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5. Runaway Reactions in Benzene Nitration Process
in a Bench Scale Batch Reactor
by Toshihiro HAYASHI*

Abstract:Runaway reactions in benzene-nitric acid-sulfuric acid system have been studied in a 20
liter batch reactor, in order to make some contributions on the safety of chemical processes
dealing with exothermic reactions.. The experimental facility, shown in, 6 Fig.1, was closely
simulated to commercial batch plants. Benzene was agitated under constant temperature (50°C)
in the reactor, and then mixed acid was either fed continuously by a feed pump or thrown
rapidly into the reactor by gravitational force. A 61% nitric acid and a 95% sulfuric acid were
mixed to prepare mixed acids of various contents of both components. Reactants in the reactor
were dumped by a relief valve into a blow-down tank filled with water if their temperature
exceeded a pre-set value. Temperature-time curve was recorded for each test so as to
determine a temperature rise rate, which was an average rate of temperature rise from 50C to
relief valve activation temperature or the maximum temperature attained.

Results of tests for continuous feed of mixed acid are shown in Figs.2 and 3, which show
rather slow temperature rise rates and suggest less probability to cause reaction runaway. On
the other hand, rapid mixing of mixed acid into benzene often brought to high temperature rise
rates, especially for large contents of sulfuric acid in mixed acid (Figs.4 and 5). The content of
sulfuric acid which caused higher temperature rise rates, i. e. more than 100°C /min, depended
largely on equivalent ratio of nitric acid to benzene. Such processes with temperature rise rate
larger than 100°C /min could be called as “runaway reaction”, and any cooling might probably
have no effect on controlling such processes, as shown in Fig. 8. Effect of the total amount of
reactants or the quantity of raw materials was also tested (Fig. 7).

Based on experimental evidences, a brief discussion was made on preventive and protective
methods for reaction runaway, with reference to such items as composition and feed rate of raw
materials, monitoring of temperature, cooling and agitation, together with confinement of a
runaway reaction in a reactor and suppression of high temperature reactants by dumping.
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Fig.2 Typical temperature-time traces for continuous feed
of mixed acid with variations of sulfuric acid
content. (Feed pump was stopped after supplying
equivalcut nitric acid to benzene.)
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Fig. 3 Average rate of temperature rise (from 50°C to
relief valve activation) and the time from feed
pump operation to relief valve activation, with
variations of sulfuric acid content in mixed
acid. (Refer to Fig.2)
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Fig. 4 Typical temperature-time traces for rapid
mixing of mixed acid into benzene in the
reactor.
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