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Table 1 Dimensions of the three single-base propellants
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original material web thickness / mm d,/ mm d,/ mm h/mm specific surface area / mm?-g™"'
seven-holes single-base propellant 0.6 1.596 0.135 4.145 0.166
one-hole single-base propellant 1.1 1.276 0.176 3.897 0.115
non-hole single-base propellant - 0.761 - 2.077 0.224

Note: d, is the radius of the propellants. d, is the radius of the hole,mm. h is the length of the propellants.
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Table 2 Experimental conditions of gradiently denitrated single-base propellants

reaction condition

pe sample Cl% T/C t/ min
sample 1 - - -
sample 1-60 12 75 60
seven-holes single-base propellant sample 1-90 12 75 90
sample 1-120 12 75 120
sample 1-150 12 75 150
sample 2 - - -
sample 2-60 12 75 60
one-hole single-base propellant sample 2-90 12 75 90
sample 2-120 12 75 120
sample 2-150 12 75 150
sample 3 - - -
sample 3-60 12 75 60
non-hole single-base propellant sample 3-90 12 75 90
sample 3-120 12 75 120
sample 3-150 12 75 150

Note: Cis the concentration of denitration reagent. T is the denitration reaction temperature. tis the denitration reaction time.
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Fig.1 Process schematic for the preparing gradiently denitrated single-base propellants
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Fig.2 Ultra-depth of field images of the three gradiently denitrated single-base propellants
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Table 3 Test results of the densities and particle sizes of the three gradiently denitrated single-base propellants prepared under

different techno logical conditions

type sample p/g-cm™ Ap /g-cm™ d/mm Ad/mm
sample 1 1.609 0 1.596 0
sample 1-60 1.604 -0.005 1.607 0.011
seven-holes single-base propellant sample 1-90 1.603 -0.006 1.602 0.006
sample 1-120 1.607 -0.002 1.596 0
sample 1-150 1.599 -0.010 1.591 -0.005
sample 2 1.618 0 2.552 0
sample 2-60 1.619 0.001 2.566 0.014
one-hole single-base propellant sample 2-90 1.617 -0.001 2.554 0.002
sample 2-120 1.615 -0.003 2.559 0.007
sample 2-150 1.620 0.002 2.523 -0.029
sample 3 1.602 0 1.522 0
sample 3-60 1.585 -0.017 1.512 -0.010
non-hole single-base propellant
sample 3-90 1.591 -0.011 1.531 0.009
sample 3-120 1.597 -0.005 1.534 0.012
sample 3-150 1.596 —0.006 1.542 0.020

Note: p is the density of the propellant sample. Ap is the difference in density between single-base propellants and gradiently denitrated single-base propellants. d

is the diameter of the three single-base propellants. Ad is the particle size difference between single-base propellants and gradiently denitrated single-base

propellants.
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Table 4 Avrami model index n values for the three single-

base propellants at different reaction temperatures

seven-holes one-hole non-hole

single-base single-base single-base
T progpellant progpellant progpellant

n R? n R? n R?
70 1.292 0.9811 0.885 0.9679 0.834 0.9969
75 1.330 0.9898 0.791 0.9269 0.765 0.9972
80 0.956 0.9445 0.884 0.9967 0.608 0.9847

Note: nis Avrami model index. R” is the judgment coefficient.
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Fig.4 Schematic diagram of steady-state diffusion of hydrazine hydrate in the single-base propellants
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Table 5 Diffusion coefficients of hydrazine hydrate in the

single-base propellants at different temperatures

type T/°C Dx107"/ m*-s™"
seven-holes single-base propellant 80 3.190

70 3.811
one-hole single-base propellant 75 6.641

80 10.226

70 3.715
non-hole single-base propellant 75 5.063

80 4.200

Note: D is the diffusion coefficient.
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Influence of Single-base Propellant Type on the Kinetics of Molecular Tailoring Reaction Process

PENG Zhi-hua', WANG Xin-yu', GU Yu-le', FAN Hong-lei', LI Shi-ying*’, LI Chun-zhi’, WANG Xiao-gian’, XIAO
Zhong-liang’”’, WU Xiao-qing'

(1. School of Chemistry and Chemical Engineering, North University of China, Taiyuan 030051, China; 2. School of Chemistry and Chemical Engineering ,
Nanjing University of Science and Technology, Nanjing 210094, China; 3. Key Laboratory of Special Energy Materials, Nanjing University of Science and
Technology > Minisiry of Education, Nanjing 210094, China; 4. Lu Zhou North Chemical Industries Co., Lid., Luzhou 646003, China; 5. Defense military
office in Taiyuan area, Taiyuan 030000, China)

Abstract: In order to study the effects of shape and size on the molecular tailoring process of single-base propellant, three gradi-
ently denitrated single-base propellants (seven-holes, one-hole and non-hole single-base propellants) were prepared by using hy-
drazine hydrate as denitration agent. Based on the Avrami model, the kinetics of the molecular tailoring process of different
shapes of single-base propellants have been investigated. The results showed that the Avrami model could be used to describe
the molecular tailoring process of the three single-base propellants. The Avrami index of seven-holes single-base propellant is
n>1 in the range of 70-75 °C, indicating that the molecular tailoring reaction process was controlled by the chemical reaction
process. When the temperature was in the range of 75-80 °C, n<1, it was controlled by a combination of internal diffusion and
chemical reaction. The Avrami index n<1 for one-hole and non-hole single-base propellants, and the molecular tailoring process
was controlled by a combination of internal diffusion and chemical reaction. According to the Fick’s law, the diffusion coeffi-
cient D of one-hole single-base propellants was 3.8x107°=10.2x107"” m’:s™', and that of non-hole single-base propellants was
3.7x1077=5.1x10"" m?+s™". Using the Arrhenius equation, the apparent activation energies of the seven-holes, one-hole and
non-hole single-base propellants were calculated to be 45.84, 52.88 and 38.26 kJ-mol™, respectively. The study of the kinetics
of molecular tailoring reaction for different shapes of single-base propellants can provide theoretical guidance for the controllable
preparation of gradiently denitrated single-base propellants.
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