controlled
morphology and size for a wide range of reasons. The preparation difficult to
prepare different phases of PbWO, phosphor with other synthetic methods allows to
the unique pressure-temperature interaction of the hydrothermal method. [52]

Hydrothermal synthesis can be hybridized with other method such as optical
radiation, mechano-chemistry, ultrasound, electrochemistry, microwave and hot-
pressing to gain advantages such as increase ability to make new materials and
enhancement of reaction kinetics. The hybridize method does not need any template,
seed, expensive surfactant, and harmful or catalyst thus it is promising for low-cost
production and large-scale with high-quality crystals.
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2.4 Photocatalysis

Photocatalysis is composes of two word the first word “photo” from light and
the second word “catalysis” from decompose, brake apart. The definition of
photocatalysis describe in term to process a substance activate by light, the rate of a
chemical reaction modifies by the photocatalysts, which without chemical
transformation being involved itself. The difference between a photocatalysts and
conventional thermal catalyst is activated by photons and activated by heat. The
reactions of photocatalytic may occur heterogeneously or homogeneously.
Heterogeneous photocatalysis is potential use to energy-related applications and a
variety of environmental more than organic syntheses. The photocatalysis of
heterogeneous reaction scheme is formation of an interface between a products of the
reaction and a fluid containing the reactants and solid photocatalyst [53].

2.5 Semiconductors

The characteristics of electronic ~ described by the band theory are
semiconductors, insulators, and conductors. Solid material has large number of atoms
interact, the energy levels are closely space form band. The electrons fill these bands
from the lowest energy to the highest, and each band has a different energy, similar to a
single atom way in the that electrons occupy the orbitals. The valence band (VB) is the
highest energy fill band highest occupied molecular orbital (HOMO) in a molecule. The
conduction band (CB) is the next higher band to the lowest unoccupied molecular
orbital (LUMO) in a molecule, is called. The energy bandgap ( Eng ) are separated the
VB and the CB. The insulator semiconductor, or conductor material determine size of
the bandgap [45] (see Figure 2.4).
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Figure 2.4 Energy bands in solids: (a) insulator ; (b) semiconductor ; (¢) conductor[53].

Electrons are the majority carriers and the electron concentration call n-type
semiconductor, holes are the majority carriers and their concentration is call p-type
semiconductors is shown in Figure 2.5.
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Figure 2.5 Position of fermi level relative to VB and CB for (a) intrinsic, (b) n-type and
(c) p-type semiconductors [53].

2.6 Electromagnetic Waves

The electromagnetic waves are the waves from component of undulating
magnetic fields and electrical fields. The electromagnetic waves have many different
kinds such as radio wave, microwave, Infrared, visible light, ultraviolet, X-rays, gamma
rays, COSmic rays.

The electromagnetic waves absorbers are material for absorbing
electromagnetic waves, magnetic permeability and electric permittivity. The
electromagnetic waves absorbers used for absorbing, screen and shield electromagnetic
waves to damage of equipment and human. The mechanism of electromagnetic waves
absorption starts with first, incident waves come to electromagnetic waves absorbers
some waves reflected, some waves transmitted, some secondary reflected and some
secondary transmitted are shown in Figure 2.6

Incident Signﬂl (Ei, H}) Absorbance!
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(Secondary Reflections) A (Secondary transmissions)
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L Strength
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(37 % E;, Hy) 0 Distance from shield edge, t

Figure 2.6 Mechanism of electromagnetic waves absorption [54].
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2.7 X-ray Diffraction Spectroscopy (XRD)

The X-ray Diffraction (Figure 2.7) used to analyze unit cell dimensions, lattice
of crystalline substances, details of site-ordering, bond-angles and including bond-
lengths. These techniques is non-destructive technique detailed , and observing the
scattered intensity of an X-ray beam attack a sample as a function of incident
polarization, scattered angle, and energy or wavelength [55-56].

The X-ray diffraction spectroscopy have main three parts sample holder, X-ray
detector and X-ray tube. The cathode filament generated X-rays to produce electrons,
applying a voltage accelerate electrons to a target and impact target material.
When electrons have sufficient energy to dislodge inner shell electrons of the target
material, produce characteristic X-ray spectra. These spectra consist of several
components, the most common being K, and Kg. K, consists, in part, of K,; and K 4,. K
«1 has a slightly shorter wavelength and twice the intensity as K 4. The specific
wavelengths are characteristic of the target material. Filtering, by foils or crystal
monochro-meters, is required to produce monochromatic X-rays needed for diffraction.
Kq and K, are sufficiently close in wavelength such that a weighted average of
the two is used. Molybdenum is the most common target material for single-
crystal diffraction, with MoK, radiation = 0.7107A. These X-rays are collimated
and directed onto the sample. When the geometry of the incident X-rays impinging the
sample satisfies the Bragg Equation (equation 2.12), constructive interference occurs. A
detector records and processes this X-ray signal and converts the signal to a
count rate which is then output to a device such as a printer or computer
monitor.

nA = 2d sinf (2.12)
where  nis an integer,
A is the wavelength of incident wave,
d is the spacing between the planes in the atomic lattice and
0 is the angle between the incident ray and the scattering planes.

The wavelength of electromagnetic radiation explain by this law relates of the
lattice spacing and diffraction angle in the crystalline sample. The change geometry of
the incident rays, all possible diffraction directions of the lattice, the orientation of the
centered crystal and the detector, should be attained detected processed, counted and
diffracted X-rays.
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Figure 2.7 Diffraction of X-ray in material [56].

2.8 X-ray Fluorescence Spectroscopy (XRF)

The X-ray fluorescence spectrometry (XRF) (Figure 2.8-2.9) used for an
elemental analysis of minerals, rocks, fluids and sediments. The X-ray fluorescence
technique is non-destructive technique used extensively in industry and science. The
technique is advantage in the stability, low cost and including simplicity. The X-ray
fluorescence principle of involve to interact with X-ray radiation and the behavior of
atoms. The x-ray fluorescence analysis of behavior of atoms with interact radiation in
elements materials. The materials are excite from X-rays radiation, high-energy, to
ionized. The sufficient radiation energy to dislodge a tightly-held inner electron, atom
are unstable and outer electron replace missing inner electron. the decreased binding
energy due to released energy of the inner electron orbital compare with an outer one.
The fluorescent radiation is emitted radiation of lower energy than the primary incident
X-rays. Because the characteristic of a transition between specific electron orbitals in a
particular element is energy of the emitted photon. The X-rays fluorescent can use to
detect the elements sample.[57-58]
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Figure 2.8 Basic components of X-ray fluorescence spectrometry [58].

Figure 2.9 The generation of X-ray fluorescence radiation [59].
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2.9 Scanning Electron Microscopy (SEM)

The scanning electron microscope (SEM) (Figure 2.10) is an instrument
that produces a largely magnified image by using electrons instead of light to
form an image. The principle scanning electron microscope start with the electron
source generate electrons enter to the system. The electrons were accelerated by the
electric field. Then the electrons fill through the condenser lens to make the electron
beam and can be adapted to the size of the electron beam. The electron beam is
scattering electrons of the sample. It will be the focus of the objective lens. Next,
expanded and fit length of electron beams to display for projector lens create signal to
translate picture. These signals include secondary electrons that produce SEM images
The SEM techniques magnification f can be magnified range approximately from 20 to
300,000 magnified. [60-61].
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Figure 2.10 SEM instrument and schematic of the operation [62].

2.10 Transmission Electron Microscopy (TEM)

The transmission electron microscope is an instrument used electrons instead
of light to create a magnified image and applied in photography to detail and high
magnification. The principle transmission electron microscope start with the electron
source generate electrons enter to the system. The electrons were accelerated by the
electric field. Then the electrons fill through the condenser lens to make the electron
beam and can be adapted to the size of the electron beam. The electron beam is through
the flat and very thin sample when electrons pass through the sample and scattering
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electrons. It will be the focus of the objective lens. Next, expanded and fit length of
electron beams to display for projector lens create signal to translate picture. Figure
2.11. [63-64].
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Figure 2.11 TEM instrument and schematic of the operation [65].
2.11 The Brunauer-Emmett-Teller Analysis (BET)

The Brunauer-Emmett-Teller (BET) (Figure 2.12) analysis specific surface
area and pore volume. The Brunauer-Emmett-Teller generally have two cells, one
containing sample and the other cells is reference cell sample before the test must
provide heat to the cells to displace moisture and molecules contaminated of the surface
material. Then evacuate cells to displace molecules and other gases. Next, dipping the
two cells into the liquid nitrogen container to low temperatures stat. After, fill nitrogen
gas into the cell to adsorption, nitrogen gas is adsorbs on the surface of the material.
Then release nitrogen gas to desorption, nitrogen gas is desorbs out the surface of the
material, The pursue Phenomenon of the relative pressure and volume of nitrogen gas
to predict specific surface area and pore volume of sample material.. [66-67].

i, S—

Figure 2.12 The schematic of the BET instrument [68].
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2.12 UV-Vis Spectroscopy

UV/Vis spectrophotometer (Figure 2.13) is an instrument used to measure
the amount of light and intensity light to pass through the sample in the region of
ultraviolet (UV) and the visible light. The wavelength is related to the amount and type
of the material sample. The sample mostly in organic, organic complexes and inorganic
substances that can absorb light in this wavelength range. The sample light absorption
properties is accelerated irradiate with UV light or white light with optimal energy to
exited electrons. The atoms electrons will absorb the light and energy change the status
to the high energy floor level. Then compare light that passes through or reflected from
the sample with reference by Beer-Lambert law. The absorbance of the sample will vary
depending on the number of absorb light molecules. T UV/Vis spectrophotometer can
be measure light absorption in the wavelength range 190 to 900 nm. [69-70].
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Figure 2.13 Basic components of UV-Vis spectrometer [70].
2.13 Electromagnetic Wave Absorption Measurement

The principle of electromagnetic wave absorption measurements uses
Americium -241 for Grammar ray (y- ray) primary X-ray sources to generate
electromagnetic wave. When the electromagnetic wave move attack the sample some
waves absorbs, some waves reflects and some waves transmits. The transmits waves go
to electromagnetic detector. The electromagnetic detector receive electromagnetic wave
and translate signal to analyze data. (Figure 2.14)
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Figure 2.14 Electromagnetic wave absorption measurements.
2.14 Literature Review

Pavasupree, S. et al. [12] study of mesoporous nanosheets TiO, structure
synthesize by hydrothermal method at 130 °C for 12 h. The morphology of
nanosheets are flower-like structure have diameter about 500 nm to 2 um (Figure 2.15).
The TEM images show diameter of nanosheets TiO, is about 50-100 nm in width,
thickness is several nanometers (Figure 2.16) and crystalline structure is anatase TiO;
(Figure 2.17). The specific surface area and pore volume about 642 m?/g and pore
volume about  0.774 cm®/g,. The structure of nanosheets was changed after heat
treatment at 300-500 °C into nanorods/nanoparticles composite with anatase TiO,
structure. The nanosheets showed almost nanoparticles with a mixture of anatase and
rutile TiO, structure from increasing temperature to 600-700 °C. Nanosheet was about
7.08% with Jsc of 16.35 mA/cm? P-25 reached 5.82% with Jsc of 12.74 m Alcm?.

NONE Fl 5 (k\ 30000 1000m WD I1L.1mn

Figure 2.15 SEM images of flower-like nanosheets TiO, at (a) x 30,000 and (b) x
100,000 magnified [12].
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Figure 2.15 (cont.) SEM images of flower-like nanosheets TiO, at (a) x 30,000 and
(b) x 100,000 magnified [12].
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Figure 2.16 TEM images of (a-c) flower-like nanosheets TiO,[12].

31



Figure 2.16 (cont.) TEM image of (a-c) flower-like nanosheets TiO,[12]

Figure 2.17 XRD patterns of flower-like nanosheets TiO,[12]
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Jitputti, J. et al. [13] study of superstructure flower-like titanate synthesize by
hydrothermal method. The titanium tetraisopropoxide is starting material and the
solution is ethanol and ammonia use temperature at 120 °C for 24 h. After, that washed
by distilled water and ethanol. The diameter of flower-like titanate were 250-450 nm
(Figure 2.18), the specific surface area were 350.7 m%/g. Heat increasing temperature to
treatments at 500 °C, the titanate nanosheets crystalline structure is convert into anatase
TiO, with moderate deformation of their structures. The heat treated flower-like titanate
at 500 °C showed high photocatalytic activity than the commercial grad TiO, anatase
powder (ST-01) for H, evolution from water splitting reaction (Figure 2.19).

NONE SEI 100kYV XS0000 100nm WD 9.6mm

Figure 2.18 SEM image of flower-like nanosheets TiO, at x 50,000 magnified [13].
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Figure 2.19 Photocatalytic activity for H, evolution from water splitting reaction of
flower-like nanosheets and commercial nanoparticles TiO; [17].
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Simpraditpan A. et al. [17] studied on the effect of calcination temperature of
nanofibers. The nanofibers are synthesize by hydrothermal method at 130 °C for 72 h.
The starting material is natural ilmenite mineral. The nanofibers diameter are 20-90 nm
and length are 2-7 mm (Figure 2.20). The as-synthesize nanofibers calcination at 300—
400 show TiO,(B), at 500 °C show a mixture of two phases of TiO,(B) and anatase,
at high temperature of 600-1000 °C show a mixture of tri-crystalline of anatase, rutile,
and Fe,O3 (Figure 2.21). The photocatalytic activity of the nanofibers calcination at 400
°C for 2 h is higher than the commercially TiO, nanoparticles powders (P-25, JRC-01,
and JRC-03) (Figure 2.22).
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Figure 2.21 XRD patterns of nanofibers and calcined for 2 h at 100-1,000 °C [17].
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Figure 2.21 (cont.) XRD patterns of nanofibers and calcined for 2 h at 100-1,000 °C
[17].

Figure 2.22 Photocatalytic activity of nanofibers, calcined nanofibers and commercial
nanoparticles TiO, [17].
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Pavasupree, S. et al. [71] study of mesoporous anatase TiO, nanopowder
synthesize by hydrothermal method at 130 °C for 12 h. The specific surface area
BET about 193 m%g and average pore diameter 3-4 nm (Figure 2.23). The anatase
TiO, showed photocatalytic activity higher than the nanofibers TiO, mesoporous
TiO,, nanorods TiO,, and commercial TiO, nanoparticles (P25, JRC-03, and JRC-
01) (Figure 2.24). In dye-sensitized solar cells application, the dye-sensitized solar cells
efficiency of the cell using P-25 as working electrode was about 5.82%. while the
mesoporous anatase TiO, showed efficiency about 6.30% (Figure 2.25).

Figure 2.23 (a) SEM and (b) TEM images of mesoporous anatase TiO, nanopowder
[71].
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Figure 2.24 Photocatalytic activity of mesoporous anatase TiO, nanopowder and
commercial nanoparticles TiO,[71].

Figure 2.25 The dye-sensitized solar cells efficiency of mesoporous anatase TiO;
nanopowder and commercial nanoparticles TiO; [71].
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Jitputti, J. et al. [72] study of nanocrystalline mesoporous for photocatalytic
activity to water-splitting application. The resultant show the crystalline size of as-
synthesized is 8 nm (Figure 2.26) narrow pore size distribution and high specific surface
area of 215 m%g (Figure 2.27). The calcined nanocrystalline mesoporous at 500 °C
show high photocatalytic H, production activity than the commercial TiO; (Ishihara ST-
01) (Figure 2.28).

20nm

Figure 2.26 (a) SEM and (b) TEM images of nanocrystalline mesoporous TiO, [72].
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Figure 2.27 N, adsorption-desorption isotherm and pore size distribution of
nanocrystalline mesoporous TiO; [72].
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Figure 2.28 The photocatalytic H, production activity of nanocrystalline mesoporous
TiO, and the commercial TiO; (Ishihara ST-01) [72].
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Suzuki et al. [73] study of hydrothermal method to synthesize TiO, nanowire
structure. The result shows after calcination heat treatment for 4 h air at 300 °C, the
synthesized samples were 5-10 % nanowire/nanoparticle. Consisting of fine relatively
large particles and nanowires. The composite nanowire/nanoparticle electrode showed
higher dye-sensitized solar cells performance than the TiO, nanowire structured because

high electron transfer a straightforward way is electron expressway concept (Figure
2.29).
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Figure 2.29 Electron expressway concept [73].

Fujian et al.[74] study of crystalline mesoporous TiO; self-assembly of
poly 4-Vinylpyridine template and tetrabutyltitanate precursorbased under high
temperature (180°C) hydrothermal conditions. The crystalline structure shows anatase
phase of highly crystalline M-TiO,-ns characters (Figure 2.30). The specific surface
area about 120 m?g, large pore volumes about 0.34 cm®g and monolithic
morphology with crystal sizes around 3-5 pm. The catalytic activities under UV
light of M-TiO2-ns in induced reduction of decabromodiphenyl and oxidation of
Rhodamine B higher than those of M-TiO, template and nonporous crystalline TiO,
compare with commercial P25 (Figure 2.31).

A A anatase
R: rutile

AR A AR A

- A
=
=
=
= :
&
=
)
=
I
2
=
=

10 a0 0 40 0 60 70 80
2Theta (degree)

Figure 2.30 XRD patterns of crystalline mesoporous TiO;[74].
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Figure 2.31 The photocatalytic activity of oxidation degradation of RhB over (a)
P25,(b) M-TiO,-195, (c) M-TiO,-390, (d) M-TiO,-F127 and (e)
nonporousTiO, [74].

Taicheng An, et al.[75] study of Mesoporous TiO, photocatalysts, The
resultant diameters of TiO, mesoporous structure between 13.3 and 17.0 nm and porous
sizes from 9.6 to 13.3 nm. After heat treatment temperature from 450 to 650 ‘C
diameters of TiO, mesoporous changed from 9.8 to 18.4 nm with increase porous sizes
from 8.0 to 10.0 nm (Figure 2.32). The photocatalysts activities represents a class of
toxic brominated flame retardants used 2,4,6-tribrominated phenol of TiO, were
depends on the structural characteristics and the phase of the resultant photocatalysts
(Figure 2.33).
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Figure 2.32 TEM images of M-TiO
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Figure 2.33 The photocatalytic activity degradation of TBP using M-TiO, with
different calcination temperatures [75].

Huajun et al. [76] study of synthesize Metal-ions doped TiO, (M-TiO;) for
photocatalytic activity by hydrothermal method. The resultant photocatalytic activity
performances of M-TiO,, the manganese-ions doped TiO, (Mn-TiO,;) were highest
degradation efficiency evaluated under whole solar-light irradiation (Figure 2.34) and
visible-light (Figure 2.35) to degrading rhodamine b. the 3% manganese-ions doped
TiO, (Mn-TiO,) show highest photocatalytic activity performances because the most
significant impacts of specific surface area(Figure 2.36).
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Figure 2.34 The photocatalytic activity degradation of pureTiO, and six synthesized M-
TiO, under solar-light irradiation[76].
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Figure 2.35 The photocatalytic activity degradation of pureTiO, and six synthesized M-
TiO, under visible-light irradiation [76].
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Figure 2.36 The photocatalytic activity degradation on effects of Mn doping
concentrations under solar-light irradiation [76].

Lin Wan et al. [77] study of synthesize Fe-doped TiO, by hydrothermal
method. The resultant photocatalytic activity of ultraviolet, visible light and Phase
selection of absorption range of TiO, based materials. The ability to control particularly
the competition, transformation and the structural evolution, between rutile and anatase
phases. The photocatalytic activity of nano crystalline Fe-doped TiO, improved
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significant visible light photocatalytic activity high than pure TiO, nanopowders in
degradation effect of methylene blue (Figure 2.37).
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Figure 2.37 The photocatalytic activity methylene blue degradation of Fe-doped TiO;
under visible-light irradiation [77].

Xue Li et al. [78] study of photocatalytic activity synthesize of the
nanopaticles TiO,, Fe-TiO, single-doped and N-TiO, Fe-TiO, co-doped TiO,
synthesized by hydrothermal method at 150 °C. The resultant crystalline structure for
co-doped TiO; shows anatase phase. The N-TiO, Fe-TiO, co-doped TiO, specific
surface area about 201 m%/g. The Fe-TiO,, N-TiO, and P-25 (Degussa) specific surface
area are 150, 128 and 55 m?/g respectively. The photocatalytic activity of methyl orange
degradation co-doped TiO, was higher than un-doped TiO; and P-25 under visible-light
irradiation (Figure 2.38).
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Figure 2.38 The photocatalytic activity methyl orange degradation of (a) N -Fe-TiO,(b)
Fe-TiO,, (¢) N- TiOy, (d) P-25 (Degussa) and (e) TiO, [78].

Swati Sood et al. [79] study of the concentrations of Fe doped nanoparticles
TiO, in photocatalytic degradation. The results show crystals shape TiO; is smaller than
dope Fe iron. The TiO; are grey particles, the Fe dopant is dark particle (Figure 2.39).
The Fe iron dope nanoparticles TiO, to photocatalytic degradation for harmful
chemical, para nitro phenol and toxic of 0.05 mol % Fe®* can degradation 92% para
nitro phenol in 5 h (Figure 2.40).

Figure 2.39 TEM images of Fe iron dope nanoparticles TiO; [7].
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Figure 2.40 The photocatalytic activity para nitro phenol degradation of Fe iron dope
nanoparticles TiO; [79].

Panbo Liu et al. [80] study of electromagnetic wave absorption properties of
graphene @ Fe3O4@PANI decorated with TiO, nanosheets. The graphene @
FesO,@PANI decorated with TiO, nanosheets are prepare by hydrothermal method and
in situ polymerization. The results show the TiO; nanosheets are disperse random
orientation and form hierarchical structures on the top of grapheme @ Fe3;O,@PANI
(Figure 2.41). Electromagnetic (EM) wave absorption properties of grapheme
@Fe;0,@PANI@ TiOznanosheets containing50wt% paraffin were investigated on the
frequency of 2 - 18 GHz. The maximum reflection loss of the nano composites is up to
-41.8 dB at 14.4 GHz of a thickness of 1.6 mm, and the absorption bandwidth of R| < -
10 dB is almost up to 3.5 GHz (Figure 2.42).

Figure 2.41 TEM images of GN@Fe;0,@PANI@TiO, nanosheets [80].
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Figure 2.42 Electromagnetic (EM) wave absorption properties of graphene @ Fe;0, @
PANI @ TiO; nanosheets[80].

Meng Zong et al. [81] study of microwave absorbing applications in coated
Fe30, composite to grapheme oxide (RGO) composite. The TEM images show Fe3O4
grapheme oxide (RGO) composite, the Fe3O, particle size is 15-25 nm(Figure 2.43).
The microwave absorbing applications of RGO/Fe;0, composite with the thickness of
3.9 mm shows the microwave absorption of — 44.6 dB at 6.6 GHz (Figure 2.44).
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Figure 2.43 TEM images of Fe3O4 grapheme oxide (RGO) composite [81].
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Figure 2.44 The microwave absorbing applications of RGO/Fe;04 composite [81].
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Kangle, Lv. et al. [82] study of calcination and photocatalytic activity of
anatase TiO, nanosheets with hydrothermal method used tetra butyl titanate for starting
material. The SEM images of the calcination of the sample show morphology is sheet
shape and length about 100 nm (Figure 2.45). The photocatalytic activity decrease when
increase temperature in calcination because specific surface area decrease when increase
temperature in calcination (Figure 2.46).
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Figure 2.45 SEM images of (a) T200, (b) T800, () T1100, (d) T1250 82].
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Figure 2.46 The photocatalytic activity of anatase TiO, nanosheets [82].

Wu J.M. et al. [83] study of dye effluent treatments with hydrothermal method
used Ti (IV) ions for starting material. The titania microspheres are aggregate of
nanowires diameter about 2 pm (Figure 2.47). The specific surface area were 45.4 m?/g
.The Photo degradation activity of rhodamine B were higher than P25 titania
nanoparticles (Figure 2.48).

~

Figure 2.47 SEM images of titania microspheres[83].

50



microspheres [83].

Huang H. et al [84] study of TiO,—B nanosheets for lithium-ion batteries with
hydrothermal method used TiCl; aqueous solution for starting material. The resultant
the flower-like porous TiO,— B specific surface area were 214.6 m?/g. the TiO,— B
material exhibits high capacity, good cycling stability and superior rate capability as

LIBs anode materials (Figure 2.49).
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Figure 2.49 The lithium-ion batteries application of TiO,—B nanosheets [84].
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Chen K. et al. [85] study of the TiO, photocatalytic activity nanosheets to
with hydrothermal method used Tetrabutyl titanate (98%) for starting material. The
morphological of prepared is nanosheets TiO, (Figure 2.50). The photocatalytic
degradation of RhB in visible light of TiO, nanosheets was higher than P25
nanoparticles (Figure 2.51).
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Figure 2.51 The photocatalytic activity of nanosheets TiO, under (a) UV and (b)

visible light irradiation [85].

Que Y.-P. et al. [86] study of high crystalline nanosheets. The starting
material is titanium isopropoxide TTIP and solution use hydro fluoric acid, polyvinyl
pyrrolidone PVP, ethanol for hydrothermal method at 200 C for 24 h. Next, Cool the
sample to room temperature and wash with ethanol. The results show the morphology
of the samples is uniform hierarchical flower-like 3D structures. The samples size is
700-800 nm thickness about 13 nm (Figure 2.52). The N, adsorption desorption
isotherm show hysteresis loop type H3 and isotherms type IV. The specific surface area
is 16.67 m?/g and pores volume is 0.167 cm®/g. The hierarchical flower-like 3D
structures effect to photoelectric performance to improve electron collection efficiency,
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facilitate electron transport and reduce electron recombination for dye-sensitized solar
cells.

v £ M

Figure 2.52 SEM imageé and TEM images of nanosheets [86].

Shen B. et al. [87] study of graphene oxide film and graphene foam for
electromagnetic interference shielding. The graphene oxide film is prepare by
evaporation of graphene oxide suspension under mild heating. The graphene foam is
prepare by graphene oxide film and use hydrazine-foaming method. The results show
the graphene foam high electromagnetic interference shielding in broadband frequency
range of 8.2 - 59.6 GHz than the graphene oxide film. The maximum reflection loss is —
26.3 dB at 51 GHz (Figure 2.53). The graphene foam show performance competitive
shielding electromagnetic broadband because porous graphene foams can repeat reflect
at the cell interfaces due to the impedance between graphene layers and air can enhance
transfer micro current energy to heat.
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Figure 2.53 The electromagnetic interference shielding of graphene film and graphene
foam [87].
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Yang Y. et al. [88] study of graphene/Fe;O, hydrogel for electromagnetic
wave absorption. The composite hydrogels from FesO, nanoparticles and graphene
sheets are prepare by hydrothermal method. The nanoparticles Fe3O,4 size about 13 nm
and disperse randomly on the surface of the graphene sheets (Figure 2.54). The results
show graphene/FesO, hydrogel can removal Rhodamine B is 99.6%. The
graphene/Fe;04 hydrogel show strong and wide in the frequency range 2-20 GHz of
electromagnetic wave absorption. The maximum reflection loss is —11 dB at 17.4 GHz.
The composite hydrogels show organic pollutant adsorption property and
electromagnetic wave absorption because high adsorption ability and the large surface
area of graphene sheets and affect the magnetic properties of Fe3O, materials (Figure
2.55).
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Figure 2.55 The electromagnetic wave absorption of graphene/Fe;O4 hydrogel [88].

Yuan, X. et al. [89] study of electromagnetic wave absorption from titanium
carbide nanowires. The titanium carbide nanowires are prepared by chloride-assisted
carbothermal reaction. The results show morphology and microstructure of titanium
carbide nanowires have a diameter about 200400 nm and lengths up to dozens
micrometers (Figure 2.56). The specific surface areas about 186.7 m%/g. The hybrids of
titanium carbide nanowires and paraffin show electromagnetic wave absorption activity
at 8.2-12.4 GHz in X-band. The sample at thickness of 1.7 mm show the maximum
reflection loss is —51.0 dB at 11.8 GHz. and the bandwidth of 3.0 GHz reflection loss of
<-10 dB (Figure 2.57).

Figure 2.56 SEM images and TEM images of titanium carbide nanowires [89].
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Figure 2.57 The electromagnetic wave absorption of titanium carbide nanowires [89].

Wang, H. et al. [90] study of electromagnetic interference shielding from
porous polymeric composites. The porous polymeric composites three-dimensional
(3D) networks are prepare by combination of hot-pressing and selective etching with
poly(vinylidene fluoride)(PVDF) and multiwall carbon nanotubes (MWCNTS). The
results show electrical conductivity of nano composites foam increase when the content
of multiwall carbon nanotubes is 15 wt%. The electrical conductivity of pure
poly(vinylidene fluoride) is 10™® S/cm and the electrical conductivity of multiwall
carbon nanotubes is 15 wt% is 1S/cm. The porous polymeric composites three-
dimensional (3D) networks show the electromagnetic interference shielding at the
frequency of 8 -12 GHZ. The shielding effectiveness is 56.72 dB at thickness about 2
mm and density of 0.79 g/cm?® (Figure 2.58). The porous polymeric composites three-
dimensional (3D) networks are electromagnetic interference shielding because the
incident power reflect and scatter many times between multiwall carbon nanotubes and
poly(vinylidene fluoride) interfacial areas.
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Figure 2.58 The electromagnetic interference shielding of porous polymeric composites
[90].
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Wang, Y. et al. [91] study of microwave absorption enhancement of Fe;0s @
SnO,/ reduced graphene oxide nanocomposite. The Fes0, @ SnO,/ reduced graphene
oxide nanocomposite are prepare by three-step hydrothermal method. The results show
the diameter of Fe3O4 nanospheres are about 220 nm. The nanoparticles FesO, @ SnO;
core — shell disperse randomly on the surface of reduced graphene oxide (Figure 2.59).
The electromagnetic microwave absorption show Fe;O, @ SnO,/ reduced graphene
oxide nanocomposite can absorb microwave in the frequency range of 2 — 18 GHz at
room temperature. The microwave absorption show The maximum reflection loss is —
45.5 dB at 6.4 GHz promising for application in microwave absorbers (Figure 2.60).

Figure 2.59 TEM images of Fe30, @ SnO,/ reduced graphene oxide nanocomposite
[91].
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Figure 2.60 The microwave absorption enhancement of Fe30, @ SnO,/ reduced
graphene oxide nanocomposite [91].

Yang, Z. et al. [92] study of TiO,/Al,O3 ceramic for broadband
electromagnetic absorbers. Rader absorbing materials are TiO,/Al,O3; ceramic coatings
with aluminum film. The results show TiO,/Al,O3 ceramic coatings can absorb
broadband electromagnetic frequency range of 8.2 -18 GHz. The maximum reflection
loss on 10.6 GHz is -29 dB at the thickness of 1.7 mm from TiO,/Al,O3; ceramic
coatings material. The broadband electromagnetic absorbers property parameters
depend on thickness period size diameter of TiO,/Al,O3 ceramic coatings (Figure 2.61).
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Figure 2.61 The broadband electromagnetic absorbers of TiO,/Al,O3 ceramic [91].

Jia, Q. et al. [93] study of microwave absorption performance from TiO;
/polyaniline /graphene oxide bouquet-like composites. The TiO, /polyaniline /graphene
oxide bouquet-like composites are prepared by in-situ oxidation polymerization. The
results show morphology of TiO; /polyaniline /graphene oxide composites are bouquet-
like structures. The microwave absorption performance in the bandwidth absorption in
the frequency range of 7.97 -11.88 GHz show the reflection loss is -51.74 dB from TiO;
/polyaniline /graphene oxide composites at the frequency 9.67 GHz with the thickness
of 3.12 mm (Figure 2.62).
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Figure 2.62 The microwave absorption performance of TiO, /polyaniline /graphene
oxide bouquet-like composites [93].
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Lu, L. et al. [94] study of electromagnetic wave absorbing application in
concrete from TiO,. The TiO;, containing function aggregate electromagnetic wave
absorber is preparing by disperse powder TiO; into clay and calcined. The results show
the TiO, containing function aggregate electromagnetic wave absorber has high
dielectric constant. The TiO, containing function aggregate electromagnetic wave
absorber can absorb electromagnetic wave in the frequency range of 8-18 GHz and the
maximum reflection loss -10 dB is larger than 8 GHz. The concrete is prepare by
function aggregate show higher compressive strength 28 MPa (Figure 2.63). The
concrete can use for structural material in the buildings.
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Figure 2.63 The electromagnetic wave absorbing application in concrete of TiO, [94].

Pawar, SP. et al. [95] study of polymeric nanocomposites for high frequency
wave absorbers. This paper reviews the designing polymer nanocomposites with high
electrical conductivity and for attenuation microwave absorption properties. This
review article summarize the high frequency wave absorbing properties of polymer
nanocomposites include from various nanoparticles such as graphene nanosheets,
carbon nanotubes, reduced graphene oxide, NiCoFe,O4/ graphene oxide, Fe3O,4, Barium
ferrite, y-Fe,O3 (50%) and TiO,(25%), Copper nanowire, Fe,Os/graphene, Fe;0,@
graphene, TiO,;, MnFe,O3;, Graphite copper and Ag@graphene. The polymer
nanocomposites include from various polymer such as poly vinyl alcohol, poly ethylene
oxide, UHMWPE, nitrile butadiene rubber, polyaniline, PEDOT: PSS, polyurethane,
polyimide, PVDF, polystyrene, polystyrene and poly vinyl chloride. The polymer
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nanocomposites show high dielectric constant, magnetic metal, ferrite nanoparticles for
absorb microwave radiation.
The conclusion of literature review for the preparation focus on nanosheets
structure by hydrothermal method is shown in Table 2.3. The conclusion of literature
review for Photocatalytic activity is shown in Table 2.4. The conclusion of literature
review for electromagnetic wave absorption is shown in Table 2.5.

Table 2.3 The conclusion of literature review for the preparation focus on nanosheets

structure by hydrothermal method.

No. | Materials | Solution | Temperature | Time | Washed | Morphology | Ref.
by
1 Titanium | Ammonia 130%E 12h HCl Nanosheets 12
(Iv) aqueous aqueous
butoxide solution,
2-
propanal
distilled
water
2 | Titanium | Ammonia 200 °C 24 h | Distilled Nanosheets 13
tetra aqueous water and
Iso ethanol
propoxide
3 Hydro- 200 °C 24 h | Distilled | Nanosheets 82
Tetrabutyl [  fluoric water
titanate acid
solution
4 Ti(IV) 10 M 120 °C 20 h HC1 Nanosheets 83
ions NaOH aqueous
solution
5 TiCl3 Ethylene 150 °C 4h Distilled Nanosheets 84
aqueous glycol water
solution
6 | Tetrabutyl | Hydro- 200 °C 24 h Distilled Nanosheets 85
titanate fluoric water
acid
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Table 2.4 The conclusion of literature review for Photocatalytic activity.

No. Photocatalytic Compare Performance Ref.
activity with
1  Dye-sensitized solar P-25 Nanosheet was about 7.08% with Jsc 12
cell of 16.35 mA/cm? P-25 reached
5.82% with Jsc of 12.74 mA/cm?
2 The photocatalytic ~ P-25, JRC- The photocatalytic activity of the 17
activity 01, and  nanofibers calcination at 400 °C for 2
JRC-03 h is higher than the commercially
TiO, nanoparticles powders.
3  Dye-sensitized solar P-25 Solar cells efficiency of the cell using 70
cell P-25 as working electrode was about
5.82% while the mesoporous anatase
TiO, showed efficiency about
6.30%.
4 H, evolution from ST-01 The heat treated flower-like titanate 71
water splitting at 500 °C showed high photocatalytic
reaction activity than the commercial grad
TiO, anatase powder (ST-01) for H,
evolution from water splitting
reaction.
5 Reduction of P-25 M-TiO,-ns in induced reduction of 74
decabromodiphenyl decabromodiphenyl and oxidation of
and oxidation of rhodamine B higher than those of M-
rhodamine B TiO, template and nonporous
crystalline TiO, compare with
commercial P25.
6 Photocatalytic - Fe iron dope nanoparticles TiO,can 79

degradation for
harmful chemical,
paranitrophenol and
toxic

degradation 92% paranitrophenol in
5h.
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Table 2.5 The conclusion of literature review for electromagnetic wave absorption.

No. Absorber Wavelength Result Ref.

2 Fe;04 , grapheme oxide 2-18GHz  The maximum reflection loss 81
is —44.6 dB at 6.6 GHz.

4 Graphene/Fe;04 2-20 GHz The maximum reflection loss 88
is—11 dB at 17.4 GHz.

6 Multiwall carbon 8-12 GHZ  The shielding effectiveness 90
nanotubes is 56.72 dB at thickness
about 2 mm at the frequency
of 8 -12 GHZ.

8 TiO,/Al, O3 8.2-18 GHz The maximum reflection loss 92

is —29 dB at 10.6 GHz.

10 TiO, 8-18 GHz The maximum reflection loss 94
is —10 dB at >8 GHz.
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CHAPTER 3

EXPERIMENTS

Hydrothermal synthesis, characterizations and applications of nanosheets from Thai
natural magnetic leucoxene mineral

3.1 Experimental Procedure

Magnetic leucoxene
mineral

v

Ball mill

v

Hydrothermal method

T

Nanosheets from magnetic
leucoxene mineral

v

Characterization
Scanning electron microscope (SEM)
Transmission electron microscope (TEM)
X-ray diffraction spectroscopyXRD)
Brunauer-Emmett-Teller (BET)
X-ray fluorescent spectrometry (XRF)

-

Photocatalytic application
Electromagnetic wave absorption application

v

Data analysis and conclusion

Figure 3.1 Experimental procedure of hydrothermal synthesis, characterizations and
applications of nanosheets from Thai natural magnetic leucoxene mineral.



3.2 Equipments and Materials
3.2.1 Equipments
1) Hot plate stirrer
2) Digital weighting apparatus
3) Vacuum dryer
4) Thai made teflon-lined stainless steel autoclave and control unit

5) Hot air oven

Figure 3.2 Hot plate stirrer.
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Figure 3.3 Digital weighting apparatus.

Figure 3.4 Vacuum filler.

66



Figure 3.5 Thai made teflon-lined stainless steel autoclave and control unit.

Figure 3.6 Hot air oven.

3.2.2 Materials for nanosheets synthesis

1) Magnetic leucoxene mineral have TiO, ~70 - 80 % in main component.

2) Sodium hydroxide (NaOH) is solution in hydrothermal method.

3) Hydrochloric acid (HCI) is washing solution distillated water is solution in
hydrothermal method and washing solution.

4) Distillated water is solution in hydrothermal method and washing solution.

Magnetic Leucoxene

Vagnetic Leucow
— ) ., —

Figure 3.7 Magnetic leucoxene mineral.
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Figure 3.8 Sodium hydroxid.

Figure 3.9 Hydrochloric acid.

PN

i

,

—y e\

Figure 3.10 Distillated water.
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3.3 Experimental

3.3.1 Synthesis of TiO, nanosheets (Figure 3.11)

In this research, the nanosheets were hydrothermally synthesized using the
naturally-mineral magnetic leucoxene (Sakorn Minerals, Thailand) as the starting
material. In the synthesis process, 16g of the ball-milled (650 rpm for 15 minute)
magnetic leucoxene mineral was deposited in a Teflon-lined stainless steel autoclave
(Figure 1) and then filled with 2000 mL of 5 M NaOH (ag.) prior to heating at 105°C
for 24h under continuous stirring. The autoclave was then allowed to cool to room
temperature, and the synthesized product was washed multiple times with a 0.1 M HCI
(ag.) solution and subsequently with distilled water until the pH value was
approximately 7.0. The product was then dried with hot air at 100°C for 12h. Finally,
calcination was performed at the temperature range of 100-1,100 °C for 2h and cool
to room temperature.
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Magnetic leucoxene
mineral

v

Ball mill

v

16g Ball mill magnetic leucoxene mineral + 5 M NaOH (aq.)
2000 mL

v

Hydrothermal method
105 =C 24h

v

Cooling to room
temperature

Washing with distilled water and HCI
(ag)

v

Dried from hot air
oven

v

Nanosheets from magnetic
leucoxene mineral

Figure 3.11 Experimental procedure synthesis of TiO, nanosheets.
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3.4 Characterization

In this research, the characterization of the synthesized nanosheets (i.e. the as-
synthesized sample) was carried out: the crystalline structure, chemical composition,
shape, size and specific surface area. The crystalline structure and the chemical
composition were respectively analyzed by the X-ray diffraction (XRD, PANalytical
X'Pert PRO MRD) and X-ray fluorescence (XRF, Oxford, ED-2000) techniques. The
shape and size of the as-synthesized sample were determined using a scanning electron
microscope (SEM, JEM-6510, JEOL) with acceleration voltages of 5-20kV and a
transmission electron microscope (TEM, JEOL JEM-2010 Electron Microscope). The
Brunauer-Emmett-Teller technique (BET, Rubotherm, BELSORP-Mini) was used to
determine the specific surface area.

3.4.1 Scanning electron microscope

Study the shapes and sizes with scanning electron microscope, SEM. (JEOL
JEM-6510).

Figure 3.12 Scanning electron microscope.
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3.4.2 X-ray diffraction spectroscopy

Study the phase and crystallinity crystal structure with X- ray Diffraction,
XRD, (PANalytical, X ’Pert PRO)

Figure 3.13 X-ray diffraction spectrometer.

3.4.3 Transmission electron microscope

Study the shapes and sizes with a transmission electron microscope, TEM
(JEM-2010 JEOL).

Figure 3.14 Transmission electron microscope.
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3.4.4 X-ray fluorescent spectrometry

Study the chemical properties of nanosheets by X- ray fluorescence, XRF
(PW-2404, Philips, 4 kW)

Figure 3.15 X-ray fluorescent spectrometer.

3.4.5 Ultraviolet—visible spectroscopy

Study the photocatalytic activity with UV-Vis spectroscopy

Figure 3.16 UV-Vis spectrometer.
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3.4.6 Brunauer-Emmett-Teller analysis

Study the specific surface area by Brunauer-Emmett-Teller (BET, Rubotherm,
BELSORP - Mini).

Figure 3.17 Brunauer-Emmett-Teller (BET).

3.4.7 Photocatalytic activity determination

The photocatalytic activity was determined using the I3” concentration from the

photo oxidation reaction of I, which transformed into 1, in excess of | [5, 27], as per
Egs. (1) and (2).

21 —> 42 (1)

I+ 1 — I3 (2)

In the photocatalytic activity analysis, 50mg of the sample and 0.2M
potassium iodide solution were filled into a cylindrical vessel. The Photocatalytic
activity investigate in equilibrium reaction system after mixing the solution in dark for
about 30 min. The vessel was then illuminated with a 15W UV and visible light under
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constant stirring at room temperature for 1h. The solution was then separated by the
centrifuge method and diluted 10 times prior to the measurement of ion by light
absorption at 288nm using a UV-vis spectrometer. In this research, the intensity
coefficient was 4.0x10* cm mol/l. [96]

3.4.8 Electromagnetic wave absorption measurement

Electromagnetic wave absorption measurements used Americium-241 for
gamma ray (y- ray) and primary X-ray sources. The distance between the gamma ray (y-
ray) and primary X-ray sources and sample, detector were 5, 60 cm respectively.

Figure 3.18 Electromagnetic wave absorption measurements.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Characterization Results
4.1.1 The physical property and morphology of magnetic leucoxene mineral

The as-sysnthesized sample is brown, where as the starting magnetic
leucoxene mineral is black . This result indicates that a large portion of Fe impurities are
remove by NaOH (aq.) hydrotermal treatment and the neutralization/washing process
[31].

Figure 4.1(a) A SEM image of the starting magnetic leucoxene mineral is
show in Fig. 4.1(a), this illustrates the granular structure of the material, with grain size
of 150-300 um while Figure 4.1(b) show the ball-mille magnetic leucoxene with the
reduce grain size of about 0.5-10um.

Figure 4.1 The SEM images of: (a) the magnetic leucoxene mineral (b) the ball-mille
magnetic leucoxene.
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Figure 4.1 (cont.) The SEM images of: (a) the magnetic leucoxene mineral (b) the ball-
mille magnetic leucoxene.

4.1.2 The XRD patterns of the starting magnetic leucoxene and the
synthesized nanosheets

The XRD patterns of the starting magnetic leucoxene mineral and the
synthesized sample are show in Fig. 4.2. The crystalline structure of the starting
magnetic leucoxene mineral show the rutile phase, while the crystalline structure of the
synthesized nanosheets show a layer hydrogen titanate H,TixOox1 Structure, most
likely trititanate (H,Ti3O7), indicating the existence of hydrogen in the as-
synthesized nanosheets [28,31-32,99-102].
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Figure 4.2 The XRD patterns of: (a) the magnetic leucoxene mineral, (b) the as-
synthesized sample

4.1.4 The chemical composition of the starting magnetic leucoxene and the as-
synthesized sample.

The chemical composition during the hydrothermal process , the quantities of
impurities, such as Fe,Os, Al,O3 CaO, SiO,, MnO, Nb,Os and MgO decrease while the
TiO, content increase from 79.8 to 83.2 wt%. This may be due to higher solubility of

the impurities in the NaOH and HCI aqueous solutions during the preparation process
shown in Table 4.1. [103-104].
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Table 4.1 Chemical composition of the natural magnetic leucoxene mineral and the as-
synthesized nanosheets

Composition Magnetic leucoxene mineral As-synthesized nanosheets
TiO; 79.8% 83.2%
Fe,O3 9.59% 7.73%
CaO 0.981% 0.775%
ZrO; 0.838% 0.685%
Nb,Os 0.467% 0.399%
SiO, 1.95% 0.389%
MgO 0.319% 0.246%
SO;3 0.213% 0.187%
MnO 0.207% 0.185%
K,0 0.179% 0.135%
Cr,03 1730 PPM 929 PPM
Cl 972 PPM 750 PPM
Al,O3 1.95% 0.043%
Ta,05 495 PPM 429 PPM
PbO 517 PPM 380 PPM
ThO, 491 PPM 352 PPM
Sc,03 240 PPM 180 PPM
Y203 213 PPM 121 PPM
Sro 44 PPM 39.7 PPM
Na,O 0% 1.29%

4.1.4 The physical property and morphology of as-synthesized nanosheets
from magnetic leucoxene mineral

Figures 4.3(a)-(c) respectively show the SEM images of the as-synthesized
sample at 10,000x, 15,000x, and 50,000x magnification for the group of flower-like
morphology. The flower-like structure have a diameter about 2 um to 5 um. the flower-
like morphology compose of nanosheets. To confirm the formation of nanosheets are
use TEM analysis, and a representative image show in Figures 4.4 (a)-(d). From the
TEM images, it can be observed that the as-synthesize sample showed sheets —like
stucture. The nanosheets structure is slightly curve and approximately 100 nm to 2 pm
in width and several nanometers in thickness. The sheets radiated in all directions to
form flower-like morphology, mainly as a result of the hydrothermally synthetic
treatment [105].
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Figure 4.3 SEM images of the synthesized nanosheets: (a) 10,000x, (b) 15,000x,
magnifications (c) 50,000x magnifications.
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Figure 4.3 (cont.) SEM images of the synthesized nanosheets: (a) 10,000x, (b) 15,000x,
magnifications (c) 50,000x magnifications.

0.5 um
—

Figure 4.4 TEM images of the synthesized nanosheets: (a) 23,000x (b) 135,000x (c)
360,000x and (d) 500,000x magnifications.
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Figure 4.4 (cont.) TEM images of the synthesized nanosheets: (a) 23,000x (b)
135,000x (c) 360,000x and (d) 500,000x magnifications.
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(d)

20 nm

Figure 4.4 (cont) TEM images of the synthesized nanosheets: (a) 23,000x (b)
135,000x (c) 360,000x and (d) 500,000x magnifications.

4.1.5 The mechanism transition of as-synthesized nanosheets from magnetic
leucoxene mineral

Figures 4.5 illustrates the mechanism transition of as-synthesized nanosheets
structures during the hydrothermal process. The hydrothermal reaction progresses, the
ball-mille magnetic leucoxene have energy by heat and pressure, and then lamellar
nanosheets are exfoliate from the particles of starting materials. Next, the lamellar
nanosheets have energy by heat and pressure, and then then lamellar nanosheets are
transformation to flower-like structure for more thermal stability [12, 26, 106-107].
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Figure 4.5 Scheme of the transition process of the as-synthesized nanosheets structures
during the hydrothermal process.

4.1.5 The nitrogen adsorption isotherm of the as-synthesized nanosheets

Figure 4.6 depicts the nitrogen adsorption isotherm of the as-synthesized
nanosheets which is of a typical IUPAC type IV pattern, with the sharp inflection of
nitrogen adsorption volume at P/PO of 0.40 (H2 type hysteresis loop), indicating the
existence of mesoporous materials [4-5, 7, 103-104] with the pore size distribution of 3—
35nm (the inset). The BET specific surface area and the pore volume of the as-
synthesize nanosheets are 279.8 m?/g and 0.513 cm®/g, respectively. As a comparison,
Figure 4.7 illustrates the nitrogen adsorption isotherm of the commercial TiO,
nanoparticles (P-25). The isotherm is of an IUPAC type Il with a H3 type hysteresis
loop typical of macroporous materials [105], similar to that of TiO,, and the pore size
distribution (the inset) is about 3—65nm. The BET surface area and the pore volume of
the P-25 specimen are 46.92 m?/g and 0.306 cm®/g, respectively.
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Figure 4.6 The nitrogen adsorption isotherm pattern of the as-synthesized nanosheets
and the pore size distribution with the pore diameters of 3-35nm (inset)
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Figure 4.7 The nitrogen adsorption isotherm pattern of the commercial TiO;
nanoparticles (P-25) and the pore size distribution with the pore
diameters of 3—65nm (inset).
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4.1.5The BET specific surface areas of the starting material and the as-
synthesized sample

Determination of the specific surface area of the starting materials and the as-
synthesized sample that measure by the BET (Brunauer-Emmett-Teller) using
adsorption of nitrogen. The starting materials are the specific surface area of around 0
m2 / g. When the as-synthesized sample by hydrothermal process at temperature of 105
°C over a period of 24 h, the specimens are prepare with specific surface area and pore
volume around. 279.8 m2 / g and 0.513 cm®/ g respectively, the as-synthesized
nanofibers from previous works about 49 m2 / g and 0.159 cm®/ g respectively,
commercial TiO, nanoparticles(P-25) about 46.97 m? / g and 0.306 cm®/ g respectively.
The specific surface area of the as-synthesized nanosheets samples are 270-280 times
greater than the starting material and compare with commercial TiO, nanoparticles (P-
25) were the specific surface area and pore volume are more than the as-synthesized
nanofiber from previous works and the commercial TiO, nanoparticles(P-25) shown in
Table 4.2.

Table 4.2 The BET specific surface areas and pore volumes

Samples BET specific surface pore volume
area (m%/g.)
(cm*/g.)
Magnetic leucoxene (starting material) ~0 -
Nanofibers (previous work) 49 0.159
Nanosheets (this study) 279.70 0.513
Commercial TiO, nanoparticles (P-25) 46.97 0.306

4.1.6 Photocatalytic activity

The Photocatalytic activity was investigate in equilibrium reaction system
after mixing the solution in dark for about 30 min [96]. The I3” concentration at 60 min
of the irradiation period of the as-synthesized nanosheets is about 7.71 x 10™* M. (Fig.
4.8) which is higher than that of the other synthesized (i.e., the white pigment TiO, and
the commercial grade TiO, nanoparticles (P-25)) which exhibit I3~ concentration about
0.0.73x10°*, and 3.29x10* M, respectively. The introduction of mesopore into titania
photocatalyst substantially improve the photocatalytic performance [6]. The flower-like
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titanate superstructure show high photocatalytic activity due to their unique structure
[8]. The nanosheets have good crystallinity and well-defined chemical composition and
exhibit distinctive physicochemical properties. Therefore, these nanosheets become a
potential building block for the construction of nano materials in the fields of
photocatalysis, photoluminescence, and photo electrochemistry. The integration of
noble metal nanosheets at the surface of TiO, has been a widely successful strategy and
recognize for improving the photocatalytic activity of TiO,. The nanosheets of TiO,,
TiO,/Fe30,4 in the composition has been promoting faster interfacial electron transfer
cause of improve photocatalytic activity [97,108-110].

Photocatalytic Activity
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Figure 4.8 The photocatalytic activity (I3~ concentration) of the nanosheets TiO,
white pigment TiO,, commercial TiO, nanoparticles (P-25).

4.2 Effect of Calcination Temperature on Structure and Photocatalytic Activity

4.2.1 The XRD patterns of the as-sysnthesized samples and the samples
calcination for 2 h at 100 — 1,100 °C.

The XRD patterns of the as-sysnthesized samples and the samples calcination
for 2 h at 100 - 400 °C is show in figure 4.9 (a). At 100 and 200 °C, the crystalline
structure of the as-sysnthesized nanosheets show a layer of hydrogen titanate HyTixOox+1
structure, most likely trititanate (H,TizO;). At 300 and 400 °C, the calcined samples
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show TiO, (B). The nanosheets are dehydrate and recrystallize into the phase of TiO,
(B). Moreover, the intensity peaks show the TiO, (B) decrease while the calcination
temperatures increase. [28, 31-32, 99-102]

The XRD patterns of the as-sysnthesized samples calcination at 500-1100 °C
for 2 h are show in Figure 4.9 (b). At 500 and 600 °C, the calcination nanosheets show a
bi-crystalline mixture consisting of anatase TiO, and TiO; (B). Recent research studies
found a bi-crystalline mixture consisting of anatase TiO, and TiO, (B)
nanostructure.[17] At 700-1000 °C, the as-sysnthesized samples consist of a mixture of
anatase and rutile. The phase of TiO; (B) disappears, and the transformation structure to
anatase and rutile phaseTiO,. In this temperature range the rutile phases TiO, begin
demonstrate. The rutile phase is increases when the calcination temperatures increase.
At 1100 °C, The as-sysnthesized samples are consist a mixture of anatase, rutile phase
of TiO,, and Fe,O3 phase. [28, 31-32, 99-102]
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_ B B B B g 300°C,2h
- X 200 °C, 2h
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Figure 4.9 The XRD patterns of: (a) the magnetic leucoxene mineral, the calcination is
perform at the temperature range of 100-400 °C, (b) the calcination is
perform at the temperature range of 500-1,100 °C.
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Figure 4.9 (cont.) The XRD patterns of: (a) the magnetic leucoxene mineral, the
calcination is perform at the temperature range of 100-400 °C,
(b) the calcination is perform at the temperature range of 500-
1,100 °C.

4.2.2 The physical property and Morphology of the as-sysnthesized samples
and the samples calcination for 2 h at 100 — 1,100 °C.

To confirm the formation of nanosheets is use TEM analysis. As show in
figure 4.10 (a), it can be observe that the as-sysnthesized sample show sheets—like
structure. The nanosheets structure is slightly curve and approximately 100 nm to 2 pm
in width and several nanometers in thickness. The sheets radiated in all directions to
form flower-like morphology, accomplish mainly by hydrothermal synthesis. The
structure may be the results of the orient attachment effect during crystal grow. The
method control the self-assembly of nanostructures and obtain TiO, spheres, compose
of nanosheets hierarchical structures to flower-like TiO, nanosheets [104].
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Figure 4.10 (b-I) shows the TEM images of the as-sysnthesized samples and
the samples calcination for 2 h at 100 to 1100 °C. At 100 and 200 °C, the morphology of
sample show sheets—like structure. At 300-500 °C, the sheets—like morphology become
unstable and begin crack inside the sheets. At 600-900 °C, the morphology of sample
begins nanoparticles structure. At 1,000-1,100 °C, the nanoparticles morphology is
increasing size. At 300-1100 °C, the calcination nanosheets become unstable and began
to decompose and transform into nanoparticles and increasing size. The increasing sizes
of nanoparticles decrease the specific surface area of the nanosheets cause by increasing
calcination temperature. [14-15, 17]

(a) as-as-synthesized sample

Figure 4.10 TEM images of (a) the as-synthesized nanosheets, the as-synthesized
nanosheets calcination is perform at the temperature range of (b) 100 °C,
(c) 200 °C, (d) 300 °C, (e) 400 °C, (f) 500 °C, (g) 600 °C, (h) 700 °C,
(i) 800 °C, (j) 900 °C, (k) 1,000 °C, and (I) 1,100°C.

90



(b) 100°C

(¢) 200°C

Figure 4.10 (cont.)) TEM images of (a) the as-synthesized nanosheets, the as-
synthesized nanosheets calcination is perform at the temperature
range of (b) 100 °C, (c) 200 °C, (d) 300 °C, (e) 400 °C,

(f) 500 °C, (g) 600 °C, (h) 700 °C, (i) 800 °C, (j) 900 °C,
(k) 1,000 °C, and (I) 1,100°C.
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(d) 300°C

(e) 400°C

Figure 4.10 (cont.) TEM images of (a) the as-synthesized nanosheets, the as-
synthesized nanosheets calcination is perform at the temperature
range of (b) 100 °C, (c) 200 °C, (d) 300 °C, (e) 400 °C,

(f) 500 °C, (g) 600 °C, (h) 700 °C, (i) 800 °C, (j) 900 °C,
(k) 1,000 °C, and (I) 1,100°C.
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() 500°C

(g) 600°C

Figure 4.10 (cont.) TEM images of (a) the as-synthesized nanosheets, the as-
synthesized nanosheets calcination is perform at the temperature
range of (b) 100 °C, (c) 200 °C, (d) 300 °C, (e) 400 °C,

(f) 500 °C, (g) 600 °C, (h) 700 °C, (i) 800 °C, (j) 900 °C,
(k) 1,000 °C, and (I) 1,100°C.
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(i) 800°C

Figure 4.10 (cont.)) TEM images of (a) the as-synthesized nanosheets, the as-
synthesized nanosheets calcination is perform at the temperature
range of (b) 100 °C, (c) 200 °C, (d) 300 °C, (e) 400 °C,

(f) 500 °C, (g) 600 °C, (h) 700 °C, (i) 800 °C, (j) 900 °C,
(k) 1,000 °C, and (I) 1,100°C.
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(k) 1000°C

Figure 4.10 (cont.) TEM images of (a) the as-synthesized nanosheets, the as-
synthesized nanosheets calcination is perform at the temperature
range of (b) 100 °C, (c) 200 °C, (d) 300 °C, (e) 400 °C,

(f) 500 °C, (g) 600 °C, (h) 700 °C, (i) 800 °C, (j) 900 °C,
(k) 1,000 °C, and (I) 1,100°C.
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20 nm

Figure 4.10 (cont.) TEM images of (a) the as-synthesized nanosheets, the as-
synthesized nanosheets calcination is perform at the temperature
range of (b) 100 °C, (c) 200 °C, (d) 300 °C, (e) 400 °C,
(f) 500 °C, (g) 600 °C, (h) 700 °C, (i) 800 °C, (j) 900 °C,
(k) 1,000 °C, and (1) 1,100°C.

4.2.3 The photocatalytic activity of the as-synthesized samples and the
samples calcination for 2 h at 100 — 1,100 °C.

In this experimental research, the photocatalytic activity is determined using
the I3~ concentration. In figure 4.11, the I3~ concentration of the as-synthesized
nanosheets, give the 60-minute UV light irradiation period, is approximately
3.22x107*M, which is noticeably higher than those of the commercial micro-size TiO,
(white pigment) and the commercial grade TiO, nanoparticles (JRC-01, JRC-03, ST-01
and P-25), whose 5~ concentrations are respectively 0.43x107#, 1.08x10™*, 0.66 x10*,
1.30x10 * and 1.80x10 *M. The samples calcination for 2 h at 100 — 1,100 °C, I3
concentrations are respectively 3.18x10 3.13x10*, 3.06 x10 *, 3.03x10 *, 2.75x10*,
2.73 x107%, 2.67x107%,2.68x107%, 2.72 x107™*, 2.81x10™* and 2.87x10*M. While, The
I3” concentration of the as-synthesized nanosheets, given the 60-minute visible light
irradiation period, is approximately 2.21x10*M, which is noticeably higher than those
of the commercial micro-size TiO, (white pigment) and the commercial grade TiO;
nanoparticles (JRC-01, JRC-03, ST-01 and P-25), whose I3 concentrations are
respectively 0.06x10 . 0.29x10 %, 0.10 x10 *, 0.46x10* and 0.49x10 *M. The samples
calcination for 2 h at 100 — 1,100 °C, I3 concentrations are respectively 2.11x10 %,
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1.88x107%, 1.78 x107%, 1.65x107*, 1.59x107*, 1.57 x10~, 1.50x107*, 1.65x107*, 1.77
x107* 1.82x10 *and 1.85x10 *M. In addition, the distinctive flower-like structure of
the nanosheets contributes to the high photocatalytic activity [13]. The introduction of
mesopore into the titanium-base photocatalyst substantially improved the photocatalytic
performance [6]. After the samples calcination, the nanosheets structure become
unstable and begin to decompose and transform into nanoparticles, that is the cause of
specific surface area decrease and lower photocatalytic activity. At 900 — 1,100 °C,
more anatase TiO, phase is high photocatalytic activity than rutile phase because the
energy position of the conduction band edge of anatase is higher than that of rutile [14-
15,17, 111]. Furthermore, the high proportion of Fe,O3 (9.59%) in the starting material
(i.e. the naturally-occurring magnetic leucoxene) extends the photocatalyst’s response
into the visible region and at the same time improves the oxidation of several organic
compounds, e.g. chloroform, toluene, benzene, alcohols and ethers, as opposed to many
other starting materials that require the iron-doping [111].

The hydrothermally synthesized nanosheets afford us with the advantages of
large specific surface area, confined atomic-level thickness and salient surface-chemical
states, in addition to the distinct mechanical, thermal, electronic and optical properties
[112]. Furthermore, the 2D nanostructured metal oxides could become a building block
for the construction of nano-materials in the fields of photocatalysis [110] and photo-
electrochemistry [109].

Photocatalytic activity
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Figure 4.11 The photocatalytic activity (I3~ concentration) of the as-synthesized
nanosheets, the calcination is perform at the temperature range of
100-1,100 °C, the commercial micro-size TiO, (white pigment) and the
commercial TiO, nanoparticles (JRC-01, JRC-03, ST-01 and P-25).
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4.3 Electromagnetic Wave Absorption Activities
4.3.1 The XRD patterns of the electromagnetic wave absorber plates

The XRD patterns of the electromagnetic wave absorber plates are show in
Figure 4.12. The crystalline structure of the electromagnetic wave absorber plates show
the high crystallinity phase of polyethylene. The amount of crystalline phase of
polyethylene decreases when the amount of the as-synthesized nanosheets increases.
The nanosheets insert between chains of polyethylene affect to more space difficultly
chains orientation cause of decrease crystallinity phase of polyethylene.
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Figure 4.12 The XRD patterns of the electromagnetic wave absorber plates (a) the
magnetic leucoxene mineral and the as-synthesized sample.

4.3.2 The electromagnetic wave absorption activities in gamma (y) ray and x-
ray region of electromagnetic wave absorber coin

The electromagnetic wave absorption activities in gamma (y) ray and x-ray
region of electromagnetic wave absorber coin are show in Figure 4.13. The
electromagnetic wave absorber coin with nanosheets and the commercial TiO,
nanoparticles (P-25) can absorb electromagnetic wave in gamma (y) ray and x-ray
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region from 10 18696 to 642 and 1892 counts per minute were 96.57 and 89.88% of the
initial intensity, respectively. The percentage of electromagnetic wave absorption
activities increase whiles the BET specific surface area increase and the electromagnetic
wave absorption activities of electromagnetic wave absorber can be explained by
material for electromagnetic wave absorber such as TiO,, Fe/TiO, and Fe3O4/TiO, for
electromagnetic waves absorber can absorb electromagnetic waves. [80-81, 87-95].
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Figure 4.13 Electromagnetic wave absorption activities of electromagnetic wave
absorber coin between the synthesized nanosheets and the commercial
TiO, nanoparticles (P-25).

The electromagnetic wave absorption activities in gamma (y) ray and x-ray
region of electromagnetic wave absorber plates at the thickness 0-27 mm are shown in
Figure 4.14. The electromagnetic wave absorber plates with 100 % recycled HDPE can
absorb electromagnetic wave in gamma (y) ray and x-ray region from 10 18,696 to
12,653 counts per minute was 32.32 % of the initial intensity. The electromagnetic
wave absorber plates with 25, 50, 75 and 100 % nanosheets from magnetic leucoxene
mineral can absorb electromagnetic wave in gamma (y) ray and x-ray region from 10
18,696 to 7,567, 5,807, 3844 and 642 counts per minute were 59.53, 68.94, 79.44 and
96.57% of the initial intensity, respectively. The percentage of electromagnetic wave
absorption activities increase while the nanosheets contain increase. The
electromagnetic wave absorption activities of electromagnetic wave absorber can be
explained by material for electromagnetic wave absorber such as TiO,, Fe/TiO, and
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Fes04/TiO; for electromagnetic waves absorber can absorb electromagnetic waves. [80-

81, 87-95].
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Figure 4.14 Electromagnetic wave absorption activities of electromagnetic wave

absorber plates made from different ratios between the recycle HDPE
and the synthesized nanosheets.

The scheme of electromagnetic wave absorption activities are shown in Figure
4.15. The initial electromagnetic wave going from Americium 241 primary source for
gamma (y)-ray and x-ray attack the electromagnetic wave absorber. Some initial
electromagnetic wave had been reflection. Some initial electromagnetic wave hit
particle of minerals has been reflection and multiple reflections to next minerals. Some
electromagnetic wave can be absorption in electromagnetic wave absorber. Some
electromagnetic wave can be transmitted. The transmission electromagnetic wave can
be detected by detector.
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Figure 4.15 Scheme of the electromagnetic wave absorption activities.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

This experimental research has synthesized the nanosheets from the naturally-
mineral magnetic leucoxene under the hydrothermal synthesis condition of 105°C for
24h. The experiment opted for the naturally-mineral magnetic leucoxene as the starting
material due to its high TiO; content (70-80%) and inexpensiveness (USD 0.5/kg).

The analysis results indicated that the magnetic leucoxene mineral is of rutile
phase while the synthesized nanosheets are of titanate structure (H,TixO2x+1) In addition,
the hydrothermal treatment could remove parts of the impurities in the starting material,
including Fe,03, Al,03 Ca0, SiO,, MnO, Nb,Os MgO and SOgs, while increasing the
TiO, content from 79.8 to 83.2wt%. The analysis also revealed that the flower-like
structure of the nanosheets was slightly curved, with 100nm—2um in width and 1-3nm
in thickness. Moreover, the BET specific surface area and the pore volume of the
synthesized nanosheets were respectively 279.8m%g and 0.609cm/g.

After calcination at the temperature range of 300 and 400 °C, the calcined
samples demonstrated TiO, (B). At 500 and 600 °C, the calcined nanosheets revealed a
bi-crystalline mixture consisting of TiO, (B) and anatase TiO,. At 700-1000 °C, the
crystalline structure shows anatase and rutile phase. At 1100 °C, the prepared samples
consisted of a mixture of anatase, rutile phase of TiO,, and Fe,O3 phase. At 100- 200
°C showed sheets—like structure. At 300-1100 °C, the calcined nanosheets became
unstable and began to decompose and transform into nanoparticles. The increasing size
of nanoparticle decreased the specific surface area of the nanosheets, caused by
increasing calcination temperature. More importantly, the experimental nanosheets
achieved the higher photocatalytic activity than did the commercial TiO, nanoparticles
(JRC-01, JRC-03, ST-01 and P-25).

The electromagnetic wave absorber coin with nanosheets and the commercial
TiO, nanoparticles (P-25) can absorb electromagnetic wave in gamma (y) ray and x-ray
region were 96.57 and 89.88% of the initial intensity, respectively. The electromagnetic
wave absorber plates with 100 % recycled HDPE can absorb electromagnetic wave in
gamma (y) ray and x-ray region was 32.32 % of the initial intensity. The
electromagnetic wave absorber plates with 25, 50, 75 and 100 % nanosheets from
magnetic leucoxene mineral can absorb electromagnetic wave in gamma (y) ray and x-
ray region were 59.53, 68.94, 79.44 and 96.57% of the initial intensity, respectively.
The electromagnetic wave absorber plates made from the as-synthesized nanosheets



could be used for the electromagnetic wave absorption activities in gamma (y) ray and
X-ray region.

Recommendations

This research is hydrothermal synthesis, characterizations, and applications of
nanosheets from Thai natural magnetic leucoxene mineral. The future work includes the
development of nanomaterials with unique structures and properties from Thai minerals.
For example, the using of the other minerals in Thailand as the starting materials and
the increasing of reactor size for pilot plant and commercial products. Evaluate these

materials as an electrode in solar cells and optimize the synthesis for this application.
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