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Theories, simulations ,and challenges in predicting the thermal-oxidative
aging life of rubber
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(1.China Oilfield Services Limited Oilfield Chemicals Research Institute, Langfang 065201, China; 2.Research
Center of Advanced Elastomer Materials, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract : This review summarizes the progress in rubber thermal-oxidative aging lifetime prediction,with a focus on
optimizing the classical theories such as the Arrhenius equation and the WLF equation,and their applications in lifetime
prediction. The review examines the research on computational techniques such as molecular dynamics ( MD )
simulations , Monte Carlo (MC) simulations, and artificial neural networks ( ANN) , highlighting their advantages and
limitations in revealing the mechanisms of rubber thermal-oxidative aging, predicting lifetime,and optimizing parameters.
The article also discusses the main issues in current models, including insufficient modeling of multi-environment factor
interactions, inadequate incorporation of multi-scale effects of composite material interfaces, and the challenge of
balancing computational accuracy and efficiency.Future research should focus on the development of multi-field coupling
models of light, heat, humidity,,and chemical media,and integrate Bayesian optimization and GPU acceleration techniques
to drive the transition of rubber lifetime prediction from experience-driven to data-driven design.
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