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The chemical and physical properties of plasticized carboxymethy cellulose (CMC) /
poly(vinylalcohol)(PVA) polymer blend before and after exposure to gamma ray were
investigated by means of mechanical properties, thermogravemetric analysis (TGA),
differential scanning calorimetry (DSC) and scanning electron microscope (SEM). It was
found that addition of plasticizer causes a significant increase in elongation at break and
causes a marked drop in thermal stability. Thus, the addition of glycerol cause a
significant decrease in glass transition temperature(Tg) of about 24°C from the initial
value. The morphological structure of plasticized blend was investigated by observation
of fracture surfaces using SEM. The plasticized blend was used for recovery of some
heavy metals from their salts such as Cu(II), Co(II) and Ni(II). It was found that
plasticized blend have a great ability for absorbing these metals and it is measured by
compleximetric titration and colour strength measurements.
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A plasticizer is a low molecular compound used to reduce the stiffness of an amorphous (glassy)
thermoplastic polymers and hence the plasticizer acts mainly to lower the glass transition temperature.

Thermomechanical properties of blends of pectin and PVA was studied using a dynamic
mechanical analyzer and thermodynamic transitions using DSC(I). Of particular interest are films
based on pectin, a component of fruit cell walls. Plasticized blends of pectin and starch exhibit useful
properties as free standing films'2"4'. These films exhibit good modulus and tensile properties.

The interactions and partitioning of polyethylene g!ycol(PEG400) in hydroxypropyl methyl
cellulose(HPMC), PVA and their blends have been investigated by means of torsional braid
analysis(5). PEG400 was shown to be a better plasticizer for HPMC than PVA, in agreement with
solubility parameter predictions. The two homopolymers have been shown to be totally
incompatible'6'. In the case of glycerol, a better plasticizer for PVA(7), it was shown that the plasticizer
partitioned selectivity into the PVA phase and also, it is a better plasticizer for CMC(8'.

In the present work, glycerol as a polyhydroxyl alcohol was used as a plasticizer for CMC/PVA
Blend and the different properties were investigated before and after exposure to various doses of
gamma radiation.
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MATERIALS AND EXPERIMENTAL TECHNIQUES

Materials
The polymer poly (vinyl alcohol), laboratory grade, was in the form of powder, it has an average

molecular weight (Mw) of 125,000 and was obtained from Laboratory Rasayan. Carboxymethyl
Cellulosesodium salt (grade pure reagent) has a low viscosity in the form of granules, was supplied
by El- Nasr Pharmaceutical Chemical-Prolabo, Egypt.

Solvents
Methanol of pure grade was obtained from Prolabo, France was used in the preparation of

plasticized PVA/CMC blend. A laboratory grade of glycerol obtained from Prolabo, France.

Technical procedures

Preparation of plasticized PVA/CMC blend.

A certain PVA/CMC polymer blend with glycerol as a plasticizer was also prepared by the
casting solution technique. Different ratios of glycerol was added to the mixture of polymer solution
of 80%PVA/20%CMC with continuous stirring till complete miscibility. The polymer solution was
then casted into thin films and dried as mentioned above.

Gamma Irradiation
Irradiation of plasticized films to the required doses was carried out using Co60 gamma rays in

air at a dose rate of 0.275 Mrad/hours.

Analysis And Tests:

Thermogravimetric Analysis (TGA)
The TGA studies were carried out on a Shimadzu 30 (TGA-30) at a heating rate of 10°C /min.

in air over a temperature range from room temperature to 500°C. The primary TGA thermograms
were used to determine the different kinetic parameters such as activation energy and order of thermal
decomposition reaction.

Differential Scanning Calorimetry (DSC)
The DSC thermograms were performed using a Perkin- Elmer DSC-7 calorimeter. A heating

rate of 10°C/min. was utilized under nitrogen atmosphere. The recorded glass transition temperature
was taken as the temperature at which one half of the change in heat capacity ACp has occurred.

Mechanical Properties
The polymer blend films were tested in the form of dummbbell shape of initial dimensions of 4

cm in length and 0.4 cm in width at the working area. The unirradiated and irradiated polymer blend
films samples were tested for tensile strength, elongation at break and Young's modulus according to
ASTM 638 specifications.
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Scanning Electron Microscope (SEM)
The surface morphology of different films of various blends before and after irradiation was

seen by SEM technique the micrographs were taken with a JSM-5400 instrument by Jeol (Japan)

Colour Difference Intensity Measurements
A computerized micro colorimeter unit made by Dr. Lange (Germany) was used for colour

measurements. The L*, a*, and b* system used is based on the CIE -colour Triangle (Commission
International de l'Eclairage Units X, Y, and Z). In this system, the L* value represents the dark-white
axis, a* represents the green-red axis and b* represents the blue-yellow axis. The L*, a* and b* values
of PVA/CMC-g-PS blend graft copolymer films before dye sorption were measured and taken as a
reference. The colour difference (AE*) intensity on the grafted samples after sorption was determined
as follows:

Measurements Sorption of Heavy Metal Ions
The reactions of plasticized PVA/CMC blends were carried out with Cu(II), Co(II) and Ni(II)

ions by the batch equilibrium method(9). EDTA solution was prepared for complexometric titration
according to the following method: 0.1 M stock solution of EDTA was prepared by dissolving 37.225
gram of EDTA (ethylene diamine tetra acetic acid di sodium salt) in one litre of distilled water. The
molarity of the solution was shaked by standerdization using (0.1M) Mgso4.7H2O and E. B. T as
indicator. The concentrations of the external metal ions (Cu2+, Co2+, Ni2+) were determined using
0.1M EDTA in the presence of the appropirate indicator (E.B.T, xylenol orange and / or mureoxide)
depending on the metal ion as reported in the standard methods. Plasticized blend was shaken with
different metal solutions (25ml) containing about (1%) of metal ions at the suitable PH for each metal
ions.

RESULTS AND DISCUSSION

Most polymers are either completely amorphous or have an amorphous-like component even if
they are crystalline. Such materials are hard, rigid glasses below a fairly sharply defined temperature
known as the glass transition temperature (Tg). At temperatures above the Tg, at slow to moderate
rates of deformation, the amorphous polymer is soft and flexible and is either elastomer or very
viscous liquid.

CMC/PVA polymer blend is a mixture of PVA which is a semicrystalline polymer and CMC
which is purely amorphous component. As seen before, the DSC scans of CMC/PVA blend showed
that the resulted blend is a semicrystalline polymer exhibits a glass transition temperature and
crystalline melting temperature. Also, the heat of fusion (AHf) was found to increase with increasing
the ratio of PVA component in the blend to reach a maximum value in the case of pure PVA polymer.
These findings were observed in the case of blends either rich in CMC or PVA components.

A plasticizer is a low molecular compound used to reduce the stiffness of an amorphous (glassy)
thermoplastic polymers and hence the plasticizer acts mainly to lower the glass transition temperature.
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Stress-Strain Behaviour

Table 1 shows tensile strength, elongation and energy to break point of 80%PVA/20%CMC
polymer blend plasticized with two different ratios of glycerol before and after they had been
irradiated to various doses of gamma radiation. There is a drop of about 50% in tensile strength of
CMC/PVA blend resulted by the addition of 10% glycerol before exposure to gamma radiation. A
further drop in tensile break was observed by increasing the ratio of glycerol to 20% but to a lower
extent. After exposure to gamma irradiation, the break stress of either pure CMC/PVA blend or the
plasticized blend with glycerol was found to decrease sharply with increasing irradiation dose. These
finding may attributed to the break down of the hydrogen bonding between PVA and CMC from one
side and the plasticizer (glycerol) from the other side.

As shown in Tablel, the addition of plasticizer causes a significant increase in elongation at
break. Increasing the ratio of glycerol seems to cause a slight increase in elongation at break. This
may be explained on the basis that the addition of plasticizer which acts as a lubricant between
adjacent polymer chains would allow free movement of these long molecules. On the other hand, the
elongation at break of either pure blend or the plasticized one was found to decrease upon exposure to
gamma irradiation which suggests the decomposition of the plasticizer during irradiation

Table 1 : Break Properties of 20% CMC/80% PVA And The Same

Blend Plasticized With Various Ratios of Glycerol Before

And After They Had Been Irradiated to 10 and 20 Mrad.

CMC/PVA

polymer blend

composition

20%CMC/

80%PVA

20%CMC/80

%PVA +10%

plasticizer

20%CMC/80

%PVA +20%

plasticizer

Irradiation dose

(Mrad)

Unirradiated

10

20

Unirradiated

10

20

Unirradiated

10

20

Stress at break

point

(Kg/cm2)

254.0 ± 27.0

106.5 ± 2.5

140.0 ±19.0

163.3 ± 7.7

38.0 ±2.0

40.0 ±0.0

127.0 ±5.0

45.5 ± 1.5

18.0 ±2.0

Strain at

break point

(%)

38.3 ± 10.4

97.0 ±6.0

107.0 ±5.0

511.0 ±1.0

238.0 ± 16.0

242.5 ± 12.5

554.5 ± 1.5

369.5 ± 39.5

326.0 ± 36.0

Energy to

break point

(Kg.f.cm)

0.4 ± 0.055

0.56 ± 0.085

1.0 ± 0.38

38.2 ± 1.4

28.0 ± 0.0

22.1 ±0.05

46.1 ± 12.1

8.4 ±2.15

29.9 ±0.25
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It can be seen that the energy to break point increases with the addition of the plasticizer and
decreases when the plasticized blend is irradiated to 10 and 20 Mrad. The observed increase in
energy to break with the addition of plasticizer is certainly due to the significant increase of elongation
at break of such blend and hence a large amount of energy is needed to deform the plasticized blend.

Thermal Decomposition Behaviour

As shown before, overall the investigated compositions of PVA/CMC polymer blend, the
blend composed of 80%PVA/20%CMC shows a relatively higher thermal stability. Thus, it is
important to investigate the effect of glycerol as a plasticizer on the thermal stability of such blend.
Figure 1 shows the initial TGA thermograms of (80%)PVA/(20%)CMC polymer blend plasticized
with glycerol (20%) before and after it had been irradiated to 10 and 20 Mrad. Table 2 shows the
weight loss for the same polymer blend before and after plasticization with glycerol and exposed to 10
and 20 Mrad.

In general, it can be seen that the addition of the plasticizer to PVA/CMC blend causes a marked
drop in thermal stability at any temperature of the thermal decomposition. While, the weight loss for
plasticized PVA/CMC blend up to 260°C was determined to be about five times that of the blend
before plasticization. This difference between weight loss was found to decrease gradually with
increasing the temperature of the thermal decomposition up to 340°C to become about one and half
times. The plasticized polymer blend irradiated to 10 Mrad showed a relatively high thermal stability
in the region (240-340°C) than that of plasticized polymer blend irradiated to 20 Mrad.

The rate of reaction dw/dt or the derivative of thermogravemetric analysis curve DTGA (taken
from the primary TGA thermograms every 2 min.) was plotted against the reciprocal of the absolute
temperature 1/T for 80%PVA/20%CMC plasticized with 20%glycerol as well as its blend before
plasticization and the same plasticized blend after gamma radiation as shown in Fig.2. It can be seen
that the temperatures at which the maximum value of the rate of reaction occurs for plasticized blend
is lower than that of unplasticized blend as shown in table 3. Moreover, the DTGA curve of both
unplasticized and plasticized blend showed diagrams with three maxima. Meanwhile, the plasticized
blend irradiated to 10 and 20 Mrad showed DTGA curves with three maxima. In this regard, it may be
concluded that unirradiated blend displayed the highest thermal stability than that of plasticized blend.
The value of the maximum rate of reaction of plasticized was found to increase with irradiation dose
up to 20 Mrad.

DSC Measurement

Table4 shows the glass transition temperatures of pure 20%CMC/80%PVA polymer blend
before and after addition of plasticizer and also after the plasticized blend had been to various doses.
It can be seen that the glass transition temperature (Tg) for plasticized blend is 58.6°C compared to
that of unirradiated pure one which is measured to be 80.4°C. Thus, the addition of glycerol cause a
significant decrease in Tg of about 24°C. This is in accordance with the theory of plasticization.
Thus, the addition of glycerol to the blend would break the hydrogen bonding and hence increased
the molecular mobility of both the CMC and PVA, and allowed for molecular rearrangement to occur.
Upon irradiation, the glass transition temperature of plasticized blend was found to increase with
increasing dose up to 10 Mrad. This behaviour may be explained on the basis that, during gamma
irradiation, the primary hydroxyl groups of glycerol undergoes oxidation to form carboxyl groups.
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Fig.1. TGA thermograms of 20%CMC/80%PVA polymer blend
piasticized with 20% glycerol before and after they had
been irradiated to 10 and 20 Mrad.
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Table 2. Weight Loss (%) at Different Decomposition Temperatures for

(20%CMC/80%PVA) Blend Before and After Plasticization

Wit Glycerol Irradiated to 10 and 20 Mrad.

CMC/PVA

Polymer blend

Irrad.

Dose

(Mrad)

iiiiili^ii
i i i

200°C 220°C 240°C 260°C 280°C 300°C 320°C 340°C

20%CMC/

80%PVA

0 6.9 6.9 7.9 8.9 13.0 21.8

10 7.4 8.8 8.8 10.0 13.0 18.1

20 8.8 9.8 10.0 12.0 18.0 29.6

34.7

27.9

44.4

45.0

39.0

54.0

20%CMC/

80%PVA

+20%glycerol

35.0 41.0 45.0 47.0 48.0 54.5

10 30.0 36.0 41.8 45.0 47.0 52.8

20 28.0 35.0 41.5 46.0 51.0 58.0

63.7

60.5

64.6

69.0

67.0

69.0

Table 3: Temperatures of The Maximum Values of The Rate of

Reaction of Plasticized 20%CMC/80%PVA Before and

After They Had Been Irradiated to 10 and 20 Mrad.

Polymer blend

composition

20%CMC/80%PVA

20%CMC/80%PVA

+20%Glycerol

Irradiation dose

(Mrad)

Unirradiated

Unirradiated

10

20

Temperature of the Maximum Rate of Reaction

fC)
Is' Stage

100

75

75

75

2nd Stage

323

200

200

220

3rd Stage

(444-465°C)

320

320

300
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These carboxylic groups are relatively large and rigid groups and thus decreasing the molecular
flexibility as a bulky groups and therefore increase the Tg. This explanation is acceptable since there
is no noticeable effect on the Tg of pure blend caused by gamma irradiation.

Table4. DSC Measurements of 20% CMC/80 %PVA Blend Plasticized with

20%Glycerol Before and After it had been Irradiated to 5 and 10

Mrad.

Blend composition

20%CMC/80%PVA without
plasticizer

20%CMC/80%PVA
+20%Plasticizer

Irradiation dose(Mrad)
Unirradiated

10
20

Unirradiated
10
20

Glass transition (Tg)
80.4
79.7
77.5
58.6
68.2
73.8

Structural Morphology

The effect of the plasticizer glycerol on the morphological structure of CMC/PVA polymer
blend was investigated by observation of fracture surfaces using scanning electron microscopy (SEM).
Figure 3 shows SEM micrographs of CMC/PVA blend plasticized with glycerol before and after
exposure to 10 Mrad. Before gamma irradiation, the surface somewhate smooth and the spherical
domain particles are disappeared associated with some craks. Upon exposure to gamma radiation , the
surface becomes very smooth with contineous phase which suggests the increased compatibility
through hydrogen bonding

Sorption of Metal Cations by Plasticized Blend
The CMC/PVA polymer blend plasticized with glycerol was used for the recovery of some

heavy metals such as Cu (II), Co (II) and Ni(II) as shown in Table 5. The concentration of metal up
take was determined by the complexemetric titration method.

Table 5: Efficiency of 20%CMC/80%PVA Blend Plasticized With

20% Glycerol for Absorption Different Heavy Metals

Metals

Cu(II)

Co(II)

Ni(II)

Initial Strength of

Metals(g/25ml)

0.0613

0.0565

0.0613

Strength of Metal after

Sorption

0.0455

0.0447

0.0501

Metal Sorption

%

25.8

22.7 .

18.3
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a

F ig- (3) SEM micrographs of the fracture surfaces of 20%CMC/80%PVA

blend plasticized with 20% glycerol. (a) unirradiated (b) Irradiated

to lOMrad.
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The colour strength of films of 20%CMC/80%PVA polymer blend plasticized with glycerol
(20%) after metal sorption was measured and correlated with the percentage absorption determined
experimentally as shown in Table 6.

It should be noted that, in the system used for measuring colour strength, a* value represents the
green-red axis while b* represents blue-yellow axis. It can be seen that the transparency in terms of
L* was not changed by the addition of glycerol as a plasticizer since the AL* value was found to be
0.7 only. For the metal complexes of plasticized blend, the a* and b* values are important between
the blend films was coloured depending on the absorbed metal. It is known that the Cu(II) cation is
blue, Co(II) is red-pink while Ni(II) cation is green in colour. It can be seen that the colour
interceptions of Cu(II) complex have a largre -ve value of a* which is indicative of of the green
component and a small -ve value of b* which specify the blue component in the coloured film. Thus,
the resulted colour of Cu(II) complex will be bluish green which is due to the introduction of copper
metal. On the other hand, the colour interceptions for Co(II) complex films contain a +ve value of a*
and a -ve value of b* which are indicative for the red and blue colour components, respectively,
which results in colouring the blend films with pink colour. For plasticized blend complex with Ni(II),
the colour interceptions include a -ve value of a*(green) and a +ve value of b*(yellow) which give the
yellowish green colour for the final colour. The colour difference AE*, which is the square root of the
summation of the squares of AL*, Aa* and Ab*, between the different colour interceptions of the
plasticized blend and those after metal sorption was measured as shown in Table . It is interesting to
see that the valued of AE* are approximately equal to the values of metal absorption % determined by
an analytical method. Thus, the colour difference AE* measurement can be taken as a good method
for evaluating metal absorption with a precize determination.

Table6: Colour Strength Measurement of 20% CMC/80 %PVA blend

Plasticized with 20% Glycerol Before And After Absorption of

Different Metals.

Blend

composition

Without

plasticizer

Plasticized with

20% glycerol

Cu(II) complex of

plasticized blend

Co(II) complex of

plasticized blend

Ni(II) complex of

plasticized blend

Colour strength

parameters

L*

90..8

89.5

80.9

76.1

79.7

a*

4.1

4.0

-20.1

23.3

-7.15

B*

-12.5

-11.3

-3.9

-14.0

0.6

Colour difference

(AE*)

26.6

23.6

19.0

Metal absorption

25.8

22.7

18.3
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