668.411 FUN 2nd ed. Contact “Library Services” : info@dss.go.th ‘ lv

Contents

Preface to the 2nd Edition XVII
Preface to the 1st Edition XIX
List of Contributors XXIII

List of Symbols XXVII

Part One Polymers and Fillers 1

1 Polymers and Polymer Composites 3

Marino Xanthos
1.1 Thermoplastics and Thermosets 3
1.2 Processing of Thermoplastics and Thermosets 4
13 Polymer Composites 5
1.3.1 Types and Components of Polymer Composites 6
1.3.2 Parameters Affecting Properties of Composites 8
1.3.3 Effects of Fillers/Reinforcements: Functions 9

134 Rules of Mixtures for Composites 12

135 Functional Fillers 12

1.3.5.1  Classification and Types 12

1.3.5.2  Applications, Trends, and Challenges 14
References 17

2 Modification of Polymer Properties with Functional Fillers 19
Marino Xanthos

2.1 Introduction 19

2.2 The Importance of the Interface 20

23 Modification of Mechanical Properties 21

231 General 21

232 Modulus of Fiber and Lamellar Composites 22
2.3.21  Continuous Reinforcements 22

23.2.2 Discontinuous Reinforcements 24

233 Modulus of Composites Incorporating Particulates 28
234 Strength of Fiber and Lamellar Composites 29

Functional Fillers for Plastics: Second, updated and enlarged edition. Edited by Marino Xanthos
Copyright © 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 978-3-527-32361-6


Training05
Typewritten Text
668.411 FUN 2nd ed.

si5-20
Stamp


vi| Contents

2.34.1 Continuous Reinforcements 29

2.34.2 Discontinuous Reinforcements 31

2.35 Strength of Composites Containing Particulates 33
236 Toughness Considerations 33

2.37 Temperature and Time Effects 35

2.3.8 Other Properties 35

2.38.1  Tribological Properties 35

2.3.8.2 Permeability 36

2.4 Effects of Fillers on Processing Characteristics of Polymers 36

241 General 36

2.4.2 Melt Rheology of Filled Polymers 36

2.4.2.1 Concentration and Shear Rate 37

2.42.2  Filler Size and Shape 37

2423 Filler Surface Treatments 38

243 Processing/Structure/Property Relationships 39
References 41

3 Mixing of Fillers with Plastics 43
David B. Todd

31 Introduction 43

3.2 Pretreatment of Fillers 44

33 Feeding 45

34 Melting 51

3.5 Solids Introduction and Mixing 51

3.6 Venting 55

3.7 Pressure Generation 55

3.8 Process Examples 57

3.9 Further Information 59

References 59

Part Two Surface Modifiers and Coupling Agents 61

4 Silane Coupling Agents 63
Bjorn Borup and Kerstin Weissenbach
41 Introduction 63
4.2 Production and Structures of Monomeric Silanes 64
43 Silane Chemistry 65
4.4 Types of Silanes 66
4.4.1 Waterborne Silane Systems 66
4.4.2 Oligomeric Silanes 66
45 Silane Hydrolysis 67
4.6 Reactivity of Silanes Toward the Filler 69
47 Combining Silanes and Mineral Fillers 70

471 Method I 71
4.7.2 Method IT 71



473
4.7.4
4.8
48.1
4.81.1
48.1.2
4.8.1.3
4.8.2
483
4.8.4
485
48.6
4.8.7
49

4.10
4.10.1
4.10.2
4.10.2.1
4.10.2.2
4.10.2.3
4.10.2.4
4.10.3
4.10.3.1
4.10.3.2
4.10.3.3
4.10.4
4.10.5
4.10.6
4.10.7
4.10.8
4.11

5.1

5.2
5.2.1
5.2.1.1
5.2.1.2
5.2.1.3
5214
5.2.15
5.2.2
5.2.3

Method 111 72
Method IV 72

Insights into the Silylated Filler Surfaces

Spectroscopy 72

FTIR/Raman Spectroscopy 72
MAS-NMR Spectroscopy 73
Auger Electron Spectroscopy 73
Pyrolysis—Gas Chromatography 76

Carbon Analysis 77

Colorimetric Tests 77
Acid—Base Titration 77
Analytical Tests for Hydrophobicity 77

Silane/Colorant Combined Surface Modification 77

Selection of Silanes 78

Applications of Specific Silanes

Vinylsilanes 80
Aminosilanes 81
General 81

Calcined Clay-Filled Polyamides

ATH-Filled EVA 83

MDH-Filled Polypropylene 83

Methacryloxysilanes
General 85

85

Filled PMMA Resin Systems 85

Silica-Filled UV-Cured Acrylates for Scratch-Resistant Coatings

Epoxysilanes 86

Sulfur-Containing Silanes

Alkylsilanes 87

87

Fluoroalkylfunctional Silanes 87
Polyetherfunctional Silanes
Trends and Developments

References 88

87
88

Titanate Coupling Agents 91

Salvatore J. Monte
Introduction 91

The Six Functions of the Titanate Molecule 92

Effects of Function (1)
Coupling 95
Dispersion 95
Adhesion 97
Hydrophobicity 98

95

80

82

Titanate Application Considerations

Effects of Function (2)
Effects of Function (3)

99
101

98

72

Contents

85

Vil



Vit | Contents

5.2.4 Effects of Function {4) 102

5.2.41  CaCOj-Filled Thermoplastics 103

5.2.4.2  Carbon Black-Filled Polymers 103

5.24.3  Other Functional Inorganics/Organics Used in Thermoplastics
and Thermosets 105

5.2.5 Effects of Function (5) 107

5.2.6 Effects of Function (6) 107

5.2.7 Dispersion of Nanofillers or “Making Nanofillers Work” 109
5.3 Summary and Conclusions 111

References 112

6 Functional Polymers and Other Modifiers 115
Roger N. Rothon
6.1 Introduction 115
6.2 General Types of Modifiers and Their Principal Effects 116
6.2.1 Noncoupling Modifiers 116
6.2.2 Coupling Modifiers 116
6.2.3 Reinforcement Promoters 117
6.3 Modifiers by Chemical Type 117
6.3.1 Carboxylic Acids and Related Compounds 117

6.3.1.1 General 117
6.3.1.2 Saturated Monocarboxylic Acids (Fatty Acids) and Their Salts 117
6.3.1.3 Unsaturated Carboxylic Acids and Related Compounds 123
6.3.1.4  Carboxylic Acid Anhydrides 128
6.3.15 Bismaleimides 129
6.3.1.6  Chlorinated Paraffins 131
6.3.1.7  Chrome Complexes 131
6.3.1.8  Other Carboxylic Acid Derivatives 131
6.3.2 Alkyl Organophosphates 132 :
6.33 Alkyl Borates 132
6.3.4 Alkyl Sulfonates 132
6.3.5 Functionalized Polymers 132
6.3.5.1 Functionalized Polyolefins 132
6.3.5.2  Functionalized Polybutadienes 136
6.3.6 Organic Amines and Their Derivatives 137
References 138

Part Three Fillers and Their Functions 141
A High Aspect Ratio Fillers 141

7 Glass Fibers 143

Subir K. Dey and Marino Xanthos
7.1 Background 143
7.2 Production Methods 144

7.3 Structure and Properties 148



7.4
7.5
7.6
7.7
7.8

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.7.1
8.7.2
8.7.3

9.1
9.1.1
9.1.2
9.2
9.2.1
9.2.2
9.23
9.3
9.4
9.5
9.6
9.7

10

10.1
10.2
10.2.1
10.2.2
10.2.2.1
10.2.2.2

Contents

Suppliers 149

Cost/Availability 149
Environmental/Toxicity Considerations 152
Applications 154

Environmental Impact 158

References 161

Mica Flakes 163

Marino Xanthos

Background 163

Production Methods 165
Structure and Properties 166
Suppliers 170
Cost/Availability 170
Environmental/Toxicity Considerations 171
Applications 171

General 171

Primary Function 172

Other Functions 173
References 174

Nanoclays and Their Emerging Markets 177
Karl Kamena

Introduction 177

Clays, Nanoclays, and Nanocomposites 177
Concept and Technology 177

Production Methods 178

Raw and Intermediate Materials 178
Purification and Surface Treatment 179
Synthetic Clays 180

Structure and Properties 181

Suppliers 183

Cost/Availability 183
Environmental/Toxicity Considerations 184
Applications 184

References 187

Carbon Nanotubes/Nanofibers and Carbon Fibers 189

Zafar lgbal and Amit Goyal

Introduction 189

Materials 189

Types of Carbon Nanotubes/Nanofibers and Their Synthesis 189
Types of Carbon Fibers and Their Synthesis 191

PAN-Based Carbon Fibers 192

Carbon Fibers from Pitch: 193

IX



X | Contents

10.2.2.3  Carbon Fibers from Rayon 194

10.2.2.4  Carbon Fibers from Phenolic Resins 194

10.2.2.5 Vapor-Grown Carbon Fibers 194

10.2.3 Chemical Modification/Derivatization Methods 195
10.2.4 Polymer Matrices 196

10.3 Polymer Matrix Composites 197

10.3.1 Fabrication 197

10.3.2 Mechanical and Electrical Property Modification 198

10.4 Cost/Availability 202
10.5 Environmental/Toxicity Considerations 202
10.6 Applications 205

References 206

B Low Aspect Ratio Fillers 211

1 Natural Fibers 213
Craig M. Clemons
11.1 Introduction 213
11.2 Structure and Production Methods 214
11.3 Properties 215
11.3.1 Chemical Components 215
11.3.2 Fiber Dimensions, Density, and Mechanical

Performance 216
11.3.3 Moisture and Durability 216

11.4 Suppliers 218

11.5 Cost/Availability 219

11.6 Environmental/Toxicity Considerations 219

11.7 Applications (Primary and Secondary Functions) 219

References 222

12 Tale 225
Vicki Flaris
12.1 Production Methods 225
12.2 Structure and Properties 226
12.3 Suppliers 230
12.4 Cost/Availability 230
12.5 Environmental/Toxicity Considerations 232
12.6 Applications 233

12.6.1 General 233

12.6.2 Applications by Polymer Matrix 234

12.6.2.1 Polyolefins 234

12.6.2.2  Polyvinyl Chloride 237

12.6.2.3  Styrenics and Thermoplastic Elastomers 237
References 238



13

13.1
13.2
13.21
13.2.2
13.2.3
13.2.4
13.2.5
133
13.4
135
13.6
13.7
13.7.1
13.7.2
13.7.2.1
13.7.2.2

14

14.1
14.2
14.3
14.4
14.5
14.6

14.7
14.8

15

15.1
15.2
15.3
15.3.1
15.3.2
15.3.3
15.3.4
15.3.5
15.3.6

Kaolin 241

Joseph Duca

Introduction 241

Production Methods 243

Primary Processing 243

Beneficiation 243

Kaolin Products 246

Calcination 246

Surface Treatment 247

Properties 247

Suppliers 248

Cost/Availability 250
Environmental/Toxicity Considerations 251
Applications 251

Primary Function 251

Secondary Functions 254
Improvement of Electrical Properties 254
TiO, Extension 256

References 257

Wollastonite 259

Sara M. Robinson and Marino Xanthos
Introduction 259

Production 260

Structure and Properties 260

Suppliers/Cost 262

Environmental /Toxicity Considerations 263
Applications Involving the Plastics Compounding
Industry 264 '
Summary 267

Future Considerations for Use of Wollastonite in Plastics
References 268

Wood Flour 269

Craig M. Clemons
Introduction 269
Production Methods 270
Structure and Properties 272
Wood Anatomy 272
Chemical Components 274
Density 276

Moisture 276

Durability 278

Thermal Properties 280

267

Contents

Xi



Xl Contents

15.4 Suppliers 281

15.5 Cost/Availability 282

15.6 Environmental /Toxicity Considerations 282

15.7 Applications (Primary and Secondary Functions) 282

15.7.1 Thermosets 282
15.7.2 Thermoplastics 283
References 288

16 Calcium Carbonate 291
Yash P. Khanna and Marino Xanthos
16.1 Background 291
16.2 Production Methods 292
16.3 Structure and Properties 294
16.4 Suppliers 294
16.5 Cost/Availability 295
16.6 Environmental, Toxicity, and Sustainability Considerations 295
16.7 Applications 296

16.7.1 General 296
16.7.2 Polyvinyl Chloride 296
16.7.3 Glass Fiber-Reinforced Thermosets 298
16.7.4 Polyolefin Moldings 298
16.7.5 Polyolefin Films 301
16.7.6 Polyolefin Microporous Films 302
16.7.7 Nonwoven Fabrics 303
16.7.8 Bioactive Composites 305
References 305

C Specialty Fillers 307

17 Fire Retardants 309
Henry C. Ashton
171 Introduction 309
17.2 Combustion of Polymers and the Combustion Cycle 310
17.3 Fuel 311
17.4 Smoke 311

17.4.1 Toxicity 312

1742  Visibility 314

17.5 Flammability of Polymers 314

17.6 Mechanisms of Fire-Retardant Action 315
17.6.1 Condensed Phase 315

17.6.2 Chemical Effects in the Gas Phase 316
17.7 Classification of Flame Retardants 317
17.7.1 Metal Hydroxides 317

17.7.1.1  Aluminum Trihydrate 318

17.7.1.2 Magnesium Hydroxide 324



17.7.1.3
17.7.2
17.7.21
17.7.2.2
17.7.2.3
17.7.2.4
17.7.3
17.7.4
17.7.5
17.7.5.1
17.7.5.2
17.7.5.3
17.7.5.4
17.7.6
17.7.7
17.7.8
17.8
17.9
17.9.1
17.9.2
17.9.3
17.9.4
17.9.5
17.9.6
17.9.7
179.8
17.10
17.11

18

18.1

18.2

18.2.1
18.2.2
18.2.3
18.2.4
18.2.5
18.3

18.3.1
18.3.2
18.3.3
18.3.4
18.3.5

Contents

Zinc Stannates 325

Halogenated Fire Retardants 325

Mechanism of Action 325

Synergy with Antimony Trioxide 326
Bromine-Containing Fire Retardants 326
Chlorine-Containing Flame Retardants 327
Zinc/Boron Systems 329

Melamines 329

Phosphorus-Containing Flame Retardants 329
Mechanism of Action 330

Red Phosphorus 331

Phosphorus-Containing Organic Compounds 331
Ammonium Polyphosphate 331

Low Melting Temperature Glasses 334
Molybdenum-Containing Systems 335
Nanosized Fire Retardants 335

Tools and Testing 336

Toxicity 337

Metal Hydroxides 338

Antimony Trioxide 338

Brominated Fire Retardants 338

Chlorinated Fire Retardants 339
Boron-Containing Fire Retardants 340
Phosphorus-Containing Fire Retardants 340
Molybdenum-Containing Fire Retardants 341
Nanosized FRs 341

Manufacturers of Fire Retardants 343
Concluding Remarks 343

References 344

Conductive and Magnetic Fillers 351
Theodore Davidson

Introduction 351

Carbon Black 352

General 352

Varieties 352

Commercial Sources 353

Safety and Toxicity 355

Surface Chemistry and Physics 355
Phenomena of Conductivity in Carbon Black-Filled Polymers 355
General 355

Percolation Theories 357

Effects of Carbon Black Type 357
Effects of Polymer Matrix 358
Other Applications 359

X



XV

Contents

18.4

18.4.1
18.4.2
18.4.3
18.4.4
18.5

18.6
18.7
18.8
18.9
18.10

19

19.1
19.2
19.2.1
19.2.1.1
19.2.1.2
19.2.1.3
19.2.1.4
19.2.2
19.2.2.1
19.2.2.2
19.2.23
19.2.2.4
19.2.3
19.2.31
19.2.3.2
19.2.3.3
19.2.3.4
19.24
19.25
19.2.6
19.2.6.1
19.2.6.2
19.2.6.3
19.2.6.4
19.2.7
19.3
19.3.1
19.3.2
19.3.2.1

Distribution and Dispersion of Carbon Black

in Polymers 360

Microscopy and Morphology 360

Percolation Networks 360

CB in Multiphase Blends 361

Process Effects on Dispersion 361

Other Carbon-Based Conductive

Fillers 362

Intrinsically Conductive Polymers (ICPs)

Metal Particle Composites 363

Magnetic Fillers 366
Concluding Remarks 367

362

Appendix: Measurements of Resistivity 367

References 368

Surface Property Modifiers 373

Subhash H. Patel
Introduction 373

Solid Lubricants/Tribological Additives

General 374

Molybdenite 374
Graphite 375
Polytetrafluoroethylene 375
Boron Nitride 375
Production 376
Molybdenite 376
Graphite 376
Polytetrafluoroethylene 377
Boron Nitride 377
Structure/Properties 378
Molybdenite 378
Graphite 379
Polytetrafluoroethylene 383
Boron Nitride 384

Suppliers/Manufacturers 386

Cost/Availability 386

Environmental/Toxicity Considerations

Molybdenite 388

Graphite 391
Polytetrafluoroethylene 392
Boron Nitride 392
Applications 392
Antiblocking Fillers 394
General 394

Silica as Antiblocking Filler
Production 395

395

374

388



19.3.2.2
19.3.2.3
19.3.2.4
19.3.2.5

20

20.1
20.2
20.2.1
20.2.2
20.2.3
20.3
20.3.1
20.3.2
20.3.3
20.4
20.5
20.5.1
20.5.2
20.5.3
20.6
20.6.1
20.6.2
20.6.3

A

211

21.1.1
21.1.2
21.1.3
21.14
21.1.5
21.1.6
21.1.7
21.1.8
21.1.9
212

21.2.1
21.2.2
21.2.3
21.24

Structure/Properties 397
Suppliers/Manufacturers 397
Environmental/Toxicity Considerations 397
Applications of Silicas 401

References 402

Processing Aids 407
Subhash H. Patel
Introduction 407
Production 408
Magnesium Oxide 408
Fumed Silica 409
Hydrotalcites 409
Structure/Properties 411
Magnesium Oxide 411
Fumed Silica 412
Hydrotalcites 412
Suppliers/Manufacturers 414
Environmental/Toxicological Considerations 415
Magnesium Oxide 415
Fumed Silica 416
Hydrotalcites 416
Applications 416
Magnesium Oxide 416
Fumed Silica 419
Hydrotalcites 420
References 421

Spherical Fillers 425

Anna Kron and Marino Xanthos
Organic Spherical Fillers 425
General 425

Production and Properties 425
General Functions 427
Applications in Thermoplastics 429
Applications in Thermosets and Rubbers 432
Applications in Coatings 433
Surface Functionalization 433
Cost 434

Suppliers 434

Glass and Ceramic Spheres 434
Introduction 434

Production and Properties 435
Functions 436

Suppliers 438

References 438

Contents

XV



Xvi

Contents

22

221
222
223
22.3.1
22.3.2
224
2241
2242
22.4.3
22.4.4
2245
22.4.6
22.5
22.6
227
22.8

23

231
23.2
233
234
235
23.6
23.6.1
23.6.2

24

241
24.2
243
24.4
2441
24.4.2
24421
24.4.2.2
24423

Bioactive Fillers 441

Georgia Chouzouri and Marino Xanthos

Introduction 441

Bone as a Biocomposite 441

Synthetic Biomedical Composites and Their Bioactivity 442
Bioceramics for Tissue Engineering Applications 442

Mechanisms and Procedure for In Vitro Evaluation of Bioactivity 443

Bioceramics as Functional Fillers 444
Hydroxyapatite 444

Calcium Phosphate Ceramics 448
Calcium Carbonate 448

Bioactive Glasses 449
Apatite-Wollastonite Glass Ceramic 451
Other Bioactive Fillers 452
Modification of Bioceramic Fillers 453
Fillers Formed In Situ 453

Recent Developments — Nanostructured Bioactive Fillers 454
Concluding Remarks 455

References 455

Polyhedral Oligomeric Silsesquioxanes 459
Chris DeArmitt

Introduction 459

Production 459

Structure and Properties 460
Suppliers/Cost 463
Environmental/Safety Considerations 464
Functions 464

Primary Function 464

Secondary Function 466

References 467

In Situ-Generated Fillers: Bicontinuous Phase Nanocomposites 469

Leno Mascia

Introduction 469

Methodology for the Production of Bicontinuous Nanocomposites
General Properties of Bicontinuous Phase Nanocomposites 472
Potential Applications of Bicontinuous Nanocomposites 474
Epoxy/Silica Systems for Coating Applications 474

Use of Polyimide/Silica Systems in Polymer Composites 480
General 480

Coatings for Glass Fibers 484

Polyimide/Silica Matrix 486

References 488

Index 491

470





