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Introduction

Polymer degradation refers to the breakdown of polymer chains into smaller fragments due to
environmental or chemical factors [1]. This process plays a crucial role in determining the durability and
performance of polymeric materials [2]. Degradation can occur through various mechanisms, including
thermal degradation, oxidative degradation, photo degradation, and biodegradation [3]. The rate and
extent of degradation are influenced by factors such as temperature, exposure to light, oxygen availability,
and the chemical structure of the polymer [4]. Understanding these mechanisms is essential for designing
materials with desired lifespans and for developing environmentally friendly polymers [5]. Polymer
degradation has significant implications for waste management and environmental sustainability. While
controlled degradation is beneficial for biodegradable polymers, uncontrolled degradation can lead to
material failure and environmental pollution. Thermosetting polymers differ fundamentally from
thermoplastics due to their ability to form permanent cross-linked networks during the curing process [1].
Once cured, these materials cannot be remelted or reshaped, which gives them exceptional mechanical
strength, thermal stability, and chemical resistance [2]. Common thermosetting polymers include epoxy
resins, phenolic resins, and polyurethanes, which are widely used in coatings, adhesives, and composite
materials [3]. The curing process involves chemical reactions such as poly condensation or addition
reactions that create a dimensional network structure [4]. This cross-linked architecture is responsible for
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the superior properties of thermosets, making them suitable for demanding applications in aerospace,
automotive, and electronics industries [5]. However, the inability to recycle thermosetting polymers poses
significant environmental challenges. Recent research has focused on developing recyclable thermosets
and bio-based alternatives to address sustainability concerns.

Conclusion

Polymer degradation is a complex but essential phenomenon that impacts both material performance and
environmental sustainability. Future research should focus on controlled degradation and eco-friendly materials.
Thermosetting polymers are essential for high-performance applications due to their durability and stability.
Future research will focus on improving recyclability and developing sustainable alternatives. Polymer
characterization is indispensable for understanding and optimizing polymer performance. Continued

advancements in analytical techniques will further enhance material development and innovation.
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