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Abstract

Molecular dynamics simulations have emerged as a powerful tool for studying the passivation of metal
surfaces by oxygen, providing insights into the mechanisms underlying this process at the atomic scale. In
this study, we have used molecular dynamics simulations to investigate the passivation of an aluminium
particle by oxygen, as aluminium is one of the most used metallic additives of solid rocket propellants.
Specifically, the interaction between a single aluminium particle and oxygen molecules in a controlled
environment. The simulations were performed using ReaxFF forcefield and involved the use of a variety
of analytical techniques to analyze the results. The results of the simulations showed that the passivation
of the aluminium particle by oxygen occurred through a sequence of reactions. Initially, the oxygen
molecules adsorbed onto the surface of the particle, forming oxygen atoms that diffused into the bulk
of the metal. This diffusion led to the formation of an oxide layer on the surface of the particle, which
effectively passivated the underlying metal. Based on the behavior observed, the passivation process was
highly dependent on the temperature of the system. At low temperatures, the formation of the oxide
layer was slower and incomplete, leading to the formation of a highly disordered oxide layer. At higher
temperatures, the oxide layer formed much more quickly and was much more ordered, with a crystalline
structure. Overall, the study provides valuable insights into the passivation of aluminium particles by
oxygen, highlighting the importance of molecular dynamics simulations in the study of materials science.
In particular, the results of the study shed light on the mechanisms underlying the passivation process and
suggest that temperature plays a critical role in determining the structure and properties of the resulting
oxide layer.
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