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Abstract: Unlike conventional methods of polymerization amdsslinking based on chemical initiators, in
this work gamma irradiation has been used for tieparation of protective composite for papers ageime
attack of microbes. In this regard, blends baseplasticized starch (PLST) as major constituent @oig(vinyl
alcohol) (PVA) were prepared in the form of thilmis by casting solutions. The gamma irradiatedddemere
characterized by IR spectroscopy, thermogravimeinalysis (TGA), differential scanning calorime{BySC),
mechanical testing, swelling and scanning electrocroscopy (SEM). The results of TGA indicated that
PLST/PVA blends are thermally more stable than RI&T. DSC scans do not show the glass transition
temperature (J) of PVA or PLST, but instead a new single glasmdition, indicating the occurrence of
compatibility. The mechanical properties of PLSTAMends showed that the tensile strength and el

at break was found to increase by increasing ttie o PVA. At any ratio of PLST/PVA, the tensil&angth
and elongation at break was found to increase wdireasing irradiation dose. As an applicationhie field of
paper surface modification, solutions of gammadiated PLST/PVA blends in the presence of zinc exats
an antimicrobial agent, were applied to paper lnfase coating. The results showed this techniqughmi
provide suitable materials for the protection ghga against microbial attack.
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1. Introduction

Paper is the most widely used material inkpging applications due to its characteristics of
printability, recyclability and biodegradability[1However, since paper is hygroscopic and highlyops,
hydrophilic paper is easily subjected to microbadiack, ultraviolet degradation and higher watepora
transmission. In addition, the sizing agents likarch that are applied to the surface of paper nihke
condition still worse.

Development of environmental frignchaterials is a continuing area of challengefémrd packaging
and coating technology. The excellent chemicalstasce, optical and physical properties of polyfvin
alcohol) (PVA) polymer enables a broad industrizless In addition, it was reported that PVA is a
biodegradable polymer, in which the mechanism oidegradation involves first dehydrogenation inte th
corresponding carbonyl groups to fofiahydroxy ketone which followed by aldolase-typeasiage [2].
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Packaging films depend entirely of starchyaver, lack the strength and rigidity to withstathe
stresses to which many packaging materials arestgaf3]. Starch, on the other hand, is a naturally ogog
polymer, renewable, low effective cost, and eashdndle. Both PVA and starch are polar polymerss th
blend of PVA and starch is likely to produce a matehaving excellent mechanical properties andibar
behavior. Moreover, the blending of naturally oecimg polymers like starch with other polymeric nréés
could provide biodegradable materipdss]. Incorporation of starch into the PVA matikanges the physic-
mechanical properties of the material and thus fresdithe polymer structure at both the moleculat #re
morphological levels [6-9]. Blends of Sago stangbly(vinyl alcohol) (PVA) and poly vinyl pyrrolidee)
(PVP) polymers were studied [10]. They found thignbding of Sago starch with PV#howed a significant
increase in gel content especially at higher iadn doses of more than 20 kGy. On the contraago3’VP
blends showed crosslinking properties lower thagoB2VA. Preparation and mechanical properties of
composite films based on agro-industrial wastem¢icellulose fibers byproducts derived from sugarecand
apple and orange juice extraction) and PVA wasntedd11]. The development of biodegradable filrasdx
on blends ofAmaranthus cruentus flour and PVA was investigated [12]. It was foutidt the blends with
higher hydrolysis degree PVA were more resistahgwéng greater tensile strength and puncture force,
however, the films with lower hydrolysis degree PSAowed more flexibility, greater elongation atadkend
greater puncture deformation. The thermal stabiltsater permeability and biodegradation propertiés
composite films prepared from blends of PVA, coanstt and lignocellulosic fibers were studied [1Bhe
thermal, mechanical and surface characterizatistasth/PVA blends, crosslinked with borax in gihd post
treatment methods was reported [14]. Meanwhiletl®sis of PVA/starch grafted hydrogels by gamma an
electron beam irradiation at room temperature wagmnted [15]. It was found that the gel strengths wa
improved after adding starch into PVA, but the dingl properties decreased slightly due to the poor
hydrophilicity of starch.

High-energy irradiation is a well-known tactogy for modifying polymers [16-18], in which riation
processing has the potential of playing a grea nolpolymer blends similarly as in the case ofivitial
polymers. Irradiation of polymer blends can be usedrosslink or degrade the desired componentpeiyor
to fix the blend morphology through free radicainfation at the boundary surfaces in the polymendle
phases. The present work is undertaken to studyeffieet of gamma irradiation on the structure-prope
behavior of polymer blends based on plasticizedtstand poly(vinyl alcohol). As an application fretfield of
paper surface modification, solutions of gammadiated PLST/PVA blends in the presence of zinc exab
an antimicrobial agent, were applied to paper bfase coating.

2. Experimental
2.1. Materials

Maize starch (amylase, 27% and amylopectin%jdised throughout this study was supplied by the
Egyptian Company for Starch and Glucose, Cairo,pEgyoly (vinyl alcohol) (PVA), used in this study a
laboratory grade in the form of powder, partialjjdrolyzed (88%), has an average molecular weighw) ief
125,000 and was obtained from Laboratory Rasayatia.l Zinc oxide, used as antimicrobial agent was a
laboratory-grade chemical and purchased from EmfBmia Company, Cairo, Egypt.

2.2. Preparation of plasticized starch

Plasticized starch was prepared by treatingzenatarch with 20 wt% of glycerol (based on starch
weight) and subsequently dissolved in excess wair continuous stirring and heating for one hour>a
100°C to complete gelatinized solution.

2.3. Preparation of PLST/PVA blends

Plasticized starch/poly(vinyl alcohol) (PLEWA) blends of different ratios were prepared bgiad
the required amount of PVA, dissolved in hot watethe gelatinized solution with continues stirrifidhin
films were obtained by casting the blend solutionsPetri dish and allowed to air-drying. The filmere then
placed in vacuum oven at ®for four hours to remove the residual water.

2.4. Preparation of PLST /PVA/Zinc oxide composites

Films PLST/PVA blends with a constant ratio ihc oxide (5%) were prepared at different
composites. the required amount of zinc oxide wded to the PLST /PVA blends. Film were obtained by
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casting the blends on glass Petri dish, and allaeexdr-drying at room temperature.
2.5. Gammairradiation

Irradiations to the required doses were preformieddose rate of 4.8 kGy /h in air in the Co-60 g&am
cell facility of the National Center for Radiati®esearch and Technology, Cairo, Egypt.

2.6. FT-IR spectroscopic analysis

The infrared analysis was carried out using FouFransform Infrared Spectroscopy (FT-IR) model
Mattson-Genssis, made by Unicam, England, overahge 400- 4000 cf

2.7. Thermogravimetric analysis (TGA)

The TGA thermograms were performed on a Shimaaztrument (Kyoto, Japan) at a heating rate of
10°C/min under flowing nitrogen (20 ml/min) fromom temperature to 500°C.

2.8. Differential scanning calorimetry (DSC)

DSC measurements were performed using a Shima8C calorimeter (Kyoto, Japan) equipped with
data station. A heating rate of@Imin was utilized and the scans were carried adeua flowing nitrogen
gas at a rate of 20 ml/min.

2.9. Tensile mechanical testing

Mechanical testing of PLST/PVA blends incluglitensile strength and elongation at break poirsts w
preformed at room temperature using an Instron k@cfmodel 1195, England) employing a crossheaddpe
of 5 mm/min. according to ASTM D-638 standards. Téeorded value of the tensile strength and eloogyait
break is average of five measurements.

2.10. Scanning electron microscopy (SEM)

The morphology of the fracture surfaces of different PLST/PVA blend films was examined by
SEM. The SEM micrographs were taken with a JSM-58l@8tron microscope, JEOL, Japan. A sputter coater
was used to pre-coat conductive gold onto thedracsurfaces before observing the micrographs &30

2.11. Antimicrobial studies

Antibacterial activity of the PLST/PVA/ZnO blendgyanst Escherichia coli was evaluated by
comparing zones area. Films were placed on Petniedicontain medium atcherichia coli culture and then
incubated at 3T forl8 h.

3. Results and Discussion
3.1. IR spectroscopy

FT-IR spectroscopic analysis can give useffibrimation about chemical changes occurring in
polymer systems due to blending process as wefjaasma irradiation. However, the detection of such
changes may be restricted because often diffepty@r compounds in the polymer blends are chetyical
similar, so their absorption peaks are masked.atiitate the detection of changes, a comparisavwéden
the characteristic bands of the compounds is ifgegsid.

IR spectra of PLST and different compositions ofSFIPVA blends, before and after gamma
irradiation to different doses are shown in Fig3. As shown inFig.1, the IR spectrum of PLST showed an
absorption band at 2500-3200 ‘trdue to CH stretching groups as almost all organic compouiits.
intensity of this band was found to increase wlith increase of PVA ratio. An absorption band casdsn
in the IR spectra of PLST/PVA blends at about 33300 cnt, which is due to OH stretching arises due to
addition of PVA to the blends. As shown, there s gignificant shift in the position of the IR peaks
compared to those of the IR spectrum of pure PL8Mich indicates that there is no intermolecular
interaction between PLST and the PVA. The onlyrimtdecular forces expected to develop between PLST
and PVA are weak Van der Waals interaction ford€s 0]. However, the broadness of the stretcharglb
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due to the OH groups in the IR spectra of PLST/PMénds is indication ofhe formation of hydrogen
bonds between the OH groups of the starch and Rponent in the blend.

IR analysis can be used to illustrate thentdbal change that might be occurring in the polymer
materials due to irradiation. Irradiation of polyrsién air creates oxidative products (C=0 and QHd} can
be followed by FT-IR analysis [21]As shown in Figs.2 and 3, there is an increasehe ihtensity of
transmittance bands due to oxygenated groups fodugdg electron beam irradiation. This increasmige
pronounced in PLSPVA blends than that of pufeLST. Also, the intensity of these bands was found to

increase with increasing the ratioPYA in the blends. This increase is due to the degrmadability of starch
which is more than that &VA under gamma irradiation.
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Fig.1l. IR spectra of unirradiated PLST/PVA blends, predaat different ratios.
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Fig.2. IR spectra of PLST/PVA blends, prepared at differatios and gamma irradiated at a dose of 20 kGy.
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Fig.3. IR spectra of PLST/PVA blends, prepared at differatios and gamma irradiated at a dose of 50 kGy.

3.2. Thermogravimetric Analysis (TGA)

The thermal stability of any polymeric mattris largely determined by the strength of theatent
bonds between the atoms forming the polymer moésculhe dissociation energy for the different cewal
bonds C-H, C-C, C-O and O-H was reported to be 344, 351, 464 and 611 kJ/ mol, respectively [£R].the
basis of these values, the average complete d&smtienergy of PVA and starch is calculated tetb@ and
385.9 kJ/mol. Thus it may be conclude that PVA pesses higher thermal stability than starch and ttiet
blends of PLST with any ratio of PVA will eventuallesults in blends with higher thermal stabilityah pure
PLST. However, the limited macromolecular chain iligbas a result of the formation of intermolecula
hydrogen bonds, as well as the association betweermacromolecules of the blend components is also
expected to increase the thermal stability.

Thermogravimetric analysis (TGA) was used rteestigate experimentally the thermal stability of
PLST/PVA blendsFigures 4-6 show the initial TGA thermograms and the corresipoym rate of reaction
curves of different ratios of PLST/PVA blends, lrefeand after gamma irradiation at different dodes.
addition, the weight loss (%) at different deconipos temperatures for the same materials takem ftioe
corresponding TGA thermograms is summarize§ @ble 1. Based on the TGA study, few points may be
concluded:

(1) The major loss in weight (20-70%) for unirradic or irradiated blends occurs within the rang@d-
350°C, in which irradiated blends possess higher thestahility than unirradiated blends.

(2) As shown, it seems that the effect of irradiatdose on thermal stability depends largely onr#ti® of
PVA. For the blend contains 20% PVA, at the samg&rature, the weight loss (%) decreased with asing
irradiation dose. Thus, thermal stability of blemdsreases with increasing the ratio of PVA in thend and
irradiation dose. This increase in thermal stabdidn be explained as due to increased degreessdlorking of
PVA associated with the increase in irradiationeddshis also agrees with a sharp increase in tepsilperties
for PLST/PVA blends as we see latter.

(3) The rate of thermal decomposition reaction eardisplayed similar trends, in which all the blemgbes
through one maximum indicating a good distributibetween PLST and PVA in their blends. Visual
observation also showed that all the solutionsldB HFPVA mixture were clear at room temperature Hrel
films of the blends appear transparent. The tenwpers of maximum value of the rate of reactiong.{T
indicate clearly that gamma irradiated PLST/PVAnble possess higher thermal stability than unirtadia
blends. The Jax was found to increase with increasing irradiatitmse and the ratio of PVA in the blends.
These results indicate that PLST/PVA blends arariblly more stable than pure PLST.



Yasser K. Abdel Moneam et a//Int.J. ChemTech Res.2014,6(4),pp 2583-2597. 2588

120

PLST/PVA blends (%)-unirradiated

100 |-

80 -

60 |-

40

20

Weight remained (%)

Rate of reaction (mg/min)

) S R R R
100 200 300 400 500

Temperature (°C)

Fig.4.TGA thermograms and the corresponding rate of i@acurves of unirradiated PLST/PVA blends,
prepared at different ratios.
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Fig.5. TGA thermograms and the corresponding rate oticacurves of different ratios of PLST/PVA blends,
gamma irradiated to a dose of 20 kGy.
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Fig.6. TGA thermograms and the corresponding rate ofti@acurves of different ratios of PLST/PVA blends,
gamma irradiated to a dose of 50 kGy.

Van Krevelen developed a correlation for the terapee of half-decomposition {f,), which defined
as the temperature at which the loss of weighthdupyrolysis reaches 50 % of its final value abastant rate
of temperature rise [23]. In this correlationyZis approximated in terms of the ratio of the mdlermal
decomposition function (¥, divided by molecular weight (M) per repeat unit&j»,=Yq1. /M. It should be
noted that ¥, is estimated by group contribution and is expreseedelvin Kg/mol; and because M is in
grams/mol, a conversion factor of 1000 must be uBaded on this correlation, thg,} value for PVA was
calculated to be 322 [24]. As shown inTable 1, the experimental value ofyi,is in accordance with the
theoretical calculations.

Table 1. Weight loss (%) at different heating temperatured the temperatures of the half-decomposition,
Ta12", of PLST/PVA blends before and after gamma iraéidn to different doses.

PLST/PVA Dose Weightloss (%) Tymax  Tdie
blend (kGy) °C) (°O)
ratios (%) 50C 400C 300°C 200°C 100°C

100/0 0 90.67 80.41 6153 16.90 6.58 293203.4

20 89.42 7599 4193 1355 6.69 297207.7
50 7798 7225 2154 1858 5.67 395333.7
80/20 0 90.57 85.33 3051 1790 11.06 33727.0
20 79.30 69.29 28.76 9.66 3.45 398838.5
50 79.92 6885 2836 9.69 410 418317.6
50/50 0 80.99 7191 3146 11.11 529 358318.3
20 80.82 75.33 30.35 11.64 6.22 4233p2.8
50 80.165 70.84 38.80 19.90 8.80 423.3822.8
0/100 0 78.88 7244 25.81 11.07 555 404322.8
20 79.21 7242 28.16 9.72 543 423322.8
50 80.82 75.33 3035 1164 6.22 4383184

*The values of [y, were taken from the experimental TGA thermograms
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The increase in thermal stability associated whitn increase of irradiation dose can be attributed t
crosslinking of PVA component. It has been repottext the increased thermal stability of polymetwaeks
made of vinyl terminated polyurethane, vinyl benajtohol and poly(methyl methacrylate) results from
crosslinking, as concluded from TGA study [25]. &l& was reported that the increase of thermddiliia of
polyesters, polypropylene and rayon fibers broughdut by increasing the irradiation dose is dudht
formation of double bonds and crosslinking [26]. elaver, it was reported that crosslinking increathes
thermal stability of polymers as a result of stunat effects on the thermo-oxidative stability.

3.3. Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) techmigis one of the convenient methods for investiggti
the compatibility of polymer blend. It was usedrteestigate the effect of blending PVA and PLSTtloa glass
and melting transitions of PLST/PVA blendsgures 7-9 show the DSC thermograms for unirradiated PVA
and PLST as will as PLST/PVA blends of differertias before and after they had been exposed terdifit
doses of gamma irradiationTable 2 summarizes the different kinetic parameters takemm these
thermograms. As shown faig 7, the DSC thermograms of unirradiated PLST showeeklkdefined fusion
peak with maximum fusion temperature af®7whereas the DSC thermograms of unirradiated Bh@wed
an endothermic peak due to the melting temperdiiie and a baseline inflexion due to the glass traowsit
temperature (J). It should be noted that the, Was taken as the temperature of the onset of diseline
inflexion peak, which is the enthalpy relaxationtleé amorphous part, while thg, Was taken as the onset of
the second endothermic peak which is due to théngedf the crystalline part of the blend. The rdpd glass
transition temperatures in the literature for PLSiH poly(vinyl alcohol) were 84 and ‘@ respectively27].
The DSC thermograms of unirradiated PLST/PVA blestusved different features from that of PLST or RVA
in which they displayed one endothermic peak ara2#@dC. No changes were observed in the endothermic
peak with increasing the ratio of PVA from 20 t&&0t is clear that the increase of irradiationelé®m 20 to
50 kGy increased the,Tof PLST/PVA (80/20%) from 237.3 to 240 This effect is due to the crosslinking
of PVA. However, it is evident that the DSC scahshe glass transition do not show either theoTPVA or
PLST, but instead a new single glass transitiorickvimay suggest the occurrence of compatibilitycalh be
seen that the value of;Tncreased with increasing irradiation dose. Albere is a drop in the,ldue to the
gamma irradiation of the blends from 20 to 50 kfegardless of the blend composition
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Fig.7. DSC scans of unirradiated PLST/PVA blends.

Based on the thermodynamic theory of glagssttian temperature, the familiar Fox equation (gho
blew) derived to predict theybf random copolymers of complete miscible polymeas applied to the present
PLST/PVA blends [28].

1/Tg = Ml/Tgl + Mg/ng
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Where T, Ty and Ty, are the glass transition temperatures of the pafywrend and the individual polymers,
respectively. M and M, are the mass fractions of the individual polymdrse expected glvalues for the
PLST/PVA blends of ratios 80/20 and 50/50% cal@daaccording to the Fox equation are 72.2 arf€,77
respectively. The deviation of the Tg values (fid®IC) from those calculated on the bases of thedgomation
for the same blends were found to 25.83 and 2C,0@&spectively. This deviation is due to the ooence of

crosslinking, which restrict the mobility of chains
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Fig.8. DSC thermograms of PLST/PVA blends, preparedfaréint ratios and gamma irradiated at 20 kGy.
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Fig.9. DSC thermograms of PLST/PVA blends, preparedfaréint ratios and gamma irradiated at 50 kGy.

Table 2: DSC parameters of pure PLST and PLST/PVA blendiftérent compositions, before and after they

had been gamma irradiation to various doses.

PLST/PVA Dose Tm Ty
blend ratio (kGy) (°C) (°C)
(%)
PLST (100) Unirradiated - 67.5
Unirradiated 243.1 97.8
80/20 20 237.3 118.0
50 240.7 125.3
Unirradiated 243.3 98.0
50/50 20 227.1 91.2
50 238.3 114.4
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3.4. Mechanical Properties

Most plastic materials are used becausehheyg desirable mechanical properties at an econoosic
For this reason, the mechanical properties mayobsidered the most important of all the physicalpgrties
of high polymers for most applications. There aanynstructural factors, which affect the mecharleddavior
of such materials. In addition to the chemical cosmion, molecular weight, crosslinking and bramchi
crystallinity and crystal morphology, copolymeripatt, plasticization, molecular orientation and i are
structural factors, which affect the mechanicalpenties. Starch is a semi-crystalline polymer hgwrhighly
branched amylopectin molecules, the partially aiise component, and nearly linear amylase mokscul
apparently the amorphous part [28]hen starch is heated with water it displays thHatgezation phenomena
caused by the insoluble amylopectin component.shitess-strain test is the most widely method uéed the
mechanical tests.

In this work, the effect of gamma irradiation the mechanical properties of PLST/PVA blends of
different ratios was studied as showrFiig 10. While the tensile strength of PLST/PVA blends @sd to
increase by increasing the ratio of PVA, the eldiogeat break was found to decrease by increasiagétio of
PVA. However, the tensile strength was found taeéase up to a dose of 50 kGy and tends to decedase
higher doses. The elongation at break was foumigtoease with increasing irradiation dose.

The improvement in the tensile strength of raniiated PLST/PVA blends with increasing the rafio
PVA may be attributed to the formation of hydrodmmds or chemical interactions between the —OHmasu
PVA and the —OH group of starch. On the other hémel jmprovement in mechanical properties aftermgam
irradiation is due to the occurrence of crossligkio the PVA component in the blend. The introduciof
PVA as flexible polymer into plasticized starch wibtesult in formation of hydrogen bonding betwédtST
and PVA in the blend. However, the presence of Rvévent the retrogardation process that may occthd
amylopictin component of starch and consequentg, ¢longation at break will increase. The increase
elongation at break in irradiated samples may be tduthe occurrence of oxidative degradation tochta
component and crosslinking to PVA component.
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3.5. Swelling Characters

Water absorption is an important factor in éwaluation of coatings formulations. This is beeaus
water absorption is very essential for thrive @& thicroorganisms, which depends on the presenoc®isture,
water and nutrients. Thus, the higher the abilityhe material to absorb water, the higher is theability to
undergo biodegradatiofrigure 11 showsthe swelling in water at room temperature and pH 7 Il PPVA
blends, prepared at different ratios and gammadiatad at different doses. It is clear that theitémid of PVA
to PLST decreased the water swelling. In this régdwe swelling (%) for the unirradiated PLST iswo times
that for PLST/PVA (80/20%) blend. This is due te tydrophilic character of PLST, which contains wtho
27% of its weight as water soluble (amylase compn®©n the other hand, the swelling (%) decreasihl
increasing irradiation doses up to 75 kGy. The slioking properties were increased and consequettity
water absorption was decreased. At higher doseswéter absorption was affected with PVA crosshgki
starch degradation and formation of oxygenatedgsan PLST. Thus, the decrease of swelling (%)hete
blends is expected to prevent the attack by migammisms.
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Fig.11. Swelling in water at room temperature and pH PbST/PVA blends, prepared at different ratios and
gamma irradiated at different doses.

3.5. Scanning Electron Microscopy (SEM)

In compatible blends such as PLST/PVA, tleelmanical properties depend on the phase dispedsion
well as on phase size. Thus, in the PLST/PVA bleRY&A is expected to be the dispersed phisgure 12
shows the SEM micrographs of the fracture surfaafesnirradiated pure PLST and PLST/PVA blends of
different ratios before and after gamma irradiatiordifferent doses. As can be seen, the fracturace of
pure PLST is smooth and characterized with thegores of white particles due the gelatinization. ideer, the
SEM micrographs of unirradiated PLST/PVA blendsvebt a different surface morphology, in which the
surface is not smooth and with different texturd #ris texture changes with increasing the PVAoratithe
blend. The effect of gamma irradiation is very cléa which it is difficult to distinguish the PLSphase,
which seems to become a part of the whole matnixaddition, there is an evidence for the formatidn
crosslinking and degradation of the PLST phasee crosslinking through the matrix appears asicoatis
phases and compact structures corresponding tobéerath composition.

3.6. Application of PLST/PVA/ZnO as Protective Composites for papers

Paper is reported to be the most widely usaténal in packaging applications due to its chenastics
of printability, recyclability and biodegradabil[80-32]. However, since paper is hygroscopic andymsrits
barrier properties against water-vapor, gases amuas are poor. To improve its barrier properteger is
often impregnated with coatings from synthetic podys such as polyethylene, poly(vinyl alcohol), reib
latex and fluorocarbon. Theses polymers fill thegpgrapores and form a dense layer at the papercsurfa
Unfortunately, the use of such synthetic polymeesdk to the loss of the paper’s biodegradabilityari effort
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to produce more environmentally friendly and renel@amaterials, biodegradable polymers have been
investigated as surface-coating materials on papemaperboard. Biopolymer-based coating materials
originated from naturally renewable resources agpolysaccharides, proteins, and lipids or contiong of
those components have the potential to replaceemugynthetic paper coatings, since they offer fabie
environmental advantages of recyclability and tizatiion. Moreover, biodegradable polymers devetbfor
coating materials have suitable application properand can be disposed of after use in an ecoatiynand
ecologically acceptable way.

; 'H-jn, .n_r.-u-i'-a-'lu'--

Fig.12. SEM micrographs of the fracture surfaces of: (Ajirmadiated PLST (100%), (B) unirradiated
PLST/PVA (80/20%), (C) unirradiated PLST/PVA (50%)) (D) PLST (100%)-50 kGy, (E) PLST/PVA
(80/20)-50 kGy, (F) PLST/PVA (50/50%)-50 kGy.
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PLST/PVA/ZnO (80/20%) PLST/PVA/ZnO (50/50%)

Fig.13. Photographs of the antimicrobial inhibition zoneusfirradiated PLST/PVA/ZnO blends of different
compositions used for paper surface coating adtimg against microbial resistance.

Gamma irradiated PLST/PVA/ZnO of different quositions was applied as coating materials for
paperboardrigure 13 shows photographs of the antimicrobial inhibitmmme of unirradiated PLST/PVA/ZnO
composites of different ratios used for paper s@faoating after testing against microbial resisan
respectively. It is clear that the unirradiated posites are completely covered with the microbdss Theans
that the paper coated with unirradiated blend cooldresist the microbes.

Figure 14 shows photographs of the antimicrobial zone inifubi of PLST/PVA/ZnO blends of
different compositions, prepared by gamma irradratit a dose of 50 kGy, used for paper surfacengpafter
testing against microbial resistance. It is clda gamma-irradiated films of PLST/PVA/ZnO blendghwi
improved mechanical and thermal properties willrgually withstand and protect the paper againstobies.
On the basis of the inhibition zones, it may codelthat the composition PLST/PVA/ZnO (70/30%) isreno
resistant against microbes than the compositioiatmng 20% of PVA component. These findings may be
explained based on the following points: (1) théraicrobial effect of zinc oxide, which preventsthttack of
microorganisms. (2) The homogenous coating woutdrgmt the transfer of humidity and oxygen to paper.

PLST/PVA/ZnO (80/20%)- 50 kGy PLST/PVA/ZNnO (50/50%)- 50 kGy

Fig.14. Photographs of the antimicrobial zone inhibitiorP&fST/PVA/ZnO blends of different compositions,
gamma irradiated to the dose of 50 kGy, used fpepaurface coating after testing against micrafeisistance.
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Conclusions

Development of friendly materials based ombtecontain major constituent of natural polymera i
continuing area of challenge for food packaging eoating technology. The main objective of this kvigr to
investigate the physical and chemical propertieplabticized starch/poly(vinyl alcohol)/zinc oxidéends
before and after gamma irradiation as well as tagplication as antimicrobial materialthe data showed that
gamma irradiation improved all the physical projsitthe mechanical properties of PLST/PVA blends a
increased by increasing the ratio of PVA. At angjoraf PLST/PVA, the tensile strength and elongatid
break was found to increase with increasing irtamhadose. In addition, the thermal parameterseims of
weight loss and rate of reaction indicate thatttie@mal stability was increased with increasing Pigfio and
radiation dosage. On the basis of the inhibitiomesy it may conclude that the gamma irradiated
PLST/PVA/ZnO blend protects the paper against nieso
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