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Abstract 
Batch reactors are widely used to manufacture specialty chemicals, polymers, 

food and agricultural materials, biochemical and pharmaceuticals, coatings and 

composites etc. Set-point tracking of batch reactor systems is challenging because these 

are highly nonlinear and dynamic in nature in contrast to continuous reactors, which 

operate at steady state conditions when there is no disturbance. 

As the system variables like temperature and reactant concentration in the reactor 

vary with time, the batch operation can pose safety problems if the reactions are 

exothermic in nature. The trajectory of the system depends on initial operating conditions 

or system parameters. For an exothermic reaction, if the initial reactant or coolant 

temperature is increased above a threshold value while keeping all other variables 

constant, the exothermic reaction can proceed at a very rapid pace and the temperature 

may attain a very high peak value before dropping down to the coolant temperature and 

at the peak temperature, the limiting reactant may get exhausted. This drastic change in 

system behavior with respect to small changes in a critical parameter beyond a threshold 

value which is called as runaway and such a system is said to be parametrically sensitive. 

The aim of this work is to avert the runaway behavior and to design an effective 

control strategy to a batch reactor where a highly parametric sensitive exothermic 

reaction involving hydrolysis of acetic anhydride in the presence of sulfuric acid as 

catalyst and acetic acid as solvent is carried out. For this a mathematical model is 

developed and is verified with the experimental runaway behavior. To control the 

runaway behavior at the desired isothermal temperature, various advanced controllers are 
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implemented and bench mark is made by comparing with conventional controller. The 

effectiveness of the advance controller with various orders is evaluated by applying the 

controller to control the temperature of runaway batch reactor. The result of these 

controllers hence dictates the use of advanced controllers in chemical industry to avert 

major disasters. These results also indicate that by knowing the region of operating 

conditions that lead to runaway for a particular reaction system, appropriate controller 

system and safety measures can be designed to avert runaway and prevent losses. 
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