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 Binary Phase Diagrams
G = X,G, + X;Gz+ Q X, Xz +RT(X,InX, + X;zInXy)

1) Simple Phase Diagrams AHL =0 AH®. =0
2) Systems with Miscibility Gap AH, =0 AHD, >0
3) Simple Eutectic Systems AH rlr;ix =0 AH r?]ix >>(
4) Ordered Alloys AHE =0 AH>. <0

5) Phase dia. containing stable intermediate phases
AHE =0 AH?> <<0

mix mix



Contents for today’s class

Effect of Temperature on Solid Solubility
Equilibrium Vacancy Concentration
The Influence of Interfaces on Equilibrium

Ternary Equilibrium: Ternary Phase Diagram
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Fig. 1.36  Solubility of B in A. e TTT T I

Q : heat absorbed (enthalpy) when 1 mole of B dissolves in A rich a as a dilute solution.



Equilibrium Vacancy Concentration AG =AH —TAS

» Vacancies increase the internal energy of crystalline metal
due to broken bonds formation.

AH =AH, X,

« Vacancies increase entropy because they change
the thermal vibration frequency and also the configurational entropy.

 Total entropy change is thus

AS = AS, X, —R{X, In X, + (1- X,)In(1- X, )}

The molar free energy of the crystal containing X, mol of vacancies

G=G, +AG =G, +AH, X, — TAS, X, +RT{X, InX, + (1- X,)In(1- X,)}

m) \With this information, estimate the equilibrium vacancy concentration.



at equilibrium [ dG ]
dXy )y e

AH, — TAS, +RTINX =0

AS —AH
X¢ =ex V.. ex v
N P P 2T
putting AG,, = AH,, —TAS,,
.............................. R
X = ex v
v P RT

e In practice AH,,is of the order
of 1 eV per atom and X,
reaches a value of about 104~10-3
at the melting point of the solid

_TAS = RT InX,

Fig. 1.37 Equilibrium vacancy concentration.
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Fig. 1.38 The effect of interfacial energy on the solubility of small particles.
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Fig. 1.39 Transfer of dn mol of B from large to a small particle.

B formation in q

B Nucleation & growth in o

Interface (a/B) : size barrier
composition barrier
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Additional Thermodynamic Relationships for Binary Solutions
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The Gibbs-Duhem Equation

Be able to calculate the change in chemical potential (du) that result
from a change in alloy composition (dX).

For aregular solution,

G=X,G, +X;G; +QX, X, +RT(X,InX, + X;InX;)

2
06 __RT_ 5o
dX® XXy
d°G  RT
For aideal solution, Q=0, dx? XaXg

ug =Gg +RTIna, =G; +RTIny, X

dug _ RT 1+ Xg dyg | _ RT 1+ diny,
dX; Xg e AXg | Xg diIn X,




a similar relationship can be derived for du ,/dXg

X, du, = X, du, =RT {1+ §|I:>7<A }de _RT {1+ §|I:>7<B }de
A B

d°G
Xy = Xgdprg = X, X des

2
XXy 28 _RT i1 A7 | _pyly, 417
dX dinX, din X,



Driving force: precipitation

* Consider the chemical potential |
of component B in phase alpha
compared to B in beta. This o7
difference, labeled as AG,, on ak g ¥ oG -
the right of the lower diagram is
the driving force (expressed as
energy per mole, in this case).

_I
/

@ A X X Xg —> xP 8

* To convert to energy/volume,
divide by the molar volume for
beta: AG,, = 4G, /V,,,

Driving force for the reaction : 4G,

Driving force for nucleation : 4G,

by 0 Xg—> 1
Fig. 5.3 Free energy changes duting precipitation. The driving force for the first

Because the first nuclei of beta to appear
do not ignificantly change the COMPOSItION Fhen precpitaton i complete and cquifbrium has been reached. - ™
of the parent material






What are ternary phase diagram?

Diagrams that represent the equilibrium
between the various phases that are formed
between three components, as a function of
temperature.

Normally, pressure is not a viable variable in
ternary phase diagram construction, and is
therefore held constant at 1 atm.

497, o % 4 AF A& FI

www.sjsu.edu/faculty/selvaduray/page/phase/ternary_p_d.pdf



Gibbs Phase Rule for 3-component Systems

F=C+2-P
For isobaric systems:
F=C+1-P

For C = 3, the maximum number of phases will
co-exist when F =0

P=4whenC=3andF =0

Components are “independent components”



Gibbs Triangle

An Equilateral triangle on which the pure
components are represented by each corner.

Concentration can be expressed as
'SP “?9 - either “wt. %” or “at.% = molar %”.
/” \
Q A \
v % \\\ 5
A TATAT
\
\

m
\ \
Vo +Xpt+ X =
% &/\/\/\/\%\%‘{—\\\ XA XB XC 1

Used to determine

e the overall composition
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Ternary Isomorphous System

Isomorphous System: A system (ternary in this
case) that has only one solid phase. All
components are totally soluble in the other
components. The ternary system is therefore
made up of three binaries that exhibit total
solid solubility

The Liquidus Surface: A plot of the
temperatures above which a homogeneous
liquid forms for any given overall composition

The Solidus Surface: A plot of the
temperatures below which a (homogeneous)
solid phase forms for any given overall
composition




Ternary Isomorphous System
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Ternary Isomorphous System

B3:




B4

Ternary Isomorphous System

Liquidus Surface

—

RS

Solidus Surface




Ternary Isomorphous System




=C-P

BTIC:

Ternary Isomorphous System
Isothermal section — F

BTIB:




Ternary Isomorphous System

Isothermal section

RT-

B128:




Ternary Isomorphous System

Isothermal section > F=C-P

(bl
Fig. 1.41 (a) Free energies of a liquid and three

solid phases of a ternary system.



Ternary Isomorphous System

Locate overall composition using Gibbs triangle

TRII:
Tie line: A straight line joining any two ternary
R compositions

Amount of each phase present is determined by

using the Inversé Lever Rule




Ternary Eutectic System — No Solid Solubility

Ternary Eutectic System
(No Solid Solubility)

The Ternary Eutectic Reaction:

A liquid phase solidifies into three separate
solid phases

G. Selvaduray - SJSU - Oct 2004
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Ternary Eutectic System
(No Solid Solubility)
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Ternary Eutectic System
(No Solid Solubility)

ES:

Liquidus projection

. 41'))),



Ternary Eutectic System
(No Solid Solubility)

TIA:

TIC:




Ternary Eutectic System
(No Solid Solubility)

. TIA T2C:




Ternary Eutectic System
(No Solid Solubility)

T3A: T13C:
IE
‘iL ek - . L+H+C
' T
| 3
B




Ternary Eutectic System
(No Solid Solubility)




Ternary Eutectic System
(No Solid Solubility)

Is




Ternary Eutectic System
(No Solid Solubility)

TOA: TeC.




Ternary Eutectic System
(No Solid Solubility)

T=ternary eutectic temp.




Ternary Eutectic System
(with Solid Solubility)

T a: Melting Point Of Material A

Ty: Melting Point Of Material B

Te: Melting Point Of Material C

Ty : Eutectic Temperature Of A-B

Tya: Eutectic Temperature Of B-C

Tgsy: Eutectic Temperature Of C-A

TS A I T S . v = \ \/7
T \gl/ o



Ternary Eutectic System
(with Solid Solubility)

P3:




Ternary Eutectic System
(with Solid Solubility)

Main outhine of Ternary Phase Diagram with Ternary Eutectic (T.) and Solid
Single Phase Regions Shown

LIQUID:

All Liquidus surfaces («+L-Red, B+L-Purple, y+L-Green)



Ternary Eutectic System
(with Solid Solubility)

T1B:

LIQUID

A

Temperature Slice At T, < Ty, But >T4, Tc Isothermal Section At T=T,



Ternary Eutectic System
(with Solid Solubility)

T2A T2B

LIQUID

A

Temperature Slice At T,> T, But, T, <Tg, Tc Isothermal Section At T=T),



Ternary Eutectic System
(with Solid Solubility)

T3A: T3B

Temperature Slice At T; <Ty, Tp, Te, But T3>Tgy, Tp, Tgs Isothermal Section At T=T
h s



Ternary Eutectic System

(with Solid Solubility)
T4A: T4B:

A

Temperature Slice At Ty<Tg And To>Tg), Tes Isothermal Section At T=T,



Ternary Eutectic System
(with Solid Solubility)

T5A: T5B:

A

Temperature Slice Below All Binary Futectics But, Above The Ternary -
Eutectic Isothermal Section At T=T



Ternary Eutectic System
(with Solid Solubility)

T=ternary eutectic temp.




Ternary Eutectic System
(with Solid Solubilitv)

ToA: T6B:

A

Temperature Slice at Tg < Tg Isothermal Section At T=T,

A& A AF A8 ZFAZ: A A isothermal sectiond] %9 & W3}
http://www.youtube.com/watch?v=yzhVomAdetM



Ternary Eutectic System

Solidification Sequence
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Ternary Eutectic System

Solidification Sequence
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