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Abstract. Titanium dioxide (TiO2) is an uncommon class of metal oxides that are generally utilized in
an assortment of photograph catalysis applications and items in the natural and vitality, including self-
cleaning surfaces, hydrogen development and sun(solar energy) oriented vitality conversion. Herein,
impact of strengthening treatment on the structure and morphology of TiO2 (P25) was evaluated.
Powder X-ray diffraction, examining electron microscopy, transmission electron microscopy (TEM) and
X-ray photoelectron spectroscopy investigation were led to assign the development and portrayal of
the auxiliary, substance piece and morphology of TiO2.The strengthening temperature influences the
crystalline measurements, structure and the morphology of the samples. Strengthening temperature
of 500◦C is an ideal vale to keep up an exceptionally steady crystalline morphology and all around
characterized particles of TiO2 (P25).
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1. Introduction

Recent era, vitality requests have prompted surge because of populace development and
industrial improvements. The regular vitality sources like coal, oil and petroleum gas are
more dominant with over ∼80% of the world utilization while the sustainable power sources like
geothermal, solar, wind, hydro, and biomass add to under ∼20% of the vitality usage [19,20].
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To support this enormous scale vitality demands, it is critical to improve the efficiencies of
all vitality age processes. Notably, environmental helps of sustainable power source advances
are hard to consider regarding cost of investment funds through less contamination and less
harm to the earth and sustainable power sources are frequently restricted for business utilize
inferable from their discontinuous availability [21].

One of the promising innovations to create clean hydrogen is photo catalytic water splitting.
The utilization of photo catalysis to use such plentiful and safe sun (solar energy) powered
vitality is tremendously wanted and basic to support life. Photo catalysis is characterized as the
synthetic response initiated by photograph radiation within the sight of a catalyst,called photo
catalyst [5, 6, 8]. As of late, TiO2 is the most investigated semiconductor material for photo
catalytic applications because of its wide band hole, synthetic solidness, minimal effort and
non-toxicity [7,22]. Titanium (IV) oxide is regularly known as TiO2 is one of the great many
exacerbate that are the most helpful in our day by day schedules. It is notable that TiO2 is
outstanding amongst other material for impetus and photo catalyst. Titanium dioxide happens
in three unique structures normally: anatase, rutile and brookite. TiO2 having an anatase
structure which can be framed at lower temperature is known to be helpful for photocatalysis
with reaction to bright photons and it assumes a predominant job in bearing viable use of
sunlight based vitality dependent on the photovoltaic and water parting devices [13,17]. Recent
days, there are a few strategies have used to advance the photo activity of anatase-TiO2

systems. Besides, the morphology of the TiO2 arranged by different systems is a critical factor
in photo catalytic forms as a result of its nearby connection to warmth and mass exchange
and surface response. Improvement of P25 based strong state gadgets is a financially mean to
upgrade the communalization of different sustainable power sources. Ordinarily, the physical
properties of TiO2 material are extraordinarily impacted by the strategies for testimony and
strengthening temperatures [2]. The toughening temperature is the center factor that influences
the arrangement of TiO2, through morphology and crystallinity. Quite, TiO2 has been integrated
by different systems, for example, sol-gel method [1], RF magnetron sputtering [12] and shower
pyrolysis method [14]. Among these strategies, nobody report was accessible to manage the
crystalline nature and morphology of P25 (Degussa) TiO2. Hence, in this present examination,
changes in basic and morphological investigation during strengthening process was talked
about in detail in wording of pre-and post-warm toughening (in air over the temperature scope
of 200-500 ◦C) conditions utilizing X-beam diffraction (XRD), Field Discharge Filtering Electron
Magnifying Instrument (FESEM), Transmission Electron Microscope (TEM), FTIR and X-beam
photoelectron spectroscopy.

At this present work, we report to a Monetarily accessible TiO2(Degussa) obtained from
sigma and afterward the powders were dissolved in methanol/water equivalent proportion
pursued by strengthening in air at different temperatures running from 200 to 500 ◦C with a
stage of 100 ◦C for a fixed time for 2 h. Structure of pristine and annealed TiO2 were determined
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by X-Ray Diffraction (XRD) patterns at room temperature using Rigaku X-ray diffraction (XRD)
with Cu-Kα radiation. Size and surface morphology were investigated by JSM 6500 F thermal
field emission scanning electron microscope (FE-SEM) and JEOL JEM 2100 F Transmittance
Electron Microscope (TEM). XPS experiments were performed on aThermo Scientific K-alpha
X-ray Photoelectron Spectroscopy (XPS) instrument. The functional groups identification of
pristine and annealed TiO2 was analyzed by FTIR using Thermo Scientific Nicolet instrument.

2. Results and Discussion

Structural Identification by XRD Analysis

The gem structure of the immaculate and toughened TiO2 tests have been characterized
utilizing powder X-beam diffractometer. The XRD pattern of immaculate and tempered TiO2 is
given in Figure 1. The XRD design has recorded in the 2θ scope of 10 to 80 ◦ with the CuKα

radiation (λ= 1.54 Å). The recorded XRD design shows that the samples are polycrystalline
in nature. The watched d-separating of arranged samples are for the most part coordinated
with the standard pattern of anatase TiO2 (JCPDS No. 01-084-1285) which takes shape in the
tetragonal gem framework. Alongside anatase crystalline XRD tops, minor tops from rutile
TiO2 are additionally observed (JCPDS No. 21-1276). Weak power for the immaculate sample
proposes the nearness of some indistinct stage. The crystallinity of the material tends to increase
with the expanding toughening temperature which is affirmed by the sharpness and power
variety of the diffraction tops. At low strengthening temperature,the vanished species having
little vitality and consequently have a low surface portability, causing a less arranged surface
structure. The lowmobility of particles anticipates total crystallization of the sample because
of absence of warmth required for pyrolysis. However, on toughening at high temperature,
atoms acquire sufficiently high versatility to order themselves in a progressively crystalline
arrangement [18]. Toughening at high temperature; anatase stage will in general reason an
expansion in the crystallite size as expected. The rutile top has been essentially diminished
with expanding strengthening temperature, yet it is likewise discovered that rutile stage begins
developing at 500 ◦C. As we increment the temperature to advance precious stone development
in anatase TiO2, which regularly brings about grain development and conceivably change to the
rutile structure [3]. The flawless example likewise indicated great crystallinity with no critical
distinction with the toughened samples. It can be inferred that the crystallization of the TiO2

happened during the annealing process. XRD results affirmed that TiO2 created are stable
anatase tops with the little crystallites of rutile stage in the contemplated tests arranged by
splash pyrolysis method. From the writing, it is additionally recommended that a blend of the
two crystal phase’s stages can prompt an upgrade of the photo catalytic action.
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Figure 1. XRD pattern of pristine (denoted as as-prepared) and annealed TiO2 at different temperatures

Surface Morphology Analysis

It is outstanding that, the quality and properties of the TiO2 by and large relies upon the
procedure parameters. The surface morphology assumes a crucial role in photo catalytic
utilizations of titania [24]. The need is to hinder the grain development of titania during
tempering as this gives a higher surface territory and consequently improved performance
[23]. Figures 2-4 indicating the micrograph pictures of unadulterated TiO2 and strengthened
TiO2 tests at various temperatures 200 ◦C, 300 ◦C, 400 ◦C and 500 ◦C, respectively. As appeared
in Figure 2(a-b), it is likewise noticed that the purchased TiO2 are not homogenous, uneven
spherical, level grains are observed and little crystallites [16]. At temperature ∼200 ◦C the
sample demonstrated still wealthy in solvents which brings about anxieties and consequent
cracking (Figure 2(c-d)). It is recommended that strengthening temperatures can alter the
dissipation pace of the natural substances which brings about more vanishing and expanding
the crystalline nature with porous [25]. The grain size and morphology of the samples improved
with the expanding strengthening temperatures at 300 ◦C. The particles of various shapes
and sizes are framed attributable to lacking temperature for its uniform development which
is found in Figure 3(a-b). However, in Figure 3(c-d) the FESEM micrograph got at 400 ◦C
uncover a consistently dispersed particles having top permeable layer with thick base over the
huge territory. As temperature is expanded, kinetic energy of particles were expanded, and
consequently have a low surface pressure, causing a bigger surface zone and with permeable.

Additionally, at 500 ◦C fractal like permeable structure of TiO2 particles is seen as appeared
in Figure 4. The SEM and TEM pictures of strengthened TiO2 at 500 ◦C plainly exhibit the
formation of molecule become over the scope of 50-100 nm. The crystalline nature, surface
morphology and porosity of the sample appeared to increment essentially as the toughened
temperature increases [15]. The charge bearer versatility unequivocally relies upon the nature
and region surface, where the photocatalytic response takes place [4,9]. As a result, toughened
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at 500 ◦C example uncovered a decent homogeneity with some porosity and enormous surface
region which are beneficial for photo catalytic applications.

 

 

 

 

 

 

 

 

 

 

Figure 2. SEM images of (a-b) pristine and (c-d) annealed at 200 ◦C TiO2 (P25)

 

 

 

 

 

Figure 3. (a-b) and (c-d) are the SEM images of 300◦C and 400◦C annealed TiO2 (P25) respectively

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. (a-b) and (c-d) are the SEM and TEM images of 500◦C annealed TiO2 (P25) respectively
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XPS Studies

Quantitative XPS analysis was performed on the pristine and annealed TiO2 samples and
its typical survey spectra is given in Figure 5. The survey spectra of the prepared samples
contain Ti2p and O1s peaks of the Titanium dioxide. From the XPS survey scan, the Ti 2p1/2

and Ti 2p3/2 spin-orbital splitting photoelectrons for all samples are located at binding energies
of 465.12 and 459.52 eV, respectively. The peak separation of 5.6 eV between the Ti 2p1/2 and
Ti2p3/2 peak values are in good agreement with the reported values [10,11]. Besides, the O1s
peak is observed at 530.26 eV. The survey spectrum of TiO2 contains C1s peaks in addition to
the Ti2p and O1s peaks confirming the presence of surfactant from the precursor or the carbon
tape or contamination during testing.

 

0 500 1000

In
te

n
si

ty
 (

a.
u

)

O1s

Ti2p

 

 

 500
 400
 300
 200
 as

C1s

Binding energy (in eV)

Figure 5. XPS spectra of pristine TiO2 and it annealed at different temperatures

3. Conclusion

TiO2 (P25) possessing the anatase structure along with small crystallites of rutile phase. It is
observed that the crystallization occurred during thermal treatment process. The crystalline
nature of the TiO2 (P25) enhanced with annealing at high temperatures. The investigations
demonstrated that the temperature effect is a suitable method to increase the crystalline nature
and morphology of TiO2 (P25) at 400-500 ◦C, which is beneficial for catalytic and photocatalytic
activities. The information’s obtained from the XPS core levels spectra of TiO2 (P25). In recent
years, several semiconductor materials and photocatalytic systems have been developed. Up to
now, the highest photocatalytic activity has been reported for anatase or anatase/rutile mixed
phases. We believe that, our present study will promote the new path way to enhance the
structural and morphological aspects of energy conversion and storage materials.
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