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Time-temperature Superposition Principle at Nano-scale Verified by
Nanorheological Atomic Force Microscopy
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The purpose of this study was to investigate whether the time-temperature

superposition principle, a fundamental law in polymer physics, holds true at the nanoscale using the

nanorheological AFM that has been developed by myself. The necessary apparatus for this purpose has

been also developed. For example, by renewing the control system, it becomes possible to shorten
the measurement time and to improve the measurement accuracy, which resulted in the development of
the third-generation temperature-tunable nanorheological AFM that can measure a wide bandwidth of up
to six orders of magnitude. In addition, researches were conducted on rubber materials under
elongation, samples with dynamic heterogeneity, and filler-reinforced rubbers, and these results
were published. Furthermore, by reviewing the contact mechanics theory used in the analysis, the
improvement of the measurement quantitativeness was achieved so that the obtained results were in
perfect agreement with bulk DMA.
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