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Preface

The Fourth Edition of The Science and Engineering of Materials has two primary
objectives. The first continues the theme of earlier editions by providing a clear presen-
tation of the relationship between the structure of a material, its processing, and its
properties (see Chapter 1). The principal goals of a materials scientist and engineer are
to make existing materials better and to invent or discover phenomena that will allow
development of new materials, devices, and applications. All engineers, in all specialties,
can benefit from a thorough knowledge of materials science. Materials science underlies
many technological advances related to energy, information, and the environment.
Having a basic understanding of materials and their application not only makes for a
better engineer, but also aids in the design process for any device or application under
consideration. It is important for today’s engineers to understand the constraints of
material behavior in order to select the best material for a given application. We believe
that engineers who have a thorough understanding of the basic concepts of atomic and
molecular structure, and who know which material properties lend themselves to the
most efficient and cost-effective processes, will make design decisions to develop the best
products and applications.

The second objective of this text is to motivate engineering students to want to
study and understand materials science using exciting and current developments in the
field. Considerable effort has been spent to bring interesting and modern applications
into discussions about basic theoretical presentations in order to tie the theory to actual
applications. The diversity of applications and the unique uses of materials are pre-
sented in the Example sections of each chapter in order to help illustrate why a good
engineer needs to thoroughly understand and know how to apply the principles of
materials science and engineering. Considerable advances have occurred in the areas of
nano-technology information technology, energy technology and biomedical engineer-
ing. In this edition you will see many examples that directly relate to these areas of

technology.

Rudience and Prerequisifes

This text is intended for engineering students who have completed courses in general
chemistry, physics, engineering and calculus. Most students will take this course when
they are sophomores or juniors and the presentation has been carefully geared towards
this audience. To facilitate understanding, a brief description of key ideas from earlier
prerequisite courses is provided to help students refresh their memories. The text does
not presume that students have had any of the prerequisite engineering courses in stat-
ics, dynamics, or mechanics of materials.
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We feel that while reading and using this book, students will really find materials
science and engineering very interesting, and they will clearly see the relevance of what
they are learning. We have presented many examples of modern applications of mate-
rials science and engineering that impact students’ lives. Our feeling is that, if students
recognize that many of today’s technological marvels depend on the availability of
engineering materials, they will be more motivated and remain interested in learning
about materials science and materials engineering.

Changes to the Fourth Edition

The Fourth Edition of The Science and Engineering of Materials has been thoroughly
revised to include discussions of recent breakthroughs in materials science such as nano-
materials and micro-electro mechanical systems (Chapter 1), flexible micro-electric cir-
cuits comprised of polymers (Chapter 18), smart materials (Chapters 11 and 18), fiber
optics (Chapters 2 and 20), carbon nanotubes (Chapter 18), polymers as semiconductors
(Chapter 15), and advanced electronic, magnetic and photonic materials, just to name a
few. Every chapter presents examples of the latest exciting real-world applications.

Our text continues to be in five parts, as in previous editions, and we have com-
bined our discussions of failure with our discussions of properties and behavior to create
a revised Chapter 6. The Third Edition Chapter 23 on failure has been eliminated.
Based on user feedback, we decided the discussion of failure is better suited to appear
with the discussion of material properties and testing. These topics have been integrated
with Chapters 6 and 22. We have expanded and thoroughly updated our discussions of
ceramics (Chapter 14), polymers (Chapter 15), composites (Chapter 16), electronic ma-
terials (Chapter 18), magnetic materials (Chapter 19), and photonic materials (Chapter
20) to reflect recent developments and applications. We have also made a deliberate ef-
fort to integrate the applications of fundamental concepts, as opposed to strictly com-
partmentalizing them as ceramics, metals and polymers.

New Features

We have added many new and unique features to the Fourth Edition:

CD-ROM included with the Text The accompanying CD-ROM contains many helpful
software tools:

» One of the most useful tools is a student version of CaRIne Crystallography™.
This is computational materials science software designed to aid students in the
visualization of the basic concepts of atomic and molecular structure and mate-
rial properties. We feel that the inclusion of CaRIne will be invaluable in those
learning concepts related to crystal structures.

» A collection of QuickTime™ animated visualizations development by Dr.
John Russ (North Carolina State University) covering such important material
science concepts as crystal deformation, phase diagrams, shearing, and molecular
bonding.
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Chapter Opening Photos and Captions Each chapter begins with a photo and cap-
tion illustrating an interesting application. This provides an extra tidbit of information
designed to pique the reader’s curiosity about the material presented in that chapter.

Have You Ever Wondered? Questions The opening chapter photo is followed by a
section entitled *“Have You Ever Wondered?” These questions are designed to arouse the
reader’s interest, put things in perspective, and form the framework for what the reader
will learn in that chapter.

Chapter Introductions The chapter introductions provide a breakdown of how the
material will be presented in the chapters, as well as providing important information
for the student to consider while reading the chapter. This section is not gratuitous, as
the chapter material is developed from these introductory discussions.

Examples As mentioned before, many real-world Examples have been integrated to
accompany the chapter discussions. These Examples specifically cover design consid-
erations, such as operating temperature, presence of corrosive material, economic con-
siderations, recyclability, and environmental constraints. The examples also apply to
theoretical material and numeric calculations to further reinforce the presentation.

" Chapter Summaries The Summaries at the end of the chapters have been expanded
and are more thorough than those in previous editions.

Glossary The Glossary terms at the end of the chapters have been expanded. All of the
Glossary terms that appear in the chapter are set in boldface type the first time they
appear within the text. This provides an easy reference to the definitions provided in the
end of each chapter Glossary.

Additional Information At the end of each chapter, we have provided a list of refer-
ences for the chapter. These references can be used, by students or instructors, for fur-
ther reading on chapter subjects. We have refrained from making specific references to
web sites, as these often change and it is quite easy for most users to find the informa-
tion using the Internet.

End-of-Chapter Problems More than 150 new end-of-chapter problems have been
added to give the student practice in applying the principles presented in each chapter.
We have added more Design Problems, as well as Computer Problems. The instructor
can choose to assign these Design and Computer Problems as requirements or as extra
credit material. Enhanced computer skills and familiarity with the use of softwares and
databases are considered as highly desirable by most employers and we feel that the
computer problems can help students develop these skills. The use of computers can be
an important consideration in the ABET accreditation process. We feel that the prob-
lems suggested here would be useful in this regard as well.

Art and Photo Program The art program has been completely redrafted and over 50
new photographs and micrographs have been added. Many new photographs illustrate
fascinating real-world applications. Many new illustrations communicate technical
concepts in a clearer fashion.
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Four-Color Insert The full-color insert shows photographically the relationship be-
tween the structure of a material, the processing of that material, and how the proper-
ties of the material can then be used in a final product.

Periodic Table We have provided the Periodic Table as a two-page spread in Chapter
2 and tinted the pages with blue to the edge to provide a quick and easy reference to this
important item. This Periodic Table includes helpful information such as the atomic
number, electron configurations, melting point, boiling point, atomic mass, oxidaticn
states, density, and electronegativity.

Answers to Selected Probiems The answers to the selected problems are provided at
the end of the text to help the student work through the end-of-chapter problems.

Appendices and Endpapers Appendix A provides a listing of selected physical prop-
erties of metals, Appendix B presents the atomic and ionic radii of selected elements,
and Appendix C provides the electronic configuration for each of the elements. The
Endpapers include SI Conversion tables and Selected Physical Properties of elements.
One of the endpapers contains a useful illustration that helps answer the question most
often posed by students—*What is materials science and engineering?”’

Chapter Qutline

Part I introduces the student to Atomic Structure, Atomic Arrangements, and Atomic
Movements:

Chapter 1—Introduction to Material Science and Engineering: This chapter presents
an introduction to the study of material science and engineering using the MSE
(Material Science and Engineering) tetrahedron to explain the interconnections
between composition, structure, synthesis, processing, and performance. Chapter
1 goes on to discuss the classification of materials (functional and structure), as
well as material design and selection. These principles of materials science and
engineering are illustrated through several real-world applications,

Chapter 2— Atomic Structure: This chapter introduces the student to the basics of
a material’s atomic structure and bonding mechanisms. Many examples of how
bonding affects the properties of materials are discussed.

Chapter 3— Atomic And lonic Arrangements: This chapter discusses atomic and
ionic arrangements, including short-range versus long-range order; lattices, unit
cells, crystal structures, points, directions, and planes. This chapter also covers
amorphous materials, allotropic and polymorphic transformations, and crystal
structures of ionic- and covalent-bonded structures.

Chapter 4—Imperfections in the Atomic and Ionic Arrangements: This chapter
continues the discussion of atomic and ionic arrangements with discussions of
imperfections such as point defects, dislocations, crystal structures, and surface
defects.

Chapter 5— Atom and Ion Movements in Materials: This chapter covers the basic
concepts of diffusion—the movement of atoms and ions. The discussion of dif-
fusion includes applications, mechanisms, activation energy, rate, and factors
affecting diffusion. Discussion of Fick’s First and Second Laws and the perme-
ability of polymers is also included.
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Part II introduces the student to the concepts of Mechanical Properties of Materials and
Controlling the Microstructure:

Chapter 6— Mechanical Properties and Behavior: This chapter introduces the stu-
dent to the properties and behavior of various materials through the examina-
tion of testing methods and the reasons for failure. Discussions include the
terminology of mechanical properties, the tensile test, the bend test, true stress-
true strain, hardness, impact, fracture mechanics, Weibull statistics, fatigue,
creep, stress rupture, and stress corrosion.

Chapter 7—Strain Hardening and Annealing: This chapter introduces the student
to the concepts of strain hardening and annealing through discussions of cold
working, the stress-strain curve, strain-hardening mechanisms, texture strength-
ening, the three stages of annealing, control of annealing, hot working, and
superplastic forming.

Chapter 8— Principles of Solidification: This chapter introduces the student to the
concept of solidification. Discussions include nucleation, growth mechanisms,
time and dendrite size, cooling curves, cast structure, defects, casting processes,
continuous and ingot casting, directional solidification, single crystal growth,
epitaxial growth, solidification of polymers and glasses, and joining of metallic
materials.

Chapter 9—Solid Solutions and Phase Equilibrium: This chapter introduces the
student to the important concepts of phase diagrams and solid solutions. Dis-
cussions include phases, unary phase diagrams, solubility and solid solutions,
conditions for unlimited solid solubility, solid solution strengthening, isomor-
phous phase diagrams, properties and phase diagrams, solidification of solid
solution alloys, non-equilibrium solidification and segregation. Examples include
discussions on phase diagrams of metallic, ceramic and polymeric systems.

Chapter 10— Dispersion Strengthening and Eutectic Phase Diagram: This chapter
continues the discussion of phase diagrams to introduce and discuss dispersion
strengthening, intermetallic compounds, three-phase reactions, the eutectic phase
diagram, eutectic alloys, eutectics and materials processing, nonequilibrium
freezing, and ternary phase diagrams.

Chapter 11— Dispersion Strengthening by Phase Transformations and Heat Treat-
ment: This chapter continues the discussion of dispersion strengthening by phase
transformation, but also includes a discussion of heat treatment. Discussions
include nucleation and growth in solid-state reactions, age and precipitation
hardening, effects of aging temperature and time, the eutectoid reactions, the
martensitic reaction, and shape-memory alloys.

Part III introduces the student to Engineered Materials:

Chapter 12— Ferrous Alloys: This chapter introduces the designations, classifica-
tions, and heat treatments used for steels, cast irons, and metallic alloys. The
synthesis and processing of these materials are also introduced.

Chapter 13— Nonferrous Alloys: This chapter introduces the designations, classi-
fications, and treatments of nonferrous alloys.

Chapter 14— Ceramic Materials: This chapter introduces the student to the appli-
cations, properties, synthesis and processing of advanced ceramic materials.
Concepts related to powder synthesis and processing are also introduced.

Chapter 15— Polymers: This chapter introduces the student to the classifications,
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structure, mechanical properties, processing techniques, and recyclability of poly-
mers. Several examples illustrate applications of engineered plastics.

Chapter 16— Composites: Teamwork and Synergy in Materials: This chapter intro-
duces the concepts of dispersion-strengthened, particulate, fiber-reinforced, and
laminar composites.

Chapter 17—Construction Materials: This chapter introduces the basic material
properties and behavior of construction materials such as wood, concrete, and
asphalt.

Part IV introduces the student to the Physical Properties of Engineering Materials:

Chapter 18— Electronic Materials: This chapter introduces the student to electri-
cal behavior and properties and how they can be applied to materials science.
Discussions include Ohm’s Law and electrical conductivity; band structures
of solids; conductivity of metals and alloys; superconductivity; conductivity in
other materials such as plastics, ssmiconductors and insulators; dielectric prop-
erties; electrostriction; piezoelectricity; ferroelectricity and pyroelectricity.

Chapter 19— Magnetic Materials: This chapter introduces the concepts of magne-
tism within materials and their classifications. Discussions include magnetic
dipoles and moments, magnetization, permeability, diamagnetic, paramagnetic,
ferrimagnetic, ferromagnetic and superparamagnetic materials, domain structure
and the hysteresis loop, the Curie temperature, and metallic and ceramic mag-
netic materials. Applications of magnetically hard and soft materials are also
discussed.

Chapter 20— Photonic Materials: This chapter introduces the student to behavior
and properties of photonic materials and how they are used in industry, includ-
ing fiber optic communication systems.

Chapter 21—Thermal Properties of Materials: This chapter discusses the thermal
properties of materials including heat capacity, specific heat, thermal expansion,
thermal conductivity, and thermal shock.

Part V includes a discussion on the Protection Against Deterioration and Failure of
Materials:

Chapter 22— Corrosion and Wear: This chapter covers the topics of corrosion and
wear. Discussions include chemical corrosion, electrochemical corrosion, micro-
bial degradation, biodegradable polymers, oxidation, gas reactions, wear, and
erosion. Strategies for prevention of corrosion are also discussed.

Strategies for Teaching from the Book

All of the material presented here admittedly cannot or should not be covered in a typ-
ical one-semester course. By selecting the appropriate topics, however, the instructor
can emphasize the desired materials (i.e., metals, alloys, ceramics, polymers, compo-
sites, etc.), provide an overview of materials, concentrate on behavior, or focus on
physical properties. In addition, the text provides the student with a useful reference for
subsequent courses in manufacturing, design, and materials selection. For students spe-
cializing in materials science and engineering, or closely related disciplines, sections
related to synthesis and processing could be discussed in greater detail.
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Supplements

Supplements for the student include:

= As noted before, one of the most useful additions to the CD-ROM is the CaRIne
software. This will really enable students to better understand crystal structures
and related concepts.

* A student website at: www.brookscole.com/engineering_d/.

Supplements for the instructor include:

» The Instructor’s Solutions Manual that provides complete, worked-out solutions
to selected text problems and additional text items.

» PDF files of all figures from the textbook in a multimedia presentation format.
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