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Fig.3 Kinetic parameters of the NG condensation process for different NG mass fractions
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Fig.6 Kinetic parameters of the condensation process of NG-containing volatiles on the surfaces of different solid materials
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Fig.7 Kinetic parameters of the condensation process of Fe surface with different roughness
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Fig.8 Kinetic parameters of the condensation process of SiO, surface with different roughness
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Molecular Dynamics Simulations of the Condensation Behavior of Nitroglycerine-containing Volatiles on
Solid Surfaces

HUANG Chao-ran', PAN Bao’, LI Guo', WANG Yu', XIE Lin-sheng', LIU Suo-en’, ZHAO Jun-bo’, LIU Yun-zhang’,
TAN Kai-xin’

(1. School of Mechanical and Power Engineering , East China University of Science and Technology , Shanghai 200237, China; 2. Shanxi Xing’ an Chemical
Industry CO,LTD, Taiyuan 030008, China)

Abstract: The condensation and accumulation of Nitroglycerin (NG)-containing volatiles on various solid surfaces during the
propellant rolling process, which pose safety hazards, were investigated using molecular dynamics simulation methods. The
study was conducted by constructing a hybrid system model consisting of NG volatiles and solid surfaces, examining the effects
of solid surface material, surface roughness, and NG content on molecular dynamics characteristic parameters such as radial dis-
tribution function, mean square displacement, diffusion coefficient, and relative density distribution of NG volatiles in the hy-
brid system. The findings demonstrate that as the mass fraction of NG increases, the size of volatile condensate clusters on the
solid surface progressively diminishes. Conversely, the condensation ratio of volatiles exhibits a trend of initial increase followed
by a decrease, with the maximum condensation ratio occurring at 70% NG, corresponding to a diffusion coefficient of 0.0364.
The diffusion coefficient for the condensation of volatiles containing NG on a silica (SiO,) surface is 2.1228, which is substan-
tially greater than that on surfaces composed of copper (Cu), calcium oxide (CaO), and ferrum (Fe). However, the uniformity
of the SiO, surface condensate cluster is poor. The introduction of surface roughness factors has opposite effects on the condensa-
tion amount of volatiles on the SiO, and Fe surfaces. When the SiO, surface goes from smooth to roughness of 0.4 nm, the diffu-
sion coefficient increases from 2.1228 to 10.7156, and the condensation amount of volatiles on the surface increases; however,
when the Fe surface goes from smooth to roughness of 0.4 nm, the diffusion coefficient decreases from 17.5673 to 1.8462, and
the condensation amount of the surface volatiles decreases.

Key words: nitroglycerin (NG) ;solid surface;condensation behavior;molecular dynamics simulation;roughness
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In this study, molecular dynamics simulations were employed to investigate the condensation behavior of NG-containing
volatiles on solid surfaces. The simulation results indicate that the mass fraction of NG, the nature of the solid surface material,
and the surface roughness all significantly influence the size, density, uniformity, and quantity of the condensed clusters. The
NG molecules exhibit superior wettability on the surfaces of Fe, Cu, and CaO, whereas they demonstrate poorer wettability on
the SiO, surface. The amount of volatiles condensed on the SiO, surface is significantly greater than that on the other surfaces.
These findings offer insights into the accumulation and condensation behavior of NG-containing volatiles on solid surfaces under

various conditions, providing technical support for analyzing the safety of energetic materials containing NG during production
processes.
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