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c. DNB d. CL-20/DNB mixture

B 1 CL-20/DNB 3t/ .CL-20 . DNB Fil CL-20/DNB I8 %4> T 2544

Fig.1 The molecular structures of CL-20/DNB cocrystal, CL-20,DNB and CL-20/DNB mixture

R OBHLRG IS B B AR TR

Table 1 Crystal parameters, density and number of atoms of the simulation systems

lattice parameters of supercell/A _,  number of number of  number of

system space group b c p/g - cm atoms CL-20 DNB
CL-20 P21/n 26.4260 16.3220 29.7960 1.918 1152 32 -
DNB Pbn21 26.5140 14.0480 15.2240 1.575 512 - 32
CL-20/DNB cocrystal Pbca 9.4703 13.4589 33.6200 1.880 1664 32 32
CL-20-DNB mixture - 20.4938 20.4938 44.4490 1.726 1664 32 32
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FE 45 55 B (spline width) BL 0.1 nm, 2% #h 5% & ( buffer
width) B2 0. 05 nm ,[fE] K 1 fs,
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Table 2
the trigger bond (N—NO,) of CL-20 and (C—NO, ) of DNB

for different systems

Maximum length (L, ) and average length (L, ) of

trigger bond Lo /A Love /A
N—NO, of CL-20 1.543 1.395
N—NO, of CL-20 of mixture 1.525 1.395
N—NO, of CL-20 of cocrystal 1.517 1.393
C—NO, of DNB 1.600 1.454
C—NO, of DNB of mixture 1.605 1.455
C—NO, of DNB of cocrystal 1.618 1.453
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S5 RE e 4123 A) A B A T3 5 B 5, 45 RE B
R, 21 7 18] B AH ELAE P, 0 R 1A &R R E . 3R 3
2 IR SRR AR B A 2 9 CL-20 15 DNB Z [a] Y 45
A, S 4% RE B 0T 45 5 BE B9 STRRRE 00, T WLk 4
H CL-20 5 DNB 45 & e K T IR &, v B 3t
i ) 45 A AR N AR | () Ik A BT 245 45 i 119 5T
MK 2 IR phy AR AR LA SR, G R ) B o LA
BOR, AR e B T o7 b BB/ o mT DL  fta od ei
78 R 25 114 TN T L U A 5 A, 20 4 ) T R B 1Y
Oy IR R B 1 Sk R K2 2y TR R AR E M, 1R
i 7T XL AN B BT AR P, DT B T 2
oy
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Table 3 The binding energy(E,,. ), columbic interaction en-

ergy( E.uom,) and van der Waals energy(E ,,, ) of systems

k) « mol™
system Epind E oulomb Eoaw
cocrystal 4031.70 2484.75 1331.39
mixture 1655.40 874.96 581.16
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Table 4 The mechanical properties of different systems
parameter CL-20 DNB cocrystal mixture
C,, 12.1 4.3 8.9 8.0
Gy, 14.7 4.4 7.0 5.1
G, 16.7 5.5 12.9 6.0
Cyy 2.5 1.1 2.8 1.2
Css 2.4 1.1 9.1 2.0
Ceo 6.0 1.2 2.7 1.9
C, 5.1 2.6 3.9 3.4
Cis 5.1 2.9 9.6 2.7
C,y 6.5 2.9 4.4 2.9
(G2-Cyy) 2.6 1.5 1.1 2.2
tensile modulus( E) 9.2 2.5 2.9 3.3
Poisson ratio( v) 0.3 0.37 0.4 0.4
bulk modulus( K) 8.1 3.3 6.3 3.5
shear modulus( G) 3.3 1.0 2.5 1.3
K/G 2.5 3.3 2.5 2.7

Note: C,-[ is an element of the elastic coefficient matrix of 6 x6. The unit of

Cy, E, Kand G is GPa.
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Fig. 2 Change in system potential energy and total species

number in the reaction process with the simulation time
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Effect of Cocrystallizing and Mixing on Sensitivity and Thermal Decomposition Mechanisms of CL-20 /DNB via
MD Simulation

FU Yi-zheng' , KANG Zhi-peng', GUO Zhi-jing' , MIAO Rui-zhen' , MENG Rui-hong®, YANG Lu-xia’, LIU Ya-qing'
(1. College of Materials Science and Engineering , North University of China, Taiyuan 030051, China; 2. School of Chemical and Environmental Engineering ,
North University of China, Taiyuan 030051, China; 3. Business College of Shanxi University, Taiyuan 030051, China)

Abstract: To further reveal the effect of cocrystallizing and mixing on the sensitivity, mechanical properties and thermal decompo-
sition mechanism of hexanitrohexaazaowuetzitane ( CL-20) /1,3-dinitrobenzene ( DNB) energetic material from molecular level,
the sensitivity, binding energy and mechanical properties of CL-20, DNB, CL-20/DNB cocrystal and CL-20/DNB mixture were
simulated and calculated using molecular dynamics(MD) simulation method under the condition of COMPASS stress force field.
Their thermal decomposition mechanisms were studied under the condition of ReaxFF/Ig force field. Results show that the cocrys-
tallizing and mixing can reduce the sensitivity of CL-20, increase that of DNB, but the cocrystallizing effect is more obvious. Com-
pared with the mixture structure, the cocrystallizing structure is more stable. Cocrystallizing and mixing can change the mechani-
cal properties of the system, reduce the stiffness, increase the flexibility and safety of CL-20 system, but mixing makes the mechan-
ical properties of the system deteriorate. The strong effect between cocrystal molecules can promote the thermal decomposition of
the components in the system. NO,, N,, NO, H,O, HONO, HON and CO, are the main products of cocrystallizing and mixed
systems. Considering that compared with mixing, co-crystallization is a mor effective modification way for energetic materials.
which can provide theoretical guidance for the formulation design of energetic materials.

Key words: cocrystallizing; mixing; molecular dynamics simulations; hexanitrohexaazaowuetzitane( CL-20) ; 1,3-dinitrobenzene
(DNB)
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