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ABSTRACT:
Introduction: In order to manufacture of Al203 nanoparticles for this study, we used the Sol-Gel approach.
Al20s NPs, The resulting NPs were then calcined at 1350°C for 3 hours. The phase stability and the crystal arrangement of
XRD, the NPs were determined using X-ray diffraction analysis and this investigations demonstrate the formation of
W-H plot, TGA, hexagonal structure (Space Group: R-3c) with the lattice constant a=b= 4.761 A and c= 12.978A, respectively.

KEYWORDS

SEM, The thermal stability and the heat flow of Al2O3 nanoparticles were investigated through TG-DSC curve. The
combustion presence of deformed shape of the grains with unclear grain boundaries were observed from the SEM and cross-
synthesis. sectional SEM micrograph. The average grain size obtained through the SEM analysis and estimated to be 1.01

pm on the scale of 1 um using Image J software, which was justified with the help of Histogram curve. The
EDS results confirmed the existence of Al, O elements in alumina nanoparticles with Atomic (%) (32.48 % of
Al, 67.52 %of O) and weight (%) (44.79 % of Al, 55.20 % of O) suggesting the purity of the synthesized NPs.

1. Introduction practical purposes. The crystalline structure and
physical and chemical characteristics allow for it to
be found in numerous trends that diverge from one
another in addition to its widely utilized in
refractories, abrasives, microelectronics, catalysis,
and structural applications. In particular, premium
corundum polycrystalline materials find application
as bearings in watches and other high-precision
devices, as well as electronic substrates [5]. It was
one of the most significant engineering materials due
to its special qualities such as chemical stability, a
high melting point, and high hardness etc in the late
of 20th century. These qualities allowed for a wide
range of applications, most notably in optics, the
production of ceramics and refinement [6-8]. There
are several phases in which alumina may occur of
which the phases like o and y —alumina is two of the
most significant phases among them. Bohemite heat
treatment at 1000 °C results in the formation of the
alpha phase which is a thermodynamically stable
phase with a number of characteristics, including
high hardness, chemical stability, and thermal
stability with melting point around 2051 °C. This
makes it possible to employ it in the production of
ceramic shields, protective coatings, and ceramics
[9]. Conversely, phase o can be achieved by applying

A lot of thought has been focused on the potential
use of ultrafast and small sized single metal-oxide
powders as structural and functional materials for
mechanical and electrical components. The most
significant classes of nanoparticles today and in the
near future are simple oxides, such as aluminum
oxide (class of porous nanomaterials) with the
chemical formula Al;O3 also termed as alumina that
assemble as corundum-like structure with six oxygen
atoms around one aluminum atom, are employed in
well-established applications [1,2]. Nanoparticles of
aluminum oxide have comparable handling and
accessibility characteristics as other metal oxide
nanoparticles (NPs). In addition, these affordable
nanoparticles have a large surface area, strong
mechanical properties, low electrical conductivity,
remarkable thermal and chemical stability, high
melting point, and abrasive environments.
Applications for it may be found in the medical
fields, the microelectronics industry, material
science, engineering, and other fields [3, 4].
Moreover, due to possession of large surface area of
these nanoparticles can be used as starting materials
for sintering and molding of oxide materials for
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heat treatment between 600 and 700 °C, converting
the unstable phase known as y —alumina phase. It
serves as a medium in chemical processes, however it
shouldn't be utilized at high temperatures since it
turns into the o phase around 950 °C [10]. Different
techniques such as decomposition, exploding wire,
laser ablation, sol-gel, solution reduction gas
evaporation, mechanical ball milling, and mechano-
chemical processes was employing straightforward
and affordable protocols, can be used to synthesize
Al NPs. They also include liquid, gas phase, and gas
phase-based  synthesis  techniques [11, 12].
Furthermore, Sol-gel method is the most
advantageous and extensively used method other
than above mentioned methods for synthesis of Al
NPs because it provides good control over the
stoichiometry and shape of nanoparticles and
produces low raw material cost, high thermal
stability, low synthesis temperature, high purity
along with specific surface area of solid particles [13-
16].

In the recent research work, ultrafine o-Al,Os
powders have been developed through a rather easy,
effective, and inexpensive aqueous sol-gel approach
based on the in situ synthesis of water soluble metal
complexes using aluminum nitrate and citric acid as
raw ingredients. Investigations are conducted on the
shape of the produced alumina powder, phase
changes, and the breakdown of the citrate precursor.

1. Material Synthesis

The Al,O3 nanoparticles was created through sol-gel
precursor route by using analytical grade chemicals,
AI(I) nitrate, AI(NO3)3.9H,0 (sigma Aldrich, 99.9
%) and citric acid, CsHsO7H>0 (99% Merck, India)
as raw materials. In a beaker, the appropriate amount
of double-distilled water was added to create a
homogenous solution containing the stoichiometry
number of copper ions (AI**) and the solutions were
subsequently incorporated with the equivalent of one
metal's worth of citric acid. Up until it transformed
into a hours at 60 °C yellowish sol, the solution was
continually swirled for a few hours at 60 °C.
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Fig. 1. Flow chart for synthesis of Al,O3
nanoparticles through sol-gel precursor route.

After that, the stabilized nitrate-citrate solution was
heated quickly to 80 °C while being continuously
agitated. The sol transformed itself into a translucent
stick gel, changing its color and viscosity. A puffy,
polymeric citrate precursor was obtained by heating
the gel to 200 °C for 2 hours. Finely, an electrical
furnace was used to calcine Al,Os; nanoparticles at
600 °C for 5 hours in the air after grinding the
precursor to a fine powder. After then, the 2wt.% of
PVA was mixed with the calcined Al.O3 particles
and shaped into cylindrical pellets using a hydraulic
press, heated at 350 °C for 2 hrs for removing of
PVA as binder from pellets and it was used for
different physiochemical characterizations.

2. Material characterization

The crystal structures of the samples were studied by
Cu-Ka radiation (40 kV, 60 mA) -based X-ray
diffraction (XRD) with the model of Rigaku D/max-
2400 and diffraction data were collected over the 20
range of 20°-80°. The scan rate of 1 deg/min and
step size of 0.02° step size was used for the
measurement. Granulated Al,Os; powders were used
for thermal gravimetric analysis (TGA) and
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differential scanning calorimetry (DSC) using a
NETZSCH instrument of the model STA 449 F3,
which was operated at 10 °C/min from room
temperature to 1300 °C. Alumina particles were
mounted on carbon tape using the Cressington
Sputter 108 Auto Coater, which then applied a 20 nm
thick layer of gold coating to them. The
microstructures were analyzed using a scanning
electron microscope SEM, JEOL JSM-6390A, Japan
with a secondary electron detector that was operating
ata

2- d FWHM( | Crystal Plane
theta(d | (ang. | deg) lite correspon
eQ) ) size(n ding

m) Corundu
m phase

25.638 | 3.471 | 0.119 713 012
7

35.203 | 2.547 0.123 206 104
29

37.823 | 2.376 0.120 799 (110
62

43.398 | 2.083 0.135 6.60 113)
34

52.596 | 1.738 0.146 6.34 (024
64

57.535 | 1.600 0.159 5.06 (116)
55

59.766 3'546 0.150 6.37 (211)

61.363 1.509 0.238 4.06 (122)
57

66.550 1.403 0.159 6.23 (214)
93

68.244 1373 0.163 6.14 (300)
15

77.274 2'6233 0.203 5.23 (119

Table- The values of average crystallite of Al,O3
NPs calculated using Eq. (1).
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distance of 14.5 mm and electron energy of 20.0 kV.
The SEM-EDS (Energy Dispersive Spectroscopy)
experiment was carried out using the SEM, JEOL
JSM-6390A, Japan with the EDAX, Inc. EDS
detector and EDX; Kevex, Sigma KS3software. The
spectra were obtained at 14.5 mm working distance
and 20.0 kV accelerating voltage. The conductive
carbon tape was covered in alumina particles prior to
examination and spectrum data was collected on a
150 x 150 um zone that was covered with particles.

3. Results and discussion

Powder XRD analysis was used for investigating at
the Al,O3 nanoparticles phase development and
crystal structure, as shown in Fig.2.

35000 4

(113)

(104

30000 4

012
(116)

: 25000 4

» 20000 4

(110

300

15000 4

Intensity/a.u
024)

10000 4

5000 4

0

a-Al O, nanoparticle

L) T L} L} L} T T T L}

30 35 40 45 50 55 60 65 70
20/°

T
20 25

Fig.2. Powder X-ray diffraction pattern of alumina
particles at the calcination temperature of 1150 °C
for 3 hrs.

An XRD result reveals the presence of Bragg’s peak
at different angles 26 (°) ~ 25.4°,35.0°, 37.7°, 43.8°,
52.5°,57.4°, 61.5, 66.5°, and 68.1°, respectively with
lower and higher intensity. The diffraction peaks at
respective angles are related to the corresponding
planes (012),(104)(110)(113)(024),(116),
(018),(214), (300), (10 10), respectively. All
these diffraction peaks with the respective angle is
consistence with the presence of crystalline nature of
the a-AlO3; nanoparticles in pure phase and the
existence of hexagonal structure (Space Group: R-3c)
which is justifies by ICDD card number 01-081-2267
[Preparation and investigation of the structural
properties of a-Al,O3 nanoparticles using sol-gel
method]. Moreover, the value of lattice parameters

T
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(a, b and c¢) for hexagonal structure of a-AlOs
nanoparticles are observed to be a=b= 4.761 A and
c= 12.978A. The Scherrer technique was used to
determine the average crystallite size of alumina
nanoparticles by using peak broadening analysis of
XRD in accordance with equation (1) [17].

- (D

Here, B, 0 and k represents the full width at half
maximum (FWHM), Bragg's diffraction angle, and
the shape factor. The wavelength of the X-ray
landing on the sample is represented by A. The values
of average crystallite of Al,O; NPs calculated using
Eqg. (1) and are mentioned in Table. 1

_ ka
- Bcos6

Furthermore, it is important to remember that the
Scherrer equation has limitations when it comes to
precisely calculating size since it fails to take into
account the strain that faults or imperfections develop
in the lattice. Consequently, in order to precisely
estimate the size of the NPs, further techniques are
required, and the Williamson—Hall plot is used for
this purpose. As a result, additional techniques are
required to precisely estimate the size of the NPs,
which is done using the Williamson—Hall plot. The
W-H plot of synthesized Al,O3; NPs at the calcination
temperature of 1150 °C for 3 hrs as depicts in the Fig.
2
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Fig.3 Plot of B;ytq * cosO against 4 sinf of
synthesized a-Aj203 nanoparticles.

The value of average crystallite size (D) and the
micro-strain (¢) are obtained through intercept (c)
and slope (m) of the curve by plotting 4 Sinf on x-
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axis and Brotar*cosh, using the following equation (2)
(18]

Biotal * €OSO = %A + 4& sinb - (2

The intercept (C:%)l ) and slope (m=¢) were obtained
by comparing the equation (2) with y = ¢ + mx. The
value intercept and slope computed from the curve
and comes to be 0.000878 and 1.35x1073,
respectively. The respective value of D and ¢ for
alumina nanoparticles was estimated using intercept
and slope values to be 157.85 nm and 1.35x10°3.
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Fig.4 The plot of TGA and DSC curve against
temperature range of RT to 850 <C.

The plot of TGA and DSC curve against temperature
range of RT to 850 oC for identification of weight
loss (%) and heat flow of alumina nanoparticles as
depicts in Fig. 4. The figure reveals the presence of
three different mass-stages corresponding to
temperature around 190 °C, 336 °C and around 608
°C, respectively. First, the DSC plot shows an
endothermic peak at about 115 C, which is due to
the loss of extra water and acetic acid and there is
also appearance of weight loss of 1.08 % estimated in
the range from RT to 200 °C. The broad endothermic
peaks that occur at 428 -C may be associated to the
dehydration reaction of the citrate precursor, and the
second weight loss of 1.17 wt% emerges in the 200—
350 C range [19]. The final weight loss observed to
be 4.76 % corresponding to the temperature after 800
°C with the endothermic peaks appear around at 495
°C, showing increase in thermal stability of the
nanoparticles which is important for any future
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industrial ~ applications, such  high-temperature
catalysis and the creation of biomaterials [20].

Scanning electron microscopy (SEM) was used to
perform surface morphological investigations of the
alumina NPs on the scale of 1um as seen in Fig. 5(a).
The grains with unclear grain boundaries present in
the SEM micrograph are in deformed shape with the
sharp edges as clearly inferring from figure [21]. The
existence of compact structure of grain are seen,
results indicates the lower porosity and the average
grain size is observed to be 1.01 um by using Image J
software. The estimated value of average grain size
through Image J software is similar to the results
obtained from histogram plot represented by Fig.
5(b). The similar nature of grains was seen in the
cross-sectional SEM image measured on the 50 um
scale to that of SEM results with the average grain
size of 7.43 um as shown in Fig. 5(c).
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Fig. 5- EDS pattern of the sample shows the purity of
the materials.

Fig. 5(d) exhibits the EDS pattern of the sample
inferred the presence of Al, O elements without any
other impurity elements with the Atomic and weight
percentage as disclosed in the inset of figure,
emphasized the stoichiometry and purity of the
materials.

4. Conclusions

This work effectively reported the creation of CuO
nanoparticles utilizing Sol-Gel approach for 5 hours
at the temperature required for calcination of 1150
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°C. XRD results verified hexagonal structure of a-
alumina NPs without any other extra impurity. The
lattice parameters corresponding to the hexagonal
phase of the NPs were found to be a = b = 4.761 A
and c= 12.978A. The average crystallite size (D) and
micro-strain (¢) estimated through W-H plot were
determined to be 157.85 nm and 1.35x10%
respectively. Using Image J software to compute the
average grain size of the CuO Nps from SEM and
from cross-sectional SEM images was to be 1.01 um
and 7.43 um, respectively. The presence of the
appropriate elements, Al and O in the alumina NPs
verified the purity of the materials.
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