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CHAPTER 7 

PHASE DIAGRAMS 

9.1 INTRODUCTION 

 

Definitions and Basic Concepts 

Components 

Are pure metals and/or compounds of which an alloy is composed. For example, in a copper–zinc brass, the components are Cu and 

Zn. Solute and solvent, which are also common terms. Solvent represents the element or compound that is present in the greatest 

amount; on occasion, solvent atoms are also called host atoms. Solute is used to denote an element or compound present in a minor 
concentration. 

 

System 
Have two meanings. First, system may refer to a specific body of material under consideration (e.g., a ladle of molten steel). Or it 

may relate to the series of possible alloys consisting of the same components, but without regard to alloy composition (e.g., the iron–
carbon system). 

 

 

9.2 SOLUBILITY LIMIT 
For many alloy systems and at some specific temperature, there is a maximum concentration of solute atoms that may dissolve in the 

solvent to form a solid solution; this is called a solubility limit.  

The addition of solute in excess of this solubility limit results in the formation of another solid solution or compound that has a 

distinctly different composition. 
This solubility limit depends on the temperature which increases with rising temperature (eg. Sugar & water), as shown in Figure 9.1. 
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9.3 PHASES 

A homogeneous portion of a system that has uniform physical and chemical characteristics. 

 
 Every pure material is considered to be a phase; so also is every solid, liquid, and gaseous solution. For example, the sugar–water 

syrup solution just discussed is one phase, and solid sugar is another as shown in Figure 9.1. 

 
Each has different physical properties (one is a liquid, the other is a solid);  

 

Each is different chemically (i.e., has a different chemical composition); one is virtually pure sugar; the other is a solution of H2O 
and C12H22O11.  

 

If more than one phase is present in a given system, each will have its own distinct properties, and a boundary separating the phases 
will exist across which there will be a discontinuous and abrupt change in physical and/or chemical characteristics. 

  

When two phases are present in a system, it is not necessary that there be a difference in both physical and chemical properties; 
When water and ice are present in a container, two separate phases exist; they are physically dissimilar (one is a solid, the other is a 

liquid) but identical in chemical makeup. 

 
When a substance can exist in two or more polymorphic forms (e.g., having both FCC and BCC structures), each of these structures 

is a separate phase because their respective physical characteristics differ. 

 
A single-phase system is termed homogeneous. Systems composed of two or more phases are termed mixtures or heterogeneous 

systems. Most metallic alloys and, for that matter, ceramic, polymeric, and composite systems are heterogeneous. 

 

 

9.5 PHASE EQUILIBRIA 

Equilibrium is another essential concept that is best described in terms of a thermodynamic quantity called the free energy. 

  
Free energy is a function of the internal energy of a system, and also the randomness or disorder of the atoms or molecules (or 

entropy). 
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 A system is at equilibrium if its free energy is at a minimum under some specified combination of temperature, pressure, and 

composition. 
 

A change in temperature, pressure, and/or composition for a system in equilibrium will result in an increase in the free energy and in 

a possible spontaneous change to another state whereby the free energy is lowered. 
 

The term phase equilibrium is reflected by constancy with time in the phase characteristics of a system (eg. Liquid-solid system or 

just solid phases). 

 

9.6 ONE-COMPONENT (OR UNARY) PHASE DIAGRAMS 
 

Much of the information about the control of the phase structure of a particular system is conveniently and concisely displayed in 

what is called a phase diagram, also often termed an equilibrium diagram. 
 

Three externally controllable parameters that will affect phase structure—temperature, pressure, and composition— and phase 
diagrams are constructed when various combinations of these parameters are plotted against one another. 

 

Easiest type of phase diagram to understand is that for a one-component system, in which composition is held constant (i.e., the 

phase diagram is for a pure substance); this means that pressure and temperature are the variables. This one-component phase 

diagram (or unary phase diagram) [sometimes also called a pressure–temperature (or P–T) diagram] is represented as a two-
dimensional plot of pressure (ordinate, or vertical axis) versus temperature (abscissa, or horizontal axis). Most often, the pressure 

axis is scaled logarithmically as shown in Figure 9.2. 

 

  

 

Regions for three different phases—solid, liquid, and vapor—are delineated on the plot. 
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Each of the phases will exist under equilibrium conditions over the temperature–pressure ranges of its corresponding area. 

Furthermore, the three curves shown on the plot (labeled aO, bO, and cO) are phase boundaries; at any point on one of these curves, 
the two phases on either side of the curve are in equilibrium (or coexist) with one another. 

 

All three of the phase boundary curves intersect at a common point, which is labeled O (and for this H2O system, at a temperature of 

273.16 K and a pressure of 6.04 × 10
-3

 atm). This means that at this point only, all of the solid, liquid, and vapor phases are 

simultaneously in equilibrium with one another. Appropriately, this, and any other point on a P–T phase diagram where three phases 
are in equilibrium, is called a triple point; sometimes it is also termed an invariant point inasmuch as its position is distinct, or fixed 

by definite values of pressure and temperature. Any deviation from this point by a change of temperature and/or pressure will cause 

at least one of the phases to disappear. 
 

Binary Phase Diagrams 

A common phase diagram is one in which temperature and composition is variable parameters, and pressure is held constant—
normally 1 atm. 

 

9.7 BINARY ISOMORPHOUS SYSTEMS 

The easiest type of binary phase diagram to understand and interpret is the type that is characterized by the copper–nickel system 

(Figure 9.3a). 
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Three different phase regions, or fields, appear on the diagram, an alpha (α) field, a liquid (L) field, and a two-phase (α+L) field. 

 

The liquid (L) is a homogeneous liquid solution composed of both copper and nickel.  

 

The (α) phase is a substitutional solid solution consisting of both Cu and Ni atoms, and having an FCC crystal structure.  
 

At temperatures below about 1080˚C, copper and nickel are mutually soluble in each other in the solid state for all compositions. 

The copper–nickel system is termed isomorphous because of this complete liquid and solid solubility of the two components. 
 

For metallic alloys, solid solutions are commonly designated by lowercase Greek letters (α, β, γ, etc.). 

 

The line separating the (L) and (α+L) phase fields is termed the liquidus line, as indicated in Figure 9.3a; the liquid phase is present 
at all temperatures and compositions above this line. 

 

The solidus line is located between the (α) and (α + L) regions, below which only the solid α phase exists. 

 

For Figure 9.3a, the solidus and liquidus lines intersect at the two composition extremities; these correspond to the melting 

temperatures of the pure components. For example, the melting temperatures of pure copper and nickel are 1085˚C and 

1453˚C, respectively 

 

For any composition other than pure components, this melting phenomenon will occur over the range of temperatures between the 
solidus and liquidus lines; both solid α and liquid phases will be in equilibrium within this temperature range. 

 

Example, 

 Upon heating an alloy of composition 50 wt% Ni–50 wt% Cu (Figure 9.3a), melting begins at approximately 1280̊C (2340˚F); the 

amount of liquid phase continuously increases with temperature until about 1320̊C (2410˚F), at which the alloy is completely liquid. 
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9.8 INTERPRETATION OF PHASE DIAGRAMS 

   For a binary system of known composition and temperature that is at equilibrium, at least three kinds of information are available: 

 

 

 

 

 

In all two-phase regions (and in two-phase regions only), one may imagine a series of horizontal lines, one at every temperature; 

each of these is known as a tie line, or sometimes as an isotherm. These tie lines extend across the two-phase region and terminate at 
the phase boundary lines on either side. 

 

 To compute the equilibrium concentrations of the two phases, the following procedure is used: 
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Example 

 

 

Determination of Phase Amounts 
 
The relative amounts (as fraction or as percentage) of the phases present at equilibrium may also be computed with the aid of phase 

diagrams. 

 

 

 

 

 



8 

 

Example 
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9.9 DEVELOPMENT OF MICROSTRUCTURE IN ISOMORPHOUS ALLOYS 
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Because of this eutectic reaction, phase diagrams similar to that in Figure 9.7 are termed eutectic phase diagrams (Figures 

9.7, 9.8, 9.9, 9.10&9.20).  Components exhibiting this behavior comprise a eutectic system. 
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The Iron–Carbon System 
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   interstitial positions are 

larger and, therefore, the strains imposed on the surrounding iron atoms are much lower.  
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    Cast irons are classified as ferrous alloys that contain between 2.14 and 6.70 wt% C. However, commercial cast irons      

normally contain less than 4.5 wt% C. 
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CHAPTER 7 

QUESTIONS and ANSWERS 
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Example problem 9.19 
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9.4 –                     Consider the sugar–water phase diagram of Figure 9.1. 

 



24 

 

 

 

 

9.5- 
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9.6- 
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9.7- 
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9.8- 

 

 

  

 



29 

 

 

 

 

9.9-  

Cite the phases that are present and the phase compositions for the following alloys: 

(a) 75 wt% Sn-25 wt% Pb at 175°C (345°F) 

(b) 55 wt% Ag-45 wt% Cu at 900°C (1650°F) 

(c) 8.2 mol Ni and 4.3 mol Cu at 1250°C (2280°F) 

Solution  

 
This problem asks that we cite the phase or phases present for several alloys at specified temperatures. 

(a) That portion of the Pb-Sn phase diagram (Figure 9.8) that pertains to this problem is shown below; the 
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(b) The Ag-Cu phase diagram (Figure 9.7) is shown below; the point labeled “C” represents the 55 wt% Ag-45 wt% Cu composition at 900°C. 

 

(c) For an alloy composed of 8.2 mol Ni and 4.3 mol Cu and at 1250°C, it is first necessary to determine the Ni and Cu concentrations, which we 

will do in wt% as follows: 
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9.10- 

Is it possible to have a copper–nickel alloy that, at equilibrium, consists of a liquid phase of 
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9.12- 

 



34 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 

 

9.13- 

 

 

 

 

 

 

 

 

 

 

 

 



36 

 

 

9.14- 

 

 

 

 

 

 

 

 

 

 



37 

 

 

 

 

 

9.15- 

 

 

 

 

 

 

 

 

 

 



38 

 

 

 

 

 

9.16- 
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9.18- 

 

 

 

 

 

 

 

9.10- 

Is it possible to have a copper–nickel alloy that, at equilibrium, consists of a liquid phase of 
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