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ABSTRACT

Polypropylene (PP) filmswereirradiated with 8 MeV e ectron beamradiation
at varied doses in the range 0-20 kGy in order to investigate the modifica-
tions in its optical and dielectric properties. The variations in the optical
band gap and activation energy were determined from the UV-Vis absorp-
tion spectra of the pristine and the irradiated PP films at different doses of
electron radiation. The results showed that optical band gap and activation
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energy decreased with the increase in electron irradiation. The results fur-
ther revealed that the dielectric constant, the dielectric loss and the ac con-
ductivity enhanced with increase in the dose of electron radiation.
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INTRODUCTION

Recently therehasbeen agpecid interestinthestudy
of modificationsof polymer propertiesby radiationsdue
to itsincreasing usein radiation environmentsviz.,
nuclear power plants, spacecrafts, high energy particle
acceleratorsetc.®. The study of radiation effectsin
polymersisaninteresting subject not only fromthestand
point of understanding radiation induced polymer reac-
tions, but also for the devel opment of polymershaving
asuperior physica propertiessuitablefor different sci-
entificand technological applications. Themain effect
of interaction of ionizing radiaionswith polymersisto
produce excitation and ionization of the atoms and
mol eculesinthe polymers, which cause subsequent rup-
ture of thechemical bondsresultingin polymer chain
fragmentsand freeradicas. Thesetransformationsare

responsiblefor most of the physical and/or chemical
changes observed in the polymers®4l. The optica and
thedectrica propertiesof polymersaretheoneswhich
arehighly sengtiveto theradiationsand Many experi-
ments aimed to improve the optical and the electrica
conductivity of polymersby radiations have beenre-
ported and di scussed” 3.

The study of optical absorptionisauseful method
for opticaly investigating theinduced transitionwhich
providesinformation about the band structureand op-
tical energy gap of thematerid. Further UV—Vis spec-
troscopy issensitiveto theoptically active cluster re-
gioni.e, visblecluster size. Few Researchersinvesti-
gated theformation of these carbonaceousclustersin
anirradiated polymer filmsfrom the absorption edge of
UV-Vis spectrd?#+1€, Clusters are small nano-sized
particles contai ning fewer than10*atomsor molecules.
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Suchdugersareknown to beformed dong latent tracks
of energeticionsinthe polymers. Theclustersare sup-
posed to be carriersof el ectrical conductivity inirradi-
ated polymersand influence the optical properties of
suchmaterial 4.

Among the synthetic polymers, polypropylene (PP)
has occupied aprominent position because of itslow
cost and many desirable physical propertiessuch as
low dengity, high stiffness, good chemicd resstanceand
electrica properties. The PP, besidesitscommercia
applications, iswidey usedinmedica, electrica, opti-
cal, eectronic and thermal application*”2, Polypro-
pylene belongstothefamily of polyolefin. Itisavinyl
polymer having hydrogen atom substituent, (—H,C~
CH-), or (-H,C-CRH-)_ and undergoes dominant
homoalithicruptureof C—H bonds to form hydrogen free
radica s, which cross-link with each other. It hasbeen
found that both the cross-linking and degradation reac-
tionsproceed at amost sameratein PPleading to the
deterioration of itsphyscd properties. Therehavebeen
aseverd studiesonirradiation effectson physic-chemi-
cal properties of polypropylene?-24, However, not
much informationisavailableontheeffectsof high-en-
ergy electron-beamirradiation (8MeV) over thedose
range 0-20 kGy on thestructural, optical and didlectric
propertiesof PP. Inthe present work hence effortshave
been madeto understand the effects of high energy elec-
tron-beam irradiation on the structural, optical and di-
electricpropertiesof thePPfilmsemploying FTIR, UV-
Visand LCR impedancetechniquesover the e ectron
doserangeof 0-20kGy usinga8MeV e ectron beam
fromaMicrotron accel erator.

EXPERIMENTAL

The polypropylene (PP) samplesin the form of
granuleswas compression molded into filmsof thick-
ness 50um using polymer press equi pment (Techno
search, India, PF-15). The compression molding was
carried out by placing the polymer granul es between
thestainlesssted diesat atemperature of 165°C under
apressureof 10 MPafor 10 min and wasthen cooled
under pressure by circulating water through themold
platens.

Theé ectron-beamirradiation of the PPfilmswas
carried outinair usng 8 MeV monochromatic electron
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beam from the Microtron accelerator at the Microtron
Centre, Mangd ore University, Mangalore, India. The
beam current was maintained at 20 mA with apulse
repetition rate at 5 Hz and a pulse width of 1.5usec
during theirradiation. The electron beamwas madeto
fall onthepolymer samplesin atarget holder placed at
adistanceof 30 cm. Thebeam spot on thetarget at this
distancewasabout 6.0 cm. The polypropylenefilms
wereirradiated separately over the el ectron doses of
5, 15, 20 KGy.

For structura anaysis, the FTIR spectraof pristine
aswell asirradiated polypropylenefilmswererecorded
using aFTIR spectrometer (Perkin-Elmer) over the
wave number range of 4000 - 400 cnr? with aresolu-
tionof 4.0cm™.

For theanaysisof optical properties, the polypro-
pylenefilmswerecut into 0.5 x 0.5 cm? dimensionand
placed on amatt-black sampleholder. The absorption
spectrawere recorded using UV-Vis spectrophotom-
eter (Secomam-Anthelie) having resolution of 1.0 nm
over thewavelength range of 200-800 nmusing air as
reference.

ThePPfilmswerecut into dimension 1.0x1.0 cm?
and athin coating of air drying typesilver pastewas
provided on both sides of the filmsto achieve good
electrical contact for dielectric measurements. Asthe
silver particlesof the paste have diameter of typically
1um, they stick to the sample surface only and hence
do notinfluencetheconductivity by interactingwiththe
polymer. The sampleswere held between two nomi-
nally spring loaded copper plates and were subjected
to dielectric measurements using the LCR Hitester
(HIOK1-3532-50) over the frequency range of 100
Hz-1 MHz at the ambient temperature of 28°C. The
values of the dielectric constant (¢'), dielectric loss
(e"")and ac conductivity (o, ) wereestimated fromthe
measured val ues of the capacitance (Cp) andlosstan-
gent (tand) at thedifferent frequenciesusing thefollow-
ingrelationg®.
g'=C [C, &"=¢'xD; 0, =2nf C Dt/A(chmicm?) (1)
where, Cisthe geometrical capacitance of vacuum of the same

dimensions as that of the sample; D= tan  where § being the
phase angle; t, the thickness and A is the cross-sectional area

of the PPfilms.
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RESULTSAND DISCUSSIONS

Sructural analysis

Figure 1 showsthe FTIR transmission spectrain
the wave number range 4000-400 cm'* for pristineas
well aselectron-beam irradiated polypropylenefilms
over doses5, 15 and 20 kGy. Fromthe FTIR spectra
of boththe pristine and theirradiated samples, onecan
seethestrong bandsin thewave number region 2840-
3000 cm* corresponding to C—H stretching vibration
of methylene (—CH.,) group. Thebands corresponding
to bending of -CH, group appearsat ~1463 cm™ and
bands corresponding to symmetrical bending of ~CH,
group can beseen at ~1375 cm™. TheBands at 1165
cnrt, 997 et and 977 et indi cates that the polymer
isisotactic and therefore methyl group islocated on
oneside of the plane of the carbon atom chain. Since
theelectronirradiation of the polymer filmswere car-
ried out in atmospherethe effects of oxygen isimpor-
tant. Theincreaseintheintensity of band near 3440
cmtand 1720 et respectively showed theformation
of oxidation hydroxyl (OH) and carbonyl (C=0)
groups. Thuselectron irradiation of PPresultsin struc-
tural modificationwhichleadsintheincrement of chro-
mophoregroupsintheirradiated samples.

Optical properties

Figure 2 showsthe UV-Vis absorption spectrafor
both the pristine aswell asthe el ectron-beam irradi-
ated PP filmsplotted in the wavel ength range of 190-
600 nm. From the spectraon can observe shiftin ab-
sorption edgetowardsthelonger wavel engthregion for
theirradiatedfilms. Thisbehaviorisgenerdly interpreted
ascaused by theformation of chromophore groupsor
extended system of conjugated bonds, i.e. possiblefor-
mation of carbon clusters as aconsequence polymer
chainscisson, cross-linking, formation of radicasand
unsaturated bondsintheirradiated samples. Inthe stud-
ied range of wavel ength, the absorption bandsare as-
sociated to the —m* electron transition.

In the high absorption region the absorption coeffi-
cient (o) asafunction of photon energy (hv) can be
expressed ag?.
hv =B (hv-E)) )
where (hv) istheincident photon energy, E, the optical band
gap energy and B isa constant (=4nc, /ncAE) where ¢, speed
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Figure2: UV-Visabsorption spectrum for theaswell as

theirradiated PPfilmsat different dosesof electron radia-
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Figure3: Plot of (ahv)?versushv for thepristineaswdll
astheirradiated PP filmsat different doses of electron
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of light, 5, extrapolated dc conductivity at T= oo, AE, measure
of the extent of band tailing, n, refractive index and r is an
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exponent which can take values %, 3/2 2 and 3 depending on
the nature of the electronic transition responsible for the opti-
cal absorption.

The best value of r can be determined from the
slope of thelinear part of (ahv)¥" versus hv. We ob-
tained agood straight linefit to our spectra dataforr=
Y5, which indicates that the transition is allowed direct.
We estimated the val ues of the band gap energy from
the extrapolation of the straight line part of the plot of
(ahv)?versushv tothe zero photon energy asshownin
figure 3. The absorption spectrashowed an extending
tail for lower photon energies below the band edge,
which can be described by Urbach’s formula given
byt?7l,
a=Aexp (hv/E ) (3)

where E istheactivation energy whichisamea-
sureof energy width of thetail of localized statesinthe
band gap. Figure4 showsaplot of (In o) versushv at
different e ectronradiation dosesfor the PPfilms. The
activation energy E wasestimated from thereciprocal
of the d ope of thelinear portion of the behavior of (In
o) with hv. Theestimated values of the optica band
gap energy (Eg) andtheactivationenergy (E ) aregiven
the TABLE 1. We observethat that both the optical
band gap and the activation energy decrease slightly
withincreasein theelectron radiation dose. A similar
decrease in the value of E, of gamma irradiated
polyvinylchloride(PVC), ponpropyIme(PP)fllmsha/e
been reported by otherg?:229, Abdel-Fattah et al [
reported that theirradiation of theunpalsticized PVC
filmsby 25 MeV proton beams over afluencerange
from 0-1x10% ions/cm?decreasesits optical band gap
from 4.35t0 2.04 €V. Sinha et al.[**?8 showed that
gammairradiation of PV C and PPfilmsover thedose
range of 0 - 10° Gy decreasestheir optical band gap
energy from 2.68 to 1.43eV and 4.59t0 2.07 eV re-
spectively. Thesmall decreaseintheoptica band gap
of PPfilmswithincreasing dose of eectronradiation
could beattributed to the formation of extended sys-
temsof conjugated bonds, e.g. carbon clusters.

Although thenumber of carbon hexagonrings(M)
inthecluster can be estimated from the Robertson re-
lation given by,

Eg=2[p[mos @
where 2f3 is the band structure energy of a pair of adjacent =
sitesand B =-2.9eV for sx-membered carbonring, C, But Fink
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Figure4: Plot of (In a) versushv for thepristineaswell
astheirradiated PP filmsat different doses of electron
radiation
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Figureb: Plot of dielectric constant (g') versuslogf for
PP filmsirradiated at different dosesof eectron radiation

et a.® have shown that the Robertson equation underesti-
mates the cluster size and hence they assumed the structure of
the clustersto belikethat of Buckminsterfullerene, C instead

of C,, and arrived at the following relation given by

Eg~34.3/JN (5)
where N isthe number of carbon atoms per cluster.

We obtained using thisrel ation the number of car-
bon atomsper cluster intheirradiated PPfilmsand are
giveninTABLE 1.

Didectricproperties

Thevariation of thedidectric constant (¢") withlog
frequency (logf) for the pristineand the e ectron-beam
irradiated PP filmsisgiveninfigure5. It can be ob-
served that the ¢’ measured at 1 kHz increases from
1.3forthepristineto 2.4 for theirradiated PPfilmsat
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TABLE 1. Theestimated valuesof theoptical band gap energy
(E) and number of carbon atom per cluster size(N) for the
pristineaswell asthe electron-beam irradiated PP filmsat
different doses

Dose (kGy) Eq(eV) E.(eV) N
0 5.03 0.08 ~46
5 4.97 0.07 ~47
15 4.94 0.06 ~48
20 479 0.06 ~51
e Prefinz
1o sy Fs
on S %
| J d
25 - i <
F %

20 I."l =
s b e
2 e /- q‘f

] /

e
0.10 - .g:\' ,‘,v'ﬁy j
posd e ‘Hﬁ: 4

i “i%'%. mmﬂﬂﬂ
000 rrer

1:‘ 1_ 1|:| '

Logf(Hz)

Figure6: Plot of dielectric loss (¢””) versuslog f for PP
filmsirradiated at different dosesof eectron radiation
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Figure7: Plot of ac conductivity (o, ) versuslogf for PP
filmsirradiated at different dosesof electron radiation

20 kGy. Figure 6 showsthe changein the dielectric
loss (e asafunction of log frequency (logf) for PPfilms
irradiated with different electron dosesintherange O-
20kGy. Itisobserved that thee'” for the PPfilmsalso
increaseswithincreaseintheelectronirradiation. The
observedincreasein thedie ectric propertiesof the PP
filmswithincreasein eectron doses could beattributed
to scissoring of the polymer molecular chains, which

= Fyl] Peper

leadsto theformation of defect sitesintheband gap of
the polymer. Thesedefectscould result intrapsof charge
carriersthat increasetheability of the polymer to store
chargesand hence causeanincreaseinthedielectric
constant aswell asthedielectricloss of the samples.
Theexperimenta resultsfurther showed that the g’ for
thedectron-beamirradiated PPfilmsdecreasesdightly
at the higher frequencies. Thisis, perhaps, asthefre-
guency increasesthe charge carriers migratethrough
thedidectric getting trapped against adefect Site, which
induces an oppositechargeinitsvicinity and thusthe
pol arization of thetrapped and the bound charges can-
not take place and hence the diel ectric constant de-
creases at these frequencies. However, at the lower
frequencies, themobility of thefreechargecarriersis
constant and thusthe dielectric constant remainsun-
changed at thesefrequencies.

Figure 7 depicts the dependence of the ac con-
ductivity (o) onlog frequency (logf) at the ambient
temperaturefor both the pristine and the el ectron-beam
irradiated PP films. It is observed that o of the PP
filmsincreaseswithincreasein theelectron radiation
dose; andinfact, asharpincreaseintheconductivity is
observed above 10* Hz for dl theirradiated films. The
increasein the conductivity of the PP could be under-
stood intermsof thefree el ectron model whereinthe
release of hydrogen from polymer chainuponirradia-
tionmight resultinanincreaseinthefreeradicals, un-
saturated bonds, which obvioudy leadtoanincreasein
thefree-dectron dendity inthe polymer that contributes
to an enhancement in the conductivity of thefilms. Fur-
ther inthehigh frequency region anet polarization might
occur whichisout of phasewiththefield. Thisresultin
ac conductivity, it appears at frequenciesgreater than
that at which thetrapsarefilled or emptied.

CONCLUSION

We concludefrom the present studiesthat theel ec-
tron-beam irradiation modified the structura, optical,
dielectric propertiesof PPfilms. The UV-Visspectro-
scopi ¢ studiesshowed decreasein the optica band gap
and the activation energy of PPfilmswiththeincrease
inthedosesof dectron radiation. Theresultsondielec-
tric propertiesshowed anincreasein the diel ectric con-
gtant, dielectriclossand ac conductivity of the PPfilms

— P plericly Science
ﬂuVWMW



248

Electron-beam induced modifications of optical and dielectric properties of PPfilms

MSAIJ, 5(3) June 2009

Full Poper =

upon irradiation, which could be attributed to forma-
tion of new defects and an enhanced free e ectron den-
sity intheirradiated samples asaconsequence of mo-
lecular chain scission, formation of freeradicalsand
unsaturated bonds.
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