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PHYSICAL DATA FOR THE ELEMENTS

Atomic Melting Density of Crystal
Atomic weight point “solid, 20°C structure,
Element Symbol number (amu) °C) (gm/cm®) 20°C

Aluminum Al 13 26.98 660.452 2.7 FCC
Antimony Sb 51 121.75 630.755 6.69 Rhomb.
Argon Ar 18 39.95 —189.352 — —
Arsenic As 33 74.92 603 5.78 Rhomb.
Barium Ba 56 137.33 729 3.59 BCC
Beryllium Be 4 9.012 1289 1.85 HCP
Boron B 10.81 2092 2.47 —
Bromine Br 79.9 -7.25 —-— —
Cadmium Cd 112.4 321.108 8.65

Calcium Ca 40.08 842 1.53

Carbon C 12.01 3826 227

Cesium Cs 132.91 28.39 1.91

Chlorine Cl 35.45 —100.97 —_—

Chromium Cr 52 1863 7.19

Cobalt Co 58.93 1495 8.8

Copper Cu 63.55 1084.87 893

Fluorine F 19 —-219.67 —

Gallium Ga 69.72 29.7741 5.91

Germanium 72.59 938.3 5.32

Gold 196.97 1064.43 19.28

Helium 4.003 —271.69 . —

Hydrogen 1.008 -259.34 —

lodine 126.9 113.6

Iridium 192.22 2447
Iron 55.85 1538
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FOREWARD

If one’s technical library were to contain only a single book on materials, this is the book
to have. The authors have succeeded in covering the field of materials science and
engineering in even its broadest aspects. They have captured both the science of the
discipline as well as the engineering and design of materials. All classes of materials are
treated; metals, semiconductors, ceramics, and polymers, as well as composites made of
combinations of these. As urged in the National Research Council’s recent study of
materials science and engineering, processing and synthesis also are included, as are the
subjects of machinability and joining. (No material, however outstanding its properties,
is likely to be very useful if it can’t be produced, shaped, or attached to other compo-
nents.)

The breadth of The Science and Design of Engineering Materials, which reflects the
varied fields of expertise of the authors, makes it an ideal text for a survey course for
students from all fields of engineering. Because of the depth as well as the breadth with
which the topics are treated, the text also is an excellent choice for introductory courses
for materials science and engineering majors. Graduates of these introductory and survey
classes will value The Science and Design of Engineering Materials as a resource book
for years to come. The clear explanations and frequent examples allow the practicing
engineer, on his or her own, to become acquainted with the materials field or update
his/her knowledge of it. Care and skill have been exercised in the choice of illustrations.
Numerous drawings and graphs augment explanations in the text, and clearly reproduced
micrographs provide real-life examples of the phenomena being described. The examples
and questions are especially noteworthy. While a portion of the questions are of the “one
right answer” kind, and are intended to reinforce and clarify the material in the text, others
are of the open-ended, design type that require creative thought and more closely resem-
ble real-life situations. They can form the bases for useful and provocative class discus-
sions.

This new edition of The Science and Design of Engineering Muterials is a valuable
addition to the materials literature. It will contribute to the materials education of engi-
neers and scientists for years to come.

Julia Weertman
Walter P. Murphy Professor of Materials Science and Engineering
Northwestern University
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A society’s ability to develop and use materials is a measure of both its technical sophis-
tication and its technological future. This book is devoted to helping all engineers better
understand and use materials to ensure the future of technology.

THE INTENDED MARKET

The book is intended for undergraduate students from all engineering disciplines. It
assumes a minimal background in calculus, chemistry, and physics at the first-year college
level. The text has been used successfully in a variety of situations including:

B A traditional 40- to 42-lecture single-semester/quarter course

# A yearlong course sequence

B A foundation course for materials engineering majors

B A service course with students from multiple engineering disciplines

B A service course targeted at a specific audience (for mechanical or electrical
engineers only)

B A section composed of only first- and second-year students

B As a refresher course for materials engineering graduate students with a B.S.
degree in another engineering discipline.

Though only some of the chapters might be used in a single-semester/quarter course,
experience suggests that students benefit from reading the entire text. The authors have
intentionally made no effort to mark optional sections or chapters. since topic selection
is a function of many factors, including instructor preferences, the background and needs
of the students, and the course sequence at a specific institution.

THE AUTHOR TEAM

The field of materials engineering is so vast that no single individual can master it all.
Therefore, a team was assembled with expertise in ceramics, composites, metals, poly-
mers, and semiconductors. The author team has the collective expertise to explain clearly
all the important aspects of the field in a single coherent package. The authors teach or
have taught in chemical, materials, mechanical, and textile engineering departments. We
teach at small colleges, where the engineering program is within a liberal arts setting, as
well as major technological universities. Just as a composite combines the best features of
its constituent materials, this book combines the varied strengths of its authors.

vii
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THE INTEGRATED APPROACH

The book is organized into four parts. Part I, Fundamentals, focuses on the structure of
engineering matertals. Important topics include atomic bonding, thermodynamlc:s and
kinetics, crystalline and amorphous structures, defects in crystals, and strength of crys-
tals. The concepts developed in these six chapters provide the foundation for the remain-
der of the course. In Part 11, Microstructural Development, the important processing
variables of temperature, composition, and time are introduced, along with methods for
controlling the structure of a material on the microscopic level. Part 111 focuses on the
engineering properties of the various classes of materials. It builds upon the understanding
of structure developed in Part I and the methods used to control structure set forth in
Part IL. 1t is in the properties section of the text that our approach, termed the integrated
approach, differs from that of most of the competing texts.

Traditionally, all the macroscopic properties of one type of material (usually metals)
are discussed before moving on to describe the properties of a second class of materials.
The process is then repeated for ceramics, polymers, composites, and semiconductors.
This traditional progression offers several advantages, including the ability to stress the
unique strengths and weaknesses of each material class.

As authors, we believe most engineers will be searching for a material that can fulfill
a specific list of properties as well as economic, processing, and environmental require-
ments and will want to consider all classes of materials. That is, most engineers are more
likely to “think” in terms of a property class rather than a material class. Thus, we describe
the mechanical properties of all classes of materials, then the electrical properties of all
classes of materials, and so on. We call this the integrated approach because it stresses
fundamental concepts applicable to all materials first, and then points out the unique
characteristics of each material class. During the development of the book the authors
found that there were times when *“forcing integration” would have degraded the quality
of the presentation. Therefore, there are sections of the text where the integrated approach
is temporarily suspended to improve clarity and emphasize the unique characteristics of
specific materials.

The fourth and final part of the book deals with processing methods and with the
overall materials design and selection process. These two chapters tie together all the
topics introduced in the first three parts of the book. The goal is for the student to
understand the methods used to select the appropriate material and processing methods
required to satisfy a strict set of design specifications.

EMPHASIS ON DESIGN AND APPLICATIONS

Students are better able to understand the theoretical aspects of materials science and
engineering when they are continually reinforced with applications and examples from
their personal experiences. Thus, we have made a substantial effort to include both
familiar and technologically important applications of every concept introduced in the
text. In many cases we begin a discussion of a topic by describing a familiar situation and
asking why certain results occur. This approach motivates the students to learn the details
of the quantitative models so that they can solve problems, or understand phenomena, in
which they have a personal interest.

The authors believe that most engineering problems have multiple correct solutions
and must include environmental, ethical, and economic considerations. Therefore, our
homework problems include both numerical problems with a single correct answer and
design problems with multiple valid solution techniques and “correct” answers. The
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sample exercises within the text are divided into two classes. The Examples are straightfor-
ward applications of concepts and equations in the text and generally have a single correct
numerical solution. In contrast, Design Examples are open-ended and often involve select-
ing a material for a specific application.

We have used a Case Study involving the design of a camcorder as a continuous thread
throughout the manuscript. Each of the four parts of the text—Fundamentals, Microstruc-
tural Development, Properties, and Design—begins with the identification of several mate-
rials issues associated with the camcorder that can only be understood using concepts
developed in that portion of the text. This technique allows students to get a view of the
forest before they begin to focus on individual trees. The ongoing case also permits us to
form bridges between the important aspects of the course within a context that is familiar
to most students.

The authors’ belief in the importance of materials design and selection is underscored by
the inclusion of an entire chapter on this subject at the end of the book. We recommend
strongly that the instructor have the students read this chapter even if the schedule does not
permit its inclusion in lecture. We find that it “closes the loop” for many of our students by
helping them to understand the relationships among the many and varied topics introduced
in the text. The design chapter contains 10 case studies and addresses issues such as
life-cycle cost analysis, material and process selection, nuclear waste disposal, inspection
criteria, failure analysis, and risk assessment and product liability.

CHANGES TO THE SECOND EDITION

Five new features have been added to the second edition of the text:

1. Each chapter begins with a motivational insert called Materials in Action. This
teature is designed to introduce the reader to the important ideas in the chapter through
an interesting real-world situation. Examples include a description of how adding 0.4
weight percent carbon to iron increases the strength of the material by two orders of
magnitude, a discussion of why directionally solidified nickel-based turbine blades are
worth their weight in gold in some aerospace applications, and an illustration of the false
economy of using less expensive machining operations if they have a negative influence
on fatigue crack initiation. This new feature extends our emphasis on design and applica-
tions, which was one of the most popular attractions of the first edition.

2. We have developed a new Materials in Focus CD-ROM to enhance the textbook
presentation. The CD-ROM contains a phase diagram tool and over 30 animations
designed to help the reader gain an understanding of some of the visual concepts in the
book. Examples include “three-dimensional” views of unit cells and polymer molecules,
the movement of dislocations through crystals, changes in the population of electron
energy levels in semiconductors with temperature, illustrations of polarization mecha-
nisms, and examples of processing operations. In addition, the CD-ROM contains all of
the photomicrographs in the text, and a series of interactive example problems. For
example, in the portions of Chapter 7 on phase diagrams students can select a state point
on a phase diagram and have the software help them determine the phases present, the
compositions of the phases, and their relative amounts. Every illustration on the CD-
ROM is directly linked to an illustration, concept, or problem in the text. In fact, every
location in the text that has a link to a CD-ROM animation or example is clearly indicated
by the presence of a “CD-ROM” B icon in the margin of the text.
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3. Over 225 new homework problems have been added throughout the text. The
majority of the chapters contain several design problems (i.e., problems with multiple
correct solutions). These homework problems are marked with a “Design Problem” icon
@ in the margin of the text. '

4. We have added an eight-page full color insert near the center of the book. This
feature allows us to illustrate several important applications of materials science and
engineering that simply are not easily described with either words or two-color illustra-
tions. .

5. The entire book has been redesigned for enhanced readability. In particular, the use
of the icons illustrated below permits the reader to quickly identify several important
features of the second edition:

—> Design Problems

- — Design Examples

— Animated CD-ROM Concept

We have made a determined effort to improve the quality of the photomicrographs and
to eliminate errors that were present in the first edition. We would like to express our
sincere thanks to those of you who spotted problems and pointed them out to us. The book
is better for your efforts, and if you have additional suggestions for how to improve the
text we would be happy to hear them.

6. A Web site for the book can be found at http://www.mhhe.com. It contains infor-
mation about the book and its supplements, Web links, and teaching resources.
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SUPPLEMENTS

We have devoted considerable effort to the preparation of a high-quality solutions manual.
Our approach is to employ a common solution technique for every homework problem.
The procedure includes the following steps:

1. Find: (What are you looking for?)
2. Given: {What information is supplied in the problem statement?)
3. Data: (What additional information is available, from tables, figures, or

equations in the text, and is required to solve this problem?)
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4. Assumptions: (What are the limits on this analysis?)
5. Sketch: (What geometrical information is required?)
6. Solution: (A detailed step-by-step procedure.)

7. Comments: (How can this solution be applied to other similar situations and
what alternative solution techniques might be appropriate?)

The solutions manual is available to adopters of the text. Also, the authors have gained
considerable experience using the “integrated” approach in the classroom and are avail-
able to discuss implementation strategies with interested colleagues at other institutions.

James P. Schaffer Thomas H. Sanders, Jr.
Ashok Saxena Steven B. Warner
Stephen D. Antolovich



UNIT CONVERSION FACTORS

Temperature

Length

Mass

Force

Pressure (stress)
Energy

Current

CONSTANTS

Avogadro’s number
Gas constant, R

K =°C + 273
°C = 1.8(°F — 32)

°R = °F + 460
Im=10"A=328ft=394in
kg = 2.2 tbm

I N = | kg-m/s? = 0.225 Ibf

1 Pa =] N/m*= 145X 10~* psi
11=1W-s=1N-m=1V-C
1J=0.239cal =624 x 108 eV
1A=1Ch=1V0

6.02 X 10 mol !
8.314 J/(mol-K)

Boltzmann’s constant, k 8.62 X 1077 eV/K

Planck’s constant, 4

6.63 X 10* J-s

Speed of light in a vacuum, ¢ 3 X 10* m/s

Electron charge, ¢

S| PREFIXES

giga, G 10°
mega, M 10°
kilo, k 10°
centi, ¢ 10 2
mill}, m VI
micro, 107

nano, n 107

1.6 x 107°C
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