PREFACE
The modern science of solidification began in the 1940’s, when engineers
began to use analytical methods and models to describe solidification processes. In 1940, Chvorinov applied the analysis of heat flow to predict solidification patterns and defects in sand castings. In the 1950’s Chalmers
and co-workers analyzed the heat and solute balance at the moving solidliquid interface to understand why planar interfaces become unstable
during unidirectional growth. This body of work culminated in a seminal
text, Principles of Solidification, written by Chalmers in 1964.
In the 1960’s, Mullins and Sekerka put Chalmers’ analysis on a firmer
mathematical footing by performing a formal stability analysis. Later in
the 1960’s and in the 1970’s, Flemings and co-workers developed models
for segregation and other microstructural features by applying heat and
solute balances at the scale of the microstructural features themselves.
Flemings followed Chalmers’ text with Solidification Processing in 1974,
presenting this next generation of achievements.
The next decade saw a great deal of activity in the study of microstructure as a pattern selection problem through the competition between the
transport of heat and solute and inherent length scales in the material
owing to surface energy. This body of work was summarized in 1984 in
Fundamentals of Solidification, by Kurz and Fisher.
Kurz and Fisher’s book appeared just at the beginning of a revolution
in modeling of solidification, when low-cost powerful computers became
available. Computational approaches allowed more accurate and detailed
models to be constructed, shedding light on many important phenomena.
Today, industrial users regularly model the solidification of geometrically
complex parts ranging from directionally solidified turbine blades to automotive engines. At the microscopic scale, computational models have been
used to great effect to understand the pattern selection process in ways
that were only hinted at using the analytical techniques available earlier.
In the 1990’s, methods were developed to combine these microscopic and
macroscopic views of solidification processes.
Although there have been a few specialty texts written in the intervening time between Kurz and Fisher’s book and the present, none of
them provides a comprehensive presentation of the fundamentals, analytical models, and computational approaches. Also in the 1990’s and
2000’s, a short course on solidification was developed in collaboration with
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Ecole des Mines de Nancy, EPFL and Calcom, that incorporated both the
fundamental aspects described earlier and the developing computational
techniques. Through teaching this course, and at our respective universities, we felt that there was a need for a new text, which led us to write
the book you now hold in your hands. The subject is presented in three
parts: Fundamentals, which provides the basics of thermodynamics, phase
diagrams, and modeling techniques. Microstructure then uses these techniques to describe the evolution of the solid at the microscopic scale, from
nucleation to dendrites, eutectics and peritectics to microsegregation. This
section concludes with a chapter on coupling macro- and micro-models of
solidification. The final part, Defects, uses the same principles to describe
porosity, hot tearing and macrosegregation. We have striven to present
this wide range of topics in a comprehensive way, and in particular to use
consistent notation throughout.

Additional remarks for the second edition
The second edition of this book makes a number of changes from the first:
• Corrections of typographical errors in the first edition.
• Introduction of Key Concepts within the chapters to assist the reader
in understanding and referring to some of the most important aspects
of the text.
• Additional material, especially in Parts II and III, highlighting advances in the various topics since the first edition was published in
2009.
• Many of the figures, as well as the Key Concepts and Examples, are
now in color.
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