List of figures
List of Tables

List of Notations and Abbreviations

Preface

CHAPTER 1: INTRODUCTION

1.1 General
1.2 Diesel Soot

1.2.1 Mechanism of soot formation in diesel engines

1.2.2 Classification of diesel soot
1.2.3 Effects of diesel soot

1.2.3.1 Effect of soot on human health
1.2.3.2  Effect of soot on vegetation

1.2.3.3 Effect of soot on water and soil pollution

Pages
VII-X
XI-XI1I
XI-XV
XVI-XX

01-36

01
03
04
08
09
09
11
11

1.2.3.4  Effect of soot on environment, global warming and climate

change
1.2.3.5 Effect of soot on visibility

1.2.3.6 Effect of soot on materials

1.3 Diesel Engine Emissions and Legislations

1.4 Diesel Soot Abatement Technologies

141
1.4.2

1.4.3
144
1.4.5
1.4.6

Diesel oxidation catalyst (DOC)
Diesel particulate filter (DPF)
1.4.2.1 Regeneration of DPF
Flow through filter (FTF)

Wash coated filter

Partial-flow filter

Continuously regenerating trap (CRT)

1.5 Catalysts used in DPF

13
14
15
16
19
20
22
23
26
27
28
29
30



1.6 Catalyst Design Parameters
1.7 Objectives of the Present Work
1.8 Plan of Work

CHAPTER 2: LITERATURE REVIEW

2.1 Platinum Group Metal Catalysts for Diesel Soot Oxidation
2.2 Alternative to PGM Catalysts
2.2.1 Metal oxides for soot oxidation
2.2.2 Spinel catalysts for soot oxidation
2.2.3 Hydrotalcite catalysts for soot oxidation
2.2.4 Perovskite catalysts for soot oxidation
2.2.4.1 Perovskite catalysts structure and properties
2.2.4.2 Pure perovskite catalysts
2.2.4.3 Single-substituted perovskite
2.2.4.4 Double substituted perovskite
2.2.4.5 Precious metal supported on perovskite
2.2.4.6. Macroporous perovskite catalysts
2.3 Mechanism for Catalytic Oxidation of Soot
2.3.1 Soot-catalyst contacts

CHAPTER 3: MATERIALS AND EXPERIMENTAL METHODS

3.1 Materials Required
3.2 Synthesis of Catalysts
3.2.1 Co-precipitation method
3.2.2 Citric acid sol-gel method
3.2.3 Solution combustion synthesis
3.2.4 Reactive grinding method
3.3 Calcination Strategies
3.3.1 Calcination in stagnant air
3.3.2 Reactive calcinations
3.4 Characterization Techniques used for Diesel Soot

3.4.1 Particle size analysis

31
35
35

37-58

37
38
38

42
44
45

45
48
48
50
52
52
55
56

59-91

59
60
60
62
63
66
69
69
69
70
70



3.4.2 Calorimetric analysis 70

3.4.3 Proximate analysis 73
3.5 Characterization Techniques used for Catalysts 73
3.5.1 Textural characterization by N-physisorption 74
3.5.2 Spectral characterization by FTIR and XPS 76
3.5.3 Morphological characterization by SEM-EDX 78
3.5.4 X-Ray diffraction analysis 80
3.6 Catalytic Activity Test 81
3.6.1 Soot-catalyst contacts 81
3.6.2 Experimental set-up 82
3.6.3 Gas chromatograph (GC) 85
3.6.4 Calculation of the soot conversion 90

CHAPTER 4: SYNTHESIS AND CHARACTERISTICS OF DIESEL SOOT

92-96

4.1 Preparation of Diesel Soot 92
4.2 Characterization of Diesel Soot 93
4.2.1 Proximate analysis 93
4.2.2 Calorific value 93
4.2.3 Particle size analysis 94
4.2.4 X- ray diffraction analysis 95
4.2.5 Scanning electron microscopy 96

CHAPTER 5: EFFECT OF PREPARATION METHODS AND CALCINATION
TEMPERATURE OF LaCoO3; PEROVSKITE CATALYSTS

ON THE SOOT OXIDATION 97-117

5.1 Introduction 97
5.2 Experimental 99
5.2.1 Synthesis of Perovskite type catalysts 99
5.2.2 Catalytic activity measurements 101
5.2.3 Catalyst characterization 102

5.3 Results and Discussion 102



5.3.1 Textural characterization of the catalysts 102

5.3.2 XRD of LaCoOg catalysts 105
5.3.2.1 Effect of preparation method 105
5.3.2.2 Effect of calcination temperature on LaCoO3 107
5.3.3 FTIR of LaCoO3 (co-ppt) perovskite 108
5.3.4 XPS of LaCoO3 (co-ppt) perovskite 108
5.3.5 SEM of LaCoOj3 perovskite 110
5.3.6 Effect of preparation methods for the soot oxidation 111
5.3.7 Effect of calcination temperature on the activity of the catalyst for soot
oxidation prepared by different method 113
5.3.8 Thermal stability of the catalysts 115
5.4 Conclusions 116

CHAPTER 6: STUDIES ON SUBSTITUTED PEROVSKITE CATALYSTS

118-147

6.1 Introduction 118
6.2 Experimental 119
6.2.1 Synthesis of Perovskite type catalysts 119
6.2.2 Catalytic activity measurements 121
6.2.3 Catalyst characterization 122
6.3 Results and Discussion 122
6.3.1 Textural characterization of the catalysts 122
6.3.2 XRD characterization of pure and substituted Catalysts 125
6.3.3 FTIR characterization of pure and substituted perovskite 128
6.3.4 XPS analysis of the catalysts 131
6.3.5 SEM characterization of the catalysts 137
6.3.6 Activity evaluation of catalysts 139
6.3.7 Effect of gas hourly space velocity (GHSV) on soot oxidation 143
6.3.8 Effect of catalyst-soot contact 144

6.3.9 Activity comparison of Lag¢Sro.1C0gsFeqs03 with Lag gsPdo 05C005F€0503
catalyst for soot oxidation 145
6.4 Conclusions 147



CHAPTER 7: REACTIVE CALCINATION: A NOVEL ROUTE FOR
IMPROVED ACTIVITY OF PEROVSKITE CATALYST

148-163
7.1 Introduction 148
7.2 Experimental 149
7.2.1 Preparation of catalysts 149
7.2.2 Reactive calcination of the catalysts 149
7.2.3 Characterization of the catalyst samples 150
7.2.4 Catalytic performance measurements 151
7.3 Results and Discussion 151
7.3.1 Textural characterization by N»- physisorption 151
7.3.2 XRD analysis of catalysts 153
7.3.3 XPS analysis of the catalysts 154
7.3.4 FTIR characterization of the catalysts 156
7.3.5 SEM characterization of the catalysts 157
7.3.6 Energy dispersive X-ray of the catalysts 158
7.3.7 Catalysts activity test for soot combustion 159
7.3.8 Thermal stability of the catalyst 162
7.4 Conclusions 163

CHAPTER 8: NANO-SIZE PEROVSKITE CATALYST SYNTHESISED BY
REACTIVE GRINDING FOR DIESEL SOOT

OXIDATION 164-177

8.1 Introduction 164
8.2 Material and methods 165
8.2.1 Catalysts preparation 165
8.2.2 Catalyst characterization 166
8.2.3 Activity measurement of the catalysts 166

8.3 Results and Discussion 166
8.3.1 Textural characterization by N,-physisorption 166
8.3.2 XRD analysis of catalysts 168
8.3.3 FTIR characterization of the catalysts 169

8.3.4 XPS analysis of the catalysts 170



8.3.5 SEM characterization of the catalysts 173

8.3.6 Energy dispersive X-ray of the catalysts 173
8.3.7 Catalytic activity measurements 174
8.3.7.1 Effect of catalyst-soot contact 175

8.3.8 Thermal stability of the Catalyst 176
8.4 Conclusions 177

CHAPTER 9: ISOTHERMAL KINETICS OF DIESEL SOOT OXIDATION
OVER LaggSrg1COgsFegs0; CATALYSTS

178-190
9.1 Introduction 178
9.2 Experimental 181
9.2.1 Catalyst preparation and characterization 181
9.2.2 Bench scale reactor 182
9.2.3 Experimental procedure 182
9.3 Results and Discussion 183
9.3.1 Characterization of catalyst by XRD 183
9.3.2 Characterization of catalyst by FTIR 184
9.3.3 Characterization of catalyst by SEM 184
9.3.4 Catalytic combustion of soot over Lag ¢Sr.1C0gsF€ep503 185
9.3.5 Kinetics study 186
9.3.5.1 Determination of kinetic model 187
9.3.5.2 Determination of activation energy 189
9.4 Conclusions 190
CHAPTER 10: SUMMARY OF THE WORK AND FUTURE
SCOPE 191-193
REFERENCES 194-217
APPENDICES 218-220

LIST OF PUBLICATIONS
REPRINTS OF SELECTED PUBLISHED PAPERS
PERSONAL PROFILE

Vi



