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Fig.1 CL-20 perfect crystal and its supercell models with different vacancy concentrations
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Table 1

cancy concentrations at different temperatures

Reaction rate constant of CL-20 with different va-

vacancy con-  k*/ps™!
centration/% 1500 K 2000 K 2500 K 3000 K 3500 K
0 0.24 2.36 7.68 20.32 34.17
5.56 0.35 3.19 9.26 24.35 37.65
11.2 0.48 3.66 10.52 24.81 39.85
16.7 0.52 3.93 11.11 28.06 42.41
Note: k*: the thermal decomposition rate constant.
32
= perfect crystal
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30l 4 vacancy 11.2%
_ v vacancy 16.7%
w29
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= 28t
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Fig.2 The fitting curve between the logarithm of the thermal
decomposition rate constant of CL-20 with vacancy defects

and the logarithm of the reciprocal temperature
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Table 2

tion of CL-20 crystal with vacancy defects

Reaction kinetic parameters of thermal decomposi-

work vacancy concentration/% InA /s E/ kJ-mol™
Xu'e! 0 37.35 181.62
Wang!'"' 0 0 111.4
Isayevl”l 0 0 13724
this work 0 34.94 108.48
5.56 34.86 102.57
11.2 34.77 96.70
16.7 34.77 96.68

P& 2 1] L, 23 0 v B8 B K, CL-20 #4043 fift S5 7 11
AL RE B, Hoh & 16.7% 25 437 CL-20 19 #43 fift % Ak
fE L 58 J& S AR IK 11.80 kJ-mol™, ixX F& B 25 7 FEAK T
CL-20 #73 fift [ i fig 22, it i CL-20 & A= 53 i o A BiF
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Fig.3 Curve of average molecular potential energy of vacancy defect CL-20 with time at 1500—3500 K
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Fig.4 Curves of products species of vacancy defect CL-20 with time
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Ta CL-20 W06 P S I 28 10 Je 32 %
Table 4 Initial chemical reaction types and main reactions of CL-20

reaction type main reactions No.
C6H6N12012*}C()H6NHOH)+NOZ (1)
stepwise denitration reaction CeHgN; O, ;—CH N, O, +NO, (2)
CHN,,05—CoH N,O, +NO, (3)
. . . . CEH()NIZOIOHCGH()N]OO6+2NOZ (4)
continuous denitration reaction
C,HN,,0,, > CHN,O,+3NO, (5)
NO,+C,H, N,,0,,—»C,HN,,O (6)
CL-20 combine with small molecules 2o e T mer e
NO,+ C,H, N,,0,,>NO+C,H,N,,0,, (7)
C6H6N1ZO1Z+C6H6N1ZO1ZHCIZH1ZN24OZ4 (8)
CL-20 combine with group CeHgN,;,O0,,+CH N, O;—C ,H,,N,, 0, (9)
CixHGN‘)Ofy+C(:H6N1ZO]2HC12H12NZOOH>+NO2 (10)

CL-20 I I m

..'J. w : 4
C § ¢ ¢ Qe ®
i
I II m

5 2000 K(a)F13000 K(b) i CL-20 43 T Bt i 5 Sz i
Fig 5 Denitration reaction of CL-20 at 2000 K (a) and 3000 K (b)

@ 400F perfect crystal ® 20 — perfect crystal
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$  300f vacancy 11.2% i ] vacancy 11.2%
8 2501 vacancy 16.7% g 150k B vacancy 16.7%
5§ 200} 2
< 150F = 100F B
2 ]
g 100 g
S 50 s u
(=3 r [5]
Denitration reaction - Combine with small molecules Combined with group Ring opening reaction G Denitrafion reaction  Combine with small molecules  Combined with group Ring opening reaction
Reaction type Reaction type
a. 2000 K b. 3000 K

6 A L BLBG CL-20 $A 5 fifk BN 2K 4y A

Fig.6 Thermal decomposition reaction distributions of CL-20 with vacancy defects
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Fig.7 Curve of relative content of the main decomposition products of vacancy defect CL-20 with time at 2000 K

Chinese Journal of Energetic Materials, Vo0l.29, No.6, 2021 (482—491)

fiff IV S N—NO, 5 1) W7 24 28 il NO,, 3 5 Sk i 18
_.ﬁLFSJO

23 57 BB A 2 kIR CL-20 35 B0 B 30 fife S 0 26
BRSSP A e A — . WK 7 iR,
2000 K i}, 58 36 CL-20 f5x 3 2 1 91 U 43 i 7= ) S
NO,, K % IV T8 FE 2 K &5 1) NO,, 4 i N, \NO, 4§ th
=4 . Hoh NO, & UK F NO, 7= , it — 25 43 fif
RN, H,O SE A&7, 5 Wang %' Ren 4511211
Jlsayev AL 45 AR — 5. CL-204> T H 42
T C—NHEEW 2, KA TFFIR RN, BN F 0 Hh
CO,, % B 7E CL-20 1Y #4 73 fif w1 A A 5 32 4 7,
20 ps A CO, Bt il 3G i BB 22 1 C R 7 e
B, X5 Xiang UMM 45 R — 2. MiE CL-20
S B TR R 3 R, N O, W B 7 346 K, HoAl /N o 7 7
T EA . HILZ T, WE 8 rn, 3000 KB 4h
7 NO, I % 2000 K & 38 K, i 2 EFH#] 2.5,
N, H,O.CO, H, 55 Z48 /=¥ & g, Hoh N IRk
B 388 An 3 4.5 &£ 47 . CO, i KAH 1 0.5~1 14 fn £
2.5 784 H,OFe KA 1383 1.5 42 47 H 42 /i ik 2
S, v ] = NO W E 20808 /N . A EE T 2000 K
NO.N,O & &ttt /b o Ul A8 B8 IR B F CL-20
() 43 ik R B8 B v, R P A TR D R BT A B
VLB 5 W, A ) 25 vk BE CL-20 #4453 i /N 43 F
P NTE

35
of vacancy 5.56%

Number of fragments

Number of fragments

Sttt

www.energetic-materials.org.cn



e i T A B CL-20 B IR 1k 2% R B4 4 T 3l ) o A 489

perfect crystal vacancy 5.56%

N,

Number of fragments
Number of fragments

0 2 40 ) 80 100

Number of fragments
Number of fragments

TRy o T AR L o
0 20 40 60 80 100 0 20 40 60 80 100
tlps t/ps

B8 3000 K525 v Bl b CL-20 43 F 32 %2 43 fift ™= W AH X & i i ) 1) 22 £k h 28

Fig.8 The curve of relative content of the main decomposition products of vacancy defect CL-20 with time at 3000 K
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Molecular Dynamic Simulation of Initial Chemical Reaction of CL-20 with Defects at High Temperature

HU Jing-wei, GAN Qiang, FENG Chang-gen, LI Chang-lin, ZHU Shuang-fei, CHENG Nian-shou
(State Key Laboratory of Explosion Science and Technology s Beijing Institute of Technology s Beijing 100081, China)

Abstract: To study the influence of crystal defects on the initial reaction of hexanitrohexaazaisowurtzitane (CL-20), molecular
dynamic simulation and ReaxFF-Ig reactive force field are used to study the initial reaction path, thermal decomposition prod-
ucts, and reaction kinetics of CL-20 with vacancy defects at high temperature (1500-3500 K). The results show that the initial
decomposition path of CL-20 with vacancy is the breaking of N—NO, bond, the same as that of perfect crystal. The vacancy de-
fects prove to increase the frequency of ring-opening reactions and the production of NO,. Compared with perfect CL-20, it can
be seen that the vacancy defects would reduce the CL-20 activation energy barrier and accelerate its thermal decomposition pro-
cess. The reaction rate constants of CL-20 with 16.7% vacancies are 1.7 and 1.4 times higher than that of perfect CL-20 at 2000 K
and 3000 K, respectively. The CL-20 molecules around the vacancy are easier to decompose, leading to the increase of the sen-
sitivity of CL-20.

Key words: molecular dynamic simulation; hexanitrohexaazaisowurtzitane (CL-20) ; ReaxFF-Ig reactive force field; thermal de-
composition;crystal defects
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