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Stimuli-responsive thermal conductivity on the viscoelastic materials
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Unprecedented thermal control technology is required to solve the problems of energy
conservation and heat generation in next-generation electronics and automotive electrical
components simultaneously. It is considered to be important to have a variable heat transfer
performance where a single member modulates the heat flow and switches between adiabatic
heating and cooling, rather than the conventional heat transfer or adiabatic design. However, in
order to achieve variable heat transfer performance in bulk scale materials, it is necessary to
change the internal structure of the material by large stimuli such as phase transitions due to large
temperature changes, chemical reaction treatments, large deformations, and applied magnetic
fields. Therefore, the search for materials and mechanisms that can provide variable heat transfer
performance with simpler and smaller stimuli has been a major challenge for practical use.

We focused on viscoelastic materials with high internal degrees of freedom. Conventional heat
transfer materials, such as metals and ceramics, are mostly high-elasticity materials, but they have
low internal degrees of freedom for reversible control of heat transfer properties. On the other
hand, viscoelastic materials, such as polymers, have large internal degrees of freedom, including
elemental interfaces and molecular chain motion, and have a high degree of room for variable heat
propagation. In particular, the simplest external stimulus, mechanical displacement, was
considered to be capable of generating large internal structural changes and to control the heat
transfer behavior. This study aimed to demonstrate the variable heat transfer performance by
applying simple mechanical displacement to the film material "nanopaper” densely packed with
cellulose nanofibers as a viscoelastic material with heat transfer properties and measuring the
change in thermal diffusivity. The stress relaxation under constant displacement was analyzed, and
the change in deformation mode and heat transfer property was contrasted to demonstrate the
unique thermal function of viscoelastic materials.
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