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ABSTRACT

Thintransparent films of poly(vinyl alcohol)/hydroxypropyl cellulose (PVA/
HPC) (0/100, 92/8, 88/12, and 0/100 wt/wt%) were prepared by using solution-
cast technique. The effects of HPC concentration on the optical
characterizations by analyzing the transmittance spectra in the spectral
region 200-900 nm as well as the variations in the group coordination by
using FTIR techniqueinthe region (4000-1000 cm?) of the prepared PV C/
HPC blends have been done before and after irradiation with two fast
neutronsfluencies (1 x 10° and 1 x 10” n/cm?). The study has been extended
to include the changes in the optical parameters including the band tail
width and band gap energies for the samples. The results noticed that the
optical band gap was derived from Tauc’s extrapolation and increases with
the HPC contents. Also, the results obtained by the FTIR indicate that the
increase in the concentration of HPC with PVA changed the chemical bonds
and hence changed the molecular configuration of PVA. Moreover, the
results obtained by the effect of different weight percent of HPC were
compared with that detected by the effect of fast neutrons.
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INTRODUCTION

Blendingisan especialy important processfor de-
velopingindustrid applicationsof polymeric materia V.
Blending, naturd polymer with synthetic polymer seems
to beaninteresting way of polymeric composites. The
sel ection and use of polymerscan potentialy form hy-
drogen bonds when two polymers mixed, aswell as
the study of blends properties, are of importance to
find further gpplicationsof theresulting blend materias

for biomedica and pharmaceutica devices?. Celulose
was blended with poly(N-vinyl-2-pyrrolidone)®,
poly(methyl methacrylate) and poly(2-hydroxy ethyl
methacrylate)®™. Poly(vinyl dcohal) can beblended with
poly(N-vinyl-2-pyrrolidone)®, hydroxypropyl cellulose
and hydroxypropyl methyl cdllulosg™. Here, hydrogen
bonding interactionisanimportant agpect of miscibility
sinceintermolecular interactionsregul ate the compat-
ibility among the component polymer molecules®.
Poly(vinyl acohol) isusedin surgica devices, su-
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tures, hybrid idet transplantation, implantation, blend
membrand?, insynthetic cartilageinreconstructivejoint
surgery™®, as a new type of soft contact lend'!l, as
sheetsto make bagsfor premeasured soap, for wash-
ing machines, or to makelonger bags used in hospi-
tal 913, PVA was selected in the present study, asthe
hydrogel component based on its favorable water-
soluble, desirable physicochemical propertiesand its
biocompatibility!3.

Hydroxypropyl cellulose (HPC) belongs to the
group of cellul ose etherswhich has been used aready
for ayear by paper of conservatorsasglueand sizing
material. Thematerial issolubleinwater aswell asin
polar organic solvents (makesit possibleto combine
aqueous and non-agueous conservation methods)™*.
Hydroxypropyl cellulose can be used for production of
timecontrolled delivery systemsandisalsoused asa
topica ophthalmic protectant and lubricant!*S. In phar-
maceuti cals HPC used as adisintegrantsand abinder
for thewet granulation method of making tabletg1¢9,

The objective of the present study is to prepare
and characterize the PVA and HPC blend. UV/VIS
andysisgivesan evidencefor understanding energy band
diagram and optical parameterswhichisrelatively af-
fected by processing conditions. Fourier transformin-
frared (FTIR) techniquewasemployed to characterize
andreved the miscibility map and the structure proper-
tiesof such blending system. Therefore, in the present
work, theeffects of HPC concentrationson the optical
propertiesof PVA/HPC blendsby performingUV/VIS
and FTIR analysesbeforeand after irradiationwithtwo
different fast neutronsof fluencies, were reported.

EXPERIMENTAL

Materialsand samplepreparation

Poly(vinyl dcohoal) (PVA) granuleswith molecular
weight of 125 kg/mole was supplied from El-Nasr
Company, Cairo, Egypt. Hydroxypropyl cellulose
(HPC; Pharmacoat 606) with molecular weight of 95
kg/molewas supplied by Shin Etsu Chemical Co., To-
kyo, Japan.

Thin transparent films of poly(vinyl alcohol)/
hydroxypropyl cdlulose (PVA/HPC) blend (0/100, 92/
8, 88/12, and 0/100 wt/wt%) were prepared by using
solution-cast technique'® 1, Thismethod dependson

thedissol ution, separatdy, theweghted amountsof the
poly(vinyl dcohol) (PVA) granulesand hydroxypropyl
cdlulose (HPC) powder indoubledigtilled water. Com-
plete dissol ution was obtained using amagnetic stirrer
ina50 °C water bath. To preparethin filmsof the ho-
mopolymers (PVA and HPC) and the blend of their
samples (PVA/HPC) with different welght percentages
100/0, 92/8, 88/12, and 0/100 wt/wt%, the solutions
were mixed together at 50 °C with amagnetic stirrer.
Thin films of appropriate thickness (about 0.01 cm)
were cast onto stainless steel Petri dishes (10 cm di-
ameter). The prepared filmswere kept at room tem-
perature (ca. 25 °C) for 7 daysuntil the solvent com-
pletely evaporated and then kept in desi ccators con-
taining fused calcium chlorideto avoid moisture. The
sampleswere measured at room temperature (about
25°C) assolidfilms(dabs) of dimensions1x 4cm.

The preparethin films of the blend of PVA/HPC
wereirradiated with fiss on neutronswith mean energy
of gpproximately 4.2 MeV fromAmericium-Beryllium
(*Am-Be) neutron source of activity 5Ci (185 GBQ)
and with emission rate 0.87 x 107 n/s at the Physics
Department, Faculty of Science, Al-Azhar University,
Cairo, Egypt. During irradiation the prepared samples
werefixedin pogitionsthat neutronswereincident ap-
proximately normal. Theirradiation temperature was
adjusted to beabout 25 °C. Thefilmswere exposed to
two different fast neutron fluencies1 x 10°and 1 x 10’
n/cnm?. Thefast neutron fluencewasmeasured using a
calibrated TLD-700 Thermoluminescence detector at
thelocation of thesample.

Optical measurements

Theoptical transmittancefor the prepared PVA/
HPC blended sampleswere carried out in the range
from 200-900 nm using a Shimadzu UV/VIS/NIR
Double Beam Spectrophotometer with standard
illuminant C (1174.83) and has a serial number
B44360512, Model V-530 and band width 2.0 nm
coverstherange 200-2500 nm with accuracy +0.05%.

Thecolor parameters: trigimulustranamittancevadue
(y,), thebrightness (L), the color constants(A) and (B),
thewhitenessindex (W) andtheyel lownessindex (Ye)]
areestimated using the CIE system2>21, Therecorded
color parametersfor each samplewere an average of
fivemeasurementstaken from fiverandomly selected
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locationsonthefilms.
Fourier transforminfrared (FTIR) spectr oscopy

TheFourier tranforminfrared transmisson (FTIR)
spectraof the samplesunder investigationswere per-
formed over therange 4000-400 cm* using a Bruker
Vector 22 FTIR Spectrophotometer (Germany) with
accuracy better than+1%.

RESULTSAND DISCUSSIONS

Optical transmittanceand color parameterscal-
culations

The optical transmission spectrafor PVA/HPC
blended samplesintheultraviolet/visble (UV/VIS) re-
gionfrom 200to 900 nm beforeand after fast neutron
irradiationwithtwofluencies 1 x 10°and 1 x 10" n/cm?
areshowninFigures1a, 1band 1c, respectively. From
Figurela, itisfound that, the spectrum of pure PVA
showsonetransmission band at about 281 nmwhich

—== Fyl] Peper

may be attributed to the absorption of carbonyl
groups21, Moreover, thereisan observabledecrease
inthetransmittance va uefor thewhole spectrumwith
increas ng the concentration of HPC which may bedue
to thefact that increas ng HPC concentration decreases
thetransparency of the samplewhich meansthat there
isachangeinthemolecular configuration'®. Itisclear
from Figures 1band 1cthat, thetransmittance band for
pure PVA sample (100/0 wt/wt%) at about 281 nm
disappeared withincreasng neutron fluencies. Thisdis-
appearance of thetransmittance band for theirradiated
samples may indicate that the ligand PVA matrix be-
comesopaguein the ultraviolet regiond. Moreover,
thismay beinterpretedintermsof induced defects(color
centers) according to cross-linking and/or degradation
processes caused by neutron fluence?. Furthermore,
the obtained variationsin the blend samples may be
dueto somesort of interaction between the color cen-
ters created by theinteraction of radiation with both
PVA and HPC matrices.
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Figurel: Thetransmission spectraof PVA/HPC blended samplesbefor e (a) and after irradiation with fast neutron fluencies

1x10°n/cm? (b) and 1 x 10”n/cm?(c).

Thetristimulustransmittancevaues (y,) calcul ated
from thetransmittance dataof wave engthsintherange
400-700 nm for PVA/HPC blend samplesbeforeand
after irradiation with fast neutrons arerepresentedin
Figure 2a. Itisclear that the behaviours of y, for the

samplesaresimilar and nearly havethe same peak po-
sition at about 555 nm asthat of the most polymers. It
isnoticed fromthefigurethat, y, val ues decrease by
about 9.2 and 11.6% with 92/8 and 88/12 wt/wit% PVA/
HPC samples, respectively, in comparison withthepure
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PVA value (100/0 wt/wit%).

Figures2band 2cillugtratethetristimulustransmit-
tancevalues (y,) asfunction of wavelength for thefast
neutronsirradiated PVA/HPC blended sampleswith
fluencies1 x 10°and 1 x 10" n/cm?, respectively. Itis
clear fromthefiguresthat for the pure PVA sample, the
tristimulustransmittancevalues (y,) increasewith neu-
tron fluenciesin comparison with theunirradiated one.
The change observed may be attributed to the process
of photodegradation; formed during neutron interac-
tion (scission); and/or duetothecross-linking occurred
during photodegradation; resultsfrom the oxidation of
freeradicalsinthe polymer material. Dueto thispro-
cess, changeinthe color of the polymeric material is

occurred®, Also, fromthefigures, itisnoticed that the
tristimulustransmittanceval ues(y,) and the broadening
of thebands are changed with neutron fluencieswith-
out changinginther positions. Theobserved behaviours
of the blended sampl es are oppositeto that obtained
for pure PVA but agree well and confirm the obtained
results of theinfrared anayses (observed later). This
may be attributed to that thereisachangein the mo-
lecular configuration whichindicatesto theformation
of new color centers. TABLE 1 presentsthevariation
of thetristimulustransmittanceva ues(y,) and their per-
centage changesdueto irradiation with two fast neu-
tron fluenciesfor PVA/HPC blended samplesat band
position (about 555 nm).
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Figure2: Thetristimulustransmittancevalues(y,) of PVA/HPC blended samplesbefore (a) and after irradiation with fast
neutron fluencies of 1 x 10° n/cm? (b) and 1 x 10"n/cm? (c). (e) 100/0, (A) 92/8, (w) 88/12 and (0)0/100 (wt/wt%).

TABLE 1: Thevariationsof thetristimulustransmittance
values(y,) and their per centage changesdueto fast neutron
irradiation for PVA/HPC blended samplesat 555 nm.

Blended Sample PVA/HPC (wt/wt%)

Neutron 100/0 92/8 88/12  0/100
fluence (n/em?) vy Ay%  y, A%y,
Unirradiated  865.0 785 9.2 765 11.6 655
1x10° 887.5 775 12.7 765 13.8
1x 10’ 885.0 805 9.0 760 14.1

Thevariation of color parameters|brightness (L),

color constants (A) and (B), whitenessindex (W) and
yellownessindex (Ye)] cal culated from thetransmit-
tancevaues(Figure 1) and their percentage changes
for PVA/HPC blended samplesaregivenin TABLE 2.
Itisclear fromthetablethat, thebrightness(L) increases
by increasing the HPC concentrationswhich meansthat
the samplesbecome brighter in color. The color con-
stants(A) decreaseswhile(B) increaseswith increas-
ing theconcentration of HPC whichindicatesthat there
isanincreasein the green component instead of red
oneand yellow component instead of blue one, respec-
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tively. The decrease in the whitenessindex (W) and
increaseinyelownessindex (Ye) indicatethat variation
in color difference between the samplesare occurred
by the presence of HPC with PVA. The color param-
etersfor PVA/HPC blended sampl es asfunctions of
fast neutron fluencies (1 x 10° and 1 x 10" n/cm?) cal -
culated from thetransmittance valuesare presented in
TABLE 3. Itisclear fromthetablefor unirradiated and
irradiated pure PVA samplesthat, nearly thereareno
detectablevariationsinthe color parametersduetoir-
radiation with fast neutrons. For 92/8 and 88/12 wt/
wit% PVA/HPC blended samples, it isnoticed that the
vauesof the color parameters show opposite behaviour
to that obtained for the pure PVA samples. Moreover,
theresults of thecolor scalesAE, AC and AH indicate
that changesin color difference between the samples
before and after irradiation wereexisted.

TABLE 2: Theresults of the color parameters and their
per centage changesfor PVA/HPC blended samplesbefore
irradiation with fast neutrons.

PVA/HPC (wt/wt%)

Color parameters

100/0  92/8 88/12  0/100

L 6.253 8297 8213 7.585
AL% - 32.7 31.3 -

A -1.894 -2556 -2482 -2.261
AA% - -35.0 -31.0 -

B 1609 2161 2153 2143
AB% - 34.3 33.8 -

W -3.703 -6.532 -6.407 -5.532
AW% - -76.4  -73.0 -

Ye 24327 12481 12479 12477
AYe% - -51.3  -48.7 -

TABLE 3: Thevariationsof thecolor parameter sand their
per centagechangesfor PVAHPC blended samplesduetofast
neutronsirradiation.

PVA/HPC Color parameters
blended
samples L A B W Ye AE AC AH
100/0 wt/wt%
Unirradiated 6.253 -1.894 1.609 -3.703 24.327 - - -
1x10°n/em? 6.253 -1.894 1.600 -3.700 24.057 0.009 -0.006 0.007
1x 10" /om?® 6.253 -1.894 1.609 -3.703 24.327 0.000 0.000 0.000
92/8 Wt/wi%
Unirr%diated2 8.297 -2.556 2.161 -6.532 12.481 - - -
1x10°n/cm® 8.263 -2.411 2.182 -6.492 12.479 0.015 -0.010 0.0182
1x 10’ n/oem? 8400 -2.538 2.185 -6.694 12.480 0.011 0.000 0.0149
88/12 Wt/wit%
Unirr%diated2 8.213 -2.482 2.153 -6.407 12.479 - -
1x10°n/cm” 8.250 -2.479 2.148 -6.457 12.480 0.004 -0.006 0.0053
1x 10" fem? 8.171 -2.465 2.148 -6.344 12.480 0.005 -0.017 0.006

= Fyl] Peper

Fromthedataobtained, itisobserved thet thetrans-
mittance valuesand theinduced changesin the color
parametersindicatethat irradiation with fast neutrons
may lead rupture in the bonds and formation of free
radica sand finally cross-linking. Furthermore, there-
sults of PVA/HPC blended samplesindicatethat the
variationinduced coloration isboth concentration and
fast neutron fluence dependent. It may be presumed
that the effect of fast neutron radiation on the macro-
moleculesof the blended samplesisthedestruction of
the chemical bondsand linkagesaswell as creation of
highly energeticelectronsandions®y. Thesehighly en-
ergetic speciesmigratein the plastic network causing
further damagesto theadjacent macromol eculesthrough
tracks. Thehighly active groups may recombineagain
at randomleading to cross-links. The presence of oxy-
gen enhances such recombination through itsinterac-
tion with these active macromolecules. Therefore, the
highly energeticionsand € ectronsthusformed during
irradiation may betrapped somewhereinthe plastic
network forming color centerswhoseintenstieswill in-
creasewiththeincrease of thefast neutron fluence.

It can be concluded that the changes occurredin
the color parametersduetofast neutronirradiation may
reflect theactual changesinthemacromolecular struc-
ture of the polymer network. In addition, the obtained
resultsare of great important for theimprovement of
theoptica propertiesof PVA. Moreover, color param-
etersand color differencesincrease and decrease with
increasing fast neutron fluencies according to the prin-
ciple phenomena; cross-linking and degradation®2.
Their degreesdepend mainly on thetotal quantity of
radiation received by thematerid.

Optical absor ption measur ements

The absorption coefficient (o)) was calculated from

the optical transmission spectra by using the rela-
tion[2223303334-

a=(1d)[tn (1-R)YT] (@]

wheredisthethicknessof thesampleincm, T isthe
transmittanceand R isthereflectance (neglected inthe
present cal culations). Figure 3ashowstherelation be-
tween the absorption coefficient (o) as a function of
photon energy (hv) for PVA/HPC blended samples
beforeirradiation with fast neutrons. Itisclear fromthe
figurethat theabsorption coefficient (o) increasesgradu-
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ally withincreasing HPC content and photon energy
which may beattributed to the changes of the molecu-
lar configurationwhichindicatesto theformation of new
color centerg?22339,

For many amorphous materias, inthelow absorp-
tion region the absorption coefficient (o) showsan ex-
ponentid dependenceon photon energy (hv) and obeys
the Urbach rel ati onl22330.33);

o =0, exp (hv/E)) @)

where o, isaconstant, v is the frequency of radiation
and E, isthe energy interpreted the width of thetail
localized statesin the normally forbidden band gap
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which are associ ated with the amorphous nature of
the polymeric materials. Figure 3b showsthereation
between (¢n o) and (hv) for PVA/HPC blended
samples. The obtained straight lines suggest that the
absorption followsthequadraticrelation for inter-band
transitionsgiven by Mott and Davig®. Theval uesof
E, can bededuced from the sl opes of the straight lines
andlistedin TABLE 4. Itisnoticed that E, increases
withincreasing HPC concentration. Thisincreasein
thebandtail may beduetothevariationintheinterna
fields associated with structure disorder inthe sys-
tern[21,23,35] .
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Figure3: Theabsor ption coefficient, a (a), Urbach law plots(b) and thevariation of (ahv)?(c), for unirradiated PVA/HPC
blended samplesasfunctionsof photon ener gy (hv) in thevisiblerange. () 100/0, (A) 92/8, (w) 88/12 and (0) 0/100 (wt/

wt%).
TABLE 4: Thevaluesof absor ption coefficient (o) at 555 nm,
band tail energy (E,), and direct ener gy gap (E,), and their

per centage changesfor PVA/HPC blended samplesbefore
irradiation with fast neutrons.

F()V\\CtA/\\ZVTfZ)C): n‘:mazcﬁg) Aa% (eE&) AE,% (eE\% AE4%
1000 2008 - 01598 - 20251 -
928 3475 731 01762 103 20438 0.92
88/12 3825 905 01901 189 20856 2.99
0100 6225 0.3315 2.2404

According to the generally accepted model pro-
posed by Tauc for higher values of absorption coeffi-
cient wherethe absorptionisassociated with inter-band
transitions, it yieldsthe power part which obeysthe

Tauc® and Mott & Davig® relationsas:
aho=B(hn—Eg)” 3
Where B isthe dope of the Tauc edge called the band
tail parameter and nisthetypeof eectronictransition
respons blefor absorption, being 0.5 for direct trans -
tionand 2 for indirect one. Figure 3c showsthevaria-
tion of (ahv)? as a functions of (hv) for PVA/HPC
blended samples. From thefigures, theallowed direct
energy gap (E,) isdetermined from extrapolating of the
linear parts of the curves at zero absorption and the
valuesarerepresented in TABLE 4. Itisclear that, E;
increaseswithincreasingthe HPC concentration which
indicatesthat the obtai ned results of E; show the de-
pendence on the composition of thesample. It may be
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presumed that the variation may be dueto the differ-
encein the number of HPC ionsper unit length avail-
ablefor conductionand, in addition, thechangein mo-
lecular configuration induced by HPC concentra-
tl On[21,23,35] .

It isnoticed that thevariationsinthevaluesof E,
and E, withincreasing the concentration of HPC may
be dueto HPC-induced structural changesinthesys-
tem. On other hand, these changes may arisefrom the
random fluctuations of theinternal fields associated
with the structure disorder in theamorphousregion of
polymer material. Furthermore, it wasrecogni zed that
dopant playsadominant role in morphological and
mi crostructure changes occurring in the polymer ma-
tri X[22,23,35] .

Therd ations between theabsorption coefficient (o)
asafunction of photon energy (hv) for irradiated PVA/
HPC blended sampleswith fast neutron fluencies 1 x
10°and 1 x 10" n/cm? areillustrated in Figure4a. Itis
noticed that, o of the irradiated pure PVA decreases
with neutronfluencies Thevariationinthevauesof the

—== Pyl Paper

absorption coefficient with fast neutronsmay be attrib-
uted to change of the molecular configuration which
leadsto the formation of new color centersand also
duetotheformation of highly activefreeradicaswhich
recombineto form molecul ar speci eg?0223:3538],

The relation between (—!n ) and (hv) for PVA/
HPC blended samples at the two different neutron
fluenciesare plotted in Figure 4b. Thevalues of the
band tail energy (E,) calculated from theslopes of the
straight linesare presentedin TABLE 5. It isobvious
that thevalues of E_ for 100/0 and 92/8 wt/wt% PVA/
HPC blended samplesdecreasewith neutron fluencies.
Thebehavior isin oppositeto that obtained for the 88/
12 wt/wt% PVA/HPC blended sample (TABLE 5).
The obtained change may arisefromtherandom fluc-
tuationsof theinterna fieldsassociated with structure
disorder intheamorphousregion of the polymer mate-
rial. Moreovey, it isrecognized that both HPC concen-
trationsand fast neutronsirradiation play adominant
rolein morphological and microstructure change oc-
curringinthe polymer matrix3,
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Figure4: Theabsor ption coefficient, a (@), Urbach law plots(b) and thevariation of (ahv)?(c), for PVA/HPC blended samples
after irradiation with fast neutron fluencies. (o) 100/0, (A) 92/8 and (m) 88/12 (wt/wt%).

Figure 4c showstherelation between (ahv)? and
(hv) for PVA/HPC blended samples before and after
irradiationwithfast neutron fluencies. Thealowed di-
rect trangition energieswere determined by extrapol at-
ing thelinear portion of the curvesto zero absorption.

Itisnoticedthat for irradiated pure PVA in comparison
with 8 and 12 wt% HPC contentssamples, thevalues
of E, haveoppositetrends. Theseirregular trends may
be attributed to whichispredominant cross-linking or
degradation process. Thevaluesand their percentage
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changesina, E_ and E, with fast neutron fluenciesfor
PVA/HPC blended samplesaretabulatedin TABLE
5. The observed variation meansthat the polymeric
network of the sampleis changed which indicatethe
role of fast neutrons on polymer structure forming
cross-linking and/or degradation processes®%9,

TABLE 5: Valuesof absor ption coefficient (a) at 555 nm,
band tail energy (E,) and direct energy gap (E,) aswell as
their percentage changes for PVA/HPC blended samples
beforeand after irradiation with fast neutrons.

PVA/HPC

a at 555 Ep

Eq

0, 0, 0,

l;);re]:]slee‘; Nm(cm.l) Aa% (eV) AEb % (ev) AEd %
100/0 wt/wt%

Unirradiated  20.08 0.1598 - 20251 -

1x10°n/cm? 1725 -14.1 0.1445 -9.6 1.9637 -3.03

1x 10" n/cm? 1725 -14.1 0.1313 -17.8 1.9001 -6.17
92/8 wt/wt%

Unirradiated  34.75 01901 - 2.0438 -

1x10°n/cm® 3675 5.8 0.1632 -14.2 2.0643 1.00

1x10°n/cm?> 3175 -8.6 0.1486 -21.8 2.0862 2.07
88/12 wt/wt%

Unirradiated  38.25 - 01762 - 2085 -

1x10°n/cm® 3675 -3.9 0.2183 239 21274 2.00

1x10°n/cm? 3975 3.9 0.2001 136 21678 3.94

Fourier transforminfrared spectral analyses

The FTIR transmittance spectra for PVA/HPC
blended sampl es asfunctions of wavenumber in the
range4000-600 cm*areshownin Figure5. The spec-
traof PVA and HPC seem to be consistent with that
previoudly reportedin the literatureg?02123.384041 The
chemica assignmentsfor PVA, HPC andtheir blended
samples were considered and are also illustrated in
TABLEG®G.

Itisclear from Figure 5aand TABLE 6 for pure
PVA spectrumthet, arelatively broad and intensev(OH)
absorption stretching band i s observed between 3515
3154 cmt indicating the presence of apolymeric asso-
ciation of the free hydroxyl group and bonded OH
stretching vibration. Thisbroad and intense band usu-
aly occursaongwith sharp lessintense “monomeric”
and “dimeric” OH absorption[?42, Also, two distinct
absorption bands occurring at 2936 and 2918 cm™ re-
sultfromantisymmetricv,_(CH,) and symmetricv (CH,)
stretching vibrations, respectively. Thebandsat 1712
and 1567 cm'* of the carbonyl group are due to ab-
sorption of theresidud acetategroup. Theband at 1712
cnrwasassignedto “free’ unassociated and to associ-

ated hydrogen-bonded carbonyl group in thesample.

Theband at 1660 cnmr! was attributed to the absorp-

tionof H,0O. Thesymmetric bending modev (CH.,) is

found a 1430 cmr. Inaddition, thebandsat 1376 and

1240 cm* result from rocking methyl groups (CH,) or

wagging vibrationsof CH,and CH, respectively. The

band at about 1331 cm™ isassigned to mixedv (CH
and OH) bending modes and is attributed to the asso-
ciated alcohols. The stretching band at 1140 cm?is
known to bethe crystalization-sensitive band of PVA
and istaken asameasureof thedegree of crystallinity.

Itisbdieved that thisband arisesfrom the symmetric

v(C-C) stretching mode related to the regular repeti-

tion of thetrans-configuration of thezigzagchainina

crystdlineregion. Inaddition, itisinferred that the 1140

cm™ band might be dueto akind of absorption mecha

nism rel ated to the presence of the oxygen atom. The
band at about 1096 cm* isassigned to v(C-O) stretch-
ing vibration of ether group. Theband at 919 cmis
related to syndiotactic structureand isassigned tothe

v (CH,) rocking vibration. Theband a 851 cm*isas-

signed to -CH, rocking vibration and at 607 cm* due

to O-H twisting®23. The dataobtained also indicate
that both PVA and HPC are approximately showed
similar macrostructure. Moreover, from Figure5aand

TABLESG, itisnoticed that:

e Theabsorbance band observed at 3515-3154 cnr
twhichisdueto the presence of hydrogen bonded
O-H groupin pure PVA samplebecomes narrower
by adding HPC.

e Thestrongband at 2936 cm™* associated with C-
H stretching vibration of pure PVA showslittleshifts
initsposition and decreaseinitsintensity by adding
HPC.

e Thebandat 1712 cmassociated with carbonyl
group (C=0) of pure PVA shows unremarkable
shiftsinits position and intensity by adding HPC.

e Thebandat 1660 cm* associated with water ab-
sorption and C=0 dretching showsshiftinitspo-
sition and itsintensity decreaseswith increasing
HPC concentration.

e Theband at 1567 cmr? associated with carbonyl
group C=0 showsunremarkableshiftinitspos-
tion.

e Thebandat 1430 cm™* associated with O-H bend-
ing and CH, CH, deformation shows shift inits
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position and decreaseinitsintensity by adding HPC. with C-O stretching vibration, skeletal and CH,
e Thebandsat 1376 and 1331 cnrtassociated with rocking, respectively show nearly unremarkableshift

CH, wagging and C-H or O-H bending show un- inther positions.
remarkableshiftintheir postionsandintensitiesby e Theband at 607 cm™* associated with O-H twist-
addingHPC. ing shows shiftinitsposition and decreaseinits
e Thebandsat 1140, 1096 and 851 cm* associated intengty by adding HPC.
l] }uo WEHT -, s B 7__.\|
v ! 1 -
Eﬁ']lutlﬂ f/ﬂ | ) 33 1wt lI‘.-""_ 1 ,.l-,l |‘
[ / o P ! i |l PI
WY WO L B A Y |V
- = Y l"_._/j L'll LA -'ILJ
;.:"': i PR R = | 5 N :; 3
7 5 [ A Il : 3 s /7|
__E ; || { [ _fijl ']| Il. | '_E: l' II | / \ ]
g [2 8wty E A/ |.J N ¥ oW E \ 3 o L"I i g JHJ., e
(= 3 & N r| ,_:, ' )
][lllu-.n W ',-“ |'~-11'1 | 100wt -. l II| |'
fel AN L VB
- L | | H A
|__,r’ H| |Jﬁ ||m;|L_.|5-L v | h'1 J!g_. L,-.J |_J : )
155].31511% % HE' Egg H EDINE B g ?%ﬁg 3
i | e Ll 1 1 | 1
RO 1. L 1360 o0 . oo 600 000 ] tooo 0 e o ?\'l.l_‘ s -1 il aind
- \\:'I'-'\'En'l:tll‘-'.'! 'y ] o Warmmaher fm ) )
(a) b) ic)

Figure5: Variationsin FTIR spectra of PVA/HPC blended samplesbefore (a) and after irradiation with fast neutron
fluenciesof 1 x 10° n/cm? (b) and 1 x 10”n/cm?(c).

TABLE 6: Postionsand assgnmentsof themost absor ption bands of PVA/HPC blended samplesbeforeirradiation with fast
neutrons.

Wavenumber (cm™)

PVA/HPC blended samples (wt/wt%) Assignments
100/0 92/8 88/12 0/100
3515-3154 335201(? 3503-3208 3516-3348 Hydrogen bonded and hydroxyl O-H group

2936 2934 2932 2971 CH, or CHj; stretching vibration
2918 2911 2914 2911 C- H stretching vibration

- - 2880 shoulder 2894 C-H stretching vibration
1712 1711 1712 1716 Carbonyl group C=0 dtretching
1660 1654 1651 1646 Water absorption and C=0 stretching
1567 1566 1566 - Carbonyl group C=0 dtretching
1430 1435 1444 1456 O-H, C-H bending and -CH, deformation

- - - 1413 Bending vibration mode of CH,
1376 1376 1375 1374 -CH, wagging
1331 1330 1327 1327 C-H and O-H bending
1240 1258 1258 1272 O-H bending and C-H wagging
1140 1139 1136 1134 C-C dretching vibration
1096 1093 1091 1090 C-O stretching vibration

- - - 1040 C-O stretching vibration
919 920 926 949 C-O deformation and

-CH; rocking

851 850 849 844 Skeletal and -CH,rocking
607 610 617 617 O-H Twisting
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Highenergy radigion, such asfast neutronfluencies
are expected to make large chemical and physical
changesinthe polymerseither by direct damageor by
reaction with any oxygen present*. Theinfrared spec-
tra of 100/0, 92/8 and 88/12 wt/wt% PVA/HPC
blended samples after irradiation with fast neutron
fluencies 1 x 10° n/cm? (Figure 5b) and 1 x 10" n/cm?
(Figureb5c), are presented. TABLE 7 showsthevaria-
tionsinthespectra positionsand assgnmentsof both
unirradiated andirradiated PVA/HPC blended samples.
Itisclear that, in comparison between the unirradiated
andirradiated spectrabesidethedecreaseinthetrans
mittance of the spectrawith neutronfluencies, theband

at 1567 c* whichisassigned as carbonyl group (C=0
stretching) showsshift initsposition and itsintensity
decreasesaswell asbecomesbroad. A sharp dropin
intengitiesof thebandsat 1735and 849 cm* whichare
assigned ascarbonyl group (C=O stretching) and—CH,
rocking, respectively are observed by fast neutron
fluencies. Thestrongband at 1712 cm* whichisdueto
the presence of carbonyl group (C=0) isaffected by
irradiation and itsintensity increasesby increasing the
neutron fluence. Theinduced formation of thecarbonyl
groups at 1735 and 1566 cnr? can be interpreted on
thebasisof the peroxide mediated oxidative degrada-
tionmechaniam.

TABLE 7: Thepostionsand assgnmentsof the most absor ption bandsof unirradiated and irradiated PVA/HPC blended

samples.
PVA/HPC blended samples (wt/wt%)
100/0 92/8 88/12 .
Assignments
Neutr on fluencies (n/cm?) and wavenumbers (cm™)
0 10° 10’ 0 10° 10’ 0 10° 10’
35153154 35503150 35503150 35003217 35403162 35653108 35033208 35003200 34783195 Hydrogen bonded and hydroxyl O-H group
2936 2933 2939 2934 2935 2947 2932 2939 2939 CH, or CHj stretching vibration
1712 1719 1728 1711 1732 1732 1712 1735 1728  Carbonyl group C=0 stretching
1660 1664 1656 1654 1662 1662 1651 1660 1658  Water absorption and C=0 stretching
1567 1570 1596 1566 1574 1574 1566 1566 1569  Carbonyl group C=0 stretching
1430 1424 1428 1435 1431 1431 1444 1430 1427  O-H, C-H bending -CH, deformation
1376 1374 1375 1374 1369 1369 1375 1370 1373 -CH, wagging
1331 1330 1333 1330 1327 1326 1330 1320 1326  C-H and O-H bending
1240 1253 1255 1258 1250 1234 1258 1257 1257  O-H bending and C-H wagging
1140 1150 1145 1139 1148 1141 1136 1135 1130  C-C stretching vibration
919 947 949 920 945 948 926 948 948  C-O deformation -CH, rocking
851 852 849 850 848 848 849 848 848  Skeletal and -CH,rocking

Briefly, thedecreaseintheintenstiesof somebands
can beattributed to the radiation induced changesin
theintermolecular bonds of PVA chainscaused by fast
neutron fluencieswhichindicatethat cross-linking of the
chainsmay occurt®#4. Fast neutronirradiation of poly-
mersresultsin bond cleavagegivingfreeradicas, which
inthe presence of oxygen react by achain mechanism
to form oxidation productsthat include by hydroper-
oxides. Theradica sstepsset in motion during thecourse
of thereactionsinclude pathwayswhich lead to poly-
mer chain scission and cross-linking®#1, Therate of
the two reactionsisthelimiting factor so that one of
them isfound to bethe predominant. Furthermore, the
changesintheintenstiesand positionsof somebands

by fast neutron fluences may be attributed to change
occurred inthe concentrated of someinfrared active
groupsor bands, so that the structural modification of
irradiated samples can be detected from their infrared
spectra“d,

CONCLUSION

Dopant concentration and neutronirradiation plays
adominant rolein both morphological and microstruc-
ture change occurring in polymer matrix. Samplesun-
der investigation exhibit aradiation sengitization char-
acteristic for each doping concentration. Both degra-
dation and cross-linking processesinduced neutronir-
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radiation occur simultaneoudy, oneor theother gener-
aly being dominant. They arenon-equilibriumradiation
—chemical process that change the structure, and hence
thephysical properties, of thepolymer. Thisisclearly
shown by the change of optical parameters obtained
and infrared spectra.
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