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FRACTAL ANALYSIS AND MICROSTRUCTURE 

DEVELOPMENT OF BATIO3 AND PVDF BASED 

MULTIFUNCTIONAL MATERIALS  

Adriana Peles Tadic1*, George Vukovic2, Aleksandar Kojovic3, Dusica Stojanovic3, Branislav 
Vlahovic4, Natasa Milosavljevic5, Nina Obradovic1, Vladimir Pavlovic5 

1Institute of Technical Sciences of SASA, Knez Mihailova 35/IV 11000 Belgrade, Serbia 
2University of Wisconsin-Madison, USA 

3 University of Belgrade, Faculty of Technology and Metallurgy, Karnegijeva 4, 11120 Belgrade, Serbia 
4 North Carolina Central University, Durham, USA 

5 University of Belgrade, Faculty of Agriculture, Department for Physics and Mathematics, Nemanjina 6, 
11080 Belgrade, Serbia 

*Corresponding author e-mail: adriana.peles@itn.sanu.ac.rs  

Abstract 

Barium titanate (BaTiO3) and polyvinylidene fluoride (PVDF) based multifunctional materials are attracting a 
great scientific interest due to their excellent piezoelectric, pyroelectric and ferroelectric properties. These 
materials undergo controlled transformations through physical interactions and respond to environmental 
stimuli, such as temperature, pressure, electric and magnetic fields. Their properties strongly depend on 
synthesis procedures and obtained microstructures. This include intergranular contact surfaces of BaTiO3 
based materials, as well as, porous structure and cross-linking patterns of PVDF prepared by electrospinning. 
It has been found that these microstructures can have fractal structure and that the fractal analysis can be 
used as a powerful tool for describing structural and functional properties of these materials. Having this in 
mind, in this research we have used different fractal methods for the reconstructions of various BaTiO3 and 
PVDF microstructure morphologies. Fractal analysis has been performed by using scanning electron 
microscope micrographs and computational modeling tools. Fractal dimension of irregular morphologies which 
exhibit fractal regularity were determined by using box-counting method. This method enables the analysis of 
self-similar microstructure morphologies by quantifying the rate at which an object's geometrical details 
develop at increasingly fine scales.  Theory of Iterated Function Systems and Voronoi tessellation, have been 
used for modeling BaTiO3 random microstructures and PVDF porous structures. A python algorithm was 
created to determine the distribution of pore areas in SEM micrographs. Algorithm’s distribution of calculated 
pore surface areas was compared with measured pore surface areas and fractal reconstructions of different 
morphologies and their connection with functional properties were analyzed. 

Keywords: 

PVDF, BaTiO3, Electrospinning, Fractals, Voronoi tessellation. 
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