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General Introduction

Basis and New Trends in Thermodynamics and Phase
Diagrams

The purpose of this book concerns the presentation of modern aspects of the study of
phase diagrams and equilibria. Currently, the description of phase equilibria in the
twenty-first century requires a multidisciplinary approach linking crystallography
and thermodynamics and integrating quantum mechanics.

The history of one of the most exciting sciences of material classes can be traced
back to the nineteenth century when J. Willard Gibbs (October 1875-May 1876) (1)
discovered the basis of «Equilibrium of Heterogeneous Substances» and published
it in the journal: Transactions of the Connecticut Academy of Arts and Sciences.
This remarkable first paper developed the theory of chemical thermodynamics and
provided the basic theory for the development of this part of physical chemistry.

In the field of metallurgy, the Gibbs theory application provided the basement of
the knowledge in multicomponent alloy phase equilibria, and this feature entails the
evolution of phase diagrams and applications during the twentieth century. In the
twenty-first century, with the progress of experimental determinations and the rise
of advanced calculation methodology, the application of the CALPHAD method is
presently generalized in alloys and ceramics while in polymer systems the work is
not well established. The properties of phase relationships were predicted by simple
analysis of the thermal properties of mixtures with good accuracy. More recently,
those properties were investigated with modern tools such as physical measurements
(electron microscopies, Castaing microprobe and X-Ray diffraction) and quantum
mechanics.

The plotting of phase diagrams of two- and three-component systems is not so
easy. In both coordinate systems (composition/temperature and/or other coordinates,
which are thermodynamic parameters of the phases), the total pressure in the system,
molar volume, chemical potentials of components, etc. This is the more pertinent
approach to consider and classify.



X General Introduction

This book does not claim a replacement for already published books (of quality!).
Its objective is to make an analysis of this part of science at a level such that students
or even researchers have some difficulties in approaching certain phenomena and
experiences in phase equilibria. It is divided into five chapters. Two of them state
what is necessary to know in crystallography and thermodynamics in order to apply
them to the matter of phase diagrams. Two other chapters are more constructed as
guides to the application of the CALPHAD method. They are a gateway to more
technical works. Finally, I will present, in a fifth chapter, a small contribution to
quantum calculations. But in such a case and to go further, it will be really necessary
to use more specialized books.



