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Control of strain-induced crystallization through the precise molecular design of
homogeneously crosslinked rubber
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Strain-induced crystallization (SIC) is a phenomenon in which polymer chains constituting rubber
crystallizes reversibly in response to applied strain. It is an efficient self-reinforcing mechamism
that contributes to toughness of rubber. In particular, SIC is a key for high performance of natural
rubber (NR). SIC, or crystallization in general, depends largely on the primary structure of polymer.
However, the relationship between the primary structure and the SIC capability has not been
clarified yet. This study aimed to reveal how the crystallizability of the polymer chains in rubber
could correlate with the SIC. Based on the applicant's previous work (4dv. Mater. 2023, 35,
2301124), model network rubber with controlled network structure was synthesized. A
monodisperse star-shaped polymer was synthesized, end-linked to form a gel, and then dried into a
solvent-free rubber material. The main polymer component was a random copolymer of 4-methyl-
g-caprolactone (MCL) and e-caprolactone (CL). By increasing the fraction of the crystallizable CL
segments (x), the crystallizability of the copolymer chain could be tuned, as revealed by differential
scanning calorimetry. Tensile testing of the rubber samples showed a significant strain-stiffening
due to SIC. The onset of strain-stiffening shifted to lower strains with increasing x (i.e., increasing
crystallizability). In situ X-ray scattering analysis also proved the variation in the onset of SIC with
x. In conclusion, the SIC was successfully controlled through a simple modification of the primary
structure of polymer chains constituting the rubber network. This knowledge will open new
possibilities to actively utilize SIC to design high-performance rubber materials.
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