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the number of AMMO in PAMMO, g represents the block co-
polymer)
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Table 1 The binding energy between CL-20 and binder kJ - mol™
sample Eiotal Epolymer Ecia0 Einter Epina
E -21201.00 -474.22 -22133.10 1406.32 -1406.32
e£-CL-20/PBAMO(12) vdW -2675.20 -11.66 -4193.92 1530.38 -1530.38
electrostatic -19404.19 -1102.56 -18262.30 -39.38 39.38
E -25070.09 -764.90 -23704.40 -600.79 600.79
£-CL-20/PBAMO(9)-g-PAMMO(2) vdW -4328.47 89.54 -3950.35 -467.66 467.66
electrostatic -19588.40 -1304.37 -18239.30 44.73 -44.73
E -24904.27 -517.90 -23904.50 -481.87 481.87
£-CL-20/PBAMO(5)-g-PAMMO(7) vdW -4405. 64 125.78 -4201.23 -330.19 330.19
electrostatic -19248.90 -993.80 -18193.50 -61.60 61.60
E -24026.85 224.68 -23872.90 -378.63 378.63
£-CL-20/PAMMO (17) vdW -4011.92 32.02 -3791.09 -252.85 252.85
electrostatic -18573.50 -240.77 -18298.40 -34.33 34.33

Note: E, is the single-point energy of the equlibrium strcture, E¢| ,q is the single-point energy of £-CL-20,E

polymer IS the single-point energy of polymer, 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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Fig.5 The relationship between the contribution of van der

waals force on the binding energy and the molar fraction of

BAMO on the binder chain
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Equilibrium structures of £-CL-20/energetic binder systems with the densities close to the theoretical values

Table 2 The elasticity coefficient and modulus of £-CL-20/energetic binder

£-CL-20/PBAMO(9)

£-CL-20/PBAMO(5)

parameters e-CL-20 &-CL-20/PBAMO -g-PAMMO(2) -g-PAMMO(7) &-CL-20/PAMMO
C, 71.88 1.03 -1.62 1.07 0.22
Cy, 54.93 46.26 49.85 47.40 43.85
Cy, 70.30 42.64 36.15 43.43 46.20
Cus 12.62 5.86 4.20 3.97 5.19
Css -4.85 5.06 4.59 5.84 0.056
Coo 11.9 5.84 7.12 8.16 6.93
G, 23.66 15.09 15.98 16.89 15.64
Cy; 30.07 17.19 16.52 16.50 16.90
Cys 43.69 31.56 31.62 31.33 33.65
E/GPa 18.95 15.51 14.59 18.65 11.55
K /GPa 56.96 29.20 21.05 16.51 24.68
G/GPa 6.56 5.60 5.30 5.99 4.06
b% 0.44 0.39 0.38 0.38 0.42
(Cy,-C,,) /GPa 11.03 9.23 11.78 12.92 10.44

Note: E is tensile modulus, K is bulk modulus, G is shear modulus, y is Poissom’s ratio, C;,-C,, is Cauchy.
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Fig.7 The enthalpy of formation of energetic binders with dif-

ferent hard and soft segments proportion
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Simulation and Calculation for Binding Energy and Mechanical Properties of £-CL-20 /Energetic Polymer Binder
Mixed System

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

Abstract: To design the formulation of energetic polymer bonded explosives, the energetic binder with different hard and soft seg-
ments proportions of 3-azidomethyl-3-methyl oxetane(AMMO) ; 3,3-diazidomethyl oxetane( BAMO) was added into the high en-
ergy density compound hexanitrohexaazaisowurtzitane (¢-CL-20) used as main body of formulation, forming PBX. The binding
energy, the interaction modes between the energetic binder and £-CL-20 and the mechanical properties of £-CL-20/energetic bind-
er mixed systems were simulated by molecular dynamic (MD) method. The enthalpies of formation of the energetic binders with
different hard and soft segments proportions were calculated by a group additive method. Results show that the compatibility and
stability of PBXs predicted by binding energy decrease in the order of £-CL-20/PBAMO (9 ) -g-PAMMO(2) >£-CL-20/PBAMO(5) -
g-PAMMO (7)> £-CL-20/PAMMO (17)>g-CL-20/PBAMO (12), PBAMO interacts with £-CL-20 mainly in van der Waals force.
PAMMO interacts with ¢-CL-20 in van der waals force, electrostatic interaction and other forces. The energetic binders can effec-
tively reduce the rigidity of £-CL-20, wherein the thermoplastic elastomer can enhance the ductility of £-CL-20 effectively. The unit
mass enthalpy of formation of energetic binder increases gradually with the increase of BAMO content.

Key words: hexanitrohexaazaisowurtzitane ( CL-20); polymer bonded explosives ( PBX); energetic binder; binding energy;
mechanical properties
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