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Molecular Dynamics Simulation of Interface Interactions and Mechanical
Properties of CL-20/HMX Cocrystal and Its Based PBXs
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Abstract To enhance practical values and improve safety and mechanical properties of cocrystal explosives, molecular
dynamics simulations were conducted to investigate the interface interactions and mechanical properties of CL-20/HMX
cocrystal based polymer-bonded explosives (PBXs). Two polymers, poly(ester urethane) block copolymer (Estane 5703) and
hydroxyl-terminated polybutadiene (HTPB), were respectively put along crystalline surface (1 0 0). Totally, two PBX simu-
lation models were built. The interfacial binding energies between the crystalline surface and polymers were calculated and
the binding energy between Estane 5703 and the cocrystal (1 0 0) surface is larger than that of HTPB. This indicates that the
stability and compatibility of the PBX containing a small amount of Estane 5703 is better. The interface structures of
CL-20/HMX cocrystal (1 0 0) surface with the two polymers were analyzed using pair correlation function (PCF). The results
show that hydrogen bonds of H atoms in the cocrystal with carbonyl-O atoms in Estane 5703 and with hydroxyl-O atoms in
HTPB are stronger. The elastic constants, moduli and Poisson ratio of the cocrystal and the cocrystal-based PBXs were cal-
culated based on the fluctuation analysis of production trajectories and Reuss average. Compared with the cocrystal, the me-
chanical properties of the PBXs containing a small amount of binder Estane 5703 or HTPB have changed apparently. It is
found that the elastic constants (Cj), tensile modulus (E), bulk (K) and shear (G) modulus all decrease, while Poisson ratio
(v), Cauchy pressure (Cj,—Cy4) and K/G all increase. The results show that the stiffness of the PBXs system is weaker, and
its elasticity and ductibility is better. And the small amount of polymer binders coating with the cocrystal makes the PBXs
more insensitive. The desensitization is mainly attributed to the heat insulation and absorption of the polymers and the buffer
action of the system softened by the polymers, while the bond length change for trigger bond caused by interface interactions
plays a minor role.
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Figure 1 Molecular structures of HMX (a) and CL-20 (b)
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Figure 2 Primitive cell of CL-20/HMX cocrystal (a), structures of Estane 5703 (b) and HTPB (c)
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Figure 3 Structures of 2 PBX models obtained from MD simulation equilibrium trajectories

R 1 PR PBXs B BERE (Eow)s 54150 BER (Evaseds Epotymer)~ 46 A 8 (Loina) S FUA—1E (Epind')

Table 1 Eiui, Evased, Epolymer, FEping and Eping' of 2 different PBXs

Polymer PBX Eal Evased Epotymer Ebina Epind'*
Estane I —18804.28 —19609.01 1012.61 207.88 45.19
(34.93) (26.89) (29.35) (6.19) (1.35)
HTPB T —19740.92 —19641.05 80.67 180.54 40.03
(31.47) (36.18) (7.11) (9.08) 2.01)

@ Unit: kcal/mol; Eping' is the Eping of unit quantity (1%) of polymer binders; b Data in parentheses are corresponding standard deviations.
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Figure 4 Pair correlation function for the atoms pairs in the (CL-20/HMX)/Estane 5703 interface structure
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Figure 5 Pair correlation function for the atom pairs in the (CL-20/HMX)/HTPB interface structure
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Figure 6 Hydrogen bonds of H atoms in the cocrystal with carbonyl-O atoms in Estane 5703 (a) and with hydroxyl-O atoms in HTPB (b)
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Table 3 The mechanical properties “ of cocrystal and its 2 PBXs

Parameter 1 I Cocrystal
Ch 6.5 0.1) 64 (0.1) 152 (0.1)
Cn 10.5 (0.1) 114 (0.1) 103 (0.05)
Css 6.1 02) 52 (0.1) 149 0.1)
(oM 0.7 (0.04) 0.8 (0.1) 6.8 0.1)
Css 1.3 (0.1) 1.0 (0.04) 33 (0.02)
Ces 5.5 0.1) 54 (0.03) 4.1 (0.03)
Cp 6.6 0.1) 6.7 (0.1) 49 (0.04)
Cis 24 0.1y 23 (0.1) 35 (0.04)
Cx 1.9 0.1) 15 (0.1) 87 0.1
Ci,—Cy 5.9 0.1) 59 (0.1) —19 (0.1
Tensile modulus (E) 33 (0.05) 3.3 (0.1) 8.6 (0.04)
Poisson ratio (v) 0.4 0.0)0 04 (0.00 03 (0.0)
Bulk modulus (K) 43 (0.1) 4.0 (0.05 83 0.1)
Shear modulus (G) 1.2 (0.02) 1.2 (0.03) 33 (0.01)
KIG 3.6 0.1) 33 (0.1) 25 (0.02)

¢ Unit: GPa; Data in parentheses are corresponding standard deviations.
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