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Energy harvesting potential of polymer composites  
 

M. Vijatovic Petrovic1, F. Cordero2, E. Mercadelli3, E. Brunengo4, N. Ilic1, C. Galassi3, Z. Despotovic5, J. Bobic1,    
A. Dzunuzovic1, P. Stagnaro4, G. Canu6, F. Craciun2 

1 Materials Department, Institute for multidisciplinary research, University of Belgrade, Belgrade, Serbia 
2CNR-ISM, Istituto di Struttura della Materia, Rome, Italy 

3CNR-ISTEC, Istituto di Scienza e Tecnologia dei Materiali Ceramici, Faenza, Italy 

4CNR-SCITEC, Istituto di Scienze e Tecnologie Chimiche “Giulio Natta”, Genoa, Italy 
5 Institute Mihajlo Pupin, Volgina 15, 11000 Belgrade, Serbia 

6 CNR-ICMATE, Istituto di Chimica della Materia Condensata e di Tecnologie per l’Energia, Genoa, Italy 
 
 
Abstract:  

 

Energy is available all around us in different forms and shapes such as from sun, wind, waves, 
vibrations etc. The enormous amount of mechanical energy released in everyday life by human walking, 
transportation movement, sound waves and other, represent renewable and safe energy source. 
Piezoelectric generators exhibit a great potential for powering up low-power portable devices and self-
powered electronic systems by extraction of mechanical energy. Employment of lead-free piezoelectric 
materials will be a breakthrough of a completely new type of safe and harmless production of energy for 
daily life. Recent challenge in electronics is also utilization of flexible electronics with the ability to bend 
into diverse shapes which expands the applications of modern electronic devices in different areas. 
 Polymer PVDF/piezoelectric ceramics, flexible composite films were prepared by hot pressing 
method. The influence of hot pressing method on the formation of electroactive PVDF phases in the 
polymer was proven by FTIR analysis. DSC analysis have shown the change of PVDF crystallinity degree 
in the flexible films with addition of ceramics filler particles. The dielectric permittivity value increased 
with the addition of filler in the polymer matrix while the relaxation processes were governed mostly by the 
PVDF matrix. Polarization of flexible films enhanced the formation of PVDF electroactive β- phase in the 
samples. Energy harvesting potential was studied by measuring of voltage output under the impulse 
hammer load.  
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l[*"d Free (Btzro.rTio.rOr) And Lead Based (Pbzro.urTio.or) Flexibte Thick Films:

l$ructural Properties And Potential Use As Energy Storage And Energy Harvesting
lStstems

ftJelena Bobic, lNikola Ilic,2Zeljko Despotovic, lAdis Dzunuzovic,3Robertas Grigalaitis, alvan

$tijepovic, lMirj ana Vij atovic Petrovic
r-iversity of Belgrade, Institute for Multidisciplinary Research, Belgrade, Serbia

\trhajlo Pupin Institute, University of Belgrade, Belgrade, Serbia

5:culty of Physics, Vilnius University, Vilnius, Lithuania

lepartment of Materials Engineering, Faculty of Technology Novi Sad, University of Novi Sad, Novi Sad 21000,
Sc$ia

fn the last year energy harvesters based on piezoelectricity from mechanical vibration has emerged as the
Ivery promising devices that are explored extensively for its functionality in energy technologies. In this
:rper a series of flexible lead-free BZT/PVDF and lead based PZTIPYDF piezocomposites with variable
:-ner content up to 50 vol. %o have been prepared by hot pressing method. Structure and morphology of BZT
ndPZT powders as well as distribution of piezo-active filler in obtained flexible films were charactenzed by
IRD and SEM analysis. Total amount of electro active phase (oA FE) of PVDF is higher in PZT:-based films
: comparison with BZT based ones but the contribution of more desirable B-phase is higher in BZT-PVDF
:Lms. In both composite dielectric permittivity's was increased in contrast to their polymer PVDF host matrix,
!:rt also displayed decreased breakdown strength and raised energy loss. In addition, the remnant polarization
Pr) and leakage current were also investigated to evaluate the breakdown strength in both types of flexible

:nms. Calculations of storage energies and output voltage obtained for the investigated materials revealed
a: increasing trend with increasing amount of BZT andPZT active phase. The maximum storage energy of
:.'.12 Jlcm3 at 390 kV/cm3 was obtained for PZT:PVDF (40-60) fllms while the maximum output voltage of
rbout 10 V was obtained for PZT-PVDF (50-50) flexible film. In addition, comparisons between properties
:f lead based and lead free flexible films as well as potential use of those films as energy storage and energy
harvesting systems were considered.
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