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ABSTRACT

The frequency-dependent diel ectric dispersion of athin film of poly(vinyl
alcohol)/ hydroxypropyl cellulose (80/20 wt/wt%) blend prepared by the
solution-cast technique is investigated in the frequency range 1-100 kHz.
The effect of different fast neutron fluencies in the range 10°-108 n/cm? on
the prepared film is also studied. Dielectric relaxation has been analyzed
based on the examination of the wide range of molecular mobility of the
amorphous phase of the blend system. The obtained results noticed that,
measureabl e changesin the behavior and values of the diel ectric properties
are detected. These changes may be attributed to degradation and/or cross-
linking process by the presence of HPC with PVA or by theirradiation with
fast neutron which may be suggested that the observed dispersion depends
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on composition and irradiation of the blend matrix.
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INTRODUCTION

Intherecent years, studies on the e ectrical prop-
ertiesof polymershaveattracted much atentioninview
of their applicationsin dectronic devices¥. Thedectri-
ca conductionin polymers hasbeen studied aiming to
understand the nature of the chargetransport preva ent
inthesematerias. Moreover, conducting polymershave
shown great potential for many applicationssuch as
rechargesble batteries, light-emitting diodes, molecular
sensors, and gas separation membranes?. To beuseful
in these applications, the polymers must be highly
processable and chemically stablefor long periods of
time. Poly(vinyl acohol) hashigh mechanical strength
and water-solubleand desirable physi cochemica prop-

ertiesand itshiocompatibility!®. Theseadvantageshave
played asmainrolefor this selection ascompared to
other polymer matrices“. Also, PVA hasbeenused as
ahost polymer because PVA issemi-crystalline poly-
mer and hasvery important applicationsdueto therole
of OH group and hydrogen bonds™.

Polyvinyl dcohoal isapotentid materid havingavery
high didectric strength (> 20000 kV/mm), good charge
storage capacity and dopant-dependent el ectrical and
optica properties. So thewiderange of applications of
PVA can be even more extended by incorporation of
dopant into PVA matrix®. In addition, poly(vinyl dco-
hol) can be blended with hydroxypropyl celluloseand
hydroxypropyl methyl cellulosg®¢9. Here, hydrogen
bonding interactionisanimportant aspect of miscibility
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sinceintermolecular interactionsregul ate the compat-
ibility among the component polymer molecules™®.

Hydroxypropy! cellulose (HPC) hasbeen used al-
ready for ayear by paper of conservatorsasglueand
sizing materia™. Also, HPC can be used for produc-
tion of timecontrolled ddivery sysemsandisasoused
asatopical ophthalmic protectant and lubricant™. In
pharmaceuticals applications, HPC is used as a
disntegrantsand abinder for thewet granulation method
of making tabletg*¥,

On other side, chemical or physical cross-linking
can be achieved using functiona cross-linking agents
or by usngionizing radiation®¥. lonizing radiation such
asgammaor eectron-beam producestwo typesof free
radicason PVA chaing™. In addition, chemicdly cross-
linked PVA hydrogd hasbeen gainingincreasing atten-
tioninthefield of biomedicg.

Thedidectricbehavior of poly(vinyl dcohol) com-
positefilmsisstudied inthiswork. The present study
will hepinunderstanding the effect of 20wt% of HPC
onthedie ectric property and ac conductivity of PVA.
Theinfluenceof fast neutronswith different fluencieson
the dielectric properties of the composite polymer is
dsoinvestigated.

EXPERIMENTAL WORK

Inthe present study, poly(vinyl dcohal) (PVA) gran-
uleswith molecul ar weight of 125 kg/mole (El-Nasr
Company, Cairo, Egypt) and hydroxypropyl cellulose
(HPC; Pharmacoat 606) with molecular weight of 95
kg/mole (Shin Etsu Chemica Co., Tokyo, Japan) are
used.

Thinfilm of pure PVA and HPC and their PVA/
HPC blend (80/20 wt/wt%o) is prepared by using solu-
tion-cast technique®”*7, Thistechniquedependsonthe
dissolution, separady, thewe ghted amountsof thePVA
granules and HPC powder in doubledistilled water.
Compl etedissolutionisobtained usingamagnetic stir-
rer in a50 °C water bath. To prepare thin film of the
PVA and HPC and their blend PVA/HPC (80/20 wt/
wit%), the solutions aremixed together at 50°Cwith a
magnetic stirrer. Thin films of appropriate thickness
(about 0.01 cm) arecast onto stainlesssted Petri dishes
(10 cmdiameter). The prepared filmsare kept a room
temperature (about 25 °C) for 7 daysuntil the solvent

completely evaporated and then kept in desiccators
containing fused calcium chlorideto avoid moisture.

The preparethin film (80/20 wt/wt%o) of theblend
of PVA/HPC isirradiated with fission neutronswith
mean energy of approximately 4.2 MeV from Ameri-
cium-Beryllium (**Am-Be) neutron source of activity
5Ci (185 GBq) and with emissionrate 0.87 x 107 n/s
at roomtemperature. Duringirradiationthesamplesare
fixed in positionsthat neutronswereincident approxi-
mately normal. Thefilmsare exposedto different fast
neutron fluenciescoverstherange1 x 10°- 1 x 108 n/
cm?l¥, Thefast neutron fluenceis measured using a
calibrated TLD-700 Thermoluminescence detector at
thelocation of thesample.

Thee ectrical measurement (did ectric permittivity,
dielectriclossfactor and ac conductivity on the pre-
paredthinfilmsof PVA, HPC and their PVA/HPC blend
are measured in the frequency range from 1 to 100
kHz at room temperature using aHioki 3531Z Hiester
ProgrammableAutomatic RLC Meter (Japan)!. The
accuracy of thedielectric measurementswaswithin
+1%.

RESULTSAND DISCUSSIONS

Dielectric permittivity (g’) study

One of themost methods of unravelling theorigin
of dielectric dispersionisthe study of therea part of
dielectric (dielectric permittivity) of the polymeric ma:
terial 9819, Figure 1illustrates the frequency-depen-
denceof thedielectric permittivity (¢”) for pure PVA,
HPC and their PVA/HPC blended sample. From the
figureitisclear that, thevaue of €’ decreases mono-
tonically with theincrease of thefrequency of the ap-
plied dectricfield. Thevauesof € for 80/20 wt/wt%
blend arein theintermediate val ue between thevalues
of thehomopolymers (PVA and HPC) which may be
indicated that thereisacompatibility and miscibility
between the blend system. Thevariation of &> must be
mainly dueto the space-charge polarization up to 10*
Hz and a higher frequenciesit must be dueto the con-
tributionsfromionic, dipolar and e ectronic polariza-
tionl#19. Moreover, thevalues of ¢’ decreased asthe
applied frequency increased and they showed anoma:
lous dispersion®2, The addition of HPC may cause
anincreasein thenumber of ionisable chargecarriers
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which affectstheinherent ability of thedipolesto orient
themselves? and al so may cause the distribution of

HPC moleculesin the inter-aggregates space which
decreasethe polymer chain e ongation and consequently
may result inadecreaseinthedie ectric permittivity.
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Figurel: Frequency-dependenceof thedidectric per mittivity
(g2) for PVA/HPC blends: (4) 100/0, (®) 80/20and (A) O/
100 wt/wt%.

Figure 2 showsthevariation of €” with frequency
for 80/20 wt/wt% PVA/HPC blended sample before
and efter irradiation with different fast neutron fluencies
Itisclear fromthefigurethat thevauesof ¢’ decrease
withincreasing frequency approaching anearly con-
stant value at higher frequencies. It isclear fromthe
figurethat, dl curvesshown arenot adhered with Deybe
model. Thedieectric permittivity asdepictedinthefig-
uredecreaseswiththeincreasing of frequency. Thismay
be attributed to the tendency of dipolesin polymeric
samplesto orient themselvesin thedirection of theap-
pliedfield. It could be explained by dipolesorientation,
which difficult to rotate at high frequency range’®.

Dielectriclossfactor (&”) study

Figure 3 representsthe dependence of dielectric
lossfactor (¢”) on frequency for pure PVA, HPC and
their PVA/HPC blended sample. Fromthefigure, itis
noticed that, the values of £ for the blended sample
(80/20 wt/wit%) arelower than that of the pure PVA
and pureHPC va ues over thewholefrequency range.
Thedidectriclossfactor decreaseswith frequency and
thelarger valueof did ectriclossfactor at low frequency
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Figure2: Frequency-dependenceof thedidectric per mittivity
(€2) for unirradiated and irradiated 80/20 wt/wt% blended
sample with different fast neutron fluencies. (@)
unirradiated, (W) 1 x 10° (A) 1x 10°, (®) 1x 107 and (O) 1
x 108 n/cm2.
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Figure 3 : Frequency-dependence of the dielectric loss factor
(¢”) for PVA/HPC blends : (¢) 100/0, (®) 80/20 and (A) 0/100
wt/wt%.

could be dueto the mobile chargeswithin the polymer
backbone'.

Figure 4 shows the dependence of the dielectric
lossfactor () on frequency for 80/20 wt/wt% PVA/
HPC blended sample beforeand after irradiation with
different fast neutron fluencies. The plotsshow asteep
decreaseing” at low frequencies. Thisisageneral se-
guence attributed to decreasein thestir effect hinder-
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Figure4: Frequency-dependenceof thedidectriclossfactor
(€”) for unirradiated and irradiated 80/20 wt/wt% blended
sample with different fast neutron fluencies. (@)
unirradiated, (W) 1x 10° (A) 1x 105, (®) 1x 10"and (O) 1
x 108 n/cm?.

ing themicro-Brownian motion. At high frequenciesthe
variation of £” withfrequency ismargina andtendsto
beaconstant value.

It isrecognized from thefigurethat neutronirradia-
tion playsapredominant roleinboth morphologicd and
microstructure change occurring in the polymer ma-
trix?4, Such blended samplebehavesasasystemin
which one phaserdaxesliketheamorphousonewhile
theexistenceof crystdlinephaseredtrict thegenerd long-
range segmental motionsin the amorphous phasg?.
Therefore, thevariation of magnitude of thedielectric
lossfactor may bedueto the changein themicrostruc-
tureinduced by fast neutrons.

All dielectric materials have two types of losses:
the conduction loss representing the flow of actual
chargesthroughthedielectric materia, and thedielec-
triclossdueto movement or rotation of theatomsinan
dternatingfield. Trestment of polymersby blendingwith
appropriate additives modifies the perturbation of
phononsduring application of eectricfield. Moreover,
the diel ectric relaxation of polymersisinfluenced by
water invariouswaysd24 which enhancesthelocad re-
|axation process by dipole-dipole coupling andit can
act asan effective plasticizer in polar polymers. If wa
ter canformahydrogen bonded super-structure, it pro-
ducesavery specific dielectric response, “anomalous
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low frequency dispersion’™?, The essenceof thiskind
of responseisthat both ¢” and £ decrease with in-
creasing frequenciesas noticed from the obtained re-
aults.

A.C. conductivity (o, ) study

Theconductivity of theamorphousmateridswhere
the charge carriersexperience on approximately ran-
dom potentia energy on diffusingisfound to obey the
equation®: ¢_(w) =A 0%, whereA isacomplex con-
stant and the index Sisthe exponent of the angular
frequency (). Thevalue of the exponent Shasbeen
determined fromthelinear sopeof —log o (w) versus
—log . Figure5 representsthe frequency dependence
(—!og o) of a.c. conductivity (-log o, ) for pure PVA,
HPC and their PVA/HPC blended sample. It isclear
from the figure that due to the addition of HPC, ¢
values decrease in the whole frequency range. This
decrease may be dueto the decreasein themobility of
charge carriersdueto scattering of ionized molecul ar
aggregateswhich may beformed duetoinhomogeneous
distribution as well as the non-bonding parts of the
blend. Also, fromthefigure, o ismonotonically in-
creaseswithincreasing frequency. Thisbehavior iswell
defined asthe conduction of which occursby hopping
mechanism,
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Figure5: Freguency-dependence(log o) of a.c. conductivity
(log 6, ) for PVA/HPC blends: (4) 100/0, (®) 80/20 and
(A) 0/100 wt/wt%.

Figure 6 showstherelation betweenlog  andlog
o, for unirradiated and irradiated 80/20 wt/wt% PVA/
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HPC blended sample. Ascan be seenfrom thefigure
for theunirradiated and irradiated samples, the plots
hasyielded nearly straight linesup to 10kHz. Thistype
of behavior reved sthat theexponent Sisagpproximately
independent of frequency; hence, the mechanismre-
sponsiblefor a.c. conduction mechanism could bea
hopping ong?"28,
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Figure6: Frequency dependence (- og m) of a.c. conductivity
(-!og 6, ) for unirradiated and irradiated 80/20 wt/wt%
blended samplewith different fast neutron fluencies. (@)
unirradiated, (W) 1 x 10° (A) 1x 10°, (®) 1x 10”and (O) 1
x 108 n/cm?.
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Two distinct mechani sms have been proposed for
therel axation phenomend?¥: quantum mechanica tun-
neling (QMT) of electronsor polaronsthrough the bar-
rier separatinglocdized sates, and corrdated barrier hop-
ping (CBH) modd over thesamebarrier. Thevaluesof
Swerederived by ca culating thed opesof thegraphsin
Figures5 and 6 which useasingleexponent Sand rep-
resent the hopping conduction near the Fermi level and
arerecorded in TABLES 1 and 2. From the data ob-
taineditisobserved that the exponent Sdecreaseswith
increasing neutronfluenciesupto 1 x 10" n/fenm?andthen
increases with increasing the fluence towards the
unirradiated value. Also, theexponent Stillslessthan
unity, i.e. S< 1. Theobtained results of frequency and
fast neutronirradiation dependenceof a.c. conductivity
werefound to support the CBH model, wherethefre-
quency dependenceof a.c. conductivity isnearly linear,
and theexponent Sisirradiation dependent decreasing
withincreasing fast neutron fluenceand frequency range
employed. Thissuggeststhat the CBH mechanismde-
pendsontheirradiated blend matrix.

TABLE 1: Valuesof the exponent Sfor PVA/HPC blended
samples.

Blend sample PVA/HPC
(wt/wt%)

Exponent S

100/0 80/20 0/100

0.739 0.712 0.087

TABLE 2: Valuesof theexponent Sfor 80/20 wt/wt% PVA/HPC blended samplewith different fast neutron fluencies.

Blend sample PVA/HPC (80/20 wt/wt%)

Unirradiated

1x10° 1x10° 1x10° 1x10°

Exponent S

0.712 0.616 0.561 0.308 0.602
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