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ABSTRACT

Alkylation of aromatics is of immense importance to the chemical and petrochemical
industry. Alkylation processes were traditionally conducted using Friedel-Crafls catalysts. In recent
years these are being replaced by more economical, energy saving and environmentally benign
catalysts. Also, the use of alcohols as alkylating agents is being researched the world over due to the
inhcrent problems of transportation, handling and unavailability of alkenes. The present work is
focused on investigating the alkylation reaction of phenol and p-cresol with ferz-butyl alcohol to
produce 2, 4-terzr-di-butylphenol (2, 4-DTBP) and 2-tert-butyl-p-cresol (TBC), 2,6-di-tert-butyl-p-~
cresol (DTBC) respectively. An attempt is made to dcvelop novel Bronsted acidic ionic liquid

catalyst system that could be used efficiently in this reaction.

The ionic liquids and supported ionic liquid catalyst were prepared in the laboratory and
characterized using NMR, TG-DTA, SEM and FTIR. A statistical design of experiments was used
to predict the effect of various process variables on the phenols conversion and desired product
selectivities. Experimental kinetic investigations were conducted in a batch autoclave and the
optimum temperature, reaction time, reactant mole ratio and reactant to catalyst ratio are reported.

The catalysts were found to be completely recoverable and recyclable.

A reaction mcchanism was proposed based on the product distribution obtained from
experimental investigations. Semi-empirical computations were used to model this reaction system
and further assess the reaction pathway and mechanism. Based on the proposcd rcaction
mechanism, kinetic models were developed and the kinetic parameters were estimated using non-

linear Marquadt’s routine.

Key words: alkylation, tert-butylation, phenol, p-cresol, 2, 4-tert-di-butylphenol, 2-tert-butyl-p-

cresol, 2,6-di-tert-butyl-p-cresol, ionic liquid, supported ionic liquid, kinetics.
(i)



1.1

i.1.1
i.1.2
1.1.3

1.2

1.3

1.4

1.4.1

142

1.4.3

CONTENTS

Acknowledgement
Abstract

List of Figurcs
List of Tables

Nomenclature

CHAPTER 1
INTRODUCTION

Ionic liquids

Cations

Anions

Industrial development of ionic liquid technologies
Alkylating agents

Alkyl phenols

Research objectives

Modeling of alkylation of phenols with terz-butyl alcohol
using ionic liquid catalyst
Alkylation of phenols with zerz-butyl alcohol using ionic
liquid catalysts

Alkylation of phenols with ters-butyl alcohol over supported
ionic liquid catalysts

CHAPTER 2

LITERATURE REVIEW

Alkylation Reactions of Aromatic Hydrocarbons

ii

Pagc No.

vi

ix

N W W N

10

10

12



2.1.1

2.1.2
2.2

3.1
3.2

3.2.1

322
33
34

4.1

4.2

4.2.1
4.2.1.1
42.1.2
4.2.1.3
4.2.1.3
4.2.2

4.2.2.1

4223
423

Friedel-Crafts alkylation of aromatics

Alkylphenols
Butylated phenols

CHAPTER 3

ALKYLATION OF PHENOLS USING IONIC
LIQUID CATALYST: A MECHANISTIC
VIEW

Introduction

Methodology

Saddle calculation, locating and rclining the transition
state geometry and characterizing

Activation Energy calculations

Computational results and proposed reaction mechanism
Conclusion

CHAPTER 4

ALKYLATION OF PHENOLS WITH rert-BUTYL
ALCOHOL USING IONIC LIQUID CATALYST
Introduction

Alkylation of phenol with terf-butyl alcohol using ionic
liquid catalyst

Experimental

Materials and reagents

Preparation of ionic liquids

Catalyst Characterization

Batch alkylation

Statistical Design of Experiments
Experimental design using response surface methodology
(RSM)
Results and discussion on statistical design of experiments

Kinetics of phenol alkylation with tert-butyl alcohol

iii

12

12
13

29
30

30

30
31
33

42

43

43
43
44
44
46
47

47

49
51



4.2.3.1

423.1.1
4.23.1.2
4.2.3.1.3
42.3.1.4
42315
4.2.3.1.6
4.2.3.2

4.2.3.2.1
4.2.3.2.2

424

4.2.4.1
4.2.4.1.1
4.2.4.1.2
4.2.4.1.3
4.2.4.1.4
42415
4.2.4.2
42421
4.2.4.3

5.1
5.2
5.2.1
522

using sulfonic acid functional ionic liquid catalysts

Results and discussion

Comparison of activity of the three ionic liquids

Effect of reaction time on phenol conversion

Effect of reaction temperature

Effect of reactant mole ratio on phenol conversion
Effect of ionic liquid to pheno! mole ratio
Recyclability of ionic liquid catalyst

Kinetic modeling

Reaction mechanism

Batch reaction kinetic model

Kinetics of p-cresol alkylation with rerz-butyl alcohol using
sulfonic acid functional ionic liquid catalysts

Results and discussion

Comparison of activity of the three ionic liquid catalysts
Effect of reaction time on p -cresol conversion

Effect of reaction temperature

Effect of molar ratio of TBA to p -cresol

Effect of ionic liquid to p-cresol molar ratio

Kinetic modeling

Batch reaction kinetic model

Conclusion

CHAPTER 5

ALKYLATION OF PHENOLS WITH zert-BUTYL
ALCOHOL OVER SUPPORTED IONIC LIQUID
CATALYST

Introduction

Experimental

Catalyst preparation

Catalyst Characterization

iv

51

51
52
52
53
54
55
55
55
57

61

61
61
61
62
63
63
64
65
67

110
112
112
113



5273

5.4.1
54.2
543
5.4.4
5.4.5
5.5

6.1
6.2

Activity testing

Results and discussion on phenol alkylation with ferz-butanol
over the supported ionic liquid.

Characterization results

Effect of reaction time on phenol conversion

Effect of reaction temperature

Effect of reactant mole ratio on phenol conversion
Effect of amount of catalyst in the phenol conversion
Recyclability of ionic liquid catalyst

Kinetic study

Results and discussion on p-cresol alkylation with rert-
butanol over the supported ionic liquid.

Effect of reaction time on p-cresol conversion

Effect of reaction temperature

Effect of molar ratio of TBA to p-cresol

Effect of amount of catalyst in the reaction system
Kinetic study

Conclusion

CHAPTER 6
CONCLUSIONS AND FUTURE
RECOMMENDATIONS
Conclusions

T'uture Recommendations
Appendix-1

Bibliography

114

114

114
117
117
118
118
119
119

121

121
121
122
123
123
124

147
149
150
152



