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Fig.1 Models of NC with different nitrogen contents, N,H,-H,O, and their blended systems
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Fig.5 Super-depth microscope images of nitro gradiently dis-

tributed propellant samples

Table 1 Preparation conditions and testing results of samples for super-depth microscopy.

samples c(N,H,-H,0) /% T/°C time / h inner reaction layer thickness / um outer reaction layer thickness / um
G-0 - - - - —

G-1 9 70 2 37 50

G-2 9 75 2 55 60

G-3 9 80 2 64 65

G-4 12 70 2 73 77

G-5 15 70 2 91 96
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Fig.6 Raman spectral curves of nitro gradiently distributed

single-base propellant
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Diffusion Behavior of Hydrazine Hydrate during the Fabrication of Nitro Gradiently Distributed Propellant

LI Yang', GU Yu-le’, WANG Xin-yu’, FAN Hong-lei', SUN Jia-qi’, LI Chun-zhi*, WU Xiao-qing'
(1. School of Environmental and Safety Engineering, North University of China, Taiyuan 030051, China; 2. Luzhou North Chemical Industries Co., Lid.,
Luzhou 646003, China; 3. Military Representative Office in Taiyuan District, Taiyuan 030000, China)

Abstract: To investigate the diffusion behavior of hydrazine hydrate in nitrocellulose (NC)-based propellant and its influence on
the gradient distribution of nitrate ester groups on the propellant surface, molecular dynamics (MD) simulation combined with
experimental characterization was employed to study the diffusion process during the construction of a nitro gradiently distribut-
ed propellant (NGDP). An NC/N,H,/H,O ternary system was established to examine the effects of NC nitrogen content, reaction
temperature, and hydrazine hydrate concentration on diffusion behavior. Meanwhile, NGDP samples were prepared through a
one-step green synthesis route, and their structural and compositional distributions were characterized using
extended-depth-of-field microscopy, Raman line-scanning, and X-ray photoelectron spectroscopy (XPS). The results show that
an increase in the NC nitrogen content significantly enhances the diffusion coefficient and free-volume fraction, and increases
the radial distribution function (RDF) peak intensity, indicating that higher nitrogen content facilitates hydrazine migration and
strengthens local interactions. Higher temperature and hydrazine concentration also promote diffusion and enlarge the
free-volume fraction, while decrease the RDF peak intensity, reflecting a more dispersed local configurations under intensified
molecular motion and weakened short-range interactions. The thickness of the reaction layer increases with increasing tempera-
ture and concentration, and both the characteristic peaks of nitrate ester groups and the N 1s content gradually increase from the
exterior toward the interior, exhibiting a graded distribution.

Key words: nitrocellulose nitrogen content; hydrazine hydrate; molecular dynamics simulation; nitro gradiently distributed pro-
pellant
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