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ABSTRACT

Poly ethylene oxide PEO / Poly vinyl alcohol PVA blends were prepared by cast
method at different ratios of (25%PEO/75%PVA, 30%PEO/70%PVA,
35%PEO/65%PVA,  40%PEO/60%PVA, and  50%PEO/S505PVA).  Samples
miscibility ,and thermal stability were studied by using differential scanning
calorimetry(DSC),and thermo gravimetric analysis (TGA) analysis. The results
proved that there was one glass transition temperature (Tg=160°C) at 25%PEO\PVA
ratio
)that was attributed to its miscibility. This miscibility associated with (Hydrogen
bonds) between (Hydroxyl group) in PVA, and PEO, whereas there were two glass
transition temperature for the blends ratio more than 30%PEO,that was due its
immiscibility. The results proved increase in glass transition temperature (Tg) with
PEO loading increase: whereas the melting point was fixed about(Tm=310°C). TGA
results showed that PEO loading caused overlapping between degradation stages
,and shifting in the second stage to higher degradation temperature, that was due to
the good PVA, and PEO compatibility, and thermal stability improved of polymer
blends. The mechanical properties of the samples involved were studied :it was
found that the tensile strength decreased with PEO ratio increase: whereas ,the
elongation at break increased with PEO ratio . 25% PEO/PVA proved better tensile
strength than the others blend ratios and elongation-at-break values in comparison
with that ratio more than 25%,which was due to good miscibility. These results
were enhanced with optical microscope and FTIR analysis. 25%PEO/PVA was
sellected to study the UV-Weathering effect on the mechanical properties according
to its ultimate strength(26.67MPa) in comparision with the blends envolved.The
stress strain curves for 25%PEO/PVA before and after UV-Weathering with periods
of time(25,60,and 90Hr.) showed little changes in ultimate strength up to (60Hr)
exposure time,then there were little decrese in ultmate strength in(90Hr) exposure
time . Ultimate tensile strength decrease was attributed to premature failur induced
by polymer photo degradation. UV-Weathering caused yelowish of exposed
samples that was due to long chain conjugated polymer sequencesbond formation
induced by oxidative photo degradation . The results proved little changes within
(60Hr),that was attributed to polymer stability.lt was folowed by little changes in
tensile strength and  the elongation at break decreased that was due to sample
brittlence increase,which was induced by irradiation ,that caused modulus of
elasticity increase. It was experimentally observed that the value of thermal
conductivity of (PVA= 0.099W/cm.K).The results proved decrease in thermal
conductivity with PEO loading increase.
Key words: DSC, FTIR, Mechanical properties, PEO/PVA , TGA, UV-weathering.
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Introduction
Polymer science advances have led to novel delivery systems development. The introduction of
new polymers has required to unique polymers properties improvement.. Polymers properties , which
enhanced drugs release were solubilisers, stabilizers and mechanical properties[1]. Biodegradable,
non-biodegradable applications of water soluble polymers have a broad range in the industry like
food, pharmaceuticals paint, textiles, paper, constructions, adhesives, coatings, water treatment,
etc[1,2]. Polyvinyl alcohol (PVA) structure contains of hydroxyl, and acetate groups, which
influences on crytallizability and solubility of PVA [3]. PVA water solubility dependence is on PVA
hydrolysis, molecular weight of the material, and solution temperature [4,5]. PVA hydro gels have
been used in various biomedical and pharmaceutical applications because of its advantages ,which
are non-toxic, non-c arcinogenic, and bioadhesive in nature[5]. PVA proved a high degree of swelling
in water (or biological fluids) and a rubbery and elastic nature so it is used in drug- delivery
applications [6].PEG is also named as polyethylene oxide (PEO) or polyoxyethylene (POE), according
to its molecular weight. The PEG structure is explained by H-(O—CH2—CH2)n—OH. PEG, PEO, and
POE refer to an oligomer or polymer of ethylene oxide. . PEG has referred to oligomers and polymers
of a molecular mass less than 20,000 g/mol, PEO to polymers with a molecular mass more than
20,000 g/mol, and POE to a polymer of any molecular mass[7,8]. PEG and PVA and their blends
among others have many applications like as packaging, cosmetics , and emulsifiers and adhesives,
[9,10],because of its low cost ,and light weight[11-17]. . Blending is an easy and excellent method

to obtain a new materials with tailored properties[18,19]. Many studies have take into account the
potential to get new materials with improved properties for different applications. Abdel Tawab et al.
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[20] reported that 60% PEG/PVA blend can provide the best blend compatibility. Other found that
PVA/PEG blends with a good film and reported that blends with40% PEG ratio did not form a cast
film that was attributed to phase separation [20]. PVA and PEG of weak mechanical properties that
was considered the disadvantage of hydrophilic polymers[21].The main aim of present work to
prepare degradable polymer blends , the aliphatic polymers PEO and PVA, which are suitable to be
utilized as drug delivery. PEO effects and UV-Exposure effects on mechanical properties of the
PVA were investigated .

Materials and Methods:

White powder of (PVA) manufactured by (Barcelona Espana (Didactic)), and white powder of
(PEO-6000,MW=8000000) of (BDH) England were used as a homopolymers, and distilled water as a
solvent. Take (10g)of purified (PVA) ,and dissolved in (100ml) of distilled water in water bath.
Magnetic stirrer was used ,and the heat raised (from room temperature to (90°C) till get the
homogenous solution. Then the solution was gradually cooled to room temperature with continuously
stirring.It was transferred on clean flat plat, and left it to dry. PEG/PVA blend films preparation
followed the previous procedure of purified PVA ; through cooling process PEO addition at different
concentration of (25,30,40,and 50wt%) with continuously stirring.  DSC was carried out using a
STAPT(1000) from Linsies Germany. The heating rate was(10°C /min). TGA was performed
from(20-600°C)at heating rate of ( 10°C /min);the weight of the sample was(20mg). It was used
tensile machine of (LARYEE-50kN,China) to determined the mechanical properties of the samples
involved (ultimate tensile strength(UT), elongation(El%),and young modulus(E). The samples were cut
according to ASTM (D-638)standard, the speed of cross head was (5mm/min),and the test was done at
room temperature. FTIR analysis was carried out using (SHMADZU-8400S)FTIR spectrometer
(Japan) within range of (400-4000cm™).The morphology of PVA PEG/PVA blends at different ratios
were studied by using optical microscope of Carl Zeiss company with magnification(X100).

Results and discussion:
Effect of PEO Loadings on PVA/PEG Blends:

It was seen PEO solution was clear ,and difficult in film casting,whereas good film could be
formed by PVA addition. It was found that the films of ratio more than 40% were not acceptable due
phase separation[18,20]. Whereas R. J. Sengwa Abd Alla et al. [19] reported that limited miscibility
blends was obtained up to 30%[19]. It was obtained clear films up to 30% that was due to PEO and
PVA miscibility, which was decreased with PEO ratio increase up ,and PVA/PEO blends
incompatibility was observed [9]. These results were in a good agreement with[22-24].

Thermal Properties:

DSC thermo grams results for PVA, and (PEO/PVA) at different ratios of
(25%,30%,35%,40%,50%) were shown in Fige.s.1, and 2. .The results proved that there was one
glass transition temperature up to 30% PEO/PVA that was due to its miscibility. This miscibility was
attributed to the (Hydrogen bonds) of PVA, that is between Hydroxyl group,and PEO, whereas
there were two glass transition temperature for the blends ratio more than 30%PEQ,that was due its
immiscibility[24].1t was seen that the films transparency less than30%PEO were good ,and it
decreased upper than that ratio, that was attributed to form two phases and Separated domains ,which
was induced incompatibility due the poor separated phases adhesion ,and lowered the crystanility[25-
28] .
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Figure 1-DSC PVA thermo gram shows its(Tg=85°C),(Tc=240°C),and (Tm=310°C)
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Figure 2-DSC thermo grams results for PEO/PVA at different ratios.

The results proved increase in (Tg) with PEO ratio increase :PVA is composed of two phases
(crystalline and amorphous phases).lts behavior is complex during polymer heating process. It was
found that the glass transition temperature for PVA was(Tg=85°C),that was attributed to relaxation
process of main chain of polymer involved(Brownian motion),whereas the melting point was fixed
about(Tm=310°C),that was in a good agreement with Fahad ,et als[29].Fig.3shows the Tg,Tc,and Tm
changes with PEG ratio,see Table-1.
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Figure 3-shows the Tg,Tc,and Tm changes with PEO ratio.

Table 1-shows the Tg,Tc,and Tm changes with PEO ratio.

Polymer System Tm (°C) Tc (°C) Tg2 (°C) Tgl (°C)
PVA 310 R 85
25%PEO 310 210 | e 160
30%PEO 310 240 160 90
35%PEO 310 240 170 60
40%PEO 310 250 180 55
50%PEO 310 250 180 55
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The thermal properties of PVA, and PEO/PVA at different ratios(25%,30%,35%,40%,50%)are
shown in Figure-4,and Figure-5which represented the TGA results for the samples involved. The test
was carried out by heating rate of(10 °C/min) within range of (20-700 °C) by using Argon gas
atmosphere.It was found stages number of thermal degradation of the samples involved depends on
the polymer system. The first stage is attributed to the weight lose by water evaporation: This water
represents the residual moisture ,which is formed during sample preparation. The second stage
corresponds to(side decomposition of the main chain),whereas the third stage is due to the(main chain
decomposition )of the samples involved [29,30] table.2. It was seen that first stage, and the second
stage of PVA were within of (215-374.978°C),and of ( 374.978°C-595.43°C) thermal ranges
irrespectively whereas for 30%PEO/PVA it was seen that the first stage was within thermal range
0f(140-376.779°C), and the second was within thermal range of ( 376.779-595.32°C).The results
proved three stages for 25%PEO/PVA at (80- 245.073°C),(245.073-377.755°C),and(377.755-
595.075°C) in respectively. The results also proved three stages for 50%PEO/PVA, which were (50-
232°C), (232-377.028°C), and (377.028-593.239°C) in respectively . The differences in stage number
is due to evaporation stage disappearance. It was found that the thermal degradation initiation
temperature was lowered with PEO ratio increase due to interface degradation [31,32].The PEO
addition caused overlapping between degradation stages ,and shifting in the second stage to higher
degradation temperature, that was attributed to the good compatibility of PVA, and PEO, and thermal
stability improved of polymer blends Figs..4,and 5,table.2. Figures- (4,and 5)showed the TGA curves
for PVA,and PEO/ PVA blends at different ratio.Ilt can be seen three stages in polymer films
degradation. First stage was related with water evaporation,which was occurred up to around (140°C
),the second ,and third were attributed to sid and main chain degradation irrespectively [29,30]. For
PVA, it was observed that the major degradation within range of (215-374.978°C ). The thermal
stability of PEO is more than that of PVA[32-34].The results proved the weight loss rate decreased
with the increase in PEO ratio increase that was attributed to H-bonds formation between PVA,PEO
segments resulting in weight loss decrease(stability improvement)[31,35].1t was found that PEO
addition caused lower the residue value. It was noticed that the PEO ratio increase up to 30% resulted
in lower loss rate. The blends tend to be brittle due to phase separation and less compatibility . These
results in a good agreement weak mechanical properties ,which would be discussed below.
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Figure 4-TGA thermo gram of PVA
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Figure 5-TGA thermo gram of PVA, and PEO/PVA at different ratios.

Table 2-The maximum weight loss rates of PVA and its blends at different PEO loadings

Rel.mas
Polymer Stagel Izﬁ;rr]n 2355 Stage?2 'Eﬁ;rrln aesss Stage3 S
System T(°C) - g T(°C) 0 9 T(°C) changes
(%) (%) 0
(%)
215- - [P p—
PVA | o200 | g maag, | 374.978-595.43 | -25.77% -
80- 537.385- 375.475- -
25%PEO | 547385 | 9129% | 375475 [-634107% 1 So5o6s | 33.684%
140- i 376.779-
0, _ 0 | e
30%PEO | 376770 553950 |  595.32 36.66%
80- 245.073- 377.775- -
(o) - 0, - (o)
3%PEO | 55073 | 72702% | 377775 50.011% | so5 075 |41.135%
50- A S PO ——
40%PEO | 50 1 | 1 7a10p | 370.834-592.23 | -42.199%
377.028- -
(o) - - 0, - - (o)
5006PEO | 50-232 |-4.327% | 232-377.028 | -45.465% | L0 | -

Mechanical properties:
PEO addition effect on PVA/PEG Blends

PVA , PEO/PVA at different ratios(25,30,35,40,and 50%) mechanical properties were investigated
including of tensile strength, elongation, and modulus of elasticity, which were calculated from the
related stress strain curves. The obtained results were shown in table.3. The results proved the tensile
strength decrease in comparison with pure PVA that was attributed to PEO brittleness. These results
were in a good agreement with other reported findings[19,35].This decrease was due to the PEO
plasticizing effect in comparison pure PVA matrix[36].Fig.6. Elongation at break, and tensile
strength proved increase at 25%PEO/PVA that was due to miscibility improvement[32]. That results
enhanced DSC results. For the blend ratio more than 30% it was seen brittle induced by phase
separation (immiscibility) due to PEO addition. These results were enhanced with optical micrographs,
which proved increase in porous size and phase separation(immiscibility) with PEO addition
increase more than 30%. That caused in a significant decrease in the tensile strength and the
elongation at break Figs.7to9[33].
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Figure 6 -Stress-strain curves for PVA before and after PEO loading with different ratios
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Figure 7-Ultimate strength for PVA before and after PEO loading with different ratio
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Figure 8-Elongation —at break for PVA before and after PEO loading with different ratios.
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Figure 9-Modulus of elasticity for PVVA before and after PEO loading with different ratios.
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Figure 10 - Optical micrographs for PVA before and after PEO loading with different ratios (X100).
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Figure 11 -Stress-strain curves for 25%PEO/PVA before and after UV-Weathering with different
time(25,60,and 90HTr.).
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Figure 12 -Elongation-at break for 25%PEO/PVA before and after UV-Weathering with different
time(25,60,and 90HTr.).
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Figure 13- Ultimate strength for 25%PEO/PVA before and after UV-Weathering with different
time(25,60,and 90HTr.).
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Figure 14- Modulus of elasticity for 259%PEO/PVA before and after UV-Weathering with different
time(25,60,and 90HT.).

Table 3-The meechanical properties of PVAbefore and after PEO loading with different
concentration.

% UT(MPa) El% E(Pa)
0 50 94.25 22.35
25 26.67 160.33 10
30 14.67 92.76 8
35 12 35.68 8.75
40 10.67 9.9 5.6
50 10.67 7.28 3.53

UV-Exposure effect on 25%PEO/PVA blend mechanical properties of :

25%PEO/PVA was sellected to study the UV-Weathering effect on the mechanical properties
according to its ultimate strength in comparision with the blends envolved[38].Fig.11 shows stress
strain curves for 25%PEO/PVA before and after UV-Weathering with periods of time(25,60,and
90Hr.).It was seen little changes in ultimate strength up to (60Hr) exposure time,then there were little
decrese in ultmate strength in(90Hr) exposure time[39] . Ultimate tensile strength decrease was
attributed to premature failur induced by polymer photo degradation[40]. UV-Weathering caused
yelowish of exposed samples that was due to long chain conjugated polymer sequencesbond
formation induced by oxidative photo degradation .This changes in polymer structure resulted in
signficiant changes in aging behavior of matrix material (PVA)[41]. As results of photodegradation,
carbonyl and hydroperoxides were formed.Hydroperoxides induced autodegradation in polymer chain
and affected in polymer properties changes by autocattylic free radical formation.The results proved
little changes within (60HTr)that was attributed to polymer stability[38-41].1t was little changes in
tensile strength and the elongation at break decreased that was attributed to increas in sample
brittlence by irradiation ,which caused modulus of elasticity increase,that was in a good agreement
with Sameer A. Awad ,Eman M. Khalaf[42 ].See Figs.12 to 14.

Table 4-The meechanical properties 25%PEO/PVA blend before and after UV-Exposure with

different time.

Time(Hr) UT(Mpa) El% E(Mpa)
0 26.67 160.67 10.26
25 26.92 90.75 15.24
60 26.15 126.57 11.76
90 20.77 92.54 5

Fourier Transformation Infrared Analysis:
Fig. 15 showed the characteristic bands of PVA at (840.99, 1421, 1579.75, 3462.34, and
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3497.06 cm—1).It was clear that the band at 840.99cm—1 was induced by functional group (-CH,,
stretching vibration. The band at 840.99 cm—1 cooperated in functional group (C-O) stretching
vibration. The bands at 1427 and 3349 cm—1 were attributed to( C-C) stretching ,and the functional
group (—OH) vibration in respectively. The bands within range of (1579-1739.85) cm—1 was due to the
functional group of( C=0O) stretching vibration. Fig.15 proved the same bands that the blend
membranes did not possess . It was seen new bands appearance, and disappearance of others ,and
some bands were shifted, that was attributed to that was an evidence for correctly blending of the
polymers involved. The bands at (1427 and 3349 )cm—1 became more smooth with the PEO addition.
The characteristic band of PEO at (2808.45-2931.90) cm—1 in the blend samples spectra ,which was
induced by functional group ( -CH, ) stretching vibration. During film formation process, the
hydrogen bond formation between ether bond, and hydroxyl group of PEO ,and PVA macromolecules
irrespectively[44-45]. The intermolecular entanglement rate was increased by PEO addition that was
caused by its long molecular chain and good viscoelasticity [46-49].

T T T T VA
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Figure 15-shows the FTIR spectra for PVA,and PEG/PVA blends at different concentration

Table 4-shows FTIR spectra characterization of PVA, and PEG/PVA blends at different

concentration
C-H CH2 St C-H
OUT of c-0 bendi 2 91 c=0 Stretching | Hydroxyl
Samoles phase Stretching 1253_‘9 C-C c=C Stretching all}er?atlir]cg Stretchin
P bending | 840-1100 1350 | Stretching Wag‘ging 1550-1800 280'8 3100 | 93400-
il -1 . -1
6?:?“9? ¢ cm cm? 1550-1600 cm cm? EEO
cm?
1579.75
PVA 840.99 84099 [ ...... 1421 1579.75 1745.64 gjgggg
1745.64 '
2% | | e s 1631.83 280845 | ...
1581.68 3481.63
30% 952.87 95287 | ... 1581.68 1707.06 2823.88 3568.43
1739.85 3587.72
1579.75
852.56 852.56 1631.83 3394.83
0,
35% 945,15 515 | 1469.85 1579.75 1674.27 2906.82 3549 14
1739.85
607.60
646.17
1591.33
678.97 844.85 3365.90
0,
40% 29719 oa901 | 1591.33 ﬁgggi 2931.90 3396.76
844.85 '
949.01
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844.85 844.85 1452.09 1649.19 3398.69
0
50% 950.94 950.94 135407 1464.02 | T 1734.06 2897.18 3414.12

Thermal conductivity
Figure-16 shows PEO effect on the thermal conductivity of PVA. It was experimentally observed

that the value of thermal conductivity of (PVA=0.099W/cm.K).The results proved decrease in thermal
conductivity with PEO loading increase. PVA thermal conductivity is controlled by phonon mean free
path variation at room temperature. The mean free path for the amorphous PVA is very short due to
the numerous defects induced by its amorphous PVA structure. The defect are formed during
polymerization process like(chains bends, chains gap, and chain length variation[9,19].The thermal
conductivity decrease with PEO was due to phase separation porosity and porous size .These results
were enhanced with optical micrographs.

0.12
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0.08

K(W/cm.K)
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Figure 16-The PVA thermal conductivity changes with PEO loading.

Conclusion:

The results proved an increase in Tg with the increase in PEO ratio, whereas the melting point was
fixed at about Tm=310°C. TGA results showed that PEO addition caused overlapping between
degradation stages and shifting in the second stage to higher degradation temperatures, that was due
to the compatibility of PVA and PEO as well as the improved thermal stability of polymer blends.
The mechanical properties of the samples involved were studied. The results showed that the tensile
strength decreases with PEG addition .A ratio of 25% PEO/PVA was selected according to( its
ultimate strength (26.67 MPa)) to study the UV-exposure effects with various periods of time
(25,60,and 90HTr.) on the mechanical properties, It was found minor changes in ultimate strength were
observed at up to 60 Hr exposure time, then there was a little decrease in the ultmate strength at 90
Hr)exposure time .It was experimentally observed a value of thermal conductivity of PVA=
0.099W/cm.K. The results also proved a decrease in thermal conductivity with the increase of PEO
loading.
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