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Abstract

TiO2 and TiO2-Al203 nanoparticles were synthesized via sol-gel method using
hydrolysis of Titanium tetraisopropoxide (TTIP) with ethanol and water mixture as
titania source. TiO2-Al203 Nano-composite was successfully synthesized using the
sol-gel technique. Tetraisopropoxide and aluminium isopropoxide were used to
prepare TiO2-Al203. All prepared samples calcination were conducted at different
temperature (400 to 700) °C. The synthesized TiO2 and TiO2-Al203
nanocomposites were then characterized by XRD, AFM, BET surface area, SEM,
XRF. XRD, the analysis showed that the presence of alumina (Al203) in the TiO2
has an effect on crystal size, particles size, surface area, and crystal phases; The
XRD result revealed that the prepared TiO2 nanoparticles were anatase phase at
4000C, and 5000C, and transformed to rutile from 6000C to 7000C, but after
addition of alumina TiO2 was of anatase phase, without any rutile at all calcination
temperatures, also, the addition of alumina leads to a significant decrease in the
crystal size, particles size, especially at high temperatures while the surface area of
pure titanium was increased, and this corresponds to the results of the AFM and
SEM. The best-obtained surface area was 355.18 m2/ gm. with 34.98 nm of average
particle size at 5000C in comparison with pure nano titanium dioxide.
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Introduction

Metal oxide-based nanoparticles (MONPs) can adopt different structural geometries;
therefore, it can exhibit versatile and potential applications in different areas including
electronics, optical and life science in general such as; insulator and semiconductor
character. Also, nanoparticles metals have unique physicochemical characteristics, when
are comparing with bulk materials counterparts because of their "restricted"” surface of high
density and size [1].

Therefore, surface effects and interface effects become more important [2].
Technologically, oxides are used in piezoelectric devices, the fabrication of
microelectronic circuits, fuel cells, sensors, and coatings for the passivation of surfaces
against corrosion. And some of the metals oxides such as Fe, Co, Ni, Cu and Zn have many
remarkable applications, including solar energy transformations, electronics, magnetic
storage media, catalysis and semi-conductor [1].

In the promising field of nanotechnology, the main objective is to make nanostructures or
nanoarrays with unique properties respecting those of single or bulk particle species [3].
Different metal oxide nanoparticles were used in the oil and gas industry in various fields
such as filler or additive in drilling [4], enhanced oil recovery [5], and catalyst [6]. Among

various kinds of metal oxide nanoparticles, the most commonly used are including Fe,0s,
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Si0,, Al;03, MgO, ZrO,, CeO,, TiO,, and ZnO [7]. These metal oxides are generally used
as active metals (Mo and W) support in hydrodesulfurization, like TiO,, ZrO, showed
prominent activity, but some disadvantages are prevented their commercial exploitation
like limited thermal stability, inappropriate mechanical properties and reduced surface area
and low thermal stability. Many methods are used to overcome these disadvantages such
as; mixed oxides to get the benefit of preferred features for both systems like mixed with g-
Al;O3, also some systems research to get understand the function of support in the
reactions of hydrotreating such as mixed with SiO,, MgO, ZrO,, and B,03 [8].

Titanium dioxide (TiO;) has many properties such as chemical stability, low cost, easy
handling, non-toxicity, and environment-friendly, this made it of great importance in the
field of technology applications. Therefore, a lot is being driven to perform researches
varied from the applications of energy to environmental ones that are dealing with catalytic
features in these wide fields. TiO, is a semiconductor with a wide bandgap; it is exhibiting
resistance to erosion in its two types of chemical and photochemical. These features make
TiO, a substance widely used in chemical sensors, solar cells, hydrogen gas production,
also as pigments, self-cleaning surfaces, and application of environmental purification [9].
Sulfur compounds are one of the most common impurities in crude oil which is widely
used as transportation fuels such as gasoline, diesel and jet fuels [10].

Residual sulfur species in fuels will lead to the emission of sulfur oxide gases naturally,
these gases react with water in the atmosphere to form sulfates and acid rain which can
damage buildings, destroy automotive paint finishes, acidifies soil and ultimately lead to
the destruction of forest and various other ecosystems [11]. Automobiles are also adversely
affected by the presence of sulfur species in the fuels as the sulfur species have a profound
effect on the efficacy of catalytic converters [12]. There are many processes applied to
reduce sulfur content in refined petroleum liquid hydrocarbons [13]. The
hydrodesulfurization method (HDS) is one of the most important and efficient methods of
removing sulfur compounds from a petroleum stream [14], [15]. The y-Al,O3 supported
with Mo Oxide catalysts and promoted with Co or Ni is still used extensively in the
process of sulfur compounds removal in the refining industry, y-Al,O3 is very important
among other phases because of its structure that possesses a high surface which gains the
focus for many chemical and petrochemical separation processes and catalysis [16].
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In recent years, many stringent environmental regulations have been issued, and this has
led to an increased need for hydrodesulfurization (HDS) catalyst that is more active,
effective, and different from the standard sulfide catalyst. Titanium oxide (TiO,) is good
new support for hydrotreating (HDT) catalysts [17], it improves the performance of
catalyst for many reactions, such as dehydrogenation [18], [19], hydrodesulfurization [20],
water-gas shift, and thermal catalytic decomposition [21]. But TiO; has the disadvantages
of presenting poor thermal stability, a low value of a surface area, and bad mechanical
properties.

There are several methods followed by some authors to overcome these disadvantages
such as the grafting of TiO, with g-Al,O3, SiO,, etc. TiO, with other mixed oxides to be
formed such as SiO;, Al,O3, and ZrO,. TiO,—-Al,O3 are among these mixed oxides systems
that have received maximum attention while many researchers also studied TiO,—ZrO, and
TiO,-Si0; is relatively less studied [22]., and an important requirement for improving the
TiO, catalytic activity is to increase its specific surface area, this property is increased
considerably through the high surface-to-volume ratio of the nanoparticles. (Nano-object
with all three external dimensions in the Nanoscale or nanoscale, the size range for
approximately 1nm to 100 nm) as compared to that of microparticles [23].

Authors in [24] were proposed TiO,—Al,O3; mixed oxides as catalyst support. TiO,—Al,03
mixed oxides were prepared by sol-gel route using titanium and aluminium isopropoxides,
chelated with acetylacetone to promote a similar hydrolysis ratio for both the alkoxides.
The surface area was superior to 200 m? /gm. and mean pore size of about 1nm. These
characteristics of porous texture are preserved after firing at 673 K. The diffraction patterns
of sample fired above 973K showed only the presence of anatase crystalline phase. The
crystalline structure of the support remained unaltered after molybdenum adsorption, but
the surface area and the micropore volume were drastically reduced.

The mesoporous TiO, from high specific surface area nanosheets was prepared by Athapon
Author in [25], using a simple hydrothermal method at 120 °C of 12 h using an autoclave
unit (Thai made). The shape, size by TEM, crystalline structure by XRD, BET-specific
surface area and photocatalytic activity of the prepared samples were investigated. The
specific surface area, average pore diameter and pore volume were 360.28 m% gm., 3-5 nm

and 0.275cm®/gm. respectively. This work showed that the calcined nanosheets higher
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photocatalytic activity than those of the as-synthesized sample and the commercial nano
TiO, powders (P-25, JRC-01, JRC-03). Also, this synthesis method provided a simple
route to fabricate nanostructures TiO2 with high photocatalytic activity. Mehdi Karimi et
al. (2013) [26] are synthesized High purity titanium dioxide (TiO;) nanoparticles via the
sol-gel method with surface area relatively 75.64m2/g, using titanium tetra-isopropoxide
(TTIP), and synthesized material was used as a photocatalyst for the removal of
mercaptans from gasoil. The XRD analysis showed that the product was TiO;
nanoparticles in anatase form. The crystalline phase product was composed of fine particles
with dimensions between 17 and 20 nm. The result showed that up to 78% of the

mercaptans in gas—oil was removed using the synthesized TiO, photocatalyst.

The aim of this study is the preparation of TiO,, and TiO,-Al,O3 nanoparticles via a sol-gel
technique, also this work focused on the effect of alumina addition on the crystal size,
particles size, phase transformation, and surface area, as well as the effect of temperature on
the properties of pure titanium and its comparison with TiO,-Al,03; mixed oxides. Where

many uses and applications of nano titanium oxide are based on these properties.

2. Experimental

2.1 Synthesis of titanium dioxide nanostructures (TNPs) by Sol-Gel route

Synthesis of TiO, nanoparticles was accomplished by the Sol-gel route [27], making use of
titanium tetra isopropoxide (TTIP), Ethyl alcohol (EtOH), HCL (36%), and distilled water
as the starting materials. Preparation of solution (A) was made by using [TTIP: EtOH: H,0:
HCI] of volume ratio that was selected as (1:7:0.35:0.07). Titanium tetra isopropoxide Ti
(OCH (CH3)2)4 with (7 ml) was dissolved in (30 ml) of Ethyl alcohol at room temperature.
In the meantime, a little volume of concentrated HCI (0.5 ml) was mixed with (20 ml) of
anhydrous ethanol in addition to (2.5 ml) of water for preparing the solution (B). Solution
(A) was thereafter dropwise added to the solution (B) under strong stirring for 30 min.

A homogeneous mixture solution was obtained after vigorous stirring for a period of 2
hours, where a sol was generated. After 24 hours, finally, the sol was converted into a gel to
obtain nanoparticles, centrifugation process was used to separate the product at (5000 rpm

for 15 min) which was finally dried at 100°C for 24 hours to ensure removing residual
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organic material and water. The dried gel was annealed at 400°C for 4 hours (heating
rate=3°C/min), to acquire the desired TiO, NPs.

2.2 Preparation of nano TiO,-yAl,O3

The TiO,-yAl,O3 was prepared through the sol-gel process previously reported by Wenjie
Zhang et al. (2015) [28]., with modifications in starting materials, molar ratio, and
calcination temperature. Titanium (IV) tetra isopropoxide Ti (OC3H7), and aluminium
isopropoxide (CgH»;AlO3) were used as a precursor for preparing alumina-titania
nanopowder. preparing solution (A) was implemented by adding (3gm.) of aluminium
isopropoxide to (50 ml) of isopropanol with stirring for 10 min., and then (12.5 ml) of
titanium (IV) tetra isopropoxide was added to aluminium isopropoxide solution with
stirring at (600 rpm) for 30 min. Meanwhile, (1 ml) of concentrated Hydrochloric acid
(HCI) was mixed with (30 ml) of isopropanol and (10 ml) of deionized water to prepare the
solution (B). Solution (A) was subsequently added gradually to the solution (B) under
vigorous stirring within 30 min.

After stirring vigorously for 4 hours a homogeneous solution was obtained, and a sol was
formed. After 48 hours of ageing time, the sol was finally transformed into a gel.
Centrifugations at (5000 rpm for 15 min) were used to separate the product and obtain the
nanoparticles. Then the product was subjected to drying at 100°C for 24 hours to ensure
removing the water and residual organic material. The dried gel was annealed at 500°C for

3 hours (heating rate=3°C/min), to acquire the desired TiO,-yAl,O3 nanoparticles.

3. Result and Discussion

3.1 Characterization of TiO, and TiO,-Al,O3; Nanoparticles (TNPs)

3.1.1 X-Ray Diffraction (XRD)

The identity of the titanium dioxide (TiO;), TiO,-Al,O3, nanoparticles prepared at
different temperature (400,500,600, and 700) °C that was determined by the X-ray

diffraction technique.

The XRD pattern of the TiO, is observed to be in good agreement with the well-known
reference pattern (JCPDS 21-1272) of TiO, [29]. Some researchers used the Scherrer
equation to calculate particle size where the equation measures crystallite size [30].

D=KA/(BCOSO) ......cevervinnnn. (1)
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In Figure (1) (a and b) (calcined at 400°C and 500°C) respectively, we can observe the
formation of a single-phase and crystalline anatase with the sharp peak at 26 = 25.29° and
six small peaks at 20 =38.095°, 48.111°, 53.990°, 55.373°, 62.770°, and 70.542°.

It should be noted that only anatase TiO; [29], and there is no peak present assigned to the
rutile phase (20=27.360 °) [31]. The peaks of the sample that was sintered at 500° C
become much sharper revealing the formation of larger crystallites of anatase and the
enhancement of crystallization.

It can be concluded from the calcination of 600°C Figure (1, c) a rutile phase was formed,
and the peaks become sharper as the temperature of calcination is increased. This agrees
with previous experiments [32]. In addition to the peaks of TiO, anatase, the peaks of TiO;
rutile are found at 20 = 27.528° 36.142° and 41.339° and all peaks of TiO; rutile are in
good agreement with the JCPDS card #75-1753 [33]. This suggests that at a temperature of
about 600°C there is a phase transition from anatase to rutile which is in agreement with
the last experiments. The TiO, anatase phase still exists in the sample at 600°C and 700°C.
At 700°C [32] Figure 1(d) peaks of the rutile phase are become very strong and sharp at
20= 27.210° 27.433° 35.789° 35.985° and 41.095°, with weak peaks for the anatase
phase at 20=25.269°, and 48.057° [34].
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Fig. (1) XRD for TiO,, (a) at 400°C (b) at 500°C (c) at 600°C (d) at 700°C.
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Crystallite sizes of anatase and rutile phases are listed in Table (1). It is seen that the
crystallite size of pure TiO, of the anatase phase increases with increasing calcination
temperatures from 400°C to 700°C [35]. That is because the particles' growth is induced
by an increased temperature [32].In single-phase anatase, the size of crystals increases
from 9.24 nm to 12.03 nm when calcination temperatures are raised from 400°C to
500°C. The anatase phase is transformed to the rutile phase and rutile phase peaks appear
at temperatures of between 600°C and 700°C and the crystallite size of more than 30 nm
[34, 35].

Table (1) Crystallite sizes of anatase and rutile phases

Calcination temperature Crystallite size for TiO, Particle size  Surface area
(°C) (hm) (hm) (m?/g)
Anatase Rutile
400 9.20 - 32.50 104
500 12.03 - 40.38 96
600 32.40 24.58 44.70 76
700 37.22 42.60 58.40 47.75

The XRD patterns of TiO,-Al,03 (63% TiO,, 32% Al,O3) mixed oxide prepared by sol-
gel method calcined at (400, 500, 600, and 700) °C are shown in Figure 2(a- d).
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Fig. (2) XRD for TiO,-Al,Os (a) at 400°C (b) at 500°C (c) at 600°C (d) at 700°C.

Through the XRD of TiO,-Al,O3 and its comparison with pure titanium, it was
observed that the peaks in titanium were less wide, this refers that TiO, is a highly
crystalline product, also has a low surface area [36]. With the decrease in the amount
of titanium by adding of y-alumina (Al,Os3) for preparingTiO,-Al,03 mixed oxide,
observed broader diffraction peaks, this means that the crystal size of titanium starts
to decrease with the decrease in TiO; content in TiO,-A1,03 mixed oxide, meaning
that alumina prevents the growth of crystal for titanium [36, 37], as it can be seen in
table 2. The peaks' intensity increases as the temperature increase, while their width
decreases [17]. Only the diffraction peaks of anatase appeared at all calcined
temperatures from 400° C to 700°C, this means that no phase transformation had
occurred [37]. Figure (3) showed the Effect of adding Al,O3 on crystal size for TiO,

at different temperatures.

40 —o—Ti02 —m—Ti02-Al203

30

20

Crystal Size, nm

10

400 500 600 700
Temperature ° C

Fig. (3) Effect of adding Al,O3 on crystal size for TiO, at different temperatures.
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Anatase TiO, typical peaks are present at 20 = 25° 38° 48°, and 54°, at temperature
(400,500,600,700) °C, besides, some of the typical reflections of poorly crystalline y-
alumina can be seen at a calcined temperature 400°C and 500°C which can be observed
at the 20 = 37°, 46°, 66°, and 67° [38]. At the same time, the peak intensities of anatase
TiO; are diminished obviously with the loading y-alumina of (32 wt. %). This refers
that there is a considerable modification effect on TiO, support with the presence of y-

alumina, which is obviously in line with the surface area results [38].

Table (2) Average crystal size, particles size, and surface area of the prepared

particles
Temperatures °c Crystal size (nm) Particles size (nm) Surface area
(m?/gm.)
400 8.90 29.00 171.54
500 10.80 34.98 355.18
600 13.10 40.56 162.22
700 16.30 46.69 148.40

3.1.2 Scanning Electron Microscope (SEM)

The precursor TiO, nanoparticles morphologies and particle size distribution at different
calcination temperatures (400, 500, 600, and 700) °C obtained by the sol-gel method is
indicated in the SEM micrographs as shown in Figure (4). The obtained SEM images
revealed that the particles of synthesized TiO, samples were in the range of nano size, at
temperature 400°C particle-sized TiO, samples consist of (32.5) nm spherical particles as
shown in figure 4a. When the temperature increases, the sizes become bigger and the
agglomeration becomes significant.

It was observed that the large particle size is obtained at higher calcination temperatures,
the particle size (58.4) nm is for the samples calcined at 700°C [32]. Figure (4d). The
obtained results are in good agreement with XRD results showing that the particle size of
the rutile phase is greater than that of the anatase phase due to the aggregation of

nanoparticles with increasing calcination temperature.
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Fig. (4) SEM for TiO, (a) at 400° C  (b) at500° C (c) at 600° C (d) at 700° C.

The surface morphologies of TiO,-Al,O3 composite materials for different calcination
temperatures (400, 500, 600, and 700) °C obtained by the sol-gel method are shown in
Figure (5). The obtained SEM images indicate that the particles of synthesized TiO,-
Al,O3 samples were in the nano-sized range. The Scherer equation has been used to
measure the crystallite size of the composite titania-alumina nanoparticles [39]. For all
calcination temperatures (400,500,600,700) °C the crystal, and particle size for
composite TiO,-Al,O3 decreases when compared with pure TiO,, at the same time
they are increased with an increase in temperature [36], [39] as shown in Table (2),
that may be due to the addition of alumina that can inhibit the aggregation of TiO,
particles [37].
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Fig. (5) SEM for TiO,-Al,O3 mixed oxide (a) at 400°C (b) at 500°C (c) at 600°C
(d) at 700°C.

Surface morphology is very important for the activity of the materials, and some
properties can provide more active centers such as rough and structured surfaces with
high surface area [40]. The chemical composition of the samples was analyzed by XRF

the results indicated the chemical composition was 32% Al,O3, 64% TiO..

3.1.3 Atomic Force Microscopy (AFM)

The atomic force microscopy (AFM) technique was used to find the distribution of
average particle size, and shape of the surface. The AFM images in three dimensions
and distribution of average particle view of TiO, nanoparticles at different temperatures
(400, 500, 600, and 700) °C, are shown in Figure (6, a - d) respectively.
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The average particle size of the prepared nano titania was in the nanoscale for all
experiments. Increasing the calcination temperature from 400°C to 700°C leads to an
increase in the particle size from 32.89 nm to 63.76nm. Increasing the calcination
temperature from (400-700) °C leads to large changes in topography and roughness of
the TiO, due to increasing the particle size of nano TiO, form, and to the phase shift of
titanium anatase to rutile [32]. Table (1) shows the AFM (3D) images show that the
temperature affects the size of TiO, grains significantly. At 400°C annealing
temperature, Figure (6a), the surface morphology indicates a fine structure with a small
grain size in the anatase phase. However, at 700°C (fig. 6d), larger TiO; crystal grains
are observed [41]. The AFM results are in good agreement with the SEM, and XRD
findings, which show the dependence of structural changes on thermal annealing
[32],[41]. At 600°C and 700°C large crystal, grains are observed. The maximum

average grain size obtained at 700°C was about 63.76 nm.

Avg. Diameter: 32.89 nm <=10% Diameter: 0 nm Avg. Diameter: 43.11 nm <=10% Diameter: 32.00nm
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Fig. (6) (3D and particles distribution) AFM of TiO, nanoparticles
(a) at 400°C, (b) at 500°C, (c) at 600° C, (d) 700°C

Figure (7, a to d) showed the AFM for TiO,-Al,03 composed at calcination temperatures
(400,500,600,700) ° C respectively. Generally, when comparison with TiO, observed that
the presence of Al,O3 improves surface morphology of pure TiO, (surface roughness),
the surface becomes flattered; it is observed that the result obtained through AFM is
close to what was obtained in the SEM [42].

AFM analysis of the nano composed TiO,-Al,O; was performed to get a better
understanding of the calcination temperature effect. All experiments showed an average
particle size of the prepared nano titania in the nanoscale. It was observed that increasing
calcination temperature from 400°C to 700°C leads to an increase in the particle size
ranged from 41.52 nm to 47.78 nm. At higher annealing temperatures bigger clusters
come to appear and granular structure has occurred with the effect of better
crystallization [43]. The particles size at a temperature of 700°C is greater than the other
(47.78) nm, which is maybe due to the amorphous phase of TiO2, and Al,O3 [43]., it is
observed that the result obtained through AFM is close to what was obtained in the
XRD. In figures 7(a to d) respectively it can be seen that there is a change in morphology
as the annealing temperature increases, although this change was gradually and slightly,

the roughness indicates that the effect of better crystallization [43].
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Fig. (7) (3D and particles distribution) AFM of TiO,-Al,O3; nanoparticles (a) at
400° C (b) at 500° C (c) at 600°C (d) 700°C

3.1.4 Fourier Transforms Infrared Spectroscopy (FT-IR)
FT-IR spectrum in the range between (4000-400) cm™ was used to characterize the
prepared samples, the results showed the existence of hydroxyl groups in samples. The
broad peaks centered 3361 cm™ and 3429cm-1 at calcination temperatures (400, and
500)° C respectively are referred to the stretching vibrations of the O—H group, which is
attributed to the significant amount of H,O molecules in the interlayer space and surface
[44, 45], and also due to the reaction between the O-H groups of TiO, [46]. Another peak
of around (1620 -1650) cm™ is attributed to the H-O-H bending mode at the same
temperatures above [47]. The Ti—OH vibration band becomes much weaker when

calcination temperature has been increased [48]. So TiO; calcined at (600, and 700) °C
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i

did not show any aforesaid two broad peaks and it almost completely disappeared at this
calcination temperature. That led to the reduced surface area and adsorbed water
molecule at high calcination temperature [46].

Two bands at 2854 cm™, and 2916 cm™, and band at around 1514 cm™, are assigned to
the asymmetric stretching, and symmetric stretching and bending C-H vibrations
respectively at 400°C, can be attributed to the organic residues, also this band appear at
500°C in range 2869cm™, 2927cm™ and 1515cm™ which remain in TiO, even after low
calcination temperatures [48],[49]. It is observed that with increasing calcination
temperature (600-700) °C the bands of links stretch will decrease the organic part is
degraded with increasing temperature [34]. The broadband from about 400 cm™, till
1000 cm-1 was assigned to Ti-O [44],[34] the peaks appear at range about 1000 cm™ to
1200 cm™, was assigned Ti—O-Ti skeletal frequency region [50]-[52].
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Fig. (8) FTIR spectrum for TiO; (a) at 400° C (b) at 500° C (c) at 600° C (d) 700°
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The results of the FTIR spectrum for the TiO,-Al,O; nano composited at calcination
temperatures (400, 500, 600, and 700) °C are shown in Figure (9, a to d) respectively.
The pronounced band around (3400, 3427, 3460, and 3490) cm™ at calcination
temperatures (400, 500, 600, and 700) °C respectively, are attributed to the stretching
modes for the surface adsorbed water and hydroxyl groups [53],[54], also beak has
appeared (1620-1649) cm™ were assigned to bending modes of O—H from the mixed
oxides and surface adsorbed water [55]. The —OH absorption peaks become weaker with
increasing calcination temperature.

In addition, absorption bands have appeared at a range (1666-1683) cm™ and (1415-
1494) indicated the formation of y-alumina, the intensity of these bands decreased
gradually as increasing calcination temperatures, which was attributed to the rapid
growth of the crystalline nanoparticles [37].

The low-frequency absorption band at range (424.3- 476.3) cm™ is attributed to the Ti—
O vibration of the samples [28]. A broad absorption peak at 500-700 cm™ in all samples
which can be assigned to hetero metal-oxygen bonds of —-Ti—-O-Al- at different
temperatures [37] attributed to TiO,-Al,O3 the absorption peak still broad with
increasing calcination temperature of TiO2-Al,O3, the reason for the results that means
no broken in Al-Ti-Al bonds [56]. Some weak peak appears around (2717-2935.4)cm™
stretching C—H vibrations, which can be attributed to the organic residues, that remain in
the sample after low calcination temperature [57], organic part is degraded with

increasing temperature, so these peaks become weaker [34].
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Fig. (9) FTIR spectrum for TiO,-Al,Os (a) at 400° C, (b) at 500° C, (c) at 600° C,
(d) 700° C.

4. Effect of Al,O5 addition, and calcination temperature

The values of BET surface area, crystal size, particles size, and phase transformation of

the prepared samples TiO,, and Al,Og3 are listed in Tables (1), and (2). The prepared pure

TiO, nanoparticles reported a relatively reduced value of the surface area as compared

with the ones of synthesized TiO,-Al,O3 nanoparticles. The BET specific surface area of

TiO, nanomaterials increases with the addition of alumina Figure (10), so the TiO,-Al,0O3
has a larger surface area under all temperatures (400,500,600,700) °C Table 3.4. This
means that the alumina leads to an increase in the surface area of the composites, and that

may be due to the distribution of amorphous Al,O3 into the TiO, lattice crystals; this

causes an increase in lattice void among TiO, crystals [28]. The highest surface area of
TiO,-Al,03 where at calcination temperature 500°C. Table (2) shows that the addition of
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Al,O3 to TiO, surface had a major impact on the specific surface area, as it is noticeably
increased from 96.87 m?/g for TiO, to 355.18 m%gm. for mixed oxides TiO,-Al,O; at
500°C. Although the crystal size of the TiO,-Al,03 mixed oxide at the temperature of
500°C was bigger than it at the temperature 400°C, the surface area was larger, and this
means that the crystal size, is not the main reason that causes the increase in the surface
area [28], as the temperature can have an effect on the distribution of alumina within the
titanium and it can be observed that from the surface difference between the two
temperatures from the SEM. On the other hand, the specific surface area of TiO,-Al,O3
decreases with increasing the temperature [39] On the other hand, increasing calcination
temperature led to an obvious decrease in the specific surface area of TiO,-Al,05 [41].
The addition of Al,Oj3 also affects the phase transformation of TiO,, Pure TiO; is anatase
at (400,500)°C, and transforms to rutile at 600° C, which was in TiO,-Al,O3 mixed oxide
the only anatase appeared at all calcined temperatures, this means no phase transformation
had occurred [37].
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Fig. (10) The effect of adding alumina, and temperatures calcination on the
surface area of pure TiO,
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5. Conclusions:

The sol-gel technique was successfully used to prepare TiO, and mixed oxides of TiO,-
Al,O3. The XRD analysis proved a single-phase and crystalline anatase formation for
TiO, samples calcined at (400°C and 500°C) respectively, and the crystal size of pure
titanium increased as temperature increased from 9.20 nm to 37.22nm. The distribution
of average particle size, shape of the surface and the presence of nanoparticles in TiO,
and Al,O3; were proved by AFM, while the surface morphologies of TiO, and mixed
oxides composite were studied by SEM micrographs at a different range of calcination
temperatures to agree with AFM results, after alumina addition, particle size was
decreased at all temperatures at the same time with increasing temperature from 29 nm at
400 ° C to 46.69 nm at 700°C.

The surface area of both TiO, and TiO,-Al,O3 particles was performed by BET method
and showed good results, the addition of Al,O3 to TiO; led to a significant increase of
surface area at a different range of calcination temperatures (400-700) °C, it could be
concluded that the higher calcination temperature the lower values of surface area and
the relatively larger size of nanoparticles.

The prepared mixed oxides: titanium dioxide cemented with gamma-alumina having a
relatively high surface area could be a favorable candidate as catalyst support with high

stability for different petroleum refining processes.
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