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Table 1 Adsorption energy of bonding agents on the surface

of crystals and HTPB kJ - mol !

layer Al,0,(012) Al(011) HTPB
TEA 2137 6 16
TAZ 2666 13 18
MAPO - HAC 2417 8 19
MAPO 2317 7 11
HX-752 1653 2 6
HTPB 741 12 -
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Table 2 Elastic constants and mechanical properties for Al and adsorption layers GPa

pure Al Al/HTPB Al/TEA/HTPB Al/TAZ/HTPB Al/MAPO - HAC/HTPB Al/MAPO/HTPB  Al/HX-752/HTPB
Cl11 113.20(108.20) 2.67 -2.32 112.10 20. 88 53.08 31.60
C12 64.02(61.30) -11.60 -13.10 33.00 -4.82 6.46 12.95
C13 64.02 4.68 -7.72 26.73 36.61 -38.80 -0.22
C21 64.02 3.60 5.97 33.54 33.01 4.56 12.63
C22 111.30 37.40 -1.62 147.40 67.47 62.02 50.34
C23 64.02 3.75 3.75 14.29 2.68 -5.65 -1.07
C31 64.02 -6.49 -3.24 10. 66 -2.92 -4.59 -0.01
C32 64.02 -6.06 4.67 -0.88 -16.69 -27.88 -0.20
C33 111.30 11.89 -4.14 42.03 4.88 -10.21 -1.50
C44 65.07 8.26 -19.31 47.96 13.75 16.53 16.54
C55 65.07 3.65 -0.14 47.93 4.45 3.84 3.52
C66 65.07 -0.52 12.44 10. 81 25.94 14.83 1.95
tensile modulus 64.57(68.00) 16.79 20.57 94.12 27.82 24.90 25.78
poisson’s ratio 0.37 0.13 0.13 0.16 0.20 0.45 0.13
bulk modulus  79.78 4.43 5.41 46.54 15.68 4.33 11.61
shear modulus  23.65(24.00) 9.67 11.88 40.47 11.55 22.97 11.40

Note: Data in bracket is experimental data.
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Table 3 Diffusion coefficients of O, and H,O x10° em® - 7'

bonding agents Dy, D0/ % 10?
MAPO 3.72 2.68
HX-752 9.72 5.83
TAZ 7.41 7.65
TEA 5.91 7.05
MAPO - HAC 0.52 1.98
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Molecular Simulation on Mechanism of Bonding Agents in HTPB Solid Propellant Model

JIAO Dong-ming, YANG Yue-cheng, QIANG Hong-fu, WU Wen-ming
(No. 201 Staff Room, Xi'an Hi-Tech Institute, Xi'an 710025, China)

Abstract: In order to explore the effect of bonding agents on the mechanical properties and chemical ageing resistance of hydroxyl-

terminated polybutadiene (HTPB) solid propellant, molecular dynamics method and COMPASS force field were adopted to simulate

the adsorption energy and mechanical properties of the interfaces constructed by HTPB, bonding agents and crystal faces of Al and

AL O,. Then simulations were applied to estimate the diffusion coefficients of H,0 and O, in different bonding agents membranes.

The results show that bonding agents increases the interaction of solid grain and HTPB, and improves elastic modul of Al/HTPB lay-

er showing the enhancement of HTPB system rigidity. The trend of ability of restraining the diffusion of gas is consistent with experi-

mental chemical ageing resistance of different bonding agents.

Key words: physical chemistry; hydroxy terminated polybutadience propellant ( HTPB); bonding agent; molecular dynamics;

mechanical properties; diffusion coefficients



