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o Preface o

This is an interdisciplinary book written for the organic chemist who wants
to relate knowledge of cationic reactions of small molecules to the science
of large molecules, for the physical chemist who wishes to apply basic
chemical-physical principles to polymerization mechanisms, for the poly-
mer scientist who wants comprehensive up-to-date critical information
about a large segment of vigorously growing polymer science and tech-
nology, for the research entrepreneur. who is on the lookout for well-defined
but unexploited leads, for the industrial researcher who wants to survey the
technology of cationic polymerization processes leading to useful products,
and for the student who is searching for working relations between.abstract
ideas, contemporary research in polymer science, and, ultimately, some of
today’s important technologies.

- If a change is slow, not sudden or abrupt, it is difficult to perceive that
it is in progress; once the change is recognized it becomes a ‘“‘quiet
revolution.” The area of cationic polymerization is undergoing such a quiet
revolution right now. It will be some time before it is generally perceived
as such because outlooks, like habits, change slowly. Indeed, our resolve to
write this book, a most painful exercise, stemmed in part from our
conviction that this quict revolution should be exposed to the polymer
community.

During the past decade the elucidation of cationic polymerization has
undergone such a rapid increase and the exploitation of new mechanistic
information in terms of new products and processes in the research
laboratory was so rapid that serious students of this field had to reassess
completely their views with regard to the capabilities, particularly prepara-
tive capabilities, of this discipline.

Polymer scientists and technologists at large know carbocationic polymer-
ization as a well-established but colorless segment of polymer science
offering some commercially attractive possibilities (witness butyl rubver)
and allowing the preparation of some quaint structures (such as
—CH,CH;C(CH:);- by isomerization polymerization), but one that is better
avoided because it is a bewildering, unmappable maze beset by some
insurmountable experimental difficulties such as the necessity of working at
very low (cryogenic) temperatures. It is one of the objectives of this book
to dispel this completely false and distorted notion and to rejuvenate the
field by showing by many examples the tremendous promise and unex-
ploited possibilities offered by carbocationic polymerizations. In view of the

vii

0554



vili O PREFACE

very large number and variety of cationically responsive monomers, low
cost and high efficiency of cationic initiating systems, usually rapid reac-
tions, and modest investment required for cationic manipulations, the lack
of entrepreneurship in exploiting cationic polymerization is rather surpris-
ing. One possible reason for lagging interest in cationic polyreactions may
be two decades of colorless research mired in difficultly reproducible kinetic
minutiae and fruitless basic investigations. Another factor is that quantum
jumps such as Szwarc’s discovery of ““living” polymerizations or Ziegler and
Natta’s discovery. of stereoregulating catalysts, discoveries that created
unexpected new vistas in other areas of ionic polymerizations, eluded the
field of carbocations.

Another objective of this book is to present a unified, interlocking, in
many respects new view of carbocationic polymerization. Although select
parts of this discipline have been reviewed in the past by several authors,
the whole field as such has not yet been comprehensively and critically
examined in a book written by one or two authors.

We start by asking, in Chapter 1, why carbocationic polymerizations?
What is so special about this science? We find some unique answers in the
fields of chemistry, structure-property relationships and technology. In the
next chapter we define terms, describe basic concepts, and lay down
foundations to be built on when we turn to the discussion of mechanisms.
In Chapter 3 we proceed to phenomenology to acquaint the reader with what
carbocationic polymerizations are by examining monomers, initiators, co-
initiators, and solvents. The next, long chapter (4) concerns the chemistry
and mechanisms of the important elementary events: initiation, propagation,
chain transfer, and termination. In Chapter 5 on Kinetics, an attempt is made
to combine these mechanistic steps and kinetic expressions are examined.
The following chapter on copolymerization and reactivity starts with a
comprehensive compilation and evaluation of all monomer pairs copolymer-
ized by carbocationic initiation and proceeds to a discussion of experimental
and theoretical determinations of reactivity. A review of relative reactivity
relations is given and the influence of experimental parameters on reactivity
is examined. 7

In Chapter 7 carbocationic step-growth polymerizations are discussed.
The following chapter examines in detail the chemistries leading to recently
developed sequential (block and graft) copolymers. Chapter 9 is devoted to
macromolecular engineering and a glance toward the future. We conclude
that the time for tailoring physical-mechanical-chemical properties by
carbocationic techniques (i.e., macromolecular engineering) has arrived and
develop a framework for the synthesis of new sequential, functional,
telechelic polymers. The book ends with a survey of industrial processes
employing carbocationic polymerizations currently in use.

Our most sincere thanks to Dr. P. Borzel, Professor T. Higashimura, Dr. 1.
Puskas, and Dr. W. A. Vredenburgh, and co-workers for letting us have
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material prior to publication, and to Professor P, Sigwalt and Dr. T. Kelen
for useful criticisms. Special thanks is due to Mrs. M. Israel for heroism
during her most competent typing of our battle-scarred manuscript.

JoserH P. KENNEDY
ERNEST MARECHAL

Akron, Ohio
Paris, France
November 1981
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20 WHY CARBOCATIONIC POLYMERIZATION?

Why should one be interested in carbocationic polymerizations?
Justification for the writing of this book lies in answering this question
satisfactorily.

1.1 0 ADVANTAGES AND USES OF CARBOCATIONIC
POLYMERIZATION

Cationic polymerization comprises an important body of techniques for the
synthesis of a great variety of useful polymers; it provides a unique route to
many high, medium, and low molecular weight materials with unique
structures exhibiting a unique combination of properties; and last but not least
it is a vigorously growing segment of polymer science which occupies many
researchers, whose steady flow of discoveries bespeaks an intellectually
challenging, indeed underexplored field and assures the long-range health of
the discipline. A closer look at some of these points is rewarding.

Cationic polymerization is a useful branch of science that contributes
greatly to the wealth, safety, and comfort of mankind. Many hundreds of
people all over the world are gainfully employed by industries practicing
cationic polymerizations, and if those who are involved in occupations only
indirectly related to these industries, such as tire makers, who work with
halobutyl rubber inner liners and compounders, who use pinene resins in
pressure-sensitive tapes, are included, this number would probably be
closer to many thousands. '

Cationic polymerizations have two main roots in industry: technologies
based on carbocationic polymerizations and those based on cationic
heterocyclic ring-opening polymerizations. The latter fall outside the scope
of this book, which focuses only on carbocationic or carbenium ion
polymerization processes.

No doubt the largest carbocation-based polymerization industry by
volume and monetary value to date is butyl rubber and halogenated
(chlorinated and brominated) butyl rubber manufacture. Butyl rubber is a
general-purpose elastomer obtained by copolymerizing isobutylene and a
conjugated diene (isoprene); the halobutyls are specialty rubbers obtained
by halogenating butyl rubber. These materials are used in a variety of
applications in the tire, automotive, building, and construction industries.

Carbocation polymer industries of more modest scope include petroleum
and indene—coumarone resin manufacture, polymerization of B-pinene,
a-pinene, and mixed terpenes, and limited quantities of styrene and a-
methylstyrene polymerization by acid initiators. In this class belong also
“polybutenes™ and “polyisobutenes” used, for example, as oils, viscosity
index improvers, and additives, and low molecular weight (liquid) poly-
butadienes used in specialty coatings. Similarly, certain vinyl ethers are
cationically polymerized and employed in adhesive formulations, pressure-
sensitive tapes, blending agents, and additives.



