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Among thermosets, polybenzoxazines (PBz) are gaining attention for use in
printed circuit boards, encapsulation and potting compounds. Benzoxazines offer
the advantage of self-crosslinking under thermal stimuli, and the resulting
polymers exhibit excellent thermomechanical, electrical properties and moisture
resistance. However, like other thermosets, their permanently crosslinked
network hinders recycling, raising environmental concerns regarding the
generation of electronic waste. As an alternative, a new generation of recyclable
thermosets, called vitrimers, has been developed. By introducing dynamic
covalent bonds within the network, vitrimers retain the performances of
thermosets while enabling recyclability approaching that of thermoplastics. This
work consists of two applied studies. In the first, dual-dynamic (ester-disulfide)
and flexible single-dynamic (ester) PBz vitrimers were developed. Here, the
possibility of combining dissimilar vitrimers by welding, while enabling selective
chemical disassembly by targeting a single type of dynamic bond, is
demonstrated. These substrates were used for the encapsulation of functional
resistance temperature detectors (RTDs). In the second study, a bio-based PBz
vitrimer, exhibiting strong thermomechanical properties (Tg=140 °C, E=3.5 GPa)
and dielectric performance (dielectric constant €’ of 6.2 at 1 kHz and 5.4 at 1
MHz, both at 20 °C) comparable to conventional substrates, was developed for
transistor applications. This bio-based vitrimer demonstrates both chemical and
mechanical recyclability, with transparent films of the recycled vitrimer used for
RTD fabrication. These two studies represent an initial step toward more
sustainable electronic device design, addressing the growing challenge of
electronic waste.
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