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processes evaluation

Understanding of electric current curves by equivalent circuits for rubber mixing
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Our research group has proposed the rubber evaluation method by using
electrical current measurements, and a collaborator has developed and sold
ELICALMETER®, which uses this method to estimate carbon black distribution. This
method and the instrument are helpful for the research and inspection of rubber
production. However, the factors causing electrical current variation measured by the
ELICALMETER® have been clarified. The equivalent electrical circuits were derived
and studied in this study to study the factors. The characteristics based on electrical
circuits could help understand the chemical reactions in rubber products, including
vulcanization.

The tested samples are as follows: (1) crude polymer, (2) premises mixing, (3)
masterbatch mixing, (4) final mixing, and (5) vulcanized rubber based on NBR polymer.
The NBR polymer has a polarity, which leads to relatively larger electrical currents. A
chemical impedance analyzer measured the electrical complex impedance of the
samples. It was found that all the samples indicated capacitive semicircles or distorted
semicircles on Cole-Cole plots, which is a kind of Nyquist chart. An equivalent circuit
has one or two RC parallel circuits with a series of connected resistances. A special
circuit element, such as Warburg impedance or constant phase element (CPE), was
needed to regress the Cole-Cole plots obtained in the experiments. Various points still
need to be clarified. Therefore, detailed studies using samples with different
experimental conditions are necessary. '
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