Graphic abstract
[bookmark: OLE_LINK9]The thermodynamic properties of cellulose insulating paper with different NFC doping mass fractions were analyzed to determine the optimal doping ratio of NFC through molecular dynamics simulations and experiments. Meanwhile, the mechanism of NFC doping enhancement on the insulating paper's thermodynamic properties was also investigated from the aspects of cohesive energy density, free volume fraction, and hydrogen bonding.
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