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ABSTRACT

l lypothesis: Molecular dynamics simulation is a powerful computational

technique for studying and predicting the time evolution of physical systems

at the atomic level, which simulates the trajectory of atoms over time by
numerically solving Newton's equations of motion. Molecular dynamics simulation is
an efficient method to reduce the time, cost, and risks associated with working with
high-energy materials. Therefore, molecular dynamics simulation of the compatibility
and migration of plasticizers in liners, binders, and adhesives used in propellants can
reveal many of their properties before functional tests.
Methods: In this research, polyvinyl alcohol was studied as a new liner in the presence
of high-energy nitrate ester plasticizers such as 1,2,4-butanetriol trinitrate (BTTN),
trimethylolethane trinitrate (TMETN), and triethylene glycol dinitrate (TEGDN), and
its anti-migration properties were investigated. Molecular dynamics simulation of
polyvinyl alcohol in the presence of 10% plasticizer was performed based on NPT
Keywords: and Compass III force field, with a standard deviation of less than 5%, as well as the
binding energy, radial distribution function, and solubility parameter were calculated.
Findings: The PVA/TEGDN mixture had the highest binding energy and showed the
best compatibility. Also, the solubility parameter of polyvinyl alcohol and TEGDN
had the least contrast and the highest miscibility, and in other samples the miscibility
decreased. The intermolecular radial distribution function showed that the interactions
of the studied mixtures were of the strong van der Waals type, and compatibility
was observed in these mixtures. To validate the results, a vacuum stability test was
used. Polyvinyl alcohol showed the highest compatibility in the presence of all three
plasticizers. The PVA/TEGDN mixture with the lowest volume of gas released (3.185
mL) showed the highest compatibility. It was determined that polyvinyl alcohol can
be used as a liner with the ability to absorb nitrate ester plasticizers.
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Fig. 1. Structure of a liner adjacent to the propellant.
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Table 1. Initial and average final density of PVA with BTTN,
TMETN and TEGDN plasticizers.

System Initial density | Average final | Standard

(g/cm?) density (g/cm?) | deviation
PVA 1.250 1.187 0.030
BTTN 1.520 1.531 0.045
TMETN 1.470 1.493 0.035
TEGDN 1.330 1.305 0.040
PVA/BTTN 1.280 1.223 0.027
PVA/TMETN 1.270 1.237 0.021
PVA/TEGDN 1.260 1.206 0.039
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Table 2. Binding energy of PVA with BTTN, TMETN and
TEGDN plasticizers.

Total energy | Binding energy
System
(kcal/mol) (kcal/mol)
PVA -5841.60
BTTN -393.65
TMETN -205.50
TEGDN 3219 _
-63.75
PVA/BTTN -6171.50
-135.87
PVA/TMETN -5911.23
-58.61
PVA/TEGDN -5815.49
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Table 4. Vacuum stability test of PVA, TMETN, TEGDN,

BTTN, PVA/TEGDN, PVA/TMETN, and PVA/BTTN.

System Gas(cvli)ll;)lme V, (cm?) Result

PVA 1.250 - -
BTTN 5.225 - -
TMETN 5.310 - -
TEGDN 4.405 - -

PVA/BTTN 10.060 3.585 Compatible

PVA/TMETN 11.105 4.545 Compatible

PVA/TEGDN 8.840 3.185 Compatible
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Table 3. Solubility parameter of PVA and BTTN, TMETN
and TEGDN plasticizers.

System Solubility parameter (MPa'?)
PVA 23.29
BTTN 26.02
TMETN 25.62
TEGDN 23.01
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