POLYMER
SCIENCE

TECHNOLOGY

THIRD EDITION

A 33,0 Yool
3 000U, Y s
Forht alhe + P N0
S~y N

(¥ o . - .,
oA 3 >

JOEIL IR, FIRIEID



https://www.pearson.de/9780137039913

POLYMER SCIENCE
AND TECHNOLOGY

Third Edition


https://www.pearson.de/9780137039913

Polymer Science and Technology

Table of Contents

Cover

Half Title

Title Page

Copyright Page

CONTENTS

PREFACE

PREFACE TO SECOND EDITION
PREFACE TO FIRST EDITION
ACKNOWLEDGMENTS

ABOUT THE AUTHOR

1 INTRODUCTION TO POLYMER SCIENCE
1.1 Classification of Polymers

1.1.1 Thermoplastics and Thermosets
1.1.2 Classification Based upon the Mechanism of Polymerization
1.1.3 Classification Based upon Polymer Structure
1.2 Polymer Structure
1.2.1 Copolymers
1.2.2 Tacticity
1.2.3 Geometric Isomerism
1.2.4 Nomenclature
1.3 Molecular Weight
1.3.1 Molecular-Weight Distribution

@ Pearson


https://www.pearson.de/9780137039913

Table of Contents

1.3.2 Molecular-Weight Averages
1.4 Chemical Structure and Thermal Transitions
Suggested Reading
Problems
References

2 POLYMER SYNTHESIS

2.1 Step-Growth Polymerization
2.1.1 Molecular Weight in a Step-Growth Polymerization
2.1.2 Step-Growth Polymerization Kinetics
2.2 Chain-Growth Polymerization
2.2.1 Free-Radical Polymerization and Copolymerization
2.2.2 lonic Polymerization and Copolymerization
2.2.3 Coordination Polymerization
2.2.4 Controlled Radical Polymerizations
2.3 Polymerization Techniques
2.3.1 Bulk Polymerization
2.3.2 Solution Polymerization
2.3.3 Suspension Polymerization
2.3.4 Emulsion Polymerization
2.3.5 Solid-State, Gas-Phase, and Plasma Polymerization
2.3.6 Polymerization in Supercritical Fluids
2.3.7 Polymerization in lonic Liquids
2.4 Polymer Reactivity
2.4.1 Chemical Modification
2.4.2 Preparation of Polymer Derivatives
2.4.3 Click Chemistry

2.5 Special Topics in Polymer Synthesis

@ Pearson


https://www.pearson.de/9780137039913

Table of Contents

2.5.1 Metathesis
2.5.2 Group-Transfer Polymerization
2.5.3 Macromers in Polymer Synthesis
2.5.4 Genetic Engineering
2.5.5 Green Chemistry
2.6 Chemical Structure Determination
2.6.1 Vibrational Spectroscopy
2.6.2 Nuclear Magnetic Resonance Spectroscopy
Suggested Reading
Problems
References

3 CONFORMATION, SOLUTIONS, AND MOLECULAR
WEIGHT
3.1 Polymer Conformation and Chain Dimensions
3.2 Thermodynamics of Polymer Solutions
3.2.1 The FloryHuggins Theory
3.2.2 FloryKrigbaum and Modified FloryHuggins Theories
3.2.3 Equation-of-State Theories
3.2.4 Phase Equilibria
3.2.5 Determination of the Interaction Parameter
3.2.6 Predictions of Solubilities
3.3 Measurement of Molecular Weight
3.3.1 Osmometry
3.3.2 Light-Scattering Methods
3.3.3 Intrinsic Viscosity Measurements
3.3.4 Gel-Permeation Chromatography
Suggested Reading
Problems

@ Pearson


https://www.pearson.de/9780137039913

Table of Contents

References

4 SOLID-STATE PROPERTIES

4.1 The Amorphous State
4.1.1 Chain Entanglements and Reptation
4.1.2 The Glass Transition
4.1.3 Secondary-Relaxation Processes
4.2 The Crystalline State
4.2.1 Ordering of Polymer Chains
4.2.2 Crystalline-Melting Temperature
4.2.3 Crystallization Kinetics
4.2.4 Techniques to Determine Crystallinity
4.3 Thermal Transitions and Properties
4.3.1 Fundamental Thermodynamic Relationships
4.3.2 Measurement Techniques
4.3.3 StructureProperty Relationships
4.3.4 Effect of Molecular Weight, Composition, and Pressure on
Tg
4.4 Mechanical Properties
4.4.1 Mechanisms of Deformation
4.4.2 Methods of Testing
4.5 Solid-State Characterization Methods
4.5.1 Microscopy
4.5.2 Scattering Methods
Suggested Reading
Problems
References

5 VISCOELASTICITY AND RUBBER ELASTICITY

@ Pearson


https://www.pearson.de/9780137039913

Table of Contents

5.1 Introduction to Viscoelasticity
5.1.1 Dynamic-Mechanical Analysis
5.1.2 Mechanical Models of Viscoelastic Behavior
5.1.3 Viscoelastic Properties of Polymer Solutions and Melts
5.1.4 Dielectric Analysis
5.1.5 Dynamic Calorimetry
5.1.6 Time Temperature Superposition
5.1.7 Boltzmann Superposition Principle
5.1.8 Interrelationships between Transient and Dynamic
Properties
5.2 Introduction to Rubber Elasticity
5.2.1 Thermodynamics
5.2.2 Statistical Theory
5.2.3 Phenomenological Model
5.2.4 Recent Developments

Suggested Reading
Problems
References

6 POLYMER DEGRADATION AND THE ENVIRONMENT

6.1 Polymer Degradation and Stability
6.1.1 Thermal Degradation
6.1.2 Oxidative and UV Stability
6.1.3 Chemical and Hydrolytic Stability
6.1.4 Effects of Radiation
6.1.5 Mechanodegradation
6.2 Management of Plastics in the Environment
6.2.1 Recycling
6.2.2 Incineration

@ Pearson


https://www.pearson.de/9780137039913

Table of Contents

6.2.3 Biodegradation
Suggested Reading
References

7 ADDITIVES, BLENDS, BLOCK COPOLYMERS, AND
COMPOSITES
7.1 Additives
7.1.1 Plasticizers
7.1.2 Fillers and Reinforcements
7.1.3 Other Important Additives

7.2 Polymer Blends and Interpenetrating Networks
7.2.1 Polymer Blends
7.2.2 Toughened Plastics and Phase-Separated Blends
7.2.3 Interpenetrating Networks

7.3 Block Copolymers

7.4 Composites
7.4.1 Mechanical Properties
7.4.2 Composite Fabrication

7.5 Nanocomposites
7.5.1 Montmorillonite Nanocomposites
7.5.2 Buckyballs, Carbon Nanotubes, Graphene, and POSS

Suggested Reading
Problems
References
8 BIOPOLYMERS, NATURAL POLYMERS, AND FIBERS

8.1 Biopolymers and Other Naturally Occuring Polymers
8.1.1 Proteins
8.1.2 Polynucleotides

@ Pearson


https://www.pearson.de/9780137039913

Table of Contents

8.1.3 Polysaccharides

8.1.4 Naturally Occurring Elastomers
8.2 Fibers

8.2.1 Natural and Synthetic Fibers

8.2.2 Cellulosics

8.2.3 Non-cellulosics

8.2.4 Fiber-Spinning Operations
Suggested Reading
Problems
References

9 THERMOPLASTICS, ELASTOMERS, AND
THERMOSETS
9.1 Commodity Thermoplastics
9.1.1 Polyolefins
9.1.2 Vinyl Polymers
9.1.3 Thermoplastic Polyesters
9.2 Elastomers
9.2.1 Diene Elastomers
9.2.2 Nondiene Elastomers
9.2.3 Thermoplastic Elastomers
9.3 Thermosets
9.3.1 Epoxies
9.3.2 Unsaturated Polyesters
9.3.3 Formaldehyde Resins
Suggested Reading
Problems

References

@ Pearson


https://www.pearson.de/9780137039913

Table of Contents

10 ENGINEERING AND SPECIALTY POLYMERS

10.1 Engineering Plastics
10.1.1 Polyamides
10.1.2 ABS
10.1.3 Polycarbonates
10.1.4 Modified Poly(phenylene oxide)
10.1.5 Acetal
10.1.6 Polysulfones
10.1.7 Poly(p-phenylene sulfide)
10.1.8 Engineering Polyesters
10.1.9 Fluoropolymers

10.2 Specialty Polymers
10.2.1 Polyimides and Related Specialty Polymers
10.2.2 Polyaryletherketones
10.2.3 Specialty Polyolefins
10.2.4 lonic Polymers
10.2.5 Inorganic Polymers
10.2.6 Liquid-Crystalline Polymers
10.2.7 Conductive Polymers
10.2.8 High-Performance Fibers
10.2.9 Dendritic Polymers

Suggested Reading
Problems
References

11 POLYMER PROCESSING AND RHEOLOGY

11.1 Basic Processing Operations
11.1.1 Extrusion
11.1.2 Molding

@ Pearson


https://www.pearson.de/9780137039913

Table of Contents

11.1.3 Calendering
11.1.4 Coating
11.2 Introduction to Polymer Rheology
11.2.1 Non-Newtonian Flow
11.2.2 Viscosity of Polymer Solutions and Suspensions
11.2.3 Constitutive Equations
11.2.4 Elastic Properties of Polymeric Fluids
11.2.5 Melt Instabilities
11.2.6 Drag Reduction
11.3 Analysis of Simple Flows
11.3.1 Pressure (Poiseuille) Flow
11.3.2 Drag Flow
11.4 Rheometry
11.4.1 Capillary Rheometer
11.4.2 Couette Rheometer
11.4.3 Cone-and-Plate Rheometer
11.4.4 Rheometry of Polymer Solutions and Melts
11.5 Modeling of Polymer-Processing Operations
11.5.1 Extrusion
11.5.2 Wire Coating
Appendices
11.A.1 Relationships between WLF Parameters and Free Volume
11.A.2 Dynamic and Continuity Equations
Suggested Reading
Problems
References

12 POLYMERS FOR ADVANCED TECHNOLOGIES

@ Pearson


https://www.pearson.de/9780137039913

Table of Contents

12.1 Membrane Science and Technology
12.1.1 Barrier Polymers
12.1.2 Membrane Separations
12.1.3 Mechanisms of Transport
12.1.4 Membrane Preparation
12.2 Biomedical Engineering and Drug Delivery
12.2.1 Controlled Drug Delivery
12.2.2 Gene Therapy
12.2.3 Antimicrobial Polymers
12.2.4 Tissue Engineering
12.2.5 Kidney Dialysis and Artificial Organs
12.3 Applications in Electronics and Energy
12.3.1 Electrically Conductive Polymers
12.3.2 Polymeric Batteries
12.3.3 Organic Photovoltaic Polymers
12.3.4 Electronic Shielding
12.3.5 Dielectrics
12.3.6 Electronic Encapsulation
12.4 Photonic Polymers
12.4.1 Nonlinear Optical Polymers
12.4.2 Light-Emitting Diodes
12.5 Sensor Applications
Suggested Reading
Problems
References

13 CORRELATIONS AND SIMULATIONS IN POLYMER
SCIENCE
13.1 Group-Contribution Methods

@ Pearson


https://www.pearson.de/9780137039913

Table of Contents

13.1.1 Volumetric Properties
13.1.2 Glass-Transition Temperature
13.1.3 Permeability
13.1.4 Solubility Parameter
13.1.5 Activity Coefficients
13.2 Topological Indices
13.3 Atrtificial Neural Network
13.4 Molecular Simulations

13.4.1 Molecular Mechanics Force Fields
13.4.2 Molecular Dynamics and Monte Carlo Methods
13.5 Applications of Molecular Simulations
13.5.1 PVT Simulation
13.5.2 Cohesive Energy Density and the Solubility Parameter
13.5.3 Glass-Transition Temperature
13.5.4 Pair Correlations
13.5.5 Time-Correlation Coefficients
13.5.6 Scattering Functions
13.5.7 Mechanical Properties
13.5.8 Sorption Isotherms
13.5.9 Permeability
13.5.10 Free Volume
Suggested Reading
Problems

References
A: Polymer Abbreviations

B: Representative Properties of Some Important
Commercial Polymers

@ Pearson


https://www.pearson.de/9780137039913

Table of Contents

C: ASTM Standards for Plastics and Rubber
D: Sl Units and Physical Constants

E: Mathematical Relationships

F: The Major Elements

INDEX


https://www.pearson.de/9780137039913

