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Molecular simulation on effect of silane coupling agent modified TiO, on
water molecular diffusion behavior in vegetable insulating oil
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Abstract: The nanomolecular model of TiO,/vegetable oil interface structures before and after modification of two silane
coupling agents (KH570 and KH792) were established by molecular dynamics simulation, and the effect of TiO, interface
before and after modification with silane coupling agents on the diffusion behavior of water molecules in oil were further
investigated by dynamics simulation. The results show that compared with the untreated TiO,, the modified TiO, interface
has stronger adsorption of water molecules, which inhibits the migration behavior of water molecules in the oil, resulting in
the significant reduction of their diffusion coefficient, thus reducing the formation of “small bridges” of water molecule
impurities in the oil, and improving the insulating properties of vegetable insulating oil. Among them, the modification
effect of KH792 is more significant. Further, by calculating the interaction energy between water molecules and
TiO, interface system, the number of hydrogen bonds form and the free volume fraction, the causes and physical
mechanisms of above phenomena are explain, which provides theoretical support for the study of nanoparticle doping to
improve the insulating properties of vegetable insulating oil.
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Fig.1 Modeling diagram of vegetable insulating oil
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Fig.2 The molecular structure of KH570 and
KH792 grafted functional groups
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Fig.4 MSD curves of water molecules in

three kinds of interfacial structure
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Tab.1 The slope of MSD curve and diffusion coefficient of

water molecules in three kinds of interface structure
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Fig.5 Relative molecular concentration of water molecules
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Fig.6 Centroid trajectories of water molecules
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Tab.3 Interaction energy between water molecules and

TiO, interface in threee kinds of interfacial structure

kcal/mol
ZH Aotk KHS570 2t KH792 Bt
E,, 104.641 4 320.719 4 303.713 4
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