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Abstract: In this paper, we reported the compositional, morphological and structural properties of the 
alumina(Al2O3) thin films prepared by sol-gel technique and annealed between 800 °C to 1200 °C for 1-hour in 
an air atmosphere. The deposited films were polycrystalline in nature. Thin films were found uniform and 
adherent to the alumina substrate. Effect of annealing temperature on structural parameters such as pore size and 
surface area were calculated. The result indicates that pore size and surface area was decreased by increasing 
annealing temperature. The material characterization was done by field emission scanning electron microscope 
(SEM), atomic force microscopy (AFM) and Brunaur, Emmet and Teller (BET). Copyright © 2015 IFSA 
Publishing, S. L. 
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1. Introduction 
 

Thin film technology was found to be in many 
applications [1-4], including microelectronics, optics, 
magnetic, hard and corrosion resistant coating, 
micro-mechanics etc. [5-7]. Progress in each of these 
areas depends upon the ability to selectivity, and 
controllability on deposited thin film thickness 
ranging from tens of angstroms to micro meter with 
specified physical properties. This, in turn, requires 
control often at the atomic level of film 
microstructure and microchemistry. Several methods 
have been followed to prepare alumina thin films 
such as sputtering [5], chemical vapour deposition, 
molecular beam epitaxy method [6-7], spray 
pyrolysis technique [8] and sol-gel process [9-14]. 
Among the available techniques, the sol-gel process 
is undoubtly the simplest and the cheapest one. The 
advantages of the sol-gel methods are its versatility 

and the possibility to obtain high purity materials 
(shaped as monolithic blocks, powders or thin films), 
the composition of which may be perfectly 
controlled. 

Alumina thin films have a tremendous potential 
for commercial exploitation. Thin films technology, 
in particular, is being actively applied in the 
development of moisture sensor devices [15-16] 
given such that sensors depend largely on moisture-
surface interaction due to its porous structure. Thin 
film moisture sensors have potential advantages of 
fast response time and importantly, the potential for 
miniaturization via integration with IC-based 
technology leading to low power consumption, high 
reliability, improved selectivity and reduced cost. 
The porous thin film provides high permeability and 
large surface area. To obtain these requirements, it is 
necessary to control pore surface area, pore size and 
its distribution. 
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The present study demonstrates the preparation of 
alumina thin films by sol-gel technique and report the 
investigation about the influence of annealing 
temperature on the surface area and porosity of 
alumina thin film. 
 
 
2. Experimental Details 
 
2.1. Synthesis of Precursor Solution 
 

Aluminium sec-butoxide, 95 %, Al(OC4H9)3, 
(Alfa Aesar) was used as starting material, and nitric 
acid was used as peptizing agent for the preparation 
of a boehmite sol by sol-gel method [17-19]. The 
alumina substrate was dip coated with the boehmite 
sol with withdrawn speed of 50 mm/min. followed by 
annealing at 800-1200 ⁰C with a heat rate of  
100 ⁰C/hr. for 1 hour. For development of crack free 
thin film over the alumina substrate zeta(ζ) potential 
of the sol was controlled to +19 mV by adding HNO3 
for uniform dispersion of the sol particles as shown in 
Fig. 1. From the zeta potential data lower pH values 
promise better dispersing efficiencies with respect to 
higher surface charges yielding more intensive 
repulsive forces. A pH range of 2.0-3.0 appears to be 
the most beneficial working range in dispersing 
process of boehmite. 
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Fig. 1. Zeta potential curve of boehmite. 

 
 
3. Results and Discussion 
 
3.1. Surface Area & Pore Size Analysis 
 

Porosity, surface area and pore size distribution 
are the basic quantities to specify a porous material. 
Brunaur, Emmet and Teller (BET) method was 
followed to measure surface area and pore size 
distribution using surface area & pore size analyzer 
(NOVA 2000e Model). BET characterization of the 
thin films, having same number of coatings, was 
done by removing and crushing the annealed films 
from the substrate. As shown in Table 1 the BET 
surface area was reduced as the annealing 
temperature shifted from 800 ⁰C to 1200 ⁰C. 

Table 1. BET Analysis for surface area, pore size,  
and porosity present in alumina thin film annealed  

at different temperature. 
 

No. of 
Coating 

Heat 
(oC) 

BET 
Surface 

Area 
(m2/g) 

Average 
Pore 

Diameter 
(nm) 

Porosity 
(%) 

8 
8 
8 
8 
8 

800 
900 

1000 
1100 
1200 

150.11 
120.23 
101.23 
90.45 
50.30 

6.62 
8.21 

12.30 
15.66 
4.23 

70 
60 
50 
40 
20 

 
 
3.1.1. Effect of Annealing Temperature on 

the Pore Size Distribution 
 

In the case of pore size distribution sometimes it 
happens that all the grains in the film merge together 
at higher temperature as a result of that all the pores 
are disappeared from the film or very few pores with 
very small size are available. However in some cases 
pore size increases at higher temperature due to the 
development of much more course pores. More 
micropores become mesopores and mesopores 
becomes macropores after exposure to higher 
annealing temperature. 
 
 
3.1.2. Effect of Annealing Temperature on 

the Porosity 
 

The effect of annealing temperature on porosity is 
shown in Table 1. The values of porosity was 
calculated by using the method which was proposed 
by De Lange [20] 
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where νp is the micro pore volume (ml g-1), ρ is the 
density of the solid phase (g ml-1), and ε is the 
porosity (%). The decrease in porosity is due the 
micro pore volume (νp) that decreased with elevated 
temperature because more micro pores evolved to 
form meso and macropores at higher temperature. 
 
 
3.2. Surface Morphology of the Films 
 

In Fig. 2, (a), (b), (c), (d), and (e) represents the 
SEM images of alumina thin films annealed at  
800 ⁰C, 900 ⁰C, 1000⁰C, 1100⁰C, 1200⁰C 
respectively. The SEM pictures clearly shown that 
the crystallite size increases with an increase in the 
annealing temperature. Surface morphology has 
shown that the particle sizes are the function of the 
annealing temperature. It has been observed that an 
increase in the annealing temperature leads to an 
increase in the crystallite size and decrease in surface 
area. 
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Fig. 2. Scanning electron micrograph of the top surface  
of alumina thin film annealed at (a) 800 ⁰C, (b) 900 ⁰C,  

(c) 1000 ⁰C, (d) 1100 ⁰C, and (e) 1200 ⁰C. 
 
 

The roughness of the film surface was checked by 
AFM (Solver Next, NT-MDT) measurements as 
shown in Fig. 4. The contact mode measurement was 
followed with the tip radius of 20 nm. The biggest 
cantilever deflection was 10 nm. In Fig. 3, (a), (b), 
(c), (d), and (e) represents the AFM images of 
alumina thin films annealed at 500 ⁰C, 600 ⁰C,  
700 ⁰C, 800 ⁰C, and 900 ⁰C respectively. From the 
AFM images it was concluded that the roughness or 
surface area of the alumina film was reduced with 
increasing the annealing temperature.  

 
 

4. Conclusion 
 

The change in morphology was observed by BET, 
AFM and FESEM observation. Alumina thin films 
were prepared on alumina substrate by sol-gel 
technique which is simple and an inexpensive 
method. From SEM it was confirmed that alumina 
films were nonstochiometric, which are suitable for 
moisture sensing application. The films fired in the 
temperature range of 800-1200 ⁰C, were found 
polycrystalline. The pore size decreases with an 
increase in the firing temperature hence specific 
surface area decreases. Film fired at 800 ⁰C observed 
optimum surface area than further elevated 
temperatures. The film fired at this temperature may 
be suitable candidate for sensing applications. 

 

 

 

 

 

 
Fig. 3. AFM morphology of alumina thin film annealed  

at (a) 800 ⁰C, (b) 900 ⁰C, (c) 1000 ⁰C, (d) 1100 ⁰C,  
and (e) 1200 ⁰C. 
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