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Table 1 Trigger bond length of different crystal models A
Model Lorop Love Lo
1 1.395 1.394 1.539
2 1.395 1.395 1.551
3 1.396 1.396 1.563
4 1.396 1.395 1.570
5 1.396 1.396 1.602
6 1.397 1.396 1.611
7 1.396 1.397 1.605
8 1.396 1.397 1.629
9 1.398 1.397 1.632
10 1.396 1.397 1.616
11 1.397 1.396 1.589
12 1.396 1.397 1.585
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Table 2

crystal models

CED, vdW and electrostatic energies of different

kJ-cm™

Model CED vdW electrostatic
1 0.896 0.258 0.638
2 0.874 0.248 0.626
3 0.863 0.244 0.619
4 0.861 0.243 0.618
5 0.839 0.232 0.607
6 0.815 0.221 0.594
7 0.810 0.219 0.591
8 0.782 0.204 0.578
9 0.788 0.207 0.581

10 0.801 0.213 0.588

11 0.831 0.230 0.601

12 0.850 0.238 0.612

Note: CED is cohesive energy density. vdW is van der Waals force.

CED=vdW+electrostatic.
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Table 3 Density and detonation parameters of different crys-

tal models

Model OB / % pl/g-cm™  D/m-s”! p/ GPa
1 -14.76 1.903 9213 39.66
2 -14.76 1.892 9173 39.19
3 -14.76 1.875 9110 38.47
4 -14.76 1.860 9055 37.85
5 -15.03 1.790 8787 34.91
6 -14.50 1.791 8809 35.10
7 -14.76 1.809 8866 35.75
8 -15.35 1.759 8661 33.59
9 -14.23 1.776 8763 34.58
10 -14.76 1.774 8737 34.35
11 -14.76 1.830 8944 36.61
12 -14.76 1.833 8955 36.73

4 £

KMo F3h D15 07 s g I T e e T
Fﬁﬁnnﬁgﬁkﬁaﬁﬁ CL-20/NQ 3 FE 25 1 Fa e M Rk i
SRR TERE  ERDT T Al AR Sk B X R 24 P RE Y B2 R 1 L .
2%%%?%

(1) H T AR A SR B 19 52 T, 0 24 109 b AR 25 4 55 4
THES I K AL, S B 1 Z 1 R AH B AR s
55, 45 A el KEZS BRSO PR 25 . 28 LB i 1A AR
RUM 45 G e B/ B Mo 225, HL B AR IR 0 1 3

A A AL www.energetic—materials.org.cn



ih MR e B X CL-20/NQ S FE 25 14 68 52 1) B8 BF 5%

841

I, K 245 AR5 2 M % 55

HfiE

(2) B B it A 1 51 B R 9 K, B 3 UL 1A
5 A AR LUl /N, R WK 24 ) SR R, B e

U o B R AR B B BN K 2 Y RS S I O 2
G2 IR

(3) R 3 b PR 1) 28 B2 5 1 S8 S R0 T 58 58 7 B iy

PRBEHD 2 W] FE R 0 /) | RE 1 B e AR, L rp 23 o7
e A5 2R 1 o 2 E e I, TS 225 07 e o o B 4k 7 JEE 119
SO S W0 o B I A O K 24 R R R
ZARBE T I/N  BE A BT AR

LRAORE , WUk I (015 10 2 A A2 0 M AR, SR

7R, A PR, BE R R S R . P AR

e

S0 K 25 IO RS E R B A R A R R

M, G v 23 5 gl B X 245 1 BE 52 0 BB O 235, O HLRE
& R B RO R I IN , K 24 B P RE B R 2%

SE

[1]

[2]

[7]

Nielsen A T, Chafin A P, Christian S L, et al. Synthesis of poly-
azapolycyclic caged polynitramines [J]. Tetrahedron, 1998,
54(39): 11793-11812.

T A S I Y R R RE R S BE AT R [D )L KR
bk, 2076.

DING Xiong. Design of insensitive high-energy cocrystal ener-
getic materials based on nitroguanidine [D]. Taiyuan: North
University of China, 2016.

Ding X, Gou R J, Ren F D, et al. Molecular dynamics simula-
tion and density functional theory insight into the cocrystal ex-
plosive of hexaazaisowurtzitane / nitroguanidine [J]. Internal
Journal of Quantum Chemistry, 2016, 116: 88-96.
A, UL M A5 HMXGR PR P B LB 3 | Bk e 26 280 % 0k:
Bt nht B IR ()], S RERRE, 2011,19(6) :632-636.
XU Rong, LI Hong-zhen, KANG Bin, et al. Effects of HMX
crystal characteristics on shock sensitivities: crystalline inter
voids, particle size, morphology[J]. Chinese Journal of Ener-
getic Materials( Hanneng Cailiao), 2011, 19(6): 632-636.
FERR, BT, B 26 RDX/HMX K 24 i (A% P9 3 B s 2 fiF L5 o it
WORBERTTEL) ). S RER R, 2010,18(2):152-157.

HUA Cheng, HUANG Ming, HUANG Hui, et al. Intragranu-
lar defects and shock sensitivity of RDX/HMX[J]. Chinese Jour-
nal of Energetic Materials( Hanneng Cailiao), 2010, 18(2) :
152-157.

Xu X J, Xiao J J, Huang H, et al. Molecular dynamics simula-
tions on the structures and properties of e-CL-20(0 0 1)/F,,,,
PBX[J]. Journal of Hazardous Materials, 2010, 175: 423-428.
Xue X G, Wen Y S, Long X P, et al. Influence of dislocations
on the shock sensitivity of RDX: molecular dynamics simula-
tions by reactive force field[J]. The Journal of Physical Chemis-
try C, 2015, 119: 13735-13742.

Sun H, Ren P, Fried ] R. The COMPASS force field: parame-
terization and validation for polyphosphazenes[])]. Computa-
tional and Theoretical Polymer Science, 1998, 8: 229-246.
Sun H. COMPASS: An ab initio force-field optimized for con-

densed-phase applications-overview with details on alkane and

CHINESE JOURNAL OF ENERGETIC MATERIALS

[11]

[16]

[17]

[20]

[21]

benzene compound[J].
1998, 102: 7338-7364.
Andersen H C. Molecular dynamics simulations at constant

The Journal of Physical Chemistry B,

pressure and/or temperature[]]. Journal of Chemical Physics,
1980, 72(4): 2384-2393.

Parrinello M, Rahman A. Polymorphic transition single crys-
tals: a new molecular dynamics method[]]. Journal of Applied
Physics, 1981, 52: 7182-7190.

Allen M P, Tildesley D J. Computer Simulation of Liquids[M].
Oxford: Oxford University Press, 1987.

Ewald P P. Evaluation of optical and electrostatic lattice poten-
tials[J]. Annals of Physics, 1921, 64: 253-287.

Bowden F P, Yoffe A D. Initiation and Growth of Explosion in
Liquids and Solids [M].
Press, 1952.

Kamlet M J, Adoiph H G. The relationship of impact sensitivity

Cambridge: Cambridge University

with structure of organic high explosives[]]. Propellants, Ex-
plosives, Pyrotechnics, 1979, 4(2): 30-34.

HAR XV AAME, 1 AR A, A 2 A8 i RE A R AR I SR ) A
iz Hi A 73 2 1 B B9 MD B 52 )] & BE BB, 2014, 22(5) -
582-587.

ZHU Wei, LIU Dong-mei, XIAO Ji-jun, et al. Molecular dy-

namics study on sensitivity criterion, thermal expansion and

fig
/Z\

mechanical properties of multi-component high energy system
[J]. Chinese Journal of Energetic Materials( Hanneng Cailiao) ,
2014, 22(5): 582-587.

XM, WA BRAS, AR A RBEAL R HMX it 14 45 1 R RE (¥
MD #F5E[)]. & RERT R, 2013,21(6) :765-770.

LIU Dong-mei, XIAO Ji-jun, CHEN Jun, et al. MD simulation
on the structure and properties of different models for HMX
crystal [J]. Chinese Journal of Energetic Materials (Hanneng
Cailiao), 2013, 21(6): 765-770.

AT, 4R % L BRAS, SF RDX FE PBX MBI (25 4 B fik R 15
JER R Moy T 3 St )] h E AR A, 2013,43(5)
576=584.

ZHAO Li, XIAO Ji-jun, CHEN Jun, et al. Molecular dynamics
study on the relationships of modeling, structural structure and
energy properties with sensitivity for RDX-based PBXs[]]. Sci-
entia Sinica Chimica, 2013, 43(5): 576-584.

Ve 2, E el XA ], % .CL-20/HMX 3k & 5 IR Y 43 1 30 )
SR ] SRR RL, 2016,24(4):324-330.

TAO Jun, WANG Xiao-feng, ZHAO Sheng-xiang, et al. Mo-
lecular dynamics simulation of CL -20/HMX cocrystal and
blends [J]. Chinese Journal of Energetic Materials (Hanneng
Cailiao), 2016, 24(4): 324-330.

XA B, AR A ORI HMX R RDX i 1 1) 1% %2
F RN Iy 25 VERE T — 43 F 3 Iy 2 LU R ST [) ). v A5 2 Ak 2
% 4,2013,34(11):2558-2565.

LIU Dong-mei, ZHAO Li, XIAO Ji-jun, et al. Sensitivity criteri-
on and mechanical properties prediction of HMX and RDX
crystals at different temperatures - comparative study with mo-
lecular dynamics simulation [J]. Chemical Journal of Chinese
Universities, 2013, 34(11): 2558-2565.

VEELH | 14 905 | 5 2210 55 e N TS FE /S A 2% SR 2% 6 (CL-20) 34
fi HLER A BEE5E[) ] A LI, 2005,25(5) :536-539.

XU Xiao-juan, XIAO He-ming, JU Xue-hai, et al. Theoretical

study on pyrolysis mechanism for e-hexanitrohexaazaisowurtz-

itane [J]. Chinese Journal of Organic Chemistry, 2005, 25
4 fe A A 2018 4 %26 & %10 4 (835-842)



842 MU R, B W, B A
(5): 536-539. 2011:26-27.

[22] Geetha M, Nair U R, Sarwade D B, et al. Studies on CL-20: [24] EEPE, KIEA JEBEETITENRA YA B IER Y 0
the most powerful high energy material[)]. Journal of Thermal SN Ve R )] RS b ,1983,3(3) :56-66.
Analysis and Calorimetry, 2003, 73(3): 913-922. GUO Yu-xian, ZHANG Hou-sheng. Nitrogen equivalent (NE)

[23] EEF /T AEHH I ML P92 7540 Dol R 5= il and modified nitrogen equivalent (MNE) equations for predict-

#,2011:26-27.
WANG Yu-ling, YU Wen-li. Explosives, Initiators and Pyrotech-

nics[MJ. Xi’an: Northwestern Polytechnical University Press,

ing detonation parameters of explosives-prediction of detona-
tion velocity of explosives []].
1983, 3(3): 56-66.

Explosion and Shock Waves,

Theoretical Investigation of the Effect of Crystal Defect on the Propertiesof CL-20/NQ Cocrystal Explosive

HANG Gui-yun, YU Wen-li, WANG Tao, WANG Jin-tao, MIAO Shuang
(School of Nuclear Engineering » Rocket Force University of Engineering, Xi’an 710025, China)

Abstract: To research the effect of crystal defect on the stability, sensitivity and detonation performance of hexanitrohexaazai-
sowurtzitane (CL-20)/nitroguanidine (NQ) cocrystal explosive, the “perfect” and defective (adulteration, vacancy and disloca-
tion) CL-20/NQ cocrystal explosive models were established. Molecular dynamics method was applied to predict the properties
of various models. The binding energy, trigger bond length distribution, bonding diatomic interaction energy, cohesive energy
density and detonation parameters of different models were got and compared. The results show that compared with the “per-
fect” crystal, the decreasing ampliture of binding energy of defective crystal is 4.29%—24.33%, indicating that the intermolecu-
lar interaction energy is weakened and the stability is decreased. The increasing ampliture of trigger bond length of defective crys-
tal is 0.78%—6.04% , while the decreasing ampliture of bonding diatomic interaction energy is 2.86%—20.03% and the decreas-
ing ampliture of cohesive energy density is 2.46%—12.72%, indicating that the sensitivity of explosive is increased and safety is
worsened. Owing to the influence of crystal defect, the decreasing ampliture of density, detonation velocity and detonation pres-
sure of explosive is 0.58%—7.57%, 0.43%—5.99%, and 1.19%—15.31%, respectively, indicating that the energy density and
power are decreased. Therefore, crystal defect has a negative effect on the stability, sensitivity and energetic characteristics of
CL-20/NQ cocrystal explosive, among them, the effect of vacancy defect on the performance of explosive is more significant.
Key words: hexanitrohexaazaisowurtzitane/nitroguanidine (CL-20/NQ) cocrystal explosive;crystal defect; binding energy;sensi-
tivity ;detonation performance; molecular dynamics
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