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This research proposes a method for modifying crosslinked polymer networks to improve toughness and
other properties, as well as a method for improving the structure of nanocomposites. This will
contribute to long-lasting high-performance structures such as airplanes and cars.

In this study, the relationship between polymer structure and its
time-dependent mechanical properties were investigated. Specifically, modification of a crosslinked
epoxy network with an in-situ chain extension approach resulted in exceptional fracture toughness
while maintaining high stiffness and strength. Dynamic viscoelastic analysis revealed that the
alicyclic chain extender decreased the beta-relaxation temperature and increased the corresponding
activation energy. These results were published in the journal Materials Letters. Furthermore, in
order to control the structure of polymeric nanocomposites, a novel in-situ polymerization strategy
was developed using layered silicates that were functionalized with photo-reactive molecules.
Acrylate/silicate nanocomposites were fabricated with excellent exfoliation, which improves their
mechanical properties. These results were published in the Bulletin of the Chemical Society of
Japan.
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Fig. 1 Structure of model epoxy networks, and
their viscoelastic behavior by DMA.
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Fig. 2 Relationship between structure and toughness,
and toughening mechanism.
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Fig. 3 Acrylate/silicate films showing photo-induced in-situ exfoliation and crosslinking.
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