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KEYWORDSABSTRACT

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 reflects the 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 has a more thermal stability
than the other blends. The variation of band tail energy with the composition
of the blend indicated that the model based on electronic transitions between
localized states is preferable. The refractive index dispersion curves were
simulated by both Cauchy and single effective oscillator models. The
calculated color parameters such as L*, U*, V*, and C* for 25 wt% PVAc
blend sample were found to be dependent on addition of malachite green
and ã-irradiation.  2012 Trade Science Inc. - INDIA
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INTRODUCTION

Polymer blends often exhibit properties that are su-
perior compared to the properties of the parent poly-
mers[1-3]. The properties of the final product vary ac-
cording to the blend composition, and whether the ma-
terial is subjected to further addition of dye substances
or exposure to ã-radiation. Identifying the effect of such
parameters makes it easy to modify the blend system
to meet performance and cost objectives as required
for new and changing markets[4,5].

PMMA is an organic amorphous thermoplastic
which is optically transparent, hard, and rigid; therefore

it has been widely used in the construction of a variety
of optical devices, such as optical lenses. Also, it is used
in medical applications, particularly for hard tissue re-
pairs and regeneration[6]. However, PMMA has poor
thermal stability that restrains it from applications at high
temperature[7]. One possible solution to address this
problem is to blend PMMA with another polymer of
relatively high thermal stability such as PVAc. PVAc
belongs to the group of polymers that are of special
technological interests and hence has been used in many
domestic and commercial everyday applications. PVAc
also acts as a stabilizer with respect to thermal and pho-
tochemical degradation when the process takes place
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in air[8]. PMMA and PVAc make an important pair of
polymers where their properties are complimentary and
could be used to form improved enhanced blends.

Organic dyes are commonly added into polymer
blends as a soluble color concentrates where they scatter
no light and display excellent transparency. Recently,
dye-polymer composites have received considerable
attention as potential electro-optic materials[9]. Blend
properties could be improved further by subjecting
samples to ã-irradiation. Polymer materials are suscep-
tible to radiation and affected by it where many prop-
erties such as structural, optical, thermal, electrical and
mechanical properties can be altered[10]. Such changes
are attributed to the chemical bond scissions and/or
cross-linking induced by high-energetic radiation.

The aim of the present work is to perform a study
on the effect of composition ratio on thermal and opti-
cal properties of PMMA/PVAc wt/wt% blends. The
dispersion behavior of refractive index for the produced
samples is discussed through the application of Cauchy
and single effective oscillator models. Also, the effect
of both ã-irradiation and malachite green additive on
the color parameters of 25 wt% PVAc content in blend
samples were discussed.

EXPERIMENTAL

Polymer specimens used in this study were syn-
thetic polymers. PMMA [C

5
O

2
H

8
]

n
 was supplied by

Aldrich Co. Its molecular weight is approximately
120,000. PVAc [C

4
H

6
O

2
]

n
 was supplied by Acros

Organics, USA. Its molecular weight is approximately
170,000. A dye called malachite green [C

23
H

25
CIN

2
]

was obtained from Cambrian Chemicals.
The PMMA/PVAc films were prepared by dissolv-

ing the two polymers in chloroform then, casting the
blends onto stainless steel Petri-dishes where they were
left to dry at room temperature for about 24h until the
solvent has completely evaporated. Samples of differ-
ent blend concentration 100/0, 75/25, 50/50, 25/75
and 0/100 wt/wt % PMMA/PVAc were produced.
Malachite green of concentration 0.05 wt % was added
only to the mixed solution of 75/25 wt/wt % PMMA/
PVAc and the steps to form the film were similar to the
previous samples. The sample of 75/25 wt/wt %
PMMA/PVAc undoped and doped with malachite

green were irradiated by different ã-doses in the range

from 5 up to100kGy using 60Co source with a dose
rate of 8.6kGy/h at room temperature.

Thermal analysis was carried out using a comput-
erized differential thermal analysis and thermogravimetric
analysis manufactured by Schimadzu 60H, Japan
(DTG). All tests were carried out under nitrogen atmo-
sphere 30 ml/min and a heating rate of 10 ºC/min. The

UV/visible absorption of the samples was performed
using a Perkin Elmer 4â spectrometer over the wave-

length range from 200 up to 800 nm. For irradiated
specimens measurements were carried out 24h after
irradiation and performed several times until reproduc-
ible results were obtained. The tristimulus transmittance
values (X,Y,Z) were calculated using the transmittance
data obtained in the visible range according to the CIE
system[11]. Also, the CIE three- dimensional color con-
stants (L*, U*, V*), chroma (C*) and color difference
(ÄE) were evaluated.

RESULTS AND DISCUSSION

Differential thermal analysis (DTA)

Figure 1 shows the DTA diagrams for PMMA,
PVAc homopolymers and 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 0C. The
DTA thermogram for pure PMMA shows three endot-
hermic phase transitions at around 110 0C, 302 0C and
372 0C. The first endothermic phase transition is shal-
low and broad and could be assumed to be the glass
transition temperature (T

g
) which is close to those pub-

lished in the literature[12-13]. The other two peaks are
due to the high molecular weight of PMMA and are
attributed to the disentanglements of the high molecular
weight chain[14]. On the other hand DTA thermogram
for pure PVAc shows two shallow endothermic peaks
at 46 0C and 310 0C, and one exothermic peak at
3390C. The first endothermic peak is attributed to the
glass transition temperature, which is slightly higher than
that previously reported[15-17]. The second phase tran-
sition may be due to the thermal degradation process.
However, the latter exothermic phase transition is due
to the evolution of acetic acid[18]. PMMA and PVAc,
as well as blends were considered to be completely
amorphous because of the absence of the melting peak
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When considering the blend samples results, each
blend shows a single glass transition peak with its posi-
tion lying between those of the two pure polymers. It is
observed that the values of T

g
 for all blends decreased

with increasing the PVAc content. The existence of a
single T

g
 reveals that the blend samples were miscible

through all composition ratios[13,19]. The DTA curves of
the 25 and 50 wt% PVAc samples show two indepen-
dent endothermic peaks in the temperature range 250
� 350 0C, while for the 75 wt% PVAc sample the two
endothermic peaks appeared overlapping each other,
as seen in Figure 1. These endothermic peaks of the
blend samples are deeper than those of the pure PMMA
and shifted towards lower temperatures. The charac-
teristic exothermic peak in the DTA curve of PVAc still
appeared in blends with 50 and 75 wt% PVAc but dis-
appeared for 25 wt% PVAc sample.

The inset in Figure 1 shows the relationship between
the T

g
 values and PVAc content for the investigated

samples. The dashed line represents the experimental

values of T
g
 that was obtained from the DTA thermo-

grams and the solid line represents the theoretical val-
ues of T

g
 calculated from the following equation which

was introduced by Fox[20]

1/T
g(blend)

 = (W
1
/T

g1
)-(W

2
/T

g2
) (1)

where W
1
 and W

2
 are the weight fractions and T

g1
 and

T
g2

 are the respective glass transition temperatures of
the homopolymers. The experimental data of T

g
 for the

blends do not appear to follow the calculated theoreti-
cal values by Fox rule quite well. The deviations are in
the range 5 to 8 % for all blends and the experimental
T

g
 values are somewhat higher than the ideal values

exhibiting positive deviation. This shows that it is plau-
sible to consider that there is a limited miscibility be-
tween PMMA and PVAc homopolymers in the full com-
position range.

Thermogravimetric analysis (TGA) and its deriva-
tive (DrTG)

Figure 2 presents the TGA and D
r
TG thermograms

of PMMA, PVAc homopolymers and their blend
samples at temperatures up to 400 0C. Three stages of
thermal decomposition are clearly seen for pure
PMMA. The first stage is at T

max
 equals to 169 0C (tem-

perature where decomposition rate is maximum) which
corresponds to the depolymerization initiated by weak
head-to-head linkages together with weak peroxides
and/or hydroperoxides linkages[7,21,22]. However, in this
stage the weight loss was found to be equal to10.08 wt
%, suggesting that there are a few of such linkages. In
the second stage T

max
 equals 287 0C, which is a result

of radical transfer to unsaturated chain ends and in the
third and final stage T

max
 equals 380 0C which indicates

random scission[23,24]. The DTA curve for pure PMMA
showed similar behavior through the decomposition
process as previously stated. However, the TG ther-
mogram of PVAc shows that it has undergone a one-
step into the degradation process at temperatures be-
tween 300 0C and 400 0C with T

max
 equal 345 0C.

PVAc and 75 wt% PVAc blend sample, show that they
are stable up to 300 0C and 245 0C respectively, and
nearly no loss in weight was observed, but other samples
show stability up to 100 0C only. This difference in the
thermal stability of the individual polymers is related to
the structure of the polymers. For example, the acetate
groups in PVAc are attached through C-O bonding,

Figure 1 : DTA diagram for PMMA/PVAc blend samples; (a)
100/0, (b) 75/25, (C) 50/50, (d) 25/75 and (e) 0/100 (wt/wt%)

in their thermograms[19].
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while the acrylate groups in PMMA are attached through
C-C, the latter possesses relatively lower dissociation
energy. As seen in Figure 2 there are three stages of
thermal decomposition for 25 wt% and 50 wt% PVAc
blend samples while only two stages were found for
the 75 wt% PVAc blend sample. In addition, the per-
centage weight loss for 75 wt% PVAc content in the
second stage is lower than the pure PMMA and other
blend samples. These results indicate that the thermal
stability of the bland samples increase with increasing
PVAc content at temperature range from ambient tem-
perature up to 300 0C. The temperature range of de-
composition, the percentage weight loss in each degra-
dation step for homopolymers and their blends are given
in TABLE 1.

experiment and w
t
 is an actual weight at time t; f (ä) = (1-

ä)m is the kinetic model function in a differential form; m
is the reaction order; E

a
 is the activation energy; R is

the gas constant; T is the temperature in Kelvin and A is
the pre-exponential factor in the Arrhenius equation.

Various methods have been jointly employed to cal-
culate the activation energy and determine the decom-
position mechanisms. In this work, the Coats-Redfern
(CR) and Horowitz-Metzger (HM) methods were used
to calculate the activation energy of pure polymers and
their blend samples.

The Coats-Redfern[25] method is based on the fol-
lowing equation for studying thermal degradation ki-
netics at order m=1;
ln[-ln (1-ä)/T2]=ln[(AR/öE

a
)(1-2RT/E

a
)]�E

a
/RT (3)

where ö is the heating rate. By plotting ln[-ln (1-ä)/T2]
versus 1000/T we get a straight line with a slope equals
to (-E

a
/R).

The other method that proposed by Horowitz-
Metzger[26] is described by the following equation:
ln[-ln (1-ä)] = E

a
è/RT2

s
(4)

In this method, ln[-ln (1-ä)] is plotted versus è = (T-

T
s
), in which T

s
 is the temperature of maximum degra-

dation, resulting in a straight line whose slope is E
a
/RT2

s

The calculated activation energy (E
a
) values accord-

Figure 2 : TGA and D
r
TGA for PMMA/PVAc blend samples;

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

The general kinetic equation of a solid-state de-
composition reaction is given as follows[25]:
dä/dt = A f (ä) exp (-E

a
/RT) (2)

where ä=(w
0
-w

t
/w

0
-w


) is the fractional reaction, w

o 
is

the initial weight and w


is the weight at the end of the

Transition 
temperature 

(0C)* 
PMMA/PVAc 

wt/wt % 
Degradation 

process 
Ti Tmax Tc 

 
Weight 
loss (%) 

 
100/0 

I 
II 
III 

101 
210 
300 

169 
287 
380 

210 
300 
400 

10.08 
56.90 
30.08 

 
75/25 

I 
II 
III 

100 
230 
300 

174 
283 
341 

210 
295 
400 

5.27 
22.49 
54.38 

 
50/50 

I 
II 
III 

102 
239 
294 

181 
277 
329 

189 
294 
400 

4.03 
18.70 
59.01 

 
25/75 

I 
II 
III 

----- 
245 
300 

------ 
284 
341 

----- 
300 
400 

------ 
15.03 
70.08 

 
0/100 

I 
II 
III 

----- 
----- 
300 

------ 
------ 
345 

----- 
----- 
400 

------- 
------- 
74.01 

TABLE 1: TG and D
r
TG data for PMMA/PVAc wt/wt % blend

samples

*T
i
, temperature at which decomposition starts; T

max
, tempera-

ture at which decomposition rate is maximum; T
c
, tempera-

ture at which decomposition is completed
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ing to both models are given in TABLE 2. It is found
that the E

a 
values calculated by both CR and HM meth-

ods are relatively nearly close to each other and have
the similar trend for all decomposition regions. Thus,
both CR and HM relations are suitable for understand-
ing the kinetics of the thermal decomposition of the
present samples. It is clear that the second stage showed
higher activation energies when compared with first and
third stages for blend samples. Also, in the second stage
the E

a
 values for 75 wt% PVAc blend sample is higher

than those of other composition ratios which reflect its
higher bond strength. The E

a
 values in the third stage

for blends lie in the intermediate values between those
of pure polymers.

ing PVAc content in the system. This shift indicates the
formation of intermolecular interaction between PMMA
and PVAc. Also, Figure 3 showed that the blend sample
of 75 wt% PVAc gave the highest absorbance value
while the blend sample of 25 wt% PVAc showed the
lowest absorbance value in the UV wavelength range.
It should be noted that there are no absorption bands
in the visible region for all the samples being investi-
gated because the films are transparent.

(CR) (HM) PMMA/PVAc 
wt/wt % 

Degradation 
process Ea 

(kJ/mole) 
Ea 

(kJ/mole) 

 
100/0 

I 
II 
III 

58.83 
40.09 

169.95 

66.84 
51.15 

178.84 

 
75/25 

I 
II 
III 

44.64 
190.60 
84.89 

56.68 
192.77 
94.04 

 
50/50 

I 
II 
III 

46.25 
194.14 
82.27 

58.27 
197.76 
87.45 

 
25/75 

I 
II 
III 

------ 
200.58 
78.24 

------ 
204.89 
81.63 

 
0/100 

I 
II 
III 

------ 
----- 

174.27 

------ 
------ 

181.00 

TABLE 2 : Activation energies calculated by Coats-Redfern
(CR) and Horowitz-Metzger (HM) methods for PMMA/PVAc
wt/wt% blend samples

Optical spectroscopy in UV-visible range

Figure 3 depicts the UV-visible spectra of both
PMMA and PVAc homopolymers as well as their blends
75/25, 50/50 and 25/75 wt/wt% PMMA/PVAc in the
wavelength range from 200 up to 700 nm. The general
characteristic of all absorption spectra are composed
of an almost flat base line (absorption negligible) and a
steep rise near the absorption edge (remarkable ab-
sorption). The absorption spectra of PMMA and PVAc
homopolymers contain an intense band at 230 and 227
nm respectively, which are due to the presence of chro-
mophoric groups. However, for the blend samples the
band position shifted to lower wavelength with increas-

Figure 3 : Absorption spectra for: (o) 100/0, () 75/25, ()
50/50, (x) 25/75 and () 0/100 PMMA/PVAc (wt/wt%) blend
samples

(a) Optical parameters

The absorption coefficient á (õ) can be directly de-

termined from the optical absorption spectra relation;
á=2.303(A/d) where A is the absorbance and d is the
thickness of the sample. The calculated values of the
absorption coefficient are relatively small (~ 50-1800
cm-1) which are similar to those of most-carrier con-
centration of amorphous materials. Therefore, the
samples under investigation are considered weakly ab-
sorbing. A plot of the absorption coefficient against the
photon energy for both PMMA and PVAc homopoly-
mers and their blend samples are shown in Figure 4a. It
is clear that there is no sharp absorption edge which is
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a characteristic of the glassy state of the material. The
data points show a linear dependency between the ab-
sorption coefficient and the photon energy near the band
edge. The absorption edge; which is the value of the
photon energy at zero absorption, is obtained by the
extrapolation of the linear relationship to zero absorp-
tion, i.e. the absorption edge is the intercept with the x-
axis. The values of the absorption edge for the blend
samples are nearly equal and lie at 5.05 within an ex-
perimental error of ± 0.05. This equality indicates that

there is no variation in the optical band gap energy in
the blend system[4].

The absorption edge as described for many amor-
phous materials, most commonly, follows the Urbach
equation[27];
á = á

o
 exp (hõ/E

e
) (5)

where á
o
 is constant and E

e
 is the width of the tail of

localized states in the band gap. Figure 4b shows the
relation between ln á and hõ for the PMMA and PVAc
homopolymers, and their blend samples. The straight
line representations of the data suggest that the absorp-
tion follows the quadratic relation for inter-band transi-
tion[28] and hence satisfies the Urbach rule. The values
of band tail E

e
 were calculated from the slopes of these

lines, which are found to be 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 samples respectively. However, E

e
 vary

remarkably with the composition of the blend; hence
the model based on electronic transitions between lo-
calized states is preferable to this case[29-31].

The refractive index (n) is another important pa-
rameter here, if multiple reflections are neglected, re-
flectance (R) is obtained from the transmittance (T) data
using the following relation:

R=1-[Texp (ád)]1/2 (6)

Also, the reflectance of light is described by Fresnel
equation as follow;
R= [(n-1)2+K2]/[(n+1)2+K2] (7)

where K is the extinction coefficient; K=áë/4ð
 
where

ë is the wavelength. For infinitely small values of K,
equation (7) reduces to that for a normal insulator;

n = [(1+R1/2)/ (1-R1/2)] (8)

The dispersion spectra of the refractive index given in
Figure 5 were interpolated to fit the Cauchy formula[32];

n=ä + (â/ë2) (9)

where ä and â are the Cauchy�s parameters. For ë

i.e. õ0 hence än
0
. The values of n

0
 for homopoly-

mers PMMA and PVAc are 1.49 and 1.40 respec-
tively. The value of n

0
 for PMMA is in agreement while

for PVAc appears slightly different than those reported
in the literature[4,33,34-36]. The refractive indices values
for the blend samples are found to be 1.42, 1.47 and
1.43 for 75/25, 50/50, 25/75 wt/wt% PMMA/PVAc
respectively. These values did not vary proportionally
to the composition ratio but they lie between the two
values of the homopolymers. In general, the change in
the refractive index could be attributed to various fac-
tors including crystallinity, density, electronic structure
and defects. The compositional dependency of n

0
 may

be caused by the interface phenomena due to domain
structure, molecular orientations and processing con-
ditions[37].

The single oscillator model is used for the simula-

Figure 4 : Relation between absorption coefficient (a) & ln á
(b) as a function of photon energy for: (o) 100/0, () 75/25,
() 50/50, (x) 25/75 and () 0/100 PMMA/PVAc (wt/wt%)
blend samples
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tion of the results, it was developed by Wemple and
DiDomenico[38,39] and it suggests that the data could be
described by:
n2-1=E

d
E

0
/(E

0
2-E2) (10)

where E
0
 is the average excitation energy for electronic

transitions and E
d
 is the dispersion energy which is a

measure of the strength of the interband optical transi-
tions. Equation (10) is presented graphically in Figure 6
where the values for the dispersion parameters E

0
 and

E
d 
are determined and also given in TABLE 3. The val-

ues of both E
0
 and E

d
 vary but, in general, not propor-

tional to the blend composition ratio.
The refractive index at zero-frequency (n

0
) and av-

erage wavelength (ë
os

) of samples can be obtained us-
ing the Sellmeier oscillator representation[40];
(n

0
2-1)/(n2-1)=1-(ë

os
/ë)2 (11)

Substituting for the oscillator strength; S
os

= (n
0
2 � 1)/

ë
os

2 and rearranging equation (11) gives;
(n2-1)-1=(1/S

os
ë

os
2)-(1/S

os
ë2) (12)

The oscillator parameters were calculated by fitting the

data into a linear function of (n2-1)-1 versus ë-2. By
using the slope and intercept of the straight line inter-
polation, the values of the parameters ë

os
 and S

os
 are

determined. All parameters associated with this ef-
fective oscillator model are listed in TABLE 3. It was
observed that the obtained values of the oscillator
strength for the blend samples were of the same order
of magnitude as those obtained for pure homopoly-
mers. A comparison between the values of n

0
 obtained

by using Cauchy and single effective oscillator meth-
ods show that there is a good agreement between these
models.

Figure 5 : Variation in refractive index with wavelength for:
(o)100/0, () 75/25, () 50/50, (x) 25/75 and () 0/100
PMMA/PVAc (wt/wt%) blend samples

Figure 6 : Relation between (n2-1)-1 vs hõ2 for: (a) 100/0,
(b)75/25, (c) 50/50, (d) 25/75 and (e) 0/100 (wt/wt%) PMMA/
PVAc blend samples

PMMA/PVAc 
wt/wt% 

E0 
(eV) 

Ed 
(eV) 

ëos 
(nm) Sos (m

-2) n0±0.01 

100/0 5.40 5.97 230 2.09×10
13 1.45 

75/25 6.18 5.99 201 2.40×10
13 1.40 

50/50 6.81 7.73 182 3.43×10
13 1.46 

25/75 5.59 5.58 222 2.02×10
13 1.41 

0/100 7.07 6.43 176 2.93×10
13 1.38 

TABLE 3 : The single-oscillator parameters for PMMA and
PVAc homopolymers and their blend samples
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Effect of ã-irradiation on color detection

The color detection method is one of the several
techniques that have been employed to assess the physi-
cal and chemical changes in polymers after being mixed
with other materials as well as when exposed to ã-ir-
radiation. The color detection method CIE XYZ is in-
ternationally recognized and therefore will be used in
the present work for the description of colored samples.
In this technique, a color is specified by its tristimulus
values XYZ depending on the color matching functions
of the standard observer defined by CIE[41].

(a) 75/25 wt/wt% PMMA/PVAc blend sample

The chromaticity coordinates x and y were calcu-
lated for 75/25 wt/wt% PMMA/PVAc blend samples
irradiated with various ã-dose. Figure 7a shows the po-
sition of different irradiated specimens on the chroma-
ticity locus and their distance to the white point. The
position of irradiated sample at 20 kGy lies on the left
side but nearer to the achromatic point than other irra-
diated samples. But the locations of the pristine and
other irradiated samples are very near to each other; so
that they overlap and are represented by a single point
on the left side of the achromatic point. This indicates
the presence of very small color gradient. TABLE 4a
gives the variation of the color parameters (L*, U*, V*,
and C*) for the blend sample of 25 wt% PVAc as a
function of ã-dose that was calculated from the trans-
mittance data. The values of U*,V*, and C* increase as
the ã-dose increases up to 20 kGy followed by a de-

crease up to 100 kGy ã-dose. The blend sample irra-

diated at 20 kGy has the highest values of color param-
eters (U*,V* and C*). The values of L* for irradiated
samples are nearly equal except at 20 kGy which has
the lowest value.

The color differences between the irradiated samples
and the pristine one; ÄL*,ÄU*,ÄV*, ÄC*and ÄE were

calculated for all investigated samples and are presented
in TABLE 4a. The data in this Table indicate that all
irradiated samples are darker except the irradiated
sample at 100 kGy which is lighter than the pristine one.
The irradiated samples at 10, 20 and 50 kGy ã-dose

are more red, more yellow and more saturated than the
pristine sample. On the contrary, the irradiated sample
at 5 kGy ã-dose is more green, more blue and less

saturated than the pristine one. However, the irradiated

sample at 100 kGy ã-dose is more green, more yellow

and more saturated than the pristine one. Also, the total
color difference ÄE at 20 kGy ã-dose is the highest

compared with those of the other irradiated samples.
Therefore, it may be assumed that the degree of varia-
tion of the color parameters depends mainly on the
quantity of ã-radiation received by the material[42].

Figure 7 : Chromaticity diagram for irradiated 75/25 (wt/
wt%) PMMA/PVAc blend sample undoped (i) and doped with
malachite green (ii) at: (a)zero, (b)5, (c)10, (d)20, (e)50 and
(f)100 kGy ã-doses

(b) 75/25 wt/wt% PMMA/PVAc blend sample
doped with malachite green

The chromaticity coordinates x and y were calcu-
lated for pristine and ã-irradiated 75/25 wt/wt%

PMMA/PVAc blend samples doped with malachite
green at various ã-doses. Figure 7b shows the position
of all specimens on the chromaticity locus and their dis-
tance to the white point. The positions for the pristine
and ã-irradiated blend sample at 5 kGy are identical
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and represented by a single point. The pristine and all
ã-irradiated blend samples lie on the left side of the ach-

romatic point and within the blue-green region. The dis-
tance of each sample position from the white point fol-
lows the following sequence at ã-doses

10kGy>5kGy>50kGy>20kGy>100kGy. The results
indicate that the ã-irradiated blend samples doped with

malachite green has a high color gradient.
TABLE 4b also presents the variation of the color

parameters (L*,U*,V*and C*), calculated from the trans-
mittance data, for 75/25 wt/wt% PMMA/PVAc blend
samples doped with malachite green as a function of
the ã-dose. It is clear that the changes in the values of

L*, and V* color parameters are irregular. In addition,
the values of U* and C* indicate that the greenness and
saturation of the pristine and irradiated samples decrease
with increasing the ã-dose.

more yellow except for the ã-irradiated samples at 5,

10 kGy ã-dose where they are more blue than the pris-

tine sample. It must be mentioned also that the total
colordifference ÄE at 100 kGy ã-dose is the highest

when compared to the other irradiated samples.

CONCLUSIONS

A single glass transition temperature for each blend
sample was observed from DTA thermogram, which
reflects the existence of miscibility in investigated
samples. Also, the shift of the absorption bands at 230
and 270 nm for PMMA and PVAc respectively in UV-
visible spectra towards a lower wavelength for all blend
samples indicates the occurrence of an intermolecular
interaction between PMMA and PVAc homopolymers,
which support the existence of miscibility of such sys-
tem. From TGA data it was shown that the addition of
75 wt% PVAc to PMMA exhibits a stabilizing effect
due to high molecular weight and the intermolecular
cross-linking reaction. The UV-visible spectra revealed
that the blend sample of composition 75 wt% PVAc
content has a maximum absorbance value in UV wave-
length range compared to other blend samples. The
enhancement of both thermal stability and absorbance
of 75 wt% PVAc content blend sample prefer its uses
in many possible medical applications. It was evident
that the pristine and ã-irradiated 25 wt% PVAc doped
with malachite green blend samples have a highly sig-
nificant color gradient on the chromaticity diagram com-
pared to counterparts in the undoped blend samples.
So, malachite green and ã-irradiation play an important
role in the color gradient.
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