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Abstract

An array of water-soluble polymer blends composed of polyvinyl alcohol (PVA) and
polyethylene glycol (PEG) have been synthesized by the solution casting technique. The prepared
blends were tested using mechanical properties and DSC. The outcomes showed that adding
PEG affects the mechanical characteristics of PVA/PEG blends, and the ideal blend was one with
25 wt% of PEG loading, where the value of the percentage elongation at break (78%), Toughness
(0.44) and surface energy (0.076) reached the highest values at this blend. Meanwhile, Young's
modulus declined from 20.34 MPa for pure PVA to 7.07 MPa at 25 wt% PEG. The results of
DSC revealed that T, decrease from 89.2 °C of PVA to 60.8 °C of 30wt.% PEG
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1. Introduction: In the current era of
polymer development, polymer blending
is crucial to create novel substances with a
wide range of desirable qualities. Polymer
blends can to adjust the attributes of a
finished product to meet the specific needs
of the application (Mohammed,2022). The
simpler fabrication method and the ability
to easily manage the characteristics of
polymer electrolytes by varying the
blended polymer
(Mohammed,2023) both suggest that

composition

polymeric blends may be preferable.

Polyvinyl alcohol (PVA) is one of the most
widely used human-friendly polymers. It's
a remarkable synthetic polymer with the
added benefits of being non-toxic and
biodegradable. PVA is a typical polar
polymer with a simple chemical structure
and an abundance of attached hydroxyl
groups which makes PVA modification
possible  through simple chemical
reactions. PVA has exceptional overall
performance, including thermal
properties, acceptable biocompatibility,
and excellent barrier qualities, making it a
potential candidate for some tissue
engineering applications, including bone,
cartilage, and heart valves (Mohammed
,2023; Mohammed ,2022). Due to its poor
mechanical properties, PVA can be
blended with plasticizers to improve its
flexibility, and stretchability by modifying
the mechanical properties making the

films more ductile and lowering the T, of
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the product without altering the
fundamental chemical character of the
. 2022;
Muhammed ,2015). Plasticizer blended

with polymer increases the free volume

plasticized material (Caicedo

between the polymer chains which allows
the chain segments to move and rotate
more freely allowing for increased
movement of polymer chains to each
other, consequently, decreasing the
polymer T, and tensile strength (TS)
while increasing elongation at break (%).
Chemicals like sorbitol, citric acid, urea,
polyethylene glycol, glycerol and others
are commonly employed as plasticizers
(Falqi ,2018). One of the most often used
plasticizers, polyethylene glycol (PEG) is
made up of (CH2-CH2-O) n linear polymer
chains with two hydroxyl groups on each
end. Because of its simple structure, it has
a high enthalpy and can easily crystallize.
PEG is a polymer with the flexible
backbone that is water—soluble
biodegradable,
nontoxic (Decai Li2018). Also, its

biocompatible, and

significant  physical and chemical
properties enable it to be used in various
applications in industry (Hanpin Lim
2013) investigated the impact of several
plasticizers on the mechanical
characteristics of Solplus. It was found that
the values of T, and mechanical
parameters (tensile strength, Young's
modulus, percent elongation, and
toughness) were all reduced by all four
plasticizers. PEG-6 is the most effective

plasticizer at altering the mechanical
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characteristics of the films out of all the
ones evaluated. (Abd Alla . 2004, 167-176)
concluded that the PVA/PEG mixture has
shown limited compatibility in the range
of 0 to 30% PEG.

This research aim is to overcome the
brittleness and enhance of the flexibility of
the PVA membrane by using different
concentrations of PEG and determining
the ideal concentration of PEG that can
increase the flexibility. The improvement
of flexibility will be verified by studying
the effect of PEG concentration on T, .
The effect of PEG concentrations on the
degree of crystallinity of films will be
calculated by XRD analysis. The effect of
PEG as a plasticizer on the mechanical
properties of PVA will be studied and the
mechanical parameters will be calculated
such as Young's modulus (E), tensile

strength (o), toughness, ductility, and
energy (Y).

e

surface

PurePVA | 7 PEG

U a® )
| )
o
'lr ‘NW“GV\'
‘ ! '
o~
Ultrasonic homogenizer

Scheme 1: Schematic diagram of the

synthesis of PVA-PEG blend
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2 Experimental

2.1Materials and film preparation

Polyethylene glycol (PEG) (powder,
molecular weight = 4000 g/mol) and polyvinyl
alcohol (PVA) (degree of hydrolysis = 99%,
molecular weight = 27,000 g/mol) were
provided by Sigma-Aldrich Company, USA.
The solution cast method was used to prepare
the films of pure PVA and PEG/PVA blends
with PEG loadings of 5, 10, 15, 20, 25, and 30
wt. percent were found to produce acceptable
films with good transparency after numerous
experiments. The blends were able to obtain
films with satisfactory transparency (as
determined by visual observation). Scheme 1
represents a Schematic diagram of the
PVA-PEG blend.

Characterization and investigation of the

synthesis of  the

resulting films were carried out.

2.2Characterization techniques and devices

Differential scanning calorimeters were used
to evaluate the glass transition temperature
(Tg), and composite melting behavior (T,,) at
a heat rate of 10 °C/min under N, from 50 to

220 °C (Shimadzu DSC-50).

The mechanical behavior of pure PVA and

PVA/PEG blends was determined by using a
tensile testing machine (AMETEK, USA).
The strain measurement precision was
approximately 0.1 mm. Throughout the
experiment, the elongation rate was kept

constant at 6 mm/min.
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3. Results of Research

Differential Scanning Calorimetry (DSC) of
PVA/PEG blends.

% PEG 30wt%

! PEG 25wt%

L |

)
For studying polymeric materials' thermal | JEEvEmaR

characteristics, DSC is an excellent _\/__PEL/—

! PEG10wt%

—ﬁ’—_—/

50 60 70 80 90 100 110 120 130 140 150 160 170

technique. There are thermograms of

polyvinyl alcohol and PVA/PEG blends with
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varying concentrations of PEG (as shown in Temp °C

Fig. 1). The predicted values of the glass
transition temperature (T,) and melting
PEG 5wt%
temperature (T,,) are recorded in Table 1.

Fig. 1 shows T,, endothermic peak, of Pure
PVA and PVA/PEG blends in the low-

Endo*— Heat flow(mWj— Exo

temperature area. One can see from Table 1 Temp °c

the significant decrease in the glass transition
temperatures with the addition of PEG: it rene
drops from 89.2 °C for pure PVA film to 60.6
°C for PVA/PEG containing 30 wt% of PEG.

The inclusion of PEG into the PVA polymer

End®— Heat flow(mW)y™ Exo

led to an increase in free volume between the .

polymer chains thereby a lowering of T, 8 % % 100
Temp °C

Fig. 1 DSC thermograms of pure PVA and
PVA /| PEG blend films

values, allowing the chain segments to move
and rotate more freely relative to one another
(Sakellariou , 1994; Ping Liu , 2019). From the
data on the decrease of the PVA glass
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The as-produced Polymeric films  Tg, °C Tm,*C AHm,(fg)  Refs.

Pure PVA 892 188.6 525 Present work
PVA/PEG (5 wi%) 63.6 180 462

PVA/PEG (10 w%) 614 179 412

PVAIPEG (15 w%) 03 176 412

PVA/PEG (20 wt%) 608 19 6.35

PVA/PEG (25 w%) 60.6 188.3 259

PVA/PEG (30 wt%) 60.8 187.8 39

PVA 8§ ¢ AN 5135 Fahadet al. (2018)
PVA/PEG blends $85-5447 244321421 55214223

PVA 8 A5 - Ping etal. (2019)
PVA/PEG blends 2-23 19%171

PVA 0 4 Prajapati etal. (2010)
PVAH3PO4/PEG (10-40%) 64-68 20-222

Table 1 DSC results of PVA /PEG blend

films

transition temperature with the increase of
PEG content, one can conclude that this
plasticizer is very effective for PVA (Aharoni
,1998,169-201).
agreement with the previous studies. (Falqi ,
2018) showed that T, decreased from 83°C of
pure PVA to 51.34°C by adding 15wt % of
PEG into PVA. (Ping Liu , 2019) detected that
the T, of pure PVA is 82 °C and Tgs for
WPVA/PEG composites are

lower and show a continuous descent with the

These data are in good

significantly

rising of PEG content.( Puyou et al. 2016)
showed that (T,) for PVA declined by adding
AICl3-6H20/polyglycerin) and
AICIl3-6H20/polyglycerin. (Prajapati . 2010)
noticed that T, decreased from 69 °C of pure
PVA to 56°C for PVA-H3POs- 30%PEG. (see
Tablel).

The second endothermic peaks observed were
the melting temperatures T,, for pure PVA
and PVA/PEG blends shown in Fig. 2. Table
2 shows that the values of Tm of all blends
were not significantly different from those of

pure PVA| and its values are equal to 188.6,
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180,179,176,190,188.3 and 187.8 oC for 0,
5,10,15,20,25 and 30 wt% of PEG content,
correspondingly. From the results, one can
conclude that PEG did not effect on the Tm
of PVA. A similar finding was reported for
PVA/PEG blends (Falqi , 2018).

Stress—strain behavior of PVA /PEG blends.

Mechanical properties play a major role in
both the quality and application of blends.
Fig. 2 illustrates the stress—strain curves of
pure PVA and PVA/PEG blend at room
temperature under the strain rate of 3.3x10%3
sec’! The mechanical characteristics of PVA
and PVA/PEG blend are calculated and
tabulated in Table 2. It was noticed from
Table 2 that the values of Young's modulus of
PVA/PEG blend are less than the value of pure
PVA. This result is due to the presence of PEG
which increase the chain mobility, thereby,
the plasticized polymer would deform at a
lower force than without the plasticizer
(Hanpin , 2013). Also, compared to pure PVA,
the inclusion of PEG decreased the tensile
strength (as seen in Table 2). This decrease can
be due to the plasticizing impact of PEG on
pure PVA matrix (Durmaz et al 2021, 313-
322). This result is agreed with other reported
findings (Falqi , 2018); Hanpin Lim , 2013); Ali
,2014) .
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Fig. 2 Stress—Strain curve of pure PVA and
PVA/PEG blends

Table 2 Mechanical characteristics of
PVA/PEG blend films

Theaspodiced ~ Young'smodus Tensil

Hongationat ~ Toughness  Surface energy (y

Polymeric flms ~~ lsE,(MPa) ~ srength (6) break, (€%)

Pure PVA 034 15§ 56 05§ 0047
PVAPEG(Sw) 10 101 /A 039 0051
PVAPEG(10w%) 132 12 91 03§ 0,056
PVAREG(15w%) 634 081 685 031 005
PVAPEG0wm%) 957 0.66 36 0.5 0022
PVAPEG (25 w) 7.7 104 8 044 0,076
PVAPEG (30 we) 2399 109 6.1 04 004

On the contrary, PEG increased the film's
elongation at break by up to 25 weight percent
due to its ability to increase free volume
between polymer chains and hence boost
chain mobility and make the films more
ductile and flexible (Hanpin Lim ,2013). These
findings were supported by DSC, which

found that increasing the PEG concentration
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decreased the T, values of PVA films,
enhancing the flexibility of PVA chains.
Consequently, Young's modulus dropped and
the percentage of elongation at the break rose.
(Mudigoudra ,2012) showed that the content
of PEG changed pure PVC from hard and
brittle to soft and
PVC/PVACc/PEG blended films. (Luo . 2015)
concluded that the T, of PVA reduced and the
flexibility of the PVA chains increased as a
result of the addition of Al(NO3)3.9H20 (Pu-
you . 2014). It was observed that adding
glycerol to the PVA film caused the T, to

tough  within

move towards a lower temperature. As a
result, the elongation at break increased from
210.58 to 360.20%.

Opposite scenario was seen for the blend
containing 30% PEG, the film produced was
hard, brittle, and displayed phase separation
because of the high PEG content. This caused
a substantial fall in its mechanical
characteristics, where Young's modulus rose

and elongation at break fell (Hanpin Lim
2013).

’

The total area under the stress—strain curve,
which measures the amount of energy a
sample can withstand before failing, is a
measure of the film's toughness (Davis ,2004).
The film's strength and ductility are both
factors that affect how tough it is (Hanpin Lim
,2013). From Table 2, it was noticed that film
containing 25wt% of PEG shows the highest
toughness, where this film has higher strength
and ductility. (Puyou , 2016) observed that,
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with the addition of the complex plasticizer
(AIClL;-6H,O/glycerin and
AICl;-6H,O/polyglycerin), the
PVA films appeared to be tougher than pure
PVA films.

plasticized

Another helpful parameter for predicting the
crack resistance of a film is the tensile strength
to Young's (Okhamafe
,1985,449-54). The resistance of a film to the

initiation of the fracture process is a measure

modulus ratio

of the surface energy (y) and is calculated by

(Hanpin Lim , 2013): y = (GZEC)
where ¢ is the tensile strength, C is the flaw or
crack size before the initiation of the failure
process, and E is Young’s modulus. Since the

crack size is difficult to measure, the ratio of

tensile strength to Young’s modulus (g)
provides an estimate of crack resistance if C
and T are ignored (Okhamafe ,1985, 449-54 ;
Jackson, 1967). From Table 2, it was noticed
that film containing 25wt% of PEG shows the
highest ratio of tensile strength to Young’s
modulus, exhibiting the greatest resistance to
cracking (0.076). (Hanpin Lim , 2013) observed
that films with 20% w/w PEG-6 have the
highest tensile strength to Young's modulus

ratio and the highest crack resistance.

4. Conclusion

PEG was used as a plasticizer to modify the
mechanical properties of PVA film. By
analyzing DSC data, it was found that
glycol (PEG)
of PVA blends. The
mechanical studies revealed that the addition
of PEG

polyethylene significantly

reduces the T,

enhances the mechanical
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characteristics of PVA/PEG blends and 25
wt% PEG loading was the optimum blend.
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	Abstract:
	Unclean energy has become undesirable, as it pollutes the environment such as coal and petroleum so the whole world turned to using clean, renewable and sustainable energy. Therefore, this project was done to design a solar cell through thermal evapor...
	Through smelting, copper indium diselenide duo were prepared from their basic elements with a high degree of purity.
	Then CuInSe2 thin film was deposited using thermal evaporation procedure. Indexing the CuInSe2/n-Si heterojunction’s dark and illumination I-V characteristics curve was done at room temperature. The photovoltaic (PV) properties and several parameters ...
	The future belongs to the CuInSe2 solar cell.
	أصبحت الطاقة غير النظيفة ،تلوث البيئة، وغير مرغوب فيها مثل الفحم والبترول لذلك أتجه العالم كله إلى استخدام طاقة نظيفة متجددة مستدامة  لذلك تم عمل هذا المشروع لتصميم خلية شمسية عن طريق التبخير الحراري تعمل كمصدر للطاقة.
	تم تحضير السيلينيوم والانديوم والنحاس من خلال عملية الصهر من عناصرها الأولية بدرجة عالية من النقاء .
	ثم ترسيب اغشيه رقيقه من ثنائي السيلينيوم والانديوم والنحاس على حامله من السيلكون الإحادى من النوع السالب بطريقه التبخير الحرارى . تم قياس منحنيات الجهد والتيار في الظلام والاضاءة ومن خلال هذا الجهد
	والتيار لهذه الخلية (                                         (Au / CuInSe2/ n–Si / Al
	تم تعيين كفاءة الخلية ،وجد إنها تساوي ٥,٧٪ .
	Key Words: CuInSe2, Solar cell, thin films, photovoltaic.
	1. Introduction:
	A p-n junction that made of silicon (Si), gallium arsenide, or another material is the solar cell. Electrons in the valence band of a solar cell gain sufficient energy to move to the conduction band upon exposure to solar radiation, resulting in the f...
	After circling the external circuit and returning to the p-side of the junction,    the electrons from the n-side of the junction merge with the holes to close the current path [1].
	The increase in voltage causes electrons to move from the junction's n-side to the p-side. The movement of holes from the junction's p-side to n-side also occurs alongside with an increase in voltage. The concentration gradient between the two sides o...
	3.1 Preparation of Copper indium selenium as a bulk:
	The first ingot of the CuInSe2 material was made using stoichiometric proportions of 99.999 present pure copper (Cu), indium (In), and selenium (Se). Under vacuum, the mixture was enclosed inside a quartz tube.
	The quartz tube was gradually heated to 20  C every hour. It takes 48 h to achieve full homogeneity when the melt is kept at 750  C.
	After that, the tube cooled at a rate of 7 C/h to prevent cracking from the melt's thermal expansion during solidification.
	3.2 Preparation of Copper indium selenium as a thin film:
	Using a heat resistant filament coil around a quartz crucible or a metal boat, thermal evaporation can create thin films from pure elements, alloys, and compounds based on their melting or sublimation points. The material qualities and substrate condi...
	Under a high vacuum(2×10⁴ pa ) coating unit model was used to coat CuInSe2 thin films on the substrate surface. (Edwards E306 A) [10].
	Nippon Mining Co provides the n-type Si (100) single crystal wafers with a carrier concentration of 10²²m-³ . Area is 2cm ² , thickness is 450 micro meters and The degree of vaporization is 2 Angstroms per second were etched and cleaned using the CP4 ...
	Silicon wafers were etched, then they were washed with distilled water and ethyl alcohol. After being cleaned and etched, CuInSe2 thin films were coated on silicon wafers from the front side using the traditional thermal evaporation method.
	Gold mesh coated the over layer of CuInSe2 to serve as an ohmic electrode and Aluminium layer coated in front of layer of cell.
	4.Results and Discussion of Research:
	4.1Dark current-voltage characteristics:
	To investigate the junction qualities were constructed current–voltage characteristics I–V. Measurements of electric characteristics I–V usually become the valuable source of information about Junction properties, rectification ratio RR, diode quality...
	The analysis of I–V characteristics is also valuable for identifying the transport mechanisms, which is conduction control. The current–voltage properties of the deposited onto n-Si at the temperature of 300K in CuInSe2 Films with thickness 55 nm are ...
	The curves demonstrate a diode-like behaviour in a forward  and reverse direction with positive potential on cell .
	Fig.4.a Study I-V characteristics of Solar cell in dark with forward and reverse direction.
	4.2 Illumination current–voltage characteristics:
	The behavior of diode under illumination with forward and reverse direction is shown in Fig.4.b
	Fig.4.b I–V characteristics of solar cell under illumination with forward and reverse.
	Fig.5 Illustrates ln(I) against the voltage of solar cell, at 1.5V and RR =9.29
	Fig.5 study I–V characteristics for the junction at low voltage with forward and reverse direction.
	Fig.6 shows the I–V curves with higher current through the voltage range because direction. of the light generated carriers.
	The open-Circuit Voltage (Voc ) is higher under illumination because of the presence of light generated current.
	Short-Circuit Current (Isc) is the maximum current  at zero voltage.it’s only achievable under illumination.
	From Fig.6 we calculate the solar cell parameters such as:
	Fig.6 study I–V characteristics for the junction under illumination.
	5. Conclusion:
	I-V characteristics of solar cell
	(Au /CuInSe2/n–Si/Al) in dark have diode like behaviour.
	Gold , Copper Indium diselenide,
	n-Silicon and Aluminium photovoltaic device was prepared and determine the parameters of photovoltaic. The goal of the cell is producing clean, renewable and sustainable energy from sunlight.
	The values of Voltage open circuit (Voc) , Short circuit current density (Isc) , fill factor (ff) and efficiency (η) were calculated:  Voc = 0.567 v,    Isc=2.349×10^(-7)A,   ff= 0.85 and
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