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Table 10.1 Relevant Factors Regarding Hume-Rothery Conditions
System Crystal Atomic Valency Electro-
structure radius (A) negativity

Si-Ge Si DC 1.18 4 1.8

Ge DC - 1.22 4 1.8
Cu-Al Cu FCC 1.28 I 1.9

Al FCC 1.43 k. 1.5
Ni-Cu Ni FCC 1.25 2 1.8

Cu FCC 1.28 1 19
Au-Ag Au FCC 1.44 1 24

Ag - FCC 1.44 1 1.9
Cu-Zn Cu FCC 1.28 1 1.9

Zn HCP 1.39 2 1.6

10.5 PHASES

Physically-distinct, mechanically-separable, and chemically- homogeneous

portion of a system is called a phase. A substance can have different phases such
as

1.  gaseous phase, 2.  liquid phase,

3.  solid phase, 4. solid-liquid phase, and others.

The gaseous state or a liquid solution are single phases in themselves. The atoms
or molecules of chimney exhaust gases mix readily in air. Sugar dissolves in water
and a liquid solution is formed. In the above cases, each system has a single phase.
Contrary to these, a liquid mixture of water and petrol has two phases. These two
liquids do not form a chemically homogeneous mixture as they do not mix together.

Solids may have one or many phases. Hence, they are grouped as
1.  single phase solids, and 2.  multi phase solids

Normally single crystal materials and pure metals have single phase. Quartz,
monocrystal titanium and pure copper are such examples. Polycrystalline materials
and alloys may have single or multiphase. Multiphase solids are rocks, ceramics,
polymers, wood; iron and steel, and alloys. Multiphases for single solid and two
solid systems are explained in this chapter later on.

10.5.1 Gibb’s Phase Rule

Composition and phases of materials may be understood well if the phase relations

are known, Gibb has enunciated a rule, better known as Gibbs phase rule, which
is given by '

D=C-P+N (A=2) . (10.1)

o ‘where Dis degrees of freedom' C represents number of components, P the nurnber'
L Cof phases in equilibrium, and A the system variables. The system varlables are only .
e 2 viz. pressure and temperature therefore A= 2 in Eq 10.1.
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In a system, the number of degrees of freedom D which is cqual to the numbér
of independent variables, cannot exceed total number of variables (dependent angd
independent). Total number of variables in a system is equal to

P(C-1)+2 (10.2)
Therefore

D=C-P+22P(C-1)+2 - (10.3)
For C = 2 in a phase, the number of variables is (C ~ 1) = (2 - 1). For a
system having P phases, total number of variables in the composition wil|

be P (C ~ 1). By adding 2 external variables p and7, total number of
variables become P (C-1) + 2.

The degree of freedom cannot be negative. At the most it can be zero, It is
evident from Eq. 10.1 that the degree of freedom decreases when number of phases

increases. Forexample, in atwo phase system like Cu and Ni, the degree of freedom
1S two.

Example 10.1 How many phases are possible in a two component system ?

Compute total number of variables and degrees of freedom for all the possible
number of phases.

Solution. Recall Eq. 10.1,
D=C-P+2
where C = 2 for two components system. Let P=1,2,3, 4,5 .. etc.
From Eq. 10.2, we know that the total number of variables
=P(C-1)+2
The required computations are done as below.

No. of phases No. of total variables Degrees of free:'dom
P P(C-1+2 D=C-P+2
1 12-1)+2=3 2-1+2=3
2 22-1)+2=4 2-2+2=2
3 32-1)+2=5 2-3+2=]
4 42-1)+2=6 2-4+2=0
5 52-1)+2=7 nonexistent

Thedegree of freedom=0when P=4. Hence a two co

mponent system cannot
have more than 4 phases in equilibrium.

10.6 PHASE DIAGRAMS

Plots showing relations between
pressure and temperature are calle
- cquilibrium diagrams. Temperatur
~ (inbinary phase diagrams) or press

phases in equilibrium versus composition,
d phase diagrams, T hese are also known as
e is plotted on ordinate (y-axis) and composition
ure (in unary phase diagram) onabscissa (x-axis) -
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from these disrams the h p(?smon 15 expressed in percent weight. We can sce
> Hhechange in phases with respect to the chan ges in temperature

or composition. Phase di i

qutempalwa " lP!lacc diagrams are always drawn at equilibrium state because a

;0;1] n an 3]; Ties to be stable. The alloy systems involve a number of
ponents. Based on these, the phase diagrams are classified as below.

L. Unary phase diagram (single component system)

2. Binary phase diagram (two components system)

3. Ternary phase diagram (three components system),

4. Quaternary phase diagram (four components system), and so-on.
We shall deal here with unary and binary phase diagrams. Ternary phase diagram
may be referred to in reference [1].
10.6.1 Unary Phase Diagram

Such phase diagrams are drawn for a single component system. Question of
composition and compositional variable does not arise in it. Hence the phase map
indicates temperature 7 on y-axis and pressure p on x-axis.

Consider the case of iron (Fe) whose phase diagram is shown in Fig. 10.2. The
diagram indicates different phases as a function of temperature and pressure. The
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