What exactly do pressure and temperature do to
the molar Gibbs energies of phases?

Dmitr1 V. Malakhov






et us start with the influence of pressure




This influence iIs not of a scholastic interest only
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A definition of a critical radius
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critical
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Shewmon “Transformations in metals”, Page 151
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figure 4-10. Free-energy diagram and phase diagram indicating change in solubility
of B, and eutectoid temperature when B is present as fine spheres (labeled B’).



Porter, Easterling “Phase transformations in
metals and alloys”, Page 285
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Fig. 5.20 The Gibbs-Thomson effect. (a) Free energy curves at 7. (b) Corres-
ponding phase diagram.



Hillert “Applications of Gibbs energy-
composition diagrams” in “Lectures on the theory
of phase transformations”, Page 21

Fig. 27. Change in compositions
when a pressure is applied to one of
the phases in a two-phase
equilibrium.
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Thermo-Calc + COST 507 database

Liquid/BCC equilibrium in the Fe—L1i system
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Thermo-Calc + COST 507 database

T =1000 K, reference states are pure liquid Fe
and pure liquid L
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T =1000 K, reference states are pure BCC Fe and
pure BCC LI

Thermo-Calc + COST 507 database
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Thermo-Calc + COST 507 database

T =1000 K, the so-called “standard element
references” are used

Gibbs energy of formation, kJ/mole
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Not G per se, but A;G!
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et us make a phase y from pure components
(1-x)A“ +xB"

(1-%)A,Ga""" +xA,Gg" ™"

!

(1-Xx)A" + xB’

RT|(1-x)In(1-x)+xInx |

! |

Y i
Al—xBxJ A*G > Al—xBx )
Ideal y solution Real y solution

A.G

15



Reference states are pure liguid components

AG" =(1-x)A, G +xA,Gg 7 + AYGE + A¥G"

™ 0 g =f(P) #f(P)

AG* =(1-X)A, G + xA,Gg - + A“G* + A®G*

=f(P) #f(P)
L
OAG 0
P ).

o 0L-a 0L-a
oAG" ) _ 1-x) oA, G? [ OAGE
oP ). P ) P )

= (L=x)(Va =V )+ x(Vg =Vg ) <0

. J/ . J

V - V -
Usually negative Usually negative

Why “usually”? Because there are rare exceptions such as H,O, Bi, Sb
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What does this mean?

AG" does not change its position

AG* shifts downward by (1-x)(Vy =V )+x(Vg =Vy )

©©

The o phase Is stabilized by pressure applied
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Reference states are pure solid components

AG" =(1-x)A,Gr " +xA, Gt + A“GE + A¥G"
¢fYP) ;thP)
AG* =(1-X)A,GR" ™ + XA, Gg* " + A“G* + A¥G*

=0 J— #1(P) #f(P)

L Oa—L Oa—L
OAG (1-x) oA, G2 . [ MG
P ) P ) P )

J . J/

Usually positive Usually positive
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What does this mean?

AG® does not change its position

AG" shifts upward by (1—x)(V,5 =V& )+ x (Ve =)

A
e
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The liquid phase is destabilized by pressure applied
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Reference states are pure liguid components

AG" does not change its position, | N
AG® shifts downward by AG™ does not change its position,

AG" shifts upward by
1-x)(VE =V )+ x(VE =)
MWV NE) e e ve)

-
The result of our derivations

1 |

Identical in terms of phase stabilities!

\4
AG* shifts upward by (1-x)V, + xVy,

AG" shifts upward by (1— X))V, + XV
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Reference states are pure solid components

AG™ does not change its position, ] | N
AG" shifts upward by AG" does not change its position,

AG* shifts downward by
1-x)(V,y —V2 (VA VAC
N ( X)( : A)+X( - B)J (1—x)(VA°‘ —VAL)+X(VB“ —VBL)

~
The result of our derivations

1 ]

Identical In terms of phase stabilities!

|

AG*“ shifts upward by (1-x)V, + xVy,
AG" shifts upward by (1-x)V,y + XVg




Aha!
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Free-energy diagram and phase diagram indicaling change in solubility

of B, and eutectoid temperature when B is present as fine spheres (labeled g').

ponding phase diagram.

Fig. 5.20 The Gibbs-Thomson effect.
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Now about the influence of temperature
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Shewmon “Transformations in metals”, Page 154
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Not G, but A:G!
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Reference states are pure liguid components
AG" =(1-%x)A, G +xA,Gg 7F + AYGE + AG"

4 ' H/_/
=0 =0 if(T)

AG” =(1-X)A,G," " +XA,Gg - + AG* + A¥G”
£f(T)
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What does this mean?

With respect to AG",

AG* shifts upward by With respect to AG”,
(1-x)(Sk - %)+ x(s% - 5¢) AG" shifts downward by
\ AT VA s s ) (1-x)(Sx =Sk )+x(Ss - Ss)

-
The result of our derivations

T T

Identical in terms of phase stabilities!

!

AG* shifts downward by —(1-x)Sx —xSg,
AG" shifts downward by —(1—x)S, — xS




Reference states are pure solid components

AG" =(1-Xx)A,Go 7" +xA,Gg*”F + A“G +

AG* =(1-X)A,Go 7" + XA, Gg* 7 + A“G" +
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What does this mean?

With respect to AG”, _ )
AG" shifts downward by With respect to AG™,

AG*® shifts upward by
1-x)(S¢—SL)+x(Sg - st
g X)(Sk k) + (S B) (1-x)(Sx =Sz )+x(Ss —S¢)

iy
The result of our derivations

T T

Identical in terms of phase stabilities!

l

AG* shifts downward by —(1-x)Sx —xSg,
AG" shifts downward by —(1—x)S, — xS




Conclusions

e “The Gibbs energy of a phase” actually means “The
Gibbs energy of formation of the phase”.

* A choice of reference states is important when such
guantities as enthalpies, activities or chemical
potentials are calculated, but it i1s immaterial in terms
of relative phase stabilities.

e Be critical, do not be a conformist!
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