
Introduction and synopsis 

Phases and phase transformations are more familiar in everyday life than you may realise. Rain 
and snow signify the products of phase transformations in the sky succumbing to gravity e the 
word ‘precipitation’ is used in phase transformation theory, and this is no coincidence. We 
make roads safer in the ice and snow by spreading salt e lowering the melting point of the 
water by changing its composition and thus causing a phase change. Bubbles rising in a glass of 
beer signify gases dissolved in the beer that are forming a separate phase, whereas in a pan of 
boiling water the bubbles of steam are formed by the water itself as it changes phase from 
liquid to vapour. 

Phase diagrams and phase transformations are central to understanding microstructure 
evolution (and hence properties) in relation to processing. Manufacturing involves shaping 
and assembling engineering products and devices while simultaneously providing the material 
properties required by the design. Most material processing operations involve a thermal 
history (e.g. cooling from a high-temperature shaping or deposition process, or producing a 
controlled diffusional change in a solid product). The details of the thermal history govern the 
way phase transformations take place and generate the microstructure. Our mantra for this 
topic is thus: 

 

                 Composition + Processing  Microstructure + Properties 

Phase diagrams provide some fundamental knowledge of what the equilibrium structure 
of a metallic (or ceramic) alloy is as a function of temperature and composition. The real 
structure may not be the equilibrium one, but equilibrium gives a starting point from which 
other (non- equilibrium) structures can often be inferred. 

 
 

This Guided Learning Unit aims to provide a working knowledge of: 

what a phase diagram is; 

How to read it 

how phases change on heating and cooling;  

the resulting microstructures. 

When you have worked through this Unit you should be able to do the following: 

1. Interpret the equilibrium phases at any point on binary phase diagrams. 
2. Predict the microstructures that may result from simple processing histories relating 

to solidification and heat treatment of important engineering alloys. 
3. Understand how equilibrium and non-equilibrium microstructure evolution in alloy heat 

treatment relate to the form of time-temperature-transformation (TTT) diagrams. 

Key definitions are marked ‘DEF’ as they appear, and exercises are provided throughout for 
each topic. Do these as you go along to build up your knowledge systematically. Full solutions 
are provided at the end of each section e use these to check your answers, not as a short-cut! 
Further exercises (without solutions) are provided for practice at the end of the Unit. 

 
Part 1 contains some essential terminology and definitions. 

Parts 2-4 show you how to read and interpret simple phase diagrams, describe the 
important iron-carbon phase diagram, and give examples of more complex phase diagrams. 

Parts 5-7 introduce phase transformations and show how phase diagrams can be used to 
predict microstructure evolution during slow cooling (for example in solidification, and in 

the solid state during cooling to room temperature). 
 
 



 
Part 8 extends the theory of phase transformations to examples of non-equilibrium 

cooling in heat treatment of steels and other alloys, relating this to the TTT diagram. 
The Unit fits best with Chapter 19 in two instalments: Parts 1e4 dealing with phase 

diagrams, and Parts 5e8 covering microstructure evolution in relation to phase diagrams. 
 

PART 1: Key terminology 

Alloys and components 
 

 
 

Examples are: 

Brass: a mixture of copper (Cu) and zinc (Zn). 
Carbon steel: based on iron (Fe) and carbon (C). 
Spinel: a ceramic alloy made of magnesia (MgO) and alumina (Al2O3). 

 
 

 
 

 
 
 

Components are given capital letters: A, B, C, or the element/compound symbols Cu, Zn, C, 
MgO. So in brass the main components are Cu and Zn; in carbon steel they are Fe and C; and 
in spinel they are MgO and Al2O3. 

 
 

 
 

 
 

Composition  Alloys are defined by stating the components and their compositions in weight 
or atom %. 

DEF. A metallic alloy is a mixture of a metal with other metals or non-metals. Ceramics 
too can be mixed to form ceramic alloys. 

DEF. The components are the chemical elements that make up alloys. 

DEF.A binary alloy contains two components, a ternary alloy contains three, a quaternary 
alloy four, and so on. 



































































 


