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1. Introduction

The aluminum oxide materials are widely used in ceramics,
refractories and abrasives due to their hardness, chemical inertness,
high melting point, non-volatility and resistance to oxidation and
corrosion. The paper describes work done on synthesis of a-alumina
by using the simple, non-expensive solution combustion method using
glycine as fuel. Aluminum oxide (Al,O5 nanoparticles were
synthesized by aluminum nitrate 9-hydrate as precursor and glycine as
fuel. The samples were characterized by high resolution transmission
electron microscopy (HRTEM), field effect scanning electron
microscopy (FESEM), X-ray diffraction (XRD) and electron
dispersive spectroscopy (EDS). As there are many forms of transition
aluminas produced during this process, x-ray diffraction (XRD)
technique was used to identify a-alumina. The diameter of sphere-like
as-prepared nanoparticles was about 10 nm as estimated by XRD
technique and direct HRTEM observation. The surface morphological
studies from SEM depicted the size of alumina decreases with
increasing annealing temperature. Absorbance peak of UV-Vis
spectrum showed the small bandgap energy of 2.65 ev and the
bandgap energy increased with increasing annealing temperature
because of reducing the size.

paper [1-3], it is promising as the electric-insulating
material used in the electronic devices.

Alumina (Al,O3) is one of the most widely used
advanced ceramic materials. Alumina is one of
representative electric-insulating materials. Since it
has high thermal conductivity and high chemical
stability at high temperature compared to other
electro-insulating materials such as glass, plastic, and
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The importance of alumina as catalyst or catalytic
support has also been widely recognized for many
chemical reactions [4-6]. The transparency of alumina
film and wide range of properties extend its
application in optics as well [7]. Aluminum oxide is
the amphoteric oxide of aluminum with the chemical
formula Al,O; for alpha phase namely corundum as
shown in Figure 1. It is also commonly referred to as
alumina or aloxite in the mining, ceramic and
materials science communities.
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There are various crystal structures in the alumina.
Among the various crystal structures, alumina that
reveals electric insulation is of a type. The a-alumina
has been conventionally produced by annealing
aluminum hydroxide derived from aluminum salts or
minerals at temperatures higher than 1000°C [8-11].
The a-alumina can be also produced by fabricating
amorphous alumina with methods using liquid phase
such as hydrothermal synthesis [12], plasma synthesis
[13], the sol-gel method [14-17], freeze drying of
sulfate solutions [18], controlled hydrolysis of metal
alkoxide [19], decomposition of organo metallic
compounds in supercritical fluids and aerosol methods
[20] and precipitation method [21], precipitation and
sol-gel process and then annealing it at high
temperature [22-24].

These methods need the high temperatures, which
brings about much consumption of energy.
Accordingly, low temperature processes for producing
a-alumina are desired for saving energy. Here, we
have prepared Al,O; nanoparticles by simple non-
expensive solution combustion method using glycine
as fuel.

In this paper, novel alumina ceramic nanoparticles
are fabricated by using synthesis combustion method
without any purification and centrifugation process to
find new results and the structural, optical and surface
morphological characterization of these nanoparticles
are done by using XRD, HRTEM, FESEM and UV-
visible analyses.
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Fig. 1. Molecular structure of alpha alumina

2. Experimental detail

The v-Al,O; nanoparticles were synthesized by
synthesis combustion using aluminum nitrate 9-
hydrate as precursor and glycine as fuel. Firstly, 10 g
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AI(NO;);.9H,0 was completely dissolved in 10 mL
pure water with stirring at room temperature and 10 g
glycine was added to the solution under stirring. After
that the glycine was completely solved in the solution
the synthesis temperature was increased to 100°C. The
pH was maintained between 2 and 3 during the
synthesis.

The brown product were evaporated for 3 hours,
cooled to room temperature and finally calcined at
600°C and 1000°C for 4 hours to determine the
gamma phase and alpha phase respectively [5-8].

All analyses were done for samples without any
washing and more purification. The specification of
the size, structure and optical properties of the as-
synthesis and annealed Al,O; nanoparticles were
carried out. X-ray diffractometer (XRD) was used to
identify the crystalline phase and to estimate the
crystalline size. The XRD pattern were recorded with
20 in the range of 4-85° with type X-Pert Pro MPD,
Cu-K,: A = 154 A. The morphology was
characterized by field emission scanning electron
microscopy (SEM) with type KYKY-EM3200, 25 kV
and transmission electron microscopy (TEM) with
type Zeiss EM-900, 80 kV. The optical properties of
absorption were measured by ultraviolet—visible
spectrophotometer (UV—Vis) with optima SP-300
plus. All the measurements were carried out at room
temperature.

3. Result and discussion

X-Rar diffraction (XRD) at 40kV was used to
identify crystalline phases and to estimate the
crystalline sizes. X-ray diffraction patterns of the
powder after heat treatment at1000°C were done for
crystal structure. Figure 1 shows the XRD pattern of
aluminum oxide at1000°C for 4 hours. a- ALO; was
the only phase present for the powder calcined above
1000°C. The exhibited picks correspond to the (012),
(104), (110), (113), (024), (116), (018), (300) and
(119) of a rhombohedral structure of a- ALO; is
identified using the standard data. The mean size of
the ordered Al,O; nanoparticles has been estimated
from full width at half maximum (FWHM) and
Debye-Sherrer formula according to equation the
following:

~0.894
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where, 0.89 is the shape factor, A is the x-ray
wavelength, B is the line broadening at half the
maximum intensity (FWHM) in radians, and 6 is the
Bragg angle. The mean size of as-prepared AlO;
nanoparticles was around between 10-25 nm from this
Debye-Sherrer equation.

Figure 3a shows the SEM image of the as-prepared
spherical shape Al,O; nanoparticles with diameter size
in the range of 35-80 nm and Figure 3b shows the
SEM image of the annealed Al,O; with smallest
diameter of 10 nm at 600°C for 4 hours. Figure 4
shows the size measurement of 100 randomly selected
particles.

TEM images show a narrow size distribution.
Fitting it with a log normal curve, leads to a measured
mean diameter of 60 nm, with standard deviation of
about 10%.
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Fig. 2. XRD pattern of Alumina at 1000 °C

SEM analysis was used for the morphological
study of nanoparticles of Al,O; samples. With
increasing temperature the smallest particle size
decreases from 20 nm to 10 nm because of increasing
annealing temperature [12].

The transmission electron microscopic (TEM)
analysis was carried out to confirm the actual size of
the particles, their growth pattern and the distribution
of the crystallites.

Figure 5 shows the as-synthesized TEM image of
alumina prepared by wet synthesis. The as-
synthesized TEM image of sphere-like shaped of
Al,O; nanoparticles prepared by precipitation route.
The average diameter of alumina nanoparticles was
about 10 nm.

The principal novelty of the procedure developed
is that the alumina nanoparticles were analyzed
without any purification and centrifugation by ethanol
or water after preparation. In fact, heat treatment
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processing removes all impurity from the alumina
nanoparticles.

26 KV 40.0 KX 1um KYKY-EM3200 SN:0543

C-An-Al

26 KV 60.0 KX 1um KYKY-EM3200 SN:0548

Fig. 3. SEM images of the (a) as-prepared (b) annealed
Al,O; nanoparticles at 600°C
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Fig. 4. Particle diameter histogram of alumina nano
particles; the line plotted corresponds to fit using a log
normal distribution

In most of preparation methods reported by
researchers [7, 9-18], they purify nanoparticles by
washing with water or ethanol. As you can see the
Al,O; nanoparticles prepared by using this method,
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have a regular distribution, uniform size and spherical
shape.

. ﬂ 1 50 nm

Fig. 5. TEM images of the as—prpared AlLyO5 nanoparticles

Absorption in the near ultraviolet region arises from
electronic transitions associated within the sample.
UV-Vis absorption spectra of as-prepared and
annealed Al,O; are shown in Figure 6. For as-
synthesized Al,O5 nanoparticles, the strong absorption
band at low wavelength near 471 nm correspond to
bandgap energy of 2.65 ev (figure 5a) and for
annealed Al,O; at 600 °C and 1000°C the strong
absorption band at low wavelength near 400 nm and
402 nm correspond to 3.54 ev (figure 5b) and 3.43 ev
(figure 5c) respectively. The UV absorption ability of
AlL)Os is related with band gap energy.

The optical absorbance coefficient o of a metal
close to the band edge can be expressed by the
following equation:

a=A(hv-Eg)"/ hv ()

Where o is the absorption coefficient, E, is the
absorption band gap, A is constant, n depends on the
nature of the transitions, n may have values %, 2, 3/2
and 3 corresponding to allowed direct, allowed
indirect, forbidden direct and forbidden indirect
transitions respectively. In this case n=1/2 for direct
allowed transition [11].

The absorption spectra of TiO, nanoparticles are
shown in Figure 6a. The absorption band edges were
estimated around 351 and 362 nm (about 3.54 and
3.43eV).

The band gap energy can be determined by
extrapolation to the zero coefficients, which is
calculated from the above e%uation. The intercept of
the tangent to the plot (ahv)” versus hv in Figure 6b
gives a good approxim-ation of the band gap energy
for this direct band gap material.
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Fig. 6. UV—Vis absorption spectra of Al,O; nanoparticles
4. Conclusion

Alumina ceramic nanoparticles were successfully
prepared using aluminum nitrate and glycine. XRD
spectrum shows rhombohedral (hexagonal) structure
of a-Al,O; annealed at 1000°C. From SEM images, it
is clear that with increasing temperature the mean size
of alumina decreases from 35 nm to 80 nm. TEM
image exhibits that the size of as-synthesized Al,O;
decreases to 10 nm. The UV—vis absorption show the
small band gap is found to be 2.65 eV and the
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bandgap energy increase with increasing annealing
temperature because of reducing the size.
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