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Foreword "

1t is well-known that the stable equilibrium phase diagrams
of a multicomponent heterogeneous systems are important tools
in many fields such as petrology, mineral deposit. geochemistry,
chemistry, chemical engineering, material sciences, and
metallurgy. Since the multicomponent heterogeneous system
involving more than two invariant assemblages is named as “a
multisystem ® by Kopastckuit ( 1957 ), a great number of
achievements in the qualitative study on topological configuration
and properties of a multisystem phase diagram have heen made
and have successfully gone day by day. Few reports about the
study, however, on the computer-plotting of a complete,
quantitative, and stable equilibriumm phase diagram of a
multisystern has been made in the literature.

In 1986 and 1983, T. H. Brown and co-workers
systematically presented a set of general theory and procedures
for computer-plotting of complete stable equilibrium phase
diagrams of mineral-rock multisystems which are based on
Chemical Potential Plane Principle (CPP, from Brown and
Skinner, 1974). In this research area, their work lay in the top
position in the world at that time and has produced a great
impact. Nevertheless, it is not so easy to understand and follow
the theoretical model.

Also in 1988, based on the work of Vielzeuf and Boivin
(1984), Cheng et al. reported their new algorithm with sign
function matrix approach to determine the stability of a
univariant curve about an invariant point and to determine the
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displacement of the corresponding phase regions. This
algorithm, called Sign Function Matrix Method (SFM) by the
senior author of this book, is simple, reliable, and easy to
follow. It was designed, however, for the plotting of a
qualitative phase diagram of an n-component system composed of
n+ 2 phase and there was no report in their paper on whether it
had been performed with a computer,

The presentations of the two methods mentioned above
made the senior author of this book exciting and creating a new
idea: “with SFM method to perform the same work as the one
was perfectly done by using CPP method”. The pre-research
work was immediately launched. In about half a year, by the end
of 1989, the framework of a set of new algorithm and procedures
had basically been developed for the computer-plotting of the
stable equilibrium p-7-X phase diagram of a multisystem. The
project was approved and supported in 1990 by the National
Natural Science Foundation of China (NSFC, No. 49070178). By
the end of 1994. the project 49070178 # was finished and a new
theoretical model for the computer-plotting of the stable
equilibrium p-7-X phase diagram of a multisystem had been
established.

Our new model mentioned above, however, was not perfect
for that it was only suitable for the plotting of a phase diagram
involving variables of pregsure and temperature. and it was
necessary for it to be optimized. In view of the above-mentioned
facts and with the financial aid from the project 49773200%
supported by NSFC, the study on the new model went on. By
taking great efforts, not only the theoretical model of SFM
method had been optimized, improved and generalized, and
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extended its application area from mineral-rock multisystems to
water-salt ones, but also studies on the derivation of the

multisystem closed-nets and the relationship among the nets—

The Combination Principle had made some progress.

This book actually is the crystallization of the results of the
project mentioned above with great efforts offered by our group.
The book contains 7 chapters, which mainly reflect the results
made by the group during the late half period of our study. In
Chapter 1, “Thermodynamic basis for phase diagrams”, we
introduce a few concepts, in particular, about the nomenclature
for multisystems. The authors proposed the concept “m-grade
multisystems” for the first time in the literature. Besides this, it
is made a thorough analysis of the relationships among Gibbs
free energy surfaces, the invariant points, and the univariant
curves as well as their characteristics. In Chapter 2, we
qualitatively and quantitatively make a summary and reviews of
the status quo and advances in the literature about multisystem
phase diagrams. In order to perform computer-plotting of the
phase diagram, it is necessary to completely understand the
specific-thermodynamic equations and algorithms about chemical
and phase equilibria for the univariant assemblage system. The
complexity and difficulty of such a calculation lies in dealing with
equilibrium problems involving phases of fluid, solid solution,
melt, and aqueous electrolyte solution. So, systematically and
concentratedly introducing these calculation equations and
related algorithms is the task of Chapter 3, which is not easy to
find in the literature. In Chapter 4, we introduce the complete
and new theoretical model of SFM method based on the previous
works in the literature and developed by the authors of this book
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for the computer-plotting of the stable equilibrium phase diagram
of a multisystem. The most outstanding characteristics of the
new method are simple, universal, and easy to perform. The
new method can be in principle served in the plotting of any kind
of multisystem phase diagram in any “space” without any
dimension limitation. It is well known that another developed
direction of the multisystem phase diagram study is qualitative
discussion on its topological configuration and properties. And
also it seems that in the past 2 or 3 decades, more manpower and
material resources have been put into the discussion than that
into the quantitative studies. For the former study, a key but
annoying work is the derivation of the multisystem closed-nets.
In the Fifth Chapter we present a new approach called “Being
Absence of the Phase in turn” (BAP) to perform the derivation.
Deoing so with this approach is not a very heavy and complicated
work any more. Also in this chapter, an effective extension has
been made for the Combination Principle, or say the
Combination Algorithm, on the relationships among multisystem
closed-nets in the literature. Two worked examples showing
applications of SFM approach have been contained in Chapter 6.
One of them shows an application of SFM to water-salt
multisystem. The other does the same to checking whether all
the invariant points in an existed stable equilibrium phase
diagram of a multisystem are really stable ones. In the final
chapter, Chapter 7, we introduce detailed computer-plotting
procedures with SFM and made compete comparison of our
software PHD and PTA-Diag with Brown et al. ’s Ge0-Calc.
With regard to the comparing items, the comparison shows that
PTA-Ding is better than Ge0-Cal¢ except that Ge(Q-Cale has
10



better computer surfaces than PTA-Diag.

The earlier stage study (by the end of 1994) of this project
was finished by Hui-An Yin and Wen-Xi Han. Miss Shu He
participated in the earlier work for a short time before she went
abroad for her advanced study. The later period study (1997 and
later) of the project was performed by Hui-Ai Yin, Jia-Wen Hu,
and Ming-Lin Tang. The whole project work had been
undergoing under the direction of the senior author of this book.

When the project was essentially finished in 1994, the senior
author of this book had drawn up the outlines of the book. Then
it had been revised twice in 1995 and 1997, respectively. For
some reasons, however, the book had not come out until now.
The actual writing for the main content of the text of the book
was done by Hui-An Yin and. Jia-Wen Hu. The senior author
also undertook the following work; planning and guiding the
whole work of the writing; reading over, revising and finalizing
the text of the whole book; and English translation of related
contents,

This project was done with the No. 49070178 grant of
National Natural Science Foundation of China. This book is
published under the support (No. 40024024) from Publishing
Foundation of Research Achievements, National Natural Science
Foundation of China. Leaders and Staffs from The Department
of Applied Chemistry, The Section of Science and Technology
Administration, The Graduate School, and The Department of
Nuclear Material Engineering, Chengdu University of
Technology, offered a lot of help and made things convenient for
the authors during the project being gone. The authors would

sincerely show their appreciation for all the generous supports
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and helps.

The authors feel greatly honored by that Dr. Ziyuan
Ouyang, an academician of the Academy of Sciences of China,
wrote the preface for this book during his very-busy days. We
greatly appreciate for the support and encouragement from him.

Since with the authors’ limited knowledge it is so difficult to
avoid any mistakes in the book that the authors would sincerely
be grateful to all those who may care to send their precious
criticism and suggestions for the further improvement of the
book.

The Authers
Chengdu University of Technology,
Chengdu, Sichuan, P.R. China
November 1999
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