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4. A New Prediction Method of Heat Release Rate for Heterogeneous
Liquid-Liquid Batch Reactions with the Agitation Speed*

by Yasuhiro FusiMmoTo**

Abstract : Some industrial explosions, which occured on the heterogeneous liquid-liquid reaction
process, have been reported. To progress such reaction smoothly, reactants need to be mixed well by
mechanical agitation. And it is the failure of controling the mixing that causes unusual reaction and
sometimes leads a runaway situation.

An objective of this study is to simulate accident stories on heterogeneous batch reactions which are
caused by the inappropriate mixing condition. The example is a liquid-liquid two-phase heterogeneous
reaction of which rate is controlled by only agitation speed for mixing. That is, the faster mixing speed
makes the bigger reaction rate. In this case, the accident couldbe triggered by the faster agitation speed
than that in the former successful batch. Such a change might be decided due to improving productivity
by the faster reaction. As the result, the reaction temperature could finally achieve to the boiling point
and the bubling could start. After that, the slower agitation couldn't make the reaction rate smaller any
more because the bubling could stir up the reactants instead of the mechanical stirrer.

First of all, to simulate such an accident, the heat release rate in the heterogeneous reaction must be
estimated under any mixinig condition.

In this paper, in order to predict the heat release rate at any time, the method, which could lead the
equation to predict it, was proposed using an empirical equation of time versus particle size with the
experimental results from a Reaction Calorimeter RC1. The hydrolysis of anhydride was selected as a
model reaction, whose reaction rate is suitable to do it.

It was proposed that the experimental data in the liquid-liquid heterogeneous reaction, in which agita-
tion speed would change time and time again, could be summarized with @7/ ¢ value. The fitted parame-
ters would be useful to simulate the similar reaction. Furthermore, it was also proposed that, when the
agitation speed increases instantly, the @7 on the faster speed is predicted from the evaluation of the
ratio @rs with the ratio of the lower and the faster speed, which could support to run the simulation.
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