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Fig.1 Molecular structures of TKX-55 (a) and DIO (b)
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Fig.2 Supercrystal cell models of TKX-55 and DIO
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Comparisons of the experimental and simulated lattice parameters of TKX-50 and DIO

. . . density relative error
compounds mothed alA b/ A c/A a/(°) B/ (°) y/(°) ,
/g-cm / %

ReaxFF-Ig 39.91 30.85 33.07 98.63 99.92 91.64 1.66
TKX-55 2.1

Exp. 40.19 31.07 33.30 98.63 99.92 91.64 1.63

ReaxFF-lg 23.16 18.56 17.64 90.00 99.63 90.00 1.17
DIO 3.1

Exp. 22.92 18.37 17.45 90.00 99.63 90.00 1.21
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Table 2 Main reactions of TKX-55 at the initial stage of reaction at constant temperatures of 2000, 2500, 3000 K and 3500 K

temperature / K time / ps frequencies reaction
2.7-53.6 3 2C,,H,0,,N,,—~C,,H,0,,N, (1)

5000 4.7-44.8 6 C,,H,0,,N,,+C,H,0,—~C H,0, N, +C,H O,  (2)
4.7-18.5 4 C,,H,0,,N,,—C,H,0,N,+C,H,O,N, (3)
15.8-15.8 1 C,H,0,,N,,—C,H,0,,N+NO, (4)
1.0-8.8 9 C,,H,0,,N,,+C,H,0,—~C, H,0, N, +C,H,0, (2)

2500 2.0-4.2 3 C,H,0,,N,,—~C,H,0,N,+C,;H,0.N, (5)
8.3-8.3 1 2C,H,0,,N,,—~C,,H,0,,N, (1)
10.9-10.9 1 C,H,0,,N,,—C, H,0,,N,+NO, (4)
0.3-3.1 6 C,H,0,,N,,+C,H,0,—C, H.O N, +C,H,0,  (2)

1000 0.3-1.3 3 2C,H,0,,N,,—C,,H,0,,N, (1)
0.4-3.3 7 C,,H,0,,N,,—C,,H,0,,N,+NO, (4)
1.5-1.6 2 C,H,0,,N,,—C,H,0.N,+C,H,O.N, (5)
0.2-1.1 12 C,,H,0,,N,,—~C,,H,0,,N,+NO, (4)

4500 0.3-1.1 3 C,sH,0,,N,,—C,H,0,N,+C,H,0,N, (6)
0.5-0.5 1 2C, H,0,,N,;—C,H0,,N,, (1)
0.6-1.0 2 C,H,0,,N,,+C,H,0,~C, H,0,,N, ,+C,H,0, (2)

R Sy P— o i fige B9 A1, 2 i B PPl AR B (3) L (5)

TSk T e

A B ' <\ (6) ML 5T 2% 4 VBB £ L, 0 7 25 e T A 1 £

¢ AR A / \ 7E BTNPBO Y 1,3, 4-18 —W:3F | 21 (3).(5).(6)

= —bl Vo mim s tm o C(2)— O (D EAING)—N(4)

‘e 4 AR , , , .

Gt |\ / B C(5)—O(1)5EF C(2)—N(3)H .C(2)—O(1)%H

1§ b\ o I

b BT N A o 7 FC(5)—NC(4)5 . S 1 #ik BTNPBO 47 ¥ A& # oy

B AR U — . s SR

PR E AR A I IO B it 25 1 266 80, % S ) T3 R F TKX-55 o
0.5ps Nitro dissociation with 1,3,4-oxadiazole interlocutor

9 0.5 psHTZI BTNPBO A i 32 fift 25 f0 for
Fig.9 The dissociation position of the nitro group in BTNPBO
at 0.5 ps
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44.1% , F W TKX-55 ) & 1) F 2 002 O H i .
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A BTNPBO 4> F W S5 A1 BTNPBO 5 DIO 43 F[H] 1Y
SHEFI R, BTNPBO 20 TN A M 25 0 2.38 A,
BTNPBO 5 DIO 4> 1 [a] & # i B  2.55 A, Bu %5
TER T AN A 58 3, SV 2 0k 22 0] J5 7 BE 2
fE2.2~32 AJ@ T oA WK, 7F TKX-55 1 BTN-
PBO F1 DIO Z [8] 47 55 &0 AH B /E i TKX-55 9147
R E S .

53 B BTNPBO F1 DIO [8] # 2 i A F| T ik — 28 1
fit BTNPBO Xf DIO 4+ it () 52 5 =L . R 4% T
BTNPBO 5 DIO Z [a] AN [R] iz i & A= 11 Y0 B3R B i) B o
M4 A DLk B, BRI BE (2000 K A 2500 K) T,
BTNPBO #1 DIO Z [a] i Jz 1 7 =X LA & 5% 7 B v (s iy
(2)NF B T8 BTNPBO B K4 7(C, H.O,,N,,)
M C,H,0,; % & IR % T (3000 K #3500 K) F,BTN-
PBO FI DIO Z [al Wy L i 7 N % b T @5 B Sh ik

Table 3 Decomposition of BTNPBO in TKX-55 at different heating rates

1

heating rate /K-ps” time / ps frequencies reaction
228.2-347.1 3 C,.H,0,,N,,—~C,H,0,N,+C,H,O,N, (7)
245.1-337.2 4 C,,H,0,,N,;—C,H,ON,+C,H,O,N +N, (8)
° 315.4-364.2 2 C,,H,0,,N,,~C,H,0,N,+C,H,0,N, (6)
391.3-391.3 1 C,H,0,,N,,~C,H,0,N,+C,H,0,N, (5)
134.2-186.2 3 C,H,0,,N,,~C,H,0,N,+C,H,0,N, (5)
135.7-193.4 3 C,H,0,,N,,~C,H,0,N,+C,H,0,N, (7)
150.0-188.8 2 C,H,0,,N,,~C,H,0,N,+C,H,0,N, (9)
10 157.1-157.4 2 C,H,0,,N,,~C,H,0,N,+C,H,0,N, (6)
158.5-185.6 2 C,,H,0,,N,,—C,H,O,N,+C,H,O,N +N, (8)
161.9-161.9 1 C,,H,0,,N,,—C,H,0,N,+C,H,0,N, (3)
189.9-189.9 1 C,,H,0,,N,,—C,H,0,N,+C,H,0,N +N, (10)
80.20-130.0 4 C,,H,0,,N,,—C,H,0,N,+C,H,0,N, (7)
95.60-95.60 1 C,,H,0,,N,;—C,H,0,N,+C,H,0,N +N, (10)
106.3-106.3 1 C,,H,0,,N,,—C,H,0,N,+C,H,0,N, (3)
10 107.9-107.9 1 C,,H,0,,N,,—C,H,0,N,+C,H,0,N, (5)
113.0-113.0 1 C,,H,0,,N,,—C,H,0,N+C,H,0,N_ (6)
113.2-113.7 2 C,H,0,,N,;—C,H,O,N,+C,H,O,N +N, (8)
56.20-89.10 2 C,H,0,,N,;—C,H,0,N,+C,H,0,N, (5)
57.30-89.40 3 C,,H,0,,N,;—>C,H,O,N,+C,H,O,N +N, (8)
> 78.30-78.30 1 C,.H,0,,N,,~C,H,0,N,+C,H,O,N, (3)
79.50-79.50 1 C,H,0,,N,;—C,H,O,N+C,H,0,N, (6)
37.60-37.60 1 C,H,0,,N,,~C,H,0,N,+C,H,0,N, (5)
40.50-46.20 3 C,,H,0,,N,;—C,H,ON,+C,H,O N +N, (8)
°0 41.80-44.90 2 C,H,0,,N,,~C,H,0,N,+C,H,0,N, (3)
47.00-47.00 1 C,H,0,,N,,~C,H,0,N,+C,H,0,N, (7)
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& 4 2000,2500,3000 13500 K {8 i T, TKX-55 {4 Z 4 BTNPBO 5 DIO iy 4k 51 1 BRI R ]
Table 4 The number and time of chemical reactions between BTNPBO and DIO in TKX-55 system at constant temperatures of
2000, 2500, 3000 and 3500 K

temperature / K time / ps frequencies Reaction

2000 4.7-44.8 6 C,H,0,,N,,+C,H,0,~C, H.0, N, +C,H,O, (2)

2500 1.0-8.8 9 C,H,0,,N,,+C,H,0,~C, H.0 N, +C,H,O, (2)
0.2-0.2 1 2C,,H,0,,N,,+C,H,0,—C, H, O, N, (1)
0.3-3.1 6 C,H,0,,N,,+C,H,0,~C, H.0 N, +C,H,O, (2)
0.9-0.9 1 C,,H,0,,N,,+C,H,0,—C, H,,0, N, (12)

3000 0.6-0.6 1 C,H,0,,N,,+C,H,0,~C, H,0, N, +C,H,O, (13)
1.1-1.1 1 2C,H,0,,N,,+C,H,0,—C,,H,O,N, +C,H,O, (14)
2.1-2.1 1 C,,H,0, N, +C,H,0,—C H.O N+C,H,O,+N, (15)
2.2-2.2 1 C,H,0,,N,,+C,H,O,—C H,0, N +C,H O,+OH (16)
0.3-0.3 1 C,(H,0,,N,,+C,H,0,—C H,O N +C,HO (17)
0.4-0.5 2 C,(H,O,,N,,+C,H,0,—C, H ,0, N,/ (12)
0.4-0.4 1 C,(H,0,,N, +C,H,0,—C H,0 ,N+C,HO+NO, (18)

3900 0.4-0.4 1 C,H,0,,N,,+C,H,0,—C, H,,0,N+N, (19)
0.6-1.0 2 C,(H,O,,N,,+C,H,0,—C H.O N +CHO, (2)
1.2-1.2 1 C,(H,0,,N,+C H,O N, +CHO,—CHO,+C,H +C,,HO, N +NO, (20)

Ho Al Bz BE R R (11)~(20) ), e sz v (11) Fil Bz i —/DIOJrFZ MM A7 . TR, A%
(12) & FRA RN, IR (13) FR R (17) % A E % M) RN AEFT A RN R MR R Z 7Pz — R
L RN (15) ((16) RN (18) ~(20) # A4 J T8 K C,H,O,, X — & MAEJ5 A FE4 49 .

A% R B AN R B (W NO, . OH NS ) o ] 4 DIO 1A R A2 AN [l | B2 7€ DIO N & A= 1 )= g
() [FME)R T A%, 2 L ETEWA BTNPBO 4+ i FEAF 4 MK, B CH,O,~C,H,+C,H,0,(21);
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Fig.11 Evolution of the ratio of the number of important in-
termediates without N to the number of reactive molecules
generated in TKX-55 and DIO systems at 3500 K
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Molecular Dynamics Study on the Pyrolysis Mechanisms of TKX-55 and Dioxane

HUO Xing-yu'?, GOU Rui-jun', ZHANG Chao-yang*"'
(1. College of Environment and Safety Engineering , North University of China, Taiyuan 030051, China;2. Institute of Chemical Materials, CAEP ,;Mianyang

621999, China)

Abstract: In order to investigate the thermal decomposition mechanism of the energetic cocrystal TKX-55 and the effect of sol-
vent component dioxane (1,4-dioxane, DIO) on the decay of the energetic component 5,5'-bis(2, 4, 6-trinitrophenyl)-2, 2'-bis
(1,3, 4-oxadiazole) (BTNPBO), the molecular dynamics simulations on TKX-55 and pure solvent component DIO were carried
out with the ReaxFF-Ig (Reactive Force Field-Low Gradients) force field. The results show that the initial decomposition reaction
of TKX-55 includes the dimerization of energetic molecules, the hydrogen transfer between energetic and solvent components,
the ring-opening reaction of 1,3,4-oxadiazole in energetic components, and the dissociation of nitro group. The dimerization re-
action facilitates the rapid growth of the subsequent clusters, and the release of the heat and the stable small molecule products
are restricted by the formation of a large number of clusters. It is one essential reason for the high heat resistance of TKX-55. For
the pure solvent, the heat release and clustering are constrained at low temperatures; while enhanced at elevated temperatures.
The main role of DIO molecules in TKX-55 is thought-to adsorb small reactive intermediates (such as OH, NO, NO,, etc.) and
thereby inhibit the decomposition of BTNPBO.
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