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Introduction

Polymer degradation is a complex process influenced by various factors 
such as temperature, environment, and time. Understanding the degradation 
behavior of polymers is crucial for their design, application, and environmental 
impact assessment. Thermal analysis techniques provide valuable insights into 
the degradation mechanisms and kinetics of polymers. This paper provides 
an overview of the applications of thermal analysis techniques, including 
thermogravimetric analysis (TGA), differential scanning calorimetry (DSC), and 
dynamic mechanical analysis (DMA), in studying the thermal degradation of 
polymers. Additionally, the paper discusses the utilization of these techniques 
in the analysis of biodegradable polymers, highlighting their importance in 
assessing their environmental sustainability [1].

Description

Polymer materials are widely used in various industries due to their desirable 
properties such as durability, flexibility, and chemical resistance. However, 
their long-term stability and environmental impact raise concerns. Polymer 
degradation, which encompasses chemical, physical, and biological processes, 
significantly impacts the material's properties and performance. Thermal 
analysis techniques provide valuable tools for studying polymer degradation 
behaviours and understanding its underlying mechanisms. This paper aims to 
explore the applications of thermal analysis techniques in the study of polymer 
(bio)-degradation, with a particular focus on biodegradable polymers and their 
environmental implications.

Polymer degradation can occur through chemical, physical, or biological 
processes. Chemical degradation involves bond scission, oxidation, hydrolysis, 
or chain scission, resulting in molecular weight reduction. Physical degradation, 
such as thermal depolymerization or phase separation, affects the polymer's 
structure and morphology. Biological degradation involves enzymatic reactions 
that break down the polymer chains. Factors such as temperature, humidity, 
pH, and exposure time significantly influence the degradation process, Thermal 
analysis techniques, including thermogravimetric analysis (TGA), differential 
scanning calorimetry (DSC), and dynamic mechanical analysis (DMA), offer 
valuable insights into polymer degradation. TGA measures the weight loss of the 
sample as a function of temperature, providing information about degradation 
onset, decomposition rate, and residue formation. DSC measures the heat 
flow associated with phase transitions and chemical reactions, allowing the 
determination of degradation enthalpies and temperatures. DMA measures 
the mechanical properties of the polymer, such as modulus and damping, as 
a function of temperature, providing insights into structural changes during 
degradation. 

Understanding the kinetics of polymer degradation is crucial for predicting 
and controlling the degradation process. Reaction rate models, such as the 
Arrhenius equation and the Kissinger method, provide a quantitative description 
of the degradation kinetics. Determination of the activation energy enables the 
assessment of the thermal stability of the polymer. Isoconversional methods 
allow the calculation of the degradation rate at different conversion degrees, 
providing insights into the reaction mechanism. Biodegradable polymers offer 
an environmentally friendly alternative to conventional polymers. Thermal 
analysis techniques play a vital role in assessing the degradation behaviour of 
biodegradable polymers, their thermal stability, and their potential environmental 
impact. Comparing the degradation behaviour of biodegradable and conventional 
polymers allows for a better understanding of their environmental sustainability 
[2-5].

Conclusion

Thermal analysis techniques are powerful tools for studying the thermal 
degradation of polymers and assessing the environmental sustainability of 
biodegradable polymers. TGA, DSC, and DMA provide valuable information 
about degradation mechanisms, kinetics, and thermal stability. The knowledge 
gained from thermal analysis studies aids in the design of more stable 
polymers, the optimization of processing conditions, and the evaluation of the 
environmental impact of polymer materials. Further advancements in thermal 
analysis techniques and standardized protocols will continue to enhance our 
understanding of polymer (bio)-degradation and contribute to the development of 
more sustainable polymer materials.
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