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Table 1

el for PBXCO3 at room temperature

Parameters of the modified DZK reaction rate mod-

hot-spot ignition term!?) the second and third
terms (the present work)

Z/ ps™! 5.0e13 a 0.017

T/K 26500 b 1.86

T/ K 298 n 0.965

C,/ cm?-ps™2-K™! 1.4e-5 c 0.0128

Q/ cm?-us™? 5.439e-2 y 0.125

K/ cmeps K™ 8.0e-14 G 590.0

y./ GPa 2.6 m 3.195

k,/ GPa 8e-3 s 1.00

Note: Z is the pre-exponential factor in Arrhenius kinetics. T is the activa-
tion temperature. T, is the initial temperature; C, is the heat capacity.
Q is the reaction heat of the explosive. k™ is the thermal conductivity.
7, is the viscous factor of the explosive. k, is the shear yield strength of

the explosive.
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Table 2 Parameters of the JWL EOS for the detonation prod-

ucts of PBXCO03 with different densities at room temperature

=1.836g-cm™ o Pp=1.855g-cm™?

parameters Fo 8 p,=1.849 g-cm™22 P &

(the present work) (the present work)
A/GPa 1002.7235 102.545 1031.4249
B/GPa 22.93115 22.57 23.48774
R, 4.91 4.91 4.91
R, 1.37 1.37 1.37
3] 0.29 0.29 0.29
c,/GPa-K™ 1.0e-3 1.0e-3 1.0e-3
E,/GPa 9.55 9.58 9.60
A A AL www.energetic—materials.org.cn
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Table 3 Parameters of the JWL EOS for the unreacted

PBXCO03 with different densities at room temperature

=1.836 g-cm™ =1.855g-cm™

parameters Po 8 p,=1.849 g-cm™422 Po 8

(the presentwork) (the present work)
A/GPa 26554595.0 27213759.0 27750964.0
B/GPa —73.4289 —73.8544 —73.8959
R, 19.87 19.87 19.87
R, 1.987 1.987 1.987
o 1.99 1.99 1.99
¢,/GPa-K™" 1.68714e-2 1.6932e-2 1.69749e-2
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Table 4 Physical parameters of PBXC03**

density / g-cm™ mean particle size / pm pressure / GPa

1.836 20-30 (fine particle) 5.9
1.849 70-90 (medium particle) 5.2
1.855 110-130 (coarse particle) 4.5

£ 5 Griieneisen IR J5 #2252

Table 5 Parameters in the Griineisen equations of state *¥

Po c

materials S S, S, Yo a
g-cm™ /cmeps™!

manganin  8.14 0.394 1.489 0 0 199 0

teflon 2.12 0.134 1.930 0 0 0.90 O

Note: p, is the the initial density. C is the intercept of the shock wave veloci-
ty-particle velocity curve. S,, S,, and S, are slope coefficients of the
particle velocity curve. vy, is the Griieneisen coefficient. a is the first-or-

der volume correction factor.
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Fig.1 Comparison of experimental data®*' and numerical re-
sults for the shock initiation process of PBXCO03 under differ-
ent loading pressures
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A Modified Mesoscopic Reaction Rate Model for Shock Initiation of PBXs

BAI Zhi-ling', DUAN Zhuo-ping', WEN Li-jing’, ZHANG Zhen-yu’, OU Zhuo-cheng', HUANG Feng-lei'

(1. The State Key Laboratory of Explosion Science and Technology , Beijing Institute of Technology, Beijing 100081, China; 2. Nuclear and Radiation Safety
Center, Ministry of Environmental Protection, Beijing 100082, China; 3. Institute of Technical Physics, College of Science, National University of Defense
Technology, Changsha 410073, China)

Abstract: To systemly investigate the influence of the mesostructure and the shock loadings on the shock initiation and detona-
tion of polymer bonded explosives (PBXs), a modified Duan-Zhang-Kim (DZK) mesoscopic reaction rate model is proposed. A
burn-up and a porosity factors are introduced to describe effects of the outer burning on the surfaces of grains of the explosive at
the low-pressure slow reactive stage and the initial charge density, respectively. The calculated pressure-time histories inside the
HMX-based PBXC03 explosive samples using the modified model with one set of parameters are in good agreement with the ex-
perimental data, which indicates that this model can be used to well predicate the influence of the particle size, the porosity and
the shock loading on the shock initiation (i.e., ignition and detonation growth) processes of PBXs. Moreover, it is also observed
that the detonation grows fastest in the explosive with a moderate porosity. And the smaller the particle size of the explosive is,
the more difficult the explosive can be ignited, in which the detonation grows fastest once the explosive is ignited.

Key words: shock initiation; polymer bonded explosive (PBX) ; modified Duan-Zhang-Kim (DZK) reaction rate model; particle
size;porosity

CLC number: TJ55; O381 Document code: A DOI: 10.11943/CJEM2018354

T E AR

o
Il

CHINESE JOURNAL OF ENERGETIC MATERIALS A A A R 2019 % %27 % %848 (629-635)



