
Foreword 

Each new book is welcomed to the technical community like a new child. Each represents a 
substantial investment over a period of time and a commjtment by the author to bring 
something of value to our world. The new book, Solidification Processing of Reinforced 
Metals, by Dr. Rajiv Asthana, is especially welcome because it offers the specialist in a single 
resource a compendium of knowledge describing the solidification and casting of metal
matrix composites. It is made more valuable because it has been written by an active 
practitioner with extensive first hand experience in the field. Here one may find descriptions 
of all the important features of metallic composite fabrication, covering both particulate- and 
fiber-reinforced matrices. Other resources give most of their attention to mechanical 
properties and behavior of composites without delving deeply into the processes which allow 
those same properties to be achieved. 

I have tested the book by first creating a list of ten questions I had concerning the 
solidification and casting of metallic composites. Because the table of contents is so detailed it 
was relatively easy to find the coverage I was seeking. And references were found within the 
various sections directing the reader to other germane portions. Most importantly, the 
discussion included not only examples with data for the phenomena but also discussion of the 
physical principles underlying the behavior. I was able to find answers to each of my 
questions and also discovered that, as in any good book, I was led to read about and examine 
factors I had not considered. Each chapter includes an extensive bibliography citing common 
and uncommon open literature, conference proceedings, government reports and theses. 

The story of fabrication of metallic composites is often one of wetting behavior. Successful 
fabrication requires understanding and control of the spreading of liquid metal across 
particulate and fibrous solids. Interfaces between liquid metal and sol id are dynamic, 
involving contact, spreading, reaction, dissolution and phase formation, roughening and 
smoothing. Wetting is given an entire chapter in the book. But it is also found permeating the 
other chapters. Again there are examples with data and discussions of the principles of 
systems' behavior. The book is strengthened by the author's direct involvement in composite 
research. 

While 'Solidification Processing of Reinforced Metals' is not a textbook to be used as the 
foundation of an undergraduate class it is, and will be, a valuable reference for graduate level 
classes and for professional practitioners of composite fabrication. 

26 November 1997 
Cleveland OH 

Thomas K. Glasgow 
Materials Division 
NASA Lewis Research Center 
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Author Preface 

Metal-matrix composites such as graphitic-aluminum for anti-friction applications 
have been explored since the mid-thirties; however, major developments of industrial 
importance in the field of composites took place during the last three decades. The high
perfonnance fiber-reinforced metals are probably the most advanced class of engineered 
composites with applications chiefly in the defense and aerospace sectors. Recent interest in 
metal-matrix composites in the automotive, electronic packaging and consumer goods 
industries has further widened the scope of the metal-matrix area. Innovations in cost
effective techniques of fabricating composite materials and advances in the development of 
inexpensive reinforcements have been the major driving force behind the recent commercial 
interest in these materials. Among ascendant composite fabrication techniques, liquid-phase 
fabrication techniques have gained considerable popularity owing to their cost-effectiveness 
and their adaptability to existing production methods. On a fundamental side, much insightful 
understanding of the process-microstructure-properties protocol in the metal-matrix area has 
evolved through innovations in solidification science and surface engineering. 

During the past few years, some excellent text-books and edited volumes have been 
published in the metal-matrix area. Most of these works, however, are focussed on the 
physical and mechanical properties and micro-mechanical characterization rather than 
composite processing. Review articles in periodicals on composite processing have generally 
been limited in scope and coverage because of space restrictions that enforc.e brevity and 
mandate exclusions. It was felt that processing aspects were not sufficiently highlighted in 
earlier works in spite of their well-proven role in designing the microstructure and properties 
of composites. This book, therefore, has a process-orientation and a focus on the basic 
principles of composite fabrication. The manuscript of the book evolved from a survey of the 
literature undertaken for self-education, and it was decided to publish it because it was felt 
that others might also find it useful. Every effort is made to achieve a balance between depth 
and coverage, and any conspicuous absence in the book of reference to an important aspect or 
work dealing with the subject is purely inadvertent. The scientific and technical information 
(original and translated) available through the medium of English language only has been 
incorporated. It is hoped that in spite of such limitations, this book in its present form, will be 
of some value to the reader who wishes to acquire a basic understanding of the process
structure-property relationships in cast composites before undertaking a more selective study 
of the original works. The author, however, welcomes comments and suggestions to improve 
the overall quality of the book. 

The book deals with metal-matrix composites synthesized using the solidification and 
casting techniques. The topics covered in the book include a survey of liquid-phase 
fabrication techniques, fundamental principles underlying compositing, the thermodynamics 
and kinetics of reinforcement-matrix interactions, microstructure formation, and properties of 
cast composites. The basic approach followed throughout the book has been to discuss how 
application of fundamental principles to synthesis of composites using the liquid-phase 
techniques bas evolved over time, and how this understanding has been integrated in different 
processes of manufacturing composite materials. The solidification and casting techniques 
only are reviewed; excluded from the book's coverage are other important techniques of 
composite fabrication such as powder metallurgy and diffusion bonding, as well as some 



elegant work on surface engineering and interface design that has appeared in connection with 
the solid-state fabrication techniques. 

The book was written intermittently over a four year period at NASA Lewis Research 
Center in Cleveland, Ohio; the final manuscript was prepared while the author held an 
associateship of National Research Council, Washington, D.C., at Lewis. The financial 
support and research facilities provided during the above period by NASA and National 
Research Council for research on advanced aerospace composites and the coarsening 
phenomenon, are gratefully acknowledged. I am especially indebted to Mr. Thomas K. 
Glasgow, Chief, Processing Science & Technology Branch, NASA Lewis Research Center, 
and Dr. S.N. Tewari, Professor of Chemical Engineering, Cleveland State University, and 
Senior Associate at Lewis, for providing me an outstanding research atmosphere, and for their 
continued support during my tenure at Lewis. I wish to express my sincere appreciation to Mr. 
Glasgow also for writing a Foreword to the book. Joint research at Lewis with Drs. S.N. 
Tewari, R.R. BowrnllJ), R.D. Noebe, R. Tiwari, S. Draper, B. Licht and J. Caruso was 
instrumental in improving my understanding of and appreciation for process-oriented 
research, and this book reflects my continuing interest in that area. l am especially thankful to 
Dr. James R. Johnson, formerly Executive Scientist at 3M Corporation, and a past president of 
American Ceramic Society and member of National Materials Advisory Board, for writing a 
Guest Preface, and for his help and advice in areas related to ceramic processing. It is a 
pleasure to acknowledge my former teacher Dr. P. K. Rohatgi, Wisconsin Distinguished 
Professor at the University of Wisconsin-Milwaukee, who introduced me to the composites 
field some fifteen years ago; my past and continuing interest in the metal-matrix area is in part 
a result of my association with him. I would like to record my appreciation for the research 
support I received at various times from the following organizations: National Research 
Council, NASA, Cleveland State University, American Foundrymen's Society, Universities of 
Wisconsin-Stout and Milwaukee, and the Council of Scientific & Industrial Research (lndia). 
Thanks are due Dr. G.M. Newaz, Dr. F.H. WoWbier, Dip!. Phys. Hans Neber-Aeschbacher, 
and technical reviewers of the manuscript for many valuable suggestions. A special note of 
appreciation is due my wife Neerja, son Ankur and daughter Akansha whose wonderful 
company and support have been most inspiring. I wish to dedicate this book to my parents, 
Dr. Hari S. Asthana and Kamala Asthana, for their love, inspiration and support. 

Menomonie, Wisconsin 
July 1997 

Rajiv Asthana 



Guest Preface 

It is interesting to look back more than fifty years at the status then of composites in the 
metals and ceramics fields. Among some scientists and engineers, particularly in the aircraft 
programs, there was a lot of excitement about their prospects. At the same time there were 
detractors who believed that rather than achieving wonderful new engineered materials the 
composite pioneers would merely combine the worst properties of each material in the final 
product. 

While there have been failures, there are indeed some remarkable successes. Much of the 
success of composite evolution can be attributed to the development of innovative processes. 
Many useful composites are created by materials design but the problems of how to make 
them are often paramount. For example, if the matrix is to be reinforced by fibers or 
substances with a high aspect ratio, the process will have to be such as to take advantage of 
their shape by deliberate alignment. Or, in other cases where a specific type of bond is 
required between the reinforcing material and the matrix, the chemistry at the interface may 
dictate the kind of processes that can be used. 

This book, therefore, is a welcome addition to the composite literature because its focus is on 
processes of making composites. As one reviews these processes, he has to be struck by the 
diversity of ideas and techniques. In some cases these were borrowed from other technologies 
designed for use with quite different materials. In other cases some very clever new means 
have been developed that accommodate the nature of metals and ceramics and the higher 
temperatures involved in the processes used. 

Dr. Asthana has very thoroughly examined the processes of making many kinds of metal
matrix composites. He describes the physics and chemistry of the interactions between matrix 
and included materials as the composite is formed. This provides a fundamental basis for 
understanding the important relationships between the mechanics of the processes, the 
kinetics and thermodynamics of in-process interactions, and the finished properties of the 
composites. Such understanding is all the more important because in most cases the products 
are non-equilibrium results of ongoing interactions that are terminated at some stage of 
processing. Dr. Asthana's approach is to be commended for other composites not included in 
this volume, such as those made by powder metallurgy or for ceramic-ceramic materials. 

This book will be an important reference for those practicing the various arts needed to make 
composites and for those who will continue to explore new ways of forming them. Likewise it 
will be of great value to those who wish to develop a fundamental understanding of the 
processes. 

September, 1996 
River Falls, Wisconsin 

James R. Johnson 
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Rajiv Asthana received B.S. (1980) and M.S. (I 983) degrees in metallurgical engineering and 
materials science from the Indian Institute of Technology, Kharagpur, and a Ph.D. (1991) in 
materials engineering from the University of Wisconsin-Milwaukee. He has been a Staff 
Scientist (1983-87) with the Council of Scientific & Industrial Research (India), a Visiting 
Assistant Professor (summer '96 & '97) at the University of Wisconsin-Milwaukee, and a 
Resident Research Associate ( 1991-95) and Project Scientist ( 1993) at NASA Lewis Research 
Center in Cleveland, Ohio. He has received a Certificate of Recognition and Award (1996) 
from NASA for the 'creative development of a technical innovation', Post-Doctoral Research 
Associateship ('94 & "95) from National Research Council, Washington, D.C., and Barker 
Memorial Fellowship ('88 & "89) from American Foundrymen's Society. Dr. Asthana has 
authored or coauthored forty-seven peer-reviewed journal articles in the United States, 
England and Germany, and thirty conference publications. He is a member of ASM, TMS, 
AFS, and ASEE. Since 1995 he has been an Assistant Professor of manufacturing engineering 
at the University of Wisconsin-Stout, Menomonie, Wisconsin. 
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