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ABSTRACT

Solid polymer blend films based on PEO/PVA (50/50 wt/wt %) undoped
and doped with different concentration of ZnO nanoparticles were pre-
pared by using casting technique. Structural, optical and thermal studies
were performed using Fourier transforminfrared (FT-IR), X-ray diffraction
(XRD), ultraviolet - visible spectra (UV-V1S), scanning electron micro-
scope (SEM), differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA). IR absorption spectra and DSC ther-
mogramsindicate that the PEO/PVA undoped blend and doped with ZnO
areimmiscible. XRD and band tail energy data showed that theincorpora
tion of nano-ZnO into the polymeric system causes decreasing the crys-
tallinity of samples. The kinetic thermodynamic parameters such as acti-
vation energy, enthalpy, entropy and Gibbs free energy were evaluated
from TG data using Coats — Redfern relation. SEM analysis indicate the
change of the surface morphology of PEO/PVA/ZnO- nano particles.
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INTRODUCTION

Polyvinyl alcohol (PVA) polymershave attracted
attention duetotheir variety of applications. PVAisa
water soluble polymer whichisimportant fromanin-
dustria view point. Somestudiesreved that the optica
andtherma propertiesof the PVA can be controlled by
doping for different gpplications®3. Polyethylene ox-
ide (PEO) isthemost interesting base material because
of itishighchemicd andthermd stabilityt. PEOissemi-
crystalline polymer, possessing both amorphousand
crystaline phasesat room temperature.

Polymer blendsoften exhibit propertiesthat aresu-
perior compared to the properties of each individual
component polymer!®. Polymer nanocompositeshave
attracted agreat ded of attention in recent yearsdueto
their exceptiond properties®. ZnOisan odd material
with novel applicationsduetoit’s proper optical, elec-
trical and thermal properties®”. Nano-ZnO isone of
themultifunctiona inorganic nanoparticleshasdrawn
increasing atentioninrecent yearsduetoit’s many sig-
nificant propertiessuch aschemical stability, highca-
talyssactivity andintensveultraviolet andinfrared ab-
sorption®19, In particul ar, theintroduction of nano-ZnO
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into polymeric matrix can enhance both mechanicd and
optical propertiesof the polymersduetoastronginter-
facia interaction between the organic polymer and the
inorganic nanoparticles*, Compositesbased on such
nanoparticlescan bewidely utilisedin coating, rubbers,
plastics, sedlants, fibersand other gpplication. J. Leeet
al.'™ described the devel opment of PEO/PVA/nano-
ZnO film, then evaluated and optimized the effect of
ZnO additive on some physical properties of the
polyblend polymer.

Themain purpose of thiswork wasto achievea
deeper insgght into thefundamental physical properties
of PEO/PVA blend films doped with different concen-
tration of ZnO nanoparticles. A systematicinvestigation
on miscibility, thermal stability, structure, morphology
and band tail property relationship of such nano- ZnO
polyblend system arediscussed usng different toolsand
techniques.

EXPERIMENTAL WORK

Materials

Poly ethyleneoxide (ACROS, New Jersey, USA)
with M.W. ~ 900.000 and Poly vinyl alcohol (MP
Biomedicals, Inc, France) with M.W. ~ 15.000 were
used asabasi ¢ polymeric materials. Nano-powder of
ZnO with amean particlessize<100 nmwas supplied
by SSGMA-ALDRICH, USA.All chemicdswereused
asreceived without any purification.

Preparation method

Equal quantity of PEO and PVA (50/50 wt/wt %)
wasdissolvedin doubledistilled water separately and
then the polymer blend sol ution was stirred continu-
oudly until ahomogenousviscousliquid wasformed.
ZnO nanoparticlesweredissolved indoubledistilled
water adso. Theresulting solution of ZnO nanoparticles
was added drop by drop to the polymer solution with
mass fraction 0.5, 1.0, 2.5, 5.0 and 10 %wt. There-
sulting solution was cast to PEI Petri dishesand keptin
adry aimosphereat 70 °C about 48 hrs. After drying,
the films were peeled from Petri dishes and kept in
vacuum desiccatorsuntil uses.

M easur ement techniques
FT-IR measurements were performed using
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JASCO, FT/IR-6100 in the spectral range of 4000-
400 cnrt. X-ray diffractions were performed using
Diano Corporation-USA equipped using Cu-Ka ra-
diation (A= 0.1540 nm, the tube operated at 30kV,
Bragg’s angle (20) intherange (5-50°). Ultraviol et-
visible absorption spectrawere measured inthewave
length region of 200-1000 nmusingV-570 UV-VIS-
NIR (JASCO, Japan) spectrophotometer. Scanning
electron micrographwasperformed usng SEM (JEOL-
JSM 6100), operating voltage at 30KV accel erating
voltage Differentid scanning cdorimetry of the prepared
sampleswere carried out using (DSC-50, Shimadzu,
Japan) with measuring temperature range from room
temperature to 400°C and the heating rate was 10°C/
min. The Thermogravimetricanalyss(TGA) wasused
to characterize the decomposition and therma stability
of prepared samplesby A Perkin-Elmer TGA-7. The
mass of the samplesamount (1-2.8 mg) wasrecorded
whiletemperatureisincreaseat aheatingrate of 10°C/
min and the samples heated from room temperatureto
460 °C.

RESULTSAND DISCUSSION

Fourier transforminfrared analyss(FT-IR)

FT-IR spectroscopy isan important tool to investi-
gate multi-component systems, becauseit providesin-
formation onthespecific groupsfoundintheblend com-
position aswell asthe polymer-polymer interactions.

Figure 1 depicts the FT-IR spectra of PEO and
PVA homopolymersand their blend sample of 50/50
(wt/wt %) PEO/PVA intherange 4000-400 cm™. The
IR spectraof both PVA and PEO homopolymers seem
to be consstent with that previoudy reported®>4, The
most important bandsfeature of these samplesbel ow
2000 cm* appearsto be C=0 stretching vibration at
1730 cm*and 1567 cmt, O-H bending vibration at
1328 cmtand C-O-C stretching vibration around 1100
cm™. However bandsfeature above 2000 cmt arein-
tense and composition sensitive. They arethev(CH)
stretching at 2884 cnrtand v(OH) stretching at 3400
e, Whereasv(COC) stretching is present only in the
spectrum of PEO but v(OH) and v(C=0) are present
only inthe spectrum of PVA[?, Ingeneral, theblend
comprising thetwo compounds shows spectrum char-
acterigtic of both, but thevibrationa bandscharacteriz-
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ing each polymer are predominate.

In caseof blend sample spectrum, theintensities of
the absorption bands of v(OH), v(CH) and v(COC)
stretching vibrationsare changeirregularly compared
totheir vduesinindividua polymers, whilether pos-
tionsremainsunaffected. Thereforeintermolecular hy-
drogen bonding between PEO and PVA may not be
sgnificant atal*,
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Figurel: FT-IR absorption spectraof (a) pure PEO, (b) pure
PVA, (€)50/50 (wt/wt. %) PEO/PVA blend sample.

Figure 2 shows IR spectra for PEO/PVA blend
sampledopedwith 0.5, 1.0, 2.5, 5.0 and 10 wt. % of
ZnO nanoparticles. From Figure 2 it can be seen that
thereisanincreasein the absorptionintensty of bands
at 2936, 1730 and 1567 ct with increasing the con-
centration of ZnO nanoparticles. In addition, themulti-
plicity and broadness of vibrational bandsv (OH)and
v (CH) increasewithincreasng ZnO content in blend
sample. However, the new absorption bands appeared
at ~ 600 and ~ 527 cm* arerefl ected the presence of
nano-ZnO vibrationa groups®®. Theseresultsindicate
that astronginteraction occurred a theinterface of ZnO
nanoparticleswhich act asafiller with polyblend poly-
mer matrix.

X-ray diffraction (XRD)

XRD andysisisvery useful inknowing the struc-
ture of the polymeric materials. XRD patternsenable
onetofind out whether amaterid iscrystalineor amor-
phous.

Figure 3 representsthe X-ray diffraction of PEO/
PVA blend filmsundoped and doped with different con-
centration of ZnO nanoparticlesin thescanning range
5°<26 <50°. It isknown that pure PEO hastwo well
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defined reflection peaks at 26 values 19.1° and
23.3°218 while Pure PVA exhibits only abroad and
shdlow diffraction featurearound the 26 value of 20°1"
19, Spectrum (3a), for undoped blend sample shows
well defined broad peaksat around 19° and 23°, which
areuniqueto thefeature of PEO. Theseresult reflect
that PEO remain as separate phaseswith no significant
mixing. However, XRD patterns (3b-3¢) of blend
sample doped with ZnO <5.0 wt% show two peaksat
26=19° and 23°, which have been found to be in-
creased in broadness and decreased inintensity. The
reflection peaks of ZnO at 20 values 31.7°, 34.4°
and 36.2° begin to appear as small peaks and their
intengity increasewithincreasing ZnO content. Above
5.0 wt% ZnO concentration spectrum (f) it was ob-
served that the refl ection of ZnO peaks disappeared
whichreveaedthat thereisdigtortionin crystal struc-
tureof theblend. Theseresultsrevea theincreasein
amorphous content of the doped blend filmswithin-
creasing the percentage of ZnO inthe polyblend. The
tendency of apparently diminution of crystallinity may
bearesult of dilution effect of ZnO when mixed with
blend sample, which suppressrecrystalization of bro-
ken polyblend polymer chainsandinhibit crystal growth.
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Figure2: FT-IR absor ption spectra of (50/50wt/wt. %) PEO/
PVA undoped blend and doped with different concentrations
of ZnO nanoparticles(0.5, 1.0, 2.5,5.0and 10 wt %).

Ultraviolet-visible spectroscopy

UV-visspectroscopy correspondsto e ectronic ex-
citations between the energy levelsrelated to the mo-
lecular orbitd of thesystem. UV-visspectraof al films
arerecorded at room temperaturein therange of 200-
800 nm as shown in Figure 4. PEO/PVA/nano-ZnO
compositesexhibit very smdl transmittanceintheultra
violet range(200-380 nm) whileinvisiblerangeshowed
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very hightransmittance. Consequently thesematerias
areconsidered asan opticdly transparent invisiblere-
gionwhich are easly manufactured by processesthat
do not utilize voltile organic compounds, and whose
polymer componentsare not environmental ly hazard-
ous. Thespectrum (4a) of undoped blend sampleex-
hibited three absorption bands, anintenseband at 210
nm and ahumps at 280 and 340 nm, which arerelated
to high energy absorption. Thefirst band was associ-
ated with the presence of someresidua acetate groups
of PVA and/or chromophoric groups of PEO. While
the humps at 280 and 340 nm were assigned to the
existence of carbonyl groupsassociated with ethylene
unsaturation?y. The bandsat 280 and 340 nm may be
due to n—=>n* (K-band) and n=>n* (R- band) elec-
tronictrangitionsrespectively. Inaddition, thereareno
absorption bandson thevisibleregionfor al samples
under investigation sincethefilmsaretransparent. The
spectra (4b-4f) of blend samples doped with various
concentrations of ZnO contain an additional band at
373 nmi?2, which can beassigned to ZnO chromophoric
groups. Theabsorptionintensity of thisband increases
withincreasing ZnO wit% content inblend sample. The
absorptionintensity of the bands at 280 and 340 be-
comefaint at higher concentrations >2.5 ZnO wt%.
However, only the peak position of theband at 210 nm
shifted toward higher wave engths by about 10 nmwith
increasing Zn-O concentrations. Thisshiftindicatesthe
complexation between the polyblend polymer and the
filler takesplace.

Intensity (a. u. )

26 (degree)
Figure3: X-ray diffraction of: a) undoped 50/50 (wt/wt. %)
PEO/PVA undoped blend and doped with: b) 0.5, ) 1.0,d) 2.5,
€) 5.0and f) 10wt. % ZnO nanoparticles.
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Figure4 : UV-visspectraof: a) undoped 50/50 (wt/wt. %)
PEO/PVA undoped blend and doped with: b) 0.5,¢) 1.0,d) 2.5,
€) 5.0and f) 10wt. % ZnO nanoparticles.

Thefundamenta absorption edgeisoneof themost
important feature of the absorption spectraof crystal-
lineand amorphousmaterias. Thenatureof opticd tran-
stioninvolved intheblends can be determined onthe
basi s of the dependence of absorption coefficient (o)
on photon energy (hv). The absorption coefficient (o)
was cal cul ated from the absorbance (A)1 2.

I =1, exp(-ax) @)
2303, | . 2303
Hence;0v=T|09(C)=TA )

Wherel ,and | aretheintensitiesof incident and trans-
mitted radiation respectively, disthethicknessof the
sample.

Figure 5 showsthe plot of absorption coefficient
with photon energy for undoped blend filmsand doped
with different concentration of ZnO. Theextrgpolation
of thelinear portion of the curveshasbeen usedtofind
the values of the absorption edgewhich arelisted in
TABLE 1. Itisclear that the val uesof the absorption
edgefor doped PEO/PVA decreased asZnO wit% in-
creases. Thismay reflect theinduced changeinthenum-
ber of availablefina statesand/or thecreation of local -
ized statesin the band gap asaresult of compositiona
disorder(z24,

Thetransition occurs between extended states of
band and | ocalized states of thetail of the other band
and the absorption coefficient () is given by the Urbach
relaion®:

a(v) =awp(2—") ®

e

where ¢, isaconstant and E_isthewidth of thetail of
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thelocalized statesin the band gap that associated with
the amorphous nature of the materials. In general the
larger thevalueof E, thegreater inthestructural disor-
der. Figure 6 showstherelation between In o and hv
for dl investigated samples. Thestraight linesobtained
suggest that the absorption followsthequadratic rela-
tion for inter-band transitionsand the Urbachruleis
obeyed. Thevaluesof band tails, E, were cal cul ated
from the slope of the straight lines and are listed in
TABLE 1. Thetail stateswere generated dueto disor-
der inthe system*3. Itisclear that values of the band
tall increaseswithincreasing the concentration of ZnO
in blend system which confirming theincreasein the
disorder insuch system.
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Figure5: Therelation between absor bance coefficient (o)

versusho for (s) Undoped blend, (¢) 0.5, (¢) 1.0, (+) 2.5, ()

5.0, (4A) 10.0wt% ZnO nanoparticles.
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TABLE 1: Thevaluesof theabsor ption edgeand band tail for
undoped PEO/PVA and doped with different concentrations
of ZnO nanoparticles.

ZnOWt.%  Absorption edge (V) Bandtail (eV)
0.0 4.79 0.35
0.5 4.20 0.86
1.0 4.10 0.92
25 3.37 1.33
5.0 2.86 273
10.0 2.70 2.77

Scanning electron microscopy (SEM)

SEM isusedtoinvestigatefully theeffect of ZnO
nanoparticles content and to examinethe dispersion
of nanocomposites particlesin the polyblend polymer
meatrix.

Figure 7 showstypica SEM image of PEO/PVA
blend without and with different concentrationsof ZnO
nanoparticles content. Image (a) for undoped polymer
blendisfound to bein auniform morphology reveding
arather smooth surface. It isapparent that the addition
of nano- ZnO particlesin PEC/PVA polyblend exhibits
changesinthesurface morphol ogy of such system (see
imagesb- f). Asthe content of ZnOincreasesupto 2.5
wit% thefilm surface becomes roughnesswith some
small particles (white spot) aggregates (seeimagesb-
d). Thisindicates segregation of ZnOinthepolymeric
matrixesand thismay be confirmed theinteraction and
compl exation between them. Also, thisfact shown that
a good adhesion between the surface of ZnO
nanoparticlesand polyblend polymer matrix hasbeen
established by the organic surface modification of the
ZnO nanoparticles®!. Spotswhiteon the backscattered
imagesseemto beagglomeratesof ZnO particles, which
increasewith increasing the concentration ZnO. Image
(e) givesriseto crystdlinedomainswith coarse spheru-
litic structure. Thisisdueto ZnO segregated into inter-
laméellar or intercrystalineregions of theblend. Image
() showssmooth ganglia: likehillswith somewrinkles
(longitudinal shapes) of length about 5 um, width 0.25-
0.75um, and height ~ 1.2 umi*®, Thisisattributedtoa
strongincreaseof lamellar twisting period and to ade-
creased radia growth ratein amorphousregionswithin
the polymeric matrixes.

Differential scanning calorimetry (DSC)

DSC techniqueisthe convenient tool to determine
thephysical and chemical changessuchasglasstrans-
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tion temperatures (Tg), melting point (T ), therma de-  nanocompositesfilmsareshowninFigure8. Theval-
compositiontemperature (T ) inadditiontotheassoci-  uesof glasstransitiontemperature (Tg), melting tem-
ated enthal py for each process. DSC thermogramsof  perature(T_ and T _,) and decompositiontemperature
PEO/PVA polymer blend and PEO/PVA/ZnO (T )arerecordedin TABLE 2.

alpm : 100pm et
Figure7: SEM imagesof: a) PEO/PVA undoped blend and doped with: b) 0.5, ¢) 1.0, d) 2.5, €) 5and f) 10 wt. % ZnO
nanoparticles.
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The DSC thermogramsof al samplesshowed four
endothermic peeks. Thefirst endothermic peek at -34°C
wasassignedto Ty of PEO. The second endothermic
peak at 66°C wasattributed totheoverlappingof T
of PEOand T @ of PVA. Thethird endothermic peak at
186°Cwasassignedto T _, of PVA. Thefourth endot-
hermic peak T, was observed in the range between
284 upto 310°C. Itisreported previously? that the
glasstransition temperature of the PVA was expected
tobecloseto 71°C. Coincidently, it was near the melt-
ing point of PEO, 66°C. Therefore, theglasstrangtion
peak of PVA might overlap with the melting peak of
PEO in DSC thermogram and it could be diffcult to
observetheglasstransition temperature separately. It
isclear from TABLE 2that thepositionof [T of PEO
&T @ of PVA] and T _, remainsundtered withincreas-
ing ZnO content in blend sample. Whilethe position of
T, peak shifted to lower temperatureswithincreasing
ZnO content in blend sampleindi cating to thedecrease
of thermd stability and weakening thebond strength. It
isgenerally accepted that the presence of two separate
T’s in polymer blends provides a strong signature of
immiscibility. Immiscibleblends may befurther de-
scribed as compatible or incompatible. In the present
case, the blend sample of PEO/PVA undoped and
doped with ZnO nanoparticlesareimmisciblebut still
compatible.

To understand the change in the structural charac-
teristicinduced by adding ZnO nanoparticles, thede-
greeof crystalinity x for PVA wasmeasured fromthe
heet of fusona meting for PVA by thefollowing equa
tion®

AH;

AH; (100)
whereAH, isthe heat of fusion of PVA; AH; 4, isthe
heat of fusion of 100% crystallinity of pure PVA
(AH, ;4= 160 Jgh)i. Since T, of PVAisoverlapped
withT_of PEO, soitisdifficult to determineexactly the
enthal py associated with melting point of PEO. Thus,
the calculation of thechangein thedegreeof crystalin-
ity for PEO with increasing ZnO concentrationsisnot
preferable. Theestimated vauesof thedegree of crys-
tallinity for the PVA after adding ZnO toblendfilmare
tabulatedinTABLE 2.

Itisclear from TABLE 2that thereisadecreasein

Xc x100 (4)
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thedegreeof crystdlinity after theaddition of different
concentration of ZnOfor al samples. Thisbehaviour
reflectsthat theaddition of ZnOtothe PEO/PVA sample
decreases the intermolecular interaction and/or
crosslinking PEO and PVA components. Thisresultis
cons stent with that previoudy obtained datafrom XRD
patternsand band tail width for such blend system.

—

Endo. =— Heat flow —— Exo.

/

-100 5 150 2[IJD SCIJD 4['10
Temperature (°C)
Figure8: DSC of: a) undoped PEO/PVA blend and doped
with: b) 0.5, ¢) 1.0, d) 2.5, ) 5 and f) 10 wt. % ZnO
nanoparticles.
T and

TABLE2: Thevaluesof [T  (PEO)& T ,(PVA)L, T, . T,
x. (PVA) for undoped PEO/PVA and doped with different
concentration of ZnO nanoparticles.

0.0 64 188 310 9.70
0.5 65 189 294 9.30
1.0 65 190 292 9.10
25 64 189 288 9.05
50 63 187 285 9.00
10 63 186 284 7.50

Thermogravimetric analysis (TGA) and it’s de-
rivative(Dr TG)

Thermogravimetric analysisisaprocessinwhich
substanceisdecomposed inthe presenceof heat which
causes bondswithin the moleculesto be broken. The
samplewel ght decreases dowly asthereaction begins,
then decreasesrapidly over acomparatively narrow
temperaturerangeand findly levelsoff asthereactants
become spent. The shape of TGA curve depends pri-
marily upon thekinetics parameters®.

Figure 9 showsTGA thermogramsand Dr TG asa
function of temperaturein therangefrom 20 °Cto 460
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Figure9: TGA& Dr TGA of : a) undoped PEO/PVA blend and doped with : b)0.5, ¢)1.0, d)2.5, €)5.0, f) 10 wt.% ZnO

nanoparticles.

°C for PEO/PVA blend undoped and doped with dif-
ferent concentrations of ZnO nanoparticles. Itisclear
from Figure 9 that all sampleshavethree steps of de-
composition. TABLE 3 representsthe decomposition
stepsand percentage weight lossfor PEO/PVA blend
undoped and doped with different concentration of
ZnO nanoparticles. Thelower values of percentage
weight loss, inthefirst decomposition stepwhichin-
clude the melting point of PEO (0.88-3.00 %) may
bedueto splitting or volatilization of small molecule,
and/or the evaporation of moisture. The second de-
compositionregionin TG curveswhich cover awider
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temperature rangeincluding themelting point of PVA
have a percentage weight loss (35.0- 40.0 %). The
latter processin TG curveswhichisthe main decom-
position step haveamore significant percentageweight
loss (43.0-50.0 %).

Thedifferenceintherma decompaosition behaviour
of theinvestigated samples can be seen moreclearly
from curvesshownin Figure9. DrTG curvesshow three
temperaturebroad ped<sTp’scorrespondi ngtothethree
decompositionregions(see TABLE 3). Itisnoted that
the peak temperature T of DrTG curvesblend sample
doped with variousZnO contentinall regionsareshifted
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to lower temperatures compared to undoped blend
sample. Thisindicatesthat thethermad stability of blend
sampledecreasesby mixing it with ZnO nanoparticles.

TABLE 3: TGand Dr TG datafor undoped PEO/PVA and
doped with differ ent concentration of ZnO nanoparticles.

ZnO Region of ~_Temperature(C?) Weight loss (%)

Wt% Decomposition start End Tp Partia Total
1% 38 115 69 3.00

0.0 2" 162 348 309 400 920
3 348 460 401  49.0
1 32 67 50 150

05 2n 132 313 290 440 885
3 314 426 397 430
1% 34 97 59 240

1.0 2n 197 329 297 360 884
3 330 445 400 500
1% 31 82 62 200

25 2n 177 326 291 370 820
3 327 433 392 430
1% 40 105 60 0.90

5.0 2n 181 320 293 360 86.0
3 320 453 402 490
1% 31 1164 47  3.00

10 2" 156 3362 288 350 810
3 336 4551 402 43.0

Tp*: Peak temperature of DrTGA

Thethermodynamics activation parameters of the
decomposition processwereeva uated by making use
of thewell known Coats- Redfern equation® for first
order reactionintheform:

In| ——~ In(-38)]_ _E AR

T2 | RT  BE* ®)
whereA iscongtant, 3 is heating rate, R is the universal
gascongtant, 8 is fraction of decomposition and E* is

. ) -In(1-9)
the activation energy. Thereforeplotting In 1z
againgt 1/T according to equation (5) (Figurenot shown
for sakebrevity) should giveastraight linewhosedope

*

R

Theactivaionentropy AS*, theactivationentha py AH*
and thefree energy (Gibbsfunction AG*) were calcu-
lating using thefollowing equationg:

isdirectly proportiond totheactivationenergy (—

—= Ful] Paper

Ah
AS = 2.303[I09F]R ©)
AH* =E*—RT )
AG* = AH* —TAS* (8

where k and h are Boltzmann and Planck constants
respectively, T isthetemperatureinvolvedinthecalcu-
|ation selected asthe peak temperature of DrTG The
entropy AS* givesinformation about the degree of or-
der of the system, the enthalpy AH* givesinformation
about thetotal thermal motion and Gibbsor freeen-
ergy AG* givesinformation about the stability of the
system.

TABLE 4: Thermodynamic parameter sfor undoped PEO/

PVA blend and doped with different concentrationsof ZnO
nanopowder.

710 E*(kJ/mole) AS*(J/K.mole) AH*(kJ/mole) AG* (kJ/mole)
Wit.% 2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd

region region region region region Region region region
156

00 101 159 -82 -27 98 123 166

05 122 139 -31 -45 120 136 128 154
10 122 164 -40 -11 120 160 131 165
25 125 142 -30 -43 123 139 132 156
50 130 162 -21 -16 127 159 133 165
10 132 166 -12 -9 130 163 134 166

According the Coats- Redfern method the cal cu-
lated thermodynamic parametersvaluesaregivenin
TABLE4. Itisclear that thevaluesof AH*, AG* and
AS* in the second decomposition step increase with
increasing ZnO concentration in blend sample except
that AS* at 1.0 wt% ZnO decreases but still higher
than the undoped one. Thisresult indicatesthat the ad-
dition of ZnOto PEO/PVA blend samplecauseanin-
crease of thermal motion and adecrease of both ther-
mal stability and theordered of such system. However,
inthethird decomposition stepthevauesof AH*, AG*
and AS* for most doped blend samples are lower than
theundoped sampleand changeirregularly withincreas-
ing ZnO concentrations. Also, itisto be mentioned that
thevaluesof AH* and AG* in the second decomposi-
tion step arelessthan those of thethird decomposition
sepwhileAS* shows irregular trend. Comparing these
results, it can be concluded that the nature of the sec-
ond decompositionregionisreativey low therma mo-
tion, more orderness and rel ative thermal stability of
most sampleswith respect to thethird decomposition
rocess.
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Theactivation energiesfor thissysemaresmall at
second stagesof degradation and high at thethird stages.
Theselower vduesaremost likely associated with pro-
cessthat occurs at weak linkage of PEO/PVA/ZnO
system. By increasing thetemperature, random scis-
sion of macromolecular chains predominatesand the
activation energy hasagreater value.

CONCLUSIONS

Although the blend filmsundoped and doped with
ZnO formed were homogenous, coherent and showed
neither separation into bilayers nor any precipitation;
IR and DSC datareved that they areimmiscible. The
presence of ZnOin PEO/PVA blend sampleinducea
decrease of crystallinity asindicated by XRD and UV-
visiblewhichisaso confirmed from heat of fusionin
DSC thermograms. TG dataprovidethat thermal sta-
bility decrease as a result of addition of ZnO
nanoparticlesto polyblend system. Asthe content of
ZnO increasesin the polyblend sample, the surface
morphology becamesroughnesswith whitespot and it
reveal sthetendency towards phase segregationinthe
interlameller or intercrystalineregionsof the polyblend
chan.

Findly, it can be concluded that thefilm properties
can besgnificantly modified by incorporation of nano-
ZnO at aconcentration <5.0 wt% in blend sample. At
higher proportions of nano-ZnO resulting in agglom-
eration of ZnO particlesand deteriorationinfilm prop-
erties.
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