
Preface 

Zirconia ceramics fonn a truly remarkable group of materials. Their properties range from 
electrically insulating, mechanically weak pure monoclinic zirconia through the fast ion 
conduction of stabilised cubic and tetragonal fonns to the superb mechanical properties of the 
TZP and Mg-PSZ ceramics. Strong links exist between the structure of zirconia ceramics and 
the observed properties. The phase composition and microstructure can be tailored by a 
suitable choice of dopant oxides to alloy with the zirconia, combined with a suitable choice of 
sintering and heat treatment. 

Zirconia systems have been extensively studied over the last 25 years or so and a wealth of 
exciting results have arisen. These have inspired the well-known series of 5 international 
conferences "Science and Technology of Zirconia 1-V" and the published proceedings of the 
same name. Those proceedings and the journal literature plot the progress of the field from the 
very early phase stability work to modern work developing quite sophisticated models for the 
transfonnation toughening associated with the tetragonal (t) to monoclinic (m) phase 
transfonnation. 

To a new researcher coming into the field for the first time, or even for some old hands, it 
might seem as though all of the mysteries of zirconia have been revealed and that a book of 
reviews summarising this work would be timely. The phase equilibria and crystal structures 
have all been studied, the fast-ion conduction mechanism is understood, the strengthening 
mechanisms of the t-Hn transfonnation, micro-crack shielding and ferroelasticity have been 
explored extensively. 

However, we find on deeper inquiry that such fundamental features as the order of the cubic 
(c) to tetragonal phase transfonnation, the exact location of the cit phase boundary in the 
Y2O3-Zr02 and CeO2-Zr02 systems, the strength of the association between the dopant cations 
and anion vacancies during ionic conduction, and the relative importance of each 
strengthening mechanism in a given ceramic are not known or poorly understood. It would 
appear then that in making rapid technical advances, the technology of zirconia has 
outstripped the science of zirconia, leaving many important questions unanswered. 

Because of this, the authors of these reviews were invited to fulfil the dual task of: 

(i) critically reviewing work to date in their field and 
(ii) highlighting areas where our understanding is incomplete, perhaps even advancing 

some new insights outside the conventional wisdom. 

It was hoped that this might provide inspiration for young researchers entering the field. 

Authors have completed the second part of their task with varying degrees of enthusiasm. 
Most, at the very least, have commented on the completeness of our understanding in the 
main body of their chapters. Some ( chapters I, 3, 6 and 7) have developed a section drawing 
together some of the interesting unknowns. A few have gone further, incorporating some 
original analysis or re-analysis of available data ( chapters 8 and I 0) and one ( chapter 5) 
contains a majority of original work. 
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The volume is structured (somewhat arbitrarily) to begin with the more basic sciences, 
followed by a consideration of some of the science underpinning zirconias mechanical and 
physical properties, and concludes with chapters dealing with the production of quality 
zirconia ceramics. To achieve this, we begin with crystal structures and the relationships 
between phases (chapter I), thermodynamics and phase diagrams (chapter 2), and 
microstructure (chapter 3). This is followed by a consideration of mechanical behaviour 
including the tetragonal to monoclinic phase transformation, (chapters 4 and 5), high 
temperature plastic deformation (chapter 6) and ferroelasticity (chapter 7). Chapter 8, 
concerning the electrical and transport related properties of bulk and interfacial zirconia 
completes this grouping. The final three chapters deal with the chemical preparation of 
zirconia powders (chapter 9) and optimal means for their densification into zirconia ceramics 
(chapters IO and 11). 

Whilst the coverage of topics is not exhaustive, the editor and all of the authors hope that this 
volume will serve not only as an interesting reference work, but also as the starting point for 
substantial new work to advance our understanding of zirconia ceramics. 

In closing, I take this opportunity to thank all the authors who contributed to this volume, 
Trans Tech Publications for inviting me to edit it and Professor Graeme Murch for his 
encouragement. 

Dr Erich Kisi 


