Multifunctional and Sustainable Vitrimer Coatings
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Bio-based covalent adaptable networks are emerging as a promising platform
for the development of sustainable protective systems combining durability, self-
healing capability, and recyclability. In this work, we report the design of a
solvent-free, photocurable vitrimeric system based on dynamic imine chemistry,
specifically tailored for protective coating applications.

The resin was synthesized from bio-derived building blocks, namely
methacrylated vanillin reacted with a flexible diamine through Schiff-base
chemistry, and formulated with methacrylated eugenol as a reactive diluent. This
formulation enables efficient UV-curing while maintaining a fully solventless
process. To enhance the functional performance, silica nanoparticles were
surface-functionalized, promoting both homogeneous dispersion and covalent
integration into the network. Three formulations were developed: a pristine
vitrimer and nanocomposites containing 2 wt% and 5 wt% functionalized silica
nanoparticles. Structural and morphological analyses confirmed successful
nanoparticle functionalization and uniform dispersion. The resulting coatings
exhibit intrinsic self-healing behavior driven by thermally activated imine
exchange reactions. Notably, the incorporation of 2 wt% nanoparticles
significantly accelerates healing kinetics, enabling complete scratch closure
within minutes even at relatively low temperatures (80 °C) and without external
pressure. Mechanical characterization revealed a marked improvement in scratch
resistance upon nanoparticle incorporation, while maintaining high adhesion
strength to steel substrates, as confirmed by pull-off tests showing no coating-
substrate interfacial failure. Electrochemical impedance spectroscopy
demonstrated excellent corrosion protection for pristine coatings, maintaining
impedance moduli above 107 Q:cm?2 during prolonged exposure to saline
environments. Importantly, the vitrimeric coatings can be fully removed from
substrates via transimination reactions in the presence of diamine solutions,
enabling complete delamination and recovery of oligomeric fragments while
restoring a clean substrate surface. This feature highlights the potential of these
systems for circular material design and sustainable coating technologies.
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