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Abstract:

Polyvinyl alcohol (PVA) has emerged as a promising material for biodegradable films
due to its water solubility, biocompatibility, and excellent film-forming properties. As global
concerns over plastic pollution intensify, PVA-based biodegradable films are gaining attention
for applications in food packaging, agriculture, and biomedical industries. This Paper explores
the key properties of PVA that make it suitable for biodegradable film applications, including its
mechanical strength, barrier properties, and environmental degradability. Various strategies to
enhance PVA’s performance, such as blending with natural polymers (e.g., starch, chitosan,
cellulose) and incorporating nanomaterial are examined. However, challenges remain, including
PVA’s sensitivity to moisture, limited degradation under certain environmental conditions, and
cost-related concerns for large-scale production. Solutions such as crosslinking, surface
modifications, and the use of eco-friendly additives are discussed to improve the functional
properties of PVA-based films. Additionally, this paper highlights recent advancements in
sustainable PVA film production and biodegradability assessments. Future research directions
focus on enhancing biodegradability, reducing environmental impact, and expanding
applications in sustainable packaging solutions. By addressing these challenges, PVA-based
biodegradable films hold significant potential as an eco-friendly alternative to conventional
plastics.

Keywords: Biodegradable, Polymers, Biocompatibility, Sustainable

Introduction:

Polyvinyl  Alcohol (PVA) has degrade in natural environments, particularly

emerged as a promising polymer due to its
excellent water solubility, biocompatibility,
and biodegradability. PVA is a synthetic
polymer that is both versatile and
environmentally friendly, making it suitable
for a wide range of applications, including
biodegradable films for food packaging,
agriculture, and medical uses [1][2]. . The
ability of PVA to form films that dissolve or
degrade in water makes it a strong candidate
for use in applications where rapid
biodegradation is  desirable.  Unlike
conventional plastics, PVA-based films can

in aquatic systems, without leaving behind
harmful microplastics . As such, PVA has
garnered considerable attention as a
biodegradable packaging material that could
help mitigate plastic waste, especially in
food packaging and agricultural films, where
single-use plastics are prevalent. However,
despite its advantages, the widespread
adoption of PVA-based biodegradable films
is limited by certain challenges. For
example, PVA is highly sensitive to
moisture, which can compromise the
mechanical properties and integrity of the
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films under humid or wet conditions.
Furthermore, while PVA is biodegradable,
its  degradation rate  depends on
environmental factors such as temperature,
humidity, and  the presence  of
microorganisms [3]. Additionally, PVA
films often suffer from relatively poor
mechanical strength and flexibility when
compared to conventional plastics, which
limits  their practical applications,
particularly in packaging materials that must
withstand handling and transportation
stresses.

This paper explores the role of PVA
in the development of biodegradable films,
focusing on the challenges and opportunities
in optimizing its performance. The review
will examine the key factors that affect the
production and use of PVA-based
biodegradable films, including material
modifications, environmental factors, and
sustainability considerations. Finally, it will
discuss emerging trends and future research
directions aimed at improving the
practicality and scalability of PVA-based
biodegradable  films in  commercial
applications.

Properties of Polyvinyl Alcohol for
Biodegradable Films:

The  chemical and  physical
properties of Polyvinyl Alcohol (PVA) are
largely influenced by the degree of
hydrolysis, which refers to how much of the
ester groups in polyvinyl acetate (PVA’s
precursor) are converted into hydroxyl
groups. This hydrolysis process determines
the PVA grade, which in turn affects its
molecular characteristics. The higher the
degree of hydrolysis, the more hydroxyl
groups are present, resulting in a polymer
that is more water-soluble and has stronger
intermolecular interactions. Additionally, the
molecular weight of PVA, which refers to
the size of the polymer chains, also plays a
crucial role in defining its properties. Higher
molecular weight PVA generally exhibits
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better mechanical strength, film-forming
ability, and viscosity, while lower molecular
weight PVA tends to be more flexible and
dissolves more easily in water. Together, the
hydrolysis percentage and molecular weight
control the versatility of PVA in different
applications.

Modification Strategies for Enhancing
PVA Films:
Blending with Natural Polymers:

Blending PVA with other natural
polymers, such as starch, chitosan, and
cellulose, is a common approach to improve
the mechanical and barrier properties of
PVA-based films. Starch, in particular, is
often used due to its renewable nature and
ability to enhance the biodegradability of
PVA films [4]. These blends typically
exhibit improved tensile strength and better
resistance to moisture, addressing some of
PVA’s inherent limitations. When CMC
(Carboxymethyl Cellulose) is added to PVA,
it enhances biodegradability and increases
water solubility. However, this addition
comes with a trade-off: it reduces the
thermal stability of pure PVA. Moreover, the
mechanical properties of the resulting blend
also decrease because the intermolecular
structure of CMC is weaker compared to
PVA, leading to a less robust material
overall.[5] The addition of HPMC to PVA
increases the tensile strength and the
antioxidant and antibacterial activity, which
supports using this blend in high-strength
applications.[6]

Incorporation of Nanoparticles:

The incorporation of nanoparticles
such as clay, graphene, and silica into PVA
matrices has proven effective in enhancing
the mechanical properties, thermal stability,
and barrier properties of PVA films.
Nanoparticles can also improve the
biodegradation rate by promoting microbial
activity during degradation [7]. For instance,
the addition of graphene has been shown to
significantly enhance the mechanical
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strength of PVA films while maintaining
their biodegradability [8].
Crosslinking and Surface Modification:

Crosslinking PVA with agents such
as glutaraldehyde or borax can improve the
film’s structural integrity and resistance to
moisture. Crosslinked PVA films exhibit
better mechanical strength and increased
stability in humid environments, making
them more suitable for a wider range of
applications [9]. Surface modification
techniques, including plasma treatment and
UV crosslinking, can also enhance the film’s
durability and performance in various
environmental conditions [10].
Applications of PVA-Based
Biodegradable Films:

PVA-based biodegradable films are
being explored for a variety of applications
across different industries. In the food
packaging sector, PVA films are used for
single-use packages, offering an eco-friendly
alternative to conventional plastic films.
These films can be designed to dissolve in
water or biodegrade under specific
environmental conditions, reducing waste
accumulation.[11]

In agriculture, PVA-based films are
used as biodegradable mulch films, which
help to improve soil quality and reduce
plastic waste in fields, PVA-based hydrogels
have been used for water retention in crops,
moisture conservation, soilless cultivation,
seed coating, and controlled release of
fertilizers. The porous structure of these
materials promotes the availability of
oxygen and water in the root system,
stimulating physiological parameters of the
plant and promoting its growth. [12][13].
The medical field also benefits from PVA
films, where they are used in wound
dressings, controlled drug release systems,
and surgical implants due to their
biocompatibility and water-soluble
properties.
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Challenges in PVA Film Production:

While the potential applications of
PVA-based biodegradable films are vast,
there are several challenges that need to be
addressed to make them commercially
viable. One of the main obstacles is the cost
of production, as PVA synthesis can be
expensive, particularly when compared to
conventional plastic materials. Additionally,
the slow degradation rate of PVA in certain
environments, such as under low moisture
conditions, may limit its effectiveness as a
biodegradable  material  in  outdoor
applications.

Future Prospects  and Research
Directions:

To overcome the challenges
associated with PVA-based films, future
research should focus on developing more
cost-effective  production methods and
improving the biodegradation rate of PVA
films. Advances in green chemistry and the
use of renewable feedstocks could make
PVA-based films more sustainable and
economically competitive with traditional
plastics [15] Furthermore, ongoing efforts to
incorporate advanced nanomaterials, such as
bio-based nanoparticles, could significantly
enhance the properties and functionality of
PVA films.

Conclusion:

Polyvinyl alcohol-based
biodegradable films hold great promise as an
eco-friendly alternative to conventional
plastics. While significant progress has been
made in improving their properties through
blending, nanoparticle incorporation, and
crosslinking, challenges such as moisture
sensitivity, mechanical strength, and slow
degradation rates remain. With continued
research and innovation, PVA-based films
could play a crucial role in reducing plastic
waste and promoting sustainable packaging
solutions in the future.
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