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Preparation of dianediamine-based self-catalyzed self-healing epoxy vitrimer
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Abstract:[ Objective] Thermoset materials have the advantages of light weight, strong mechanical properties,
good corrosion resistance, etc., and are widely used in aerospace, transportation, medical and other fields. However,
thermoset epoxy resins prepared from fossil resources have a permanent three-dimensional cross-linking structure,
and are difficult to be degraded, recycled, and reprocessed once they are processed and molded, which results in a
waste of resources and environmental pollution. In this study, bio-based recyclable epoxy vitrimer was prepared
using turpentine derivative dianediamine as raw material. [Methods] Epoxidized camphoric acid (EDCA) was
prepared from camphoric acid and cured with dianediamine (MDA) to prepare EDCA-MDA vitrimer materials with
non-catalytic, self-healing properties. The structure and properties of the materials were investigated by Fourier
Transform Infrared Spectroscopy, Nuclear Magnetic Resonance (NMR), Differential Scanning Calorimetry (DSC),
Dynamic Thermo-Mechanical Analyzer (DTMA), Universal Testing Machine (UTM), Thermogravimetric Analyzer
(TGA), Optical Microscope (OM), and Flat Plate Thermal Pressing and Vulcanizing (FPHPV). [Results] Due to
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the introduction of a rigid turpentine terpene ring, the EDCA-MDA vitrimer material has excellent mechanical
properties (61 MPa), high storage modulus (2266 MPa) and glass transition temperature (141 °C). The EDCA-MDA
vitrimer material has a high cross-linking density and a stable 3D vitrimer network, with a material weight loss of
10% at 318 °C and a carbon residual of 4.4% at 800 °C. Without the addition of an external catalyst, the EDCA-
MDA vitrimer material achieves rapid stress relaxation catalyzed by tertiary amines with an activation energy of
182.908 kJ/mol-!. The self-repair rate of the EDCA-MDA vitrimer material coating was 91.03%, which showed
good self-repair performance, and EDCA-MDA vitrimer has the performance of hot press remodeling. [ Conclusion]
The results of this study provide a solution to the problem of thermosetting resin recycling, which is of great
theoretical significance for the comprehensive utilization of turpentine.
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