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Fig.1 Breakdown strength of different resin systems after

thermo-oxidative aging
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Fig.5 Appearance photos of T-DMP and V-TEOA-0.05
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resin samples after thermo-oxidative aging
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Abstract Epoxy resin is widely used in epoxy cast electrical equipment such as dry-type transformers and
dry-type reactors due to its good mechanical strength, chemical corrosion resistance, and excellent electrical
insulation performance. However, the irreversible cross-linking network formed after curing makes it difficult to
degrade and recycle retired electrical equipment. Researchers have developed a series of biodegradable resins with
high electrical thermal mechanical properties and degradation characteristics by introducing dynamic covalent
bonds. However, epoxy electrical equipment such as dry-type transformers and dry-type reactors that operate in
complex environments such as high temperature, high electric field, and mechanical vibration for a long time can
experience performance degradation due to resin aging, which affects their service life. The changes in the cross-
linking structure of epoxy resin caused by thermal oxidative aging may have a certain impact on the service
performance and degradation recovery characteristics of degradable resins. This article used the ester exchange
catalyst triethanolamine to construct a degradable epoxy resin system, and conducted accelerated thermal oxidative
aging tests on it to analyze the effects of aging time and catalyst on the service performance and degradation
characteristics of degradable epoxy resin.

Firstly, this article used ester exchange catalyst triethanolamine to construct a degradable epoxy resin system,
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and used traditional non degradable epoxy resin as a reference to conduct thermal oxidative aging tests on resins
with different triethanolamine contents at three temperatures of 180°C, 200°C, and 220°C. Then, the performance
changes of different resin systems after aging were studied through comprehensive analysis of electrical properties,
thermogravimetric analysis, dynamic thermomechanical analysis, mechanical properties and microstructure
analysis. The bending strength retention rate was used as an aging index to estimate the service life. Finally, this
article also explored the influence of thermal oxidative aging on the degradation properties of degradable resins.

From the experimental analysis, the following conclusions can be drawn: (1) The insulation and electrical
performance of the degradable epoxy resin system after high-temperature aging is slightly worse than that of
traditional resins, but the degradation rate of the insulation performance of degradable resins is slower than that
of traditional resins under 200 C and 220 C conditions, with V-TEOA-0.05 maintaining better electrical
performance. (2) The thermal stability of the degradable epoxy resin system is slightly inferior to traditional resins,
but V-TEOA-0.05 has a higher storage modulus and a slightly lower glass transition temperature, and also exhibits
good thermal properties. (3) As the aging temperature increases, the difference in flexural strength between
degradable epoxy resin and traditional resin after aging gradually narrows, and remains basically unchanged after
49 days of aging at 220°C. The estimated lifespan of the V-TEOA-0.05 system shows a temperature index of
163.13°C, demonstrating excellent heat and oxygen aging resistance. (4) In the mixed solution of EG and TBD,
the degradation rate of V-TEOA-0.05 sample decreases with increasing aging time, which may be related to the
increase in resin crosslinking density, decrease in free volume, and decrease in ester bonds.

Keywords: Thermo-oxidative aging, epoxy resins, electrical properties, mechanical properties, degradation
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