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Preparation of self-healing epoxy resin containing imine
XING Yuyan, WANG Qifen, YU Qiangian, CHEN Gang, WANG Zhiyuan, WANG Zhong, ZHAO Weisong
(Shandong Institute of Non-Metallic Materials, Jinan 250031, China)

Abstract : To address the defect that epoxy resin can only be discarded and cannot be repaired or reused once damaged, vanil-
lin (VAN) and methylcyclohexanediamine [1-methyl-2, 4-diaminocyclohexane (HTDA)] were used to synthetize an epoxy resin
curing agent (HTDA-VAN) containing imine covalent bonds at 70 °C for 5 h. High-purity HTDA-VAN was obtained through separa-
tion and purification operations for the synthesized product such as rotary evaporation, vacuum distillation, and recrystallization,
followed by drying. The structure of the final product was characterized, confirming that HTDA-VAN was successfully synthesized.
Epoxy resin E-51 was mixed with HTDA-VAN and cured to obtain the HTDA-VAN/E-51 epoxy resin system. The curing curves of
the system under different heating rates were analyzed using differential scanning calorimetry and the appropriate curing process
was determined to be 90 °C/1 h+120 °C/1 h+140 °C/2 h+150 °C/1 h. The HTDA-VAN/E-51 casting body underwent multiple
damage-repair cycles, and the self-healing performance was observed with self-repair at 100 °C for 1 h, which confirms that the self-
healing can be accomplished. Tensile and flexural properties tests were conducted on the samples after each self-healing. Mechanical
properties test results show that the tensile strength and flexural strength of original sample are 65.75 MPa and 95.20 MPa, respec-
tively. After multiple damage-repair cycles, the tensile strength and flexural strength of the sample are maintained at 51.98 MPa and
71.30 MPa respectively, corresponding to healing efficiencies of 79.0% and 74.9%. The experimental results demonstrate that the
HTDA-VAN/E-51 epoxy resin system enables rapid self-healing under the conditions of 100 °C/1 h and no external pressure, which
maintaining sufficient mechanical properties for daily use after multiple repair cycles.
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Tab.1 DSC key parameters of curing system

B/(°C-min ") T/°C T/°C T,/°C
5 109.14 142.30 145.74
10 125.48 151.78 158.93
15 132.73 159.96 167.84
20 139.08 166.10 174.12

Notes: B is heating rate; 7 is initial reaction temperature; 7 is peak
reaction temperature; 7 is finished reaction temperature.
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