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Binary system with Compound Formation

AB melts congruently

Simple eutectic systems

A                  AB                                   B
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Binary system with Compound Formation

A                  AB                                   B

AB melts incongruently

A, AB, Liquid

Peritectic point

L

A+L

AB+L
A+AB

invariant point
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Binary Systems with Immiscible Liquids
Immiscible dome: two liquid phase coexist

A                                                     B

A +B

L

A +L B +L

A+L 2 Liq.

a

Point a:

Liq. a, Liq. c
Crystal A

P=3   C=2

F=0

Monotectic

c

P+F=C+1

invariant point
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invariant point

eutectic

Peritectic

Monotectic
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Binary Isomorphous System

-phase is substitutional solid
consisting of both Cu and Ni and 
having an FCC structure

Mutually soluble in solid
State

Binary system with solid solution

Melting points
Mutually soluble in liquid state

F=2

F=2

W. Callister Chapter9
Mater. Sci. Eng. An introduction

• atoms have similar radii;
• both pure materials have

same crystal structure; 
• similar electronegativity 

(otherwise may form a 
compound instead);

Chem 253, UC, Berkeley

Binary Isomorphous System

Phase present

 Point A - 
 Point B -  + L

Mutually soluble in solid
State

Mutually soluble in liquid state

F=2

F=2

P+F=C+1
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A 50%-50% composition begins melting at about 1280 oC; the amount 
of the liquid phase continuously increases with temperature until about 

1320 oC where  the alloy is completely liquid.

Chem 253, UC, Berkeley

Point B

  + L region

 Liquid phase (31.5 wt%
Ni – 68.5 wt % Cu)

 Solid phase (42.5 wt % 
Ni – 57.5 wt % Cu)

Example: 35 wt% Ni – 65 wt% 
Cu alloy at 1250 oC

L
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 T = 1250 0C;  + L; 35 wt 
% Ni – 65 wt % Cu

 Compute %  and % L

 Co = 35, CL = 31.5, C  = 
42.5

 WL =                  = 0.68 (68 
wt %)

 W =               = 0.32 (32 
wt %)

Example

5.315.42

355.42




5.315.42

5.3135
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No microstructural changes until reach
liquidus line.

b – composition dictated by tie line 
intersection of liquidus and solidus.

Note: overall alloy composition remains
the same but phase compositions change 
as cooling occurs.

c – from b to c -phase increases as 
dictated by lever rule and composition
changes as dictated by tie lines and their
intersection with solidus/liquidus.

Equilibrium solidification requires very slow cooling!
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Compositional changes as defined by boundaries
requires readjustment via diffusion over time –
non-equilibrium.

Diffusion is especially low in solids – much higher
in liquids and decreases with temperature 
Decrease.

Note for dashed line shown no phase change until
Pt. b’.

Pt. c’ – composition dictated by tie-lines as shown;
but -phase has not had time to change from 46%
Pb to 40% Ni – reasonable average is 42%.

Note similar situation at pt. d’.

Result is a constant liquidus line (due to much more
freedom of movement and much higher diffusion;
shifted solidus line (dashed) due to diffusion.

Pt. d’  - should be complete solidification, but effects
of diffusion dominate.

Non-equilibrium solidification

Chem 253, UC, Berkeley

Consequences of 
non-equilibrium 
solidification:
 segregation, cored 

structure;
 upon reheating –

grain boundaries 
will melt first 
causing loss of 
structural 
integrity.
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Fractional Crystallization

CaAl2Si2O8                                     NaAlSi3O8

Chem 253, UC, Berkeley

 Very slow cooling rate: crystallization to the same 
composition

 Slightly faster:   Fractional crystallization

 Very fast: no time for any crystallization, form glass

Crystallization
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Binary solid solution with thermal 
minima or maxima

Indifferent point, NOT invariant point

There are NEVER three phases.

Chem 253, UC, Berkeley
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Common Tangent Construction of Phase Diagrams

Gmix = Hmix - TSmix

Chem 253, UC, Berkeley
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 The common tangent construction can be seen linking the solid and liquid free energy 
curves to minimize the system’s overall free energy for a given overall composition.

 This construction also identifies the composition of the solid and liquid phases which are
in equilibrium at this temperature.

Chem 253, UC, Berkeley
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1400

1000
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Miscibility gap
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 Three – two phase regions 
 + L,  + L, and  + 

 Compositions and relative 
amounts for the phases 
may be determined using 
lever rule.

 Liquidus line  - melting 
temperature lowered by 
adding Ag to Cu (vice 
versa).

 Point E – invariant point

Binary eutectic system with partial 
solution formation
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Solid solution rich in copper
silver as solute (FCC) – max of
8% Ag at 779C 

FCC, copper is solute, rich in Ag
max. 8.8% Cu

BEG – limited solubility boundary
line

Ag in Cu
solubility
8%

Melting points of pure metals

Solvus line – line between single crystal solid and 
Multi-crystal solid

Chem 253, UC, Berkeley

 L (CE)                  (CE) + (CE)

 Eutectic reaction

L (71.9 wt % Ag)                   (8.0 wt % Ag)+ (91.2 wt % Ag)
cooling

heating

cooling

heating

Eutectic isotherm
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Given a 40% Sn – 60% Pb alloy at 150C
(a) What phase(s) are present?
(b) What is (are) the composition(s) of the phase(s)?

150C isotherm (40% Sn – 60% Pb)

Chem 253, UC, Berkeley

 40 wt % Sn – 60 wt % Pb 
alloy at 1500C

 Phase present
 Temperature –

composition point in 
+  region ( and   will 
coexist)

 C  (10 wt % Sn – 90 wt 
% Pb)

 C  (98 wt % Sn – 2 wt 
% Pb)
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Relative amounts of 
each phase (weight)

66.0
1098

40981 












 CC

CC
W

34.0
1098

10401 











 CC

CC
W

Lever rule

Chem 253, UC, Berkeley

The microstructural changes 
that occur in eutectic binary diagram
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Pure element to maximum solubility at
room temperature:

 Alloy is liquid until it passes through 
liquidus, -phase begins to form

 More  is formed while passing into 
L+  region –compositional differences 
dictated by tie lines and  boundaries

 Result in polycrystal with uniform 
composition

 Note crystal maintains -structure all 
the way to  room temperatures  (under 
equilibrium).

Chem 253, UC, Berkeley

Composition range between room
temperature solubility and max. solid
solubility at eutectic temperature: 

 Changes are similar to previous case as we
move to solvus line.

 Just above solvus line, pt. f, microstructure
consists of grains with composition C2.

 Upon crossing the solvus line, the  solid
solubility is exceeded – formation of 
phase particles.

 With continued cooling,  particles will
continue to grow in size because the mass
fraction of  increases slightly with 
decreasing temperature.
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Solidification of eutectic composition

 L(61.9 wt% Sn)       (18.3 wt% Sn) + (97.8 wt% Sn) – redistribution of tin and 
lead at eutectic temperature.

 Redistribution is accomplished by diffusion – microstructure is lamellae or 
columnar structure.

 This lamellae/columnar configuration: atomic diffusion of lead and tin need only 
occur over relatively short distances.

Chem 253, UC, Berkeley
During the eutectic transformation 
from liquid to solid ( + ), a 
redistribution of Pb and Sn is 
necessary because and  and  have 
different compositions neither of 
which is the same as the liquid.
Redistribution is through diffusion.

Pb atoms diffuse toward -phase since it is lead-rich (81.7%); 
Sn atoms diffuse toward -phase since it is tin rich (97.8%)

Liquid
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Lamellae structure

Chem 253, UC, Berkeley

Columnar structure
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Compositions other than eutectic that, when cooled, cross the 
eutectic temperature:

As eutectic temperature line is crossed, liquid phase, which is of the 
eutectic composition – follow boundary line – will transform to 
eutectic structure (lamellae).

Chem 253, UC, Berkeley
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Relative amounts of microconstituents:

Eutectic microconstituent, We = same as liquid phase from which it was 
transformed, WL

We  = WL = P/(P + Q) = (C4’ – 18.3)/(61.9 – 18.3)

Primary microconstitutent, W’ = Q/(P + Q) = (61.9 – C4’)/(61.9 – 18.3)

Fraction of total  = W  =  (Q + R)/(P + Q + R) = (C4’ – 18.3)/(97.8 – 18.3)

Chem 253, UC, Berkeley
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Vapor-Liquid-Solid Nanowire Growth

metal 
catalysts

alloy
liquid

vapor
nanowire

Alloying

Nucleation

Growth

I              II               III         

I

II

III

Unidirectional growth is the consequence of an anisotropy in solid-liquid interfacial energy.

Y. Wu et al. J. Am. Chem. Soc. 2001, 123, 3165

800 deg. In-situ TEM
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Case Study: Carbon nanotube growth
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Case Study: graphene growth

Chem 253, UC, Berkeley

Roll-to-roll 
production 
of 30-inch 
graphene 
films

Nature Nanotechnology
Volume:5,
Pages:574–578
Year published:(2010)


