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PREFACE & ACKNOWLEDGMENTS
FOR THE FIRST EDITION

_I_hc Magic of Ceramics was written as part of an educational outreach project
of The American Ceramic Society (ACerS). ACerS, founded in 1898, sched-
uled a year of centennial activities in 1998 and 1999. As part of the celebration,
the Education Committee created a museum exhibit to introduce the general
public and students to the amazing uses of ceramics. This was the nucleus of The
Magic of Ceramics.

The idea for The Magic of Ceramics was proposed to ACerS, but under spe-
cial circumstances. The book would be different from the technical books that
ACerS typically publishes; it would also be entertaining, colorful, and available
to the general public. ACerS accepted this proposal. Mary Cassells and Sarah
Godby provided the direction and support to make this book a reality.

I sincerely thank all companies and individuals who donated ceramic parts,
photographs, and their time in offering information for the exhibit and the book:
M. Reynolds, S. Morse, T. Johnson, B. Jones, C. Davis, D. Keck, D. Duke, E.
Sturdevant, and M. Cotton, Corning, Inc.; L. Vallon, S. Dunlap, T. Taglialavore,
B. Licht, B. McEntire, D. Croucher, M. Leger, E. Levadnuk, D. Parker, C. L.
Quackenbush, T. Leo, and J. Caron, Saint-Gobain/Norton; F. Moore, Norton
Chemicals; D. Reed, ]. Mangels, and J. Moskowitz, Ceradyne, Inc.; K. Inamori, Y.
Hamano, T. Yamamoto, J. Scovie, E. Kraft, and D. Carruthers, Kyocera Corp.; J.
Price and M. van Roode, Solar Turbines; and H. Coors, B. Seegmiller, K. Michas,
and L. Sobel, Coors Ceramics.

R. DeWolf, Thielsch Engineering; J. Knickerbocker, IBM; A. Bogue, Ac-
tive Control eXperts (ACX); D. Cavenaugh and J. Greenwald, Wilbanks; M.
Kokta, K. Heikkinen, and L. Rothrock, Union Carbide Crystal Products; M. and
M. Kasprzyk, INEX Inc.; S. Limaye, LoTEC; T. Sweeting, HI-TECH Ceram-
ics; C. Greskovich and B. Riedner, General Electric Co.; M. Savitz and R. Wal-
ecki, AlliedSignal Ceramic Components; M. Easley and J. Kidwell, AlliedSignal
Engines; R. Schultze, AlliedSignal Filters and Spark Plugs; F. Luhrs, Rauschert
Industries; J. Ormerod, Group Arnold; and M. Kreppel, Saint-Gobain/Carbo-
rundum.

B. Powell and A. Micheli, General Motors; ]J. Staggs, General Magnetic
Co.; P.Barker, I'T'T Automotive; B. Knigga, Delco Electronics; C. Strug, Ameri-
can Superconductor; E. Kennard, Delphi Electronic Systems; G. Melde, Siemens
Power Corp.; J.Wenkus, Zirmat Corp.; A. Hecker and G. Bandyopadhyay, OS-
RAM SYLVANIA; G. Harmon, American Marine; T. Brenner, Den-tal-ez, Inc.;
A. Vohra, DOE; W. Paciorek and L. Spotten, Durel Corp.; D. Witter, MEMC
Southwest; J. Estes, Motorola; B. Cuttler, Sandia National Laboratory; P. Mar-
tin, Hewlett Packard; P. Gwordz, San Jose State University; and E. Schmidt and
M. Felt, Crystal Systems.
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J. Sapin, Rado Watch Co., Ltd.; V. Adams and C. A. Forbes, Siemens-West-
inghouse Electric; R. Wasowski, Ferro Corp.; J. Lynch, General Ceramics; K.
Elder, Westvaco Corp.; Y. Manring and W. Gates, ACerS Ross Coffin Purdy Mu-
seum of Ceramics; M. Dowley, Liconix; C. Chandler and A. Feidisch, Spectra
Physics, Inc.; D. Bacso, G. Cook, R. Snow, and C. Glassy, Edo Piezoelectric Ce-
ramic Products; D. Greenspan and P. Neilson, US Biomaterials; A. Compton and
W. Wolf, Owens Corning; St. Bender, the History Factory; S. Nelson, S. Logiu-
dice, and K. Budd, 3M; L. Aubry, Selee Corp.; and L. Berthiaume, Saphikon Inc.

L. George, National Dental Association; D. Braski, Oak Ridge National
Laboratory; A. Khandkar and S. Elangovan, Ceramatec; J. Hinton and V. Irick,
Lanxide Corp.; A. Griffin and C. Griffin, Lone Peak Engineering, Inc.; T. Yo-
nushonis and R. Stafford, Cummins; E. Lassow and T. Wright, Howmet Re-
search Corp.; J. Buckley, NASA Langley; D. Day, University of Missouri-Rolla;
R. Stoddard, 3M Unitek; E. Pope, Solgene Therapeutics, LLC; L. Hench and J.
Leonan, Imperial College; K. George, Dynatronics; and G. Fischman, U.S. Food
and Drug Administration.

D. Kingery, University of Arizona; D. and N. Ferguson; T. Garcia;
E.McEndarfer, Truman State University; W. Bates; K. Nassau; Marianne Letasi,
Detroit Institute of Art; S. Rossi-Wilcox, Botanical Museum of Harvard Univer-
sity; J. Thomas-Clark, Corning Museum of Glass; J. Clottes, International Com-
mittee on Rock Art, Foix, France; J. Lever; and Count Robert Bégouén.

I am grateful to Angie Eagan who took my sketches and created illustra-
tions; J. Taylor, Tile Heritage Foundation, who provided slides of decorative tiles;
D. Whitehouse, Corning Museum of Glass, who offered suggestions of glass art
to use as illustrations; Ruth Butler, editor, Ceramics Monthly; and W. South and
D. Carroll, Utah Museum of Fine Art, for helping select items from the collec-
ton.

My special thanks to Alexis Clare, Margaret Carney, Jim Jacobs, Donaree
Neville, Al and Barbara Kuipers, Michael Anne Richerson, and Jennifer Rich-
erson for reading portions of the manuscript and providing suggestions. I am
especially indebted to the copy editor Susan Blake.

The last, but not least, person I want to thank is Mark Glasper, ACerS
Director of Communications. He is an unsung hero in ACerS education efforts.
The traveling museum exhibit would not have happened without his dedication
and help.

Davip W. RicHERSON



PREFACE & ACKNOWLEDGMENTS
FOR THE SECOND EDITION

M ore than 10 years have now passed since the First Edition. Technology
and innovation have not stood still, and advances in ceramics and other
materials have played an important role. This Second Edition updates some of
the applications of ceramics described or introduced in the First Edition, but
emphasizes major developments that have occurred during the past 10-15 years.
Many of these advances have been in pollution control, energy harvesting and
conversion, digital electronics, medicine, and “nanotechnology.”

Several figures have been added to Chapter 2 “From Pottery to the Space
Shuttle” to better illustrate the role of ceramics in the evolution of civilization.
The remarkable growth in the use of light-emitting diodes (LEDs) has been
added to Chapter 4 “Ceramics and Light.” The role of advanced composites
in the next-generation space telescope is now included in Chapter 5 “Amaz-
ing Strength and Stability.” Discussions and illustrations of the role of ceramics
in neural arrays, prosthetic feet, and spinal surgery are now part of Chapter 8
“Medical Miracles.” Chapter 10 “Heat Beaters” has been modified with a discus-
sion of the ceramic requirements to make possible the next generation of hyper-
sonic aircraft and the replacement for the Space Shuttle. The discussion of the
reasons that diamond is so hard has been expanded in Chapter 11 “The Hardest
Materials in the Universe.” All of these changes and updates in Chapters 1-11
are relatively moderate. The major modifications for the Second Edition appear
in Chapters 12-14.

Chapter 12 from the First Edition has been expanded into two chapters.
The new Chapter 12 “Energy Conservation and Conversion Efficiency” reviews
the role of ceramics in conservation of electricity through new lighting tech-
nologies, increasing fuel efficiency of vehicles, and increasing efficiency of our
processes of converting energy from fuels into electricity. Chapter 13 “From
Pollution Control to Zero Pollution” then reviews the evolution of technolo-
gies, such as the catalytic converter, that have greatly reduced the pollution from
automobiles and trucks. This new chapter then discusses ways that ceramics and
other materials are making low-pollution renewable energy such as wind and
solar technically feasible and cost-effective.

Chapter 14, the final chapter, discusses “What’s New and What’s Coming.”
It describes how ceramics have helped make possible the digital electronics revo-
lution and miniaturization, how ceramics can now be assembled atom by atom
to achieve remarkable nanostructures, the role of ceramics in the advanced bat-
teries we need desperately for energy storage, and the emergence of applications
for electrochemical ceramics.

Many additional individuals have been very helpful in suggesting or gath-
ering information for the Second Edition: Elizabeth Dann, Peter Bocko, Willard
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Cutler, and Tim Johnson of Corning, Inc.; Bryan McEntire and Shanna Ryan
of Amedica; Dr. Zhong Lin Wang of the Georgia Institute of Technology; Dr.
Rasto Brezny of the Manufacturers of Emission Controls Association; Dr. David
Glass, NASA Langley; Dr. Jay Singh, Ohio Aerospace Inst., NASA Glenn Re-
search Center; Dr. Delbert Day, Missouri University of Science and Technology;
Dr. Joel Moskowitz, Ceradyne, Inc.; Ted Foster and Phil Armstrong, Air Prod-
ucts and Chemicals, Inc.; Dr. Kunihito Koumoto, Nagoya University; Dr. Gary
Messing, Pennsylvania State University; Jay Spina and Jonas Olsson, SKF; Dr.
Toshihiro Ishikawa, UBE Industries; Frank Anderson and Harrison Hartman,
CoorsTek; Tony Taglialavore of Saint Gobain Advanced Ceramics; and Dr. Rich-
ard Normann, Dr. Loren Rieth, Dr. Forian Solzbacher, Dr. Michael Scarpulla,
Dr. Agnes Ostafin, and Dr. Yen-Chi Chen of the University of Utah. I also greatly
appreciate the encouragement I have received from numerous members of The
American Ceramic Society, and with efforts of Catherine Odal, Anita Lekhwani,
and Melissa Yanuzzi at John Wiley & Sons, Inc., and Haseen Khan at Laserwords
in production of the Second Edition.



FOREWORD TO THE FIRST EDITION

| was born and raised in the Yakima Valley of eastern Washington State. My par-
ents had homesteaded there in 1948, creating a ranch and farm in the middle
of largely unirrigated, unpopulated land punctuated with sagebrush. We had no
neighbors that I could see to the north, at the base of the Rattlesnake Mountains,
and few to the south, east, or west. A two-lane dirt road ran by our house, which
was later covered with gravel. During the summer months, after our chores were
done, I would ask for my parents’ permission to walk up and down that road for
a certain distance to look for agates. But I collected more than agates; I collected
all manner of interesting rocks, including chunks of quartz, mica, feldspar, and
granite.

At night, there were no outdoor lights to diffuse the brightness of the
stars. In fact, the Milky Way was a very large stripe across the sky. In the fall of
1957, my parents and I lay on the grass and looked for the first satellite launched
into space—a Russian silver sphere called Sputnik. It was during that time that I
formed my own dreams to fly into space. Little did I realize at the time that my
rock collection and flying in space would have something in common: they were
both dependent on chemical compositions that we call ceramics.

How these two apparently diverse worlds are joined is eloquently ex-
plained in The Magic of Ceramics by David W. Richerson. This wonderfully
unique and readable book describes how humans have taken the rocks around
us and, through chemistry, heat, and advanced technology, applied them in glass,
fiber optics, electronic and computer components, motor parts, tennis rackets,
art work—in fact, the core of today’s civilized technological society.

Materials have been referred to as the enabling technology of all other new
engineering endeavors. Within this realm fall metals, organics, and ceramics.
Readers may not be familiar with the breadth of “ceramics,” but they will find
described in these pages the many applications of ceramics in their lives. Addi-
tionally, they will be given the opportunity to understand how and why ceram-
ics work in the applications described. For example, the author summarizes the
historical evolution of high-temperature inorganic nonmetallic chemistry in the
chapter “From Pottery to the Space Shuttle.” He discusses how ceramics have
formed the core of art since antiquity in “The Beauty of Ceramics,” and how
variations in the atoms of a single ceramic compound can change the mechani-
cal and optical properties of the material in “Ceramics and Light.” Ceramics
are central to developments in bioengineering and medicine, energy, and pollu-
tion control and could revolutionize electronics through new nanotechnology
research.

Our world revolves around ceramics on a daily basis; we may utilize a com-
puter dependent on a ceramic integrated circuit, gaze out through glass win-
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dows, drive our automobiles powered with ceramic component engines, walk on
concrete walks, eat from china dishes, admire a new glass sculpture, hit a few golf
balls with a composite five iron, send data over high-speed glass fiber optics, or
brush our teeth over a porcelain sink. The reader will gain a better appreciation
of all of these applications in The Magic of Ceramics. The author has translated a
very complex and technical subject with the inherent fundamentals of chemistry,
physics, and mathematics into a readable, engaging, and interesting text.

It is also my hope that the readers will gain a better appreciation for the
researchers, engineers, and technologists who dedicate their lives to better under-
standing the composition and properties of ceramic materials and to the devel-
opment of new materials—even to the extent of manipulating individual atoms.

My rock-collecting days were ended when my mother inadvertently pulled
open the top drawer of my dresser a bit too far and it fell rapidly to the floor,
narrowly missing her feet. All those years of collecting had yielded a sizeable
poundage of rocks. I eventually attended the University of Washington, where I
was introduced to ceramic engineering by the then department chair Dr. James L.
Mueller. The department also had a NASA grant to help develop the ceramic tiles
that cover the exterior of the Space Shuttle. It was enough to lead me through
two degrees in ceramic engineering. A decade later, I was selected to be a Space
Shuttle astronaut. My career as an astronaut continues, and, as I now well know,
the Space Shuttle program depends on many ceramic material applications: from
the quartz windows to the computer components to the heat-resistant properties
of the ceramic tiles. The reader will also learn much more than I knew during
my rock-collecting youth. It is my privilege to have been a part of the ceramic
engineering discipline and to provide this foreword for The Magic of Ceramics.

Bonnie J. Dungar, Pu.D.
NASA Astronaut



INTRODUCTION

eramics are amazing materials! Some are delicate and frag-
ile; others are so strong and durable that they are used to reinforce

metals and plastics. Some ceramics are transparent. Others

are magnetic. Many ceramics withstand temperatures many

times the temperature of your oven and are untouched by

erosion and corrosion that destroy metals in days. Ceram-

ics have so many different characteristics and make so many

things possible in our modern society that they seem magi-

cal.

Without ceramics, we wouldn’t have television, miniature
computers, extraordinary action in computer-generated movie
scenes, digital electronics and wireless communications, the Inter-
net, the Space Shuttle, CDs, synthetic gemstones, or even cars. We
wouldn’t be able to refine metals from ores or cast them into useful
shapes. We wouldn’t have many of the modern tools of medicine
such as ultrasonic imaging, CT scans, and dental reconstructions.
How can ceramics do so many things? Seems like magic, doesn’t it?

Have you ever seen a magician perform an amazing feat and
wondered how it was possible? No matter how spectacular the il-
lusion is, there is always an explanation or trick, and often the trick
is as fascinating as the illusion. The magic of ceramics is much
the same—the feats and explanations are equally amazing. Reading
this book will show you some of the magic that ceramics do and
will explain the fascinating science that makes the magic work.

You'll learn how ceramics interact with light to produce great
artistic beauty and to make the laser possible, how some ceramics
can be stronger than steel and are used for inline skates and bul-
letproof armor, how magnetic ceramics made the first computers
possible and are the secret behind recording tape and CDs, and
how a whole new field of “bioceramics” has emerged to enable mi-
raculous medical cures and repairs. Ceramics touch and enrich our
lives in so many ways! I take great pleasure in sharing some of that
magic with you!
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DID YOU KNOW?

Some ceramics are so strong that a 1-in-diameter cable could lift 50 automobiles

By the late 1990s, enough fiber-optic cable was installed to go to and return from the moon 160 times

More than 3 million spark plugs are manufactured each day

Ceramic automotive emission control systems have saved us from billions of tons of pollution since 1975
Each year more than 1 billion tons of concrete are poured

Some ceramics conduct electricity better than metals

Diamonds, rubies, and cubic zirconia are ceramics

Glass microspheres smaller than a hair provide a promising new liver cancer treatment

Enough ceramic tiles are produced each year to pave a path 300 ft wide around the world

Ceramic fiberglass house insulation has conserved more than 30,000,000,000,000,000 Btu of heat since 1938
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OUR CONSTANT
COMPANIONS

t’s hard to imagine the tremendous role that ceramics play in our ev-

eryday lives. Ceramics come in nearly infinite forms and behave in

equally diverse ways. Nearly everything we do brings us in
contact with either ceramics or something that was made
using ceramics. In fact, ceramics are virtually our constant
companions; they affect our daily lives in ways that border
on magic. If you think of ceramics only as decorative materi-
als or “the stuff that dishes and toilets are made of,” you’re

overlooking an important part of your world.

FROM STONEWARE TO SUPERCONDUCTORS

What, exactly, are these remarkable materials that have such an
effect on our lives? One highly regarded professor and author
(W. David Kingery, in his classic text Introduction to Ceramics) de-
fines ceramics as “the art and science of making and using solid
articles which have as their essential component, and are composed
in large part of, inorganic, nonmetallic materials.” Simply stated,
most solid materials that aren’t metal, plastic, or derived from
plants or animals are ceramics.

As you might imagine from this definition, the term ce-
ramics covers much ground: from rwaditional ceramics such as
pottery, tile, and glass that date from antiquity to amazing new
advanced ceramics that sport strange names such as silicon ni-
tride, aluminum oxide, and cordierite. Even synthetic gemstones
such as ruby, sapphire, and cubic zirconia are ceramics. What

PRODUCTS
AND USES
Brick, block, cement
Electrical insulators
Television parts
Watch, clock parts
Windows, mirrors
Knickknacks
Magnets

Dishes, glasses
Lightbulbs

Water faucet seals
Toilets, sinks

Ingredients in cosmetics
Knife and scissors blades
Computer, printer parts

Sporting goods
Buttons
Wall and floor tiles

would we do without glass or bricks or concrete? Although these traditional
ceramics have been used for centuries, they are still a vital part of our lives.
They’re everywhere we look. Even advanced ceramics have entwined them-
selves in our daily lives in an incredible number of hidden, and often magical,
ways. To initiate your entry into the world of ceramics, let’s take a ceramic

The Magic of Ceramics, Second Edition. David W. Richerson.
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