\
) "' e-ISSN: 2319-8753 | p-ISSN: 2347-6710

International Journal of Innovative Research in
SCIENCE | ENGINEERING | TECHNOLOGY

INTERNATIONAL JUURNAI.
OF INNOVATIVE RESEARBH

IN SCIENCE | ENGINEERING | TECHNOLOGY

Volume 12, Issue 7, July 2023

‘ ‘INTERNATIONAL
STANDARD
.\ SERIAL Impact Factor: 8.423

NUMBER
INDIA

0 9940572 462 (O 6381907 438 = ijirset@gmail.com . WWW.ljirset.com



International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

’1 )

ﬂ'\ Eq" |e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |
£\ \

IJIRSET

|| Volume 12, Issue 7, July 2023 ||

| DOI:10.15680/1JIRSET.2023.1207217 |

A Comprehensive Review of Biodegradable
Polymers: Advances, Applications, and Challenges

Dr. Ram Lakhan Meena

Assistant Professor, Department of Chemistry, Government College, Karauli, Rajasthan, India

ABSTRACT: Biodegradable polymers have emerged as an innovative solution to address the environmental burden
posed by synthetic plastics. Their ability to decompose into natural byproducts under specific environmental or
biological conditions has driven research into their composition, applications, and scalability. This paper offers a
detailed review of biodegradable polymers, focusing on their classifications, degradation mechanisms, real-world
applications, and challenges. Additionally, it outlines the advancements in polymer technology and explores future
directions to facilitate their widespread adoption in various industries.

L. INTRODUCTION

The rapid growth in the production and use of synthetic plastics has resulted in a global environmental crisis,
characterized by persistent plastic pollution in terrestrial and marine ecosystems. Biodegradable polymers have gained
prominence as an environmentally friendly alternative. These materials degrade into benign byproducts, such as water,
carbon dioxide, and biomass, under natural or industrial conditions.

This review delves into the science behind biodegradable polymers, exploring their chemical properties, production
methods, and potential for mitigating plastic pollution. It also examines their applications in medical, agricultural, and
packaging industries, alongside the challenges that hinder their broader adoption.

II. CLASSIFICATION OF BIODEGRADABLE POLYMERS
Biodegradable polymers are broadly categorized based on their source and chemical composition:
2.1 Natural Biodegradable Polymers

Derived from renewable sources, natural polymers are inherently biodegradable due to their structural compatibility
with microbial and enzymatic degradation processes. Examples include:

- Polysaccharides : Polymers like cellulose, starch, and chitosan, which are abundant and versatile.

- Proteins : Biopolymers such as collagen, gelatin, and silk fibroin are used in biomedical applications.

- Polyhydroxyalkanoates (PHAs) : Microbial polymers produced by bacteria as storage molecules; examples include
poly(3-hydroxybutyrate) (PHB) and poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV).

2.2 Synthetic Biodegradable Polymers

Synthetic polymers are engineered for specific degradation rates and properties, offering tunable solutions for various
applications:

- Polylactic Acid (PLA) : Produced from renewable sources like corn starch, PLA is widely used in compostable
packaging and medical devices.

- Polycaprolactone (PCL) : A semi-crystalline polymer known for its flexibility and slow degradation rate, ideal for
tissue engineering.

- Polyglycolic Acid (PGA) and Copolymers (e.g., PLGA): Used in sutures and controlled drug release systems due to
their predictable degradation profiles.

- Polybutylene Succinate (PBS) : Offers high thermal stability and is used in agricultural films and disposable items.
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III. DEGRADATION MECHANISMS

The degradation of biodegradable polymers involves the breakdown of polymer chains through physical, chemical, or
biological processes:

3.1 Hydrolytic Degradation
Hydrolysis involves the cleavage of ester bonds in the presence of water. Polymers like PLA and PGA degrade
primarily through hydrolysis, making them suitable for controlled applications such as drug delivery.

3.2 Enzymatic Degradation
Enzymes secreted by microorganisms or present in biological systems accelerate polymer breakdown. For example,
PHAs are degraded by PHA depolymerase enzymes.

3.3 Photo degradation
Exposure to UV light or other high-energy radiation initiates chain scission in certain polymers, enhancing their
degradation under environmental conditions.

3.4 Microbial Degradation
Microorganisms metabolize polymers, converting them into carbon dioxide, methane, and biomass. Compostable
plastics like PLA and PHAs are designed for microbial degradation in industrial composting facilities.

IV. APPLICATIONS OF BIODEGRADABLE POLYMERS

Biodegradable polymers have a diverse range of applications due to their unique properties and environmentally
friendly nature.

4.1 Medical and Pharmaceutical Applications

- Tissue Engineering: Scaffolds made from PLA, PCL, and PGA support cell growth and tissue regeneration,
eventually degrading to leave natural tissue.

- Drug Delivery Systems : Polymers like PLGA enable controlled release of drugs over extended periods, reducing
dosage frequency and side effects.

- Biodegradable Sutures : These sutures dissolve over time, eliminating the need for removal post-surgery.

4.2 Agriculture

- Mulch Films : Biodegradable films protect crops, improve soil quality, and eliminate the need for labor-intensive film
removal.

- Controlled-Release Fertilizers : Polymer coatings control the release of nutrients, enhancing agricultural efficiency
and reducing waste.

4.3 Packaging

- Compostable Packaging: PLA and PBS are used to manufacture disposable items like cutlery, plates, and films,
reducing landfill accumulation.

- Edible Films: Derived from polysaccharides and proteins, these films are used in food packaging to enhance shelf life
and reduce waste.

4.4 Environmental Applications

- Oil Spill Cleanup: Biodegradable polymeric sorbents can absorb oil and then degrade, minimizing environmental
impact.

- Water Purification: Biodegradable polymer membranes are used in filtration systems to remove contaminants.

V. CHALLENGES AND LIMITATIONS
Despite their advantages, biodegradable polymers face several challenges:
1. Cost: The production of biodegradable polymers often involves expensive raw materials and processing techniques.

2. Performance: Mechanical and thermal properties of biodegradable polymers may not match those of traditional
plastics, limiting their applicability.
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3. Composting Infrastructure: Inadequate composting facilities impede the effective disposal of compostable plastics,
leading to potential mismanagement.

4. Environmental Trade-offs: The production process of some biodegradable polymers, such as PLA, can be energy-
intensive, partially offsetting their environmental benefits.

VI. FUTURE DIRECTIONS
To enhance the adoption of biodegradable polymers, the following areas require attention:

1. Material Innovation: Developing new polymers with improved mechanical properties, faster degradation rates, and
lower production costs.

2. Policy Interventions: Governments should introduce incentives for biodegradable polymer production and establish
regulations to promote their use.

3. Infrastructure Development: Expanding composting facilities and improving waste segregation systems are essential
for maximizing environmental benefits.

4. Consumer Education: Raising awareness about the advantages and proper disposal of biodegradable plastics can
drive demand and reduce environmental contamination.

VII. CONCLUSION

Biodegradable polymers represent a promising solution to the global plastic pollution crisis. By integrating
advancements in material science, scalable manufacturing techniques, and supportive policy frameworks, their potential
can be fully realized. As research continues to address existing challenges, biodegradable polymers are poised to play a
pivotal role in fostering a sustainable future.
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