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Research progress on performance regulation and application of Vitrimer based on catalytic strategies
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(1. College School of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China;
2. School of Mechanical Engineering, Ningxia University, Yinchuan 750021, China)

Abstract : Thermosetting polymers exhibit excellent mechanical properties and stability due to their permanent cross-linked
networks, but they are difficult to recycle and reprocess. The proposal of dynamic covalent adaptive networks (CANSs), particularly
Vitrimer materials, offers a new approach to solving this problem. This review first summarizes the basic concept of Vitrimers, the
exchange mechanisms of covalent bond association and their differences from dissociative CANSs. It then focuses on analyzing the
key role of different catalytic strategies—including external catalysts, internal functional group catalysis, and catalyst-free systems—
in regulating the cross-linking kinetics and dynamic topological behavior of Vitrimer networks. On this basis, the flow behavior of
Vitrimers in different temperature ranges and its influence on processing techniques are analyzed. Finally, based on the above charac-
teristics, the application prospects of Vitrimers in green recycling, intelligent self-healing, and shape memory are presented. This
review aims to provide theoretical references for the design, performance regulation, and future engineering applications of high-
performance and sustainable Vitrimer materials.
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Tab.1 State and characteristics of vitrimer with increasing temperature when characteristic temperature of material 7>7,

Temperature range Material status

Key characteristics

<7, Glassy state Rigidity, segmental motion frozen
Near T, Glassy-rubber transition Sharp modulus decline, onset of segmental motion
T>T>T, Elastomer (rubber state) High elasticity, reversible deformation
Near T, Liquid-rubber transition Topological freezing (network fixed)

>T, Viscoelastic fluid Stress relaxation, flow

Notes: T, is glass transition temperature; 7, is topology freezing temperature.
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Tab.2 State and characteristics of vitrimer with increasing temperature when characteristic temperature of material 7, <7,

Temr;;ir;eture Material status Key characteristics
<T, Glassy state (topologically frozen) Crosslinked network is permanently fixed
Near T, Topological freezing transition Onset of bond exchange
T>T>T,  Glassy state (potentially exchangeable) Bond exchange is thermodynamically feasible but kinetically inhibited ; macroscopically no flow
Near 7, Liquid-glass transition Segmental motion freezes (conventional glass transition)

>T, Viscoelastic fluid

Follow the WLF model (prior to adhering to the Arrhenius relation)
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