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CONTENT of Bolton .
V Aims and objectives

V Polymer based piezoelectric filament production

V Characterisation (Statimat, DSC, FTIR, NMR, SEM)
VImpact test (Instron Dynatup 9200) and the test results

V Possible Woven Structures

V Hybrid piezoelectric-photovoltaic (HPP) film and fibre

production process
V' Characterisation ( 4 probe J-V, SEM, AFM)



Aims of the research work UniversitYB

of Bolton

Togenerate piezoelectric filaments via a continuous
process that is;

Vlead free,

Vflexible,

V light weight,

Vless expensive to produce

V easy to use.

To develop a hybrid structure, combining piezoelectric
technology with photovoltaic technology, that enables
to convert;

V mechanical energy (in the form of impact or vibration) to
electrical energy

V photon/solar energy to electrical energy



Introduction to Piezoelectricity University
of Bolton

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 oOopiezoelectrind8®l.was given by Hank

Direct Piezoelectric Effect Converse Piezoelectric Effect

V also known as generator effect or V also known as motor effect or
\Y sensor effect. \Y; actuator effect.



Why flexible piezoelectric fibre? U”ive"Sit)’B

of Bolton

E Existing piezoelectric fibres are;
V lead-zirconatetitanate (PZT) based,
V rigid,
V Drittle

E Existing flexible piezoelectric structures are;

V polyvinylidenefluoride (PVDF) based, i
V commercially available only in film form

E None of these commercial piezoelectric materials are suitable
to be used in flexible textile structures.



Introduction to Organic Photovoltaic (OPV) Universit)'s
Technology of Bolton

light source




Basic operational principles for gpggﬁi?&
a polymer solar cell

A Coupling of the photons
A Photon absorption by active layes,, .

A Electronhole pair creation (excited state) and
diffusion, s 4

A Charge separatiorg,.

A Charge transportation within the respective
polymer to the respective electrodes,,

A Charge collectiong .,
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Schematic of a melt extruder piezoelectric of Boltony

filament extrusion process
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Piezoelectric Filament Production

* R. L. Hadimani, D. Vatansever,and E. Siores, N Pi ezoel ectric Pol ymer EI emer
Apparatus Therefor, 6 U. K .GBI®HbB96.1 t
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What polymers we have used so far?  of Bolton

A Poly{vinylidenefluoride)z PVDF
homopolymer
copolymer

A Polypropylenez PP

A Polyamide11 z PA11



Piezoelectric Filaments Produced via a

continuous Process
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Tensile stress vs strain curves for unpoled Uf”iBVelmt)’S
and poled PVDF fibres ol Boiton

Stress (cN/tex) vs strain (%) curve of Stress (cN/tex) vs strain (%) curve of
unpolled PVDF fibres polled PVDF fibres
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DSC results of PVDF fibres of Bolton
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DSC thermogram of unpoled PVDF at a DSC thermogram of poled PVDF fibre at a
5°C/min heating rate 5°C/min heating rate
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FTIR results of PBDF fibre of Bolton

unpoled PVDF
poled PVDF fibres

R 8 OB
vhasadavde ok

3 3 828 2 2 8 8
P I I B e e R N

=4
=

~ =y
=
S —

L 8 2

FTIR measurementf unpoledPVDF fibre (red)andpoledPVDF fibre (blue)for a shorter
wavelength(6007 1800cn1?)
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NMR results of PVDF fibres of Bolton

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




SEM Images for unpoled and poled University
PVDF fibres of Bolton




