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committed to making this series the most comprehensive and accurate literary
source to serve the materials’ world and associated fields.

As the series editor, I would like to thank all authors and editors of the books in
this series for their noble contributions to the advancement of materials science and
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Preface

Cutting tools, drills, molds, and dies used in today’s industries are likely made of
high-speed steels, tungsten carbides, and so on. Applying a thin layer of ceramic coat-
ing could extend their service life up to many folds. However, if the coatings applied
are only hard and not “tough™ enough, chipping of the coatings occurs, which renders
the coatings ineffective. Hardness of thin films and coatings has been sought after
for years. Researchers have now realized that toughness is as important as hardness,
if not more so, in all mechanical application areas. Toughening of films and coat-
ings thus has attracted research attention worldwide, especially during recent years.
Meanwhile, toughness measurement/characterization for thin films and coatings is
still a pertinent research area although that for bulk materials has been classic. Thus,
these two areas prompted me (o gather forces and examine the most recent endeavors
and results scattered across disciplines to formulate a logical chain of references,
hence, the birth of this book Thin Films and Coatings: Toughening and Toughness
Characterization.

As such, this book captures recent hardening, toughening and development in
relation to the toughness measurement of thin films and coatings to provide a timely
reference book for researchers to refer to and for newcomers to learn from. Being
the first of its kind, this book provides the most recent developments in toughening
of hard coatings and methodologies in the measurement of toughness of thin films
and coatings.

This book is written in such a way that both novices and veterans will find it use-
ful. Researchers in the materials fields, materials scientists, engineers, postgraduate
students, especially those dealing with films and coatings, will find this book timely
and useful.

The book contains nine chapters contributed by experts from Australia, China,
Czech Republic, Poland, Singapore, Spain, and the United Kingdom. Chapter 1
presents the current status of hard-yet-tough ceramic coatings. Chapter 2 reviews
various toughness evaluation methodologies for films and hard coatings, old and
new. Chapter 3 focuses on nanoindentation determination of fracture toughness of
coatings, and Chapter 4 further focuses on toughness and toughening mechanisms
of porous thin films. Laser-treated surface toughness is dealt with in Chapter 5.
Chapter 6 looks into the adhesions of the film/substrate interface while Chapter 7
focuses on resistance to cracking. Chapter 8 especially deals with characterization
of coating adhesion strength. Finally, Chapter 9 looks specifically at sliding contact
fracture phenomena.

Toughening and toughness measurement (of films and coatings) are two related,
yet separate, fields of great importance in today’s nanotechnology world. I dream that
one day a technology will be developed such that a device/apparatus is available for
toughness of thin films and coatings just like nanoindentation is to hardness of films
and coatings. I hope that this book contributes to that aim along the way.

xi



xii Preface

As with my other books, I paid special attention to be sure that enough details to
the chapters were included by their respective contributing authors, noting that this
book is one of the reliable resources for readers searching for knowledge. A book
chapter is not a journal paper, thus it should be written in such a way that novices will
find it a stepping stone to the field and veterans will find it a rich source of informa-
tion for their research. I hope that I have achieved this.

I thank all the contributing authors for their painstaking work that finally resulted
in this informative and timely book in the area of toughening and toughness mea-
surement of films and coatings. Special thanks to the reviewers of the chapters who
patiently went through the long chapters (one or two reviewers per chapter) to pro-
vide their professional critique, which enabled the authors to improve the chapters
to their current form. Their professional contributions guaranteed the quality of the
book. Last, but not least, I thank the staff at CRC Press, especially Allison Shatkin
and Jennifer Ahringer, for their invaluable assistance throughout the endeavor that
made the smooth publication of the book a reality.

Sam Zhang

Professor

Nanyang Technological University
Singapore
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