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T HE INFLUENCE of y-irradiation ("rl X-ray diffraction, lR 
spectroscopy and UV-visible spectroscopy ~r·, ethylene-vinyl 

acetate copolymer (EVA) has been investigated. X-ray diffraction 
patterns of pristine and irradiated EVA samples have the same 
crystalline structure of polyethylene homopolymer. Samples irradiated 
with 5,] O,and 100 KGy y-doses showed a maximum for both degree 
and index of crystallinity which are calculated from X-ray patterns 
and IR spectra respectively. The optical energy gaps and refractive 
indices of EVA samples at different y-doses are also estimated. In 
addition, the calculated tristimulus , color indices and color scales are 
found to be y-dose dependent. 

Ke:""'ords: Copolymer; y-ray; Energy gaps; Refractive index: Colvr 
parameters. 

In recent years copolymers have attracted the attention of material researchers. 
with increasing interest for obtaining intermediate properties \vith respect to the 
homopolyrners. 

Optical properties of solids are directly related to the electronic strucntre like 
electrical properties' ,.1). In amorphous as in crystalline materials some useful 
information can be deduced both from absorption edge and infrared absorption 
spectral measurements, even though in such materials the edge is less sharp and 
the interaction peaks are broader than is normally the case of the crystals . 
Analysis of the absorption spectra In the lower energy part gives in[01111ation 
about atorrric vibrations, while the higher energy part of the spectrum ascertains 
inllerent knowledge c.hout the electrouic states in the aggregate. 

High-energy radiations, such as y- rays. change the physlcal and chenucal 
properties of the materials they pass through. Generally, the interaction of 
ionizing radiation with a polymer results in bonds ruptun:1g and atOImC 

displacement. These displaced atoms migraTe thn=,ugh polyme-ric net\'::lrk. until 
they are trapped somewhere in the lattice le3\ing deficiency rcglDns. TIllS in rum 
leads to the formatlC:: of color cenfers and mnclific;(i~H! of electrollic structure of 
the polymer('.~' . 
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The aim of the present work is to study the effects of y-irradiation on the 
crystalline microstructure by X-ray diffraction and IR spectroscopy. In addition, 
UV/visible spectra are investigated to clarify the map of energy bands, optical 
constants and color ofpristine and y-irradiated EVA samples. 

Experimental 

The ethylene-vinyl acetate copolymer used in this work was kindly supplied 
by Hoechst Aktiengesellschaft, Frankfurt, Germany. The density of the material 
is 928 ± 2 kg/m3 

• Samples were irradiated by different doses of y-rays in the 
range ] -100 kGy using 6OCO source with a dose rate of 8.6 l-Gylhr at room 
temperature. X-ray diffraction patterns of the pristine and irradiated samples 
were performed using an advanced refraction system (Scintag I USA, Inc., 
Sunnyvole, CA). Infrared spectral analyses of the previous samples were 
performed using PYE Unicam spectrophotometer over the range of 400 - 4000 
cm'l. The ultraviolet I visible absorption spectra of the samples under 
investigation were recorded on a Berkin Elmer 4B spectrophotometer over the 
range 200-900 run. The tristimulus transmittance values were calculated using 
the transmittance data obtained in the visible range according to CIE system(5). 
Also, the color measurements such as: color scales (L·,u*,v*), whiteness, 
yellowness (Ye) and color difference (ilE*) were performed. All measurements 
were done 24 hr after irradiation. 

Results and Discussion 

J. X-Ray Diffraction 
X-ray diffraction patterns of pristine and irradiated EVA samples in the range 

5-100kGy y-doses are shown in Fig.I. The X-ray spectra of irradiated samples 
are identical to that of pristine one. All spectra show a strong reflection peak at 
28 = 19.98{l and two weak reflection peaks at 28 22.35° and 34.89°, whose 
(bkl) planes are (110), (200) and (020) respectively(6.7) . Therefore ,it is thought 
that copolymerization of ethylene and vinyl acetate does not have an effect on 
the structure of the polyethylene orthorhombic lattice (6,8) and irradiation would 
only induce a minor change on the degree of crystallinity. 

Resolution of crystalline peaks, together with an integration of the scattered 
intensities, provides a method for estimating of crystallinity. The degree of 
crystallinity ( X ,) is calculated according to the Hermans- Weidinger method(9). 

A(crystalline) (1)
:::;-----------

Xc A(crystalline) + KA(amorplzous) 

where A (crjstaHine) and A (amorphous) are areas of crystalline reflections and 
amorphous halo, respectively; K is a constant and can be set to unity for 
comparative purposes. The calculated results for the irradiated EVA samples 
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Fig. 1. X-ray diffraction patterns for (a) pristine EVA, (b)5, (e)l 0, (d) 20, (e) 50, and 
(1) 100 kGy irradiated EVA. 

with 5, 10 and 100 kOy y-doses have indicated an increase in the degree of 
crystallinity being 55.3 % ,53.8 % and 53.4 % respectively as compared to 
42.3% for the pristine sample. It is believed that i.rradiation - induced scission of 
tout tie molecules pennits recrystallization of broken chains from the 
noncrystalline regions resuiting in an increase in the degree of crystallinity and 
an increased perfection of existing chain crystallites(IO,Il) . However, a siight 
decrease in the degree of crystallinity Values for irradiated samples with 20 and 
50 kOy y-doses has been noticed together with a small redaction in" the 
intensities of crjstalline reflections. Radiation - induced crosslinking has been 
suggested to occur preferentially at the surfaces of folded chain lamellae or in {he 
amorphous phase of bulk material and can cause stabilized chains , suppressed 
recrystallization of broken chains and crystal growth i.nhibition{ l~. i3;. These 
results agree wei! with many studies carried out to explore the locatio!' oJf 
crosslinking th:H occurs both in crystalline and amorphous regicos. but 
predominantly in the latter region and ill the interface between thpmll~15.' 
Therefore, it can be manifested that irradlat:on proclu,:es scission GT' t'~lJt tic 
molecules plus crosslin.king in amorphous regions. 

Egypt. J. Phys. Vo!. 37. \;0 .1 (2006) 
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2. Infrared Spectra (JR) 
The IR spectra and assignment of the most evident absorption bands for 

pristine EVA sample between 500 and 4000cm-' are illustrated in Fig. 2. Here, it 
appears that there is no appreciable difference in the absorption bands of EV A 
when compared with previously reported data(l6} except for the appearance of 
small intense absorption bands at (2019 & 1897 em-I) and (350Q & 608 cm- I

) for 
polyethylene and polyvinyl acetate (PVAc) contents respectively. Careful 
examination of the spectrum showed that the region of 2700-31 00 cm- I contains 
a large number of superimposed C-H absorption bands indicating the presence of 
a polymeric association of antisymmetric vas(CH2) and symmetric vs(CH2) 

srretching bands. The absorption band at 2019 cm- I corresponding to methyl 
group stretching vibration v(CH2) is used_as a reference peak, independent of the 
degree of crystallinity and oxidation(l5.1 '.The stretching band at 1897 cm-' is 
known to be the crystallization- sensitive band of polyethylene(18.19}, while the 
band at 1298 cm'l is associated with the amorphous region. The bands due to 
carbonyl stretch v(C=O) at 1740cm,I and carboxyl stretch v(C-O) at 1237 cm'l 
are readily identifiable in the spectra, The bands at 1650 and 961 cm,l are 
assigned to trans-vinylene double bond v(C=C) .The bands at 1461 and 1370 cm'! 
are due to methylene stretch v(CH2) in PE and methyl stretch V(CH3) in PV Ac 
respectively. In addition, the 1139 cm- l absorption band is assigned to v(C-C) 
stretching vibration. The band at 1015 em-I is associated with a C-O-C stretch 
mode while that at 727 cm'l is assigned to VW (CH) wagging vibration. Besides, 
the band at 609 em' I is related to Vs (O-C-0) bending vibration. 
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Fig. 2. Infrared spectra for pristine EVA. 

The infrared spectra of pristine and irradiated EVA samples in the range ot 
5-100 kGy y-doses are shown in Fig. 3 , In general, it appears from Figs. 2 and ~ 
that there is a significance difference between spectra of irradiated EVA sampJe5 
at 5,10 and 100kGy y-doses and pristine one. The bands at 1240, 1015 and 608 cm' 
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have disappeared in the spectra of irradiated EVA samples. The broad band of 
carbonyl group centered at 1740 cm-' for pristine sample ,which is due to the 
presence of polyvinyl acetate, shifts toward a lower frequency at about 1714 cm-' 
and becomes a sharp band, which is attributed to keto - carbonyl group in the 
polyethylene. The band at 1714 cm'! has also been observed previously in 
neutron and y-radiolysis and is attributed to v(C=O) stretc::"ing owing to ketonic 
or acidic type carbonyl groUp(20,21) . The induced formation of the carbonyl group 
band at 1714 cm-' can be interpreted on the basis of the peroxide - mediated 
oxidative degradation mechanism. y-irradiation of the polymers results in bond 
cleavage giving free radicals that in the presence of oxygen react according to a 
chain mechanism to form oxidation products that include hydro peroxides. The 
radical steps set in motion during the course of the reactions include pathways 
that lead to polymer chain scission and crosslinking. Also, it must be mentioned 
that the band at 720cm,l of irradiated samples is relatively broadened than the 
pristine sample. 

I 
100 kGy J 

4000 3000 2000 

Fig. 3. lR spectra of pristine and irradiated E\'A s2mples ''''tD differeot i'-dose~. 
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On the other hand , there is no appreciable difference between the spectra of 
pristine and irradiated EVA samples at 20and 50kGy y-doses apart from a very 
little change of intensity and position of the absorption bands. Radiolysis of 
polymers causes scission and lor crosslinking , the extent of which may change 
with the presence or absence of air . The irradiation conditions such as 
temperature, dose strength and phase relations in the polymers are of secondary 
importance, and their effect is not sufficiently known at the present time. 
Therefore, the similarity of IR spectra between pristine and irradiated EVA 
samples at 20 and 50 kGy y-doses may be mainly due to the balanced effect of 
both crosslinking and degradation processes. 

The index of crystallinity of the crystalline phase in pristine and y-irradiated 
EV A samples can be calculated according to the following equation: 

1(1897 em 
-I 

) 
crystallinity index (EVA) (2)

I (2019 em -I ) 

where I (1897cm,l) and I (2019cm- l
) are the absorbance of crystallization 

sensitive band of EVA and the absorbance of reference band on the spectrum 
using the baseline method. The index of crystallinity is found to be 0.22 & 0.55 , 
0.59 , 0.20,0.21 and 0.50 ( accuracy ±0.01) for pristine and irradiated samples 
with,S, 10,20,50 and 100 kGy y-doses respectively. The data reveal that the 
values of crystallinity index for irradiated EVA samples at 5,10 and 100kGy y­
doses is larger than the pristine one. On the other hand, the values ofcrystallinity 
index for irradiated EVA samples at both 20 and 50 kGy y-doses is slightly less 
than the pristine sample. This agree well with the results of X-ray diffraction 
patterns as discussed earlier. 

3. UV / Visible Spectra 
Figure 4 depicts the UVIvisible spectra of pristine and irradiated EVA 

samples in the range 5-100kGy y-doses. The general characteristics of these 
spectra are composed of an almost flat baseline (negligible absorption) and a 
steep cut off (high absorption). The spectrum of pristine EVA sample shows a 
shoulder at 350 nm, which it may be due to 1[.......,)o7t. electronic transition (R-band) 
of chromophoric groups in PVAc. The spectra observed -'>f irradiated EVA 
samples exhibit a new broad band, which position is irregularly changed with y­
doses in the range 240-280 nm. This band may be due to 7t.......,)o1[. electronic 
transition (K-band) of carbonyl groups formed from radiolatic oxidation of 
polyethylene by y-rays. It is also relatively more pronounced at the 100kGy y­
dose. This is probably due to the existence of free radicals eliminated during the 
presence of various environments as was previously detected in polyethylene(m, 
In addition., a shoulder at 350 nm for pristine sample has appeared with no 
observable change in the position but with small L'ltensities at y-doses 20 and 
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50kGy, while it disappeared at 5. 10 and 100 kGy y- doses. The disappearance of 
the absorption shoulder at 350 run may be due to modifications in molecular 
structure introduced as a result of the scission ofside chain ester group in PVAc. 

200 	 400 600 

Wavelength I lim ) 

Fig. 4. Absorption spectra for EYA samples at different 'Y-doses, (0) pristine, (.) 5 
kGy ,(8) 1 OkGy, (0) 20kGy, (O)50kGy, and (e) tOOkGy. 

In general, it is obvious that the changes induced by y-irradiation on spectral 
features in the UY/visible regions are compatible with that found in IR region. 

4. 	Optical Parameters .. 
Fundamental absOIption edgr:: 
The absorption coefficient w ,,) can be calculated from the optical absorption 

spectrum using the re lation: 

atv) = :303 Aid 	 (3) 

\vhere A is defined by log (VI where]o and 1 are the intensity of the mcident 
and transmitted beams respec:', ely and d is the film thickness in Cillo The 
calculated values of absorptl"-: coeffiCient for pristme and irradIate:: EVA 
samples are relatively small ("}:'-90 C[!l·I) as in most low carner concentration 
semicrysta]line materials. Thus. the films are weakly absorbing. 
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The fundamental absorption edge is one of the most important features of the 
absorption spectrum of a crystalline and amorphous materials. The increased 
absorption near the edge is due to the generation of neutral excitations and I or 
the transition of electrons from the valence band to the conduction 
band(23,24). Fi.g. 5 shows the plot of absorption coefficient against photon energy 
for pristine and irradiated EVA samples. The a(v) exhibits a steep rise near the 
absorption edge and a straight line relationship is observed in the high a-region. 
The intercept of extrapolation to zero absorption with photon energy a.xis was 
taken as the value of absorption edge. Values of the absorption edge of the 
samples are represented in the inset of Fig.5 as a function of y-dose . It is clear 
that the value of absorption edge decreases with increasing y-dose up to 10 kGy, 
followed by an increase at 20kGy , and then it decreases slowly until 100 kGy . 
This may reflect the induced changes in the number of available fmal states 
according to y-doses. The reduction of absorption edge at 5,10 and 100kGy 
compared to the pristine one can be attributed to the increase of crystallinity 
induced by y-irradiation. 

90,-----~-~~--------------------------_______ 
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Fig. 5. Absorption coefficient as a function of photon energy hv for EVA at different y-doses. 
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Optical band gaps 
The fundamental absorption is related to band to-band (excitons) transitions, 

and are subject to certain selection rules{2S) . The allowed direct and indirect 
transitions are given by :­

alJ\' =A(lzv-Egd):0. (4) 

uhv::::B [(hV-Eg;+Ep)2 +_(hV-Egt-Ep)2 ] 
exp(Ep/kT)-l l-exp(-E p /kT) (5) 

where A and B are constants, Egd and Egi are the direct and indirect energy gaps 
respectively and Ep is the phonon energy. From eqns.(4)&(5) by plotting (ahv)2 
and (ahv)I/2 against hv, the values of Egd, Egi and Ep could be deduced for 
pristine and irradiated samples (Figs. not shown). These values are listed in 
Table 1, within an accuracy of± 0.02 eV. 

TABLE 1. Values of band tails, optical energy gaps, and phonon energy of EVA 
samples at different y-doses. 

Dose Egd Egi Ep E. 
(kGy) (eV) (eV) (eV) (eV) ~0 3.82 2.89 0.40 1.24 . 

5 
10 

I 3.78 
3.33 

2.75 
2.15 

0.33 
0.31 

1.43 
2.50 

I
--1 

20 I 4.01 3.32 0.37 0.64 i 
50 3.97 3.20 0.36 0.67 I 
100 3.49 2.57 0.21 1.90 . 

-' 

It is clear that the values of Egd & Egi decrease with increasing y-dose up to 
lOkGy, followed by an increase at the dose 20 kGy, and then decreases again 
until 100 kGy. The influence of y-irradiation can be explained in tenns of 
diminution of disorder, defects in the structural bonding and crystai field 
mechanism (26). 

In tl1e mean time , the absorption tails in amorphous and semicryst<;,Hinc 
materials could be interpreted in terms of the Dow-Redfield effed27

} takil!g the 
form of Urbach mle(28} as follows: 

0.( hv) = 0.0 exp (hv/Ee) (6) 

where 0.0 is a constant and Ee is the width of the tail of the localized states in the 
band gap. Plotnng h)(a) against hv for present EY A sample before afid :tfter 
irradiation yield nlues of band tails E~, as indicated in Table 1. The appearance 
of band taiis is due to disorder in the systemi~"J and its broadenillg is caused by 
morphological changes upon irradiation according to a compromise b:rw..:en thi:! 
degradation and crosslinking processes(30.3I i . Also, the reduction of the dire,:l and 
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indirect band gap energies at 5,10 and 100 kGy y-doses c.ompared to the pristine 
sample could be attributed to the increase of tailing into the gap. The tail increase 
is a result of the increase in the number of unsaturated defects due to y-ra ys, 
consequently increase the <tensity of localized states in the band structure leading 
to a decrease in the optical energy gap. 

Optical consumts 11 and k 
The optical behavior of a material is generally characterized by its optical 

constants , n and k where n is the refractive index and k is the extinction 
coefficient . The extinction coefficient can be obtained from the absorption 
coefficient using the expression k uA / 4Jt. The values of k for pristine and 
irradiated EVA samples are found small in the order 10-5 throughout the studied 
wavelength range, indicating that the investigated samples are insulators(31) 
without defects (32) • 

If mUltiple reflections are neglected , reflectance R of the samples can be 
calculated from the experimentally measured values of transmittance T( Figs. not 
shown) and absorbance using the following equation: 

R 1- [T exp (ud)]1!2 (7) 

Using the values ofk and R, the refractive index can be determined from the 
following equation: 

n = [(1 +R) / (l-R)] ± {[(R + 1) / (R_l)]2 - (1 + e)} \/2 (8) 

Reasonable values for n may be evaluated by considering the plus sign ofeqn. 8. 

Figure 6 shows the n(A) characteristics from 450 nm to 800 nrn for pristine and 
irradiated EVA in the range 5 to 100 kGy y-doses. It is clear that the refractive 
index at 5, 10 and 100kGy irradiated samples are higher than pristine sample,· 
while the refractive index values at 20 and 50kGy irradiated samples are very close 
to the pristine one. In general, the refractive index increases slightly with 
decreasing wavelength, and changes become larger at shorter wavelengths showing 
the typical shape of a dispersion curve. But, the rate of increase of refractive index 
with decreasing wavelength is appreciably high for the 5,10 and lOOkGy irradiated 
samples as compared to the other irradiated samples and the pristine one. This 
relatively big increase of refractive index in the region 450-650 run may be 
attributed to an increase in the density of current carriers in the valance band. 

The changes of refractive index could be due to different factors such as the 
crystallinity, density, electrOnIC structure and defects. Therefore, the variation in 
the refractive index values of the irradiated samples can be attributed to varying 
electronic strucrure and crystallinity induced by y-irradiation depending upon 
whether degradation or cross linking process is predominant. 
Egypt. J. Phys. Vol. 37, NO.2 (2006) 
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Fig. 6.Variation of refractive index with wavelength at different y-doses: (0) pristine., 
(O)SkGy ,(+)10kGy,(· )20kGy ,(x) SOkGy, and (e)100kGy for EVA. 

Color Difference Calculations 
Various classification systems have been proposed for the descriptio!' of ". 

colored object. One of these is the CIEXYZ which is internationally recognized. 
Any color is specified by its tristimulus values XYZ depending on the COlc'f 

matching functions of the standard observer defmed by the CIE (32), 

Figure 7 illustrates the variation of the tristimulus transmittance \'ab~s (yJ 
with wavelength in the range 380-760 run for pristine and irradiated E'IA 
samples. It is noticed that the behaviors of Yt for all samples are similar and have 
the same peak position at about 560 nm. The inset of Fig. 7 sho',;;.s the 
depeildence of y, at the peak position (560 run) as a function of ~'-dose:; for 
EVA copolymer. It is dear from the inset that Yr(max) at 5,10 and wit 1<Gy 
irradiated samples are lower than pristine sample. while Yr(max) at 20 :::.nd 50 
kGy Irradiated samples are higher than the pristine one. These changes n:fi-::Cl tl1l' 
damaged site'> and the color center c;-eations ia the irradiated m<:!l'nal . 
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Fig. 7. Variation of tbe tristimulus transmittance value witb wavelength A. for EVA 
at different y-doses. 

The chromaticity coordinates x and y defining the position of the specimens 
on the chromaticity locus and their distances to the white point have been 
calculated for pristine and irradiated EVA samples and are depicted in Fig. 8 . A 
great similarity exists between zero, 20 and 50kGy irradiated specimens and also 
between 5, 10 and 100kGy irradiated specimens, so that each group is 
overlapped and represented by a single point. 
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Fig. 8. Cbromaticity diagram of pristine and irradiated E\'A : (-)0,20 and SO kG: (-) 
5,10 and 100 kGy. 
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Table 2 represents the variation of color parameters (L*, LlU*, LlV*, LlC*,ho , 
LlE*, Wand Ye) of EVA as a function of y-dose calculated from the 
transmittance data. The values of L *(lightness) and hO (hue) for irradiated EVA 
samples at 5,10 and 100kGy y-doses are lower than the value of pristine sample. 
On the oth~r hand, these values for irradiated sawples at 20 and 50 kGy y­
doses are higher than the value of pristine sample. This indicates that the 
irradiated samples at 5,10 and 100 kGy y-doses are darker and more reddish 
yellow while the irradiated samples at 20 and 50 kGy y-doses are lighter and less 
reddish yellow in comparison to pristine one. 

TABLE 2. 	 The results of color parameters for EV A calculated from the 
transmittance curves. 

,r ·dose

I 	 hO~v· W~C* Ye I
, liE"L" flu' 

(kGy) 
. 56.60. ­ -141.60 0.25 !34.90i 0 - -

I 5 4.46 -66.70 0.55 I23.60 2.53 3.68 5620 i 12.\6 
1

9.61 -1.55 -2.58 -3.00 -18.04 0.57 !55.30 : 25.48I 10 
41.30 2.14 58.45 : 6.860.99 2.34 ·202.50 0.27 !I 20 

58,03 ; 4.2839.10 0.74 -179.80I 50 0.]6 !0.21 l 0.74 

17.70 1.35 1.16 1.73 53.84 17.26 -41.30 0.58 iI lOa 

L"'llightness ) ~u"( red green) ~v* (yellow - bl"e) ~C"(chroma difference) 
hO (hue) ~p( total color differences) W( whiteness index) ":'e( yellovmess index) 

To assess the coloration effects of the samples, ~u* (red-green), f:.v* (yello\\'· 
blue) and total ~E* color differences in addition to f:.C* chroma difference of 
irradiated samples with respect to the pristine one were calculated. The values of 
~u*, f:. v* color and cbroma differences f:.C· are positive for all irradiated 
samples except for the sample h--radiated at 10 kGy y-dose is negative. Thus, the 
10 kGy irradiated sample is more green, more blue and less saturated thaLl the 

pristine one. However, the inadiated samples at all other y-doses are more red, 
more yellow and more saturated than the pristine one. In addition, the total color 
ditTerence ~E* apparently attain values such that at 10kGy > 100kGy > 5kGy > 
20kGy > 50kGy, 

The whiteness index data W in Table 2 indl·:ate tb.at EVA samples irr~diated 
with 5, 10 and 100kGy -~-doses have higher values than the pristine sample. On the 
contrary, the irradiated samples with 20 and ~o kGy y-doses are less than th.t' 
pnstme sample. The yellowness mdex \'alues (Ye) increase for irradiated samples 
except for 20 and 50kGy y-doses have nearly the same \ alue of pristine sample. 

It may be presumed thai the effe·:t of y-13d:atior: on EVA copolymer is rhf.' 
destruction of the chenlJCal bonds 2nft ImbC::;:;5 as well as creation of highlv 
e!1l'rgetic electrons and ionsi3', Thc~e highl~~ enen:;::-tlc species migraTe lil~ th~ 
plastic network causing further damage to ine JJJ3cent macromolecules through 
their tracks and may be trapped sarne\\'nere in t!lC' ne!"':, ork forming color centers. 

~>:;l'{A j Phys. Vol. 37, No 2 (2006) 
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The degree of variation in the color parameters depends on the total quantity of 
'f-radiation energy received by the material(34). 

Conclusion 

1-The crystallinity data resulting from X-ray patterns and IR spectra reveal that 
the y-irradiated EVA samples at 5,10,and 100 kGy possess larger crystallinity 
values as compared to the pristine one, while those irradiated with 20 and 50 
kGy exhibited lower crystallinity values. 

2-From UV/visible studies, it is recognized that y-irradiation highly affect the 
electronic structure and molecular configuration of the polymer matrix. This 
is clearly shown by the pronounced change in the absorption spectra and is 
confmned by optical parameters obtained for the samples under 
investigation. 

The reduction of absorption edge at 5,1 O,and 100 kGy irradiated EVA 
samples than the pristine one can be attributed to the increase of crystallinity 
induced by y-irradiation ,which is consistent with IR and X-ray diffraction 
data. 
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