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Highly-Pure Titanium Dioxide
nanopowders Synthesized by Eco-
Friendly Solvothermal Method

In this study, titanium dioxide nanopowders were synthesized by solvothermal method
using banana peels as a source for plant extract and titanium isopropoxide as a
precursor. The structural characteristics confirmed that the synthesized nanopowders
have tetragonal crystalline structure containing both anatase and rutile phases of
titanium dioxide. These nanopowders showed high structural purity as no materials
other than titanium dioxide was found according to the x-ray diffraction (XRD) patterns

and Fourier-transform infrared (FTIR) spectroscopy. As well, no elements other than
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titanium and oxygen were found according to the energy-dispersive x-ray spectroscopy
(EDX). The minimum particle size in the synthesized samples was 53.48nm. The
spectroscopic characteristics showed that the prepared nanopowders have reasonable
absorption in the UV region of electromagnetic spectrum (<375nm) and very low

SjR2022 absorption in the visible region. The solvothermal method used in this work can be
0.19 described by low complexity, simple assembly, low cost and high purity production.
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1. Introduction

Nanomaterials are at the leading edge of the
rapidly developing field of nanotechnology. Their
unique size-dependent properties make these
materials superior and indispensable in many areas of
human activity [1]. Nanomaterials could be defined
as a set of materials where at least one dimension is
less than approximately 100  nanometers [2].
Nanomaterials are of interest because at this scale,
unique optical, magnetic, electrical, and other
properties emerge. These properties have the
potential for reasonable impacts in photonics,
electronics, medicine, and many other fields [2]. Two
approaches; bottom-up and top—down, are generally
used to synthesize the nanopowders. The bulk
materials are divided into small particles by top-
down methods. Small particles are aggregates and
form nanoscale range crystals throughout bottom—up
methods [3]. Top-down methods include high-energy
wet ball milling, electron beam lithography, atomic
force manipulation, gas-phase condensation, aerosol
spray, etc. [4]. The bottom-up approach starts from
the atomic level and leads to the formation of
nanostructures with further self-assembly of the
atoms/molecules, whose growth and self-assembly as
building blocks leads to the formation of
nanomaterials with well-defined size, morphology,
and chemical composition. This approach includes
chemical, physical and biological methods [5,6].
Chemical methods often allow synthesis of
nanoparticles in large quantities. Moreover the
possibility of controlling particle size even at
nanometer scale is also possible during chemical
synthesis of nanoparticles [7]. The chemical methods
include oraganometallic chemical route, revere-
micelle  route, sol-gel  synthesis, colloidal
precipitation, and hydrothermal synthesis. Physical
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route or mechanism includes different methods, e.g.,
gas-phase deposition, electron beam lithography,
pulsed-laser deposition or ablation, laser-induced
pyrolysis, powder ball milling, reactive sputtering,
thermal evaporation, electrodeposition, and aerosol
[6]. The biological route includes different methods,
e.g., fungi mediated, algae, bacteria mediated, yeast
mediated, etc. Nanoparticles made by a biogenic
enzymatic process are significantly superior to those
made by chemical methods in various aspects. Even
though the latter methods can produce large quantities
of nanoparticles with a defined size and shape during
short time, they are complicated, outdated, expensive,
and inefficient, and they generate hazardous toxic
wastes that are harmful not only to the environment
but also to human health [6] .

Among the many semiconductor materials,
titanium dioxide or titania (TiO,) has been regarded
as one of the most relevant for photocatalytic
purposes, owing to its exceptional optical and
electronic  properties.  Its  high  level of
photoconductivity, ready availability, low toxicity,
inertness (biologically and chemically) and low cost,
resistance to photocorrosion, high photocatalytic
activity, and biological compatibility [8]. However,
the effectiveness of TiO; as photocatalyst depends on
its crystal phase, impurities, particle size, surface
area, crystallinity and other physicochemical
parameters  that strongly influence charge
recombination and electron/hole trapping [9].

Green synthesis employs a clean, safe, cost
effective and environmentally friendly process of
synthesizing nanomaterials. Microorganisms such as
bacteria, yeast, fungi, algae species and certain plants
act as substrates for the green synthesis of
nanomaterials [10]. Molecules in plants and
microorganisms, such as proteins, enzymes, phenolic
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compounds, amines, alkaloids and pigments perform
nanoparticle synthesis by reduction [11-17]. The
plant extracts including leaves, roots, flowers, and
parks are said to contain many secondary metabolites
which act as reducing, stabilizing, and capping agents
for the bioreduction reactions in the synthesis of
nanomaterials [18-21].

In traditional chemical and physical methods;
reducing agents involved in the reduction of metal
ions, and stabilizing agents used to prevent undesired
agglomeration of the produced nanoparticles carry a
risk of toxicity to the environment and to the cell.
Besides, the contents of the produced nanoparticles
are thought to be toxic in terms of shape, size and
surface chemistry. In the green synthesis method in
which nanoparticles with biocompatibility are
produced, these agents are naturally present in the
employed biological organisms [22].

In this work, titanium dioxide nanopowders were
synthesized by an eco-friendly solvothermal method
using a plant extract (banana peels) and titanium
isopropoxide as a precursor. The structural and
spectroscopic characteristics of the synthesized
nanopowders were determined.

2. Experimental Part

The banana peels and titanium isopropoxide were
used as a reference for the plant extract and
precursors, respectively. Fresh bananas were taken
from the local market and banana peels were cut into
small pieces, washed three times with distilled water
to remove any contaminants and excrement and dried
with drying paper. Then, an 80g of the dried peels
were put in a beaker containing 150 mL of
deionized water. The mixture was heated up to
boiling temperature (100°C) for 20 min. Then, the
boiled mixture was filtered twice using filter paper
(Whatman No. 1).

An aqueous solution was prepared by solving
1ml of titanium isopropoxide (C12H2804Ti) in 10ml
of deionized water. The aqueous solution is placed
on the hotplate stirrer (40°C) for 10 min. Then, 50
ml of the extracted solution of banana peels was
added to the aqueous solution as drops while
keeping stirring for one hour. The mixture was
filtered twice using filter paper (Whatman No. 1) to
separate the formed nanopowder. These filtered
nanopowder were washed twice with distilled water
to remove any residuals from the previous mixing
process and reaction step. The separated
nanopowder was dried by heating up to 100 °C for
24 hours and bleaching by using (KOH) to remove
organic residues stuck on the nanopowders during
the preparation process. Figure (1) shows
schematically the experimental procedure.

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

Vol. 20, No. 2B, May 2024, pp. 381-386

Washing and fitering twice /ﬁm ey
40C; 1 0min =]

wie  gp® ‘L 3
5) stir using magnetic bar {8 —

&=

Fig. (1) The experimental procedure used in this work to
synthesize TiO, nanopowder

The structural characteristics of the synthesized
nanopowders were determined by x-ray diffraction
(XRD) patterns using a Bruker D2 PHASER XRD
system (Cu-Ko x-ray tube with A=1.54056A), the
surface morphology was determined by an Inspect
F50 field-emission scanning electron microscope
(FE-SEM), the elemental constitution was
determined by energy-dispersive X-ray
spectroscopy (EDX), the formation of molecular
bonds and their vibrations were determined by
Fourier-transform infrared (FTIR) spectroscopy
using a SHIMADZU FTIR-8400S instrument, and
the absorption spectra were recorded using a K-
MAC Spectra Academy SV2100 spectrophotometer
in the range of 300-800 nm as the synthesized
nanopowder was immersed in a transparent viscous
host as a reference.

3. Results and Discussion

Figure (2) shows a photograph of TiO;
nanopowder sample synthesized in this work by
solvothermal method and figure (3) shows the XRD
pattern of this sample. Obviously, 21 peaks are seen,
which belong all to the TiO»; 15 of them for anatase
(A) phase and 6 for rutile (R) phase. This is why the
TiO, nanopowder referred to as mixed-phase and
tetragonal crystalline structure [23,24]. The formation
of rutile phase cannot be avoided even much more
care is considered during the formation of
nanopowder as heating steps are necessarily required.
The crystallite size (D) was determined for all peaks,

as shown in table (1), by Scherrer’s equation as [24]:
_ 094

BcosO
where A is the wavelength of x-rays (1.54A), 0.9 is a
constant, B is the full width at half-maximum
(FWHM), which was given by the software of the
XRD instrument
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Fig. (2) Photograph of TiO, nanopowder synthesized by
solvothermal method
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Fig. (3) XRD pattern of synthesized TiO, nanopowder

Table (1) Determination of crystallite size for the synthesized
mixed-phase TiO, nanopowder

Peak no. 20 (deg) D (nm) Phase
1 252723 1.23 A
2 27.4066 1.71 R
3 36.0501 1.91 A
4 36.9171 1.29 R
5 37.7662 1.22 A
6 38.5467 1.6 A
7 39.1683 1.85 A
8 41.2124 1.94 A
9 44.0255 2.05 R
10 48.016 1.32 R
11 53.8677 1.11 A
12 54.2986 2.11 R
13 55.0386 1.33 A
14 56.6053 18.6 R
15 62.681 1.23 A
16 64.0264 2.07 A
17 68.9473 1.21 A
18 69.7733 1.99 A
19 70.254 1.06 A

20 75.0219 1.19 A
21 76.0538 0.96 A

Figure (4) shows the FE-SEM image of TiO;
nanopowder synthesized in this work. The
nanopowder sample clearly contains different sizes
and the smallest particle size is 53.48 nm, but the
difference is not big enough. The sample is
considered to be non-uniform. As well, aggregation is
apparent, which is unavoidable in any preparation
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method or technique that includes formation
processes based on thermally-activated chemical
reactions [23].
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Fig. (4) FE-SEM images of synthesized TiO, nanopowder with
two different magnification powers

Figure (5) shows the EDX results of the TiO;
nanopowder synthesized in this work. The color
mapping images (Fig. 3a) show that the volume
density of Ti atoms is higher than that of O, which is
confirmed by the elemental weight analysis (56.7%
Ti vs 34.7% O). This can be attributed to the
difference in atomic radius between titanium and
oxygen. Furthermore, the atomic percentages of both
elements (Ti and O) are comparable (29% and 53%,
respectively). These results show that the synthesized
nanopowder certainly contains stoichiometric TiO;
compound.

Figure (6) shows the FTIR spectrum of the TiO;
nanopowder synthesized in this work. There are three
distinct peaks centered at 409, 447 and 667 cm™
belonging to the vibrations of the TiO, molecules in
the TiO; lattice; bending, asymmetric and symmetric
modes, respectively [25]. As well, two bands at 1620
and 3450 cm™ are clearly seen and they are attributed
to the vibration modes of O-H bond. The two possible
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sources for the OH molecules are (1) the aqueous
solution included in the synthesis route, and (2)
adsorption of water molecules from the environment

when the synthesized sample is exposed to the
atmosphere [24,26].
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Figure (7) shows the UV-visible spectrum of the
synthesized TiO, nanopowder in the spectral range of
300-800 nm. It is clear that the sample exhibits high
absorption in the UV region (<375nm) and very low
absorption in the visible and near-infrared (NIR)
regions. Such behavior is a characteristic of TiO; as
its photocatalytic activity is induced by the absorption
of UV radiation. Figure (8) shows the determination
of energy band gap (Ey) of the TiO, nanopowder
sample synthesized in this work. The value is about
3.14 eV, which lies in the range of energy band gap

of mixed TiO; structures (3.0-3.2eV).
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Fig. (5) EDX result of synthesized TiO, nanopowder (a) color
map distribution, (b) EDX spectrum and elemental analysis
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Fig. (6) FTIR spectrum of synthesized TiO, nanopowder
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Fig. (7) UV-visible spectrum of synthesized TiO, nanopowder
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Fig. (8) Determination of energy band gap of the synthesized
TiO, nanopowder sample

4. Conclusions
The mixed-phase titanium dioxide nanopowders
were synthesized by an eco-friendly solvothermal
method. The structural characteristics confirmed that
synthesized nanopowders have tetragonal
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titanium dioxide. The minimum particle size is
53.48nm with inevitable aggregation of the
nanoparticles. The prepared nanopowders have
reasonable absorption in the UV region of
electromagnetic spectrum (<375nm) and very low
absorption in the visible region. The energy band gap
of the synthesized samples was determined to be
3.14eV, which agrees with the standard range of
energy band gap of mixed-phase TiO, structures (3.0-
3.2eV). The solvothermal method used in this work
can be described by low complexity, simple
assembly, low cost and high purity production.
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