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Abstract: The pure film of polymer (PVA) and films filled with Manganese Chloride
(MnCl2.4H2O) salt with different weight ratios ((3, 7, 11,15 ) wt%) have been prepared
by using casting method. The mechanical properties of (PVA-Manganese Chloride)
composites films have been studied. The results of the mechanical tests show that the
fracture energy of the composites films is increased with increasing the weight ratio of
the added Manganese Chloride salt, and the results show that the hardness for
composites films increased and decreases with increases the weight ratio of the added
Manganese Chloride salt, while the results of the tensile tests show unsystematic values
for tensile strength and Young's modulus for composites films after filling with
different weight ratios of the added Manganese Chloride salt. While shows
unsystematic increasing for the elongation at break after filling with different weight
ratios of the added Manganese Chloride salt.
Keywords: Polyvinyl alcohol (PVA), MnCl2 Salt, Mechanical Properties.
INTRODUCTION
Polymers, as plastics and rubbers, pervade our lives and we come across them in many different forms.
As such, their physical properties have great importance and an understanding of them is vital for their
uses in technology and engineering1.
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(PVA) is one of the earliest and best known polymers, it was seen to use in a variety of applications and
is currently used extensively in semiconductors applications2. The transmission for visible light is very
high. Polymeric composites of (PVA) are known for their importance in technical applications 3.
Metal/polymer composites have attracted considerable interest in recent years because of the
advantageous properties of metals and polymers built into them. Studies of doping transition metal
halides into (PVA) are important for determining and controlling the operational characteristic of the
different (PVA) composites4. Polyvinyl Alcohol (PVA) is one of the important water soluble polymers
from an industrial viewpoint, which is widely used in many applications such as films, hydro gels,
adhesives and paper coating agents, because it is a potential material having excellent mechanical,
optical, electrical and thermal property5.
2. EXPERIMENTAL DETAILS
2.1 Materials and Samples Preparation: In the preparation of composites films we are used polymer
Polyvinyl alcohol (PVA), which is product by Central House (P) Ltd of India with molecular weight
(13000-23000) g / mol, and Manganese Chloride (MnCl2.4H2O) salt which is product by (Central Drug
House (P), Ltd. New Delhi-110002 (INDIA) Company with molecular Wight (197.9 g /mol).
Composites films prepared by solution casting method. The polymer (PVA) and (MnCl2.4H2O) salt with
different weight ratios ((3, 7, 11, 15) wt %) were dissolved in distilled water by stirred for (1hr.) by
using magnetic stirrer at (80oC) for completely dissolved. The solutions poured on to a glass plates and
left to dry for (three days) to remove any residual solvent. Films thickness were (1450-1455) µm for
mechanical testing by using digital micrometer.
For the purpose of mechanical tests:
1. For Impact Test: using a shock-resistant test device for the plastic films and paper based (Filling
Darte Impact Tester) of the type (FDI-01) of Canadian origin.
2.

For Hardness Test: using a (Shore D) of the type (Check-line-dd-100) of

American origin.

3. For Tensile Test: (tensile strength, elongation at break, Young's modulus): using a (Tinius
Olsen-H10K) device of English origin.
RESULTS AND DISCUSSION
Mechanical Proprieties
Impact Test: Fracture energy is calculated using the Falling Objects method. Figure (1) shows the
fracture energy of pure (PVA) polymer film and films filled with (MnCl 2) salt with different weight
ratios ((3, 7, 11, 15) wt %). We observe that the fracture energy value of pure (PVA) polymer film is
(0.7644 Kg.m2 / sec) and at filled with (MnCl2) salt with different weight ratios, the value of the
fracture energy changes and increases with the increase in the weight ratio of the added (MnCl2) salt,
then the value of the fracture energy is Fixed with the increase of the weight ratio of the added (MnCl 2)
salt, in other words, it is observed from the figure that the absorbed energy which it is necessary for
fracture increases with the increase of the weight fracture by a linear relationship, where the (MnCl 2)
salt works to impede the growth of the incision and this will cause the change of the incision and its
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direction. This change in the shape of the incision will cause increased the surface area of the fracture
and the spent energy, all of these led to increased resistance of the material. That is, adding (MnCl 2) salt
to pure (PVA) polymer led to improved mechanical properties. also the reason of the increase in fracture
energy with the increase in the weight ratio of the added (MnCl 2) salt to a large part of the impact
energy assaulted on the sample is reduced by (MnCl2) salt, which increases the resistance of the
material6,7. Table (1) shows the fracture energy values of all composites films.

Figure (1): Fracture energy for (PVA-MnCl2.4H2O) composites films as a function of the
weight ratio of (MnCl2.4H2O) salt.

Table (1): Fracture energy values for (PVA-MnCl2) composites films with the weight ratio
of (MnCl2) salt.

Pure
3%

Fracture Energy (Kg.m2/sec)
(PVA-MnCl2)
0.7644
0.882

7%
11%
15%

3.969
4.0572
4.0572

Concentration (wt%) of Salt

Hardness Test: The hardness test was followed by the (Shore D) type of pure (PVA) polymer film
and films filled with (MnCl2) salt with different weight ratios ((3,7,11,1)wt%) as shown in Figure (2),
from the figure we observe that the hardness of pure (PVA) polymer film is increases with increasing
the weight ratio of the added (MnCl2) salt, as reaching to its highest value (25.1) at the weight ratio
(3wt%) of the filled with (MnCl2) salt, and then decrease the hardness with increasing the weight ratio
of the added (MnCl2) salt, This is due to the high viscosity which it has acquired by the prepared
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composite material when adding the high weight ratios of the filler materials (MnCl 2 salt) to inside the
base material ((PVA) Polymer) which is in the liquid state, which causing the difficulty of penetration
of the (MnCl2) salt to inside interfaces of the (PVA) polymer in the prepared composite material, which
led to the create of many gaps within the prepared composite material when hardened, which causing
decrease the hardness8. Table (2) shows the hardness values of all composites films.

Figure (2): Hardness for (PVA-MnCl2.4H2O) composites films as a function of the
weight ratio of (MnCl2.4H2O) salt.
Table (2): Hardness values for (PVA-MnCl2) composites films with the weight ratio of
(MnCl2) salt.
Concentration (wt%) of Salt

Hardness (PVA-MnCl2)

Pure (PVA)

17.7

3
7
11
15

25.1
24.5
22.5
20.2

Tensile Test; The tensile test was performed and was obtained the curves of (stress-strain) of pure
(PVA) polymer film and films filled with (MnCl2) salt with different weight ratios ((3,7,11,15) wt%),
the Figure (3) shows the curve of (stress-strain) for pure (PVA) polymer film where we find that it
consists of a elastic deformation area represented by the linear relationship between stress and strain and
from this region was calculated the coefficient of elasticity (Young's Modulus), which represents the
slope of the straight line, polymer material within the boundaries of this region suffers elasticity
distortion resulting from a tensile and elongation of the polymer chains without fracture in the bonds.
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This curve deviates from the linear behavior due to the creation of cracks within the polymeric material.
These cracks grow and accumulate with increased stress forming larger size of cracks and continue to
grow with the applied stress until the fracture gets in the sample9. In other cases, the fracture at the outer
surfaces begins at the locations of deformities or defects such as scratches, wrinkles or internal cracks
that act as stress concentration regions, which leads to higher stress value to a limit even it exceeds the
strength of internal bond and then happened the fracture occurs.

Figure (3): The curves of (stress-strain) for pure (PVA) polymer film
When adding the filler material (MnCl2 salt) to the basic material ((PVA) polymer), the curve of
(stress - strain) changes and gets curves with different characteristics depending on the type of additive
filler material and its weight ratio as shown in Figure (4).

(a)
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(b)
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(b)

(d)

Figure (4): The curves of (stress-strain) for (PVA-MnCl2.4H2O) composites films with
different weight ratios of (MnCl2.4H2O) salt.
And Table (3) shows the values of tensile strength (T.S), elongation at break (E b) and the Young's
modulus (Ym) of all composites films, which are determined from the curves (stress-strain), we observe
from the table that the tensile strength value of pure (PVA) polymer film is (32.4 MPa) and the
elongation at break value is (195%) and the value of the Young's modulus is (270 MPa), and at filled
with (MnCl2) salt these values will change. We observe that the value of tensile strength increased at the
weight ratio (3wt%) to reach (39.3 MPa) and then began to decrease unsystematic to reach its lowest
value of (27.9 MPa) at the weight ratio (15wt%), and the elongation at break value began to increase
unsystematic to reach its highest value of (417%) at the weight ratio (7wt%), and the value of the
Young's modulus was increased at the weight ratio (3wt%) to reach (550 MPa) and then began to
decrease unsystematic to reach its lowest value of (20.5 MPa), at the weight ratio (15wt%).
Table (3): Tensile properties values for (PVA- MnCl2) composites films with the weight ratio of
(MnCl2) salt.

Concentration (wt )
% of Salt

Tensile Strength
(T.S) (MPa)

Young's Modulus (Ym)
(MPa)

32.4
39.3

Elongation at
Break
(Eb) (%)
195
272

Pure ( PVA)
3
7
11
15

28.4
32.7
27.9

417
404
297

43.5
82
20.5

270
550

The decrease in tensile properties values of tensile strength and Young's modulus for all composites
films (at some weight ratios of filled with (MnCl2) salt compared with pure (PVA) polymer film) is due
to the weak interaction between the molecules and low interstitial adhesion between the composite
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components than lead to minimize of the tensile properties and the composite fragility10, the increase in
elongation at break value for all composites films (at all weight ratios of filled with (MnCl 2) salt
compared with pure (PVA) polymer film) indicate that the additive filler material is interacting with a
(PVA) polymer and that the filler material chain is dispersed in (PVA) polymer and that the additive
filler material is compatible with the common addition polymerization11 than affects the mechanical
properties. The Figures (5) to (7) explain the tensile properties for all composites films.

Figure (5): Tensile strength for (PVA-MnCl2.4H2O) composites films as a function of
the weight ratio of (MnCl2.4H2O) salt.

Figure (6): Elongation at break for (PVA-MnCl2.4H2O) composites films as a function
of the weight ratio of (MnCl2.4H2O) salt
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Figure (7): Young's modulus for (PVA-MnCl2.4H2O) composites films as a function of
the weight ratio of (MnCl2.4H2O) salt
CONCLUSIONS
The main conclusions of this study were:
1. The results of impact test shows that the fracture energy of pure (PVA) polymer film increases with
the increase in the weight ratio of the added (MnCl2) salt.
2.

The results of hardness test shows that the hardness of pure (PVA) polymer film is increases with
increasing the weight ratio of the added (MnCl2) salt, as reaching to its highest value (25.1) at the
weight ratio (3wt%) of the filled with (MnCl2) salt, and then decrease the hardness with increasing
the weight ratio of the added (MnCl2) salt.

3. The results show of the tensile test for (PVA-MnCl2) composites films with different weight ratios
of (MnCl2) salt a decrease in tensile properties values (tensile strength and Young's modulus) for all
composites films at some weight ratios of filled with (MnCl2) salt compared with pure (PVA)
polymer film and increase in elongation at break value for all composites films at all weight ratios
of filled with (MnCl2) salt compared with pure (PVA) polymer film.
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