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Abstract

Reactive molecular dynamics simulations were utilized to investigate the reaction between ammonium
perchlorate (AP) and aluminum (Al) particles. Two distinct sets of simulations were conducted, one
involving a pure aluminum particle and the other featuring a passivated aluminum particle. The aim was
to examine and compare the behavior of the reactive systems under different conditions. The simulations
were performed using the ReaxFF force field, allowing for a detailed representation of chemical reactions
at the atomic scale. Results revealed significant differences in the reaction dynamics between the two
systems. The pure aluminum particle exhibited a more rapid and exothermic reaction with AP, leading
to a higher release of energy and potentially enhanced propulsion performance. Conversely, the passivated
aluminum particle displayed a slower and less exothermic reaction, attributed to the presence of an oxide
layer inhibiting direct contact between aluminum and AP molecules. Additionally, kinetic parameters such
as reaction rate constants were calculated for both sets of simulations, providing insights into the reaction
kinetics of AP-Al systems. Furthermore, the initial decomposition mechanism of AP was investigated,
shedding light on the early stages of the reaction process. These findings provide valuable insights into
the role of aluminum passivation in solid rocket propellant formulations and highlight the potential for
optimizing energetic materials through molecular-level simulations. Overall, the comprehensive analysis
presented in this study advances our understanding of AP-Al interactions and offers a foundation for
further research aimed at enhancing the performance and safety of energetic materials in propulsion
applications.
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