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Fig.2 MSD curves of DBP and NA in NC at different temperatures
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Fig.7 Radial distribution functions of DBP/NC and NA/NC model
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Fig.8 Radial distribution functions of DBP/NC and NA/NC model at different temperatures
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Fig.9 Radial distribution functions of DBP and NA in double base propellant
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Fig.10 Radial distribution functions of NG(h1) and NC(012) in different systems
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Fig.11 Free volume, occupied volume of DBP/NA and NA/NC at different temperatures
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Fig.12 Fractional free volume of DBP/NA and NA/NC at different temperatures
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Molecular Dynamics Simulation of DBP and NA Diffusion Propertiesin Gun Propellant

DING Yin-feng'’, LIANG Hao'*, DING Ya-jun'*, XIAO Zhong-liang'*
(1. School of Chemical Engineering » Nanjing University of Science and Technology, Nanjing 210094, China; 2. Key Laboratory of Special Energy Materials
(Nanjing University of Science and Technology) , Ministry of Education, Nanjing 210094, China)

Abstract: As the diffusion and migration of the deterrents affect the service life of gun propellants during the storage period, the
molecular dynamics simulation (MD simulation) was applied to compare the diffusion rate of the small molecule dibutyl phthal-
ate (DBP) and polyneopentyl glycol adipate (NA) in gun propellants. Meanwhile, the effect of nitroglycerin (NG) content on
the diffusion of DBP and NA in double base gun propellants was explored and the diffusion mechanism was analyzed. The re-
sults indicate that the diffusivity of DBP and NA in nitrocellulose (NC) is equivalent at 5 °C and the diffusion coefficients are
both in the order of 107> m?+s™'. The diffusion coefficients of DBP and NA are 1.88X10™"" m?+s' and 7.57%X107"> m?+s™" at 65 °C,
respectively. The diffusion coefficients of DBP and NA are 3.42x107"" m*+s" and 1.11x107"" m*-s™" at 85 °C, respectively. At the
same temperature, the order of the diffusion coefficient of the deterrents is DBP>NA, which shows that NA has better anti-migra-
tion properties, which are more prominent at high temperatures. Owing to the high temperature, the peak value reduces, thus
weakening interaction between DBP, NA and NC, meanwhile, the fractional free volume of system increases, which is condu-
cive to the diffusion of DBP and NA. The diffusion capacity of DBP and NA increases with the increase of NG content. Adding
NG weakens the interaction between DBP, NA and NC, so DBP and NA move more actively and the diffusion ability increases.
The molecular dynamics simulation method is used to study the diffusion properties of the deterrents in gun propellants, which
provides important theoretical guidance for predicting the life of gun propellants.

Key words: deterrent;diffusion coefficient;radial distribution function;free volume fraction
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