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Abstract

The phase equilibria will be introduced in this chapter and the role of phase equilibria in the metallurgical processes and
material science will be learned. The chapter introduces the idea of phase diagrams as graphical illustrations of the stability
of the different phases at different temperatures and composition, however, it talks about the iron-carbon (Fe-C) diagram
and the water (H>O) diagram in particular. The lever rule has been defined as a quantitative method of determining the
phases of a two phase system in relation to each other. The design and fabrication of alloys, metals and ceramics require
knowledge of phase behavior to offer the preferred mechanical, thermal, and chemical characteristics to the material. The
chapter also has industrial applications that consist of steel production, alloy formulation, casting and ceramic production
where phase diagrams are applied in controlled cooling, solidification and in heat treatment. In addition, the chapter shows
the impact of impurities on the material performance and reliability, cooling rate and phase change. With the theory and
the real life process experience, the student actually learns how to use phase equilibria to make material decisions, process
decisions and quality decisions in the area of metallurgy and materials engineering. The information forms a foundation
in the advanced materials production and industry chemical processes.
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5.1. Introduction

Another significant subspecialty of physical chemistry is phase equilibria, the study of the behaviour of the
several phases solid, liquid and gas in contact, at different temperatures, pressure and composition. It offers
science in terms of predicting phase transitions that include of melting, vaporization, crystallization and solid
to solid transformation. The understanding of phase diagrams and equilibrium cases allows the prediction of
behaviour of materials under heating, cooling, mixing or separation. The materials science, chemical
engineering and metallurgy also play a very important role in the application of the knowledge as this directly
affects the stability, structure and performance of materials. In general, the phase equilibria can be considered
as the scientific map that can join the thermodynamics and material processing of the real world and allows
the industries to manufacture the products which can be stronger, efficient, and durable. The significance of
the phase equilibria in the industrial practice consists in the following several aspects:

» Metallurgical process design: The production of alloys, steelmaking, welding, and casting rely on the
precision of the control of the phase changes. Phase diagrams are employed to find the choice of
compositions and processing temperatures to prepare materials desired in terms of strength, hardness as
well as corrosion resistance.

» Thermal and pressure optimization Phase information is applied in industries to find the most optimal
heating, cooling and pressure schedules. Controlled cooling rates control the grain size, microstructure,
toughness and ductility of metals and alloys.

» Optimization of mechanical and chemical properties: The knowledge and control of equilibrium phases
enable the engineer to optimize materials in order to provide improved thermal environment,
conductivity, wear life and chemical stability. This becomes a requirement in the manufacture of
turbines, automotive components, electronic devices, refractories and advanced ceramics.
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