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height decreases. Therefore, by increasing the gelatinisation 
time, the size of the crystallites became larger. Figure 4 shows 
scanning electron microscope (SEM) images of TiO2 powder 
samples prepared using ultrasonic waves and different 
gelatinising times. With increased gelatinisation time, the 
boundaries between the nanometric grains became more 
specific and the shape of the particles became more spherical.

Figure  5 compares SEM images of TiO2 powder samples 
prepared using a gelatinisation time of 24 h, with and without 
ultrasonic waves. The images of the surface of the powder 
samples show clearly that using ultrasonic waves resulted 
in greater homogeneity in the average size of the particles 
and resulted in smaller particles. Transmission electron 
microscopy (TEM) also was used to investigate the particle 
size. Figure 6 shows a TEM image of nanoparticles synthesised 
using a gelatinisation time of 120 h, a calcination temperature 
of 400 °C and ultrasonic waves. The nanoparticles produced 
had a diameter of 14 nm – 15 nm. 

The above results show that if gelatinisation times are 
increased, the average size of TiO2 nanoparticles increases, 
irrespective of whether or not ultrasonic waves are applied. In 
addition, if ultrasonic waves are used, the average diameter 
of TiO2 nanoparticles decreases by about 3 nm. Thus, smaller 
and more controlled nanoparticles can be produced using 
ultrasonic waves.

Conclusion
We successfully prepared TiO2 nanoparticles using TiCl4 
and ethanol as precursors by a sol-gel route, in the presence 
and absence of ultrasonic waves at room temperature. The 
use of ultrasonic waves led to smaller particle size, low-
dimensional particle shape (spherical) and improved particle 
morphology. The fact that nanoparticles can be produced 
using ultrasonic waves, as reported in this paper, strongly 
supports the proposition that ultrasonic irradiation has great 
potential to control the formation of inorganic nanoparticles 
by influencing the organic reaction pathway.
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FIGURE 5: Scanning electron microscopy images of TiO2 powder samples 
synthesised at a calcination temperature of 400 °C for 1 h and a gelatinisation time 
of 24 h (a) in the presence of and (b) in the absence of ultrasonic irradiation.

FIGURE 6: Transmission electron microscopy image of TiO2 powder samples 
synthesised at a calcination temperature of 400 °C for 1 h and a gelatinisation time 
of 120 h in the presence of ultrasonic irradiation.
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TABLE 1: TiO2 powder samples synthesised under different conditions at a 
calcination temperature of 400 °C.
Gelatinisation 
time (h)

Crystallite size (nm) 
using ultrasonic waves

Crystallite size (nm) without 
using ultrasonic waves Phase

24 12.15 15.50 anatase
72 14.00 17.00 anatase
120 14.80 18.08 anatase
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