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Influence of the Polyvinyl Alcohol Aqueous Solution Concentration on the Process

Quality and Combustion Performance of Nitroguanidine-based Gas Generator
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(Shaanxi Qinghua Vehicle Safety Systems Co. , Ltd. , North Special Energy Group, Xi'an 710038, China)

Abstract: The absorption between nitroguanidine crystal surfaces and polyvinyl alcohol (PVA) solutions at various concentra-
tions was simulated by molecular dynamics based on the interaction model for nitroguanidine and polyvinyl alcohol solution
(NQ-sPVA model) . The optimal process concentration of the PVA solution is determined. The gas generator samples were
produced. and their combustion performances were subsequently examined. The force field model was optimized based on the
parametric error between theoretical structures and single crystal diffraction analysis of nitroguanidine. The potential function
was utilized to calculate the interfacial energies. integrated interface energies, and modified attachment energies between the
PVA solution and the nitroguanidine crystal surfaces using the MAE model. SEM and densitometer were used to investigate the
influence of PVA solution concentration on the process quality of gas generator tablets. The combustion performances of gas
generator tablets were tested by the closed combustion chamber. The results show that the COMPASS Il force field is most
suitable for this research system because of its minimum error. The optimal process concentration of PVA to water is 1 : 3.75
in mass ratio, which allows for easier absorption by the nitroguanidine crystal with the lowest integrated interface energy of
0.33kJ/(mol « A*). Moreover, the modified attachment energies of the surfaces (220), (040), (11 —1),and (11 1)
of the nitroguanidine crystal coated with PVA solutions are —448.99, —548.40, —553.33, and —574.80kJ/mol, respec-

tively. As a result, the divergence in the growth rate of the nitroguanidine crystal surfaces during recrystallization is minimized,
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thus improving the coating effect. Additionally, the gas generator particles produced at the optimal concentration have fewer

surface defects. The compressed tablets exhibit a high consistency in thickness, weight, and density, as well as excellent com-

bustion stability. Above all, optimizing the binder’s process concentration is an effective method to improve the process quality

and combustion stability of the gas generators.
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Fig. 1 Schematic diagram of the NQ-sPVA model
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Fig.2 The NQ geometries optimized by different force fields
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Fig.3  The crystal morphology, main faces, and surface structures of NQ in vacuum
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Fig.4 The simulated adsorption process between the (2 2 0)
surface of NQ and the PVA solution (mass ratio of
PVA and H,O is 1 : 3.75)
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PVA solution with different concentrations
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Fig.7  The influence of the PVA solution with different
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gas generator tablet (SD: Standard Deviation)
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