A0 Uy
IR M,

Table of Contents @
A ferd g

&

*0izg 10

Mty

e

TABLE OF CONTENTS
—— P—
Sr. No. Title Page No.
- Abstract I-111
- List of abbreviations/symbols V-V

Chapter 1: Introduction -2
1.1 Introduction 1
1.2 Type of Polymers 3
1.3 Types of Membrane 4

1.3.1 Porous Membranes 4

1.3.2 Dense Membranes 5

1.3.3  Organic Membrane 5

1.3.4 Inorganic Membranes 6

14 Type of Nanofillers 7
1.5 Membrane Based Separations 10
1.6 Solution Diffusion Mechanism 1
1.7 Mixed Matrix Membrane 14
1.8 The Robeson’s Upper Bound 15
1.9 Applications of Gas Separation Membrane 16
1.9.1  Air Separation 17

1.9.2  Hydrogen Separation 18

1.9.3  Carbon Capturing 19

1.9.4 TFood Packing Application 19

1.10 Thesis Overview 20
References 22

Chapter 2: Experimental 27-49
21 Materials 27
2.2 Membrane Synthesis 29
2.3 Membrane Characterization 30

2.3.1 Gas Permeability Set- Up 30

2.3.2 Diffusion Coefficients and Solubility 34
Coefficients

2.3.3 Porosity Analysis 35

2.3.4 Differential Scanning Calorimetry (DSC) 36

2.3.5 Thermalgravimetric (TGA) 38




ARIRAO Uy

&

s
aeffirig=m

2.3.6  Fourier Transform Infrared Spectroscopy 40

2.3.7 Mechanical Properties 41

2.3.8  X-ray Diffraction 42

2.3.9 Field Emission Scanning Electron 44

Microscopy (FE-SEM) Analysis

2.3.10 UV-Visible Spectroscopy 45

2.3.11 Contact Angle Analysis 45

References 47

Chapter 3: Gas Transport Through Thermally

Rearranged Nanocomposite Membranes

3.1 Introduction 50
3.2 Materials 51
3.3 Experimental Set-up 52
3.3.1 Gas Permeability System 52
3.3.2 Thermal Rearrangement Process 52
3.4 Results and Discussion 53
3.4.1 Gas Permeability and Selectivity 53
34.2 Robeson’s Upper Bound Plots 57
3.4.3 Differential Scanning Calorimetry (DSC) 61
3.5 Conclusion 62
References &

Chapter 4.1: Transport Properties of Polymer Blend

and Composites Membranes for Selective

Permeation of Hydrogen

4.1.1 Introduction 65
4.1.2 Membrane Preparation 66
4.1.3 Result and Discussion 67
4.1.3.1  Gas permeability and Selectivity 67
4.1.3.2  Diffusion and Solubility Coefficients 71
4.1.3.3  Thickness and Porosity Measurement 73
4.1.3.4  Robeson Upper Bound 75
41.3.5 FT-IR 78
4.1.3.6  Energy Bandgap Analysis 80
4.1.3.7 FE-SEM and EDS Analysis 81
4.1.3.8  Differential Scanning Calorimetry (DSC) 84
4.1.3.9  Calculation of Activation Energy 87
4.1.3.10 TGA Analysis 92
4.1.3.11 X - Ray Diffraction 94
4.14 Conclusion 95

References 96




#wﬁ‘m Uy,

4
Table of Contents e

Chapter 4.2: Thermally Stable PET/PEG-DES/TiO:
Polymer Blend Composites Membranes 101-132

Ky W

:
3

with Enhanced Properties for Food

Packaging Applications

4.2.1 Introduction 101
4.2.2 Experimental Set-up 104
4.2.2.1 Synthesis of Membranes 104
4.2.3 Result and Discussion 105
4.2.3.1  Gas-barrier properties 105
4.2.3.2  Diffusion and Solubility Coefficients 109
4.2.3.3  Porosity Analysis 112
4.2.3.4  Differential Scanning Calorimetry (DSC) 113
4.2.3.5  Thermogravimetric (TGA) 115
4.2.3.6  Fourier Transform Infrared Spectroscopy 119
4.2.3.7  Water Contact Angle 121
4.2.3.8  Mechanical Properties 123
4.2.3.9  X-ray Diffraction 126
4.2.3.10  Scanning Electron Microscopy (SEM) 128
4.2.4 Conclusion 130
References 131

Chapter 5.1: CO; Separation Through Different Blends

and Blend Composites Membranes SSS01
5.1.1 Introduction 133
5.1.2 Experimental Set-Up 134
5.1.21  Membrane Synthesis and Characterization 134
5.1.3 Result and Discussion 135
5.1.3.1  Mechanical Properties 135
5.1.3.2  Differential Scanning Calorimeter (DSC) 138
5.1.3.3  Thermogravimetric Analyzer (TGA) 140
5.1.3.4  Fourier Transform Infrared (FT-IR) 144
5.1.3.5  Porosity and Thickness Analysis 146
5.1.3.6  Solubility and Diffusivity 147
5.1.3.7  Permeability Analysis 151
5.1.3.8  Selectivity and Trade-off Relationship 154
5.1.3.9  SEM Morphology and EDS Analysis 161
5.1.4 Conclusion 163

References 164




#wﬁ‘m Uy,

4
Table of Contents e

Ky W

:
3

Chapter 5.2: DES/GO Doped PS/PDMS

Nanocomposite Membranes to Enhance 168-189
the Stability of CO./CH, Separation
5.2.1 Introduction 168
5.2.2 Experimental 169
5.2.2.1 Membrane Synthesis and Characterization 169
5.2.3. Results and Discussions 169
5.2.3.1  Solubility and Diffusivity 169
5.2.3.2  Permeability Analysis 171
5.2.3.3 Porosity and Thickness Analysis 172
5.2.3.4  Selectivity and Trade-off Analysis 174
5.2.3.5 Fourier Transform Infrared (FTIR) 175
5.2.3.6  Differential Scanning Calorimeter (DSC) 179
5.2.3.7 Thermogravimetric Analyzer (TGA) 180
5.2.3.8  Mechanical Properties 183
5.2.3.9 FE-SEM Morphology and EDX 185
5.2.4 Conclusion 187
References 187
6.1 Conclusion 190
6.2 Future Scopes 194
- Published Research Articles 195
- List of Papers under Communications 196
- List of Papers presented in 197-198

conference/symposia/seminars/ workshop

- Achievements 199




