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Foreword 

Notwithstanding, the very great progress made in ceramic science and the elegance and 
excitement of the research which has been conducted - one thinks of the transformation 
toughening of zirconia or the grain boundary structures in silicon nitride or the 
crystallography of the ceramic superconductors - the real engine for development in 
ceramics remains the potential for applications. The opportunity for dramatic scientific 
advance was certainly one reason for the occurrence of the ceramic fever of a decade 
ago but there is no doubt that the predictions of annual markets for fine ceramics rising 
to 6xl012 yen made by Japanese colleagues also played a role. 

The wealth of attractive properties suggest that ceramics have yet to find their full 
place among the materials exploited in applications. A key task therefore is to build on 
the remarkable advances which have been made in the understanding of ceramics and 
to translate this understanding into active use. As explained to Faust: 

"Grau, teurer Freund, ist alle Theorie und griln des Lebens goldener Baum." 
"All this theory, dear friend, is grey but the golden tree of life is green!" 

The challenge is to ensure that ceramics can be successfuJly introduced into the full 
span of applications for which their properties have long made them so appealing. 

The present volume has taken a refreshing and effective step to the realization of this 
task. The publication of a book which sets out to present ceramics explicitly from the 
point of view of applications is an event greatly to be welcomed. The systematic 
organization according to the different applications sectors ensures that the reader can 
reach a full appreciation of the outstanding opportunities and of the present limitations. 
Anned with such an appreciation, the engineer and scientist can be fully alert to 
chances for progress where there arise. 

A charming but disconcerting emphasis is often placed these days on the contributions 
of serendipity. While we must certainly be grateful and responsive where these 
contributions are forthcoming, there is surely no alternative to a logical and 
imaginative programme of work linking our knowledge of a material with our 
knowledge of its field of application. The processing and properties of ceramics are 
now endowed with an ample and authoritative literature. The present volume seeks to 
restore the balance by providing a comprehensive treatment of applications. It is a 
noble endeavour and we should all wish it well. 

Richard Brook 
Oxford, U.K. 
June 4, 1996 





Editor's Preface 

Many new materials that have come into the marketplace in recent years, or that will be 
available for commercial use within a few more years, offer substantial benefits to 
society. The promise is for greater efficiency, reduced energy consumption, greater 
reliability and product life, and new products for better productivity and leisure 
activities. The hope is that, in a true world market, the benefits of new materials and 
products will raise the standard of living in all nations, that competition need not be 
detrimental to any nation, and that all will benefit. Whether that expectation becomes 
a reality or not will be detennined during the remainder of this century and beyond. 
From a national standpoint, it is vitally important to remember that any nation 
excelling in advanced materials, and sharing the technologies at the appropriate 
commercial moment, will realize optimum benefits for its investments, in addition to 
providing useful technologies for the world as a whole. Any nation that builds a 
leadership position in these technologies and subsequently retains and expands that 
technological strength can feel secure about sharing commercialization. Some of the 
real and potential benefits and applications of the three major classes of materials -
Ceramics, Metals and Polymers - will be discussed in this volume and the following 
two volumes. 

There has been a great deal of attention devoted to advanced ceramic materials within 
the past 2-3 decades. The major drive behind a lot of these developments, however, 
have been the military needs of new materials during the Cold War. While traditional 
ceramic materials such as glass, porcelain, cement, and building bricks have been used 
extensively for centuries, advanced ceramic materials offer exciting technical 
possibilities. Advanced ceramics exhibit mechanical, electronic, chemical, optical, and 
high-temperature properties that are much superior to those of traditional ceramic 
materials. One key difference between these new materials and those which have been 
produced in the past lies in the raw material origin of each. The traditional ceramic 
products are composed of naturally occurring minerals which are mined, sometimes 
beneficiated, and handled by common ceramic processes, including grinding, mixing, 
fonning, drying, and firing. Porcelain products, whether as sanitary ware, dinnerware, 
or electrical insulators, are good examples of these traditional materials. In contrast, 
advanced ceramics utilize high purity and synthetically produced raw materials, such 
as A}i03, Zr02, SiC, Si3N4, etc., that are processed by new and sophisticated 
techniques that pennit the achievement of final product with improved perfonnance in 
corrosive and high-temperature environments. 

The reviews in this volume on various applications of advanced ceramic materials 
indicate that these new materials offer many possibilities. Advanced ceramics are 
being rapidly introduced to the electronic market for a wide range of applications 
including substrates for circuits (Alz03), sensors, switches, light emitting diodes, 
transducers (Zr02 base materials), insulators and capacitors (titanates), magnets and 



microwave devices (ferrites), IC packages (glass-ceramics), optical lasers, laser 
windows, and piezoelectrics. Bioceramics or ceramics, for medical applications such 
as dental or orthopaedic implants, will also represent a major market opportunity in the 
future. There is currently a worldwide effort being placed on getting these advanced 
materials into use. A large number of companies are working diligently to produce 
components that take advantage of the various thermal, mechanical, electronic, optical, 
and chemical properties of ceramics. The biggest effort is being by the Japanese 
companies, with government help through the Ministry of International Trade and 
Industry (MITI). The U.S. government, particularly through Department of Defence 
(DOD), NASA, and Department of Energy (DOE), has also provided funds and 
impetus for advanced ceramics development of military interest, during the 1980s. 
Nevertheless, advanced materials fell on hard times during the early 1990s. The 
reasons are many, and range from unrealistically optimistic expectations on the part of 
large corporations acquiring small materials businesses, to the end of the Cold War and 
the concomitant decline in defence budgets. The recession has also retarded 
investment in technologies that will require high-tech materials. Yet the demand for 
both structural and functional advanced ceramics continues to grow. Simply put, 
advanced ceramics allow their users to do things they could not otherwise do. 

This volume brings together a group of international experts on various aspects of 
advanced ceramics, from Canada, U.S.A., U.K., Germany and Japan. They include a 
balanced participation between industry and university, and provide a broad overview 
of the applications of advanced ceramic materials. 

I would like to extend my thanks and appreciation to various people who have helped 
in the preparation of this volume: John Mihalus, Director of the Advanced Materials 
and Plastics Branch at Industry Canada for his support, and Margaret Chevalier for her 
patience in the typing and clerical work. I am extremely grateful to both my sons -
Bahram and Behrouz, who helped me in the reviewing and formatting of the 
manuscripts, and last but not least, to the authors, without whom this volume could not 
have been materialized. 

Hamid Mostaghaci 
Ottawa, June 1996 


