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Q: Materials design

Proposal for final presentation?
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Materials Design

Menu of engineering materials

High GFA

Metallic
Glasses

High plasticity

composite higher strength

lower Young’s modulus
high hardness

high corrosion resistance

good deformability

Ceramics

Elastomers



Topic proposal for materials design

Please submit 3 materials that you
want to explore for materials design
and do final presentations on in this
semester. Please make sure to
thoroughly discuss why you chose
those materials (up to 1 page on each
topic). The proposal is due by
September 234 on eTL.

Ex) stainless steel/ graphene/ OLED/
Bio-material/ Shape memory alloy
Bulk metallic glass, etc.




Contents for previous class

- Equilibrium in Heterogeneous Systems
- Binary phase diagrams

How the equilibrium state of an alloy can be obtained from
the free energy curves at a given temperature

—— How equilibrium is affected by temperature

a) Variation of temp.: Gt > G
b) At low temp. (. decrease of -Tas,,, effect): Decrease of curvature of G curve

1) Simple Phase Diagrams

2) Systems with miscibility gap
4) Simple Eutectic Systems

3) Ordered Alloys

5) Phase diagrams containing intermediate phases
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Equilibrium in Heterogeneous Systems

In X9, Gyf > G, >G,; = a + f separation =» unified chemical potential

aBd:aBB

'RT InaBa

Up




1.5 Binary phase diagrams
yP 9 1) Variation of temp.: Gt > G¢

1) Simple Phase Diagrams 2) Decrease of curvature of G curve
(" decrease of -TAS,;, effect)

0 0 O QO O O
! I 1 1
AG,., AG, NG,
[
5
= S
l
1500°K 1800°K 2000 °K
A —=Xg B8 A —=Xg B A -=Xa B
(Zr) - (=) ) 2 o 8 (u) (Zr) %) (L)

Fig. 26. Free energy curves for liquid and solid phases in the U-Zr system at 15007, 1800" and 2000 "K.



1.5 Binary phase diagrams Assumption:

1) Simple Phase Diagrams (1) completely miscible in solid and liquid.
L. (2) Both are ideal solin.
1) Variation of temp.: G > G* 3) T..(A) > T..(B)

2) Decrease of curvature of G curve (4 T,> T (A)>T,> T, (B) >T,
m m
(- decrease of -TAS, ., effect)
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M
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2) Variant of the simple phase diagram

AH . >0 AHZ, >AH,

mix

TB

AGm T
o :

(@ ' _ (b)

o — — — —
b . — o S— —

congruent minima
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2) Variant of the simple phase diagram

AH mix > O AH rﬁix > AH rlnix

f Ta Ts T

AGmH

XE—-

L
< ———

B A B A Xg .~ B

Fig. 30. Derivation of the phase diagram (Fig. 29b) from free energy curves for the liquid and solid phases.
TA}TB}TI:}TE}TE'



2) Variant of the simple phase diagram

Systems with miscibility gab AH >0 AHg, > AH!

mix mix
liquid
.I'E. / \l:l b ¢ d/
t 1 I T
1
1 i

(@) (b)

(<)

congruent minima
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1.5 Binary phase diagrams

2) Systems with miscibility gab
AH. =0 AH; >0

mix mix
e When A and B atoms dislike each other, AH,. =0

 Inthis case, the free energy curve at low temperature has aregion

of negative curvature, 4G
dX ;
 This results in a ‘miscibility gap’ of a’and a” in the phase diagram
Liquid
b ]
b c
T2 — — — —_— — —_— —
a d
Liquid T
T
Xp —»
Solid _____ﬁ.x-/ e o f
— - — f nBE——f——————— —
A Xy —= B 13

(© @ congruent minima



1.5 Binary phase diagrams

4) Simple Eutectic Systems AH;, =0 AH_ >>0

« AH_>>0 and the miscibility gap extends to the melting temperature.
(when both solids have the same structure.)

Tl Ti T3

‘ Solid

B
14
Fig. 1.32 The derivation of a eutectic phase diagram where both solid phases have the same crystal structure.



(when each solid has the different crystal structure.)

15
Fig. 1.32 The derivation of a eutectic phase diagram where each solid phases has a different crystal structure.



1.5 Binary phase diagrams

Eutectic Systems

AH- =0 AH> >>0 |
Ph-5Sn phase diagram

_ 350

The Pb-5n system is
characteristic of a valley in the Liquid

: . 300
middle. Such system is known as o
the Eutectic system. The Liquidus
central point is the Eutectic 2 250 ~

_ P ] = Eutectic
peint and the transformation E point
though this point is called w 200 +
. . joR
Eutectic reaction: L4 0+ = i
Pt:l_.\\ 150 - solidus
Fb has a fcc structure and Sn has i SDLEEEEET L
| Ti o phase: solid solution of Pb in
a tEtr"ﬂ.gﬂ'l'la structure, | he 100 - solution of Sn tE‘tl’EQﬂﬂE' N
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b. 50 \ solvus
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Pb sn
(Fec) Wit (Tetra)



1.5 Binary phase diagrams

Solidification of Eutectic Systems

Alloy 1l .
. y o Pb-5Sn phase diagram
At point |: Liquid
Solidification starts at eutectic a50
point (where liquidus and solidus | . I Liquid
join) 00 -
At point 2: L4 (0+P) (eutectic
reaction) 250

The amounts of & and f increase

in proportion with time.
Solidification finishes at the same

temperature.,

At point 3: 0+f

Further cooling leads to the
depletion of 5n in O and the
depletion of Pb in [B.
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1.5 Binary phase diagrams
Alloy I

()

MNucleation of colonies
of a and B laminates

Eutectic structure of
intimate mix of « and p to

minimise diffusion path




1.5 Binary phase diagrams

Solidification of Eutectic Systems

Pb-5Sn phase diagram
Alloy | :
At point |: Liquid
Solidification starts at liquidus
At point 2: L+ 300
The amount & T with [T
Solidification finishes at solidus
At point 3: 0
Precipitation starts at solvus
At point 4: O+
Further cooling leads to formation
and growth of more B precipitates
whereas 5n% in O decreases
following the solvus. 100

3a0 | 11 i
Liquid
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1.5 Binary phase diagrams

Alloy |

Frecipitates in a Al-51 alloy;
(a) optical microscopy,
(b} scanning electron

20



1.5 Binary phase diagrams

Solidification of Eutectic Systems

Alloy IlI

At point |: Liquid

Solidification starts at liquidus

At point 2: L4 L+ (pre-eutectic Of)
The amount o T with [T

At point 3: L4 (0+P) (eutectic
reaction)

Solidification finishes at the eutectic
temperature

At point 4: 0i+f (pre-eutectic O +

(0i+p) eutectic mixture)
Further cooling leads to the depletion

of 5n in O and the depletion of Pb in

B.

The cooling curve of this alloy is a
combination of the two cooling curves
shown in slide 9.

Pb-Sn phase diagram
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1.5 Binary phase diagrams: Hypoeutectic
Alloy Il

(1)

Cooling curve

/) Cu-Ag alloy
&
-I!-.-
“,

Eutectic laminate
of a and p

22



1.5 Binary phase diagrams

Solidification of Eutectic Systems

Alloy IV 350 =
300 =
Can you describe the 250
solidification process of alloy 1V,
including microstructure
evolution, morphology of phases 200 A «
and cooling curve!?
150 —
100 —
50
0




1.5 Binary phase diagrams : Hypereutectic
Alloy IV

(1)

Cooling curve

/) Cu-Ag alloy
&
-I!-.-
“,

Eutectic laminate
of a and p

24



Cu-Zn Phase Diagram
Eutectoid and Peritectic Reactions

peritectic:

v+ Lq_'ﬁm""“‘ - peritectic:
foa o+ I_.-.,‘_I E
1200
P L E
u i
£
g 7
g E
—1000
l + L
eutectoid: — 00— v
—> .
5.. v+ & | I |

Bl 0 a0 O
Composition (W% Zn)
Eutectoid: one =olid phase transforms into two other solid phases upon cooling

Peritectic: one solid and one liquid phase transform into another solid phase
upon cooling

Salid &

Peritectoid: two other solid phases transform into o

]

another solid phase upon cooling /w /f\wa\




The Iron—-Iron Carbide (Fe—Fe,;C) Phase Diagram

In their simplest form, steels are alloys of Iron (Fe) and Carbon (C).
The Fe-C phase diagram is a fairly complex one, but we will only
consider the part up to around 7% carbon of the diagram.

Composition {at% Ch

Leoa® 'l:. JlLI 15 20 25
1538 ) ]
ff,-ElltE‘I:tlI: reaction
Eutectoid reaction o LV + FesC
ﬂfr «— O FE3C
E F, ALSTENITR 214 430 S E—
@ @
‘g 1060 ‘%
5 7+ Feal 5
— 1500
7270
. 0.76
T “noez
ST ™, Ferite e + Fgl
Comantite (Feglh__ ] 1000
400 | . | | .
o | ) 3 4 5 3 670
(Fed Composition (wi ]
912°C 1394°C  1538°C

o (BCC) ey (FCC)« & (BCC)« liquid Pure iron



Development of Microstructure in Iron - Carbon alloys

« Microstructure depends on composition (carbon content) and
heat treatment.

» |n the discussion below we consider slow cooling in which
equilibrium is maintained.

Eutectoid steel

When alloy of eutectoid composition
(0.76 wt % C) is cooled slowly it forms ¢
lamellar or layered structure of &« and
cementite (Fe;C). This structure is
called pearlite.

Mechanically, pearlite has A e

properties intermediate to soft, ' 20 pm
ductile ferrite and hard, brittle | the dark areas are Fe;C

cementite. layers, the light phase is «

-fertite



Microstructure of hypoeutectoid steel

Compositions to the left of eutectoid

1100

(0.022-0.76 wt % C) hypoeutectoid
alloys 1000

- less than eutectoid (Greek) |
Hypoeutectoid alloys contain 00

proeutectoid ferrite (formed above the
eutectoid temperature) plus the
eutectoid pearlite that contain eutectoid

E00

T,—= | I!

Temperaturs (L)

A00

ferrite and cem

. [

tite.

- < |
T
%

o -
W e

00

500

Preutectoid o

400

0

R

Compoaitian [wi C)




Microstructure of hypereutectoid steel

Compositions to the right of eutectoid 1100 |
(0.76 - 2.14 wt % C) hypereutectoid
alloys. oo =y
- more than eutectoid (Greek)
oo b I
y— y+Fe;C — o+ Fe,C i
|
g enr}\~ '
. |
pearlite B “ T
600 i e ™
i F”"}'{}E'”“ Eutecieid Pyl
500 f— n s PO i —
|
Preutectoid cementite ., | EE |
0 'I.L:_T_ 2.0

Composition [wi % C)




2) Variant of the simple phase diagram

a |
AH_ . <0 AH . <AH_. <0
L
v L
& / | % / \
o
Ta Ta

«
s
(+4

A B A B
X gt Xg———=
Fig. 32. Phase diagram with a maximum in the Fig. 33. Appearance of an ordered o phase at
liquidus. low temperatures.

congruent maxima



1.5 Binary phase diagrams

5) Phase diagrams containing intermediate phases

T I, T3

\/




1.5 Binary phase diagrams

5) Phase diagrams containing intermediate phases

G

Stoichiometric
omposition (A,,B,)

32



Temperature, °C

O phase in the Cu-Al system is usually denoted as CuAl, although
the composition X.,=1/3, X,=2/3 is not covered by the 0O field

on the phase diagram.

Weight Percent Copper

w20 30 40 50 60 70 &0 90 100
1100 Loy bt s e I — = a .
:1084.3‘? C
t
1000 k
g
900 -
] 848°C/ | ]
3 52.2
8004 2
700+ -
660,452
624°C £
600 3227 363 s91°C E
1\ swroN\ o~ 3 = =] 8 T
3 [248 17.1 31y : =5 g b
500 ] F
] (AD ﬂ
400 0 n4 E
] & 363°C_ lgo3
3 (83
300 U T i) 3 2 el b R : Mo i TR Ea T XS R R AR 7 2 IR iR I
10 20 30 40 50 60 70 80 o0 100
Al Atomic Percent Copper Cu

Al-Cu

Al-Cu
Struktur-

Composition,  Pearson Space bericht
Phase at.% Cu symbol group designation Prototype
(Al 0to02.48 cF4 Fm3m Al Cu
6 31.9t033.0 12 [4fmem C16 Al;Cu
1 49.81t0 52.4 oPl6oroC16 Pban or Chumm
M2 49.8 to 52.3 mC20 Cm/2
€ 55.2 to 56.8 hP42 Po/mmm
Cz 55.2to 56.3 m**
3 59.4 to 62.1 ol
€2 55.0t0 61.1 hP4 P6s/mmc B8, NiAs
0 59.3t0 61.9 hR* R3m
Yo 63 to 68.5 cl52 [43m D8,  CusZng
11 62.5 to 68.5 cP52 P43m D8; AlyCug
] 69.5 to 82 cl2 Im3m A2 W
@ 7651078
(Cu) 80.3 to 100 cF4 Fm3m Al Cu

J.L. Murray, Phase Diagrams of Binary Copper Alloys, P.R. Subramanian, D.J.
Chakrabarti, and D.E. Laughlin, ed., ASM International, Materials Park, OH,
18-42 (1994)

X.L. Liu, I. Ohnuma, R. Kainuma, and K. Ishida, J. Alloys Compds, 264, 201-
208 (1998)
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- Equilibrium in Heterogeneous Systems

GP >G, >G,*P = o+ B separation = unified chemical potential

- Binary phase diagrams
1) Simple Phase Diagrams AHLE =0 AHS =0

mix mix

Assume: (1) completely miscible in solid and liquid. T
(2) Both are ideal soln.

2) Variant of the simple phase diagram

AH% <AH! <0

mix mix

AHZ >AH, >0 7

mix mix

H

i
Ta

T T
miscibility gab < Ordered phase _




The Gibbs Phase Rule

Degree of freedom (number of variables that can be varied independently)

=the number of variables —the number of constraints

- Mumber of phases : p, number of components : ¢,

- #ofcontrollable variable © composition (c-1)p, temperature © p, pressure : p

- #of restrictions :

(p-1)c from chemical equilibrium i :‘u;'ﬂ =) ==l
& B ¥ mp

p-1 from thermal equilibrium =" =7"=...=7F

p-1 from mechanical equilibrium pr_pt_pr__ . _ p?

- MNurmber of variable can be controlled with maintaining equilibrium

F=le-Dp+p+p-(p-De—-(p-1)-(p-=c—-p+2
f=c—-p+2

35
- Ifpressureisconstant . f=(c-Dp+p—-(p-Dec—-{(p-1)=c-—p+1




1.5 Binary phase diagrams

The Gibbs Phase Rule

the number of separate phases (P) and the number of chemical
components (C) in the system. It was deduced from thermodynamic
principles by Josiah Willard Gibbs in the 1870s.

Gibbs phase rule F=C+N-P
F: degree of freedom
C: number of chemical variables

MN: number of non-chemical variables
P: number of phases

In general, Gibbs' rule then follows, as:

F=C-P+2 (fromT,P).

From Wikipedia, the free encyclopedia
36



Temperature (°C)

The Gibbs Phase Rule

For Constant Pressure,
P+F=C+1

Composition (at% Sn)

100

300

200

600

500

400

100 —

300

' 11200

—(100

(Pb) Composition (wt% Sn)

100
(Sn)

Temperature (°F)

canvary T and
composition
independently

tw has
F -P
-2

+ + @

1
1

TR o
HNOU

canvary T or
composition

eutectic point

F=C-P+1
=2-3+1
=0
can'tvary T or
composition
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The Gibbs Phase Rule

Application of Gibbs phase rule:

For a binary system at ambient pressure:
C=12 (2 elements)

MN=1| {temperature, no pressure)

For single phase: F=2: % and T

(a region)

For a 2-phase equilibrium:  F=1:

% orT (aline)

For a 3-phase equilibrium: F=0, (invariant
point)

L one-phase region

two-phase
equilibrium (line)

<\

a
three-phasre
equilibrium (point)
a+p
Pb Sn

38



------------------------------------

eT unstavle afornf | gx 9 ="G% + Q(L—X;)?+RTIn X, = b =°G}
A is virtually insoluble in B
-AGg AGg azoGg_oGBﬂzoGg _lng:OGg —,Ug
¢? °GE — uf =—0(1-X,)*—RT In X,
Stable B form *Gﬁz-
i AGE”" = 01— X,)? —RT In X4
| RTIn X, =—AGS ™ —Q(1- X,)’
)'(E Xp —> B (here, X ¢ <<1)
I RTINXE =—AG/ ™ —O)
| . AGE?* + Q)
M’B o> XS =exp(- BRT )

B solvus

AGL™% = AHJ?* —TAS/> o]B 2

a+p

A is virtually insoluble in B.

—

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




* Limiting forms of eutectic phase diagram

The solubility of one metal in another may be so low.

T t I L
L +a L +-A
i1}
TB rB{TE)
a+f3 o+ \ A+B
A B A B A B
(5i) s (A1) (AD) 53 (5m) &
Fig. 53. Evolution of the limiting form of a binary eutectic phase diagram.
s s . |
e Q M -
XE=Aexpi———¢ti a)i TT mp X1
B B
RT i o d
............................................. B
[ + A
. . L+ B
b) Itis interesting to note that, except at absolute zero, T =
Xg® can never be equal to zero, that is, no two compo
-nents are ever completely insoluble in each other. A+B
A B

Fig. 54. Impossible form of a binary eutectic phase diagram.



Weight Percent Tin

01020 3 40 50 mn A1) o) LT
L s v T - T — T e T T d
HII.-ISI"L‘]
]
15|:H.I-i -
4

SiKh=

1
A0H—

Temperature, °C

]
0K

1 118150
2100

i (BSn)

:{— (Al)
41 e e e e e ; , , I

0 (L1 Xk ik & S0 il T 2 b Wi 100y

Al Atomic Percent Tin Sn
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a) 3
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ol ojRl= &5 €

1.5.8. Equilibrium Vacancy Concentration AG=AH -TAS

G of the alloy will depend on the concentration of vacancies and Xf, will be
that which gives the minimum free energy.

1) Vacancies increase the internal energy of crystalline metal
due to broken bonds formation. (Here, vacancy-vacancy interactions are ignored.)

AH = AH, X,

2) Vacancies increase entropy because they change

Small change due to changes in the vibrational frequencies “Largest contribution”

-----------------------------------------------------------

« Total entropy change is thus

ﬂ With this information,
estimate the equilibrium vacancy concentration.



Equilibrium concentration X{ will be that which gives the minimum free energy.

at equilibrium [ dG 0
dXy )y o

A

AH, —TAS, +RTInX{, =0

A constant ~3, independent of T Rapidly increases with ipcreasing T

i
R ! RT

AHy Xy

* In practice, AH, is of the order
of 1 eV per atom and X,° ~TAS=RT In Xy
reaches a value of about 10-4~10-3 Fig. 1.37 Equilibrium vacancy concentration.
at the meltlng pOint Of the SOlid : adjust so as to reduce G to a minimum
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The G curves so far have been based on the molar Gs of infinitely large amounts of material of
a perfect single crystal. Surfaces, GBs and interphase interfaces have been ignored.

AG=APYV = AG=2Dn

1.6 Influence of Interfaces on Equilibrium - b) B3l olxl= AR %

Extra pressure AP due to curvature of the a/f The concept of a pressure difference is very

useful for spherical liquid particles, but it is less
- @ o - convenient in solids (often nonspherical shape).
\ o Atmospheric
" 05) | pressure dG = AG,dn=ydA AG, = ydA/dn
(@) P |AP = 2—7 Since n=4mr3/3V,, and A = 41rr? AG = Wm
r I

Early stage of phase transformation

Spherical interface

Interface (a/B)=y
/ /

dn mol B

¥y =co
/ Planar interface ¢

777

Xo X Xg— XP 44
Fig. 1.38 The effect of interfacial E on the solubility of small particle Fig. 1.39 Transfer of dn mol of B from large to a small particle.




. — AG; +Q
Gibbs-Thomson effect (capillarity effect): Xz = eXIO(—Fi—T)
Free energy increase due to interfacial energy
oo AG; +Q2
Xg  =exp(- )
Quite large solubility differences can arise for RT
particles in the range r=1-100 nm. However, AGB + QO)— 27/\/m /r

N

for particles visible in the light microscope Xézr =exp(—
(r>1um) capillarity effects are very small.

oo 2N
=X,  ex m
T o s exp( RTr)
: ;
For small values of the exponent,
Xg ' Wm N 7/V
\ X =P ) ¥ oy
- i £) y=200mJ/m2, V, =10 m?,T=500K
L l X 1
X, X Xg— xB r :1_|_
(b) : X r(nm)

T e e ar e r ; 45
For r=10 nm, solubility~10% increase

Fig. 1.38 The effect of interfacial energy on the solubility of small particles.



1.8 Additional Thermodynamic Relationships for Binary Solutions

‘ Gibbs-Duhem equation: Calculate the change in (dp) that results from a change in (dX)

T duy
-d(pg—Ha)
G - dyg
dG
l-l - I —
[ HB~ Ha ax,
—dIJA‘[
Xalpy+Xgd g =0
Comparing two similar triangles, 1
_Guy _Gug _d(ps —pn) o d9G _ ps—pn o2G/dX?

Xs X\ 1 dXg 1 " d?2G/dXg2=d2G/dX,2

Subetituting righ side Ea. ...................................................................... d ZG
& Multiply X, X; —XAd,UA — XBd,UB — XAXB deXB : Eq.1.65

46



Additional Thermodynamic Relationships for Binary Solutions

The Gibbs-Duhem Equation gaz3el nasds @)z ag sismage) oj28sid & At

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
jxf _ xR; 20
A/NB d°G RT
For aideal solution, Q=0, & B X, X
ANB

Different form . .
® Eq 165 s =G +RTInag _/GB +RTIny; X;
Yg= ag/ Xy

Differentiatin
Withres:)e::ttgoXB, d,LlB _ RT 1+ XB dyB :ﬂ 1+ d InyB
dX.| Xz |o ys dXg| Xg | dInX, .




d,UB:RT 1_|_XB dye :E ]__|_d|n7/B Eq. 1.69
dXz| Xg ys dXg Xg dln X,

a similar relationship can be derived for du,/dXg

) diny diny
X du. =Xodu =RT 11+ 287 gy —RT )14 9178 4x
ASHA = Rel e { dInXA} . { dInXB} .
. Eq. 1.70

d°G
- =Xy, = Xgd gy = X, X des =4 165

The Gibbs-Duhem Equation

2
XXy 98 _RTl1 A7 | _pyly, 417
dX din X, din X,

be able to calculate the change in chemical potential (du) that
result from a change in alloy composition (dX). 48



Total Free Energy Decrease per Mole of Nuclei AG

@ : HERS 913 A TE/AMEE T FEHUL ot
Driving Force for Precipitate Nucleation |a—>a+f | AG,
_ a vy f a y A
AG, = py Xy + pg Xg T, e
: Decrease of total free E of system . ¢
by removing a small amount of material AT
with the nucleus composition (XgP) (P point) | A Xl l a+f —
_ pybB pyp
AG, = py Xy + pg Xg
: Increase of total free E of system
by forming p phase with composition XgP @ A X, Xo Xp—> x¢ B
(Q point) A
AG, = AG, — AG;,:(length PQ)
AGn _
AG, i= per unit volume of S
"""""" Vm : driving force for B precipitation
For dilute solutions,

AG, o« AX where AX =X, - X,
AG, ¢ AX oc(AT)

R N .
o undercooling below T, (b) 0 Xy — 1




Contents for previous class : Binary phase diagrams
1) Simple Phase Diagrams

Both are ideal soln. — 1) Variation of temp.: G- > G* 2) Decrease of curvature of G curve
(- decrease of -TAS, ;, effect)

2) Systems with miscibility gap AH- =0 AH> >0

mix mix
1)Variation of temp.: Gt > GS 2)Decrease of curvature of G curve + Shape change of G curve by H

4) Simple Eutectic Systems AHE =0 AH> >>0
— miscibility gap extends to the melting temperature.
3) Ordered Alloys AH- =0 AH® <0

miXx mixX
AH_;, < 0 — A atoms and B atoms like each other. — Ordered alloy at low T

AH_..<< 0 — The ordered state can extend to the melting temperature.

5) Phase diagrams containing intermediate phases
Stable composition # Minimum G with stoichiometric composition

- Gibbs Phase Rule F=C-P+1 (constantpressure)

Gibbs' Phase Rule allows us to construct phase diagram to represent
and interpret phase equilibria in heterogeneous geologic systems.

- Effect of Temperature on Solld Solubility

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Xi = Aexp{ RT} a) ) ) Y° T b) Xz can never be equal to zero.

20



« Effect of Temperature on Solid Solubility

-------------------------------------------------------------------------

X = Aexp{ j?j"} a) 77T ) Y° T b) Xg® can never be equal to zero.

 Influence of Interfaces on Equilibrium

AGZZWm
I

Gibbs-Thomson effect

e Gibbs-Duhem Equation: Be able to calculate the change in

chemical potential that result from a change in alloy composition.
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