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ABSTRACT

Developing mechanically robust and flexible thin films is essential for efficient
thermal management, particularly for reducing heat dissipation and energy loss in
various applications. In this study, graphene oxide (GO) and GO/silk fibroin (SF)
bionanocomposite films were fabricated via vacuum filtration. The thermal conductivity
of the films was measured using scanning thermal microscopy (SThM) in temperature
contrast mode. The measured values showed good agreement with those obtained
from inverse heat conduction analysis and finite element simulations, with deviations of
less than 3%. SThM enabled the evaluation of local temperature and thermal
conductivity based on the surface morphology of the bionanocomposite films. Despite
their small thickness, the films exhibited excellent overall thermal insulation
performance. In addition, by adjusting the GO and SF contents, the amorphous region
of the films could be controlled, which in turn influenced both thermal conductivity and
mechanical properties. A simulation model was also proposed to reliably predict the
thermal behavior of the materials. These results suggest that GO/SF bionanocomposite
films have strong potential as high-performance insulating materials for miniaturized
electronic devices. By extension, these findings are expected to provide valuable
insights into the design of high-performance functional materials by integrating natural
polymers with two-dimensional nanomaterials.
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