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A Self-Healing Elastomer Crosslinked with Fluorine Component
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Crosslinking flexible polymer chains via attractive and reversible bonds or associates,
such as hydrogen bonds, dynamic covalent bonds, host—guest interaction, metal-ligand
coordinations, and ionic bonds and associates, is the most major and established
concept to obtain autonomously self-healable elastomers. However, the self-healing
elastomers designed on this concept frequently exhibit a trade-off relationship between
the material’s strength and self-healing speed. That is, the elastomer’s mechanical
strength is increased via attractive crosslinks, but the self-healing speed is decreased.
To address this issue, we designed our elastomer on the basis of an inversion concept.
Small numbers of fluoroalkyl side chains were attached to poly(ethyl
acrylate-random-methyl acrylate) backbone. In the aggregation state, the fluoroalkyl
side chains aggregate with each other and form nanosized spherical domains. As a
result, attractive and cohesive poly(ethyl acrylate-random-methyl acrylate) chains are
dynamically crosslinked via repulsively segregated fluoroalkyl sidechains. This
elastomer exhibits very rapid self-healing (> 90 % within 15 min} because of weak but
abundant van der Waals interactions between matrix polymers. This eclastomer
demonstrates high fracture stress (= 2 MPa) and good toughness (=17 MJ m %) due to
the crosslinks with fluoroalkyl side chains. Moreover, the surface of this elastomer is
non-sticky and the self-healing selectively occurs only at the damaged faces due to the
surface protection effect of the fluoroalkyl side chains.
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