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Preface

Shape-memory polymers (SMPs) undergo significant macroscopic defor-
mation upon the application of external stimuli (e.g., heat, electricity, mag-
netism, light, and moisture). Since the discovery of SMPs in the 1980s,
international research interest in the shape-memory effect of polymers has
grown rapidly in different fields. There has been a rapid development of
SMPs and a number of achievements have been reported. It will not be
an exaggeration to say that the appearance of the shape-memory effect in
polymers is one of the revolutionary steps in the field of active materials
research. Recently, the underlying behavior in response to an external
stimulus, structures and applications of SMPs has increasingly drawn the
attention of researchers. Due to their novel properties, SMPs can be used
in a broad range of applications from outer space to automobiles, and to
address challenges in advanced aerospace, and mechanical, bionic, and
medical technologies.

This book aims to provide a comprehensive discussion of SMPs, covering
the foundations and applications of all aspects of SMPs and their composites.
Chapter 1 provides an overview of SMPs, where the different types of materi-
als showing the shape-memory effect are described and some basic concepts
are discussed. The definitions, architectures, and fundamental principles of
different functions of SMPs are explained. Some examples, including direct
and indirect triggering of SMPs, the light-induced dual shape effect, and
triple-shape polymers are also presented. Chapter 2 presents the structural
requirements and provides an overview of the variety of chemical composi-
tions of SMPs. The synthesis, processing, and particular features of cova-
lently cross-linked SMPs and thermoplastic SMPs are discussed in detail.
Many practical applications require constitutive models that describe the
three-dimensional finite deformation. Chapter 3 therefore presents thermo-
mechanical constitutive models of SMPs based on viscoelasticity and phase
transition. SMPs have been extensively studied in the last decade, especially
their thermo-mechanical and electrical characterizations. Chapters 4 and 5
elaborate on these essential properties. Chapter 6 is devoted to an investi-
gation of some actuation methods of SMPs, such as heat, electricity, light,
magnetism, and moisture. These novel actuation approaches play a critical
role in the development of multifunctional materials that not only exhibit
the shape-memory effect but also perform particular functions. Chapter 7
elaborates on how SMP composites filled with particles or fibers may over-
come the poor mechanical properties of pure SMP materials. Then, Chapters
8 through 12 present some typical potential applications of SMPs. In recent
years, SMPs and SMP composites have been developed and qualified espe-
cially for deployable components and structures in aerospace. Chapter 8
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describes the applications, which include hinges, trusses, booms, antennas,
optical reflectors, and morphing skins. Chapter 9 discusses SMP foam tech-
nologies and identifies their potential applications in space, as well as their
commercial and biomedical applications. Chapter 10 presents shape-memory
fibers based on SMPs that can also be implemented to develop smart textiles
that respond to thermal stimulus and may be used in future smart clothing.
In recent times, a number of medical applications have been considered and
investigated. SMP materials have been found to be biocompatible, nontoxic,
and nonmutagenic. Chapter 11 describes SMP materials and their potential
and existing medical applications. Finally, Chapter 12 presents some novel
applications of SMPs, and proposes potential directions and applications of
SMPs for future research and development.

Last but not least, we would like to take this opportunity to express our
sincere gratitude to all the contributors for their hard work in preparing and
revising the chapters. We are indebted to all members of the team as well as
to those who helped with the preparation of this book. Finally, we wish to
thank our families and friends for all their patience and support.

In addition, we hope that this book will be a useful reference for engi-

neering researchers, and for senior and graduate students in their relevant
fields.
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Overview of Shape-Memory Polymers
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1.1 Introduction

The ability of polymers to respond to external stimuli such as heat or light is of
high scientific and technological significance. Their stimuli-sensitive behavior
enables such materials to change certain of their macroscopic properties such
as shape, color, or refractive index when controlled by an external signal. The
implementation of the capability to actively move into polymers has attracted
the interest of researchers, especially in the last few years, and has been
achieved in polymers as well as in gels. Sensitivity to heat, light, magnetic
fields, and ion strength or pH value was also realized in gels [1]. In nonswol-
len polymers, active movement is stimulated by exposure to heat or light and
could also be designed as a complex movement with more than two shapes.

* To whom correspondence should be addressed. E-mail: andreas.lendlein@gkss.de



