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Fig. 1 Molecular structures of CL-20(a) and DNB(b)

3B 4T3 112 (MD) J5 i BEILIF 58 15 25 L v B
YR PBX (1) 45 ¥4 AP fE — 2 A0 I8 B 5 G A
1202780 CL-20/DNB 3 Fh 9 45 HY 4 AF & CL-20 55
DNB 43 T2 (0 0 1) T A0 F A7, 6 %1% i 1 4 BF

o K 2015 % #%23 4& F 4 (309-314)



310

NG, AR, R, 1S

FENT SR T AL SR AR I RR A IR i SR R 45
X P B 5 M R HE BBt AL B AS AR 5T 1R B R L R T
ZH (HTPB) FIER & B (PEG) WA 8 % = R )
Rhgh 7222 g g )l CL-20/DNB 3k 5k 3
PBXs Hi A, HtT MD #3545 44 Fl i £ iz sh 3l
ST LB P ARG 45 3% 43 51 5 CL-20/DNB 5 iy 45 &
e K/ AR T He e A S H R 3 PBX 1 )
EPERE AL A n = R B LEE, O IR AE 2 Y
S 7 FH 4 BRI A5 8 FR FBIIE

2 135 REF0 MD

COMPASS 137" i i T 5 58 AR A1 R [l 25 70 21
Sy AR E AR G MD BIFSE, %) 5 Rl i 1 0 A 35 £k 2 1)
HEEmBWHE I aE 2,

&k # CL-20/DNB It iy X-ray 77 5 Bt 7 2 5 i
(I 2a) , 98 (3x2x1) 48 &g, 4 & 48 4> CL-20
571 48 4~ DNB 43 1+, 4k 2496 4N 5T,

a. CL-20/DNB cocrystal
H0+ﬁ2—ﬁ—ﬁ—ﬁﬁ;OH H+O—ﬁ2—ﬁﬁn—OH
b. HTPB c. PEG
E 2 CL-20/DNB kS5l (a),HTPB (b) fl PEG (c)
Iy T4
Fig.2 Primitive cell of CL-20/DNB cocrystal (a), molecular
structures of HTPB (b) and PEG (c¢)
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b. PBX CL-20/DNB/PEG
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Fig.3 MD equilibrium structures of two kinds of PBXs and cocrystal (0 0 1) at 295 K
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Table 1  Total energies, component energies, binding ener-
gies and its normalized values of two different PBXs

k) -+ mol™

'
model Etolal Eb(\se Epolymer Ebind E bind

CL-20/DNB/HTPB -51789.1 -51322.6 343.0 809.4 185.2
(114.1)  (108.0)  (29.5) (31.3) (7.2)
-51451.5 -51367.3 858.4 942.6 214.2
(134.5)  (124.9) (42.1) (42.6) (9.7)

CL-20/DNB/PEG

Note: 1) E'y;.qis the normalized E; 4 by weighting percent; 2) Data in pa-

rentheses are corresponding standard deviations.
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Fig.4 Pair correlation function (PCF) for the atoms pairs in
the (CL-20/DNB) /HTPB interface structure
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Fig. 5 Pair correlation function for the atoms pairs in the

(CL-20/DNB) /PEG interface structure
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Fig.6 PCF for the H—O atoms pairs between polymers ( HTPB
or PEG) and different components in the CL-20/DNB cocrystal
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HTPB 5§ PEG Ji7 , /4 2 W 341080 /0, 22 Pk 34 ok, BV {3 AR
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FH 807N 24 J0RE 22 T0] 114 PE 458, ol e o 0 245 4% Ab 7 T3 041
BERA] T SR T . I IMHTPB RS 25 57 4
Z (PBX CL-20/DNB/HTPB) % J&& 45 PEG 1EAL 4571 i
& % (CL-20/DNB/PEG) Hi% , i F B 7F CL-20/DNB 35
HEs /b i HTPB AYEUIACR TE 47, 3% 5 SE AT i HTPB A
Z%(1.35) - g7 - K')KFPEG #5(1.22 ) - g7 - KA
— 3, PR AR I AR TR R A R T A, R 2 <
BB PBXs 1k FR B Rl
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Table 2 Mechanical properties of (0 0 1) cocrystal and two
(00 1) cocrystal based PBXs

model CL-20/DNB/HTPB CL-20/DNB/PEG (00 1)

Ci, 5.9 (0.0) 5.3 (0.1) 8.2 (0.1)
Cyy 7.8 (0.2) 7.5 (0.1) 9.8 (0.3)
C,, 6.6 (0.1) 5.5 (0.3) 12.7 (0.1)
Cu 0.9 (0.0) 1.5 (0.1) 3.4 (0.1)
GCss 0.5 (0.0) 0.5 (0.0) 7.2 (0.1)
Ceo 2.8 (0.1) 2.9 (0.0) 3.3 (0.0)
G, 4.3 (0.1) 3.9 (0.2) 4.7 (0.1)
C,, 4.2 (0.1) 3.8 (0.2) 7.4 (0.0)
Cys 3.6 (0.1) 2.8 (0.1) 5.1 (0.2)
C,,-Cyy 3.5 (0.1) 2.4 (0.3) 1.3 (0.1)
tensile modulus(E) 2.5 (0.1) 2.6 (0.1) 7.3 (0.1)
Poisson ratio(») 0.4 (0.0) 0.4 (0.0) 0.3 (0.0)
bulk modulus(K) 4.8 (0.0) 4.0 (0.2) 6.8 (0.1)
shear modulus( G) 0.9 (0.0) 0.9 (0.0) 2.7 (0.0)
K/G 5.3 (0.1) 4.3 (0.3) 2.5 (0.0)

Note: Data in parentheses are corresponding standard deviations. The unit for

E, K, G and C;,-C,,is GPa.
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YEHIH H | 5 DNB #4453 O Jgi+ 2 ) & #AE o T
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Molecular Dynamics Simulation of Compatibility, Interface Interactions and Mechanical Properties of

CL-20 /DNB Cocrystal Based PBXs

SUN Ting', XIAO Ji-jun', ZHAO Feng’, XIAO He-ming'

(1. Molecules and Materials Computation Institute, School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China;
2. National Key Laboratory of Shock Wave and Detonation Physics, Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: To enhance practical values and improve safety and mechanical properties of 2,4 ,6,8,10,12-hexanitrohexaazaisowurtz-
itane /1,3-dinitrobenzene (CL-20/DNB) cocrystal explosive, two polymer binders, hydroxyl-terminated polybutadiene (HTPB)
and polyethylene glycol (PEG), were respectively added along its crystalline surface (0 0 1) and the models of two kinds of
CL-20/DNB cocrystal based polymer-bonded explosives ( PBXs), CL-20/DNB/HTPB and CL-20/DNB/PEG were constructed.
Under the COMPASS force field, the 295 K-NPT molecular dynamics simulation (MD) study for cocrystal explosive and two kinds
of PBXs models was conducted. The interface interaction between binder and explosives was explored using the pair correlation
function (g(r)). Results show that the binding energy of CL-20/DNB/PEG is larger than that of CL-20/DNB/HTPB, predicting
that the stability and compatibility of former is better than those of latter. In comparison with CL-20/DNB cocrystal explosive,
adding of small amount of binder (HTPB or PEG) makes the elastic constants (C;), tensile modulus (E), bulk (K) and shear
( G) modulus decrease, while Cauchy pressure ( C,,-C,,) and K/G value increase, showing that the stiffness of the PBXs system is
weaker, and its ductibility is better. The values of (C,,-C,,) and K/G of CL-20/DNB/HTPB system are larger than those of PBX
CL-20/DNB/PEG, indicating that the ductibility of former is better that of latter, predicting that the desensitizing effect of HTPB by
improving the cocrystal explosive’s mechanical properties is better than that of PEG.

Key words: 2,4,6,8,10, 12-hexanitrohexaazaisowurtzitane /1, 3-dinitrobenzene ( CL-20/DNB ) cocrystal explosive; polymer-
bonded explosives (PBXs) ; molecular dynamics simulation; interface interactions; mechanical property; sensitivity
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