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Fig.1 The crystal structure of TKX-50 at 298 K. (a) and (b)
are projections on the (001) and (100) planes, respectively.
(Carbon-gray; nitrogen-blue; oxygen-red; hydrogen-white.

The cell unit is represented by a gray box)
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Fig.2 The perfect model (Model 1) and vacancy defect models (Models 2—4) of TKX-50. (a) the projection on the (100)
plane, and (b) the projection on the (001) plane(The yellow section is the TKX-50 structural unit that needs to be removed)
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SR LR AL A 2 8O 3% i 5 S e 45 SR E AT
Fedg 5 R R R ERCRAARFEM 517
Al O Ak S A5 0 f ot A 2 H0ORN %5 A AR K X, &
1% TKX-50 T F R B 45 S B B A2 . Drei-
ding J1 3775 31 1) B4l 5 52 96 B His 0 n — 3, A R 22
F£-3.97%~2.34% Z [0 , % B Dreiding J1 % #E i H T

TKX-50. BEAN, Z 5 9 0F 58 5 Ty b A H Drei-
ding J1 338 T TKX-50-AP iR A& fi 1K 19 23 1 18] 41 .
PE I CTKX-50 J& 58 & W) Kl 45 K 245 19 ) 2= PR Re DL &
TKX-50 B 55 i () f AR T 45 o IR L € 4% Dreiding 7135
HEAT 43 B D3 2R, O T S0 A6 B TKX-50 1Y 58
5 i VR R 2 A B8 B o A P P T

F1 AR I T TKX-50 0105 (Y 5 Ak 25
Table 1 Optimized crystal parameters of TKX-50 under different force fields
force field alA b/A c/A B/ (°) p/gcm™
Dreiding 557 (2.31%) 11.67 (-0.66%) 6.30 (=3.97%) 9436 (-0.75%) 1,92 (2.34%)
COMPASS 4.88 (=10.32%) 10.98 (-6.58%) 7.42 (13.08%) 80.18 (-15.67%) 2.00 (6.70%)
pcff 3.95  (-27.34%)  14.62 (24.38%) 6.43  (-2.04%) 93.52 (-1.63%) 212 (12.71%)
experimental data''?! 5.44 11.75 6.56 95.07 1.88

Note:

R T UEAR TI0I AN [ R AT A R L R Forcite
e 1) Dreiding 7137 %1 56 92 il AR A A Model 1 f1%s
o7 B B i AR AL T Model 2 Model 3 Model 4 i 171
b KG FE BB R Fineo SR G 7E 5 55 R R (NPT)
XTAEAR I 0 & MR AL R 47 4 2l g 2 L, R i E
}0.0001 GPa, i &} 298 K, >k F Andersen ¥ i 7
2 H1 Berendsen % 6 5 ¥ o YU FE4E T3 VR L g 43 )
i 3 F Atom Hl Ewald 3R il 5 3% 318 . B[R] 2 KN
1 fs, MUBLIUE B 2x10° 26, Jorbig 10728 I T H0) 2
P EE L 1002 H Ta it . Rl B, &
10° fs fR-AF— WL, He45 200 Wi gl SCf . B A B4
YJ7E Material Studio &4+ 347 .

a, b, cand B are lattice parameters; p is the density. The data in brackets are relative errors to the experimental data.
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Fig.3 Temperature, potential energy, and non-bond energy change curves over time for the perfect model (Model 1) and va-

cancy defect models (Models 2—4) of TKX-50
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Fig.6 (a) The trajectory of the last frame of Model 1. (b) The hydrogen bond network in the TKX-50 crystal (Hydrogen bonds

are indicated by blue dashed lines)

F®2 Models 1-4 ) -2 2l 5 %L
Table 2 Average hydrogen bonds number for Models 1-4

hydrogen bond Model 1 Model 2 Model 3 Model 4

all 1903 1810 (-4.89%) 1743 (-8.41%) 1569 (=17.55%)
O(2)—H(2)---0(2) 42 41 (=1.30%) 43 (2.38%) 41 (-2.38%)
N(5)—H(5)---0(2) 133 130 (=2.26%) 128 (=3.76%) 126 (=5.26%)
O(2)—H(2)---0(1) 146 124 (=15.27%) 112 (=23.29%) 94 (=35.62%)
N(5)—H(5)---O(1) 444 413 (=6.98%) 392 (=11.71%) 336 (=24.32%)
O(2)—H(2)N 322 309 (=4.04%) 296 (-8.07%) 248 (=22.98%)
N(5)—H(5)--N* 816 793 (-2.82%) 772 (=5.39%) 724 (=11.27%)

Note: 1) H(5) contains three types of hydrogen atoms H(5A), H(5B), and H(5C); 2) N contains three types of nitrogen atoms N(2), N(3), and N(4); 3) Da-

ta in brackets are the change amplitude of the average hydrogen bonds number of Models 2-4 relative to Model 1.
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O(2)MIN(5)—H(5)---O(2)), i LLF th bl % 25 {3 Gkt
B 15 22, 5 e BH B8 - [B) 1 BB B L A4S . 40 #r
TKX-50 H 5 58 Y 19 b SO (2)—H(2) -0 (1) Al
N(5)—H(5)---O1), n] FIE & 25 SRBE I £, 5
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Go 3k

2K = (K, + Ky) (6)

2G=(G, + Gy) (7)
1 K1 G AT LS 2 7 Bt £ R L y -
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_ 3K-2G (9)
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W ERAR, B2 Models 1~4 AR E K,
B YIR G R R E P R (C,-C,,) W K/GLIA R
ey B9 2R B AR s i e 3 (& 7 B o

&3 Models 1~4 ¥ Js % BE
Table 3 Mechanical properties of Models 1-4

E Clz'C44 G
Model K/G v
/ GPa / GPa / GPa / GPa
1 27127 26.981 18.574 10.111 2.683 0.334
2 25.597 23.915 18.086 8.895 2.878 0.344
3 23.921 17.462 16.764 6.334 3.776  0.378
4 23.005 16.329 15.669 5.909 3.893 0.382

Note: K, Bulk module; E, Tensile Modulus; C, -C

127440

Cauchy pressure; G,

Shear module; y, Poisson’s ratio.
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Fig.7 Mechanical performance curves of Models 1-4
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W BE Y TKX-50 4T 735, JF 5 SCERE AT T XTI,
W4, NFRATLEHRBEIER Y ®EITHHEEG D
5 SCHRAE B IR 22 7E-5% DL T p 5 SCHERE A A
iR 22N 5.65% , Al LA AT il A TKX-50 [ 48 3
TR, B, R E R Y S5 T AT P
YRl TKX-50 57 (Models 1~4) i Dl p, W 5.

M2 5 AL, 5 36 TKX-50(Model 1) B8 % &
1.847 g-cm™ %5 Thomas M. Klapotke I 15 (1) B i f5c K
WRE1.877 grem BN HEIE A X R 22 0 -1.60%,
Uoa Iy = i 1y o= Ry BT K O % -l N O
A 9067 m-s' MR N 37.8 GPa. HA 23 7 BB Y
N Lk
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Table 4 At different densities (p) , the detonation velocity
(D) and detonation pressure (p) of TKX-50 calculated by the
modified nitrogen equivalent method, as well as the litera-

ture values at the corresponding densities

p D/m-s™ p/ GPa

/g-cm™  Ref calculated Ref calculated
1.74%71 89047)  8670(-2.63%) - -

1.801%  9037%%)  8893(-1.59%) - -

1.88"%1 96421 9179(-4.80%) 37.0'"  39.1 (5.65%)

Note: Date in the brackets are the relative error between the calculated val-

ue and the literature value

R5 Models 1~4 {% E 5ER S5
Table 5

nation pressure (p) of Models 1-4

Density (p) , the detonation velocity (D) and deto-

Model p/g-cm™ D/m-s”! p/ GPa
1 1.847 9067 37.8
2 1.822 8974 36.8
3 1.806 8916 36.1
4 1.762 8750 34.3

TKX-50 @i /& (Models 2~4) ) %5 B 4 8 F1AE E #5 /
F Model 1A AAE , ¢ B 58 35 5 04 1) 8 2 %% 0 1 o
B 2 2 07 Bl I B4 384 T, ok S AR R 43 N B AR T 93~
317 m+s"'F11.0~3.5 GPa,

FE BB R R, A 0 B BOH R R R R
TKX-50 %% H (4320, PRt fike B 5t A4 1) 25 B S5 1 2 8K
oy S A S U N T A Ak R g, L2 O Bl o R R
W AR T RIRR R /N, 3B TKX-50 B9 & F7 /0 | fig it
W ARG, DRI AR BBl B 2 X TKX-50 0 18 55 kil 7 28
ANFIEE

3 %t

HENT TN ) 23 A7 5 B Wk B 1) TKX-50 A7, 3 2
53 F B 1 F AU I T A R R SRR | ) 2% P RE R
MEEERE . FELSRMGBT .

(1) B 25 25 0 B B Vi 2 1 38 o, D9 2R e 2% R R
e B M ARG, T8 3 TKX-50 JE 58 38 in 122 4 1k
ko XA B #7500, K RN BH S - [a]
1B H L AR HoAth 28 R 1 S5 B 48,
FO(2)—H(2)-O(1)FMN(5)—H(5)--O(1)X} &
SRR H A0 0t R R TRk .

(2) 552 E Y TKX-50(Model 1) 4 F , 25 o7 5k
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AR (1 P A AR i 1 B 1) B o i S A e
VP 1 3G NI AT TR B L 2R A B A 6 i A 1) TKX-50 19
I EEA Ir T B o i A5 A5 B (4 ) 1 ( C,-C,,) 39 R IE
T A B R B A Y . K/ G S y W25 07 i
I Ve T 1) 800 T B0, € BR B s 67 BB 1) TKX-50 19 )
PN 5P T

(3) 58 £ ) TKX-50 (Model 1) fix K% Ji | 4k ik
FIVEE ., B 7 72 O G0 g vk 1) 85 0, 225 o7 ke o 5 7R 11 %
JE e RV 2 T AR L 2R ] TKX-50 119 il £ %5 i I
1%, Sl AR Bl B 25 X6 TKX-50 A9 k8 32 MR RE 7= A2 A R 2

B RO A AR B A I H A P Rk 3 4
(U2141202), B & B &K Bl 2% 3 & F 4 T H (21905023,
21805139) Fk Al Jin i 1K) 2 45 LRk AF 7T 005 % B .
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Molecular Dynamics Simulation on the Effects of Vacancy Defects on the Sensitivity, Mechanical Properties
and Detonation Performance of TKX-50

GUO Zhi-wei', HAO Ga-zi', HU Yu-bing', FENG Xiao-jun’, YANG Jun-qing'*, JIANG Wei'
(1. National Special Superfine Powder Engineering Research Center, Nanjing University of Science and Technology, Nanjing 210094, China; 2. School of
Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 3. Xi'an modern chemisiry research institute, Xi'an

710065, China)

Abstract: Molecular dynamics simulations were used to investigate the effects of a series of vacancy defect concentrations (0%,
1.56%, 6.25% and 12.5%) on the sensitivities, mechanical properties and bursting properties of dihydroxylammonium 5,
5'-bistetrazole-1, 1’-diolate (TKX-50). Firstly, perfect crystal model and vacancy defect models were first constructed, and the
correctness and validity of the Dreiding force field used in the study were verified. Then the models were geometrically opti-
mized and molecular dynamics simulated, and the trajectory files to reach thermodynamic equilibrium were statistically and ana-
lytically analyzed. It was found that vacancy defects lead to decreases in the cohesion energy density and in the number of total
hydrogen bonds of TKX-50, indicating that TKX-50 containing vacancy defects has increased susceptibility and decreased safety.
And with the increase of vacancy defects, the number of hydrogen bonds between hydroxylamine cations remains almost con-
stant, and the number of hydrogen bonds whose hydrogen bond acceptor is oxygen atom on bitetrazolium anion is significantly
reduced compared with other hydrogen bonds. Besides, the vacancy defects reduce the bulk modulus (K), elastic modulus (E),
and shear modulus (G) of TKX-50 by 1.530-4.122 GPa, 3.066-10.652 GPa, 1.216-4.202 GPa, respectively. It indicates that
the stiffness of TKX-50 crystal decreases with the increase of vacancy defect concentration. The positive Cauchy pressure
(C,,-C,,) of all models indicates that all models exhibit ductility, and the values of K/G and Poisson’s ratio (y) increase with the
increase of vacancy defect concentration, indicating that the toughness and plasticity of TKX-50 are enhanced by the increase of
vacancy defects. In addition, the vacancy defects also reduce the detonation velocity and detonation pressure of TKX-50 by 93—
317 m+s" and 1.0-3.5 GPa, respectively, indicating that the damage power of defect crystals is reduced.

Key words: dihydroxylammonium 5, 5’-bistetrazole-1, 1’-diolate (TKX-50) ; vacancy defect; molecular dynamics simulations,
sensitivity, mechanical properties, detonation performance
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