Contents

Preface xiii

1 Thermal Characterization of the Natural Fiber-Based Hybrid
Composites: An Overview 1
Chandrasekar Muthukumar, Senthilkumar Krishnasamy, Senthil Muthu
Kumar Thiagamani, Rajini Nagarajan, and Suchart Siengchin
1.1 Introduction 1
1.2 Thermal Characterization 3
1.2.1 DMA 3
1.2.2 T™MA 5
1.2.3 DSC 6
1.2.4 TGA 6
1.3 Conclusion 10
Acknowledgment 11
References 11
2 Thermal Properties of Hybrid Natural Fiber-Reinforced
Thermoplastic Composites 17
A. Vinod, Yashas Gowda, Senthilkumar Krishnasamy, M.R Sanjay, and
Suchart Siengchin
2.1 Introduction 17
2.2 Thermal Properties 18
2.2.1 Thermogravimetric Analysis (TGA) 18
2.2.2 Differential Scanning Calorimetry (DSC) 20
223 Thermomechanical Analysis (TMA) 21
224 Dynamic Mechanical Analysis (DMA) 23
2.2.5 Melt Flow Index (MFI) 24
2.3 Conclusions 25
References 26
Bibliografische Informationen HE
https://d-nb.info/1237122848 digitalisiert durch |


https://d-nb.info/1237122848

vi| Contents

3 Thermal Properties of the Natural Fiber-Reinforced Hybrid
Polymer Composites: An Overview 31
Jyotishkumar Parameswaranpillai, Senthilkumar Krishnasamy, Suchart
Siengchin, Sabarish Radoor, Roshny Joy, Jinu Jacob George, Chandrasekar
Muthukumar, Senthil Muthu Kumar Thiagamani, Nisa V. Salim, and Nishar

Hameed
31 Introduction 31
32 Thermal Properties of Natural Fiber Composites 33

321 Thermogravimetric Analysis (TGA) 33
3.2.2 Differential Scanning Calorimetry (DSC) 38
3.2.3 Dynamic Mechanical Analysis (DMA) 41
33 Conclusion 45

Acknowledgment 45

References 46

4 Thermal Properties of Sugar Palm Fiber-Based Hybrid
Composites 53
RA. llyas, S.M. Sapuan, A. Atigah, M.R.M. Asyraf, N.M. Nurazzi, Mohd N. F.
Norrrahim, Mohd A. Jenol, M.M. Harussani, R. Ibrahim, M.S.N. Atikah, and
Chandrasekar Muthukumar

4.1 Introduction 53

4.2 Thermal Analysis of Sugar Palm Fiber-Based Hybrid Composites 58

421 TGA Properties of Sugar Palm Composites 58

422 TGA Properties of Sugar Palm Hybrid Composites 60

4.3 Dynamic Mechanical Properties of Sugar Palm Fiber-Based Hybrid
Composites 63

43.1 Sugar Palm/Glass Fiber 63

43.2 Sugar Palm/Cassava Bagasse 66

43.3 Sugar Palm/Flax 66

44 Potential Applications 66

4.5 Conclusions 72
Acknowledgment 72
References 72

5 Thermal Properties of Sisal Fiber-Based Hybrid
Composites 85
Tamil Moli Loganathan, Jesuarockiam Naveen, Koduri Naga Ganapathi
Lakshmi Reshwanth, Kandasamy Jayakrishna, and Chandrasekar

Muthukumar

51 Introduction 85

52 Thermal Properties of Sisal Fiber-Reinforced Polymeric Composites 87

5.3 Thermal Properties of Hybrid Sisal Fiber/Synthetic Fiber-Reinforced
Polymeric Composites 88

54 Thermal Properties of Sisal/Other Natural Fiber-Reinforced Polymeric
Composites 89

5.5 Conclusions 91

References 91



6.1
6.2
6.3
6.4
6.5
6.6

7.1

72
7.2.1
7.2.2
7.2.2.1
7.2.2.2
7.2.2.3
7.2.2.4
7.2.2.5
7.3
7.3.1
7.3.2
733
7.3.4
7.3.5
7.4
7.4.1
7.4.2
7.4.3
7.4.4
7.5

8.1
8.2
83
8.4
8.5
8.5.1

Contents

Thermal Properties of Flax Fiber Hybrid Composites 93

Carlo Santulli

Introduction 93

Techniques for Thermal Analysis of Natural Fiber Composites 95
General Properties and Composition of Flax Fibers 97

Thermal Analysis of Flax Fibers 98

Thermal Analysis of Flax Fiber Composites 99

Conclusions 100

References 101

Thermal Properties of the Pineapple Leaf Fiber-Based Hybrid
Composites 107

Bheemappa Suresha, Rajashekaraiah Hemanth, and Gurumurthy Hemanth
Introduction 107

Thermal Properties of Polymers 108

The Hypothesis of Thermal Conductivity 108

Factors Influencing Thermal Conductivity of Composite Materials 109
Fibers 109

Resins 111

Fillers 112

Additives 112

Thermal Conductivity of the Composites 113

Improving the Thermal Properties of Epoxies 114

Modification of Epoxies with Other Polymers or Additives 114
Modification of Epoxies by Reinforcing Fibers 115

Modification of Epoxies by Micron-sized Particulate Fillers 115
Modification of Epoxies by Filling Nano-Sized Particulate Fillers 116
Modification of Epoxies by Hybridization 116

The Thermal Properties of PALF Composites 116
Thermogravimetric Analysis of PALF Composites 116

Dynamic Mechanical Analysis of PALF Composites 120

Differential Scanning Calorimetric Analysis of PALF Composites 124
Thermal Conductivity of PALF Composites 126

Concluding Remarks 127

References 129

Thermal Properties of the Grass/Cane Fiber-Based Hybrid
Composites 135

Manickam Ramesh, Jaganathan Maniraj, and Sengottuvelu Ramesh
Introduction 135

Hybrid Composite Materials 137

Cane/Grass Fiber Hybrid Composites 138

Properties of Cane/Grass Fiber Hybrid Composites 140
Thermal Properties 140

Thermal Conductivity 141

vii



viii | Contents

8.5.2 Thermogravimetric Analysis 142
8.5.3 Differential Scanning Calorimetry Analysis 142
8.5.4 Flammability Test 142
8.5.5 Heat Deflection Temperature Test 143
8.5.6 Specific Heat Capacity Measurement 143
8.5.7 Thermal Diffusivity 143
8.6 Applications of Grass/Cane Hybrid Composites 144
8.7 Conclusion 145
References 145

9 Thermal Properties of the Banana Fiber-Based Hybrid
Composites 153
Nasmi Herlina Sari and Senthil Muthu Kumar Thiagamani

9.1 Introduction 153

9.2 Fabrication of Banana Fiber-Based Hybrid Composite 154

9.21 Hand Layup 154

9.2.2 Vacuum Bag-Assisted Resin Infusion Technique 155

9.3 Thermal Properties of Banana Fiber-Based Composites 155

9.3.1 Thermal Stability 155

9.3.2 Limiting Oxygen Index (LOI) 155

9.33 Thermogravimetric Analysis (TGA) 156

9.3.3.1 Jute and Banana Fiber Hybrid Composites 156

9.3.3.2  Glass and Banana Fiber Hybrid Composites 157

9.3.3.3  Banana/Flax-Based Glass Fiber Hybrid Composite 158

9.4 Specific Heat of Banana Fiber Hybrid Composites 159

94.1 Banana and Pineapple Leaf Fiber Hybrid Composites 159

9.5 Thermal Conductivity of Banana Fiber Hybrid Composites 160
9.5.1 The Pineapple Leaf and Banana Fiber Hybrid Composites 160
9.6 Thermal Diffusivity 160

9.7 Applications 162

9.8 Conclusions 162

References 163

10 Thermal Properties of Kenaf Fiber-Based Hybrid
Composites 167
Chinnaiyan Deepa, Lakshminarasimhan Rajeshkumar, and Manickam
Ramesh

10.1 Introduction 167

10.2 Hybrid Composites 168

10.3 Thermal Properties 169

10.3.1  Thermogravimetric Analysis 169

10.3.2  Dynamic Mechanical Analysis 172

10.3.3  Derivative Thermogravimetric Analysis 174

10.3.4  Differential Scanning Calorimetry 175

10.3.5  Thermal Mechanical Analysis 176



10.3.6
10.3.7
10.4

11

11.1
11.2
11.21
11.2.2
11.2.3
11.24
11.2.5
11.2.6
11.3

12

12.1
12.2
12.3
12.4
12,5
12.6
12.7
12.8
129

13

13.1
13.2
13.3
13.4
13.5
13.6

Flammability Tests 177

Heat Deflection Temperature 178
Conclusion 178

References 179

Thermal Properties of Hemp Fiber-Based Hybrid
Composites 183

Hom Nath Dhakal and Mobhini Sain

Introduction 183

Thermal Properties Measurements and Importance 185
Thermogravimetric Analysis (TGA) 185

Hybrid Approach for Thermal Properties Improvement 186
Differential Scanning Calorimetry (DSC) 189

Thermal Conductivity 190

Linear Coefficient of Thermal Expansion 192

Dynamic Mechanical Analysis (DMA) 193

Conclusions and Perspectives 197

References 198

Thermal Properties of Cellulose Nanofibers and Their
Composites 201

Sadia Khalid, Tania Ali, Asiya Gul, and Sara Qaisar
Introduction 201

Nanocellulose 202

Cellulose Nanofibers (CNFs) 202

CNF Preparation 203

Surface Functionalization of CNFs 203
CNF-Based Composites 205

Thermal Properties of CNF Composites 208
Current Status: CNF-Based Composites 209
Outlook and Future Perspective 212
References 214

Influence of Graphene Nanoparticles on Thermal Properties of
the Natural Fiber-Based Hybrid Composites 219
Theivasanthi Thirugnanasambandan

Introduction 219

Graphene 220

Polymer/Graphene Composites 220
Polymer/Natural Fiber Composites 223
Polymer/Natural Fiber/Graphene Composites 226
Conclusion 233

Acknowledgments 233

References 233

Contents

ix



x| Contents

14

14.1
14.2

14.3

144

14.5

14.6

15

15.1
15.2
15.2.1
15.2.2
15.2.3
15.2.4

15.2.5
15.2.5.1
15.2.5.2
15.2.5.3
15.2.5.4
15.3
15.3.1
15.3.2
15.3.3
15.3.4
153.4.1
15.3.5
15.3.5.1
15.4

Influence of Nanoclay on the Thermal Properties of the

Natural Fiber-Based Hybrid Composites 239

Sabarish Radoor, Jasila Karayil, Reshma Soman, Aswathy Jayakumar,
Edayileveettil K. Radhakrishnan, Jyotishkumar Parameswaranpillai, and
Suchart Siengchin

Introduction 239

Effect of Nanoclay on the Thermal Stability of Natural Fiber-Based
Hybrid Composites 240

Effect of Nanoclay on the Inflammability of Natural Fiber-Based Hybrid
Composites 244

Effect of Nanoclay on the Melting and Crystallization (DSC) of Natural
Fiber-Based Hybrid Composites 246

Effect of Nanoclay on the Glass Transition Temperature of Natural
Fiber-Based Hybrid Composites 247

Conclusion 248

Acknowledgments 249

References 249

Effect of CNT Fillers on Thermal Properties of the Bamboo
Fiber-Based Hybrid Composites 255

Mohit Hemath, Babu V. Hemath, Hemath K. Govindarajulu, Sanjay M.
Rangappa, Suchart Siengchin, and Suresh N. Sundaram
Introduction 255

Materials and Methods 257

Materials Used 257

Extraction of Bamboo Microfibers 258

Amino Functionalization of SWCNTs 258

Fabrication of SWCNT/Bamboo Fiber (BF)/Epoxy Hybrid
Nanocomposites 258

Characterization 259

Thermal Properties 259

Fourier Transform Infrared (FTIR) Spectroscopy 259
Mechanical Properties of SWCNT/BF/Epoxy Composites 259
Morphological Characteristics 260

Results and Discussion 260

Effect on FTIR Spectra 260

Effect on Thermal Degradation Properties 260

Effect on Thermal Conductivity 262

Effect on Mechanical Characteristics 264

Flexural and Tensile Properties 264

Tensile Fracture 265

Impact Strength and Hardness 266

Conclusion 267

Acknowledgment 267

References 267



16

16.1
16.2
16.2.1
16.2.2
16.2.3
16.2.4
16.2.4.1
16.2.4.2
16.2.4.3
16.2.4.4
16.2.4.5
16.3
16.3.1
16.3.2
16.3.3
16.3.4
16.3.4.1
16.3.4.2
16.3.4.3
16.3.4.4
16.3.4.5
16.4

17

17.1
17.2

17.2.1
17.2.1.1

17.2.1.2
17.2.2
17.2.2.1
17.2.2.2
17.2.3
17.3

Contents | xi

Effect of Metal Oxide Fillers on Thermal Properties of the
Natural Fiber-Based Hybrid Composites 273

Mohit Hemath, Hemath K. Govindarajulu, Sanjay M. Rangappa, Suchart
Siengchin, Ruban Ramalingam, and Babu V. Hemath
Introduction 273

Materials and Methods 274

Materials 274

Extraction of Bamboo Nanocellulose Fiber (BNF) 275
Fabrication of Epoxy Hybrid Nanocomposites 275
Epoxy Hybrid Nanocomposite Characterization 275
Thermal Properties 275

Flame-Retardant Properties 275

Mechanical Properties 275

Morphological Properties 276

Fourier Transform Infrared (FTIR) Spectra 276
Results and Discussion 276

Effect on FTIR Spectra 276

Effect on Flammability 277

Effect on Thermal Stability 280

Effect on Mechanical Properties 280

Tensile Properties 280

Tensile Fracture 282

Flexural Properties 282

Compression Properties 283

Impact Strength 285

Conclusion 286

References 286

Influence of Chemical Treatments on the Thermal Properties
of Natural Fiber-Reinforced Hybrid Composites (NFRHC) 291
Rafael de Avila Delucis and José Humberto S. Almeida Jr
Introduction 291

Chemical Modifications for Natural Fibers Applied in Hybrid
Composites 295

Chemical Treatments 295

Chemically Treated Natural Fibers in Hybrid Thermoset
Composites 295

Chemically Treated Fibers in Hybrid Thermoplastic Composites 298
Chemical Coupling Agents 299

Maleic Anhydride 299

Silanization 300

Two-Step Treatments 301

Concluding Remarks 302

References 303



xii

Contents

18

18.1
18.2
18.3
18.3.1
18.3.2
18.3.3
18.4
18.4.1
18.4.2
18.4.3
18.5

Physical, Mechanical, and Thermal Properties of
Fiber-Reinforced Hybrid Polymer Composites 309
Subramanian Ravichandran, Suresh Sagadevan, and Md Enamul Hoque
Introduction 309

Preparation of Composite Material 311
Characterization of Composite Material 312
Tensile Test 312

Flexural Test 312

Test of Water Absorption 312

Results and Discussion 313

Mechanical Properties 313

Water Absorption Studies 315

Thermal Properties 316

Conclusions 317

Conflicts of Interest 318

References 318

Index 321



