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Contents for previous class

- Gibbs Free Energy in Binary System

G, =X,G, +X,G, J/mol || G,=G,+4G_ J/mol

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

G=X,G+XpG; + RI(X;InX, + Xyln Xp)

- Chemical potential

The increase of the total free energy of
the system by the increase of very small
quantity of A, dn,, will be proportional to dn,.

dG' =pu,dn,| (T,P, ng:constant)

Lp : Chemical potential of A or _
partial morlar free energy of A Ha

oG’
on,

(oG
Hg = on
T’ P’ nB B Tl P1 nA

dG'=-SdT + VdP +pu,dn, + ugdng

(for variable T, P)



Contents for today’s class

CHAPTER 1 & 2

- Binary System

- Gibbs Free Energy in Binary System

Ideal solution and Regular solution

- Chemical potential and Activity

- Equilibrium in Heterogeneous Systems



Regular Solutions

Ideal solution : AH_..=0 4G, = AH i - TAS
Quasi-chemical model assumes that heat of mixing, AH .,
Is only due to the bond energies between adjacent atoms.

Structure model of a binary solution




Regular Solutions

Bond energy Number of bond
A'A SAA PAA
B‘B SBB PBB
A‘B SAB PAB

Internal energy of the solution
E=Puean +Papgrs + Pag€as

Before mixing After mixing

MIX
__+




Regular Solutions

Completely random arrangement

1
¢=0 d gABZE(gAA_l_gBB)
AH_ . =0 ideal solution
P.s =N,zX,X; bonds per mole 4 AN
N, : Avogadro's number aHmix | S\ 7
per mol ~
z: number of bonds per atom " 7
:)\/ > S
S
e<0->P, T e>0>P, 4 ,"/ N
\\
e~0 - AHmix = Fagt X
A Xp —— 8

AH_ .. = QX, Xz where Q =N_ze

Q>0 2 3=

Re g u | ar S O | u t | ons Fig. 1.14 The vanation of AH_ ;. with composition for a regular solution.



Regular Solutions

G,=G,+ 4G, o -TAS

mix : mix

G = X,G, + XzGy+Q X, Xgi+ RT (X, InX, + XgInXg):

Reference state

XB—--

A‘Hmix
Pure metal G, =Gg =0 \/

AG mix

— G
AGmix — AHmix ) TASmix A Grix B A B
(@) Q<0,highT (b) <O0,lowT7

&Hrnix

aGmix

XB-——-—

=T A Snix

A B
(c) >0, highT7 (d), 9> 0 low7



Synthesis of metallic glass composites using phase separation phenomenon
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O Possibility of two phase !!!

F | N == Ti-Al-Co, Gd-Al-Co

H o ' _: o _: Fig. 1 (a) Composition section selected by rectangular plane mtersection in quaternary Gd-
* - a -
* a N

. \\ 4119+ Ti-Al-Co composition tetrahedron. (b} Gibbs free energy surface of liquid phase at 1000 K
| o * s for the composition section given 1n (a). This Gibbs free energy surface show% two minima
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Fig. 2 (a) Representation of composition line in quaternary Gd-Ti1-Al-Co{Cu) composition
tetrahedron. Selected composition line 15 parallel to Gd-Ti binary edge line having positive
heat of mixing. (b) and (c) Calculated miscibility gap (solid line) and spinodal locus {dashed
line) in psendo-binary section for the liquid phase in Gdss g TieAlsConp and Gdgss.

1 TixgAlsCuyg, respectively.
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Fig. 3 (a) ~ (c) BF TEM image and corresponding SADP obtained from melt-spun

GdasT13pALsCog (01), Gdy3Ti37AL5Co4 (02) and GdsT1s0Al sCoap (03) ribbon, respectively.

Fig. 4 (a) ~ (c) BF TEM image and corresponding SADP obtained from melt-spun
Gdy]Tl-;.l 54"3111 sCuap IT_TII . [:rd] jTigg.Mgg[::'llg|:| lL[_T.-'_'I and Gd]|:|Ti45.-aL1;_l sCapp ILT_TEI i'il.}bi.'.'lﬂ:_

respectively.
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Fig. 9 Schematic drawings of the microstructures shown in Figs. 3(a)-(c) and 4(a)-(b)
showing varation of microstructure depending on alloy composition and second phase

separation mechanism.
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2) regular solution
Correlation between chemical potential and free energy
For 1 mole of the solution (T, P: constant)
G = E+PV-TS G=pu X, +ugXg Jmol™

G=H-TS G = X,G, + X;G;+ Q X, X; +RT(X,InX, + X;InXj)

...................................................................

= X, (G, +Q1-X,)*+RTInX,)+ X4 (G; +QL- X))’ +RTInX;)

Regular solution |u,= G, + Q(1-X,)* + RT In X,
= Gy, + Q(1-X,)° + RT In X,

u, =G, +RTInX,
us =G, +RTINX,

Ideal solution




Activity, a : effective concentration for mass action

ideal solution regular solution

u, =G, +RTInX,
pe =G +RTINX | | 5

uA—G 45—RTInaA . Ug=G +5RTInaB :
= Gy +Q(1-X,)? + RT In X, : =Gy #Q (1 x ) 2RI In X
Q :
111[;—1}5(1—}:&)- In( B)— (1 Xg)

—4 =y, = activity coefficient T =

a
‘ — 15
X, X,



Activity-composition curves for solutions

Qa
O — X 1
{a) (b
Ideal solution

Actunl sclution

A<rB >3 (A=A + BeeB)
eqg. Au-Sn at 6OOC
ﬂ:.‘ ul - n;h

e.g. Bi-5n at 335°C
Q, ™

B

x‘}m m}<|m

I=

For a dilute solution of B in A (X;—0)

jﬂ“Hr'r'li:-:‘h’:"(]I

IIt

(e)

Actual soiution

B amB < AaeA+DeeB)
8.g. Cd-Pb at 500°'C

Q. ™ Qg

= constant (Henry'sLaw)

(Rault's Law)
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ideal solution ~ random mixing
Raoult's law Raoult's laow

/cneyed by soivent B obeyed by solvent A\

""'1 Solute AI Solute BI

10

dilute solution © : -7—— X

XB ; e "T‘J. A
Henry's law Henry's law
obeyed by solute A obeved by solute B

Fig. Raoult's law and Henry's law applied to actual solutions 17



Variation of activity with composition (a) ag, (b) a,

_ Henry's law

0 0
0 Xg— 1
A B
(a)
Line 1 : (a) ag=Xg, (b) a,=X, ideal solution...Rault’s law
Line 2: (a) ag<Xg, (b) ay<Xy  AHp,<0 = 1 % ] -2y
X, ) RT '

Line 3: (a) ag>Xg, (b) a,>X, AH_;,>0 |



Activity of a component is just another means of describing the state

of the component in a solution.

a
: - aa =Y 8x =7aX,
degree of non-ideality 7 — X, X,
v, - activity coefficient
In(ai.ﬂé%rm-—xa) U,= G,+ RTina,
B

[ F
* o L] L L =}
* = " - ® -
. . % a
e . L = 1 o
" . - " - *
"-n..lu-' .1]‘..“ "r.I._--'

Activity or chemical potential of a component is important when several
condensed phases are in equilibrium.

Chemical Equilibrium (u, a) - multiphase and multicomponent
(> = MB: uY =...), (a* = aiP'= ay’=...)

(Ha® = paP=ppr =) (@2 = af=a, =)

(Hau = uEﬂ= ug! = cer)s (aau = aEB= ag = cer)



Contents for today’s class
- Binary System mixture/ solution / compound

- Gibbs Free Energy in Binary System

G, =X,G,+X,G, Jmol | G,=G,+4G_.. J/mol

Ideal solution (AH_ . =0)

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

AG™ =RT (X, In X, +§5 N X,)

Regular solution | A4 _p, ¢ |whereg=¢,, - (eAA +€gg)

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

- Chemical potential and Activity

Q 2
oG' e Ua=G,+RTIlna, I ] = —=(-X,)
Ly = X,
8nA - a, . :
B —= =y, = activity coefficient

X,



	- Equilibrium in Heterogeneous Systems

