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Preface

The two words in the title of this book, “polymers” and “plastics”, could be consider-
ed as referring to two different worlds.
In the world of polymers, the properties of chain molecules are in the focus of
attention, and are subject of thorough theoretical studies.
In the world of plastics, the end-use performance of the technically used materials
counts, as well as their behaviour in the various processing operations in which they
are transformed into finished articles.
Nevertheless, these two worlds are closely related to each other. The typical
behaviour of plastics materials, strongly deviating from other materials, can only be
understood on the basis of the chain properties.
In this book an attempt has been made to give a survey of polymer properties, and of
the way these are, on the one hand, governed by their molecular structure, and are,
on the other hand, responsible for the technological behaviour of plastics materials.
As a result of this intention, cross-references are given throughout the whole book:
every aspect of polymer science and of plastics technology is closely related to
practically every other aspect!
This book originates from several series of lectures at the Delft University of
Technology during the years 1978 - 1988, later on integrated into a number of post-
graduate and other courses. Since only a first introduction is given, more detailed
treatment and more scientific depth have been sacrificed to the striving for survey
and integration.

Delft, May 2001
A.K. van der Vegt

Note from the publisher

Just before he died in April 2002, Professor Em. Anne van de Vegt made a
translation of his successful Dutch textbook on polymer science and technology
“Polymeren, van keten tot kunststof”. Initially we published this translation only on
the internet, but decided that it would be worthwile to publish it in print as so many
students and professionals took the trouble to let us know that an affordable edition
on paper would be most welcome. So, we are very pleased to be able to publish
Anne’s much acclaimed text. We included the - initially separate - collection of
problems as well, inserted at the end of each chapter.

J.S.
January 2006





7

Contents

PREFACE 5

1. INTRODUCTION 11
1.1. Origin of plastics / polymers 11
1.2. Main categories 14
1.3. The most important plastics 15

1.3.1. Thermoplastics 15
1.3.2. Thermosets 18
1.3.3. Synthetic elastomers 19
1.3.4. Composite plastics 20

1.4. Problems 21

2. MOLECULAR COMPOSITION 23
2.1. Chain structure 23

2.1.1. Main chain 23
2.1.2. Side groups 26
2.1.3. Copolymers 27

2.2. Chain length and distribution 27
2.2.1. Averages 27
2.2.2. Example of a chain length distribution 32
2.2.3. Measuring methods 34

2.3. Chain regularity 39
2.4. Chain conformations 41
2.5. Chain flexibility 47
2.6. Chain interactions 49
2.7. Cross-linking 50
2.8. Problems 51

3. GLASSY STATE AND GLASS-RUBBER TRANSITION 57
3.1. Glassy state 57
3.2. Molecular picture 59
3.3. Thermodynamics of the glass-rubber transition 61
3.4. Factors governing Tg 64

3.4.1. Chain flexibility 65
3.4.2. Chain interactions 66
3.4.3. Chain length 67
3.4.4. Effect of time scale 67

3.5. Glass-rubber transition of blends 67
3.6. Methods of measuring Tg 69



8 From polymers to plastics

3.6. Problems 69

4. CRYSTALLINE POLYMERS 72
4.1. Conditions for crystallization 72
4.2. The melting point 74
4.3. The crystallization process 79

4.3.1. Nucleus formation and crystal growth 79
4.3.2. Isothermal crystallization 82

4.4. Crystalline structure 85
4.4.1. Crystalline fraction 85
4.4.2. Crystal morphology 86

4.5. Effect on properties 88
4.6. Liquid-crystalline polymers 91
4.7. Problems 92

5. RUBBERY AND LIQUID PHASES 97
5.1. Rubbery phase 97
5.2. Transition of rubber to fluid 102
5.3. Fluid condition 103

5.3.1. Viscosity 103
5.3.2. Non-Newtonian behaviour 104
5.3.3. Melt elasticity 108

5.4. Some consequences for processing 108
5.5. Problems 112

6. VISCO-ELASTICITY 115
6.1. Models 115
6.2. Dynamic mechanial behaviour 123
6.3. Integration 125
6.4 Problems 129

7. MECHANICAL PROPERTIES 133
7.1. Stress-strain diagram 133
7.2. Stiffness and creep 134

7.2.1. Modulus of elasticity 134
7.2.2. Creep 136
7.2.3. Non-linearity 138
7.2.4. Physical ageing 140

7.3. Damping 142
7.4. Strength 146

7.4.1. Tensile strength 146
7.4.2. Long term strength 147
7.4.3. Impact strength 152

7.5. Surface properties 154



Contents 9

7.5.1. Hardness 154
7.5.2. Friction 155
7.5.3. Abrasion 158

7.6. Problems 159

8. FURTHER PROPERTIES 163
8.1. Thermal properties 163

8.1.1. Brittleness temperature 163
8.1.2. Softening 164
8.1.3. Thermal expansion 166
8.1.4. Thermal conduction 167
8.1.5. Maximum temperature of use 169
8.1.6. Burning behaviour 169

8.2. Electrical properties 170
8.2.1. Electric resistance 170
8.2.2. Dielectric properties 173
8.2.3. Electric strength 174

8.3. Optical properties 174
8.4. Effects of environment 175
8.5. Stress corrosion 177
8.6. Diffusion 178
8.7. Problems 180

9. POLYMERIC COMPOUNDS AND COMPOSITES 182
9.1. Polymer blends 182

9.1.1. General 182
9.1.2. Miscibility of polymers 182
9.1.3. Detection of miscibility 185
9.1.4. Block copolymers 186
9.1.5. The formation of dispersions 189
9.1.6 Properties of blends 192

9.2. Reinforcement by particles 197
9.3. Short fibres 198
9.4. Long fibres 202
9.5. Problems 204

10. PROCESSING TECHNIQUES 208
10.1. Principles of processing 208

10.1.1. General 208
10.1.2. Production cost 210
10.1.3. Compounding 212

10.2. Casting and compression moulding 214
10.2.1. Casting 214



10 From polymers to plastics

10.2.2. Rotational moulding 215
10.2.3. Compression moulding 216

10.3. Injection moulding 220
10.3.1. General 220
10.3.2. Limitations 223
10.3.3. Defects 224
10.3.4. Foam 228

10.4. Calendering and extrusion 228
10.4.1. Calendering 228
10.4.2. Extrusion 230
10.4.3. Film blowing 234
10.4.3. Bottle blowing 235

10.5. Secondary shaping 237
10.5.1. Thermoforming 237
10.5.2. Cold sheet forming 239
10.5.3. Forging 239
10.5.4. Bending 240
10.5.5. Machining 241
10.5.6. Welding 241
10.5.7. Gluing 243
10.5.8. Surface coating 243

10.6. Processing of composites 245
10.6.1. General 245
10.6.2. Impregnating 245
10.6.3. Foaming 247

10.7. Problems 250

11. DATA ON MATERIALS 255
11.1. Thermoplastics 256
11.2. Thermosets 260
11.3. Elastomers 261

LITERATURE 264

INDEX 265

Solutions to the problems can be downloaded from http://www.vssd.nl/hlf/m028.htm


