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Oxygen Diffusion Behavior in Asphalt Film Based on Molecular Dynamics Simulation

ZHANG Yu', LI Zheng?, FANG Long', HAN Bo’, WANG Weicheng’, MAO Zigen*, LIU Qi’, YU Bin™
(1. Zhangjiagang Municipal Transportation Bureau, Zhangjiagang, Jiangsu 215638, China ; 2. China Design Group Co.,Ltd., Nanjing, Jiangsu 210014,
China; 3. Lianyungang Municipal Transportation Bureau, Lianyungang , Jiangsu 222006, China; 4. Anji County Transportation Investment and Develop-

ment Group Co.,Ltd., Huzhou, Zhejiang 313399, China; 5.School of Transportation, Southeast University, Nanjing, Jiangsu 210018, China)

Abstract: Asphalt aging is one of the most important concerns during the use of asphalt pavement. However,
asphalt usually exists in the form of a film in the mixture. Oxygen diffusion is an important factor affecting
asphalt aging. To investigate the oxygen diffusion behavior in asphalt film under different working conditions,
an oxygen-asphalt-aggregate (OAA) model was developed in this study to simulate the state of the asphalt film
on the aggregate surface under real conditions. Oxygen diffusion and asphalt component migration in the OAA
model were investigated under different conditions of time, temperature, oxygen concentration, and aggregate
type. The influence of each factor on the molecular behavior of the model was compared by calculating the
relative concentration of molecules, radial distribution function, mean square displacement, and diffusion
coefficient, and the connection between the parameters was further analyzed. From the molecular simulation
results, it is clear that the oxygen concentration increases with the increase in diffusion time, and the oxygen
concentration at the interface between aggregate and asphalt increases significantly. Higher temperature
promotes the diffusion of oxygen into the asphalt film, and oxygen concentration varies nearly linearly with

temperature. Increasing the number of oxygen molecules can make the relative concentration of oxygen
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molecules within the asphalt film increase overall, and the CaCO, aggregate is more favorable for oxygen

diffusion into the asphalt film.

Keywords: road materials; oxygen diffusion; asphalt film; molecular dynamics simulation; component

migration; relative molecule concentration
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Table 1 Composition of AAA-1 asphalt model
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Table 2 Properties of AAA-1 asphalt model
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oxygen molecules in OAA model at different simulation time
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components and aggregates in OAA model
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Figure 10 Radial distribution function between asphalt

components and oxygen molecules in OAA model
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oxygen molecules
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