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ABSTRACT

PVDF is a widely studied polymer due to its pieeotic, ferroelectric and pyroelectric propertieflexible PVDF
films were prepared by spin coating technique whigdre in o phase. Polars phase has been obtained by
mechanically stretching the film. Investigationgta films was done using XRD, which indicated quhous nature
in a phase giving rise to much broader background sciaty and the spectra contained sharp peaks due to
crystallites ing phase. Values of the peaks obtained from FTIReguddicate the transformation of the films from
o to B phase. Micro structural study was done using SEkanular structure was observed dnphase and fibres in
S phase. EDX indicated the presence of the elentd®Y/DF. The UV-Vis spectra of the developed fiias been
co-related to optical band gap using Tauc’s expmssThe Dielectric permittivity has almost remaing constant
in the frequency range of 100 Hz to 1 MHz. Thetdlied film was exposed to high electric field wirerthe
molecular dipoles get oriented in the directiontloé field and net polarization is formed. Piezo&iegroperties
were measured using piezometer. These results enaydoited in the development of sensors.

INTRODUCTION

Nowadays, with the rapid development of polymercpasing methods and synthetic technology, indlistria
materials used in various manufacturing fields laeeng changed to polymers which have better pragsethan
those materials previously used in many industiaebs [1]. Since polymers have superior propertgsexample
flexibility and easy process control, compared vithvious materials, they are suitable materialgdplacing the
current materials widely used in industry. Alsotfie case of sensor materials such as ceramies)tt to utilize
the flexibility and the lightness of polymer haveeln energetically made in the field of materialieegring [2].
Especially, extensive studies of PVDF thin filmsr fmaximizing the advantages of piezoelectricity and
pyroelectricity are currently being pursued by masesearch groups [3].

PVDF is a long chain, semicrystalline polymer havihe repeat unit (CHCF,) [4]. This polymer can crystallize at
least in five crystal forms, B, €, y andd depending upon crystallization conditions and lbarconverted from one
to the other by various processes such as mechat@t@mation, poling under large electric fieldsnealing or
crystallization at high temperatures. However, riiest known arew andp forms. In the crystal form chains are
packed in the in the unit cell in such a way tia molecular dipoles are antiparallel and themoisiet dipole. In
crystal formp the chains are packed in the unit cell in suchay that the dipoles associated with individual
molecules are parallel, leading to nonzero dipodenent of the crystal (Figure 1). Then, the cryptalsents a large
spontaneous polarization in its unit cell and wioeiented and then poled under an electric fieldikgtdh high
piezoelectric properties [5]. The piezoelectricp@sses of PVDF are the highest known for any horyoper and
this is partly related to its high dielectric caarst
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Figure 1. Crystalline structure of forms a and p of PVDF unit cell. Flourine atoms ar e shown aslar ge circles, carbon atoms as small
circlesand hydrogen atoms ar e omitted. [6]

The advantages of PVDF over piezoceramics incluseel cost, larger area coverage, flexibility, losoastic
impedance and high frequency operation. Moreoweny thin, self supporting films are easily producelctrodes
can be attached on the film in a virtually unlinditeariety of patterns, the polymer is very flexilsled tough, and
hence can be molded or stretched to conform tafaci[4]. In this work, we report the developmenhflexible
PVDF film by spin coating which were inphase. Mechanical stretching was done to olft@hase and poling, for
net polarization to be formed. To analyse the alisity of the PVDF thin film, techniques such &&RD,
microscopy, infrared spectroscopy methods werel@yed in this research. Also optical and dielecprioperties
were studied. The film thus developed exhibitedzp@dectric property which can be exploited for thesign of
Sensors.

1.Preparation of PVDF film :

PVDF polymer is commercially available as pelletg@nules. With a melting temperature of approxéatyal70C
and reasonable melt viscosity it is suitable fottrpeocessing without the need for processing astihilizers and
additives. For research, PVDF pellets, (834,000, Aldrich) were dissolved in a polar solvaamely dimethyl
formamide (DMF) purchased from Merck. A stir alomgth a hotplate was used to ease dissolution. The
homogenous solution formed is poured onto a glkgs pnd then spun. The film thus formed is driedn oven for
the evaporation of the solvent. According to theadibed procedure, free standing flexible, opaauitky white
thick films (100-130 pum) irw phase were obtained.phase is then transformedfighase by hot stretching of the
film to four times its original length [7]. Durintpis hot stretching process, the temperature wastaimed at 8(C.

It causes chain packaging of molecules ihtrystalline phase. Dipole moments are randomlgrdeid and results
in a zero net polarization. Opaque thick PVDF filofig. phase were transformed into translucent filmgi(8pofp
phase. The homogenofisphase films were electroded with silver paste paldd by method of Corona Poling
under an electric field of 80kV/mm. This aligns tdgoles of the crystalline regions in the fieldredition.
Piezoelectric properties were measured using pieamand the charge coefficient was found to beC2%g

2.Investigations on PVDF films:

One of the most important parameters affectingpiezoelectric properties of PVDF is the level ofatallinity.
Without crystallinity or defined morphology, PVDFowld not exhibit any piezoelectric properties siitaauld not
sustain a net dipole. Crystallinity also defines thechanical, chemical and thermal properties ofigygstalline
polymers(4). To analyse the crystallinity of form@&/DF thin film and evaluate its quality, a widenge of
techniques were used in this research including X&EM and infrared spectroscopy methods.

3.1 X-ray analysis:

The diffraction pattern created when X-rays impimgea polymer sample can be used to determinerjtstatline
phases and also the level of absolute crystalliidfyD spectra usually contain sharp peaks due dacthistallites,
while the amorphous regions give rise to a mucladheo scattering. For the study the diffractograh®dDF
samples were acquired using an XPERT-PRO Diffraetem (Philips, Netherlands) using Cuo Kadiation
(A=0154056nm).
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Figure 2b: X-ray diffractogram of PVDF in

phase

X-ray diffraction patterns obtained for pristine PN films before and after stretching are as shawkigures 2a
and 2b respectively. Table 1 shows PVDF crystasps along with corresponding Yalues. The sharp peak in
Figure 2a of stretched pristine PVDF film indicates formation off phase and stretching has induced changes in
the intensity of X-ray reflections towards reoreign of the crystal planes [7]. This confirms thiezoelectric
property in stretched pristine PVDF film.

Table 1: Phases of PVDF along with crystal planes

Phases| @°) | Crystal planes (hkl
o (g 12011 (110)

9 [39.18 (002)

| 207 (200)
P(Fig 3573 (310)

3.2 FTIR spectra

The formation of different phases was also confitrbg FTIR spectra, obtained by means of FTIR Speutter
[Perkin Elmer]. The FTIR spectrometer allowed spganeasurements in the band of 400 to 150DdmFigure 3a
intensive absorption band at 532, 609, 891 and 3®4correspond ta phase, whereas peaks at 509, 839, 1050
and 1431 crindicates$ phase in Figure 3b. These results comply weh wibse described in literature [8]
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Figure 3a. FTIR of PVDF in a phase Figure3b. FTIR of PVDF in g phase

3.3 Morphology and EDX study by SEM

The microstructure and morphology of the pristindDIF samples are characterized using Scanning electr
microscope equipped with an Energy Dispersive X-spgctroscopy (EDX) using FEI Thermal Field Emissio
SEM Sirion. Figure 4a indicates the granulaucitire of the PVDF film it phase. Inn phase, the polymer

3
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crystals are very small and arranged as spherisgtiymetric polycrystalline aggregates called splitesithat have
no net polarization. Figure 4b indicates fibre Igteucture of PVDF i phase because mechanical stretching of the
sample has caused a breakdown of the spherulitesrantation of the molecular chains.

Figure4a. SEM image of PVDF in a phase Figure4b. SEM image of PVDF in p phase

cledax32igenesisigenspc.spc

Label A:

Figure 5. EDX Analysis of Pristine PVDF

The EDX spectrum in Fig. 5 confirms the compositadrthe pristine PVDF film. Carbon and Fluorineginiating
from PVDF and trace amounts of Nitrogen and Oxygenthe impurities present in the sample.

3.4. Optical studies

The UV-Visible absorption spectroscopy is a powtdol for the investigation of optical propertiebthe material.
Ultra violet and visible absorption spectra wasigderlin Elmer UV-Vis spectrophotometer.

3.4.1 UV Visabsorption spectroscopy

Optical absorption spectra is recorded over dmge 200-1500 nm as shown in the Figure 6 . Theorphion edge
is around 204 nm for pristine PVDF and this shatgecindicates the semicrystalline nature of PVDF [9
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Figure 6. UV-Vis absor ption spectra of Pristine PVDF

3.4.2 Optical band gap energy
The common and perhaps most direct method for pgothie band structure of the polymer film is to mee its
absorption spectra. The optical absorption edgebeaamalysed by the following equation [10]

ahv=A(WV-EQ™............... 1)

where A is constant and the exponent m=2 for altbdieect transitions. The variation aftfy)? with photon energy
hv for pristine PVDF film is presented in Figure heTintercept (extrapolations) of the best fit lore energy axis
gives the value of direct optical band gap enefgis found to be 4.9 eV for pristine PVDF film. iBhvalue is
comparable to that reported in literature [11]

Pristine PVDH
IS
o
>
L
=
N
S

4.9 eV

T T T T
1 2 3 4 5 6

Energy (eV)
Figure 7. Optical band gap energy of Pristine PVDF

3.5 Dielectric Spectroscopy
The dielectric behaviour of the prepared pristinédDE film is studied and the results are analysedeims of

different parameters. This analysis reflects thiective response of microscopic polarization psscender an
external electric field. The dielectric studies eonducted using Dielectric impedance analysepvosontrol

Technologies, Germany.
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3.5.1 Dielectric behaviour

On the application of alternating field, frequendigpersion or dielectric relaxation is observed tualifferent
polarization mechanisms within the material. Twbispectroscopic plots of dielectric constast) (versus
frequency for pristine PVDF is as shown in the Fég8.
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Figure 8. Dielectric per mittivity versus Frequency for Pristine PVDF film

From literature it is observed that PVDF has adtiglc permittivity value of 6 [8]. Practically ouaristine PVDF
films prepared by spin coating has shown a valasecto 8.9 and it is also observed from the alleethat the
dielectric constant remains almost constant witlndase in frequency. This property plays a vité io the design
of sensors for diverse applications.

CONCLUSION

This paper presents the results of the fabricaterbplectric PVDF flexible film. The quality of thabtained films
and their material characteristics are evaluatethbgns of X-ray and Infrared analysis as well @an8ing electron
microscopy which indicated a phase transformatimmfa to p phase due to mechanical stretching of the film.
Optical band gap value of 4.9eV comply well wittetature. The dielectric permittivity remained ciam within
the frequency range of 100 Hz to 1 MHz. The qutiitafilms can be exploited for the design of seador diverse
applications.
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