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Liquid polybutadienes (LPBDs) are low-molecular-weight, unsaturated oligomers in liquid form that offer N Modified

numerous advantages in processing, performance, and environmental impact across a range of rubber Mocified polymer biobased filler Crosslinkin - ) _ @/R
and elastomer applications. However, conventional LPBDs undergo irreversible curing, resulting in non- b’ / g\ w | \_/
recyclable waste at the end of their lifecycle. To enhance their properties and stability, reinforcing fillers AT R

are typically incorporated into LPBD-based rubber composites. Improving the sustainability of these P \ / . — Oﬁéo
elastomeric materials can be pursued through two main approaches: modifying elastomers to enable Crosslinker =

De-crosslinking

reversible crosslinking™? and developing fillers derived from biomass.?
As part of the MadABio project, this study focuses on modifying LPBDs and cellulosic bio-fillers to create

. . . Diels—Alder reversible chemistry
renewable, recyclable, and reprocessable composites based on dynamic covalent Diels-Alder networks.
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Successful reshaping of the materials through retro Diels—Alder
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=C-H stretching alkenes: 3071-3005 cm™; -C-H- stretching
' alkanes: 2978-2914-2843 cm™; C=C stretching: 1639 cm™;
C-H scissoring: 1449-1436 cm™; C-H methyl rock: 1349
cm™; =C-H bending: 993-965-911 cm™; alkenes trans
disubstituited: 965 cm™; alkenes cis disubstituited:
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LPBD - I, : " Modified LPBD CNCs were extracted from different cellulosic materials: CNCs are characterized by
v v * Hemp pulp - dried cellulose sheets from Delfort® * High surface area
Epoxidation Furanization * Microcrystalline cellulose (MCP) — powder from Technocel® * High aspect ratio
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* Microfibrillated cellulose (MFC) - paste from Exilva® * Excellent mechanical proprieties
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The modification of liquid rubber was successfully achieved, and the dienophile for the Diels—Alder reaction was synthesized. The resulting crosslinked rubber material showed both excellent flexibility and high
stretchability. Notably, its reshaping and reprocessing capabilities via dynamic covalent Diels-Alder chemistry were clearly demonstrated. Crystalline nanocellulose was effectively extracted and subsequently
functionalized through furanization using two distinct synthetic approaches. Additionally, preliminary reversibly crosslinked rubber composites containing the functionalized bio-filler were prepared.

Looking ahead, the reaction conditions for the Diels—Alder and retro-Diels—Alder processes, as well as the furan-to-maleimide molar ratios, will be systematically optimized to enhance the crosslinking density and
mechanical performance of the rubber composites. Furthermore, these reversibly cured elastomeric composites will be explored as flexible electronic substrates, offering a promising alternative to the thermoset
materials currently in use.
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