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The performance of an automobile tire is remarkably affected by usage circumstances, that is, temperature
and frequency. Its desirable performances such as low rolling resistance (RR) and high wet-grip (WG)
generally are judged by the loss tangent in automobile industry. However, the frequency region
corresponds to RR, WG are very high, ~100 Hz, and 1~100 kHz, respectively. Moreover, there exist
hieratical and heterogeneous structures ranging from m scale to nm scale in tire elastomers. Thus, we will
need to overcome such challenging problems to realize satiable society with saving fuel resources.

In this study, I have dramatically modified the commercially available atomic force microscopy (AFM)
equipped with highly spatial resolution, to obtain the viscoelastic-properties mapping such as storage
modulus, loss modulus, and loss tangent with a wide frequency and temperature range. Therefore, this
novel AFM termed ‘nanorheological AFM’ enable us to directly access dynamic behavior ranging from ~1
Hz to 20 kHz frequency, corresponds to RR, and WG.

I applied this novel technique to some kinds of tire elastomers like styrene-butadiene rubber (SBR) /
butadiene rubber (BR) blends and the filled SBR. In the case of filled SBR, the loss tangent maps obtained
at nanoscale quantitatively reproduced the macroscopic master curve, thus, we can easily predict the
performances from this mapping techniques. Moreover, I reported for the first time that the glass-transition
phenomena occurred with spatial heterogeneity by viewing the frequency dependence of loss modulus.
Furthermore, several stretched samples up to 50-300%, which were corresponded to the deformation
condition during actual driving, were also examined with different driving system termed prove-driving. It
was observed that the stress chains consisting of extended rubber moiety were formed between fillers.
Eventually, I reported how the distribution of the stress chains should play an important role in the
reinforcement mechanism by fillers.




