Bio-Based Thiol-Acrylate Vitrimers for Light-Based 3D Printing
of Soft Active Materials

Viranchika Bijalwan'*, Sandra Schlégl?3, Sravendra Rana’

TUPES, School of Engineering, Energy Acres, Bidholi, Dehradun 248007, India.
2 Polymer Competence Center Leoben GmbH, Sauraugasse 1, Leoben, Austria
3 Institute of Chemistry of Polymeric Materials, Technical University of Leoben, Otto Gléckel-
Strasse 2, Leoben, Austria
E-mail: viranchika.bijalwan@ddn.upes.ac.in

Dynamic covalent networks in 3D printing have emerged as a powerful platform for creating
adaptive, reprocessable, and self-healing materials, particularly when combined with
sustainable, bio-based precursors [1]. Here, we report the development of bio-based thiol-
acrylate vitrimer systems tailored for light-based 3D printing of soft, functional structures [2,3].
The photopolymerizable resin formulations are based on acrylated epoxidized soybean oil
(AESBO), a glycerol-derived reactive diluent, and thiol crosslinkers with varying
functionalities, enabling precise control over network architecture and viscoelastic behaviour.
The thiol-acrylate networks contain dynamic hydroxyl and ester functionalities that facilitate
vitrimer behaviour through thermally activated transesterification reactions catalyzed by a tin-
based catalyst (Sn(Oct)2). Notably, Sn(Oct)2 plays a dual role by promoting efficient bond
exchange at elevated temperatures while also improving resin shelf stability by suppressing
premature gelation. Digital Light Processing 3D printing was used to fabricate soft structures
with high resolution and shape fidelity. Dynamic mechanical analysis revealed that both
AESBO content and thiol crosslinker functionality significantly influence the glass transition
temperature, mechanical properties, and dynamic adaptability of the networks. Stress
relaxation experiments demonstrated rapid network rearrangement, with up to 63% stress
dissipation achieved within 2.6-3.6 minutes at temperatures between 180 and 200 °C, while
substantially slower relaxation was observed at lower temperatures. The printed vitrimers
exhibit efficient self-healing, reprocessability, chemical recyclability, degradability, and
advanced shape-memory behaviour, making them ideal for soft active devices and soft
robotics applications.
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