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Research progress in environmentally friendly epoxy resin materials

PENG Lei', FU Qiang', LI Zhi', LIN Musong', QIAN Yihua', KONG Xiaoxiao®

(1. Guangdong Key Laboratory of Electric Power Equipment Reliability, Electric Power Research Institute of
Guangdong Power Grid Co., Ltd., Guangzhou 510080, China;
2. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Epoxy resin has been widely used in the field of insulating materials due to its excellent mechanical properties,
thermal stability, chemical stability, and electrical insulation. The stable three-dimensional cross-linked network structure not
only gives epoxy resin excellent properties, but also brings great difficulties to its reprocessing, degradation, and recycling.
At this stage, more and more researches have begun to focus on the environmentally friendly epoxy resin materials to solve
problems such as reprocessing and degradation. In this paper, several typical design ideas and methods of epoxy resin based
on dynamic covalent bonds were reviewed, and the environmentally friendly epoxy resin materials through introducting
ester bonds, disulfide bonds, silicon-oxygen bonds, imine bonds, D-A structure, acetal bonds, host-guest interaction, and
multiple dynamic bonds into the epoxy resin were introduced emphatically. Meanwhile, it is introduced that the topology
structure of epoxy resin cross-linked network can be reversibly changed by dynamic covalent bonds under certain stimuli to
realize the function of remodeling, reprocessing, self-repairing, and degradation. Finally, the application prospects of
insulating materials based on dynamic covalent bonds were summarized and prospected.

Key words: epoxy resin; dynamic covalent bonds; environmentally friendly; mechanical properties; insulation
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Fig.1 Transesterification of ester bonds and hydroxyl groups
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Fig.2 Curing mechanism of epoxy resin under catalyst
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Fig.3 Hydroxyl catalyzed dynamic ester exchange reaction
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Fig.5 Cross-linked network reconstrustion for degradable

epoxy resin using carboxylic acid disulfide as curing agent
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Fig.7 Mechanism for preparing recoverable epoxy resin

using oligosiloxane containing potassium silocyanate end

group as catalyst
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Fig.10 Reversibility of a water-resistant epoxy resin based on

dynamic imine bonds
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containing furan side groups with maleimide
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prepare epoxy resin containing acetal bonds
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host-guest action of acrylamide azobenzene/-CD
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Fig.18 Schematic diagram of epoxy resin synthesis
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containing dual dynamic bonds of ester and hydrogen bonds
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Fig.20 The catalyst-free epoxy resin containing dual dynamic

bonds of ester bonds and hydrogen bonds
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Table 1 Characteristics of epoxy resins with different

dynamic covalent bonds
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Fig.24 Temperature deformation diagram of epoxy resin

based on dynamic covalent bonds
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Fig.25 The mechanical properties of epoxy resin based on
dynamic covalent bonds at the macro scale are almost

unchanged after remodeling
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Fig.26 Microscale pattern creation of epoxy resin surface

based on dynamic covalent bonds at the microscopic scale
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Fig.27 Self-healing phenomena of epoxy resins based on

dynamic covalent bonds
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Fig.28 Degradation of epoxy resins based on dynamic
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disulfide bonds
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