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Abstract: In order to study the heating and combustion process of core—shell nano—aluminum particles
(ANP) in carbon dioxide atmosphere, the atomic diffusion process was studied by reactive molecular dynamics
method (ReaxFF MD). In the early stage of heating, under the action of thermal expansion and electric field
force, the aluminum atoms in the core and the oxygen atoms in the shell diffused each other, forming a cavity in-
side the ANP. In the middle and late stage of heating, under the action of electric field force and concentration
gradient, the ANP transformed into a uniform distributed sub—oxides (AlO, Al,O etc.). Analysis of the chemical
bonds among atoms and the change trend of the number of products found that unoxidized aluminum atoms can in-
hibit the production of carbon monoxide. When carbon dioxide entered the ANP, the 2A1+C0,=A1,0C+0 reaction
occurs, resulting in an intermediate product, and the free O atom preferentially oxidizes the unreacted aluminum
atom. When the aluminum atoms were exhausted, the sub—oxides and intermediate products undergo the reac-

tions of Al0+CO,=A10,+CO and Al,0C+2A10,=4A10+CO, respectively, to produce carbon monoxide. The study
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revealed the microscopic reaction mechanism of ANP in the heating and combustion stages of carbon dioxide at-

mosphere, and provided a theoretical basis for the application of the Al/CO, reaction system in the field of Mars

exploration.

Key words: Nano aluminum particles; Molecular reaction dynamics; Al/CO, reaction; Chemical bond;

Suboxide
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Table 1 Physicochemical properties of magnesium and

aluminum

Chemical Density/ Heat of combustion/

Metal Product
o symbol  (g/em?®) (kl’kg) roaue
Aluminium Al 2.70 3.048x10* ALO,
Magnesium Mg 1.74 2.5205x10* MgO
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Fig. 3 Radial density at different moments
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Fig. 4 Snapshots of ANP slices
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Fig. 11 Radial distribution of fragments at different moments
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