
PHASE DIAGRAMS



Phase

Physically distinct, chemically homogenous and mechanically separable region of a system 

(e.g. gas, crystal, amorphous...). 

 Gaseous state always a single phase 

→ mixed at atomic or molecular level 

►Liquid solution is a single phase

→ e.g. NaCl in H2O

► Liquid mixture consists of two or more phases

→ e.g. Oil in water (no mixing at the atomic/molecular level)

 Solids

 In general due to several compositions and crystals structures many 

phases are possible

 For the same composition different crystal structures represent

different phases. E.g. Fe (BCC) and Fe (FCC) are different phases

 For the same crystal structure different compositions represent

different phases. E.g. in Au-Cu alloy 70%Au-30%Cu 

and 30%Au-70%Cu  are different phases



DEFINITIONS

Components of a system

Independent chemical species which comprise the system: 

Elements, Ions,Compounds

E.g. Au-Cu system : Components → Au, Cu

Ice-water system : Component → H2O

Al2O3 – Cr2O3 system : Components → Al2O3, Cr2O3



Degree of Freedom(F)

The degree of freedom is defined as the number of independent 
variables , such as 

temperature ,pressure and composition which are to be specified 
to describe a system completely .

It is also termed as a variance.

ICE WATER VAPOUR

If all the three phases are present in equilibrium,then no condition has to be
specified. Thus becoz the three phases of water can exist together in equilibrium
only at a paricular temperature and pressure and no condition has to be specified.

F=0



The GIBBS PHASE RULE

F = C  P + 2For a system in equilibrium

F  C + P = 2

or

or

F – Degrees of Freedom
C – Number of Components
P – Number of Phases

Edges ~ Components

Vertices ~ degrees of Freedom

Faces ~ Phases

8 – 12 + 6 = 2



Phase diagrams will help us to understand and predict the microstructures

A system is at equilibrium if at constant temperature, pressure and composition the system is 
stable, not changing with time.
Equilibrium is the state that is achieved given sufficient time. But the time to achieve 
equilibrium may be very long (the kinetics can be slow) that a state along the path to the
equilibrium may appear to be stable. This is called a metastable state.

Equilibrium and Metastable States



In thermodynamics the equilibrium is described as the state of system that corresponds to the 
minimum of thermodynamic function called the free energy. Thermodynamics tells us that:

• Under conditions of a constant temperature and pressure and composition, the 
direction of any spontaneous change is toward a lower free energy.
• The state of stable thermodynamic equilibrium is the one with
minimum free energy.
• A system at a metastable state is trapped in a local minimum of free  energy that is not 
the global one.



Phase diagram

A phase diagram - graphical representation of the combinations of temperature, pressure, 
composition, or other variables for which specific phases exist at equilibrium.

For H2O, a typical diagram shows the temperature and pressure at which ice (solid),water 
(liquid) and steam (gas) exist.



Phase diagrams show what phases exist at equilibrium and what phase transformations we can 
expect when we change one of the parameters of the system (T, P,composition).

We will discuss phase diagrams for binary alloys only and will assume pressure to be constant at 
one atmosphere.
Phase diagrams for materials with more than two components are complex and difficult to 
represent.



Binary Isomorphous Systems (I)

Isomorphous system - complete solid solubility of the two components (both in the liquid and 
solid phases).

Three phase region can be identified on the phase diagram:
Liquid (L) , solid + liquid (α +L), solid (α )

Liquidus line separates liquid from liquid + solid
Solidus line separates solid from liquid + solid



Binary Isomorphous Systems (II)
Example of isomorphous system: Cu-Ni (the complete solubility occurs because both Cu and Ni 
have the same crystal structure, FCC, similar radii, electronegativity and valence).



Interpretation of Phase Diagrams
For a given temperature and composition we can use phase diagram to determine:
1) The phases that are present
2) Compositions of the phases
3) The relative fractions of the phases

Finding the composition in a two phase region:
1. Locate composition and temperature in diagram
2. In two phase region draw the tie line or isotherm
3. Note intersection with phase boundaries. Read
compositions at the intersections.
The liquid and solid phases have these compositions.



Phase diagrams
A phase diagram lets you work out exactly what phases are present at any given 
temperature and pressure. 
The phases will simply be the solid, liquid or vapour (gas) states of a pure substance.
This is the phase diagram for a water substance.




