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Fig. 1 Synthetic route to DFPU-DA, elastomer.
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Table 1 Molar ratios of DFPU and BMI of the DFPU-DA,
elastomer.

n(DFPU)  n(BMI)  Furan/maleimide
Sample .
(mol) (mol) (molar ratio)
DFPU-DA, 1.0 0.1 1.0/0.2
DFPU-DA, 1.0 0.2 1.0/0.4
DFPU-DA 3 1.0 0.3 1.0/0.6
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Fig. 2 (a) FTIR spectrum and (b) '"H-NMR spectrum of DFPU.
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Fig. 3 Variable temperature infrared spectra of DFPU-DA,),
elastomer.
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Fig. 4 Mechanical and thermal properties of DFPU-DA, with different degrees of cross-linking. (a) Tensile stress-strain curves;
(b) Cyclic tensile curves of DFPU-DA,, at 50% strain; (c) TGA thermograms; (d—f) DMA curves at 1 Hz.
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Research Article

Self-healing, Recyclable and Reprocessable Polyoxime-urethane Elastomer
with Multiple Dynamic Hybrid Crosslinks

Rui Wang', Hui-xia Xuan®*, Hai-liang Chen?, Guang-chen Liu®, Ying-gian Li3, Yong Guan?,
Qing-bao Guan'*, Zheng-wei You!"
(!State Key Laboratory of Advanced Fiber Materials, College of Materials Science and Engineering,
Donghua University, Shanghai 201620)
(Institute for Frontier Medical Technology, College of Chemistry and Chemical Engineering, Shanghai University
of Engineering Science, Shanghai 201620)
(*Shandong YiNuoWei Polyurethane Co, Ltd., Zibo 255086)

Abstract Thermoset polyurethane exhibits limited recyclability and reprocessability due to their permanent three-
dimensional covalent crosslinked network structures. Thermoset polyurethanes incorporating dynamic covalent
bonds for recyclability face challenges in balancing mechanical performance and reprocessability within single
dynamic network systems. Additionally, conventional molding-based reprocessing methods limit their application
in fabricating customized architectures, necessitating integration with advanced manufacturing techniques to
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enable structural personalization. This study constructs a self-healing, recyclable and reprocessable polyoxime-
urethane elastomer (DFPU-DA) through a triple dynamic crosslinking strategy, integrating dynamic oxime-urethane
bonds, hydrogen bonds, and reversible Diels-Alder reaction. The influence of crosslinking density on the mechanical
properties, thermal stability, and self-healing property of DFPU-DA was investigated using universal tensile testing,
thermogravimetric analysis, and dynamic mechanical analysis. Results showed that DFPU-DA exhibited good
mechanical properties, achieving a breaking strength of (48.8+1.6) MPa and an elongation at break of (530+18)%,
when the molar ratio of furan groups to bismaleimide is 1.0:0.2. The healing efficiency was determined to be
approximately 80%, assessed by comparing the elongation at break and fracture strength before and after the
healing process. These results indicated that the DFPU-DA elastomer exhibited minimal alterations in its mechanical
properties, chemical structure, and thermal decomposition temperature after multiple recycling cycles, demonstrating
good reprocessability. Furthermore, DFPU-DA is reprocessed as fiber morphology via melt-spinning and three-
dimensional grid structure via 3D printing, verifying its good processability for potential applications.

Keywords Polyurethane, Recyclable and reprocessable, Self-healing, Dynamic oxime-urethane bonds, Diels-Alder
reaction



