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Abstract

This study develops fully biodegradable thermoplastic elastomers (BTEs) based on
poly(butylene adipate-co-terephthalate) (PBAT) and poly(3-hydroxybutyrate-co-4-
hydroxybutyrate) [P(3HB-co-4HB)] blends through reactive melt processing with a dynamic
covalent network strategy. Epoxidized soybean oil (ESO) was employed as a reactive
compatibilizer and plasticizer, Peroxide initiated radical-mediated chain coupling, and boronic
ester (BE) served as a dynamic crosslinker conferring vitrimer-like behavior. Peroxide
progressively enhanced melt viscosity, storage modulus, and relaxation time; however, beyond
an optimal concentration, competing chain scission limited further improvement. The
synergistic combination of BE and DCP induced a morphological transition from dispersed-
phase to co-continuous structure, sustaining elastic behavior in the molten state. The optimized
formulation achieved a maximum elastic recovery of 76.01 + 4.05% and elongation at break
exceeding 1303%. Arrhenius analysis confirmed that increasing BE content reduced network
rearrangement activation energy, enhancing dynamic bond exchange kinetics and melt
reprocessability. For pilot scale study, one-step reactive extrusion outperformed two-step
processing in morphology and mechanical properties, highlighting the importance of mixing
sequence and residence time. Biodegradation testing per ISO 20200 over 268 days confirmed
retained biodegradability through surface cracking, weight loss, and microbial colonization.
This work establishes PBAT/P(3HB-co-4HB)/ESO/DCP/BE as a scalable platform for
flexible, reprocessable, and environmentally friendly elastomers for industrial applications.
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