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Impact of Time-Temperature Synergy on the Properties of Recycled Epoxy Vitrimer Materials

WU Yunjian', GAN Yagqi', PENG Chen!, GAO Chao?, YU Jiahe?, ZHANG Xiaoxing!
(1. Hubei Engineering Research Center for Safety Monitoring of New Energy and Power Grid Equipment,

Hubei University of Technology, Wuhan 430072, China;
2. Electric Power Research Institute of China Southern Power Grid Co., Ltd., Guangzhou 510080, China)

Abstract: Epoxy resin serves as an essential insulating material in electrical applications. Its persistent crosslinked net-
work structure impedes effective recycling, leading to significant environmental burdens and resource depletion. Epoxy
Vitrimer, however, exhibits thermoplastic properties due to bond exchange reactions. This characteristic provides a novel
approach for recycling thermosetting epoxy materials. We systematically investigated the effects of time-temperature syn-
ergy on the electrical, thermal, and mechanical properties of recycled Vitrimer resin. The results indicate that, as the
thermal compression recycling temperature increases, the electrical and mechanical properties of the recycled samples ini-
tially improve and then decline, while the thermal properties remain largely unaffected. With prolonged time, the
electrical and mechanical properties show an upward trend, but a saturation phenomenon is observed. Again, the thermal
properties exhibit no significant changes. Under synergistic time-temperature conditions, the interfacial bonding of regen-
erated samples adheres to an Arrhenius-type time-temperature superposition principle. This behavior originates from their
concerted modulation of molecular chain reorganization efficiency during hot-pressing, collectively governing the per-
formance evolution of recycled materials. Optimizing time-temperature conditions ensures sufficient reactions while
preventing thermal degradation, achieving optimal electrical, mechanical, and thermal properties. This study provides
theoretical and practical insights into improving the thermal compression recycling of epoxy-anhydride Vitrimer, enhanc-
ing its recyclability and advancing high-performance renewable polymer materials.

Key words: epoxy resin Vitrimer; thermal compression recycling; time-temperature; superposition effect; recycled ma-

terials
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Fig.2 Regenerated samples under different conditions

Fig.3 Hot press recycling of epoxy Vitrimer
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different temperatures
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Table 4 Thermal performance analysis table of regenerated

samples at different temperatures

R/ C t/C tasw/ 'C tazon/ C FEARZ%
160 190.94 359.65 409.69 18.99
180 191.80 360.27 41221 19.05
200 190.12 355.24 409.83 18.74
220 192.99 365.12 413.02 18.79
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Fig.16 Thermogravimetric curves of regenerated samples at

different temperatures
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Table 6 Analysis table of mechanical properties of recycled

samples at different temperatures

TREE/IC PRI /MPa IR/ % MR /GPa
160 33.71 1.56 1.8
180 50.17 3.22 2.3
200 58.58 4.16 2.8
220 58.39 4.02 2.7
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Fig.18 Infrared spectrum characterization of partially

regenerated samples
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