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Aims of the research work 

 To generate piezoelectric filaments via a continuous 
process that is; 
Vlead free,  
Vflexible,  
Vlight weight, 
Vless  expensive to produce 
Veasy to use. 

 
 To develop a hybrid structure, combining piezoelectric 

technology with photovoltaic technology, that enables 
to convert; 
Vmechanical energy (in the form of impact or vibration) to 

electrical energy 
Vphoton/solar energy  to electrical energy 



Introduction to Piezoelectricity 

Piezoelectricity is the ability of  some materials to transform 

mechanical stress into electrical charge and vice versa. 

 

 

 

V The notion came from Charles Coloumb in 1817.  

V Direct piezoelectric effect was first demonstrated and defined by Pierre and Jacques 
Curie brothers in 1880. 

V Converse piezoelectric effect was first mentioned by Lippmann in 1881. 

V Name of òpiezoelectricò was given by Hankel in 1881. 

 
Direct Piezoelectric Effect 

 

V also known as  generator effect or  

V  sensor  effect. 

Converse Piezoelectric Effect 

 

V also known as motor effect or  

V  actuator  effect. 



Why flexible piezoelectric fibre? 

ĔExisting piezoelectric fibres are; 
Vlead-zirconate titanate (PZT) based, 

Vrigid, 

Vbrittle 

 

ĔExisting flexible piezoelectric structures are; 
Vpolyvinylidene fluoride (PVDF) based, 

Vcommercially available only in film form 

 

 

 

ĔNone of these commercial piezoelectric materials are suitable 
to be used in flexible textile structures. 

 

 

 



Introduction to Organic Photovoltaic (OPV) 

Technology 



Basic operational principles for  

a polymer solar cell 

ÁCoupling of the photons 

ÁPhoton absorption by active layer, ʂabs 

ÁElectron-hole pair creation (excited state) and 
diffusion, ʂdiff  

ÁCharge separation, ʂtc 

ÁCharge transportation within the respective 
polymer to the respective electrodes, ʂtr 

ÁCharge collection, ʂcc 

 



Schematic of a melt extruder piezoelectric 

 filament extrusion process 

 



Piezoelectric Filament Production  

b 

* R. L. Hadimani, D. Vatansever, and E. Siores, ñPiezoelectric Polymer Element and Production Method and 

Apparatus Therefor,ò U.K. Patent GB1015399.7 



ÁPoly(vinylidene fluoride) ɀ PVDF 

  homopolymer 

  copolymer 

 

ÁPolypropylene ɀ PP  

 

ÁPolyamide 11 ɀ PA 11   

What polymers we have used so far? 



Piezoelectric Filaments Produced via a 

continuous process  

V Resulted piezoelectric PVDF filaments are very flexible and easy to process 
and integrate into textiles  
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Tensile stress  vs strain curves for unpoled  

and poled PVDF fibres 

Stress (cN/tex) vs strain (%) curve of 

unpolled PVDF fibres  
Stress (cN/tex) vs strain (%) curve of 

polled PVDF fibres  



DSC results of PVDF fibres 

DSC thermogram of unpoled PVDF at a 

5°C/min heating rate 

DSC thermogram of poled PVDF fibre at a 

5°C/min heating rate 



FTIR results of PBDF fibre 

FTIR measurement of unpoled PVDF fibre (red) and poled PVDF fibre (blue) for a shorter 

wavelength (600 ï 1800 cm-1) 



NMR results of PVDF fibres 

Solid-state 13C-NMR profiles of both poled (blue) and unpoled (red) PVDF ribbon fibres.  



SEM Images for unpoled and poled  

PVDF fibres 

SEM Image of unpoled PVDF fibre SEM Image of poled PVDF fibre 


