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In the field of polymer science, thermosets have been employed in a wide range of
applications, from aerospace and automotive sectors to coatings, 3D printing and composite
materials industries. [1] Their excellent performance is linked to the chemically cross-linked
networks which translate into high mechanical and thermal properties. Despite these
qualities, the intrinsic persistence of thermosets is also contributing to the growing
awareness regarding plastic pollution and its environmental impact. This work addresses
the sustainability of thermosetting systems through a dual-strategy approach. First, the
incorporation of Dynamic Covalent Bonds (DCBs) into the polymer structure was crucial.
DCBs can undergo reversible exchange reactions under external stimuli enabling the
material to flow and be reshaped without losing its cross-linked integrity.[2] Second, vanillin
was added as a building block to develop biobased Covalent Adaptable Networks (CANs)
with imine bonds as dynamic crosslinks.

Two distinct formulations were prepared and fully characterized, and results demonstrate
the versatility of this type of systems: it was possible to achieve both a high-performance
material, exhibiting no chemical degradation and better flame resistance when compared to
fossil-based alternatives, and a lower T, material with shape-memory behavior. The aim of
the project was then to ensure the dynamic properties of the networks, performing stress
relaxation tests followed by a recycling procedure. Briefly, cross-linked samples are
subjected to mechanical failure via tensile testing, and the resulting fragments are
reprocessed in a hot press to restore the original form.

In conclusion, vanillin is a promising candidate to replace petroleum derivatives,
representing a new frontier that aligns with the principles of circular economy and offers a
path worth exploring. The development of this research study has been made possible
thanks to the collaboration and financial support of the Italian government body Agenzia
Spaziale Italiana (ASI).
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