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In the context of pneumatic tires, high durability and low rolling resistance reside in a trade-off
relationship. This problem may be solved by the introduction of hydrogen bonds into cured rubber,
as elastic materials with hydrogen bonds exhibit a different strain dependence of their energy
dissipation compared to elastic materials with conventional chemical bonds. In this thesis, I
applied cross-metathesis reactions between polybutadienes and olefin-containing polyurethanes to
the synthesis of novel polybutadienes with urethane linkages as a source of hydrogen bonds in the
polymer main chain (PBUs).

In Chapter 2, various series of PBUs with different contents of urethane linkages, different
structures of raw materials, and different degree of exchange were synthesized. As a result, it was
clarified that microstructure of PBUs can be controlled by changing reaction conditions.

In Chapter 3, structural analysis was carried out to examine the effect of the hydrogen bonds on
the polymer structure. A series of novel deuterated PBUs (d-PBUs) by changing the feed ratios of
the polybutadiene and olefin-containing polyurethanes were synthesized. Then, d-PBUs were
analyzed by an atomic force microscope (AFM) and a small-angle neutron scattering (SANS). As a
result, d-PBUs exhibit hard segment (HS) domain that relates to multiple nano-order urethane
linkages as a source of hydrogen bonds. Surprisingly, it seemed that the multiple hydrogen bonds
with increasing urethane contents caused packing of urethane linkages and thus obtained HS
domain shows lamella shaped structure.

In Chapter 4, various physical tests were carried out in order to examine the effect of the
hydrogen bonds on the macroscopic mechanical properties. As a result, cured rubber materials
prepared from PBUs exhibit higher tearing energy and energy dissipation at high strains
compared to conventional control rubber samples, and the tearing energy related to energy
dissipation at high strains improves with increasing urethane content. Therefore, the present
approach represents a powerful strategy for conciliating durability and fuel efficiency in cured

rubbers.
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