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- Binary System mixture/ solution / compound

- Gibbs Free Energy in Binary System

G,=X,G,+tX,G, J/mol | G,=G,+4G, . J/mol

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

G=X,G, +X;G; + RT(X,InX, + X;In X;)

Regular solution |AH -p, ¢ |wherec=¢,, _%(SAA + €gg)

G = X,G, + X,Gy+ Q X, X, + RT(X,InX, + X,InX,)

- Chemical potentlal and Act|V|ty

Ha =
on
A /T, P, ng a_ = y, = activity coefficient
we ZA0] OJ3) ZHE|7| If20f| dn, 7t 0§D ZHORA A4 B3} glofof A

- Chemical eqmllbrlum — Gibbs phase rule >



Regular Solutions

G,=G,+4G,. e { pre— 7 —

G = X,Gp + XsGp + 1Q X, X+ RT (X, In X, + XglnXp),

Reference state . Xy — . Xy —
0 0
Pure metal G, =G; =0 -
B ~TAS,
AGmix
(@) Q<O,high T b)Q<O,low T
AI-Imix
+

— TAS,;,

(c)Q>0,highT (dQ>0,lowT



At T, the term d*(AG,,)/d(X,)* will be zero.

Since |
d*(AG 1 1
( .’2) = —2NC+NkTC( 3 )=
ey
kT, 2CX,\(1—-X))
" = ¢ or | = A( A)
X (1-X,) k :
The term 7, will b2 a maximum when X, = (1—X,) = 0.5.Tt Tollows that
&
T, =—. 101

A high value of the critical temperature is associated with| a high positive value for C
(= zZ[Hpag—3(Hpa+ Hgp)))-

The stronger the attraction between similar atoms, the higher 7. In those binary phase dia-
grams with a miscibility gap in the solid state the gap has not the symmetrical form shown in
Fig. 21. This is primarily because the initial simplifying assumption that the energy is the sum
of interaction between pairs of atoms is never absolutely valid. The systems Pd-Ir*, Pt-Ir**

and Pt-Au*** all have miscibility gaps in the solid state with varying degrees of asymmetry.

Most binary phase diagrams with a positive value of AH,, do not show a miscibility gap with a
closure at temperature 7, since melting occurs before 7, is reached (for example the Ag-Cu

system).
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Activity, a : effective concentration for mass action

regular solution

ideal solution

b |pp =G, +RTINX,
Hg = Gg +RTInXg

Gy

-w
Ot

000000

.
.....

n,=G,+RTlna, . pg=Gg+RTIna,
= G+ QU =X) + RTInX, | pg= Gy Q(1=X,)" + RT In X!
(4, ) {2 : dg Q 2
In| —= | = 1— X ,)? In _ 1— X
|“ X, )" & FA-X0) (x : ) - (1-X,)
a, o ' aB
—= =y, = activity coefficient Vg = —2 6
X, X,



Activity-composition curves for solutions

AH,,x=0 | AH_. <0

t mix

{a) (b)
Ideal solution Actuol sclution Actuol soiution
AeeB= J{AeeA +BeeB) AeeB >3 (AeeA + BeeB) AsnB<H AwoA+rDaeB)
e.g Bi-Sn at 335°C eg. Au-Sn ot 600°C #.g. Cd-Pb at 500°C
O, ™ Qg, a, = G, a,™ O,

Degree of non-ideality

ag ,
¥s =— =constant (Henry'slLaw)
For a dilute solution of B in A (X;—0) Xs
Yo =A =1 (Rault's Law)
XA
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The Gibbs Phase Rule

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

= the number of variables — the number of constraints
- Number of phases : p, number of components : ¢,

- #of controllable variable : composition (c-1)p, temperature : p, pressure : p

- #of restrictions :

(p-1)c from chemical equilibrium ul=pul = ==yt
— A _ — . —

p-1 from thermal equilibrium r"=r"=7r"=-..=7T"

p-1 from mechanical equilibrium PP=pf=p =...=p?

- Number of variable can be controlled with maintaining equilibrium

f=-Dp+p+p-(p-Dc-(p-1)-(p-D=c—-p+2
f=c-p+2

- Ifpressureisconstant : f=(c-Dp+p-(p-Dc—-(p-D=lc-p+1




Q1: What is “Real Solution”?



1.3 Binary Solutions AG,;, =AH_. -TAS, .
Real solution: sufficient disorder + lowest internal E

s

en the size difference is arge
strain effect

@e<0, AH <0 () &>0, AH >0 ("

Ordered alloys Clustering Interstitial solution
Pag 1—’ Internal E l Paar Pag 1 10



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

High temp. — Entropy effect §f —— Solution stability 1

JOCLLLEIN SOLLYTION 4 XB —_— e XB —
‘.‘ 'q.’ .’¢‘ ’.“ O E O H
= LR B A H pix
AG iy ! AH iy H ".TAS""'X.-: \/
; AG mix
A AGmix B A B
(@) Q<O0,highT : (b) 0<0,lowT7T
AHrnix
© o+
AGmix
: 0 X
_TA Smix
: A B
() @>0, highT : (d), 2> 0 lowT



1.3 Binary Solutions

Real solution: sufficient disorder + lowest internal E

2) In systems where there is a size difference between the atom
e.g. mterstltlal solid solutions,

= AE = AH ; + elastic strain

=) quasi- chemlcal model ~ underestimate AE
due to no consideration of elastic strain field

= New mathematical models are needed to describe these solutions.
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Q2: Short range order in solid solution?
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1.3 Binary Solutions
Ordered phase <0, AH_.<0

SRO (Short Range Ordering) or LRO (Long Range Ordering)

« Q<0 = contain short-range order (SRO)
AQ=N.ze  GRO parameter = s _ degree of ordering

P.s —P,s(random)
P,z (max)—-P,z(random)

Y ¢ ¢ 0 &

0.0000. 00..
o oo,
ooo ,,oo

+

oo, ,o
o, 00 000
OSSO

P, (Max) @ pg(random)  ® P,, with SRO
Fig. 1.19 (a) Random A-B solution with a total of 100 atoms and X,=Xg=0.5, P,5g~100, S=0.

(b) Same alloy with short-range order P,g=132, P,g(max)~200, S=(132-100)/(200-100)=0.32.
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Ordered phase: “Long range order (LRO)”

(®superlattice, @intermediate phase, ®intermetallic compound)
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* Solid solution — ordered phase G |
-> random mixing
rGE
-> entropy 1 o
negative enthalpy | i
AH> <0
Large composition range A Xg o B
> Gl (b)

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

* Compound : AB, A,B... g |
-> entropy| .
- covalent, ionic contribution. g, | ’
=> enthalpy more negative | AT
mix
e g
A, <<0 |
ft A d o B
Small composition range (@) ldeal
composition
9 G l, Fig. 1.23 Free energy curves for intermed

pound with a very narrow stability range, (|
stability range.

liquid

A Xg
liquid
% B
-
P ey




Q3: Superlattice
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*The degree of ordering or clustering will decrease as temp.
increases due to the increasing importance of entropy.

High temp. — Entropy effect §f —— Solution stability 1

Xg —e=

JRCLLLTI, JRCLLLI T, + S o XB
0 : 0 o
= W : mix
AGmix _E.‘ AHmix : TASm:x ; \V/
AGl‘ni)(
(@) Q<O0,highT : (b) a<O,low T
AHrni)(
+
AGmix
0 XB ——
_TA Smix
A B
(c) >0, highT7 (d), 2> 0 low7
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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,
Cu3;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 Cuor Au

High temp. Low temp.

_ _ Cu;Au superlattice 31
Disordered Structure CuAu superlattice



Superlattice formation: order-disorder transformation
-¢< 0, AH ;<0
- between dissimilar atoms than between similar atoms

- Large electrochemical factor: tendency for the solute atoms to avoid each other

and to associate with the solvent atoms
- Size factor just within the favorable limit: lead to atomic rearrangement

so as to relieve the lattice distortion imposed by the solute atoms

(@)L2,: i
CuZn/FeCo/NiAl/CoAl/ :

FeAIIAgMgIAquIN|ZnL-' . _/?___:/_ }é:)u

e — i |

——

o — = |}

B brass superlattice viewed as two inter-penetrating cubic lattices 22



1.3 Binary Solutions  Fjve common ordered lattices
(a)L2,: (b) L1,: (c) L1,:
CuZn/FeCo/NiAl/CoAll  Cu,Au/Ni;Mn/Ni,Fe/Ni,All CuAu/CoPt/FePt
FeAl/AgMg/AuCd/NiZn  Pt,Fe/Au,Cd/Co,V/TiZn,

(e) .Cd OMg
(d) DO;: (e) DO,q: 23
Fe,Al/Cu,Sb/Mg,Li/Fe,All Mg;Cd/Cd;Mg/Ti;Al/Ni;Sn/Ag,In/
Fe,Si/Fe;Be/Cu,Al Co;Mo/Co;W/Fe;Sn/Ni;In/Ti;Sn



AG,;, = 4H,, -T4AS,,.  QOrdered phase <0, AH,,<0

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

C
— SO0y Vacancy/another atoms ASmix~small
® 400¢
= 300} At high Temp.,
a-200} AG,.~ large (-)
=
< 100t

0 01 0Z 03 04 05 06 07 08 09 10
Cu Xay 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 temperature is 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. 24



Ordered Phase

e <0, AH_ ;< 0/AH_,~-20 kJ/mol
1100 | 1 | | |
1064.43°C ' ' ' | ' ‘ ‘ ’ : 1084.87°C
1000 Liquid
910°C
900 a4
800 Disordered F.C.C. solid solution )
(Au, Cu)
© 700+ -
o
‘§ 600~ —
@
e 5001 -
2 410°C i
400 AuCull AuCu,ll  380°C —
300 -
' :-- <
200 = ..ean /i + 1+ (cubic -
AT LI e ¥ (tetragonal) ( )
1901 (cubic) K
0 | | | | | 1 | | |
0 10 20 30 40 50 60 70 80 90 100
Au Atomic percent copper Cu 55
(fcc) (complete solid solution) (fcc)



Q4: Order-disorder transition
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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 = “2nd 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.

xQ

a
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Intermediate Phase

<0, AH_;,<0/ AH ;. ~ -21 kJ/mol

1100 1084.5
1000
Liquid
900 505 4
55.8
800
2] 700 "\79.8
— 700 B 724
o
. 598
® 600 y 8
a Cu 560
=
Order-disorder transformation: 454 | k353
22 2x 0 & =7, 425
£2 2E0ME RERAMS By e
o] erdst S7h
\ | Zn
200
100
0 10 20 30 40 S0 60 70 80 90 100
(fcc) Cu Atomic Percent  Zn Zn (hcp)

o and n are terminal solid solutions

y - . . . . 28
- B, P,v, o and e are intermediate solid solutions.



Cu-Zn Phase Diagram
Eutectoid and Peritectic Reactions

peritectic: ] | |
Y+ L4_—’ § ™ yoL \ / peritectic:
700 |— d+LgXe
ij I &+ L L — 1200 ;
- I & —
% 600 — y : P 598°C §
% 560':0 8 +E %
(= R P
—1000
e e + L
eutectoid: — 00— ree
Oq— Y+e 1 1 |
60 70 80 %0

Composition (wWt% Zn)

Eutectoid: one solid phase transforms into two other solid phases upon cooling

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

Solid 8
Peritectoid: two other solid phases transform into B

o

another solid phase upon cooling /w /y\“fﬁ@\




Q5: Intermediate phase vs Intermetallic compound

30



Intermediate Phase

.......... G‘ : ‘
_—__/__.——OGB GB
GA B GA
I
: >AGmix
|
l.__J
I :
f — -
@  leal N SO B
composition

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

* In other structure, fluctuations in composition can be tolerated by

vacant, and in these cases the: curvature of the G curve is much less,
Fig (b). Subveiissmveriid .



Intermediate Phase
£<0, AH_.<0

1600
1538 ~
: AH_. ~(-)41 kd/mol
. Liquid
14001394
1310
ofe 1232
_ 1200 . 1169 1160
= vFe ‘
o 1102 \
-
= .
® 1000 orthorhombi
QO
2 (cubic) o
800 AR
(fcc)
FeAly—
£55
600
‘ Al—e
|
400 IIlIllllllllIllllllllllllll|llllllIIIIIIIlllllllllllllll]lll]l]lll LBRE B Illllllllllllllllllllllllil
0 10 20 30 40 S0 60 70 80 90 100
Fe Atomic Percent Al Al

(bcc) (fcc) 3



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

1100

- 1054.
1000 -
. . 51
900+ Liquid —
g 800 —
o i K
- -
™ 700+ -
& {650
= 1
— 600 - —
3 552 B
- 42 64.7 l
S00- - 485 kL
3 145 -
d MgCus—
400~ 3 e g
- ) (FCQC) =
Mg ) -
- Fd3m
300 IIIllIFll[l'!'l!!‘!ll'llll"l'l' lll!“l!!IlllIIllllIIlllIF[ll“lllIllll'llllIF'IIIIIIIIIIIIIIU LB
0 10 20 30 40 S0 60 70 80 90 100
M8 (hep) (Orthorhomia)ic Percent Cu Cu (fcc)
Fddd "
P6,/mmc Em3m



Intermediate Phase
£<<0, AH,_, << 0/AH,_.~-142 kJ/mol

1300_
1200-
; Liquud
: 1115
11001084.5
= : 1012 1000 aas
© 10007 ., 975 : 72.4 34.3
@ i 8.6 935
o - : 928
= “to—
% 900 885 \/39% 43
> . 36.2| 44
o i
S : o~ 522
- S00- (3' 97.8
. A
i 715
T00-
. -+
- — o r~
- Sl & & o
600- S g =1 :$' ]
i QO Q O 3
500 lll'll'llll"l'l' LB RARRRLAI 'llll'll]'i' l"l"l'll"ll"lllll'l"l‘ll'l'll'll]li]"l'lllll"l""'
0 10 20 30 40 S0 60 70 80 90 100

Cu Atomic Percent Zr Zr



Q6: Main factors determining the structure of
intermediate phase
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1.3 Binary Solutions .
Intermediate Phase

_"different crystal structure as either of the pure component”

3 main factors
determining the structure of Intermediate phase ?

1) Relative atomic size

- Laves phase (size difference: 1.1~1.6 ex: MgCu,)
fill space most efficiently ~ stable

- Interstitial compound: MX, M, X, MX,, M_X
M= Cubic or HCP ex: Zr, Ti, V, Cr, etc, X=H, B, C, and N

2) Relative valency electron

- electron phases ex_o & p brass
# of valency electrons per unit cell
— depending on compositional change

MgCu, (A Laves phase)

3) Electronegativity
- very different electronegativites — ionic bond normal valency compounds
ex Mg,Sn -




“Clustering”? —» Phase separation

Q7: Metastable vs Stable miscibility gap

37



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

High temp. — Entropy effect §f —— Solution stability 1

Xg —e=

rY 4 Xg —e=
.:oo .." :.‘ o“‘ O O - H
— . N '-_ mix
AG iy ! AH iy H ’TAS""'X.-: \/
AG mix
A AGmix B A B
(@) Q<O0,highT (b) <O,lowT
A Hmix
+
AGmix
0
XB ——
_TA Smix
A B




e>0, AH_.> 0 /AH_.~+26 kJ/mol

1400 Liquid

800 Cu, Ni

Temperature (C)

400 354.5

: 1455

1084.87

200_- //: . \

lll'll'll]'llll"ll'll'l"lll'l'llllll"I‘ll'll'lllllIIlI‘ll'll"l!lll‘l'ill'll]ll'lllIl'llllll'll'

0 10 20 30 40 S0 60 70 80 S0 100
Cu Atomic Percent Ni Ni 39




Cooling process in the miscibility gap

Dendrite / interdendrite formation

1 800 2 | 2 | 2 | 2 | 2 | 2 | 2 | 2 | 2 |

Dendrite Interdendrite

FCC
1600 - o

1400 -

- , N =
4 A
/ AN
/ \
1200 - -
/ \
V4 AN
/ \
4 \

- -
/ \
/ \
/ \
1000 , |
_ , \ i
/ \
3 \
/ \

Temperature ('C)

800

-
/ \
! \
1 \
600 ' |
_ , 1 L
/ \
/ \
! \

400 42— A%

0 10 20 30 40 50 60 70 80 90 100
FeCrNiCo Cu content (at %) Cu




Microstructure of as-cast CoCrFeNiCu HEA
BF image ADF STEM image 50 nm

o2

dendrite

1200

—— As-cast
3 [ ]
1000 CulCoCrFeNi HEA® (111) FCC
800 _
=
2 600 U
@ > (200)
g % .
£ 400 g
e -
£
Cu o
Co L
- Cr
Fe ©
—— Ni . . . ) . , . . L . 1 . 1 . 1 . I . I .
0 10 20 30 40 50 60 70 10 20 30 40 50 60 70 80

Displacement (nm) 2theta



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

100

Co ROI1,2:14 nmx2nmXx2nm
1 —=—¢Cr
sy T Fe . ROI3 :1.2nmx2nmx23 nm
= Cu

(1D concentration profile)
EREZ EREA
Co 26.19 Co 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

ERE7S
Co 25.29 Co 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

60

Concentration (at%)

—I—I\I A —
———— |

20 g—m—a—"—

._._.\

= Dendrite = matrix (4.74 at%Cu) ¢} 2nd
phase (93.56 at%Cu)Z 74 ¥

= Matrix ¢} 2nd phase 7™ ]| A4 9]
segregation g1



>0, AH_ >0/ AH_. ~+17 kJ/mol

Weight Percent Platinum

0 10 20 30 40 50 60 70 R0 %) 100
TR e frrrr e L e Lo b ey e
- E1769.0°C
:
1600 -
14004 -
O 1260°C :
o ] 61 -
o 120{]-:' _
= 11164.435 (Au,Prt) ’:
‘E-“- 1000 ¥
) ]
= . :
800 :
] (Au) + (P1) ;
G(K)-: -
L
400 s [ T v e [ T T e -
0 10 20 30 40 50 60 70 RO 90 100
Au Atomic Percent Platinum Pt

43



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

Temperature (C)

0 10 20 30 40 20 60 70 80 20 100

AQ Atomic Percent Cu Cu

|
44



e >>0, AH_,,>> 0 /AH,,~ +60 kJ/mol

Liquid

-
Q
=
R
—
-
< 1096
—
QL
(=S
=
2o
|
850

600 lIlllllllllllllllllllllllIllll]IlllIIllllllllllll

0 10 20 30 40

lllllllIIllIIIIIlIIII'lllllllll'lllllll]llllllllll!

20 &0 70 80 20 100

Fe Atomic Percent Cu Cu




e >>0, AH_..>> 0 /AH_.~+58 kdJ/mol

Temperature (C)

1700
Liquid
1522
BY
1940
+ aY
a9
oY —+
700—
0 10 20 30 40 S0 &0 70 80 0 100
Ti Atomic Percent Y Y
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“Clustering”? —» Phase separation

Q8: Spinodal decomposition

47



5.5.5 Spinodal Decomposition

Spinodal mode of transformation has no barrier to nucleation

: describing the transformation of a system of two or more components in a metastable phase into two stable phases

spinodal

G (Ty)

| I
| I
(b) A X1 Xg — Xy B

Fig. 5.38 Alloys between the spinodal points are unstable and can decompose
into two coherent phasees a, and a, without overcoming an activation energy
barrier. Alloys between the coherent miscibility gaps and the spinodal are
metastable and can decompose only after nucleation of the other phase.

a How does it differ between
Chemical inside and outside the inflection
point of Gibbs free energy curve?

1) Within the spinodal d°G <0

dX?

: phase separation by small fluctuations in composition/

“up-hill diffusion”

2) If the alloy lies outside the spinodal,
small variation in composition
leads to an increase in free energy
and the alloy is therefore metastable.

The free energy can only be
decreased if nuclei are formed
with a composition very different

from the matrix.
— nucleation and growth 45

: “"down-hill diffusion”



a) Composition fluctuations b) Normal down-hill diffusion

within the spinodal outside the spinodal
A A .
up-hill Xg X, down-hill
diffusion =2 LTI T T T T T T T diffusion
Xo
Xo
Y x| ]
XZ ____________ XZ T 7
Increasing —)(/W\\ | a ™
time P i
XHp——————————- Xir—=" -]

X2 [~ - = X2 - — —_——— p——
\
interdiffusion
coefficient X - - X, S _
D<0 Distance

Distance

Fig. 5.39 & 5.40 schematic composition profiles at increasing times in (a) an alloy quenched into the
spinodal region (X, in Figure 5.38) and (b) an alloy outside the spinodal points (X, in Figure 5.38) 49



Q9: Phase separation

50



Positive heat of mixing relation among constituent elements

» Alloy design considering heat of mixing relation
among constituent elements

AH,;, >0 between A & B

$

creates (meta)stable miscibility gap
in limited composition range

4
Phase separation to A-rich & B-rich phase

» Different two-phase structure
by initial composition before phase separation

A-rich matrix Interconnected B-rich matrix
B-rich droplet structure A-rich droplet

Equilibrium condition
T Maa=Ha4> HBa=HBd
AG T=T,
b c
Haa \ i g /| M.
=Had L /o ~HB.d
A ! Atomic fraction B—» | B
T, — —
One liquid ! : !
T} fersen | .
1 Gy : !
T2"‘“ .......................... : o]
Two liquids
(or SCLs)
T spinodal
T binodal
A Atomic fraction B—> B

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



*Ti-Y-Al-Co system

400

I 90 I 100
Ti_Al Co Y Al Co

56 24 20 567 W24 20

(Y56A1,,C0,) 55(TissAl Coyp) 15 (Y56A1,,C0,9)50(TissAL, Coyg)s (Y56A1,C0,0)65(TissAly C0yg)35



* La-Zr-Al-Cu-Ni system

(a)

(b)

Zr/Ni-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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Q10: Microstructure determining parameters of
phase separation in metallic glasses

(a) Composition
(b) Critical temperature, T,
(c) Asymmetry of the spinodal curve/decomposition range

(d) Glass-forming ability of the separated liquid

55



Synthesis of metallic glass composites using phase separation phenomenon

TispAlsg

=

Possibility of two phase !!!
== Ti-Al-Co, Gd-Al-Co

(a) Composition section selected by rectangular plane intersection in

energy surface of liquid phase:at 1000 K for the composition section:

llllllllllllllllllllllllllll e SERRRRRRRRRRRRRERRRERRRANNEE,

given in (a). This Gibbs free energy surface shows two minima (arrows);

implying that the phase separation can occur in that region.

(b)

AG (J/mol)




(a) Composition

Thermodynamic calculation using CALPHAD K'ST
Al uv

Co(Cu)
2200 2900
2000 | 2000
' 03 ' U1 2
__ 1800 ! — U2 U3
3 €
g 1600 o 1600| ' '
® I = I
o o
g 1400 S 1400
E i 3 I
~ 1200 2 1200l
1000 , .‘ 1000 L
N B i 1
800 VIR T I N - 'v' IV 1 1 V] 800 1 'f,. 1 |\'l/| L |\|/| 1\{/‘\1 1\
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 v v v

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

GdSSAIZSCOZO XTi = Ti55Al25C°20 Gd55A|25CU20 XTi - Ti55A|25C020



(a) Composition =
Microstructure evolution (GdTiAlICo) \ (3))
0 1} 8o - ~r

2200 _—

2000

1800

1600

1400

Temperature (K)

1200

1000

.l;';l.l.l.l.v.l\yl.l.\i/l.
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(b) Critical temperature
Spinodal critical point
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(c) Asymmetry of spinodal curve / Decomposition range f{;‘_"sT_}
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* Schematic drawings of the microstructures showing variation of microstructure
depending on alloy composition and second phase separation mechanism.
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