Chapter 1.

Thermodynamics and Phase Diagrams

Young- Chang Joo

Nano Flexible Device Materials lab
Seoul National University

Phase Transformation in Materials




Contents

“* Equilibrium

“* Single Component Systems

Gibbs Free Energy as a Function of Temperature
The Driving Force for Solidification

“* Binary Solutions

Gibbs Free Energy of Binary Solutions
Ideal Solutions

Chemical Potential

Regular Solutions, Activity

Real Solutions

*» Interface Effect (Size Effect)

Phase Transformation in Materials

;g_ Nano & Flexible
%5¥ Device Materials Lab.



1.1. Equilibrium

% System
— An alloy that can exist as a mixture of one or more
phase

“* Phase
— A portion of the system whose properties and
composition are homogeneous

*» Component

— Different elements or chemical compounds which
make up the system
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1.1. Equilibrium

Phase Transformation :

how one or more phase is an alloy(system) change
Into a new or mixture of phase

Why? Initial state is unstable
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1.1. Equilibrium
“* Gibbs free energy, G

G=H-TS

Internal_ener =kinetic energy + potential ener
rmal,energy ( gy +p ay)

- H (enthalpy) :@+ PX\

For condensed phase (liquid or solid), usually small

- S (entropy)
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1.1. Equilibrium
“* Gibbs free energy, G

Equilibrium
A —dG =0 Stable equil.
o Metastable equil.
| dG#0 Unstable
75

Arrangement of atoms

* Kinetics : How fast does a phase transformation occurs
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1.2.1. Gibbs free E. as a function of temperature

< Enthalpy, Entropy vs. Temperature
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1.2.1 Single component system

“* Variation of Gibbs free energy wit
G=H —TS

B
H —E: 0

A 4%}
0

0 (c)

TS
Slope=-S§
G
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N temperature

Slope g{/

T (K)

= —SdT + VdP

as pressure const. dP=0

(),
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1.2 Liquid and Solid Phase " "

G=H —-TS H: liquid > solid

T (K)

S: liquid > solid

Solid o Liquid "\ & (liquid)

stable | stable f
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1.2 Liquid and Solid Phase ¥ ~
N .

upon heating (heat supplies) ...

Asolid)

T (K)

Solid
stable | stable f
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1.2.2 Driving Force for Solidification

“ Phase transformation deals with AG of two phase of interest at temp
away from T,

Ex) liquid metal under cooled by AT below T,

|
Solid _, Liquid G (liquid)
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Temperature

AG : Driving force for solidification

Phase Transformation in Materials nano & Flexble



12

=4

1.2.2 Driving Force for Solidification

N G"=H"-TS*
S — gS S
| ow) GS=HS—TS
S “atT, |[AG=AH—TAS
; | o AH = HY — HS
: ' [
<—AT—>: GL A5=SL—SS
|
R, “atT, G-=G> +~AG=0
emperature
AH = T, AS
AG AH L P
T, T, (~ 8.3 Jmol™1K™1)
Ent f fusi For most metals —Richard’s rule
ntropy of fusion (L 2t T,,2 bonding strength? &= &
st i)
#L o Ty,
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1.2.2 Driving Force for Solidification
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AG = AH — TAS
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LT,
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o atT, AG = AH — TAS
AH = HY — HS

[ AS = SL — 8>

< For small AT, AC,(= C} — C5)~ small

AH,AS + f,(T) (=const.)

= | AG = ——




1.3 Binary solution

“* Gibbs free E changes as T, P & composition

Before mixing After mixing
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XpmolA  XgmolB 1 mol solid

solution
FE. X,G, FE.E. XpGp

% J L J

Y Y
Total free energy = Total free energy =

mix

X4, Xg: Mole fraction (X, + X5 = 1)
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1.3.1 Gibbs Free Energy of Binary solutien

Before mixing
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XymolA  XgmolB

FE X,G, FEE X3Gy

\

Y
Total free energy =

Gl = XAGA + XBGB

Gl —_ Hl —TS]_

Gz — Hz —TSZ

Mix

After mixing
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Total free energy =

Gy = Gy + AGppiy 0 X, 1
A B

AHpi = Hy — Hy
= ASmix = 52 — 51

2 Heat absorbed or evolved during step 2

AGM = k" Y- ThsM)
r'd

Difference in entropy between mixed & unmixed state
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1.3 Binary solutions

AGM = AHM — TASM

*» Ideal solution: AH,,;, =0

AGix = —TAS jix

** Reqgular solution: AH,,;, # 0, AG,,;,, = ideal sol

Quasi-chemical approach

*+* Real solution
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