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1. Introduction 
 

   Alumina (Al2O3) 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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paper [1-3], it is promising as the electric-insulating 

material used in the electronic devices. 
    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 Al2O3 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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Abstract 

 
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 α-alumina 

by using the simple, non-expensive solution combustion method using 

glycine as fuel. Aluminum oxide (Al2O3) 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 α-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.  
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    where, 0.89 is the shape factor, λ is the x-ray 
wavelength, B is the line broadening at half the 
maximum intensity (FWHM) in radians, and θ is the 
Bragg angle. The mean size of as-prepared Al2O3 
nanoparticles was around between 10-25 nm from this 
Debye-Sherrer equation. 
    Figure 3a shows the SEM image of the as-prepared 
spherical shape Al2O3 nanoparticles with diameter size 
in the range of 35-80 nm and Figure 3b shows the 
SEM image of the annealed Al2O3 with smallest 
diameter of 10 nm at 600oC 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%. 
 

Fig. 2. XRD pattern of Alumina at 1000 oC   
 

    SEM analysis was used for the morphological 
study of nanoparticles of Al2O3 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 
Al2O3 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 

processing removes all impurity from the alumina 
nanoparticles. 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. SEM images of the (a) as-prepared (b) annealed 
Al2O3 nanoparticles at 6000C 
 

 
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 
Al2O3 nanoparticles prepared by using this method, 

(a)

(b)
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have a regular distribution, uniform size and spherical 
shape.  
 

Fig. 5. TEM images of the as-prepared Al2O3 nanoparticles
 

    Absorption in the near ultraviolet region arises from 
electronic transitions associated within the sample. 
UV–Vis absorption spectra of as-prepared and 
annealed Al2O3 are shown in Figure 6. For as-
synthesized Al2O3 nanoparticles, the strong absorption 
band at low wavelength near 471 nm correspond to 
bandgap energy of 2.65 ev (figure 5a) and for 
annealed Al2O3 at 600 oC and 1000oC 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 
Al2O3 is related with band gap energy.  
    The optical absorbance coefficient α of a metal 
close to the band edge can be expressed by the 
following equation: 
 α = A(hν-Eg)n/ hν (2)

    Where α is the absorption coefficient, Eg is the 
absorption band gap, A is constant, n depends on the 
nature of the transitions, n may have values ½, 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 TiO2 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 equation. The intercept of 
the tangent to the plot (αhν)2 versus hν in Figure 6b 
gives a good approxim-ation of the band gap energy 
for this direct band gap material. 

Fig. 6. UV–Vis absorption spectra of Al2O3 nanoparticles 
 
4. Conclusion  
 
    Alumina ceramic nanoparticles were successfully 
prepared using aluminum nitrate and glycine. XRD 
spectrum shows rhombohedral (hexagonal) structure 
of α-Al2O3 annealed at 1000oC. 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 Al2O3 
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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