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- Binary System mixture/ solution / compound

- Gibbs Free Energy in Binary System

G, =X,G,+X;Gy Jimol | G,=G,+4G_. J/mol

X

Ideal solution (AH_;, =0) AG™ =RT(X,InX,+X;InX})

G=X,G+XpG; + RI(XjInX, + Xpln Xp)

Regular solution | Aq _p ¢ whereg=¢,, _%(gAA + €gg)

G = X,G, + XgGz+ Q X, X; + RT (X, InX, + X;InX;)

- Chemical potential and Activity

W, = X, RT
8nA - a, . :
P, ng —£ = y, = activity coefficient
pe 20 ols ZEE7] =20 dny”k O 2HOFA =g 3t G101 Of X4

- Chemical equilibrium 2



Regular Solutions

G,= G, +4G, ., e B 7V I —

mix : : mix

G = X,G, +XG+QXX +RT(X In X, +XInXB)

Reference state Xy —

o+

Pure metal G, =G, =0

() QA< O,high T (b) Q<O,low T
A-H.mi)(
+
0
_TAS,
A B

(c)Q>0,high T (d)Q>0,lowT



Activity, a : effective concentration for mass action

ideal solution regular solution

+ |u. =G, +RTInX,
U =G, +RTINX,

T GA+ RTIna, . pg=Ggti RTInaB
=6, HOA-X,)’ + RTIn X, -G, £ (1 X> ..... + RT In X}
f al !
In| -4 = == (1-X In(—)=—=(@1-X
n N RI( i n( B) RT ( 5)’
a, . : dg
—= = y, = activity coefficient Vg = — 4

X, © X
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Activity-composition curves for solutions

AH =0 f AH, ;<0 t AH,>0
{a) (b} (e)
Ideal solution

Actunl scluton
AwrB >F (AeseA + BeeB)
eq. Au=Sn ot 600°C

Actual solution

A smB<H Aw-eA+B-—B)
8.g. Cd-Pb at 500°'C

e.g. Bi-5n at 335°C
O, ™= ﬂ-:,ﬁ

a, = Qe 9™ Oy
. Degree of non-ideality
vs =——=constant (Henry'sLaw)
For a dilute solution of B in A (X;—0) Xg
Y= oa = (Rault's Law)
X4

5
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=P,z&¢ |Wheree=¢,;
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Variation of activity with composition (a) ag, (b) a,

ap

AinB —
I random mixing_~Z

0
1
B
(a) (b)
Line 1: (a) ag=Xg, (b) ap,=X, ideal solution...Rault’s law
Line 2 : (a) ag<Xg, (b) a,<X, AH_. <0 4= lu‘f o2y
- A

Line 3: () ag>Xg, (b) a,>X, AH_. >0 \Ay) KT



Contents for previous class

- Binary System mixture/ solution / compound
Ideal solution (AH,,;,=0) Random distribution

. 1
Regular solution | AH,, =P,;e | where e =¢,; _E(SAA +egg) |E
@ AH ;>0 orAH_;, <0
Real solution Ordered structure

@e<0, AH_. <0 b) €>0, AH_. >0 (c) When the suzedlfference S large

Ordered alloys Clustering strain effect

Pag I —— Internal E 1 Pan, Pgs 1 Interstitial solution



Ordered phase II: “Long range order (LRO)"

(®superlattice, @intermediate phase, ®intermetallic compound)

* Solid solution — ordered phase
-> random mixing
-> entropy 1
negative enthalpy |

Large composition range
=G|

* Compound : AB, A,B...

- entropy|
-> covalent, ionic contribution.
-> enthalpy more negative |

Small composition range
=2 G|

|

Ga

(b)

diate phases: (a) for an intermetallic com-
(b) for an intermediate phase with a wide

|
Geg
GA ¢
ﬂGmix
|
|
A 1 B

(G) IdE'Cll

composition

Fig. 1.23 Free energy curves for intermed
pound with a very narrow stability range, (
stability range.

liquid

a

/AN

A XH—--—-

liquid

Y

o+P B+y

B

A Xg—

B



Q1: Superlattice

10



*The degree of ordering or clustering will decrease as temp.
Increases due to the increasing importance of entropy.

High temp. —> Entropy effect § — Solution stability §

................ + XB — D4 XB .
. . . . 5 : " |
— mix
AGm|x — AHm|x 3 TASmlx \/
AG mix
A AGnix B : A 8
(@) Q<O0,highT i (b) <O0,lowT7

(c) @>0, high7 (d), 2> 0 lowT7

11



1.3 Binary Solutions
Ordered phase &<0, AH,;;,<0

* In solutions with compositions that are close to a simple

* This is known as long-range order (LRO) CuAu,
Cu;Au and many other intermetallics show LRO.

(The atom sites are no longer equivalent but can be labelled as A-sites and B-sites.)
* A superlattice forms in materials with LRO

Cu-Au alloy

. Cu O Au
High temp. Low temp.
Disordered Structure CuAu superlattice

CujAu superlattice 12



AGy = AH - TS, Ordered phase <0, AH,,<0

Fig. 1.21. Part of the Cu-Au phase diagram showing the regions where the
Cu;Au and CuAu superlattices are stable.

°C
— | Vacancy/another atoms ASmix~SmaII
o 400
‘3300“ At high Temp.,
3200t AG_. ~ large (-)
E
2 100r

O 01 0Z 03 04 05 06 07 08 095 10
Cu Xau Au
« The entropy of mixing of structure with LRO is extremely small and the degree
of order decrease with increasing temperature until above some critical
temperature there is no LRO at all.

« This temperatureis a maximum when the composition is the ideal required
for the superlattice.

« The critical temperature for loss of LRO increases with increasing Q or AH,_ .,

and in many systems the ordered phase is stable up to the melting point. 13



Ordered Phase
€ < 0, AHmiX< 0 /AHmix~ '20 kJ/l‘l‘lO'

1100 | | I | | ] I I I I : I | I OBOSOSOE0
1064.43°C 1084.87°C
1000 — Liquid ol
910°C
900 — 74 -
800 Disordered F.C.C. solid solution ]
(Au, Cu)
© 700 =
D
|
2 600 -
@
% 500 |- 5
= 410°C )
400 — Auf;__un AuCu,ll  380°C —
" b 64 "
300 AUCUL NN 5 W07 AUCU,I T =
200+ A + Y (cubic) ~
Aunmﬁ'ﬂ-ﬁi: (tetragonal)
1001 (cubic) E
0 : | | | | I ! | |

0 10 20 30 40 50 60 70 80 90 100

AL Atomic percent copper Cu
(fcc) (complete solid solution) (fcc)
p



Q2: Order-disorder transition

15



Order-disorder phase transformation

- Not classical phase change=~not depend on diffusion process

- change of temperature allowed a continuous re-arrangement of
atoms without changing the phase = “2"d order transition”

- boundary: ordered lattice & disordered lattice/phase rule could not applied
there are cases in which an ordered phase of one composition exists

in equilibrium with a disordered phase of a different composition.
- Simple composition of the type AB or AB; can the transformation

(i.e. at the temperature maximum) be considered diffusionless.

L

CL

16



Intermediate Phase <0, AH,;,<0/ AH,;~ -21 kd/mol

”':":': 10545
1000
900
] 55.5
200 ‘
Pl ]
— 00— v
= oo
:l -
® 600 . Sa~
= . Cu S60
ﬁ -
Order-disorder transformation: 1 aes
Low temp. - ordered structure
High temp. - disordered structure Bl
Z00-
E Fly
200
1':":' IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 10 20 30 40 a0 &0 T0 100
(fcc) cu dtomic Percent  Zn zn (hcp)

a and n are terminal solid solutions

- B, Pp,y, o and e are intermediate solid solutions.



Q3: Intermediate phase vs Intermetallic compound

18



Intermediate Phase

......... {3‘ . !
G a0 i Ga
: > L\ Gmix :
1
-
1
(@) Ideal (b)

composition

* Many intermetallic compounds have stoichiometric composition
A, B, and acharacteristic free energy curve as shown in Fig (a).

*

In other structure, fluctuations in composition can be tolerated by

Fig ), s



Intermediate Phase
€< 0, AHmiX< 0

AH,..~(-)41 kd/mol

Temperature (C)
=
=
[

=00

a0

|

Al—
|

4':":' IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Iyt IIIIIIIIIIIIIIIIIIIIIIIIIII

] 10 20 =0 40 a0 & T 20 =11 100
Fe dtormic Percent Al Al

(bcc) (fcc) 20




Intermediate Phase
£<0, AH_.<0/AH_.~-38 kd/mol

1“:":'_ 1054,
1000
00 Liquid
o 800
&
= -
™ 700
ool 4650
= ]
= 500 " =
i . 552 7
1 42 E4.7 |
S00— 455 B
3 145 il
_ FMaCuys—b
400 3 e é
. ] (FCO) =
Mg 3 - I
Fd3m |
3':":' IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII |IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LI
0 10 20 Z0 40 50 &0 70 20 a0 100
M3 (hep) (Orthorhombptigdic Percent  Cu cu (fcc)
Fddd -
P6,/mmc Fmam



Intermediate Phase

£<<0, AH,_. <<0/AH_.~-142 kd/mol

Temperature (C)

1200
1 2004
: Liquid
i 1115
110010545
i 1012 - -
10007 o 975 729 ad
i =6 3T 925
+— E4.5
Q00— Cu G55 ,E‘L a0
i 352
I \ 522
200 E a7.5
] ek —+
i 715
TFOo—
] i
: SE £ 5 "
i glEF = f
5':":' IIIIIIIIIIIIIIIII IIIIIIII IIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 10 20 =0 40 50 &0 70 a0 a0 100
-y atormic Percent  Zr il o



“Clustering”? —» Phase separation

Q4: Metastable vs Stable miscibility gap

23



*The degree of ordering or clustering will decrease as temp.
Increases due to the increasing importance of entropy.

High temp. —> Entropy effect § — Solution stability §

Xg —o=

------
........
‘‘‘‘‘‘‘‘

+
0

o+

&Gmix

(@) ©<O0,highT (by o<0,lowT




e >0, AH_ ;> 0 /AH,,;,~+26 kd/mol

Temperature (C)
o
=
T

u)]
o
T

Ji0E4.57

Liquid

/

Cu, Ni

3045

—~—

oy t oo

1455

¢ 20

i1

10

20

A0

=10

atomic Percent

EL
i

a0

20

100
Mi 25




Concentration (at%)

100

Compositional analysis of as-cast CoCrFeNi/Cu HEA (dendrite)

8

40

20

Co

S ———

_._Fe
—=— Ni

= Cu

A

ROI1,2:14nmx2nmx2nm

ROI3 :1.2nmx2nmx 23 nm
(1D concentration profile)

- -

26.19 0.33

Cr 24.15 Cr 0.46
Fe  24.59 Fe 0.39
Ni 19.59 Ni 5.00
Cu 4.74 Cu  93.56

25.29 2.01
Cr 25.63 Cr 3.35
Fe 23.63 Fe 2.56
Ni 20.66 Ni 6.90
Cu 4.42 Cu 84.92

Dendrite region: matrix (4.74 at%Cu) +
2nd phase (93.56 at%Cu)

= No segregation at the interface between

Matrix and 2nd phase



Cooling process in the miscibility gap

Dendrite / interdendrite formation

1800 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 |
Dendrite Interdendrite
FCC
1600 - —
~~ _ B
G 1400 \
e - , N "
) AN 7
; 1200+ —
cG - // \\ L
@ 1000- i
2 Iy Feet+Fee? _
= 800- \r
600- L
4004+ —T T T T T T T A1

I‘ T
0 10 20 30 40 50 60 70 8 90 100
FeCrNiCo Cu content (at %) Cu



Temperature, °C

€>0, AH >0/ AH_;~+17 kJ/mol

Weight Percent Platinum

0 10 20 30 a0 500 60 0 80 % L)
]E{][r J THITT P OTE -II IIIIII rITII!l TIATTETN II IIIIIIII '|'|'I'l"| TFroTTRET :!.l‘ TET T ENT ili'l'rll L Llli llllll 'I TITTTIOAT T I TTr e T EET :]?ﬁul‘iﬂc
L60H) -
14004 5

T260°C f

: 6l ;
| 200 3

116443 ] {Au,Pr) r
1000 3
K001 -

: (Au) + (P1) :
G -
AUH) e N . e e A RASAR L as sassnas

0 10 20 30 10 503 o0 70 R0) i) bty

Au Atomic Percent Platinum Pt

28



e >0, AH.;,> 0/ AH,,,~*+5 kd/mol

Temperature {C)

951.4

10

Liquid

1034.9

-

20

A0

1) S0 &
dtormic Percent Cu

0

=0




g >>0, AH,;,>> 0 /AH;~+60 kd/mol

Temperature (C)

TEQD—
1535
] Liquid
10549
1095
aE.4
Cu
- 510
1 14 a5.7
2010
7] xFe
700
EII:":I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
] 10 20 =0 4] 50 &0 7O =20 20 100
Fe Atormic Percent  Cu -1




e >>0, AH,;,>> 0 /AH;,~ +58 kd/mol

JiE70
1600 Liguid
= 1545 [
. 1522
15I:II:I—: Y
. L1+ L2 1440
1400—
: 1 e +GY
— 1 1355 a1 a9
Z 13004
E -
= i
m 1 200—
o - BT
E‘ : l:-:"l'l
o 11004
— i
1000
300 a0
aoo—o—— =T
_Illl:":l-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
] 10 20 a0 40 al &I 7O a0 20
Ti Atomic Percent Y Y

100

31



Positive heat of mixing relation among constituent elements

» Alloy design considering heat of mixing relation Equilibrium condition
among constituent elements T Haa=Haar Mea~Hed
AH_;, >0 between A& B AG
4 Haa
creates (meta)stable miscibility gap “Had
in limited composition range
4

Phase separation to A-rich & B-rich phase

» Different two-phase structure One”q‘uid .
by initial composition before phase separation T} (orseh)

C=C1 C=C2 C=C3

Two liquids
(or SCLSs)

spinodal

binodal
A-rich matrix Interconnected B-rich matrix !

B-rich droplet structure A-rich droplet

A Atomic fraction B—> B

Nucleation and growth < Spinodal decomposition without any barrier to the nucleation process



* Ti-Y-Al-Co system

................ Ti56A|240020 Y55A| 240020

Droplet structure Droplet structure

(Ys6Al,,C050) 25(TisAl,C0x0)75  (YseAl4C040)50(TlssAl,C0x0)s0 (Y56A154,C050)65(TisgAl4C0x0) 35



* La-Zr-Al-Cu-Ni system

ZriNi-rich La/Cu-rich

Composition (d)

FIGURE 5.17

Schematic of the miscibility gap and the sequence of phase formation during cooling in the
La—Zr-Al-Cu-Ni system. The positions of letters (a) to (d) in the diagram on the left corre-
spond to the schematic microstructures (a) to (d) on the right. (Reprinted from Kiindig, A.A. etal,,
Acta Mater, 52, 2441, 2004, With permission.)
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 sssmsssssEEEREEssEEEEEE phase Separat|0n (tWO SOIld SO|Ut|0nS)

L 0: Solld solution — solid state

Temperature §C)

TE00
1400 Liguid
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Jiosd.a7
1000
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(]
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Cu, Mi

o
o
T

1455

liquid

::liquid state phase separation
(up to two liquid solutions)
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&i1300—
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Contents for today’s 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.: G > 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
37



Q5: How can we define equilibrium
in heterogeneous systems?

38



1.4
Equilibrium in Heterogeneous Systems

A, B different crystal structure — two free energy curves must be drawn, one for each structure.

We have dealt with the case What would happen when
where the components A and B the components A and B
have the same crystal structure. have a different crystal structure?
G = X,G, + X;G, — heterogeneous system
+ Q X, Xy + RT(X,InX, + X InX,)

A
GA G

Unstable Unstable
f ¢ bcc A c fcc B
a a b
! G” G"
A X B A Ex (fcc) *s B Ex (bcc)
(a) (b) 39



1.4
Equilibrium in Heterogeneous Systems

If G*(X%) and G”(X%) are given,
what would be G(a + f) at Xg =?
\

Molar free
energy

Gla + )
- bcg & acd, deg & dfc GY
: similar triangles

- Lever rule

- 1 mole (a+f)
: bc/ac mol of a + ab/ac mol of p
— bg + ge = be_total G of 1 m XB X{ﬁ XBB B

Fig. 1.26 The molar free energy of a two-phase mixture (a+f3) 40



| ever rule

A geometric interpretation:
CGL Co G

HT S
We

WL

Sum of weight fractions: W + Wg =1

Conservation of mass (Ni): Co =W CL+WoCqo
Combine above equations:
_Gu-Co __S _G-G __R
1l||1ur|—‘.:3{11_.[3,__H+5 W“_GQ_GL_HJrS

momeant aquilibriu m:

1-W,

e

aolving givea Lewar Rula

Temperature

|
I
I
I
I
Pid
I
I
|
I
I
I

X
o C

Composition




1.4
Equilibrium in Heterogeneous Systems

In XO, G > G, > G,
Exchange of A and B atoms

=) o+ phase separation

Chemical Equilibrium (u, a)
— multiphase and multicomponent
(W*=pP=pr=..), (a*=af=ar=...)

a a _ ..B
UA:UE Hp = Hp

Unified Chemical potential of
two phases




Variation of activity with composition

with the lowest free energy,

is usually defined as the

state in which the pure

component has unit activity

of A in pure a. 1

The most stable state,
—RTln QA{

when X, =1—a; =1

when X, =1—-af =1

. . 0

when o and B in equil. 1 |
a AP |

aA - aA “AT | |

|
a’ =af |

B~ “B 0 | L\,
0 Xp 1

Fig. 1.28 The variation of a, and ag with composition for a binary

Unified activity of system containing two ideal solutions, a and B 43

two phase




Equilibrium in Heterogeneous Systems

In X0, G, >G,* >G, = «a+ B separation = unified chemical potential

aBG:aBB

'RT |ﬂaBa

Up

44



Q6: How equilibrium is affected by temperature
in complete solid solution?

45



1.5 Binary phase diagrams
1) Simple Phase Diagrams

Assumption: (1) completely miscible in solid and liquid.

(2) Both are ideal soln. | A\qL _g AHS =0
(3) Tm(A) > Tr(B)

(4) Tl > Tm(A) >T2 > Tm(B) >T3

| |
Draw G' and G° as a function T1"‘“ ........ [ R fr
Of Composition XB R TTTTLLITLY .I .............. | .................. .",....T"(“‘“‘)’:

at T']l Tm(A)l T2I Tm(B)I and T3' Liqllidl.lﬁ

-----
.......
g *

3 ¢
. .
.

LT TTTT LA

() 46



1) Simple Phase Diagrams

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) =Xy ) 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.

47



1.5 Binary phase diagrams Assumption:

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

2) Decrease of curvature of G curve (4 1 >1_(A)>T,> T, (B) >T,
(- decrease of -TAS,;, effect)

G Tm (A) T2

oS
M
=1 w:
o
(
[V 5]
=

(a) (b) (c)
| |
T
Tm (B) T3 B | |
T, a I I T (A)
|
v \/ % oo
L
\/ - T (B)
S s I3
Solidus
A B A B A B

(d) (e) ()



1.5 Binary phase diagrams

1) Simple Phase Diagrams

The simplest type of binary phase
diagrams is the isomorphous system, in
which the two constituents form a
continuous solid solution over the
entire composition range. An example
is the Ni-Cu system.

Selidification of alloy C starts on
cooing at T|. The first solid formed has
a composition of Cg| and the liquid
Co On further cooling the solid

particles grow larger in size and change
their composition to C.7 and then C,

following the solidus whereas the liquid Cu
decrease in volume and changes its
composition from C5 to €| 3 following

Temperature

Composition Ni

the liquidus. The solidification
completes at T3,




Q7: How can we draw cooling curve depending on
compositions in complete solid solution?

50



1.5 Binary phase diagrams

Cooling Curves
determination of Phase diagrams

Il
\ 1085°C
T
(thermal arrest}\

Tl




1.5 Binary phase diagrams

Example.

At temperature T |, alloy Cg is in the dual phase region,
comprising the liguid phase and the oi-phase.

(i) Determine the compositions of the two phases;
(ii) Determine the weight fractions of the two phases

Read from the tie line:
Liquid phase: Cu-30%Ni
o-phase:  Cu-55%Ni

S0%Ni




Q8: How equilibrium is affected by temperature
in systems with miscibility gap?

53



1.5 Binary phase diagrams

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

mix mix

Liquid
\ Xp // a b ¢ d
I I 1 ]

Liquid I
(a) (b)
Liquid
Tl ____________
b
T, O __° ~
a d
t 5
T
o+a
e f
Iihb——— = — — — — — —
A Xg — B

@ congruent minima

How to characterize GS mathematically
in the region of miscibility gap between e and f ?

54



Ideal Solutions
G, =G, +4G

Molar free energy

Regular Solutions 0

_TAS._.

Reference state

Pure metal G, =G, =0

AGmix = AI{mix B TASmix (c) Q> O, high T

AHmix
_I_
0
~TAS,,
A B5 5
dQ>0,lowT



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

 In this case, the free energy curve at low temperature has a region

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 56

(© @ congruent minima



Q9: How equilibrium is affected by temperature
in simple eutectic systems?

57



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.)

Ty Ty T

‘ Solid

) | Lem
I

A B A B A —""'_;rB

B
58
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.)

59
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

Ph-5Sn phase diagram
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1.5 Binary phase diagrams

Solidification of Eutectic Systems

Alloy 1I:

At point |: Liquid

Solidification starts at eutectic
point (where liquidus and solidus
join)

At point 2: L4 (0+P) (eutectic
reaction)

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.

Pb-5Sn phase diagram
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1.5 Binary phase diagrams

()

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

Alloyl: = 350 T m i
At point |: Liquid | o
Solidification starts at liquidus 9 I Liquid
At point 2: L+ 300 7 |
The amount & T with [T ;
Solidification finishes at solidus L 250 o
At point 3: = :
Precipitation starts at solvus o i |
At point 4: O+ 2 200 '
Further cooling leads to formation E | |
and growth of more B precipitates =2 150 S ! I
whereas Sn% in O decreases : :
following the solvus. 100 | : :

| | |

50 4/ | | |
| | I
| | |
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g 10 20 30 40 30 &0 70 &80 90 100
Pb sn
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1.5 Binary phase diagrams

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

Solidification of Eutectic Systems

Alloy 11

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

(1)

Cooling curve

/) Cu-Ag alloy
&
-I!-.-
“,

Eutectic laminate
of a and p
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1.5 Binary phase diagrams

Solidification of Eutectic Systems

350 T
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

(1)

Cooling curve

/) Cu-Ag alloy
&
-I!-.-
“,

Eutectic laminate
of a and p
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Q10: Materials design

Proposal for final presentation?
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Materials Design
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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
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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 23 on eTL.

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