Plasma, UV Radiation and Ozone for Microplastics Degradation: Optical Characterization of Polystyrene, Polyethylene and Polypropylene Degradation using FTIR and Raman Spectroscopy

M. Ćurčić1, P. Kolarž1, B. Hadžić1, I. Stajčić2, Z. Lazarević1, D. Maletić1, M. A. Urošević1, A. Ilić1

1Institute of Physics, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia

2Institute Vinca, University of Belgrade, P.O. Box 522, 11001 Belgrade, Serbia

e-mail: milicap@ipb.ac.rs
This study comprehensively examined the alterations in the optical and structural properties of three commonly encountered microplastic polymers—polypropylene (PP), polyethylene (PE), and polystyrene (PS)—when subjected to different degradation treatments. The microplastic samples were exposed to three distinct experimental conditions: ozone (O₃) treatment, ultraviolet (UV) radiation, and cold plasma, each representing an advanced oxidation or energetic degradation environment relevant to both environmental and industrial contexts. Controlled laboratory experiments were designed to simulate realistic degradation pathways and to systematically assess how each treatment influences the integrity and chemical structure of the selected polymers. The progression of degradation was monitored through Fourier-transform infrared spectroscopy (FTIR) and Raman spectroscopy, which provided detailed spectral fingerprints of the evolving chemical bonds and functional groups [1]. The spectroscopic data revealed treatment-specific molecular transformations, such as oxidation, chain scission, and the formation of new surface functionalities. These changes were manifested through the appearance or shifting of characteristic peaks, indicating alterations in crystallinity, the emergence of carbonyl and hydroxyl groups, and the breakdown of polymer backbones. This multi-technique approach enabled a nuanced understanding of the degradation mechanisms and the relative persistence of each microplastic type under different environmental stressors [2].

Overall, the study contributes valuable insights into the photochemical and oxidative degradation behavior of microplastics, with implications for environmental monitoring, remediation strategies, and the design of more degradable polymeric materials.
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