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d Theoretical Limits for Configurational
Entropy and Entropy Paradox

d@l Model Description
# Dilute Solutions
d@ Comparison with Similar Models

Part 2

e Geometric Models
e Power Series Models
* Probabilistic Interpretation
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Ideal solution - maximum disorder
For any solution phase: S <.,

At the same time
S >0
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Luck et al. 1989
High temperature limit

Pelton et al. 2000
Ag =0
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 Interactions between mixing particles result in the
formation of associates which are at equilibrium with
each other.

« Associates are uniformly distributed (ideally mixed)
over a lattice.

 All pure solution components and the chemical
solution of these components are treated in a
unified way (associates of the same size).

» Particles of the same type are indistinguishable, while
particles of different types and particle sites within an
associate are distinguishable.
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The system A-B with 3-particle associates

123 [No an-k]j! G= Dttylg + R InCxy)
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i,jk=AB
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AAB TT(Vom)! ( oG ] 0
n,,

ABA fjk=AB on

BAAl § =k, In(Q) o Mg Py e
A B B conf ~— "VB

BAB] 9 1

B BA] —[AAA]+—[BBB] < [AAB]

BBB] > 3

2 1
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The system A-B with 3-particle associates

81aaB] = 81aBa] = 8Baa] — 8a,8> 8[BBA] — 8[BAB] — 8[ABB] — 8B,A

AAA]-A;(pureA) G=n, 8, +Ny 8y TNy 58a5t71sp 8as,

A A B]-

fA B A - A,B T RT(nA3 ln(xA3 )+ Ny, ln(XB3 ))

:B 2 A: i XA,B XAB

A B BJ~ + RT nAzBln 2 —I—nAB2 In 2

B A BJ] - AB, 3 3

B B AJ-

B B B] - B, (pure B) oG _| 9G _0
anAzB anABZ
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The system A-B with 3-particle associates
AgA2B = AgBZA =0

_ .3
XA3 —XA

x, 5 =3x2x, G expression correctly
x, =3x,x2 educes to the ideal solution

_ .3

3
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Solution of monoparticles A and B and associates A,B
with AgAzB —> —00

X
For small x, ap = —7A Rault’s law ag =1—x,

Agpp =—0° For any finite Ag,p

Rigorously proven for CAM and MAF
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Models Conf. Entropy

« CAM * |deal solution

« ASM e Highly ordered solution
« MQM 1986  Immiscible components
« MQM 2000

« MAF
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Theoretically sound
. |Ideal Solution v
 Ordered solution v

. Immiscible components (S=0) v’

However
Limited applicability
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the adjustable parameters

CAM ASM MAF MQM1 MQM2

Free from entropy paradox - . + - -
Raoult’s law + -+ + +! +!
Selection CMO - + + +- +
(binary systems)

Selection CMO + + + - -
(multicomponent systems)

Clear physical meaning of + + + . -
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| | 2n, . N 1 Nag
T A A
Ly, Zy2n,+nyg Z,z2n,, +tny

L_ 1 2my 1 ny

B B
Zy Zpg 2npp+n, Zyp, 2n,, +h,y

con n
G=n,g%+n,g5—TAS®" + SB Ag.. In error

Correct expression

n + —TAS ™ 4+ —AB A
zZh ASA zZ 5 oaB

G =
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Cheng and Ganguly:

“a major problem in solution thermodynamics”

Power Series

Geometric «,xx,

 Margules
 Wohl

 Helffrich and
Wood

 others

Empirical

Qr

 Kohler
 Muggianu (Hillert)
 Kohler/ Toop
 Muggianu/ Toop

Inline with Calphad
approach
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Dilute solution (Chartrand and Pelton)
4,

A, c=c’ A,
Muggianu - ---Kohler

Muggianu - - - -Kohler

Kohler: singularities at terminal composition (Brynestad)
should not be used (Howald and Row)
&
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Dilute solution

c A 5
Muggianu - - - -Kohler/Toop

 No quantitative criteria

e Chemically dissimilar components are treated in a
thermodynamically different way

 Muggianu with the specially selected ternary term resolves
the issue
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Helffrich and Wood:
 Subregular model - 3-particle interactions

 Ternary terms exist independently of the
properties

« of the bounding binaries

 Ternary terms could be required even for
Regular model

Power Series Geometric
integral part empirical
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 The Bragg-Williams approximation
e Short-range interaction p,
* Uniform lattice z,

o O O O
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=Y x(g +RTIn(x))+ D Crp X s X
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1 2 50

“AAA+ZAAA < AAA;  Ag=————KkJ/mol
3 3 N,
LAAA +2AAA & AAA;  Ag=——2Ki/mol
3 3 3N,

AA, +AA <24 A; Ag =0

Al (AZAZ )+ Al (A3A3 ) « 2141 (A2A3 )’ Ag — O

Yaan+laan+laan oars: Ag=— kimol
3 3 3 N,

o =—50x, (1—x, )’kJ
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