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(L3
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BN/PPTA 356.925 167.356
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BN-QX1324/PPTA 389.492 193.759
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Thermomechanical Properties of Silane Coupling Agents Modified Boron
Nitride Doped Aramid Composites Based on Molecular Simulation
Dong He
(Hebei Key Laboratory of Power Transmission Equipment Security Defense
North China Electric Power University Baoding 071003 China)

Huang Yancheng Liu Bowen Geng Jianghai  Lii Fangcheng

Abstract PPTA is a high-insulation, high-modulus fiber material that is widely utilized in the insulation
protection of power equipment. However, its inherently low thermal conductivity limits the ability to dissipate
heat effectively. Recently, nano-doping modification and coupling agent grafting have emerged as effective
methods for enhancing the thermal properties of high polymers. BN is an inorganic filler with favorable
thermodynamic properties while there is limited research on BN modified with coupling agents doped PPTA. To
investigate the impact of BN fillers modified with different silane coupling agents on the thermomechanical
properties of aramid composites, four types of silane coupling agents (KH550, KH560, KH580, and QX1324) were
selected, various modified BN composite models were created by doping para-aramid (PPTA) using Materials
Studio. The thermal conductivity, glass transition temperature, mechanical properties, and intermolecular
interactions of the composite models were analyzed by the molecular dynamics method.

Firstly, the thermal conductivity of the composite system was calculated using the INEMD method. The
thermal conductivity of the composite systems modified with coupling agents were significantly enhanced.
Specifically, the thermal conductivity of BN-KH560/PPTA and BN-QX1324/PPTA increased by 83.05% and
74.58%, respectively, compared with pure PPTA. RDF analysis indicated that the interaction between the end
group of KH560 and QX1324 coupling agents and PPTA was more pronounced. Additionally, the glass transition
temperature of the composite system was analyzed by the specific volume-temperature method, the BN-
QX1324/PPTA system reached 597.746 K, which represented a 12.93% increase.

Regarding mechanical properties, the Young's modulus and shear modulus of the composite systems were
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consistently higher than those of pure PPTA over the temperature range from 300 K to 700 K. At 300 K, the Young's
modulus of the BN/PPTA, BN-KH550/PPTA, BN-KH560/PPTA, BN-KH580/PPTA, and BN-QX1324/PPTA
systems was, on average, 9.95% higher compared to PPTA. Furthermore, the BN-QX1324/PPTA system
demonstrated greater resistance to the degradation of mechanical properties at high temperature.

Regarding structural parameters, the reasons for the improved performance of the composite systems were
elucidated through calculations of cohesive energy density, free volume fraction, hydrogen bond number, and other
parameters that assessed intermolecular interactions. Modified BN enhanced the cohesive energy density of the
systems through hydrogen bonding and van der Waals force, further strengthening the interaction within the
composite systems. Notably, due to the strong electronegativity of fluorine groups, the cohesive energy density of
the BN-QX1324/PPTA system increased the most, with an average rise of 13.32%. Additionally, it exhibited strong
resistance to external electric field interference.

To verify the validity of the calculation results, the BN-QX1324/PPTA system, which showed the best
modification effects in the simulation, was selected for experimental investigation. The results indicated that the
thermal conductivity, glass transition temperature, Young's modulus, and breakdown field strength of the
PPTA/BN-F system were significantly improved that compared to the pre-modification values, and the trends were
consistent with the simulation results. This study validates the reliability of the simulation calculations and show
that the enhanced intermolecular interactions between the fluorinated group and PPTA in the QX1324 coupling
agent are the underlying reasons for the observed performance improvements.

Keywords: Para-aramid, boron nitride, silane coupling agent, molecular simulation, thermodynamic
property
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