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Preface

Materials are pervasive and everyone has to deal with some type of material or other.
A majority of the undergraduate students of engineering (aerospace, chemical, elec-
trical, materials, mechanical, etc.) go through a first course on materials, usually
titled Structure and Properties of Materials, to enable them to appreciate the basic
principles and applications of different types of materials—metals, ceramics, poly-
mers, and composites. The market is currently flooded with a large number of text-
books dealing with different aspects of materials and at different levels. However,
the emphasis in most of these textbooks has been to “load” the student with theoreti-
cal information. Very rarely, if at all, a laboratory component is included as part of
this course, wherein it will be possible to experimentally determine the properties
and relate them to the structure and processing behavior of materials. Also, the
course content for this elementary course is so heavy that it is almost impossible to
cover the full text, let alone having a laboratory component.

The materials engineer is often called upon to design, select, and recommend
usage of materials for diverse applications. One may also be asked to investigate the
reasons for failure of materials. For all these purposes, a thorough knowledge of the
basic principles of materials science and engineering is essential. Even though
materials engineers and, for that matter some mechanical engineers and aerospace
engineers, go through additional courses on materials; a practical knowledge of the
correlations between crystal structure, microstructure, and properties is deemed very
much necessary.

This book has evolved from teaching a lecture-cum-laboratory course,
Experimental Techniques in Mechanics and Materials, to undergraduate mechani-
cal and materials engineering students at the University of Central Florida. The top-
ics chosen for inclusion in the book are based on the possibility of completing them
in a one-semester course. Emphasis is placed on practical aspects of crystal structure
determination, microstructural observation, heat treatment, and mechanical testing.
As an experienced instructor would realize, the microstructure, heat treatment, and
mechanical properties are completely interrelated. Therefore, samples used in one
experiment would be useful in another experiment. For example, specimens pre-
pared for microscopic observation could be used for hardness testing. Similarly,
samples used for tensile or impact testing could be used for scanning electron micro-
scopic examination to determine the type of failure.

Although a large number of textbooks are available on structure and properties of
materials and these explain the basic phenomena in some detail, they do not
explain the practical aspects in sufficient detail to enable the student to go into the
laboratory and perform the experiment. Thus, for example, even though one may
know the theoretical background, one may have little understanding of how to pre-
pare a specimen in the laboratory for optical microscopic examination and how to
derive useful information from the microstructures. The primary aim of this book is
to enable students to understand the practical aspects of the different techniques
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discussed here and derive the maximum possible information from the results
obtained. The book has placed emphasis on techniques that are commonly available
in most laboratories and those that are accessible to undergraduate students.

The book contains 12 chapters that deal with crystal structure determination,
optical and scanning electron microscopy, phase diagrams and heat treatment, and
different types of mechanical testing methods. The format of the chapters is fairly
uniform, but not identical. Some variation has been brought in depending on the
contents of the chapter. The importance of the technique is first introduced. This is
followed by reasonably detailed background information to provide the student with
the necessary theory to fully understand the experiment. In this sense, the book is
self-contained and the student need not go to another book for the required theoreti-
cal background. A number of examples have been worked out in every chapter to
further clarify the concepts explained. This is followed by a detailed description of
the experiment to be conducted and how the data could be tabulated and interpreted.
A special feature of the book is that a large number of illustrations, figures, and
micrographs, wherever possible, have been included in each chapter. At the end of
the chapter, a number of exercises have been provided; by answering, the student
will realize the extent to which the subject matter was clear. If any student is inter-
ested in knowing much more about the topics covered in any chapter, references for
further reading are also given.

This book is primarily intended for undergraduate students majoring in materials
science and engineering or mechanical engineering. All the topics covered in the
book can be covered in a one-semester course. It is realized that not all the tech-
niques used by materials scientists and engineers are included in the book. For exam-
ple, techniques such as differential thermal analysis or differential scanning
calorimetry, temperature measurement, vacuum systems, and so on are not included.
Even though these are all useful techniques, a choice had to be made, depending on
the time available in one semester.

The book should also be useful for practicing engineers or technicians involved in
microscopy, crystal structure determination, and mechanical testing. Preliminary
knowledge of materials science and engineering will be useful but not essential
because the concepts have been explained in easy-to-understand terms in the back-
ground information.

Sufficient care has been taken to ensure that the information presented is correct,
clear, and easy to understand for the students; accuracy has not been sacrificed. But
if the discerning reader notices any mistakes, I would be most grateful if these are
communicated to me at Challapalli.Suryanarayana@ucf.edu

C. Suryanarayana
Orlando, Florida
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Introduction

1.1 MATERIALS SCIENCE AND ENGINEERING

Materials science and engineering is a continuously evolving and developing field.
Materials are pervasive and all scientists (wWhether physicists, chemists, or geologists)
and engineers (whether civil, mechanical, electrical, chemical, or materials) deal
with some type of material or other. Every aspect of our day-to-day life revolves
around materials. In fact, the different periods of human civilization have been
named after materials—stone, copper, bronze, iron, and so on. The present age can
be most aptly named the silicon age.

The discipline of materials science and engineering, which has come into existence
since the 1960s, involves establishing interrelationships among the structure, process-
ing, and properties of materials. Even prior to this, engineers were doing similar things
independently for metals, ceramics, or polymers. The structure and properties of mate-
rials will eventually determine the performance of the material. Thus, the four
components—structure, properties, processing, and performance—are typically repre-
sented as the four corners of a tetrahedron, emphasizing the interrelationship among
these. Figure 1.1 represents the tetrahedron of materials science and engineering with
the four corners representing the structure, properties, processing, and performance. It
is important to realize that the structure of the material determines the properties. The
properties can also be altered by changing the composition and/or processing. In other
words, the structure, composition, and processing will determine the final properties of
materials. Similarly, the other components are also dependent on each other.

The types of materials of common interest include metals, ceramics, polymers,
and composites. As it will become clear in the following chapters, the crystal struc-
ture and microstructure, to a great extent, determine the mechanical properties of
materials. For example, materials with a face-centered cubic (FCC) structure are
more ductile than those with a body-centered cubic (BCC) structure. Further, fine-
grained materials are stronger than coarse-grained materials of the same composi-
tion. Therefore, determination of the crystal structure and microstructure assumes
great importance in selection of materials for applications. The microstructure of
materials is determined by the processing stages through which the material passes.
It also becomes necessary to determine the properties of materials to enable these
materials to be used for appropriate applications. Alternately, if one has to choose
and/or design a material for a given application, then the engineer needs knowledge
of the crystal structure, microstructure, and properties of the material. The perfor-
mance of the material will depend on the type of mechanical loads it is subjected
to, the type of environment it is exposed to, and the different combinations of



