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Fundamental study on vulcanization of natural rubber
—A key for preparations of super high performance rubber materials—
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Natural rubber is one of the most industrially important materials. In order to continue
developing our society sustainably, it is necessary to study on sulfur cross-linking reaction
(vulcanization) of natural rubber and improve its performance. Although the vulcanization is
very fundamental process to make natural rubber products with superior mechanical
properties, the reaction mechanism has not been revealed thoroughly. Recently, our group
found a new intermediate composed of zinc ions and stearic acid in isoprene rubber during
vulcanization. In this study, a characteristics of vulcanization of natural rubber was
investigated by using time-resolved Zinc K-edge X-ray absorption fine structure
(XAFS) spectroscopy, time-resolved Fourier-transform infrared (FT-IR) spectroscopy,
dynamic mechanical analysis and differential scanning calorimetry, because natural rubber
contains some other fatty acids. Synthetic natural rubber, i.e., isoprene rubber was mixed with
a few fatty acids to get model systems for natural rubber to clarify the role of fatty acids in its
sulfur cross-linking reaction. Results of XAFS and FT-IR suggest that the fatty acids in
natural rubber reacted with zinc oxide to generate similar intermediates with that generated
from stearic acid and zinc oxide. Therefore, the vulcanization mechanism of natural rubber
seems not to be so different with that of isoprene rubber.
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