
Table of Contents 

Part I: Polymerization Reactions 

Chapter 1: General Considerations 
1.1 Introduction 17 
1.2 Structural characteristics of  polymers: Size and shape 17 

1.2.1 Placement of  monomer units and stereoregularity 19 
1.2.2 Copolymers 23 

1.3 Molecular weight distribution and molecular weight averages 24 
1.4 Polymerization reactions 28 

1.4.1 StepgrowtlK 28 
1.4.2 Chain polymerization 29 
1.4.3 Thermodynamics 29 

1.5 Polymerization conditions 30 
1.5.1 Batch versus continuous 30 
1.5.2 Single phase processes 31 
1.5.3 Multiphase processes 32 
1.5.4 Mass transport limitations 34 

Chapter 2: Step-growth polymerization - Polycondensation 
2.1 Overview 37 
2.2 Calculation of  molecular weights and molecular weight distributions in a 

polycondensate 42 
2.3 Kinetics o f  step-growth polymerization, homogeneous, not diffusion con

trolled 48 
2.4 Network formation by step-growth polycondensation 50 
2.5 Examples o f  step-growth polymerization reactions 52 
2.6 Special cases of  polycondensation reactions 59 

Appendices: 65 
2 A Summations 65 
2 B Molecular weight distribution for the case r < 1; p, = 1 66 

Chapter 3: Free Radical Chain Polymerizations 
3.1 Introduction 69 
3.2 Initiators and monomers fitted for free radical polymerization 69 
3.3 Mechanisms of  radical chain polymerization 73 
3.4 Kinetics o f  radical polymerization 76 
3.5 Kinetic chain length, average degree of polymerization 79 
3.6 Influence o f  transfer reactions on the degree of  polymerization 82 
3.7 Determination of  rate constants in homogeneous free radical polymeriza

tion 84 
3.8 Temperature dependence o f  rate constants and degrees o f  polymerization.. 86 
3.9 Trommsdorffeffect 87 

http://d-nb.info/860687619

http://d-nb.info/860687619


Chapter 4: Free Radical Chain Copolymerization 

4.1 Introduction 91 
4.2 Copolymerization and compositional heterogeneity 92 
4.3 Determination of  the radical reactivity ratios 99 
4.4 Factors affecting the copolymerization reactivity 103 
4.5 Q-escheme  104 
4.6 Kinetics of  free radical copolymerization 104 
4.7 Sequence distribution in radical copolymerization 106 
4.8 Penultimate effects 109 
4.9 Crosslinking free radical copolymerization 109 
4.10 Specific cases 110 

Chapter 5: Anionic Polymerizations 

5.1 Introduction 114 
5.2 Anionic polymerizations carried out in protic media 115 
5.3 Anionic polymerization in aprotic media, "living" polymers 119 

5.3.1 Reaction scheme 119 
5.3.2 Kinetics and molecular weight distribution 120 
5.3.3 Monomers, initiators and solvents 124 
5.3.4 Specific features of anionic polymerizations in apolar solvents 132 
5.3.5 Specific features of anionic polymerizations carried out in polar 

solvents 133 
5.3.6 Applications o f  anionic "living" polymerizations 136 

5.4 Stereoelective polymerizations 138 
5.5 Activated monomer polymerizations 140 

Chapter 6: Cationic Polymerizations 

6.1 Introduction 145 
6.2 Cationic polymerization of vinyl monomers 145 

6.2.1 Initiators and initiation reactions 145 
6.2.2 Propagation reactions 148 
6.2.3 Transfer and termination reactions 148 
6.2.4 Kennedy-Gilham scheme 150 
6.2.5 Kinetic expressions 152 
6.2.6 Inifer processes 155 
6.2.7 Polymerization of  isobutene and butyl rubber 156 

6.3 Cationic polymerization of heterocycles 157 
6.3.1 Initiation 158 
6.3.2 Propagation 160 
6.3.3 Transfer and termination 161 
6.3.4 Living cationic ring opening polymerizations 162 
6.3.5 Some specific cases 162 
6.3.6 Other ring opening polymerizations 164 



Chapter 7: Propagation-Depropagation Equilibria in Polymerization Processes 

7.1 Introduction 168 
7.2 Kinetics and thermodynamics of  reversible propagation 169 
7.3 Influence o f  reversibility on the molecular weight distribution 172 
7.4. Consequences of  the reversibility of  the propagation step 174 

Chapter 8: Stereospecific Polymerizations 
8.1 General introduction 176 
8.2 Ziegler-Natta initiating systems 177 
8.3 Mechanisms involved in Ziegler-Natta polymerizations 179 
8.4 Kinetics of  Ziegler-Natta polymerizations 181 
8.5 Ziegler-Natta ring opening polymerizations 184 
8.6 Ziegler-Natta copolymerization 184 
8.7 Applications of  Ziegler-Natta systems 185 
8.8 Other stereoregulating catalyst systems 185 

Chapter 9: Chemical reactions on polymers 
9.1 Introduction 188 
9.2 Chemical reactions involving the backbone chain 189 

9.2.1 Oxidative degradation 189 
9.2.2 Chain unzipping 191 
9.2.3 Cleavage by ozone 191 
9.2.4 Per-iodic acid cleavage 191 
9.2.5 Free radical crosslinking 192 
9.2.6 Vulcanization o f  elastomers 192 

9.3 Chemical reactions involving the functions 193 
9.3.1 Kinetic aspects 193 
9.3.2 Cyclization reactions 197 
9.3.3 Examples of  reactions 199 

Chapter 10: Functional Polymers, Block and Graft Copolymers, Model Networks 

10.1 Introduction 209 
10.2 Functional polymers 210 

10.2.1 By step growth polymerization 210 
10.2.2 By free radical polymerization 211 
10.2.3 By anionic polymerization 213 
10.2.4 By cationic polymerization 213 

10.3 Block copolymers 214 
10.3.1 By free radical polymerization techniques 214 
10.3.2 By anionic living polymerization techniques 215 
10.3.3 Other techniques : 217 

10.4 Graft copolymers 220 
10.4.1 Grafting from 220 
10.4.2 Grafting onto 222 
10.4.3 Graft copolymer synthesis via macromonomers 222 



10.5 Network formation 224 
10.5.1 General methods - Random crosslinking 224 
10.5.2 Endlinking methods 226 

Part II: Reactors and Processes for Manufactoring Polymers 

Chapter 11: Reactors and Processes for Homogeneous (single phase) Reactions 

11.1 Retrospect and prospect 228 
11.2 Batch and continuous reactors: models 230 
11.3 Batch reactors and processes for homogeneous reactions leading to linear 

polymers 232 
11.4 Batch reactors and processes for homogeneous reactions leading to cross-

linked polymers 234 
11.5 Plug flow reactors and processes for homogeneous reactions 240 

Chapter 12: Heterogeneous Free Radical Polymerizations 

12.1 Suspension polymerization 243 
12.2 Emulsion polymerization 247 
12.3 High pressure radical polymerization o f  ethylene 260 
12.4 "Precipitation" radical polymerizations 262 

Chapter 13: Reactors and Processes for Heterogeneous Ionic Polymerizations and 
Reaction Injection Molding 

13.1 Polyisobutylene and butyl rubber via refrigerated slurry polymerization . . .  270 
13.2 Reaction injection molding o f  polyurethanes 272 
13.3 Reaction injection molding of  nylon 6 via anionic polymerization of  capro-

lactam 273 

Chapter 14: Reactors and Processes for Heterogeneous Catalytic Polymerization 

14.1 What is a catalyst, and what is a heterogeneous catalyst? 275 
14.2 Micromolecules, Macromolecules and heterogeneous catalysts 276 
14.3 Polymerization by heterogeneous catalysts with continuous liquid phase . . .  278 
14.4 Fluidized bed polymerization of  ethylene 281 

Subject Index 309 


