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Table 1 Detailed information of various CL-20/HMX models

model shock direction dimension / A number of atoms
CL-20/HMX(100) [100] 99.361X%12.142X446.367 48,000
CL-20/HMX(111) [111] 95.643%15.689%378.718,y=102.877° 48,000
CL-20(011) [011] 18.602x88.408%264.682,y=74.486° 34,560
HMX(011) [011] 13.283%65.400%185.475,y=82.919° 13,440
CL-20/HMX(100)-void [100] 347.763X12.142X667.028 243,648
CL-20(011)-void [011] 265.224%18.337%561.928,y=77.831° 213,588
CL-20/HMX(100)-large [100] 347.763%12.142%667.028 280,000
CL-20/HMX(111)-large [111] 267.800%15.6892%692.049,y=102.877° 280,000
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Table 2 Comparison of the experimental and calculated lat-
tice parameters of CL-20, HMX, and CL-20/HMX

structure method alA b/A /A /o) P
/g-cm™

Exp. 2!/ 8.841 12.562 13.358 106.82 2.049

£-CL-20 ReaxFF-Ig 8.839 12.560 13.355 106.82 2.051
ReaxFF-2018  8.884 12.624 13.423 106.81 2.019
Exp. 2] 6.540 11.050 8700 12430 1.894

B-HMX ReaxFF-Ig 6.501 10.984  7.327 102.834 1.927
ReaxFF-2018  6.581 11.120 7.418 102.834 1.858
Exp. %! 16346  9.936 12.142  99.23  2.000

CL-20/HMX  ReaxFF-Ig 16.447  9.997 12217 99.23 1964
ReaxFF-2018 16.476 10.016 12.152 99.19 1.953

Note: a,b,care parameters, p is density.
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Simulation on Mechanic-thermal-chemical Response of CL-20/HMX Cocrystal under Shock Loading

WANG Ning'?, SU Jing'*, GUAN Hong-bo', CHENG Jie’, CHENG Li-guo'**, LI Jun'
(1. Hubei Institute of Aerospace Chemotechnology, Xiangyang 441003, China; 2. Science and Technology on Aerospace Chemical Power Laboratory, Xiangyang
441003, China; 3. Hubei Hangpeng Chemical Power Technology Co., Ltd, Xiangyang 441003, China)

Abstract: In order to analyze the mechanism of shock sensitivity of CL-20/HMX cocrystal close to that of HMX, ReaxFF molecu-
lar dynamics simulation was used to investigate the mechanical-thermal structural changes and subsequent initial chemical reac-
tions in CL-20/HMX cocrystals with or without voids. The structural deformation and subsequent chemical reaction process are
effectively analyzed by using the momentum mirror model combined with shock-front absorbing boundary condition. When
shocks subjected to CL-20, HMX, and CL-20/HMX, it is found that the decomposition speed of CL-20 is faster than that of
HMX, while CL-20/HMX’s decomposition speed is very close to HMX's. Besides, the decomposition speed of CL-20/HMX
[100] shocks is faster than [111] shocks. This phenomenon is related to alternative arrangement of CL-20 and HMX molecular
layers and the relative slip amount. When CL-20/HMX with 20 nm diameter void is shocked along the [ 100] direction at particle
velocity of 2 km+s™", hydrodynamic jet collapse does not occur instead of viscoplastic pore collapse. It largely promotes the rapid
decomposition of CL-20 and HMX molecules in the high temperature and high pressure conditions formed by pore collapse and
the viscoplastic deformation of crystal structure. A new hot spot formation from the void collapse further enhances the shock load-
ing process.
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