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ABSTRACT

Films of poly (methyl methacrylate) / Poly (vinyl acetate) (PMMA/PVAC)
with different concentrations were prepared by using cast technique. The
samples were investigated by differential thermal analysis (DTA),
thermogravimetric analysis (TGA) and UV/visible spectra. A single glass
transition temperature for each blend was observed in DTA thermograms,
which reflectsthe existence of miscibility of such system. Thermogravimetric
characterization and the calculated values of activation energies revealed
that the blend sample of 75 wt% PVAc content hasamore thermal stability
than the other blends. The variation of band tail energy with the composition
of theblend indicated that the model based on electronic transitions between
localized statesis preferable. The refractive index dispersion curves were
simulated by both Cauchy and single effective oscillator models. The
calculated color parameters such asL*, U, V', and C" for 25 wt% PVAc
blend sample were found to be dependent on addition of malachite green
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and y-irradiation.

INTRODUCTION

Polymer blendsoften exhibit propertiesthat are su-
perior compared to the properties of the parent poly-
mers*3, Thepropertiesof thefinal product vary ac-
cording to the blend composition, and whether thema:
teria issubjected to further addition of dye substances
or exposuretoy-radiation. Identifying theeffect of such
parameters makesit easy to modify the blend system
to meet performance and cost objectivesasrequired
for new and changing marketg*9l.

PMMA is an organic amorphous thermoplastic
whichisopticaly transparent, hard, andrigid; therefore
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it has beenwidely used in the construction of avariety
of optical devices, suchasopticd lenses. Also, itisused
inmedicd applications, particularly for hardtissuere-
pairs and regenerationt®. However, PMMA has poor
thermd stability that restrainsit from gpplicationsat high
temperature”. One possible solution to addressthis
problemisto blend PMMA with another polymer of
relatively high thermal stability suchasPVAc. PVAC
belongsto the group of polymersthat are of special
technol ogical interestsand hencehasbeen used inmany
domesticand commercid everyday applications. PVAc
aso actsasastabilizer with respect totherma and pho-
tochemical degradation whenthe processtakesplace
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inair®, PMMA and PVAc make animportant pair of
polymerswherether propertiesare complimentary and
could beused to form improved enhanced blends.

Organic dyes arecommonly added into polymer
blendsasasol uble color concentrateswherethey scatter
no light and display excellent transparency. Recently,
dye-polymer compositeshavereceived considerable
attention aspotential el ectro-optic materia S¥. Blend
properties could be improved further by subjecting
samplesto y-irradiation. Polymer material sare suscep-
tibleto radiation and affected by it where many prop-
ertiessuchasstructurd, optica, thermd, eectrica and
mechanica propertiescan bedtered?. Such changes
are attributed to the chemical bond scissions and/or
cross-linking induced by high-energetic radiation.

Theaim of the present work isto perform astudy
on theeffect of composition ratio onthermal and opti-
cal propertiesof PMMA/PVAc wt/wt% blends. The
dispersion behavior of refractiveindex for the produced
samplesisdiscussed through the gpplication of Cauchy
and singleeffectiveoscillator models. Al o, the effect
of both y-irradiation and mal achite green additive on
the color parametersof 25wt% PVAc contentinblend
sampleswerediscussed.

EXPERIMENTAL

Polymer specimens used in this study were syn-
thetic polymers. PMMA [C.O,H,] wassupplied by
Aldrich Co. Its molecular weight is approximately
120,000. PVAc [C,H,O,] was supplied by Acros
Organics, USA. Itsmolecular weight isapproximately
170,000. A dye called maachitegreen[C CIN,]
wasobtained from Cambrian Chemicals.

The PMMA/PVAcfilmswere prepared by dissolv-
ing thetwo polymersin chloroformthen, casting the
blendsonto stainless sted Petri-disheswherethey were
left to dry at room temperaturefor about 24h until the
solvent hascompletely evaporated. Samplesof differ-
ent blend concentration 100/0, 75/25, 50/50, 25/75
and 0/100 wt/wt % PMMA/PVAc were produced.
Malachitegreen of concentration 0.05wt % was added
only to themixed solution of 75/25 wt/wt % PMMA/
PVAcandthestepsto formthefilmweresmilar tothe
previous samples. The sample of 75/25 wt/wt %
PMMA/PVAc undoped and doped with malachite
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greenwereirradiated by different y-doses in the range
from 5 up to100kGy using ®Co source with adose
rate of 8.6kGy/h at room temperature.

Thermal anaysiswas carried out using acomput-
erized differentid thermd andlysisand thermogravimetric
anaysis manufactured by Schimadzu 60H, Japan
(DTG). All testswerecarried out under nitrogen atmo-
sphere 30 ml/minand aheatingrateof 10°C/min. The
UV /visible absorption of the sampleswas performed
using aPerkin Elmer 4f spectrometer over the wave-
length range from 200 up to 800 nm. For irradiated
specimens measurementswere carried out 24h after
irradiation and performed severd timesuntil reproduc-
ibleresultswereobtained. Thetristimulustransmittance
vaues(X,Y,Z) wereca culated using thetransmittance
dataobtainedinthevisiblerangeaccordingtothe CIE
system*¥, Also, the CIE three- dimensional color con-
stants(L", U", V"), chroma(C") and color difference
(AE) wereevaluated.

RESULTSAND DISCUSSION

Differential thermal analysis(DTA)

Figure 1 shows the DTA diagrams for PMMA,
PVAc homopolymersand their blends of concentra-
tions 75/25, 50/50 and 25/75 wt/wt% PMMA/PVAc
in the temperature range from 30 up to 400 °C. The
DTA thermogram for pure PMMA showsthree endot-
hermic phasetransitionsat around 110°C, 302 °C and
372°C. Thefirst endothermic phasetransitionisshal-
low and broad and could be assumed to be the glass
trangtiontemperature (Tg) whichisclosetothosepub-
lished intheliterature>*3, The other two peaksare
dueto the high molecular weight of PMMA and are
attributed to thedisentanglements of thehigh molecular
weight chain®l. On the other hand DTA thermogram
for pure PVAc showstwo shalow endothermic peaks
at 46 °C and 310 °C, and one exothermic peak at
339°C. Thefirst endothermic peak isattributed to the
glasstrangtiontemperature, whichisdightly higher than
that previously reported*>*7, The second phasetran-
sition may be dueto thethermal degradation process.
However, thelatter exothermic phasetransitionisdue
to theevolution of acetic acid*®, PMMA and PVAC,
aswell as blendswere considered to be completely
amorphous because of the absence of themelting peak
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Figurel: DTA diagramfor PMMA/PVAcblend samples; (a)

100/0, (b) 75/25, (C) 50/50, (d) 25/75 and (€) 0/100 (wt/wt%)

When considering the blend samplesresults, each
blend showsasingleglasstransition pesk withitsposi-
tion lying between those of thetwo purepolymers. Itis
observed that the values of T, for dl blends decreased
withincreasing the PVAc content. The existenceof a
singl eT, reved sthat the blend samplesweremiscible
through all compositionratiog**9, The DTA curvesof
the 25 and 50 wt% PVA ¢ sampl es show two indepen-
dent endothermic peaksin thetemperaturerange 250
—350°C, whilefor the 75 wt% PVAc samplethetwo
endothermic peaks appeared overlapping each other,
asseeninFigure 1. These endothermic peaks of the
blend samples aredegper than those of the pure PMMA
and shifted towardslower temperatures. The charac-
teristicexothermic pesk inthe DTA curveof PVActill
appeared in blendswith 50 and 75 wt% PVAcbut dis-
appeared for 25 wt% PVAc sample.

Theinstin Fgure 1 showsthere ationship between
the Tg values and PVAc content for theinvestigated
sampl es. Thedashed line representsthe experimental
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valuesof T, that was obtained from the DTA thermo-
gramsand the solid linerepresentsthetheoretica val-
uesof T, cd culated from thefollowing equation which
wasintroduced by Fox?%

1/Tg(b|en o> (Wlngl)-(Wle gz) (@]
whereW, and W, aretheweight fractionsand T , and
Ty aretherespective glasstransition temperatures of
thehomopolymers. Theexperimenta dataof T, forthe
blendsdo not appear tofollow the cal cul ated theoreti-
ca valuesby Fox rulequitewdl. Thedeviationsarein
therange5to 8 % for al blendsand the experimental
T, values are somewhat higher than theideal values
exhibiting positivedeviation. Thisshowsthat itisplau-
sibleto consider that thereisalimited miscibility be-
tween PMMA and PVA ¢ homaopolymersinthefull com-
positionrange.

Thermogravimetricanalyss(TGA) and itsderiva-
tive(D, TG)

Figure2 presentsthe TGA and D, TG thermograms
of PMMA, PVAc homopolymers and their blend
samplesat temperaturesup to 400 °C. Threestages of
thermal decomposition are clearly seen for pure
PMMA. Thefirst sageisat T, equalsto 169°C (tem-
peraturewhere decomposition rateismaximum) which
correspondsto the depolymerizationinitiated by weak
head-to-head linkagestogether with weak peroxides
and/or hydroperoxideslinkages”?+2l, However, inthis
stagetheweight losswasfound to beequal t010.08 wt
%, suggesting that thereareafew of such linkages. In
thesecondstage T, equals 287°C, whichisaresult
of radical transfer to unsaturated chain endsandinthe
thirdandfina stage T, equals380°C whichindicates
random scission'®24, The DTA curvefor pure PMMA
showed similar behavior through the decomposition
processas previoudly stated. However, the TG ther-
mogram of PVAc showsthat it hasundergoneaone-
step into the degradati on process at temperatures be-
tween 300 °C and 400 °C with T__ equal 345 °C.
PVAcand 75 wt% PVAc blend sample, show that they
are stable up to 300 °C and 245 °C respectively, and
nearly nolossinwe ght was observed, but other samples
show stability upto 100°C only. Thisdifferenceinthe
thermd stability of theindividual polymersisrelatedto
thestructure of the polymers. For exampl e, the acetate
groups in PVAc are attached through C-O bonding,
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whiletheacrylategroupsin PMMA areattached through
C-C, thelatter possessesrelatively lower dissociation
energy. As seen in Figure 2 there are three stages of
therma decompositionfor 25 wt% and 50 wt% PVAC
blend sampleswhile only two stageswerefound for
the 75 wt% PVAc blend sample. In addition, the per-
centageweight lossfor 75 wt% PVAc content in the
second stageislower than the pure PMMA and other
blend samples. Theseresultsindicate that thethermal
stability of the bland samplesincreasewith increasing
PVA c content at temperaturerange from ambient tem-
perature up to 300 °C. Thetemperature range of de-
composition, thepercentageweight lossin each degra-
dation gepfor homopolymersandther blendsaregiven
inTABLE 1.

TGA% (A.U)
D,TGA (A.U)

400

100 200

T(2C)
Figure2: TGA and D, TGA for PMMA/PVAcblend samples,
(a) 100/0, (b) 75/25, (C) 50/50, (d) 25/75 and (€) 0/100 (wt/
Wt%)

The general kinetic equation of asolid-state de-
composition reactionisgiven asfollows?:
do/dt=Af(3) exp (-E /RT) 2
whered=(w,-w/w-w_)isthefractiond reaction, w is
theinitid weight andw_istheweight a theend of the

TABLE 1: TGand D, TGdatafor PMMA/PVAcwt/wt % blend
samples

Transition
temperature
‘)

Ti Tmax Tc
| 101 169 210
1 210 287 300
Il 300 380 400
| 100 174 210
1 230 283 295
Il 300 341 400
I 102 181 189
1 239 277 294
11 294 329 400
| e el
1 245
11 300
| e el

| el CHE e
1] 300 345 400 74.01
*T,, temperature at which decomposition starts; T__, tempera-
ture at which decomposition rate is maximum; T, tempera-
ture at which decomposition is completed

experiment and w, isan actud weight attimet; f (§)=(1-
d)"isthekineticmodd functioninadifferentid form; m
isthereaction order; E, istheactivation energy; Ris
thegasconstant; T isthetemperatureinKelvinandAis
the pre-exponential factor intheArrheniusequation.

Variousmethodshavebeenjointly employedtoca-
cul ate theactivation energy and determinethe decom-
position mechanisms. Inthiswork, the Coats-Redfern
(CR) and Horowitz-Metzger (HM) methodswereused
to cal culatethe activation energy of pure polymersand
their blend samples.

The Coats-Redfern®! method isbased on thefol -
lowing equation for studying thermal degradation ki-
neticsat order m=1,

In[-In (1-8)/TA=In[(AR/QE )(1-2RT/E )]-E /RT ©)
where ¢ istheheatingrate. By plotting In[-In (1-6)/T?]
versus 1000/T weget agtraight linewithadopeequas
to (-E/R).

The other method that proposed by Horowitz-
Metzger? isdescribed by thefollowing equation:
In[-In (1-8)] =E_0/RT?, 4
Inthismethod, In[-In (1-9)] isplotted versus6 = (T-
T, inwhich T _isthetemperature of maximum degra-
dation, resultinginadtraight linewhosedopeisE /RT?,

Thecdculated activation energy (E,) va uesaccord-

PMMA/PVAc Degradation

wt/wt % process Weight

loss (%)

10.08
56.90
30.08
5.27
22.49
54.38
4.03
18.70
59.01

100/0

75/25

50/50

25/75

0/100
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ingto both modelsaregivenin TABLE 2. Itisfound
that the E,_val ues cal cul ated by both CR and HM meth-
odsarerelatively nearly closeto each other and have
thesmilar trend for al decompositionregions. Thus,
both CR and HM rel ations are suitablefor understand-
ing the kinetics of the thermal decomposition of the
present samples. Itisclear that the second stage showed
higher activation energieswhen compared withfirst and
third stagesfor blend samples. Also, in the second stage
the E, valuesfor 75 wt% PVAc blend ssmpleishigher
than those of other compositionratioswhichreflectits
higher bond strength. The E, valuesin thethird stage
for blendsliein theintermediate values between those
of purepolymers.

TABLE 2: Activation ener giescalculated by Coats-Redfern
(CR) and Horowitz-M etzger (HM) methodsfor PMM A/PVAC
wt/wt% blend samples

PMMA/PVAC Degradation —(CR) (HM)
wt/wt % process Ea Ea
(kJ/male) (kJ/male)

[ 58.83 66.84

I 40.09 51.15
100/0 i 169.95  178.84

I 44.64 56.68
I 19060  192.77

7525 i 84.89 94.04

I 46.25 58.27
I 19414  197.76

S0/50 i 82.27 87.45

N
I 20058  204.89

25075 i 78.24 81.63

N

0/100 ey
1l 17427 18100

Optical spectroscopy in UV-visiblerange

Figure 3 depicts the UV-visible spectra of both
PMMA and PVAchomopolymersaswell astheir blends
75/25, 50/50 and 25/75 wt/wt% PMMA/PVAcinthe
wavel ength rangefrom 200 up to 700 nm. The general
characteristic of all absorption spectraare composed
of anamost flat baseline (absorption negligible) anda
steep rise near the absorption edge (remarkable ab-
sorption). Theabsorption spectraof PMMA and PVAC
homopolymerscontain anintenseband at 230 and 227
nm respectively, which are dueto the presence of chro-
mophoric groups. However, for the blend samplesthe
band position shifted tolower waveengthwithincreas-

= Fyl] Peper

ing PVAc content inthe system. Thisshift indicatesthe
formation of intermolecul ar interaction between PMMA
and PVAc. Also, Figure 3 showed that theblend sample
of 75 wt% PVAc gave the highest absorbance value
whilethe blend sample of 25wt% PVAc showed the
lowest absorbancevalueinthe UV wavelength range.
It should be noted that there are no absorption bands
inthevisibleregionfor al thesamplesbeing investi-
gated becausethefilmsaretransparent.

N
e g b ]

~
B il
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¥
o
a

Absorbance
-
- n

o
n

o

300

Absorbance (A)

A (nm)
Figure3: Absor ption spectrafor: (0) 100/0, (A) 75/25, (®)
50/50, (x) 25/75and (M) 0/100 PM M A/PVAc (wt/wt%) blend
samples

(a) Optical parameters

Theabsorption coefficient o, (v) can be directly de-
termined from the optical absorption spectrare ation;
0=2.303(A/d) where Aisthe absorbanceand d isthe
thickness of the sample. The calculated values of the
absorption coefficient arerelatively small (~50-1800
cnmrt) which are similar to those of most-carrier con-
centration of amorphous materials. Therefore, the
samplesunder investigation are cons dered weakly ab-
sorbing. A plot of theabsorption coefficient against the
photon energy for both PMMA and PVA ¢ homopoly-
mersand their blend samplesareshowninFigure4a. It
isclear that thereisno sharp absorption edgewhichis
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acharacteristic of theglassy state of thematerial. The
data pointsshow alinear dependency between the ab-
sorption coefficient and the photon energy near theband
edge. The absorption edge; whichisthevalue of the
photon energy at zero absorption, isobtained by the
extrapolation of thelinear rel ationship to zero absorp-
tion, i.e. theabsorption edgeistheintercept with the x-
axis. Thevalues of the absorption edgefor the blend
samplesarenearly equal and lieat 5.05 within an ex-
perimenta error of + 0.05. This equality indicates that
thereisnovariationin the optical band gap energy in
theblend system.

Theabsorption edge as described for many amor-
phousmaterias, most commonly, followsthe Urbach
equation(?;
a=a_ exp (h/E) (5)
wherea isconstant and E_ isthewidth of thetail of
localized statesinthe band gap. Figure 4b showsthe
rel ation between In o and ho for the PMMA and PVAC
homopolymers, and their blend samples. Thestraight
linerepresentationsof the datasuggest that the absorp-
tionfollowsthequadraticrelation for inter-band trang-
tion?® and hence satisfiesthe Urbach rule. Thevalues
of band tail E, were calculated fromtheslopesof these
lines, which arefound tobe 1.30, 1.79, 1.40, 1.64 and
1.88 at 100/0, 75/25, 50/50, 25/75 and 0/100 wt/wt%
PMMA/PVAc samplesrespectively. However, E vary
remarkably with the composition of the blend; hence
themodel based on e ectronic transitions between | o-
calized statesis preferableto this case?®3.

Therefractiveindex (n) isanother important pa-
rameter here, if multiplereflectionsare neglected, re-
flectance (R) isobtaned fromthetransmittance(T) data
usingthefollowingreation:

R=1-[Texp (ad)]*? (6)
Also, thereflectance of light isdescribed by Fresnel
equation asfollow;

R=[(n-1)+K7/[(n+1)+K?7] ()
whereK isthe extinction coefficient; K=al\/4x where
A isthewavelength. For infinitely small valuesof K,
equation (7) reducesto that for anormal insulator;

n=[(1+R*)/ (1-R*)] 8
Thedispersion spectraof therefractiveindex givenin
Figure 5wereinterpolated to fit the Cauchy formul d*2;

(a)

fem™)

(b)

Ina

2

hv (V)
Figure4: Relation between absor ption coefficient () & Ina
(b) asafunction of photon energy for: (0) 100/0, (A) 75/25,
(®) 50/50, (x) 25/75 and (M) 0/200 PM M A/PVAc (wt/wt%)
blend samples

n=5+(p/2?) ©)
where ¢ and f§ arethe Cauchy’s parameters. For A—o
i.e.v—>0henced—n,. Thevauesof n,for homopoly-
mers PMMA and PVAc are 1.49 and 1.40 respec-
tively. Thevaueof n for PMMA isinagreement while
for PVAcappearsdightly different than those reported
intheliteraturg*333+38, Therefractiveindicesvalues
for the blend sasmplesarefoundto be 1.42, 1.47 and
1.43for 75/25, 50/50, 25/75 wt/wt% PMMA/PVAC
respectively. Thesevauesdid not vary proportionaly
to the compositionratio but they lie between thetwo
va ues of thehomopolymers. Ingenerd, thechangein
therefractiveindex could beattributed to variousfac-
torsincluding crystalinity, density, eectronic structure
and defects. The compositiona dependency of nymay
be caused by the interface phenomenadueto domain
structure, molecular orientationsand processing con-
ditiong*",

Thesingleoscillator mode isused for thesmula
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tion of theresults, it was devel oped by Wemple and
DiDomenico®* and it suggeststhat thedatacould be
described by:
n>-1=E E J(E ~E? (10
where E, isthe average excitation energy for eectronic
transitionsand E, isthedispersion energy whichisa
measure of the strength of theinterband optical trans-
tions. Equation (10) ispresented graphicaly in Figure6
wherethevaluesfor the dispersion parametersE, and
E,aredetermined and dsogivenin TABLE 3. Theval-
uesof both E and E, vary but, in general, not propor-
tiond to theblend compostionratio.
Therefractiveindex at zero-frequency (n,) and av-
eragewavelength (/) of samplescan be obtained us-
ingthe Sellme er oscill ator representati on“Y;
(n2-1)/(n?-1)=1-(r /) (1)
Substituting for the oscillator strength; S = (n?— 1)/
4.2 and rearranging equation (11) gives,
(n?-1)*=(US ) A~(1/S 29 (12)
Theoscillator parameterswere cal cul ated by fitting the

177
|

1 (Cauchy fit.)

400 500 600 700 800

A(nm)
Figure5: Variationin refractiveindex with wavelength for:
(0)100/0, (4A) 75/25, (M) 50/50, (x) 25/75 and (®) 0/100
PMM A/PVAc (wt/wt%) blend samples
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Figure 6 : Relation between (n%-1)* vs hv? for: (a) 100/0,
(b)75/25, (c) 50/50, (d) 25/75 and (€) 0/100 (wt/wt%) PM M A/
PVAcblend samples

datainto alinear function of (n>-1)* versus 1. By
using theslopeand intercept of thestraight lineinter-
polation, thevaluesof the parameters/_and S _are
determined. All parameters associated with this ef-
fectiveoscillator model arelistedin TABLE 3. It was
observed that the obtained values of the oscillator
strength for the blend sampleswere of the sameorder
of magnitude asthose obtained for pure homopoly-
mers. A comparison betweentheva uesof n, obtained
by using Cauchy and single effective oscillator meth-
odsshow that thereisagood agreement between these
models.

TABLE 3: Thesingle-oscillator parameter sfor PMM A and
PVAc homopolymer sand their blend samples

PMV\,Ytl/ﬁ//tIOD/:/AC (eE\3) (eE\% (r;fﬁi) Sos(M?)  Np20.01
100/0 540 5.97 230 2.09x10% 1.45
75/25 6.18 5.99 201 2.40x10® 1.40
50/50 6.81 7.73 182 3.43x10® 1.46
25/75 559 558 222 202x108% 141
0/100 7.07 643 176 2.93x10® 1.38
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Effect of y-irradiation on color detection

The color detection method is one of the several
techniquesthat have been employed to assessthephysi-
cd and chemica changesin polymersafter beingmixed
with other materialsaswell aswhen exposed to y-ir-
radiation. Thecolor detection method CIE XY Zisin-
ternationally recognized and thereforewill beusedin
the present work for the description of colored samples.
Inthistechnique, acolor isspecified by itstristimulus
vaues XY Z depending on the color matching functions
of the standard observer defined by CIE“Y.

(a) 75/25 wt/wt% PMM A/PVAcblend sample

Thechromaticity coordinatesx and y were calcu-
lated for 75/25 wt/wt% PMMA/PVAc blend samples
irradiated with variousy-dose. Figure 7ashowsthe po-
sition of different irradiated specimenson thechroma:
ticity locusand their distanceto thewhite point. The
position of irradiated sampleat 20 kGy lieson thel eft
S debut nearer to the achromatic point than other irra-
diated samples. But thelocations of the pristineand
other irradiated samplesare very near to each other; so
that they overlap and arerepresented by asingle point
ontheleft sideof theachromatic point. Thisindicates
the presenceof very small color gradient. TABLE 4a
givesthevariation of the color parameters(L*, U", V",
and C") for the blend sample of 25 wt% PVAc asa
function of y-dose that was cal culated from thetrans-
mittance data. Thevaluesof U",V*, and C" increaseas
they-dose increases up to 20 kGy followed by a de-
creaseup to 100 kGy y-dose. The blend sample irra-
diated at 20 kGy hasthe highest valuesof color param-
eters(U",V" and C"). Thevauesof L" for irradiated
samplesare nearly equal except at 20 kGy which has
thelowest value.

Thecolor differencesbetweentheirradiated samples
andthepristineone; AL",AU",AV*, AC'and AE were
cdculaedfor dl investigated samplesand are presented
in TABLE 4a. Thedatain thisTableindicatethat all
irradiated samples are darker except the irradiated
sampleat 100kGy whichislighter than the pristineone.
Theirradiated samples at 10, 20 and 50 kGy y-dose
aremorered, moreyellow and more saturated than the
pristinesample. Onthe contrary, theirradiated sample
at 5 kGy y-dose is more green, more blue and less
saturated than the pristineone. However, theirradiated

sampleat 100 kGy y-dose is more green, more yellow
and more saturated than the pristineone. Also, thetotal
color difference AE at 20 kGy y-dose is the highest
compared with those of the other irradiated sampl es.
Therefore, it may be assumed that thedegree of varia-
tion of the color parameters depends mainly on the
quantity of y-radiation received by the material2.

520nm

)

Figure7: Chromaticity diagF(am for irradiated 75/25 (wt/
wt% ) PM M A/PVAcblend sampleundoped (i) and doped with
malachitegreen (ii) at: (a)zero, (b)5, ()10, (d)20, (e)50 and
(f)100kGy y-doses

(b) 75/25 wt/wt% PMMA/PVACc blend sample
doped with malachitegreen

Thechromaticity coordinatesx andy were calcu-
lated for pristine and y-irradiated 75/25 wt/wt%
PMMA/PVA c blend samples doped with malachite
green at variousy-doses. Figure 7b showsthe position
of al specimenson thechromaticity locusandtheir dis-
tanceto thewhite point. The positionsfor thepristine
and y-irradiated blend sample at 5 kGy areidentical
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and represented by asingle point. Thepristineand al
y-irradiated blend samples lie on the left side of the ach-
rométic point and withintheblue-greenregion. Thedis-
tance of each sampleposition from thewnhitepoint fol-
lows the following sequence at y-doses
10kGy>5kGy>50kGy>20kGy>100kGy. Theresults
indicatethat they-irradiated blend samples doped with
malachite green hasahigh color gradient.

TABLE 4b aso presentsthe variation of the color
parameters(L*,U",V'and C"), cdculated fromthetrans-
mittancedata, for 75/25 wt/wt% PMMA/PVAc blend
sampl es doped with mal achite green asafunction of
they-dose. It is clear that the changes in the values of
L*, and V" color parametersareirregular. In addition,
thevauesof U” and C' indicate that the greennessand
saturation of thepristineand irradiated samplesdecrease
withincreasingthey-dose.

TABLE 4: Thecolor parametersof pristineand irradiated

75/25 (wt/wt%) PM M A/ PVAcblend sampleundoped (a) and
doped with malachitegreen (b) at different y-doses

*)
CrewT L Ut Voo AL AU Ave Act AE
0 952 036 124 129 oo oo oo e e
5 94.7 0.34 1.04 1.09 -05 0.02 0.2 -0.2 0.6
10 943 040 190 194 -09 0.04 07 06 11
20 928 183 877 896 -24 147 75 7.7 80
50 944 097 529 538 -08 0.61 40 41 42
100 954 0.33 217 219 0.2 0.03 09 09 09
®)
CrewT L Ut Voo AL AU Ave Act AE
0 622 863 -30.6 OL5 <o <o e e oo
5 58.8 -79.7 -32.4 86.1 -35 6.5 -18 -55 76
10 428 -66.1 -32.1 73.2 -195 201 -16.0 -18.0 28.1
20 70.7 -60.1 -21.5 63.8 8.4 26.2 9.1 -27.7 28.9
50 61.2 -55.2 -259 609 -1.1 311 47 -30.6 314
100 839 -23.1 -109 256 21.7 631 19.6 -65.9 69.6

C* (chroma)=(U*2+Vv*?)¥2 CIE L*U*V* Differences. AL* isthe
lightness difference, AU* is the red-green color difference,
AV* istheyellow-blue color difference, AC*=[(AU*)?+(AV*)?]¥
2’ AE:[(AL*)2+(AU*)2+(AV*)2]1/2

Thedataof color differencesbetweenthepristine
and theirradiated samplesat 5, 10 and 50 kGy y-doses
aredarker, whiletheirradiated samplesat 20 and 100
kGy y-doses are much lighter than the pristine one. All
y-irradiated samples are more red, less saturated and

= Fyl] Peper

moreyellow except for they-irradiated samples at 5,
10kGy y-dose where they are more blue than the pris-
tine sample. It must be mentioned al so that thetotal
colordifference AE at 100 kGy y-dose is the highest
when compared to the other irradiated samples.

CONCLUSIONS

A singleglasstrangtion temperaturefor each blend
sample was observed from DTA thermogram, which
reflects the existence of miscibility in investigated
samples. Also, the shift of the absorption bandsat 230
and 270 nmfor PMMA and PVAcrespectively in UV-
visble spectratowardsalower wavelengthfor al blend
samplesindicatesthe occurrence of anintermolecular
interaction between PMMA and PVAc homopolymers,
which support the existence of miscibility of such sys-
tem. From TGA datait was shown that the addition of
75wt% PVActo PMMA exhibitsastabilizing effect
dueto high molecular weight and theintermolecul ar
cross-inking reaction. The UV-visible spectrareveded
that the blend sample of composition 75 wt% PVAc
content hasamaximum absorbancevauein UV wave-
length range compared to other blend samples. The
enhancement of both thermal stability and absorbance
of 75wt% PVAc content blend sampleprefer itsuses
inmany possiblemedical applications. It wasevident
that the pristineand y-irradiated 25 wt% PVAc doped
with maachite green blend sampleshaveahighly sig-
nificant color gradient on the chrométicity diagram com-
pared to counterpartsin the undoped blend samples.
So, maachitegreen and y-irradiation play animportant
roleinthecolor gradient.
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