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Fig. 3 Time evolution of temperature and potential energy in the thermal decomposition of 7-CL-20
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Fig. 6 Time evolution of fragment number in the thermal decomposition of 7-CL-20 supercell at different temperatures
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Fig. 8 Time evolution of fragment number in the thermal decomposition of y-CL-20 supercell at different temperatures
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Fig. 9 Time evolution of fragment number in the thermal decomposition of § and e-CL-20 supercells at 2 500 K

1500 K B, 3 Fffid B CL-20 8 b 45 44 19 A 1l ) R A 43 fide 7= ) A3 5 HNO., F NL O, 7-Fil e
CL-20 B R BT i P2 W0 38 038 C,HL N, B-CL-20 B9 I 230 i 72 W i A3 45 N, O, 5 24 I8 B T & 3
2 000 KB, 3 i B B CL-20 4544 34 4 1 09 IR A% 7 W) 6146 NO, W N, O, F1 N, O5 , 7-CL-20 4 Jli i
CoH N, W R 24k st K A i i CHN L {H B-CL-20 BRI 7= C HL N, B4 0, A 7Rl e-
CL-20 4 i HNO, S5 R GG 77 s 4B = %1 2 500 Fi 3 000 K B, 3 F i 8 CL-20 A2 sl i Ik
G077 ) B Pl 2 REICE 1 AR AR AT AR AR ] . 3 3R I B TR B 0 T R R R 7 ) B B X AN TR
B CL-20 Y23 fiff S 00 A BH X 52 0

10 HR 45 T B4 1 RHE A I 45 F 1Y) e-CL-20 & A il S g A BB 7=, e i £ L €5 L 40 €
FI 57 500 ik R RN ER . B 10 Hal DUE L CL-20 & A2 43 fiff I 0 A2 B0 7= W A0 48 N, |
H,O.CO, f CO %,

(a) Molecule (b) Supercell
"0
®oo0 ¢
»
% L)
< %

@ j
Yo,
10 B4 7 FUE S ML e A CL-20 A 5 7= )
Fig. 10 The final products in the thermal decomposition of e-C1.-20 molecule and supercell

AN TFR T CL-20 8 b i v 327 4 BE I 1) 1) 728 A 26 B CL-200 19 3 45 A8 R 4 1 3 AR ey
Xf 3 ol i BT WL T Y A3 R LB A B R RS2 R, 3 A R B Y CL-20 B A 45 A8 19 W0 46 40 ik B A 24 02
TLICH AN TG i 2 5 RE AT A2 )« NO, A Hi 252 000 K B, 3-CL-20 ZE i HNO, ,2 500 K B e-CL-

20 A NO; « NO, H i R A7 B0 22 570005 AN 5] B 00 U0 907 ) 1) b S R0 88 AN T




%2 ik % ANE SR CL-20 A4 fig 2 R HLER T 4047 193

2.2 EFYMIRMEZREH

MIE 6~9 R LA AN [E]SEAY CL-20 % Az PR S A2 AR 7 ) o 8 AR [R] o (HL 32 7= i Bl
I 6] ) AR AN ] . S 7%k FE M AR A i R AT TR ROE CL-20 B9 4R 70 il SN D — SR, R
— G R TR e, = (1 — e ™) TR NLFI H, O A6 S0 R 5 5 b U o, AT 2 %)
AR L s e R P07 IR A PR B2l 2 — 20 S T 3 T

(a) N, (b) H,O
= 0.15 -

0.10F —— }’-CL-20 —— }’-CL-20

—— (-CL-20 0.12f —— [-CL-20

0.08

—a— £-CL-20 —at— -CL-20

1

0.09F

& 0.06f £
=) Q
z
Z T 0.06-
= 0.04} g 006

0.02F 0.03F

0 1 1 1 1 0 1 1 1 1
1500 2000 2500 3000 1500 2 000 2500 3000
T/K T/K

B 11 RFEBEARRET N, FH, O fil 5 5 2% %L
Fig. 11 Reaction rate constants of N, and H, O at different temperatures
BT 25 5 TORRREE S N AL Ho O By S0 SR H 5, I AT LUE 1, 377 0 00 0 38 23 1 45 Bl
o U FE A T v TS K AECOR [R] BR R CL-20 B9 7 9 19 S0 1 3 238 5 B /NI AN ), 1 500~3 000 K B,
N, 52 7 33 35 5 B KNI A &k (e A =k (B AH) =k (y D 3 H7E 2 500 K B H, O [ 52 Ry 38 % 5 B0
B H KN AE Ry k(B A =k (y HD >k (e A1), X & H T p-CL-20 7 2 000 K B4 5l iy HNO, 78
2 500 KN & A 43 fift Fr 8.

3 &

(1) @B HE 1000~3 000 K B -, 8- F1 e-CL-20 #8 /5 Ml 5943 % B 87 Ff 32 7 By I Isf 1) 64 728 4 75 40
CL-20 {43 F 45 A6 A b (A AU B AT X6 3 il it 780 6 w8 T %0 40 ik AL 7 2 B S A 52 0 3 Rl L
CL-20 F A B 45 ¥ 400 B 5 A 5 4 2 o0 T G 3R 7S G 30 #0358 B B A1 26 AR« NO, [ F 3553 Fft i 780
AR E WS N, JH,0.C0O,CO, . NO, \NO, \HNO, \N, O, \N, O; fl NO % ,{H 2 000 K i} g-CL-
20 A% HNO, ,2 500 K B} e-CL-20 £ NO; « NO, [ Hy 3850 07 B 1Y 22 560 158 [6] 5 8 610 ik g 7
W) Fh R R ]

(238 3 TR [FHREE T N A H, O B S0 3 28 5 400 40 . B & TR 09 T &, A TR 7Y CL-20 /) &
P N S R OB W K, 1 500,2 000 F1 3 000 K L N, A H, O B9 52 0 38 5 5 19 /NI A
[ ;2 500 K BF, N, F H, O 1 S50 38 R 5 80 /NI P AS 6], 3 2% i F B-CL-20 £F 2 000 K B A A& 1Y
HNO, 7E 2 500 K i A& A= 53 A 45 H, O 1Y S50 38385 5501 30w .

S Uk :

[1] Simpson R L, Urtiev P A, Ornellas D L, et al. CL-20 performance exceeds that of HMX and its sensitivity is mod-
erate[ J]. Propellant, Explosives, Pyrotechnics, 1997,22(5) :249-255.

[2] Patil D G, Brill T B. Thermal decomposition of energetic materials 59: Characterization of residue of hexanitro-
hexaazaisowurtzitane[ J ]. Combustion and Flame, 1993,92(4) :456-458.

[3] Okovytyy S, Kholod Y. Qasim M, et al. The mechanism of unimolecular decomposition of 2,4,6,8,10,12-hexani-

tro-2,4,6,8,10,12-hexaazaisowurtzitane: A computational DFT study[J]. The Journal of Physical Chemistry A,



194 DS 1 5 et i %34 B

2005,109(12) :2964-2970.

[4] Isayev O, Gorb L, Qasim M, et al. Ab initio molecular dynamics study on the initial chemical events in nitramines:
Thermal decomposition of CL-20[J]. The Journal of Physical Chemistry B, 2008,112(35):11005-11013.

(5] sKJ7.BRMI, FJ= .55, CL-20 W46 FAS% SOni DL Y 4 3 2 R [T, K JE 2544, 2012,35(4) :5-9.
Zhang Li, Chen Lang, Wang Chen, et al. The mechanism of the initial thermal decomposition of CL.-20 via molecu-
lar dynamics simulation[J]. Chinese Journal of Explosives &. Propellants, 2012,35(4) ;5-9.

[6] Van Duin A C T, Dasgupta S, Lorant F, et al. ReaxFF: A reactive force field for hydrocarbons[J]. The Journal of
Physical Chemistry A, 2001,105(41):9396-9409.

[7] Bolotina N B, Hardie M J, Speer R L, et al. Energetic materials: Variable-temperature crystal structures of - and
e-HNIW polymorphs[J]. Journal of Applied Crystallography, 2004,37(5) :808-814.

[8] Foltz M F, Coon C L, Garcia F, et al. The thermal stability of the polymorphs of hexanitrohexaazaisowurtzitane
[J]. Propellants, Explosive, Pyrotechnics, 1994,19(1):19-25

(O] HMRR 0 SCHE Wk 7, 45 34k 52 LML 5 . Jbt . R 55 0 Hh Wi 2006 . 163-165.

Molecular dynamics simulation on thermal decomposition mechanism
of CL-20 with different polymorphs”

Zhang Li, Chen Lang, Wang Chen, Wu Jun-ying

(State Key Laboratory Explosion Science and Technology ,
Beijing Institute of Technology, Beijing 100081, China)

Abstract: The initial thermal decomposition pathways of the supercell structures of €, f and ¥ modifi-
cations at different temperatures were studied by molecular dynamics simulations, using the ReaxFF
force field, the NPT and NVT ensembles and the Berendsen methods. The results show that the ini-
tial pathway of different CL.-20 polymorphs is only the N-NO, dissociation to forming ¢ NO, radical
fragments, and the main thermal decomposition products are N,, H,0O, CO, CO,, NO,, NO,,
HNO,, HNO;, N,O;, N,O, and NO. The reaction rate constants of main products with the same
modification increase with the increasing of temperature.

Key words: mechanics of explosion; reaction pathway; thermal decomposition; CL.-20; polymorphs;

reaction rate constants
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