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ABSTRACT

This paper presents the changes induced in the dielectric constant and
structural properties of the poly vinyl chloride (PV C) sheets dueto gamma
radiation. PV C sheets were irradiated for different doses like O Mrad, 10
Mrad, 20 Mrad, 30 Mrad, 40 Mrad, 50 Mrad by Co® sourcewith adoserate
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of 0.25 Mrad/hr at room temperature. FTIR spectra of the PV C samples
before and after irradiation indicate that the gammairradiation resultsin the
formation of free radicals. In turn they bring in changes in the dielectric
properties of PV C samples. It has also been observed that crystallinity of

the sample changes due to gamma irradiation.
© 2012 Trade ScienceInc. - INDIA

INTRODUCTION

Thevigorousdevel opment of polymer scienceand
theextensveutilization of polymericmateridsinal fidds
of technology haveled, in recent years, to theincreased
interestinthevariousproblemsof physicsand chemis-
try of polymers. It isknown that one of themain objec-
tivesof polymer physicsistheelucidation of therela-
tionship between the chemical and physical structure
and the physical propertiesof the polymers. Thema-
jority of polymeric materiasareelectricinsulatorsin
nature?. Itiswell known that eectrical conductionin
polymers can becons derably enhanced by irrediationt?.
Theincreasein conductivity of irradiated polymersmay
beattributed to theformation of conjugated structures”.
Also, theirregularity in the polymer chainmay giverise
to ahopping mechanismthat will enhancethe conduc-

tivity®™. High-energy radiations, such asgammarays,
change the physical properties of the materialsthey
penetrate. The changesare strongly dependent onthe
internal structure of the absorbed substances. Itisbe-
lieved that ionizing radiation causes structural defects
leading to their density change on the exposure to
gammarays®. Theinfluence of radiation dependson
both the dose and the parametersof thefilmsincluding
their thickness:. the degradationismore severefor the
higher doseand thethinner filmd7.

PV Ciswiddy used duetoitsresstancetofireand
water. Dueto itswater resistanceit isused to make
raincoats and shower curtains, and of course, water
pipeswhich arecommonly used everywherethesedays.
Sincechlorineatomsare released when PV Cisburnt,
and chlorineatomsinhibit combustion, PV Cisflame
resistant and finds several applications. Structurally,
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PV Cisavinyl polymer having structuresimilar to poly-
ethylene, but on every aternate carbon in the back-
bonechain, oneof thehydrogen atomsisreplaced with
achlorineatom. It isproduced by thefreeradical poly-
merization of vinyl chloride. Protonirradiationisfound
to cause changes in the Dielectric properties of the
PV C., Itisthusinteresting to seetheeffect of gamma
irradiation on the polymer PV C. Because, several ma:
terialsmade of PV C are used in the environment hav-
ing gammaradiation. Withthisin view, inthe present
study, effect of gammaradiation onthe Dielectricand
structural propertiesof the PV C hasbeen carried out
using XRD, FTIR and Dielectric constant measure-
ments.

EXPERIMENTAL

Inthe present study commercialy available PVC
sheetswerecut into discsof 6 mmradius& 1mmthick-
ness and wereirradiated by Co® source with adose
rate of 0.25 Mrad/hr at C.T.R.Laboratory, Mumbai.
The PV C sampleswereirradiated for different doses
like 0 Mrad, 10 Mrad, 20 Mrad, 30 Mrad, 40 Mrad
and 50 Mrad. The XRD patterns of the gammairradi-
ated samplesand unirradiated sampleweredoneusing
MiniHex Il availableat the Central College, Bangalore
University, Bangaore. The FTIR spectrawererecorded
for the samplesin thewave number region 4000 cm'2-
500 cmt using Perkin EImer FTIR Spectrum 60 instru-
ment availableat the Research centre of the Post Gradu-
ate Department of Physics, Government Autonomous
College, Mandya Thesampleholder of theinstrument
hasprovision for themeasurement of blank KBr aswell
asfor thesample. The specimen samplewas prepared
by mixing PV Cthoroughly with KBr intheratio of 1:100.
Thebackground measurementswere recorded for the
blank KBr before measuring for the sample. Thedi-
el ectric constants of the sampleswererecorded using
the LCR bridgein high frequency rangeof 10 MHz to
100 MHz at room temperature.

RESULTSAND DISCUSSION

X -raydiffraction
Figure 1 representsthe XRD patternsof PV C on

exposureto different dosages of gammairradiation.
Variation of percentage of crystallinity v/sdosage of
gammairradiation hasbeen showninFigure 2.
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Figurel: XRD of PVC at different gammaradiation dosages
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Figure?2: Percentageof crystallinity visgammairradiation
dosage

XRD patternsof PV Cwhichwereirradiated upto
50 Mrad show very clear prominent peskswhich clearly
depict that the sampleisbecoming moreand morecrys-
tdline. Thisisclear fromthe XRD patternsthat thereis
adightincreaseintheareaunder the peaks, with the
increaseinirradiation dosage. By theanalysiswecan
concludethat astheirradiation doseincreasesthecrys-
tallinity of thesampleincreasesin thispolymer. Thein-
creasein crystalinity isdueto theaignment of small
chain polymer fragments produced dueto irradiation.
Theincreasein percentage of crystallinity of thepoly-
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mer can beattributed to the scission of sdechainsand
decrease of free volumesin the polymer matrix®*2,
Similar increasein percentageof crystdlinity inthema-
trix of Polyoxymethylene has been reported by our
group earlier™,

FTIR measurements

FTIR spectraof un-irradiated PV C and gammair-
radiated PV C samplesareshownin Figure 3.
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Figure3: FTIR spectraof unirradiated andirradiated PVC
at different dosages

Strong absorption peak found at 2360 cm™ isdue
to C— C stretching. This peak appearsin all speci-
menswith sameintensity. It Smply indicatesthat there
isno effect of gammairradiation on the C— C bonds
of thepolymer. Strong absorption peaksfound at 1427
cm?tand 1337 cmt aredue C— H bending. They are
more prominent in samplesirradiated for 40 Mrad
and 50 Mrad. As the dosage of gamma irradiation
increases, a prominent absorption appears at 2914
cm* at higher dosages of 40 Mrad and 50 Mrad. This
peak correspondsto C— H stretching mode of vibra-
tionin the polymer, These observationsclearly in-
dicatethat theirradiationisresulting intheincrease of
C —H bending and C — H stretching mode of vibra-
tionin PV C. Thisclearly indicates the formation of
freeradicalsin the polymer due to gammairradia-
tion(*,

Dielectric constant

Thedidectric propertiesof the samplesirradiated
to different doses at different frequenciesrangefrom
10 KHz to 100 KHz were measured using LCR meter
at room temperature. The graph plotted against di-
electric constant v/sfrequency for samplesirradiated
for different dosesof irradiationisshownin Figure4.
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Figure 4 : Dielectric constant v/s Frequency for samples
with gammairradiation dosagefrom0to50Mrad

Fromthegraph showninFigure4itisclear that, as
the dosageincreasesthe diel ectric constant increases
at room temperature. A smilar increasein theva ue of
Dielectric constant has been observed dueto proton
irradiation of PV CIE., It isobserved that thedidectric
constant gradually decrease at lower frequency range
andthenit remainscongant a higher frequencies. From
thestructura point of view, thedie ectricrelaxationin-
volvestheorientation polarization whichinturn depends
uponthemolecular arrangement. So, at higher frequen-
cies, therotationa motion of thepolar moleculesof di-
eectricisnot sufficiently rapid for theattainment of equi-
librium with thefield, hence dielectric constant of the
PV C seemsto be decreasing withincreasing frequency
and stays constant a higher frequenciesat room tem-
perature.

CONCLUSIONS

The XRD study clearly reveal sthat asthe dosage
of gammairradiation increasesthereisanincreasein
thecrystdlinity of the polymer matrix. From FTIR stud-
iesit hasbeen found that astrong absorption peak due
to C— Cstretchingisfound at 2360 cm?inall speci-
menswith sameintensity indicating that thereisno ef-
fect of gammairradiation on the C — C bonds of the
polymer. Prominent strong absorption peaksdueto C
—H bending arefound at 1427 cm™ and 1337 cmtin
samplesirradiated for 40 Mrad and 50 Mrad. Asthe
dosage of gammairradiation increases, aprominent
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absorption appearsat 2914 cmr? at higher dosages of
40 Mrad and 50 Mrad indicating that theirradiationis
resulting intheincreaseof C—H bendingand C—H
stretching modeof vibrationin PV C. Thisclearly indi-
catestheformation of freeradicalsin the polymer due
to gammairradiation. Gammairradiation isbringing
changesinthediel ectric propertiesof the polymer. The
dielectric constant of the PV C increaseswith increase
in dosage of gammairradiation and seemsto be de-
creasing with increas ng frequency and stays constant
at higher frequencies.

ACKNOWLEDGEMENTS

H.R.Swouldliketo thank the University Grants
Commission, Indiafor thefinancial assistance under
MRP Scheme [MRP(S)-798/10-11/KAMY 022/
UGC-SWRQ] to carry out thiswork. Authorswould
liketo thank the Principal and faculty membersof the
Post-Graduate Department of Physics, Government
College (Autonomous), Mandya, Indiafor their coop-
erationto carry out thiswork.

REFERENCES

[1] H.SVirk, RS.Chandi, A.K.Srivastava; Bull.Mater.
Sci., 24(5), 529-534 (2001).

[2] H.H.Hassan, E.M.Abdel-Bary, M.K.ElI-Mansy,
H.A.Khodair; Appl.Phys.Commu., 9(4), 281
(1990).

[3] M.A.Fadd; Radiation Effects, 31, 299 (1977).

[4] B.Khaif; Polymer Material Science, J.Schnftz,
Prentice- Hall Inc, New York, (1974).

[5] A.Elwy, M.M.Badawy, GM.Nasr; J.Polym.Degra-
dation and Stability, 53, 289 (1996).

[6] R.Y.Zhu; Nuclear instrumentsand methodsin phys-
icsresearch section a: Accel erators, spectrometers,
Detectors and Associated Equipment, 413, 297-
311 (1998).

[7] E.Tanassova, A.Paskaleva, R.Konakova, D.Spassov,
V.EMitin; MicroelectronicsJ., 32, 553-562 (2001).

[8] S.Shah, D.Singh, A.Qureshi, N.L.Singh, K.R.Singh,
V.Shrinet; Ind.J.Pure and App.Phys., 46, 439-442
(2008).

[9] H.R.Sreepad, V.Ravindrachary, A.Chandrashekara,
V.Sreeramalu, C.Ranganathaiah, S.Gopal; JMysore
University, Sec B, 32, 35 (1992).

[10] H.R.Sreepad, V.Sreeramalu, A.Chandrashekara,
V.Ravindrachary, C.Ranganathaiah, S.Gopal;
Physica Status Solidi (a), 124, 441 (1991).

[11] V.Ravindrachary, A.Chandrashekara, H.R.Sreepad,
V.Sreeramalu, C.Ranganathaiah, S.Gopal; Physics
Letters A, 174, 428 (1993).

[12] V.Ravindrachary, H.R.Sreepad, A.Chandrashekara,
C.Ranganathaiah, S.Gopal; Physical Rev.B, 46,
11471 (1993).

[13] H.R.Sreepad, H.R.Ravi, Khaleel Ahmed; RRPL,
2(2), 113-116 (2011).

[14] F.Mustata, |.Bicu; J.of Opt.Elec.and Adv.Mat.,
8(2), 871-875 (2006).

[15] N.L.Singh, AnitaSharma, V.Shrinet, A.K.Rakshit,
D.Kavasthi; Bull.Mater.Sci., 27(3), 263-267
(2004).

Research & Ruf}lm: Dp Te—

olymer



