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A Theoretical Criterion for Sensitivity of Energetic Composites——
Molecular Dynamics Studies on AP/HMX Systems
at Various Concentrations and Temperatures
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Abstract Molecular dynamics (MD) simulations have been performed to investigate AP (ammonium per-
chlorate)/HMX (octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocing) composites at various concentrations and
temperatures in NVT ensemble using the modified PCFF force field. The binding energies and the average
and maximum bond lengths of pyrogenation trigger bond N—NO, in the AP/HMX composites were ob-
tained. It was shown that with the mass ratio of AP/HMX increasing the binding energy changed according
to a complex mode, but the maximum bond length of N—NO, changed according to a parabola mode, which
means that the bond length increased first and then decreased, and the peak of the parabola was at the
AP/HMX ratio of 1 . 1. This agreed well with experimental fact that the sensitivity value was highest at this
ratio. The maximum bond lengths of the N—NO, trigger bonds of 1 : 1 AP/HMX system were calculated
and found to increase with increasing temperatures, which was consistent with the experimental fact of sen-
sitivity increase with temperature increasing. Thus it was suggested that the maximum trigger bond length of
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the most sensitive component in energetic composites could be used as a theoretical criterion of thermal or
impact sensitivity to judge or predict the relative safety of energetic composites.

Keywords energetic composite; ammonium perchlorate (AP); octahydro-1,3,5,7-tetranitro-1,3,5,7-tetra-
zocine (HMX); molecular dynamics; trigger bond; binding energy; sensitivity
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Figure 1 Equilibrium structure of AP/HMX (1 . 1) composite
after MD simulation
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Table 1 Bind energy of APIHMX composite at different

concentrations (kJ/mol)

AP/HMX Erota Enmx Eap Ebind  Ebind °
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Figure2 Distribution of N—NO, bond length in AP/HMX (1 :
1) composite
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Table2 Average (Ly-no2) and maximal (Lma) bond lengths of
N—NO, in AP/HMX at different concentrations (A)

AP HMX HMX®3:12:13:21:12:31:21:3

Lnnoz/A 1354 1.372 1.373 1.373 1.373 1.372 1.371 1.367
LmadA 1486 1.495 1.500 1.506 1.510 1.502 1.487 1.486
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Table 3 Bind energy of AP/THMX composite at different tem-
peratures (kJ/mol)

A Etota Ermx Eap Ebina  Ebind
195K —109917.3 —15745.1 —48247.2 45849.6 955.2
245K —108440.1 —149024 —47359.0 46179.0 962.1
205K —106977.1 —15422.6 —48284.4 43269.7 901.5
345K —105374.0 —14404.3 —47436.7 43533.0 906.9
395K —103669.0 —12786.5 —45870.1 45012.7 937.8
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Figure 3 Bind energy of AP/HMX composite at different tem-
peratures
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Table4 Average (Ln—no2) and maximal (Lyg) bond lengths of
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