
A STUDY OF KINETICS AND DYNAMICS OF 

HYDROLYSIS OF ACETIC ANHYDRIDE IN BATCH AND 

CONTINUOUS FLOW STIRRED TANK REACTORS 

BY 

NATES.AN S UBRAMANIAN JAYAKUMAR 

THESIS SUBMITTED TO THE 

INDIAN INSTITUTE OF TECHNOLOM', DELHI 

IN FULFILMENT OF REQUIREMENTS 02 THE 

DEGREE OF DOCTOR OF PHILOSOPHY 

DEPARTMENT OF CHEMICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 

NEW DELI-XI 110016 



CERTIFICATE 

This is to certify that the thesis entitled 

"A STUDY OP KINETICS AND DYNAMICS OF HYDROLYSIS OP ACETIC 

ANHYDRIDE IN BATCH AND CONTINUOUS FLOW STIRRED TANK 

REACTORS" being submitted by Mr. Natesan Subramanian 

Jayakumar 'to_the Indian Institute of Technology, 

Delhi, for the award of the degree of DOCTOR OF 

PHILOSOPHY is a record of the bonafide research work 

carried out by him, Mr. Natesan Subramanian Jayakumar 

worked under my guidance for the submission of this thesis 

which to my knowledge has reached the requisite standard, 

The thesis or any part thereof has not been 

submitted to any 1. Avc.csity or Institute for the award 

of any degree or diploma. 

A fro ..  
Dr. D. PHANESWARA RAO 
Assistant Professor 
Department of Chamic .7_ Engineering 
Indian Institute of Technology 
New Delhi 110016 



iii 

ACKNOWLEDGEMENT 

The author is extremely grateful, to 

Dr, D. Phaneswara Rao for his constant encouragement, 

guidance, and help throughout the course of this work. 

The author is also thankful to Prof. P.N. Sehgal, 

Prof. M.K. Sarkar and Prof. P.D. Grover for their help and 

encouragement during their tenures as Head of the 

Department. All those who contributed to the project 

directly or indirectly are hereby gratefully acknowledged. 

The cooperation of staff of laboratory, workshop and 

stores is also gratefully acknowledged. 

The author is il.so thankful to the Computer Service .  

Centre, I.I.T. Delhi for providing necessary facilities. 

Finally, I wish to extend my warm appreciation to 

Mrs Q  Sasikala and . to Mr. R.P. Dixit for helping me in 

the preparatjon of this thesis. 

N 	. 	k.": (A 	- 

New Delhi 	 (NATESAN SUBRA.MANIAN jAYAKUMAR) 
July:  1983 



xvii 

ABSTRACT 

Mathematical modelling and experimental verifica-

tion of the steady state and dynamic behaviour of a continuous 

flow stirred tank reactor is useful for designing a safely 

operable CSTR with suitable control. In the present work, 

hydrolysis reaction of acetic anhydride in the presence of 

acetic acid as solvent was chosen for experimental study of 

the dynamics of a CSTR. 

The kinetics of hydrolysis of acetic anhydride in 

acetic acid was studied under isothermal conditions. Batch 

isothermal experiMents for an initial concentration of 

acetic anhydride equal to around 7.0 gm, moles/litre 

were conducted at various temperatures between 20.5°C to 

41°C. The reaction system was found to obey second order 

rate law and the values of the kinetic parameter's, activa- 

tion energy aad frequency factor, obtained in this study 

were found to be equal to 15226 cals/(gm.mole) and 

4.64x1010  cc/(gm.mole)(min) respectively. 

In order to verify the validity of hydrolysis 

reaction of acetic anhydride in the presence of acetic acid 

at high temperatures and various concentration levels as 

well as understand modelling of nonadiabatic batch 
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reactor dynamics, experiments were conducted at an 

initial cpncentration of acetic anhydride equal to 

5 gm.moles/litre and 2.5 cm.moles/litre in a batch reactor, 

Heat loss experiments were conducted by using the batch 

reactor for determining the values of natural convection 

heat loss coefficient and radiation heat loss coefficient. 

values of rate constants and kinetic parameters were calc*- 

lated from batch reactor data by employing two different 

estimation methods. 

The values of second order frequency factor, and 

activation energy were found from non-adiabatic batch 

reactor studies to be equal to 34.89x1011 cc/gm.mole)(min) 

and 17948°K respectively. HoWever, different values of 

kinetic parameters were obtained from different runs. The 

observed variation of the values of the kinetic. parameters 

was assumed to be due to either the concentration levels 

of the reactants and solvent employed or the impurities 

present in the reactants and solvent.or du, to all of them 

CSTR experiments were conducted to verify the 

existence of multiple steady states by employing a feed 

concentration of acetic anhydride around 5 gm.moles/litre 

and residence times in the range 2.5 to 5 minutes. Three 

different sets of 	experiments were conducted corr- 

esponding to different values of mean residence time and 

feed concentration which proved the existence of steady 
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state multiplicity. Thebreticel interpretations of 

the csan steady state and transient data were attempted 

with the help of mathematical models. Upper stable steady 

state temperatures, as well transients reaching upper stable 

steady state temperatures could not be predicted well, 

whereaS lower stable steady state and transient data rea-- 

thing lower stable steady states could be predicted 

reasonably well. The reason for the mismatch between theory 

and experiment in the case of runs reaching the upper stable 

steady state was thought to be mainly due. to uncertainty 

in the values of kinetic parameters used in the model. 
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