Review article

Available in: http://jips.ippi.ac.ir

Iran. J. Polym. Sci. Technol.
(Persian),

Vol. 32, No. 4, 283-301
October-November 2019
ISSN: 1016-3255
Online ISSN: 2008-0883
DOI: 10.22063/JIPST.2019.1677

Different Methods of Changing Piezoelectric Properties

in Poly(vinylidene fluoride): A Review

Mina Abasipour!, Ramin Khajavi**, Ali Akbar Yousefi’, Mohamad Ismail Yazdanshenas*,

and Farhad Razaghian®

1. Young Researchers and Elite Club, Science and Research Branch, Islamic Azad University,
P.O. Box 14515-775, Tehran, Iran
2. Department of Textile and Polymer Engineering, South Tehran Branch, Islamic Azad University,
P.O. Box 4435-11365, Tehran, Iran
3. Department of Plastics, Faculty of Polymer Processing, Iran Polymer and Petrochemical Institute,
P.O. Box 14975-112, Tehran, Iran
4. Department of Textile Engineering, Science and Research Branch, Islamic Azad University,
B.O. Box 14515-775, Tehran, Iran
5. Department of Electrical Engineering, South Tehran Branch, Islamic Azad University,
Postal Code 1777613651, Tehran, Iran

Received: 2 November 2018, accepted: 1 July 2019

ABSTRACT

poly(vinylidene fluoride),
piezoelectric,
pyroelectric,

 phase,

energy harvesting

energies such as mechanical, thermal and solar energy has been expanded.
iezoelectric materials are one of the best alternatives for supplying electrical
energy from the mechanical energy available in nature such as mechanical force,
vibration and human body movements. The applications for piezoelectric energy
harvester include low power electronics or wireless sensing at relatively lower power
levels (nW to mW) with an aim to reduce a reliance on batteries or electrical power
through cables and realize fully autonomous and self-powered systems. In fact, the
piezoelectric property is the property of a special material that enables the conversion
of mechanical energy into electrical energy and vice versa. Piezoelectric property
was discovered in ceramics for the first time. However, because of the need to
piezoelectric materials with large surfaces and high flexibility in many applications,
and the relatively low price and simple manufacturing technology of polymers in
comparison with ceramics, polymers are used extensively. Poly(vinylidene fluoride)
(PVDF) is a semicrystalline polymer with ferroelectric and piezoelectric properties.
It has five distinctive configurations (o, B3, vy, 0 and €). B-phase is a polar phase
showing significant piezoelectricity and pyroelectricity due to the highest dipolar
moment and spontaneous polarization. In this review, PVDF polymer is introduced
and then the different strategies for identification and quantification of PVDF phases
are summarized. Finally, various methods including stretching, high pressure, ultra-
fast cooling, melt quenching, using polar solvents, poling, copolymerization, polymer
blending, electrospinning and filler addition such as carbon nanotube, clay, metals and
metal salts, ceramics and etc., have been discussed for B-phase enhancement.

R;c}cently, the supply of electrical energy from sustainable and renewable
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Table 1. Comparison between piezoelectric properties of PVDF polymer and PZT [8].

: ‘ ‘ Piezoelectric voltage coefficient, g, Piezoelectric coefficient,
Material Coupling coefficient(k,,)
(mV.m)/N) d,, (pm/V)
PVDF 0.12 240 28
PZT 0.34 11 175
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Table 2. Absorption FTIR bands characteristics of o, 3 and y
phses in PVDF polymer filme [14].

Wavenumber (cm™)

a B v
408 510 431
532 840 512
614 1279 776
766 812
795 833
855 840
976 1234
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Fig. 1. Schematic representation of the chain conformation

for the a, B and y-phases of PVDF polymer [14].
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Table 3. Diffraction angle and crystal planes of the different
phases of PVDF [14].

PVDF 20 (°) Crystal plane

o 17.66 (100)
18.30 (020)
19.90 (110)
26.56 (021)

20.26 (110) (200)
Y 18.5 (020)
19.2 (002)
20.04 (110)
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v-phase of PVDF polymer and Fe-rGO nanosheet [68].
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