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Fig. 1 Overview of pathways for the designed physically recyclable and chemically degradable dynamic cross-linked

ethylene-propylene rubber.
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Fig. 2 (a) Validation of reaction activity and reaction sites for the amination reaction; (b) Comparative 'H-NMR spectra of
squalane DBAD-functionalization and de-BOC; (¢) *C-NMR spectrum of DBAD-functionalized squalane.
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Fig. 3 The structural analysis and performance evaluation of amine-functionalized EPM: (a) 'H-NMR spectra of EPM-g-
DBAD and EPM; (b) FTIR spectra of EPM-g-DBAD and EPM; (¢) GPC curves of EPM-g-DBAD and EPM; (d) TGA curves
of EPM-g-DBAD and EPM; (e) Mechanical performance of EPM-g-DBAD and EPM; (f) DSC curves of EPM-g-DBAD and

EPM.
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Fig. 4 The construction and structural characterization of the Hyd-EPM dynamic cross-linked network: (a) 'H-NMR spectra
of EPM-g-NHNH, TFA salt and EPM-g-DBAD; (b) 'H-NMR spectrum of the cross-linker HDI-2PHBA; (c) FTIR spectra of
the constructed Hyd-EPM, EPM-g-NHNH, TFA salt, EPM-g-DBAD and HDI-2PHBA; (d) Solvent resistance images and gel
fraction of Hyd-EPM; (e) Mechanical performance curves of Hyd-EPM, EPM-g-DBAD, and EPM; (f) Tensile cycling curves

of Hyd-EPM.
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Fig. 5 Thermal compression recycling and chemical degradation of the Hyd-EPM: (a) Stress-strain curves of the Hyd-EPM

and its thermal reprocessing counterpart; (b) Statistical bar chart of tensile strength, elongation at break, and toughness for
EPM\EPM-g-DBAD\Hyd-EPM\R-Hyd-EPM\R,-Hyd-EPM; (c) FTIR spectra of the Hyd-EPM and its thermal reprocessing
counterpart; (d) Stress relaxation curves of Hyd-EPM; (e) Hyd-EPM of chemical degradation; (f) Apparent activation energy
of Hyd-EPM; (g) FTIR spectrum of the chemical degradation product De-Hyd-EPM.
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Research Article

Amino-functionalization of Ethylene-Propylene Rubber and Its Dynamic
Cross-linking

Zhen-hao Guo', Guang-yu Li', Chang Sun!, Tian-xiao Chang?, Shang-tao Chen®", Teng Wang?*, Peng-fei Cao'”
(!State Key Laboratory of Organic-Inorganic Composites, School of Materials Science and Engineering,
2School of College of Chemistry, Beijing University of Chemical Technology, Beijing 100029)
(3PetroChina Petrochemical Research Institute, Beijing 102206)

Abstract Commercial ethylene-propylene rubber (EPM), with a fully saturated hydrocarbon backbone, faces
significant limitations in chemical modification and cross-linking methods, which restrict its high-value
applications and environmentally friendly vulcanization. In this study, we designed an “amination and subsequent
cross-linking” strategy based on C—H bond activation and dynamic covalent chemistry, achieving the direct
amino-functionalization and dynamic cross-linking of commercial EPM. Experimental results demonstrated that
the hydrogen atom transfer catalyst N-hydroxyphthalimide (NHPI) could selectively activate the tertiary C—H
bonds of the small-molecule model compound squalane under mild conditions. Characterization techniques,
including nuclear magnetic resonance (NMR) and Fourier-transform infrared (FTIR) spectroscopy, confirmed the
successful introduction of amine functional groups onto the EPM backbone and the subsequent construction of a
dynamic cross-linked network containing hydrazone bonds (Hyd-EPM). The resulting Hyd-EPM material
exhibited excellent recyclability. They could be physically recycled through simple hot-pressing or chemically
degraded under specific acidic conditions. This study provides a novel approach for the direct functionalization
and sustainable cross-linking of commercial EPM, holding significant promise for the high-value utilization and
sustainable development of polyolefin-based elastomers.
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