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Fig.1 Sections of three kinds of aluminized explosive models( OB is the oxygen balance of explosive, W,; is the aluminum content)
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Initial decomposition reaction paths of NG (a), RDX (b), and TATB (c) crystals at programmed heating
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Fig.8 Evolution of the temperature (a) and potential energy (b) of different models at constant heating of 3000 K
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plosive environments at constant heating of 3000 K
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Oxidation and Combustion of Aluminum Nanoparticles in Different Explosive Environments by Molecular

Dynamics Simulation

ZHONG Kai, ZHANG Chao-yang

(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: In order to explore the effects of explosive environments on the oxidation and combustion of aluminum nanoparticles
(ANP), the mechanisms of high temperature combustion of ANP in nitroglycerin (NG), 1,3, 5-trinitro-1,3,5-triazine (RDX) and
1,3,5-triamino-2,4, 6-trinitrobenzene (TATB) environments under different heating methods were studied by molecular dynamics
simulation. The results show that the oxidation capacity of NG, RDX and TATB to ANP reduces in order, and the different explo-
sive environments have different effects on the microscopic mechanism of combustion. As the oxidizability of explosive environ-
ment becomes weaker, the degree of ANP crack weakens at rapid heating, and with the oxidation becomes slower, the main co-
ordination number of Al atom in final formed Al cluster decreases from 7 in NG environment to 6 in TATB environment. Besides,
the dissociated Al atoms from ANP form some large Al clusters with about 100 atoms in the TATB environment, which also inhib-
its the oxidation of ANP. There is little difference on the number of Al clusters between different explosive environments at pro-
grammed heating. However, the number of Al clusters formed after ANP cracks is less as the oxidizability of the explosive environ-
ments decreases at constant heating and adiabatic heating. The number of Al clusters continues to increase in a short time thereaf-
ter due to the reason that the small Al clusters are less likely to agglomerate in a weakly oxidizing environment. ANP in NG envi-
ronment mainly reacts with the oxygen-containing products decomposed from explosives, and the formed Al clusters are oxidized
more completely. Nevertheless, ANP could react with N,, CN and other oxygen-free products in RDX and TATB environments,
which leads to the formation of Al clusters containing C, H and N atoms, and thus the oxidation of Al clusters is not complete.

Key words: Aluminum nanoparticle; Aluminized explosive;oxidizability ; Aluminum cluster;chemical reaction mechanism
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