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ABSTRACT

Many researches have been devoted for studying poly(vinyl alcohol) (PVA) and hydroxypropyl
cellulose (HPC) and their blends as important promising biomaterials. In the present work, thin films
of pure PVA, pure HPC and their PVA/HPC blends were prepared using the solution casting
method. The mechanical properties of the prepared thin films such as stress-strain curve, tensile
modulus and tensile strength as well as elongation at break were investigated. The obtained results
show that there is an increase in the elastic range and decrease in the hardness of the resulting
blends by increasing the concentration of HPC due to the different molecular morphology. In

addition, the range in which it would responds elastically to external stress was decreased to some
extent.

Keywords: Polymer blends; Poly(vinyl alcohol); hydroxypropy! cellulose; PVA/HPC copolymer blends;
mechanical properties.
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1. INTRODUCTION

Synthetic polymers received increasing attention
in industrial, biomedical and pharmaceutical
applications.

Poly(vinyl alcohol) (PVA) is one of the effective
and most utilized synthetic polymers as
promising biomaterials due to its specific
structure and properties. PVA is a nontoxic,
water-soluble  polyhydroxy polymer, stable
hydrogel, biodegradable semicrystalline polymer,
biocompatible, has chemical resistance and has
good thermal stability [1,2]. According to its
chemical and physical properties, PVA was used
in many applications in the fields of: electronics
automobile industry, paper coating, flexible
water-soluble packaging films, textile sizing,
cosmetic, adhesive and construction [3,4];
medicine to replace diseased or damaged
articular cartilage, drug delivery, contact lenses,
corneal implants, substitutes for skin, tendons,
artificial pancreas, ligaments and bone-like
apatite formation [5-9]. Williams was found that
PVA was used as an artificial vascular graft due
to its mechanical strength [10]. In addition, PVA
possesses similar water content to natural
articular cartilage and calls Salumedica, Atlanta,
GA (Salubria™).

There are several manners to modify the
properties of the polymer, viz. blending, curing
and grafting, as well as derivatization. Blending is
the physical mixture of polymers to obtain and
enhance the requisite properties and also for
developing pharmaceutical industries and
biomedical applications of polymeric materials
[11,12]. According to the specific structure and
properties of PVA was widely used as a host
material for blends [13] and nanocomposites
[14,15]. Also, the possibility to tailoring PVA
properties was increased by blending it with
other compatible synthetic and/or natural
polymers. PVA can be blended with cellulose,
e.g., hydroxypropyl cellulose (HPC) and
hydroxypropyl methyl cellulose (HPMC) [16].

Cellulose is the most abundant biomass material
in nature occurring polymer, and possesses
some promising properties, such as colorless,
odorless, nontoxic solid polymer, has mechanical
strength, hydrophilicity, biocompatibility,
biodegradability, relative thermal stability, high
sorption  capacity and alterable optical
appearance [17-19]. Due to these promising
properties, cellulose is acceptable from the
environmental point of view and was applied in
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different fields such as drug delivery, biomaterial,
water treatment, thickener, stabilizer, separation,
package, optical media, biomembrane,
adsorption and was used to fabricate “smart”
materials [18,20].

Hydroxypropyl cellulose (HPC) is a polymer
soluble in water and in polar organic solvents.
HPC belongs to the group of cellulose ethers.
For many years ago, HPC was used as paper of
conservators as glue and sizing material [21].
HPC is a colorless, odorless, nontoxic,
hydrophilicity, biocompatibility, biodegradability
and has thermal stability. HPC was applied in
different pharmaceutical and biomedical fields.
HPC was used: for production of time controlled
delivery systems, for artificial tears, as a topical
ophthalmic protectant and as a lubricant for
artificial eyes [22] as a disintegrants, as a binder
of making tablets [23], as an emulsion stabilizer
with E number E463 and as a sieving matrix for
DNA separations by capillary and microchip
electrophoresis [24]. On another hand, due to
HPC solubility in water and temperature-
responsive property, “Smart” materials based on
HPC were also studied [25].

The purpose of the present work was to quantify
and enhance the functional mechanical
properties of PVA biomaterial. Thin films of neat
PVA, HPC and their PVA/HPC blends were
prepared using the solution cast method. The
mechanical properties such as stress-strain
curve, tensile modulus and tensile strength as
well as elongation at break of the prepared
blends were investigated.

2. EXPERIMENTAL DETAILS
2.1 Materials and Sample Preparation

Poly(vinyl alcohol) (PVA) granules with a
molecular weight 125 kg/mol and with a degree
of 99% was supplied from EI-Nasr Company,
Cairo, Egypt. Hydroxypropyl cellulose powder
(HPC; Pharma-coat 606) with molecular weight
95 kg/mol was supplied from Shin Etsu Chemical
Co., Tokyo, Japan. The experimental materials
were used as received.

A film casting method was used to prepare thin
flms of the neat PVA, neat HPC and their
PVA/HPC blends as previously reported [26,27].
Complete solutions of weighted amounts of PVA
granules and HPC powder in double distilled
water, separately as well as mixed together using
a magnetic stirrer at 50°C water bath for 2 h



were obtained to prepare thin films of neats (PVA
and HPC) and their PVA/HPC blends with three
different weight percentages (80/20, 50/50 and
20/80 wt/wt%). The complete dissolutions were
cast onto stainless steel Petri dishes of 10 cm
diameter. Then the Petri dishes were kept at
room temperature (about 25°C) for 7 days until
the solvent was completely evaporated. Thin
films of thickness about 0.1 mm were formed and
were kept in desiccators to avoid moisture.

2.2 Experimental Technique

A Zwick Mechanical Testing Machine model
Z010 (made in Germany) was used to measure
the mechanical properties of the prepared pure
PVA, pure HPC and their PVA/HPC blends thin
films. The tensile modulus, tensile strength and
elongation at break were investigated. The film
thickness and the dimensions of the test
specimens for all samples were kept constant.
From the obtained cast films, the tensile test
samples were prepared by cutting pieces with a
gage dimension of 100 x 10 x 0.1 mm?®. For
reproducibility, at least five specimens for each
film sample were tested under the same
conditions and the average value was taken.

3. RESULTS AND DISCUSSION

Fig. 1 shows the stress-strain curves for the thin
films of pure PVA, pure HPC and their PVA/HPC
blends. It was clear from the figure that,
significant differences between the blend films
were observed in comparison with the neat films.
Linear dependence of the strain with increasing
stress within the elastic limit up to a certain value
of stress was detected. Regions of plastic
deformation were followed where the strain
increases even at constant stress with very
narrow elastic limit for pure HPC. In addition, for
pure PVA sample, the maximum stress was the
highest value (about 63.0 MPa) which is in
agreement with that reported previously in the
literature [28,29], whereas that for the pure HPC
sample was the lowest value (about 9.6 MPa).
The behavior of the stress-strain curves are
similar for all blends and the maximum stress
values for the PVA/HPC blends decreased
gradually with increasing the concentration of
HPC up to 80 wit% and in between the neat PVA
and HPC values, i.e., ranging from about 50 to
22 MPa.

The maximum stress was plotted as a function of
HPC weight percent in Fig. 2. It was shown from
the figure that the maximum stress value
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decreases with increasing the HPC concentration
towards the neat HPC value and a nearly straight
line relationship was detected (red solid line). It
was also noted from the curves of Fig. 1 that, the
initial modulus value of the neat PVA decreases
with increasing the HPC weight % up to 80 wt%.
The obtained data noticed that, by increasing
HPC concentration the elastic range was
increased and the hardness was reduced of the
resulting blends. These variations may be
attributed to moleacular morphology which
indicate that a decrease in crytallinity and cross-
linking in the PVA polymeric network [29,30].

The variation in the tensile modulus of pure PVA,
pure HPC and their blends thin films were shown
in Fig. 3. The data represented in the figure
indicate that the tensile modulus value decreases
in step-wise manner as the concentration of HPC
increases. Moreover, pure PVA has the highest
value of tensile modulus while pure HPC has the
lowest one. The tensile modulus value of the
pure PVA is in agreement with that previously
reported [31], Very high significant variation in
the tensile modulus for the three blends and their
values are in between PVA and HPC values. The
tensile modulus decreased by about 65% for the
blend with 50 wt% HPC contents and no
significant  decrease  for  higher = HPC
concentration (80 wi%) was detected. The
observed variations may support the idea of the
inverse relation between the concentration of
HPC and the hardness of the resulting blend.

Fig. 4 shows the variation of the tensile strength
of neat PVA and HPC and their blends. The
results show that the tensile strength value
decreases by about 66% with increasing the
concentration of HPC up to 80% in comparison
with the value of the neat PVA. In addition, the
tensile strength values decrease for the three
blends and there variations were high significant.
The obtained results indicate that all blends have
lower tensile modulus and tensile strength values
than those of the neat PVA value and, on other
hand, higher than those of the neat HPC value.
The obtained variation may be due to that good
dispersion of HPC in the PVA polymer matrix
and, also, due to the strong interatomic
interactions which causes formation of new
bonds.

Fig. 5 represents the variation of the elongation
at break (%) for the thin films of neat PVA, neat
HPC and their PVA/HPC blends. It was shown
from the figure that, the elongation at break was
reduced by about 7% for PVA/HPC blend of 20



wit% HPC, then slight increases by about
0.2% for PVA/HPC blend of 50 wi% HPC
and continuous increase with PVA/HPC blend of
50 wt% HPC by about 11%. The elongation at
break of pure HPC thin film shows the highest
value.
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The percentage changes in the parameters
under investigation have been calculated and
were tabulated in Table 1 in order to provide a
simpler method for representing and
understanding for how HPC may affect the
mechanical properties of PVA.
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Fig. 1. Stress-strain curves for PVA, HPC and their PVA/HPC blends thin films
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Fig. 2. Relationship between the maximum stress and HPC concentration
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Fig. 3. Variations in the tensile modulus of PVA and HPC and their PVA/HPC blends thin films
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Fig. 4. Variations in the tensile strength of PVA and HPC and their PVA/HPC blends thin films
(average of five tests)

Table 1. The percentage changes of tensile
modulus (AE%), tensile strength (AT %) and
elongation at break (Ag%) of PVA/HPC blends

with respect to the neat PVA

PVA/HPC AE% ATs % Ag
blend (wt/wt%) %
0/100 - - -
80/20 -34.3 -13.0 -7.0
50/50 -64.9 -47.5 0.2
20/80 -67.4 -66.0 11.4

The data observed in the table noticed that there
is considerably decrease in the tensile modulus
and the tensile strength values with increasing
HPC concentration up to 80 wt%. These results
support the idea of that PVA/HPC blend would
reduce the elastic range, as well as, the
hardness of the polymer network but with
increasing its compliance. As it has been
reported, mechanical properties were controlled
largely by the interatomic forces or the
interatomic potential energy.
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Fig. 5. Variations in the elongation at break (%) of PVA and HPC and their PVA/HPC blends thin
films (average of five tests)
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Fig. 6. Graphic representation of Pearson’s
correlation between: (a) Tensile strength and
tensile modulus, (b) tensile strength and
elongation at break and (c) elongation at
break and tensile modulus

From Fig. 6, the correlation analysis results
indicated positive relationship between tensile
strength and tensile modulus (r = 0.956)
(Fig. 6a), while the correlations the tensile
strength with elongation at break (%) (r = -0.871)
(Fig. 6b), and elongation at break (%) with tensile
modulus (r = -0.687) (Fig. 6¢c) are negative.

4. CONCLUSIONS

The data obtained here showed that increasing
the concentration of HPC in PVA/HPC blend
produce pronounced changes in the mechanical
properties of PVA. Both tensile modulus and
tensile strength of PVA were improved by
increasing HPC concentration. These changes
may be attributed to the dispersion of HPC within
PVA matrix and their interatomic interactions that
occurred.
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