Recitation: 12
12/04/03

Regular Solution Solution:
In anideal solution,the only contributionto the Gibbsfree energyof mixing is the configura-
tional entropydue to a random mixture:

G = wapiy + wppy + RT [walnwa + 2pnp]
AG}

mix

=G — [xAM?q + QIBM(J]B] = RT [xalnzy + 2pnag]

Whenthereis a differencein theenergetichbetween A~ A, A — B andB — B interactionsit
is possible to model the Gibbs free enemjjthe system using the Regul8olutionmodel:

GR.S. — CEAM%"‘xBM% + RT [nglnxA—l—];BIDLEB] + WL ATRB

where

2
andw;; corresponds to the energythe corresponding bond or interaction.

( wAA+wBB)
w=N,z|wsp — ——

Fora regularsolution, the Gibbs free energy mixing is givenby:

AGES = RT [talnzs +zplneg| +wrazp

miz

The enthalpyof mixing in a regulasolution is just\ HE:5: = wz 4z 5.

mix

e WhenAH,,;, < 0, Exothermic

e WhenAH,,;, > 0, Endothermic

There is a fundamental flain the RegulaSolution Model:

Thekeyassumptionn the R.S.modelis thatthe probabilityfor observinganypossibleconfig-
urationis the sameandis independenof the interactionenergiedbetweerlike andunlike atoms.
In reality,

As T — oo, however,Z: — 1. Therefore, R.S. is a better approximation at high temperatures.
J

Ordering
In real materials,it is possibleto observeda wide rangeof orderingbehavior,going from a
completelyrandom solution to a fully ordered compound.
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Figure 1:RegularSolution Models with differenvaluesfor w
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Figure2: G5 for variousT', w = 20000



Considera binary systemfor which the purecomponentsA, and B, existin the bcce structure.
If theinteractionparameterw is highly negative the systemwill try to maximizethe numberof
A — B bondsin orderto minimizeits Gibbsfree energy,providedthe temperatures low enough.
At high temperature, entromlominates.

In this systemit is possibleto considerto sublattice,o and 3. An orderparametery canbe
definedso:

(1+n)

T

N~ N~

vy =5 (1+7)
e Forn=0, 2% = =% — Fully disordered
e Forn=1, 2% =1,z% = 0 — Fully ordered

Fora system that can undergoder-disordetransitions, for a givewomposition, we have:

= anw+ % [(1 —n)ln (1_777) +(1+n)h (HTU)}

To find the valuefor n atanytemperaturd’ it is necessaryo minimizethe free energyl’ (n)
with respect toy:
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Figure 3:pv.s T/Tcforzy = x5 = 0.5



Problem:correlation of occupation probabilities.

Phase Diagram
Thereis a thermodynamiaconnectionbetweenmicroscopicbehaviorof matterand macro-
scopicobservations.

Phase Diagrams:

i) Expressiongor the Gibbsenergyof phasesanbe obtainedrom microscopiaalculationsof
energiesentropies, etc.

i) By establishingequilibrium conditions,i.e. commontangentconstruction,it is possibleto
calculate phase diagrams.

iii) In principle,the Gibbsfreeenergycurvesandthe phasediagramscarrythe samenformation.

Example:
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Figure 4:Cu-Ni System



Eutectics, Peritectics

: A+L :
B

(a) Eutectic Transformation (b) Peritectic Transformation

Figure5: InvariantTransformationsn Binary Systems
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Figure 6:Ag-Cu Binary Phase Diagram



Metastability

In somecasestheprecipitationof aphasanaybelimited by kineticfactors,suchasnucleation.
Thisusuallyoccurswhenthephasdransformationsccuratlow temperaturesyherediffusionand
nucleatiorrates are extremeliow. A good examplas the F'e — C' phase diagram, Why??.

(a) Stable Equilibrium (b) Metastable Equilibrium

Figure 7:Stable vsMetastable Equilibria
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Figure 8:Ag-Ti Phase Diagram



If AgTi and/orAgTi, becomeametastable:
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(a) Ag-Ti Phase Diagram, with Agik metastable.

How do the Gibbs Free energyrveslook like??7??

x(Ti)

T

02 0.4 06 08 1.0
x(Ti)

(b) Ag-Ti PhaseDiagram, with AgT'i, and AgT
metastable.

Figure9: Metastabledg — 77 Phase Diarams.

THE ENDI!!



