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Visualization of valcanized depth in thick rubber products by terahertz spectroscopy
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An estimation of vulcanization depth of thick rubber products was performed using terahertz
time-domain spectroscopy (THz-TDS). Our research group had reported that the THz absorbance
reflects the crosslink density inside the rubber products, so far. In this study, SBR based
cylindrical products with a thickness of 20 mm was investigated by THz-TDS. Heat flow and
temperature inside the thick sample were also measured to compare the results obtained by THz-
TDS. The sample contained no carbon black (CB) in order to clarify the vulcanization effect,
because the apparent THz absorbance of CB is extremely large compared with polymers and other
ingredients. The thick sample was sliced parallel to the upper and lower heating plates of the
cure mold into six thin specimens with the thickness of a few mm. In this study, the samples at
two different cure time (T90 and T100) were investigated. These THz imaging results of the T90
and T100 samples were also compared crosslinking densities of the sliced specimens by Flory-
Rehner equation. We confirmed that the tendency of the THz absorbance obtained on the slice
specimens agreed with that of the crosslinking density as shown in our previous results. It was
found that heat flow inside the thick samples drastically changed at the beginning of the reaction
then became constant when the temperature was also constant. However, the relationship
between the heat flow and the optimum cure time T90 was not clear only by this experiment.

In this study, we could suggest that the THz-TDS has a possibility of visualizing the
vulcanization depth of the thick sample. Our future plan is the THz-TDS measurement of the
thick sample containing CB to clarify the role of CB during the vulcanization reaction.
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