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Research progress of multifunctional modification of polypropylene packaging materials
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Control, Key Laboratory of Drug, Contacting Materials Quality Control of Zhejiang Provincial, National Medical Products Administration Key Laborato-
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Abstract : Polypropylene (PP) packaging materials are widely used in food, pharmaceuticals, cosmetics, and other fields due to
their excellent physical properties, chemical stability, biocompatibility, and good processability. However, inherent limitations such
as hydrophobicity, insufficient barrier properties, flammability, and environmental degradation difficulties restrict their application in
high-performance packaging. To overcome these drawbacks and impart multifunctional characteristics, researchers have recently
developed various modification strategies to functionalize PP packaging materials. This review systematically summarizes the latest
research progress in enhancing the toughness, flame retardancy, transparency, weatherability, and surface functionality of PP packag-
ing materials, with a focus on the mechanisms, advantages, disadvantages of different modification methods and specific applica-
tions in the field of packaging. Studies have shown that strategies such as nanocompositing, blending, surface grafting, and nucleat-
ing agent regulation can significantly improve the mechanical properties, flame retardancy, transparency, antibacterial properties,
and other comprehensive performances of PP materials. In addition, the application status of polypropylene packaging in pharmaceu-
ticals, food and other fields was summarized, and the deficiencies in process optimization, practical application performance and
environmental impact were pointed out. Finally, future research directions were proposed, focusing on multifunctional integration,
green manufacturing, interdisciplinary collaboration, intelligent and information technology integration, and balancing high perfor-
mance with low cost.
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