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Abstract

The development of sustainable elastomers with simultaneous mechanical robustness, self-
healing ability, and recyclability remains a major challenge in advanced rubber engineering.
This work presents a ligand-regulated dynamic network strategy based on epoxidized natural
rubber containing 50 mol% epoxide groups (ENR-50), designed to generate self-healing,
relaxation recovery, and reprocessable elastomeric composites for carbon black (CB)-
reinforced systems. Imidazole (IM), 2,6-diaminopyridine (DP), and ferric ions (Fe**) were
incorporated to construct hybrid dynamic networks consisting of reversible imidazolium—
epoxy ionic interactions, Fe—O coordination crosslinks, and controlled intermolecular spacing.
The Fe** coordination network enhanced mechanical stability, while IM promoted reversible
ionic interactions that facilitated molecular rearrangement, stress redistribution, and
autonomous healing. DP increased free volume and segmental mobility, enabling improved
relaxation behavior without significantly disrupting the coordination network. The modified
ENR was employed as a functional modifier in CB-filled styrene—butadiene rubber
(SBR)/butadiene rubber (BR) blends. Optimized compounding sequences promoted effective
rubber—filler interactions while preserving dynamic network mobility. Mechanical and
dynamic mechanical analyses demonstrated that the optimized composites achieved tensile
strengths approaching 10 MPa with elongation at break exceeding 400%, together with
excellent recovery after damage and reprocessing. Temperature scanning stress relaxation
(TSSR) revealed broadened relaxation spectra associated with thermally activated reversible
dissociation and reconstruction of ionic and coordination bonds. Remarkably, the composites
exhibited healing efficiencies exceeding 100% based on modulus recovery. These findings
demonstrate that ligand-regulated ionic—coordination networks provide an effective pathway
toward durable, self-healing, and recyclable elastomers for advanced tire and engineering
rubber applications.
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completing his doctoral degree in 2016 at the Pattani campus. In 2018, he conducted
postdoctoral research in collaboration with Prince of Songkla University and Osnabriick
University of Applied Sciences before joining KMUTT as a lecturer. Dr. Nakaramontri is
internationally recognized for his research on innovative natural rubber (NR) and advanced
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Multidisciplinary Research & Innovation Project,” coordinating collaborations among more
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