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FOREWORD

The applications and interest in thermal analysis and calorimetry have
grown enormously during the last half of the 20" century and the beginning of
the 21™. The renaissance in these methods has been fuelled by several influences.
Certainly the revolution in instrumentation brought on by the computer and
automation has been a key factor. Our imagination and outlooks have also
expanded to recognize the tremendous versatility of these techniques. They have
long been used to characterize materials, decompositions and transitions. We
now appreciate the fact that these techniques have greatly expanded their utility
to studying many processes such as catalysis, hazards evaluation, etc. or to
measuring important physical properties quickly, conveniently, and with
markedly improved accuracy over that in the past.

Consequently, thermal analysis and calorimetry have grown in stature and
more scientist and engineers have become, at least part time, practitioners. It is
very desirable that these people new to the field can have a source of information
describing the basic principles and current state of the art. Examples of the
current applications of these methods are also essential to spur recognition of the
potential for further uses. The application of these methods is highly
interdisciplinary and any adequate description must encompass a range of topics
well beyond the interests and capabilities of any single investigator. To this end,
we have produced a convenient four-volume compendium of such information (a
handbook) prepared by recognized experts.

Volume 1 describes the basic background information common to the
broad subject in general. Thermodynamic and kinetic principles are discussed
along with the instrumentation and methodology associated with
thermoanalytical and calorimetric techniques. The purpose is to collect the
discussion of these general principles and minimize redundancies in the
subsequent volumes that are concerned with the applications of these principles
and methods. More unique methods which pertain to specific processes or
materials are covered in later volumes.

The three subsequent volumes primarily describe applications and are
divided on the basis of general categories of materials. Volume 2 concerns the
wide range of inorganic materials, e.g., chemicals, metals, etc. It covers the
synthesis, characterization, and reactivity of such materials. Similarly, Volume 3
pertains to polymers and describes applications to these materials in an
appropriate manner. Lastly the many important biological applications are
described in Volume 4.

Each of these 4 Volumes has an Editor, who has been active in the field for
many years and is an established expert in the material covered by that specific
volume. This team of Editors has chosen authors with great care in an effort to
produce a readable, informative handbook on this broad topic. The chapters are
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not intended to be a comprehensive review of the specific subject. The intent is
that they enable the reader to glean the essence of the subject and form the basis
for further critical reading or actual involvement in the topic. Our goal is to spur
your imagination to recognize the potential application of these methods to your
specific goals and efforts. In addition, we hope to anticipate and answer your
questions, to guide you in the selection of appropriate techniques, and to help
you to apply them in a proper and meaningful manner.

P.K. GALLAGHER
Series Editor



PREFACE TO VOLUME 3

This volume focuses on the principles and techniques of thermal analysis
and calorimetry of polymeric materials. Although there are several excellent
reference books that I have cited, I find myself constantly checking each of them
on my bookshelf. It is my intention that this volume will provide a unique
addition to the literature in combining scientific concepts with technological
aspects for a deeper understanding of their principles and practices.

Polymeric materials are the newest addition to the materials community. A
very exciting new field of interdisciplinary macromolecular science and
engineering is rapidly emerging: a field where materials science/polymer
science, engineering disciplines, chemistry, physics and biology all intersect.
This field will have a profound presence in 21" century chemical,
pharmaceutical, biomedical, manufacturing, infrastructure, electronic, optical
and information technologies. The origin of this field derives from an area of
polymer science and engineering encompassing plastic technologies. This field
is rapidly expanding to new interdisciplinary research areas such as biomaterials,
macromolecular biology, novel macromolecular structures, environmental
macromolecular science and engineering, innovative and nano-fabrications of
products, and it is translating discoveries into technologies.

This volume comprises sixteen chapters that cover principles of materials’
thermodynamic and thermal behaviors such as heat capacity of polymer solids
and liquids, relaxation processes molecular dynamics, polymer crystallization
and melting, liquid crystalline polymers, copolymer and polymer blends,
polymer films, fibers, thermosets, elastomers, composites and polymer
degradation. Various methodologies of thermal analysis and calorimetry appear
in all of these chapters. In particular, the stimulating current method and
modulated differential scanning calorimetry, which are the most practical and
actively discussed topics, are introduced.

The contributors to this volume include three generations of scientists: some
of the most well-known pioneering scientists in their own polymer research
areas; currently active researchers in different topics of thermal analysis and
calorimetry; some of a new generation of scientists who will make substantial
progress in the future. These invited contributors reflect my most sincere hope
and firm confidence for the future of this research area.

I am extremely grateful to my major Professor, Dr. Bernhard Wunderlich,
for his mentorship and guidance. This volume I dedicate to him with my thanks
and best wishes to him and his family. I would like to thank my wife, Susan, and
my daughter, Wendy. Without their complete selfless support, care, and love, I
would not be where I am today. My thanks also go to Dr. Edith Turi for her
continuous encouragement and to my students for their valuable help in putting
these chapters into the right computer format. Finally, I would like to
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acknowledge the various support I have received from the College of Polymer
Science and Polymer Engineering at the University of Akron and the Division of
Materials Research, and the National Science Foundation (DMR-9617030 and

0203994).

STEPHEN Z. D. CHENG
Volume Editor

Robert C. Musson & Trustees Professor
Chairman, Department of Polymer Science,
The University of Akron
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