






















An Introduction to Glass Science



























































































Equilibrium Phase Diagrams

A brief introduction of phase 
diagrams (a more advance course: 

MME 3008)



Basic definitions

• System: specific body of materials under 
consideration, isolated from the rest of the 
universe for observation, has a boundary

• Phase : any portion of the system (including the 
whole of the system) that is chemically and 
physically homogeneous within itself, 
mechanically separable from the rest of system

• Components : smallest number of 
independently variable chemical constituents, 
necessary to describe the chemical composition 
of each phase in the system, e.g. Zn, Au, H2O, 
Al2O3



Basic definitions

• Equilibrium: at equilibrium there is a balance 
between opposing forces acting on the system, 
system is at its lowest free energy state, at 
equilibrium the properties of a system do not 
change with time, the system is stable

• Metastable : reaching equilibrium state may take 
a long time, then the system can exist in a 
metastable state for a very long time.

• Phase diagram : a graphic display of phase 
structure (microstructural) information. Single 
component phase diagrams are the simplest:



Single-component systems
• H2O system : water-

ice-vapor; phase of 
water

• Carbon phase 
diagram

H2O

• Temperature and 
pressure are the 
independent variables



GIBBS Phase Rule

P + F = C + 2

• Degrees of Freedom, F : number of 
independent variable available to the system

• P, number of Phases

• C, number of components

• Historically, temperature and pressure were the 
variables available to the system



• In a single-component system
F + P = 1 + 2 =>

We have 

– Di-variant fields

– Mono-variant lines

– Invariant point

F = number of variables you can change 
independently without altering the phase 
composition of the system

GIBBS Phase Rule
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Two-components phase diagrams
• Binary phase diagrams with complete solid 

solubility



• Complete substitutional solid solubility 
between Cu and Ni

• Cu and Ni both form FCC, have similar 
atomic radii, similar electro negativity and 
valences

• Above Liquidus Line @ all T and 
compositions only liquid present

• Below Solidus Line @ all T and 
compositions only solid phase present

• Between solidus and liquidus lines two 
phase region: solid phase and liquid



Finding the compositions of the phases in the two phase region:
Tie-Line construction

Tie line



Tie Line construction:

The horizontal line (isotherm) that passes through the two phase 
regions(and only through two phase regions) and that cuts both 
the liquidus and the solidus lines is termed a tie line.  It connects 
the two phase compositions.

Composition of the  of the 
liquid is by the intersection
point with the liquidus and, 
similarly, the composition
of the solid solution is given
by the point of intersection 
with the solidus.
The relative amounts of the 
two phases can be calculated 
easily by the Lever Rule.







Non-equilibrium cooling Microstructural Development:

Equilibrium solidification 
requires very slow cooling rates.
As T is lowered, liquid and solid 
have to change compositions 
according to phase diagram. This 
requires long range diffusion in 
liquid and solid. In liquid may be 
possible since diffusivities are 
high, but in solid very sluggish 
diffusion kinetics. =>non-
equilibrium microstructure 
develops (cored). Onion-like 
microstructure with varying 
chemical composition; center 
rich in high melting component, 
outer layers progressively richer 
in lower melting compound of 
the alloy.



Non-equilibrium cooling Microstructural Development:

The average solid and liquid compositions will deviate what the eq. Phase 
diagram predicts. Deviation is stronger in the phase with the lower diffusion 
coefficient.  Faster cooling rates cause larger deviations from equilibrium. The 
faster the cooling rate the lower is final solidification Temp.

The distribution of the element 
within the grains will be non
uniform. Lower melting 
component will segregate towards 
the grain boundaries. This will 
cause hot-shortness in the “cored” 
alloy. The grain boundaries in the 
alloy will melt prematurely as they 
are richer in the lower melting 
component. 

Average composition of the 
solid



Binary Eutectic Systems: limited solubility (Under equilibrium conditions)

a + L

b + L

a + b

•Three two-phase 
regions
•Two solid 
solutions with 
limited solubility
•A Composition 
that melts at a 
lower temperature  
(Eutectic temp.) 
than both pure 
phases, eutectic
point, E





Development of the microstructure: Eutectic system



Development of the microstructure: Eutectic system

eutectic reaction and eutectic 
microstructure



Development of the microstructure: Eutectic system



Development of the microstructure: Eutectic system



Binary phase diagrams with intermediate compounds

Simplest case a congruently melting binary compound

•A congruently melting 
compound divides a 
simple eutectic into two 
simple eutectics.
•The compounds melts 
directly into a liquid with 
the same composition



Even this one 
is not too bad. 
There are two 
new types of 
reactions: 
Eutectoid and 
Peritectic
reactions; 
besides there 
are 
intermediate 
compounds 
that have 
solubilities on 
both sides; e.g. 
TiNi



Eutectoid and Peritectic reactions:

d g + 

d + L 

Eutectoid rxn

Peritectic rxn


























