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Understanding of vulcanization

reactions in rubbers by electromagnetic methods.
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The vulcanization reaction, in which heat and pressure are applied to rubber
compounds, is one of the most important processes in rubber productions. In the
traditional production process of the vulcanized rubbers in factories, the condition of
the vulcanization is normally decided in advance. This is because the vulcanization
process has not fully been revealed and the nondestructive real-time monitoring is
difficult by the conventional techniques. The authors have been developing novel
estimation methods of rubber products by electrical measurements and terahertz
time-domain spectroscopy (THz-TDS).

As for the electrical measurements, the variation of AC currents and electrical
impedance with cure time during vulcanization process of rubbers were investigated.
As a result, the temporal variation of the current and impedance were in good
agreement with the conventional methods such as torques measurements and
cross-link densities. It was also found that this temporal variation was caused by the
vulcanization reaction using sulfur.

The THz-TDS measurements revealed that in the case of the sample with S, the
THz absorbance was gradually decreased with the vulcanization time while the profile
of the THz spectra indicated no tendency about the cure time for the sample without S.
This suggests that the THz absorbance was affected by the progress of the
vulcanization reaction.

These experimental results indicated that both techniques have possibility of
non-destructive and real time estimation of the vulcanization reaction in rubbers, and
they could detect the construction of the network created by the reaction.
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