
FOREWORD 

Unsolved problems in diffusion: such a theme would probably come as 

a surprise to many people. Diffusion is a classical field of research 111 

Materials Science and all text books give good surveys of basic principles of 

diffusion in solids and of its main applications. Maybe this is a mis lead ing 

feeling due to the aim of a text book, which is to give a re lia ble basic 

knowledge to its readers and, consciously or no t, to skip any difficulties 

and to make the whole field as clear as possible. 

It is an happy initiative to unveil a number of unknown or poorly 
understood facts about diffusion. Of course, everybody expects d iffi cu lt ies 

every time he has to face "real" problems, I mean problems submitted by 

technologists, because of the complexity of the technical world with i ts 

many (and worse partially unknown or unsuspected) parameters. But what 

about basic science? Everything should be known in minute de tails about 

diffusion in well defined materials such as single crystals of S ilicon, 

Sodium Chloride or pure FCC me tals. It is rather surprising th at the 

mechanisms of atomic diffusion in such elements are sti ll controversial. To 

give an example, let me mention the as yet undecided alternative: are the 

curved Arrhenius plots of most metals to be explained in terms of two 

kinds of point defects (i.e. monovacancies and divacancies) or of only one 

kind of point defect with temperature dependent c haracteristics (formation 

and/or migration energies)? More generally, is the paradigm of well 
localized 'point' defects -which has been nourishing our models for more 

than fifty years - is this parad igm still relevant? What about the possible 

role which could perhaps be played by delocalized defects at high 

temperatures ? 
If such mysteries re main un veiled in the more si mple cases, it 

becomes clear that quite a handful of unknown s undermines our mastery 

of the bulk of binary alloys, of intermetallics or interstitial compounds, not 

to speak of polygrain and/or polyphase materials, of oxides or sulfides or, 
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last but not least, superconducting cuprates. The formation of new phases, 

be they crystalline or amorphous, by diffusive growth from two elements 

or two compounds is an o ld problem, but still fascinating and poorly 

understood at an atomic level. New materials prepared as thin film s , 

multilayers, quantum wells, ... offer a new challenge to materials scientists, 

by involving diffusion distances on an atomic scale, at low temperatures, 

with diffusivities as low as 10-22 cm2.s-l ! 

New investigation equipment with extraordinary sens1 t1v1ty and 

spatial resolution makes it possible to study diffusion processes in these 

conditions and favour the idea of revisiting older problems. Computers, 

whose rapidity and memory contents we should never have dreamt of, 

permit simulation of most processes either at the individual atomic jump 

level or at a larger scale. Sure enough, the future is promising! 

For all these reasons, this book will certain ly be a very useful and 

rewarding tool. I am sure that it will make up a rich source of ideas and 

reflections and that it will inspire many research projects and will strongly 

contribute to the progress of solid state diffusion. and consequently to the 

development of Materials Science. 

We must warmly congratulate the editor and the authors on this fine 

ach ievemen t. 

Jean PHILIBERT 

Universite de PARIS-SUD, Orsay 

Aout 1991 



PREFACE 

The idea for this book came from the late Norm Peterson's contribution 
to the Panel Discussion at the end of the Indo-U.S. Workshop on Diffusion 
in Solids (Bombay, 1984). In his usual disarmingly frank and expert way 
Norm analysed the real problems left in the field of diffusion without regard 
to any sacred cows. In this book I have attempted something similar. In 
general, most reviews are concerned with what is already known rather 
than what the real problems are and how they ought to be solved. Here, 
authors were encouraged from the beginning to discuss the inconsistencies, 
the gaps in knowledge, in short, the unsolved problems. This is a much 
more difficult task than writing the 'usual' review and the authors are to 
be congratulated on their efforts. Obviously many of the opinions expressed 
are subjective. But if they stimulate some real thinking then I will consider 
their efforts to be worthwhile. And I think Norm Peterson would have 
app~oved. 

It is very sad for me to relate that just before the printing of this book 
one of the authors, and a personal friend, Amulya Laskar died of cancer. 
Amulya was well known in the diffusion community for his work on the silver 
halides and will be widely missed as a respected scientist and a likeable and 
entertaining person. I extend my condolences to his wife and family. 

Graeme E. Murch 
Newcastle, Australia, 1991 
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