
9 Phase Diagrams



1. Definitions and Basic Concepts

System: a specific body of material under consideration

Components: pure metals and/or compounds of which an alloy is composed

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

Phase diagrams:
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Solubility limit : a maximum concentration of solute atoms that may dissolve in the

solvent to form a solid solution



2- 1. Binary Isomorphous Systems

Isomorphous: complete liquid and solid solubility of the two components .

Figure 9.2 (a)The copper - nickel phase diagram . (b)A portion of the copper - nickel phase diagram for which
compositions and phase amounts are determined at point B.
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Figure 9.3 Schematic representation of the development of microstructure during the equilibrium solidification of a 35 
wt% Ni- 65 wt% Cu alloy.

Development of Microstructure in Isomorphous Alloys



Figure 9.4 Schematic representation of coring in a single grain. For a cored structure, concentration gradients are 
established across the grains; dashed lines indicate constant concentration contours.(C 1,C2,C3 etc.)



Mechanical Properties of Isomorphous Alloys

Figure 9.5 For the copper - nickel system, (a) tensile strength versus composition, and (b) ductility( %EL) versus
composition . A solid solution exists over all compositions for this system.

Solid solution hardening



2- 2. Binary Eutectic Systems

Point E is called an invariant point , which is designated by the composition CE and temperature TE.

For an alloy of composition CE , a reaction as it changes temperature in

passing through TE is called eutectic reaction . Or, upon cooling, a liquid phase is transformed into

the two solid aand bphases at the temperature TE.
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Figure 9.6 The copper - silver phase diagram.



Figure 9.7 The lead ïtin phase diagram.



Figure 9.10 Schematic representations of the equilibrium
microstructures for a lead- tin alloy of composition C2 as it is
cooled from the liquid - phase region .

Development of Microstructure in Eutectic Alloys

Figure 9.9 Schematic representations of the equilibrium
microstructure for a lead- tin alloy of composition C1 as
it is cooled from the liquid - phase region .



Figure 9.11 Schematic representations of the equilibrium microstructures for a lead- tin alloy of eutectic composition
C3 above and below the eutectic temperature .



Figure 9.12 Photomicrograph showing the microstructure of a lead- tin alloy of eutectic composition . This
microstructures consists of alternating layers of a lead- rich ɹ- phase solid solution (dark layers), and a tin- rich ɺ-
phase solid solution (light layers). 375ě.



Figure 9.13 (a) Schematic representations of the equilibrium microstructures for a lead- tin alloy of composition C4 as
it is cooled from the liquid - phase region .(b) Photomicrograph showing the microstructure of a lead- tin alloy of
composition 50 wt% Sn- 50 wt% Pb. This microstructure is composed of a primary lead- rich ɹphase (large dark
regions) within a lamellar eutectic structure consisting of a tin- rich ɺphase (light layers) and a lead- rich ɹphase
(dark layers). 400ě.



Figure 9.14 The lead- tin diagram used in computations for relative amounts of primary ɹ and eutectic micro -
constituents for an alloy of composition C4`.
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2- 3. Equilibrium Diagrams having Intermediate Phases or Compounds

Terminal Solid Solutions, Intermediate Solid Solutions(Intermediate phases) , Intermetallic Compounds

Figure 9.15 The copper - zinc phase diagram.



Figure 9.16 The magnesium - lead phase diagram.



2- 4. Eutectoid and Peritectic Reactions

At an invariant point ,

Eutectoid Reaction :

Peritectic Reaction :
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Figure 9.17 A region of the copper - zinc phase diagram which has been enlarged to show eutectoid and peritectic
invariant points, labeled E (558 , 75 wt% Zn) and P (598 , 78.6 wt% Zn), respectively .



Congruent Phase Transformation

Figure 9.18 A portion of the nickel - titanium phase diagram on which is shown a congruent melting point for the g
phase solid solution at 1312 and 44.9 wt% Ti.

Phase transformations for which there are no compositional alterations are said to be congruent transformations .

Conversely, for incongruent transformations ,
at least one of the phases will experience a
change in composition .



2- 5. The Gibbs Phase Rule

The construction of phase diagrams as well as some of the principles governing the conditions for

phase equilibria are dictated by laws of thermodynamics. One of these are the Gibbs phase rule,

proposed by the nineteenth century physicist J. Willard Gibbs.

F=C- P+N

F : the number of degree of freedom, the number of externally controlled variables(e.g., temperature,

pressure, composition) which must be specified to completely define the state of the system.

C : the number of components in the system, components are normally elements or stable compounds

and, in the case of phase diagrams, are the materials at the two extremities of the horizontal

compositional axis.

P : the number of phases present .

N : the number of non- compositional variables(e .g., temperature and pressure).



Figure 9.19 Enlarged copper - rich section of the Cu- Ag phase diagram in which the Gibbs phase rule for the
coexistence of two phases (I.e., Cɹ or CL) of the temperature (I.e., T1) is specified, values for the two remaining

parameters are established by construction of the appropriate tie line.



3. Iron - Carbon System

3- 1. Iron - Iron Carbide (Fe - Fe 3C) Phase Diagram

Of all binary alloy systems, the one that is possibly the most important is that for iron- carbon . Both
steels and cast irons, primary structural materials in every technologically advanced culture, are
essentially iron- carbon alloys.

Figure 9.20 The iron - iron carbide phase diagram.



Figure 9.20 The iron - iron carbide phase diagram.
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Figure 9.21 µÍÔÙÔÒÎÈ×ÔÌ×ÆÕÍØdÔËdlÆmdɹ- ferrite (90 ě) and (b) austenite (325 ě).



Figure 9.22 Schematic representations of the microstructures for an iron - carbon alloy of eutectoid composition (0.77 
wt% C) above and below the eutectoid temperature.

3- 2. Development of Microstructures in Iron - Carbon Alloys

Pearlite

Intermediate between the soft, ductile ferrite and the hard, brittle cementite



Figure 9.23 Photomicrograph of a eutectoid steel showing the pearlite microstructure consisting of alternating layers of

ɹferrite (the light phase) and Fe3C (thin layers most of which appear dark) . 500ě.



Figure 9.24 Schematic representations of the microstructures for an iron- carbon alloy of
hypoeutectoid composition C0 (containing less than 0.77 wt% C) as it is cooled from within the
austenite phase region to below the eutectoid temperature .

Hypo- eutectoid Alloys

Figure 9.25 Photomicrograph of a 0.38 wt% C steel having
a microstructure consisting of pearlite and pro- eutectoid
ferrite . 635ě.



Figure 9.26 A portion of the Fe- Fe3C phase diagram used in computations for relative amounts of
proeutectoid and pearlite microconstituents for hypoeutectoid (C0`) and hypereutectoid (C1`)
compositions .



Hyper- eutectoid Alloys

Figure 9.27 Schematic representations of the microstructures for an iron- carbon alloy of
hypereutectoid composition C1(containing between 0.77 and 2.1 wt% C), as it is cooled from within
the austenite phase region to below the eutectoid temperature .

Figure 9.28 Photomicrograph of a 1.4 wt% C
steel having a microstructure consisting of a
white proeutectoid cementite network
surrounding the pearlite colonies .1000ě.



3- 3. Influence of Other Alloying Elements

Figure 9.29 The dependence of eutectoid temperature on
alloy concentration for several alloying elements in steel .

Figure 9.30 The dependence of eutectoid composition
(wt% C) on alloy concentration for several alloying
elements in steel .

Additions of other alloying elements (Cr, Ni, Ti, etc .) bring about rather dramatic changes in the binary
iron- iron carbide phase diagram . The extent of these alterations of the positions of phase boundaries
and the shapes of the phase fields depends on the particular alloying element and its concentration .



10 Phase Transformations



1. Phase Transformations

The development of microstructure ordinarily involves some type of phase transformation - an

alteration in the number and/or character of the phases .

1- 1. Basic Concepts

A variety of phase transformations are important in the processing of materials, and usually they

involve some alteration of the microstructure .

The phase transformations are divided into three classifications .

Simple diffusion dependent transformation in which there is no change in either the number or

composition of the phases present . (solidification of pure metals, allotropic transformations,

recrystallization, and grain growth)

Another type of diffusion dependent transformation in which there is some alteration in phase

compositions and often in the number of phases present . (eutectoid reaction .. )

Diffusionless transformation , wherein a meta- stable phase is produced . (a martensitic

transformation)



1- 2. The kinetics of Phase Transformations

Most solid - state transformations do not occur instantaneously because obstacles impede the course of

the reaction and make it dependent on time.

Since most transformations involve the formation of at least one new phase that has a composition

and/or crystal structure different from that of parent one, some atomic rearrangements via diffusion are

required . Diffusion is a time- dependent phenomenon .

A second impediment to the formation of a new phase is the increase in energy associated with the

phase boundaries that are created between parent and product phases .

From a microstructural standpoint, the first process to accompany a phase transformation is

nucleation - the formation of very small particles, or nuclei, of the new phase, which are capable of

growing . The second stage is growth , in which the nuclei increase in size; during this process, of

course, some volume of the parent phase disappears .

The transformation rate is an important consideration in the heat treatment of materials, the study of

which is often termed kinetics .


