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Abstract: To address the resource and environmental issues caused by non-degradable epoxy solid
waste, a discrete element simulation study on the thermal remodeling behavior of multi-particle
systems was conducted, based on vitrimer materials capable of dynamic cross-link rearrangement
at high temperatures. Considering the complex interactions between particles, a vitrimer constitutive
model was introduced. The particle friction coefficient was determined through angle of repose calibration
experiments. A thermo-mechanical coupled discrete element model integrating “deformation-contact-
reaction” mechanisms for multi-particle systems was established, enabling the numerical simulation of
inter-particle stress, temperature, and pore evolution during the thermal remodeling process. The

results indicate that during the thermal remodeling of the vitrimer multi-particle system, the
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tangential pressure between particles is 3.7 times the normal pressure, suggesting that the
thermal remodeling reaction proceeds primarily along the tangential direction. A significant
temperature gradient exists between particles, with a maximum temperature difference of 43 °C;
thus, a graded temperature control strategy can be adopted to suppress bond network heterogeneity.
The applied remodeling pressure must match the material’s storage modulus to synergistically
regulate porosity and structural integrity. Experimental validation shows that the measured and
simulated three-point bending fracture loads of the remodeled material are 10.4 N and 9.9 N,
respectively, demonstrating that the model effectively simulates the thermal remodeling process

of vitrimer multi-particle systems. The findings provide a theoretical basis for investigating the

external conditions and particle behavior during the thermal remodeling of vitrimer multi-particle

%60 %

systems and offer technical support for the development of green circular material systems.
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remolding using discrete element method
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