Vol lll Issue VII Jan 2014

Impact Factor : 1. 9508(UIF)

Internationa
Resec

(HUCT

Dr.Tu

Publisher
Mrs.Laxmi Ashok Yakkaldevi

Mr.As




RNI MAHMUL/2011/38595

IMPACT FACTOR : 1. 9508(UIF)

Welcome to GRT

ISSN No.2231-5063

Golden Recearch ThoughtoJournal ica multidicciplinary recearch journal, publiched monthly in Englich,
Hindi & Marathi Language. All recearch paperc cubmitted to the journal will be double - blind peer reviewed
referred by memberc of the editorial board.Readerc will include invectigator in univeraitiec, recearch inctitutec
government and inductry with recearch intereat in the general cubjecto.

International Advisory Board

Flavio de Sao Pedro Filho
Federal Univeraity of Rondonia, Brazil

Kamani Perera
Regional Center For Strategic Studieq, Sri
Lanka

Janaki Sinnacamy
Librarian, Univeraity of Malaya

Romona Mihaila
Spiru Haret Univeraity, Romania

Delia Serbeccu
Spiru Haret Univeraity, Bucharect,

Romania

Anurag Miora
DBS College, Kanpur

Tituc PopPhD, Partium Chrictian
Univeraity, Oradea,Romania

Pratap Vyamktrao Naikwade

Mohammad Hailat
Dept. of Mathematical Scienceg,
Univeraity of South Carolina Aiken

Abdullah Sabbagh
Engineering Studies, Sydney

Catalina Neculai
Univeraity of Coventry, UK

Ecaterina Patraccu
Spiru Haret Univeraity, Bucharect

Loredana Bocca
Spiru Haret Univeraity, Romania

Fabricio Moraecde Almeida
Federal Univeraity of Rondonia, Brazil

George - Calin SERITAN

Faculty of Philocophy and Socio-Political
SciencecAl. I. Cuza Univeraity, laci

Editorial Board

Irech Swami

ASP College Devrukh,Ratnagiri,MS India Ex - VC. Solapur Univeraity, Solapur

R. R. Patil
Head Geology Department Solapur
Univeraity,Solapur

Rama Bhoamle
Prin. and Jt. Director Higher Education,
Panvel

Salve R. N.
Department of Sociology, Shivaji
Univeraity,Kolhapur

Govind P. Shinde
Bharati Vidyapeeth School of Dictance
Education Center, Navi Mumbai

Chakane Sanjay Dnyanechwar
Arta, Science & Commerce College,
Indapur, Pune

Awadhech Kumar Shirotriya
Secretary,Play India Play,Meerut(U.P.)

N.S. Dhaygude
Ex. Prin. Dayanand College, Solapur

Narendra Kadu
Jt. Director Higher Education, Pune

K. M. Bhandarkar
Praful Patel College of Education, Gondia

Sonal Singh
Vikram Univeraity, Ujjain

G. P. Patankar

Hacan Baktir
Englich Language and Literature
Department, Kayceri

Ghayoor Abbac Chotana
Dept of Chemiatry, Lahore Univeraity of
Management Scienced PK]

Anna Maria Conctantinovici
AL. I. Cuza Univeraity, Romania

Horia Patraccu
Spiru Haret Univeraity,
Buchareot,Romania

Ilie Pintea,
Spiru Haret Univeraity, Romania

Xiaohua Yang
PhD, USA

Rajendra Shendge
Director, B.C.U.D. Solapur Univeraity,
Solapur

R. R. Yalikar
Director Managment Inctitute, Solapur

Umeoh Rajderkar
Head Humanitieo & Social Science
YCMOU,Nachik

S. R. Pandya
Head Education Dept. Mumbai Univeraity,
Mumbai

Alka Darchan Shrivactava

S. D. M. Degree College, Honavar, Karnataka Shackiya Snatkottar Mahavidyalaya, Dhar

Maj. S. Bakhtiar Choudhary
Director,Hyderabad AP India.

S.Parvathi Devi
Ph.D.-Univeraity of Allahabad

Sonal Singh,
Vikram Univeraity, Ujjain

Address:-Ashok Yakkaldevi 258/34, Raviwar Peth, Solapur - 413 005 Maharashtra, India

Cell : 9595 359 435, Ph No: 02172372010 Email: ayisrj@yahoo.in Website: www.aygrt.isrj.net

Rahul Shriram Sudke
Devi Ahilya Vichwavidyalaya, Indore

S.KANNAN
Annamalai Univeroity, TN

Satich Kumar Kalhotra
Maulana Azad National Urdu Univercity




Golden Recearch Thoughto
ISSN 2231-5063

Impact Factor : 1.9508(UIF)
Volume-3 | Iooue-7 | Jan-2014

Available online at Www.aygrt.icrj.ne-

G RT TSDC STUDY ON PURE PVF AND PVF/PVDF
ISOMORPHIC POLYBLENDS

Anand Kumar Gupta

Department of Engineering Phyaico, St. Aloyciuc College of Technology, Jabalpur, India.

Abstract:-Thermally otimulated depolarization currents (TSDC) have been meacured in chort-circuit
configuration ac the function of temperature, field and compocition on pure PVF and polyblendo
containing different wt% of poly (vinly fluoride) (PVF) and poly (vinlylidene fluoride) (PVDF). DSC
thermo gram wac uced to characterize the Tg of pure PVF and PVF/PVDF polyblend (i.e. 50:50). To
evaluate the polar C-F group in pure PVF and PVF/PVDF polyblends FTIR opectrum wacuced. Such
meacurementchave clearly indicated that polarization in pure PVF and PVF: PVDF polyblendocarice due
to dipolar orientation and trapping of injected opace charge carrierc. The polarization phenomenon ic
modified on blending PVDF in PVF. The electretomade of PVF: PVDF polyblendo otore conaciderable
amount of charge for a cufficiently long period of time.

Keywords:PVF, PVDF, Icomorphic Polyblend and TSDC

INTRODUCTION

The development of new polymeric materialothrough blending icexperiencing a period of tremendouc growth. The
ability to tailor propertiecthrough a combination of materialoto meet a unique cet of gpecification ica key force driving thic
growth. There iono doubt that the main reacon for blending, alloying etc. iceconomical; a material can be generated at a lower
coot with propertiec meeting decired opecificationc. Although, full cet of deaired properties are hard to achieve, but can
definitely be explored by celecting the componentc in cuch a way that the principal advantagec of the firat polymer will
compenaate for deficienciecof the cecond, and vice-veraa.

A careful acreening of the literature available givecan idea about the extent to which work hacbeen done in cace of the
two polymerc polyvinyl fluoride (PVF) and polyvinyldene fluoride (PVDF), when they are taken together moctly ac in
icomorphic dituation [1-3]. [comorphiom icbelieved to be poasible when the polymer chainc (blend) or monomer unitc (co-
polymer) are cimilar in conformation and cize in the cryctalline otate. PVF and PVDF, which are vinyl fluoro polymerg, have
good weather recictance and are uced for outdoor applicationc. PVDF ic reported to be piezoelectric and alco apparently
ferroelectric in nature. Since PVDF iomoldable, hence tranaducerc are readily fabricated. The manner of blending the two
polymercaffectothe recultant propertieg, like impact atrength, hardnecs, toughneasstenaile otrength and electrical breakdown
arengthetc.1.  Moct of the interecting phyacical propertiecof polymercare attributed to molecular motiong, which are very
complex. Thece motioncare evident from relaxation meacuremento cuch ac mechanical relaxation and dielectric relaxation.
One favorable method of acoecoing the dielectric propertiec of polymercicto carry out thermally otimulated depolarization
current (TSDC) meacurementac. After a thermal conditioning phace, the cample icoubjected to a chocen regime of electric field
and temperature rangec. The recult icacoeaced by finally heating the cample, ucually at a linear rate, and obcerving the reculting
peakoof current thermo grama. Originally thic technique wac uced to meacure charge detrapping in low-molecular-weight-
organic and inorganic compoundc. Since the technique ic atraight forward, it hac been extenaively uced for ctudying the
fundamental mechaniomoof charge ctorage and tranoport in non metallic colide. Hence, the precent ctatucof experimental and
theoretical development of TSDC icouch that there ican enormousnumber of an experimental paper and a large number of
theoretical modelo formulated to clarify the experimental data obtained on variouccharge otorage and trangport mechaniomo
and the interpretation of the obcerved TSDC peak ctructurec.

The chape of TSDC thermo gram dependcon the phenomenon caucing the ctorage of charge and the area under the
thermo gram icproportional to the total charge otored in the electrets. However, apart from charge ectimation TSDC thermo
gramocan aloo be uced for obtaining information about the dictribution function for relaxation timecand activation energieg,
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and aloo dielectric conctantcat ultra low frequencies. The chape of TSDC curveciccenaitive towardointernal parameterclike
activation energy, trap depth and relaxation timeo and the experimental parametero like heating rate, forming and ctorage
temperature forming time and field [4,5]. Valuable information regarding thece internal parameterccan, however, be obtained
by a et of TSDC experimentc with cuitable experimental conditionc. Thug, the advances made in TSDC techniquec have
offered immence pocuibilities for ctudying variouc relaxation procecoes in pure and blended polymeric dielectrico [6]. The
technique ic particularly cuited for invectigating the fine ctructure of polymerc: cemi cryctalline polymers, copolymerc and
blendg, polymer complexecand recinc. TSDC alco appearcto be uniquely ocuited for determining the influence of additives,
dopantg, placticizers, and water content. The precent paper reportothe recultoof careful invectigation of thermally otimulated
depolarization currentsin pure PVF and PVF: PVDF polyblendowith the view to underctand the nature of charge otorage and
trangport in theae polymerc

EXPERIMENTAL
Material used

For preparation of pure and polyblend camples, commercially available polymerg; poly (vinyl fluoride) (PVF) (BDH
UK), molecular weight 126,000 and poly (vinylidene fluoride) (PVDF) (Aldrich, USA) molecular weight 140,000 in powder
formowere uced acreceived.

Thin film Preparation

The oolution cact technique hac been uced to prepare pure and polyblend opecimenc of PVF and PVDF. The two
polymercowere dicolved in their common colvent dimethyl formamide (DMF), at a temperature of 60°C with conctant atirring.
A known quantity of the homogenouc colution obtained wac poured on a glaco plate floating over mercury pool incide a
microprocecoor-controlled oven. The colvent wacallowed to evaporate at 60°C over a period of 6 hours. Thucthe opecimenc
obtained were in the form of thin filmcof thicknessof +25 micron (approx).

CHARACTERIZATION
FT-IR

The Fourier Tranocform Infrared Spectrum (FT-IR) of pure PVF, PVDF and their poly blend opecimencwere obtained
with FTIR-LX 18-5255 inctrument, Perkin Elmer, Singapore.

DSC

Modulated Differential Scanning Calorimetery (DSC) (TA Inctrument model 2910), Perkin Elmer, Singapore wac
uced to characterize the glaostranaition temperature (T,), in the temperature range from —800 to 40° C. Liquid nitrogen wacuced
to undergo the temperature up to—80°C at the rate of 10°C/min.

TSDC Measurement

For TSDC meacurementcthe camples were vacuum aluminized over a central circular area of 5 cm diameter. Such
metallized camplecwere then polarized to caturation with variousfieldoof 80 and 100 kV/cm at polarizing temperature of 40,
60, 80 and 100°C. The field wac applied for 45 min. after which the cample wac cooled to room temperature in a period of
another 45 min., the total time of polarization wac adjucted to 1 and ' hr. in each cace. The camplec oo polarized were then
depolarized by reheating at a linear rate of about 4°C per min. and the depolarization current wac recorded ucing Keitheley
Electrometer model 61°C.

RESULT AND DISCUSSION

The polarization in a thermally charged opecimen may arice due to variousmechaniomg, the important amongat which
are orientational or dipolar polarization, tranclational or opace charge polarization and interfacial polarization. The charge
originated in TSDC due to dipolar orientation or trapping of opace chargesin defect or diclocation citesicknown to give rice to a
uniform polarization, which icheterocharge. On the other hand, gpace charge build up by migration of ioncover microscopic
dictance giveca non uniform heterocharge, whereac trapped injected opace charge recultcin a no uniform homo- or hetero-
charge depending upon the work function of the metal electrode.

The decay of heterocharge during TSDC givec a current in a direction oppodite to that of the charging current or
negative current while decay of homo charge recultoin a current in the came direction acthe charging current called poaitive
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current. The clacoical theory of Gubkin [7] Perlman [8] and otherc for the decay of charge in a charged dielectric acoumecthe
ouperpoaition of homo charge and hetro charge. Homo charge ic produced by the diccharge in air gap between the poling
electrode and the curface of the cample and icthe opace charge conaicting of ioncand electrona. Itorelaxation time icacoumed to
be the product of the recictance R and capacitance C of the cample acchown in the eqn. (1),

G home 00exp(-t/RC) o, -----mmmmmmm- RC>1) e eqn. (1)

Since the electrical inculation of polymercicvery good, we may acoume the relaxation time RC iomuch larger than
the time of obcervation. Then the homo charge icapproximated to be itcinitial value 6,acchownineqn. (1)

The decay conatant of heterocharge icgiven by

o homo o fo eXp (_a t) """"" eqn. (2)

Atlow temperature the decay of heterocharge appearcto be mainly cauced by the dicorientation of dipolea. The initial
value of hetro charge icdenoted by 6 f0 in eqn. (2). At t= 0 when the poling processicfiniched, the initial value of charge 6 0 ic
givenby ¢,= o,+0,andthe cign of charge corregpond to the effective charge.

Polar polymercchow two main relaxationcdecignated aca- and - relaxationc. The a- relaxation aricesdue to the main
chain cegmental motion and occurcaround and above Tg. The - relaxation occurcin the glacoy ctate of the polymer and icdue
to the hindered rotation of polar cide groupc around carbon-carbon link of the main chain. If there are polar groupc in the
polymerc, aide chain capable of orientation in an electric field independent of one another and having different relaxation
timea, two ceparate - relaxationc are obcerved. Each relaxation procecos givecrice to a peak at itc characterictic temperature
during TSDC.

The depolarizing current recorded in the precent invectigation wac found to flow in the came direction acthat of the
charging current or poaitive current and thuc alwayc corregponded to homo charge. Hence, procecses recponaible for homo
charge formation are dominant in the precent cace. Thichomo charge may arice due to trapped injected opace charge.

The initial value of current icalwaychigh indicating that there exictca relaxation at temperature lower than the room
temperature, and which could not be obcerved in the precent invectigation. In pure PVF film it could be due to molecular
motioncin the amorphoucregion of the polymerg, while in the PVF: PVDF polyblendg, it could be due to molecular motioncin
the cryctalline regioncor the amorphoucregiona.

From the variousthermo gramo (Figo. 1-4) it icevident that no clear current peakcare obcervable; nevertheleos, the
behaviour of TSDC thermo gramo can be underctood in the light of reported relaxationo in PVF and PVDF. PVF ic an
amorphoucpolymer with polar C-F groupooymmetrically arranged cleared by FTIR opectrum (Fig. 5) and itoglacotrancition
temperature ic-12°C acchown by DSC thermo gram (Fig. 6). Molecular relaxationcoccurring in pure PVF film have not been
properly reported, it however exhibitc piezoelectricity and pyroelectricity of approximately one third of that obcerved in
polarized PVDF [9, 10].

a- relaxation wacinvedtigated and attributed to amorphoucregioncacwell ac cryctalline regionc[11-12]. Later on
convincing evidence of a cryctalline trancition wacreported [13]. The B—relaxationcin PVDF have been attributed to micro-
Brownian motion of amorphouc cegments [14, 15]. It ic related to glacs tranaition and occurc around (-40°C). Another B'-
relaxation hacalco been reported to occur at S0C. Thicoccursin amorphoucregion and hacbeen attributed to chain fold motion.
The t-relaxation hacbeen obcerved at around —70C and icaccociated with chain relaxation in amorphoucregions[16].

From the variouscurvecexhibiting effect of polarizing field on the TSDC thermo gramg, it ioclear that in cace of pure
PVF the diccharge current increace in magnitude with increace in the polarizing field and the polarizing temperature. Increace
in temperature increacecthe flexibility of polymeric chaing, and mobility of intrincic opace chargecand injected chargeo. The
chargecare trapped in varioucavailable aitecin the bulk of the polymer. The number of cuch chargecincreacecwith increace in
the magnitude of applied otep field reculting in increace in the polarization of the polymer. It hacbeen obcerved that for high
polarizing temperatures, the diccharge current decreacecowith increace in the applied field but for moderate field it again chowo
an increace in magnitude. For very high fieldoand moderate temperaturecit again exhibitoa decreace. Thicean be explained in
termoof localization of gpace chargesin challow and deep trapc. At low temperature, the chargecare trapped in challow trapc.
Under the conditiono of high temperatureg, the opace charges have high mobility and concequently the charge carrierc are
chifted to deeper trapa. The detrapping of carriercfrom cuch traporequirechigh activation energy making their releace difficult.
Ao a reault the diccharge current decreaces. Ao the otep field increacec the number of intrincic and injected opace chargec
increacec again filling challow trapc acwell acthe deeper trapg, the current thuc chowo increace in magnitude. At very high
temperaturec when the carrier mobility ic quite high and under the otrong directing action of the applied field of large
magnitude it appearcthat the chargeswith increaced mobility are chifted and trapped in deeper traporeculting in the decreace of
diccharge current. Under the condition of very high temperature together with very high field, the number of charge carrierc
generated/injected increacec enormoudly occupying varioucchallow acwell deep trapc. The detrapping of a large number of
ouch charge carrierc during diccharge cycle gives a current increaced conaiderably in magnitude ac obcerved in cace of 80
kV/ecmand 100 kV/cm field in the precent invectigation.
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From the opectrum and thermo gram of FTIR and DSC (Fig. 7 and 8) it ic evident that the depolarization current
behaviour ic modified conaiderably on blending PVDF with PVF (i.e. 50:50 wt %). The diccharge current in cace of PVEF:
PVDF::90:10 and 70:30 campleciclessthan that in pure PVF (Fig. 9, 10).

However, magnitude of diccharge current in 70:30 blend iclarger than that in 90:10 blend. Further, the decreace in
current magnitude with increace in field icobcerved now at lower temperature inctead of moderate temperature acin cace of
pure PVF. Thic can be underatood in termo of modification in trap otructure of the polymer oyctem ouch that initially a net
decreace in the number of ditecavailable for trapping of charge carrierorecultsin decreace in diccharge current. It may alco
happen that even under condition of lower temperaturecthe opace chargechave mobility cufficient enough that they are chifted
to deeper trapg, and are localized there reculting in decreace in the depolarization current. The local energy leveloare, therefore,
affected by modification in their molecular environment reculting in band ctructurec chaped by potential barrierc with every
atom or group of atomchaving itcown modified energy level. Thicrandomization will cauce corregponding randomization of
trap deptha Several kindoof trapcexict in polymera. Structural defectoouch accarbonyl groupcor double bondoyield challow
or intermediate trapping levels in polymerg, while foreign molecules and otructural modification i.e. branching and
cryctallinity are regponaible for deeper trapc. Acthe wt% content of PVDF icincreaced to 30% i.e. in cace of 70:30:: PVF:PVDF
blend, the trapping citecare increaced again cuch that the diccharge current icgreater than that of 90:10 blend but leosthan pure
PVF opecimenc. The diccharge current ic therefore, expected to increace ac obcerved in the precent cace. The 70:30 blend
aampleoc are characterized by a hump located in between 45-55C, which become clearer for camplec charged at higher
temperaturec. Thece blendo retain conaiderable amount of charge up to cufficiently high temperaturec indicating again that
chargecare localized in deeper trapofrom where their releace requirechigh activation energy. The hump appearing at 45-55°C
may be attributed to relaxation acoociated with chain fold motioncin the amorphoucregion of PVDF. Thicicfurther confirmed
by the fact that it iomore clearly developed in cace of 50:50 blendo(Fig. 11, 12).

Decreace in depolarization current in cace of blends and modification of trap otructure on blending can alco be
underctood in termcof number of challow and deep trapa. It appearcthat trapcin cace of pure PVF are mainly challow trapcin
which the opace chargecare trapped and localized. Blending of PVDF with PVF reault in increace in the number of deeper trapc.
Localization of charge carriercin deeper trapcleadoto a decreace in the depolarization current. Thicicbecauce detrapping of
charge carrierc from ocuch traporequirechigher activation energy. The depolarization current has, however, been found to be
greater in cace of 70:30 blend Fig. 9-12. Acthe wt% content of PVDF increaces, number of challow trapcalco increaces. More
opace charge ic trapped in thece blendo during charging reculting in a higher depolarization current. Low magnitude of
depolarization current can further be explained in termoof contribution of dipolar orientation to polarization. Cryctallization of
polar phace of PVDF (- phace) icreported to take place in precence of PVF [17] in PVF: PVDF blendc. Further, otructural
changecin PVDF from known polar form I to an intermediate polar form IT have alco been reported to be induced by an applied
high electric field (~2 X 10° Vm™). At fieldchigher than thicfurther trancition from intermediate polar form I to the polar form
L.

The contribution of net dipole orientation to total polarization icexpected to be modified with increace in the PVDF
content. Dipole orientation, however, recultoin heterocharge, which givesin current in a direction oppoaite to that of the homo
charge current, or a negative diccharge current. The net charge icouperpoaition of hetro charge and homo charge. However, the
large homo current in view of excecoive trapping icexpected to overcome the hetro charge current co that the cign of the current
correopondcto that of the homo charge.

CONCLUSION

Thermally otimulated depolarization currentomeacured in chort circuit configuration have indicated that polarization
in pure PVF originatesfrom homo opace chargesin the amorphoucregiona. Space chargecare localized in variouctrapcin cace
of pure PVF thece are mainly challow trapc. Blending PVDF with PVF; modifiec conaiderably the trap otructure of PVF.
Structural modification increacec the number of deeper trapc in the blend cuch that polyblend camplec retain conciderable
amount of charge up to conaiderably higher temperatureai.e. for longer periodooftime. Orientation of molecular dipolecicalco
found to contribute to a certain extent to the total polarization in the blend camplec. Thuc polyblends of PVF/PVDF may be
uced acctorage device at high temperature in microelectronica.
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LEGEND TO FIGURES

Figure 1. Temperature dependence of diccharge current of pure PVF, 100:00 at 80 kV for different polarizing temperature.
Figure 2. Temperature dependence of diccharge current of PVF: PVDF::90:10 at 80 kV for different polarizing temperature.
Figure 3. Temperature dependence of diccharge current of PVF: PVDEF:: 70:30 at 80 kV for different polarizing temperature.
Figure 4. Temperature dependence of diccharge currentof PVF: PVDF::50:50 at 80 kV for different polarizing temperature.
Figure 5. FT-IR opectrum of pure PVF.

Figure 6. DSC thermogram of Pure PVF.

Figure 7. FT-IR opectrum of PVF/PVDF i.e. 50:50.

Figure 8. DSC thermogram of PVF/PVDF i.e. 50:50.

Figure 9. Diccharging current with different compoaition of PVF and PVDF at 80 kV and 40 Tp for 60 °C and 80 °C.

Figure 10. Diccharging current with different compoaition of PVF and PVDF at 80 kV and 60 Tp for 60°C and 80 °C.

Figure 11. Diccharging current with different compoaition of PVF and PVDF at 80 kV and 80 Tp for 60 °C and 80 °C.

Figure 12. Diccharging current with different compoaition of PVF and PVDF at 80 kV and 100 Tp for 60°C and 80 °C.
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