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c. CL-20/HMX d. CL-20/HMX blends

cocrystal (2x2x2) super cell

Fig.1 Structure of the cocrystal,blends and each component of CL-20/HMX
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Cy Gy B AL i R BCERAR 320, R AR I AR P Y
Sk RO A T EUE O 0, XKW HMX CL-20,
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Table 1 The elasticity coefficient and modulus of the cocrys-
tal,blends and each component of CL-20/HMX

parameters £-CL-20  B-HMX Scl)'c_f)?si;MX Ell_efdos/HMX
Ci, 71.88 37.95 97.11 45.67
C,, 54.93 47.21 52.58 44.32
C; 70.30 44.65 76.59 50.81
Cyy 12.62 20.27 20.38 -0.34
Css -4.85 13.19 25.92 5.64
Coo 11.9 5.13 12.89 11.43
C, 23.66 20.06 58.31 49.68
Cy; 30.07 16.73 57.36 38.97
C,s 43.69 47.21 41.01 45.48
E/GPa 18.95 33.47 52.11 15.98
K/GPa 56.96 28.11 21.05 39.50
G/GPa 6.56 12.86 19.69 5.58
Poisson’sratio  0.44 0.3 0.32 0.43
(G,,-C,,) /GPa11.03 -0.21 37.93 50.02

Note: E is tensile modulus, K is bulk modulus, G is shear modulus, C;,-C,, is

Cauchy press.
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Table 2 The bond lengths of g-HMX, &-CL-20, HMX/CL-20
cocrystal and HMX/CL-20 blends structures at different temper-
atures A
T/K 200 250 298 350 400
Lovop 1.39 1.40 1.40 1.39 1.40
B-HMX Lo 1.50 1.52 1.52 1.53 1.54
Lo 1.39 1.40 1.39 1.40 1.39
Lorop 1.38 1.39 1.39 1.38 1.38
£-CL-20 Lo 1.49 1.53 1.54 1.55 1.56
Ly 1.38 1.39 1.39 1.38 1.39
Lorop 1.40 1.40 1.39 1.39 1.40
CL-20/HMX cocrystal L. 1.49 1.49 1.50 1.51 1.52
Ly 1.40 1.40 1.39 1.39 1.39
Lorop 1.39 1.39 1.40 1.41 1.42
CL-20/HMX blends Loax 1.75 1.81 1.82 1.82 1.83
Love 1.40 1.39 1.41 1.40 1.40
1.85
180} " v
175} /
—=—HMX
< 170F —e—CL20
\’g‘ 165+ —A—CL-20/HMX cocrystal
160k —v— CL-20/HMX blends
1.55} -2
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TIK
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Fig.2 The cruves of the maximum bond length (L, ) of four

structures changes with temperature

Th o4
a. CL-20/HMX blends
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Fig.3 The equilibrium structure of CL-20/HMX blends
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b. CL-20 part in the system
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TXR R AR AR e Mg A oy W35 . DRI, R 5
BIPA T CL-20/HMX JLIR IR R 41 4 181 45 4 ik S AR H
Jr, Bl 3 N CL-20/HMX SR 1k R F-fiy 451, % 3
M 3 I EAREN CL-20/HMX LR 1A R 45y [ 45 &
B 254 BB FAE S TR 1 8 4 3 Ta) AH VR FH T 58 B 1Y
FRIE S B LR IR R MR A 5 HZ
HMX F1 CL-20 4143 [8] B 45 5 BE T 3R 0
Epina=Einier =_[ Etotal_( Eci s +EHMX) J 0! (2)

E g 18 K 3 W R AR 25 201 43 ) 194 AH A FH AT
SR 5 Epo A FIT A5 F A 5 A8 SR A5 1 B 5 BB, X R 1 3a 1
G5k 5 Ecyo A HMX 343 1150 CL-20 i PR A5 RE
XF R Bl 3b L RE 5 By R 2245 CL-20 #3543 31 5 HMX
) 5 BE X I P 3 2 o

M 3 A LLE H, CL-20/HMX 1R 4 Z g 41
44 fE S 5718.20 k) - mol™ [ iE KT 0, BB LR
PR Z B A A 22 ) RE R W B, W B AR A M A . Hov
AR )N 45 5 BB BTk g 58. 8% 5 HLAH HLAE H
JIMEEARER TTER R 7. 3% o R, 0 2H 003 04 AH B4R
FHE LIS AR 7 ok 3 I8 A 5 40 i AR VR O 46

c. HMX part in the system

Table 3 The binding energy between each component of CL-20/HMX blends kJ -+ mol™
interaction Elolal ECL—ZO EHMX Einler Ebind
E -25926.37 -6256.29 -13951.88 -5718.20 5718.20
vdw -1656.07 632.68 1187.37 -3363.27 3363.27

Electrostatic -23541.63 -7939.87

-15181.47

-420.30 420.30

Note: E, is the single-point energy of the equilibrium structure, Ec| ,, is the single-point energy of £-CL-20, E,\y is the single-point energy of HMX, E is the total energy

of each structure, vdW is the energy of each structure obtained by vdW interaction, Electrostatic is the energy of each structure obtained by electrostatic interaction.
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PSR A% B (CED) 2 A7 R AL Y 1 mol 3 2R 1K
g v R4y TR 1 SR B I B A R B, N R AR
JE S B s W o Ay - [RAR ELAE 0 ROy 3 &, an =X
(3) FiR
CED=(H,-RT)/V " (3)
Krp, H R EE IR 78 KRG K5 RT R Ak I BT 4800 12 Jik
Iy,k); Vo WEE SRR, cm’
BB, 2 RS B 8 TR e I A
R VEH T RE AL RE A A AR E M SR — A T B, R
FE 25 2B/ A 3R 5 IR 431 8] 4 1T E 8 2R AR 78 ASORH B
5o RIRRWY Foff simfa ez, Nk 4
I EEZE A TT LU B B T, PR S5 4 4 T 1
N R BB TS B /N SRR e A 22 X 53R 2 i
KR (L) TFREE R —8, i H R 4 it 5a 4
RATLIE Y, CL-20/HMX 2 & 25 0 19 N 5% Be % B
T L K T CL-20/HMX IR 45 7 1% 7 5% Be 25 B2 (i,
XK E CL-20/HMX I A0 He, CL-20 /HMX MR 45
FFE MRS T T 5 kAo SRR e MR 2 &
SR R (L, ) PR E IR SR — 3

£4 KRBT CL-20/HMX 2t 5 & SL IR 7k Z 1 Py 5 a2 B
Table 4 CED of CL-20/HMX cocrystal system and blends sys-

tem at different temperatures kj - cm™
T/K
sample parameter
200 250 298 350 400

CED 1.167 1.162 1.166 1.151 1.145
CL-207HMX vdw 0.080 0.072 0.074 0.054 0.054
cocrystal

electrostatic 1.087 1.090 1.092 1.097 1.091

CED 0.069 0.036 0.032 - 0.021
CL-20/HMX vdw 0.034 - B B B
blends

electrostatic 0.035 0.038 0.036 0.034 0.036

3.3 gESHEHITE

SRR BERELE 4-120 K) - mol ™ i KT H e LA
YER, JF HA 5 m v, or DL = 3 58 b e i
MIVE R 1o 22803 5 14 T 1A 6t 43 a) 1) 0B A
PRI D S B hy E Ail 1 A1 B ) R BT 3R A Ak B W SOk
(145 EE/R A 2 1 B9 CL-20/HMX J& FyJE 2y,
e R A £-CL-20 B &2 T B, 43 BT A Oy 2 3t i PN 38
e T CH - O S8 8. i Tt & 0y 208 A X 85
B, BAZH y e-CL-20 Fll B-HMX 1 U8 AH X85 K, Bir
DL CL-20/HMX e J (10 Ja% 2 45 B — 21 43 B IR .
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TR SCHER [8 ] T 3R AR A e i 0 24 0 I JRBL
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BT 3.1 ~5. 0A, 55 i 7848 g 4 B4R K R
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c. CL-20/HMX cocrystal d. CL-20/HMX blends
B4 CL-20/HMX 2k f B IR K R B H—O 210 53 1 55 4K
Fig. 4 ~H—O radial distribution function of CL-20/HMX

cocrystal and blends
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1) CH--- O & 5 A0 5 AE H1 58 £ /v T e-CL-20 . B-HMX
Z )RR, CL-20/HMX e 5 R 3 11 &0 o i 22
KT CL-20/HMX FyE H 815 o B, 2 25 1) Fn 4t
Pn TS FIR RAFTE R R 22 1 o 3 Ah AR v] DL &
M, B-HMX ,e-CL-20 ,CL-20 /HMX 3L i & CL-20 /HMX
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JEIR IO S AR FR SRR W A 4y Sl o 2. 48,2.41,2. 30,
2.43A DU R A K B HEF O . B-HMX>CL-20/
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HMX 3 45 0 v it S0 R s /N T ol = Fh 25 4, 46
PR G LR A AT, B, 7T LUK CL-20/HMX 4t
A R AR AR R P AE AR KX B8 CH O &
SERTEL,

4 & it

(1) HMX/CL-20 3 ¥ (1 5 P 4 i 3T 5 45 R 0
52.11 GPa, i 8 F 2T T 5 — 4 E IR R W4t
T AS RE 1 B S e v, L3 KR 2 I R T 3R R 24

(2)CL-20/HMX IR Z5M Y L, (8 0 3 K T35
SEF S S AR A3 ) Al AR R AR TR R S .

(3) CL-20/HMX It 5 R TR 1) P 2R i 4% 3 i Ik
T2 #is /I, CL-20/HMX 3 45 44) 1) P 26 1 2% )32 {H
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Molecular Dynamics Simulation of CL-20 /HMX Cocrystal and Blends

TAO Jun, WANG Xiao-feng, ZHAO Sheng-xiang, DIAO Xiao-giang, WANG Cai-ling, HAN Zhong-xi
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract. To compare the properties of the hexanitrohexaazaisowurtzitane ( CL-20)/ cyclotetramethylenete-tranitramine ( HMX)
cocrystal and CL-20/HMX blends, the cocrystal structure and blending structure with the molar ratio of CL-20 and HMX as 2 : 1
were constructed respactively. The mechanical properties,structure stability and radial distribution function of the cocrystal system
and blending system were simulated by molecular dynamics (MD) method. Simulation and calculation results show that the co-
crystal process of CL-20/HMX can significantly improve the antideformation ability and ductility of the system. The tensile modulus
of the cocrystal structure is greater than that of blending structure. The maximum bond length( L, ) decreases in the order CL-20/
HMX blends>g-CL-20 >B8-HMX >CL-20/HMX cocrystal.  The structure of CL-20/HMX blends is sensitized by the interaction in
which Van der Waals force predominate. The cohesive energy density (CED) value of CL-20/HMX cocrystal structure is far grea-
ter than that of CL-20/HMX blends structure. The low sensitivity of CL-20/HMX cocrystal system is caused by the existence of hy-
drogen bond CH---O with relatively short length.

Key words: hexanitrohexaazaisowurtzitane ( CL-20) ; cyclotetramethylenete-tranitramine ( HMX) ; mechanical properties; struc-
ture stability; hydrogen bond
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