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Binary System
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Degrees of freedom available in the system (F):

F=C-P+1 F=C-P+2

F: the number of system variables that we may freely vary, or arbitrarily fix
C: components
P:. phase

C=2 P=1F=2 B A X
D -2 F =1 7 4 B A X
D -3 F=0 A 2

4
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9.1 Freezing Point Depress4ion (4)
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The liquid solution is in equilibrium with VR AR B
the pure solid, Lo Barpure=1

5 aI,solution T H X
AG TIn 0
aI,pure - | !
g |
L(T_—-T : : =
L, =T) —RT InX,, uion  ideal solution <
m (4v]
If Tisclosetothe T

In XA,I,sqution = _% A XB—» B
m Melti ' ' . - -
elting pointdepression | ;- o 5 pyot of the activity of Aiquig
LT —T) AT =T,-T at T < T, 5 versus composition.
Xg = m Inl-2z)=-z smallz
RT?
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9.2 The Lever Rule (1)
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In a two-phase region of a condensed system, if the overall composition is given, the
quantities of the various phases can be calculated, beside to the the composition.

The relative quantities or fractions of liquid
and solid using a mass balance.

Xg = |:1)(|3,| + Fs Xp s

Fl(XB,I — XB) — Fs (XB _ XB,s) LS

T
F =fraction liquid = p—
F=fraction solid  RTESE | RIRITTRE
F+ F.=1, and a mass balance
A !
F _ Xg —Xp E — Xg ~ Xps s XXB_» e
_ = 8
Fs Xg,1 — Xg Xg1 ~Xgs

Fig. 9.4 Illustration of the lever rule.
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9.3 Simple Eutectic Diagram
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A-B system, A and B are immiscible in the solid state, but completely miscible in the
liquid state.

When the melting point depression lines

intersect, the material will solidify totally into
solid A and solid B, eutectic temperature.

The lowest temperature at which a liquid m.A
solution of A and B may exist at equilibrium

with solid A and B. eutectic composition.

At eutectic point: / phase rule

Tm,B

L+Solid B
L+Solid A

T

Eutectic

Liquid = solid, + solidg T Solid A + Solid B
F=C-P+1=2-3+1=0 '

XEutectic

_ A
If all three phases are present, at equilibrium, Xg —

the system must at the eutectic temperature and
the liquid will have the eutectic composition.

Fig. 9.5 Simple eutectic phase diagram.
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S.J.T.U.
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Nomenclature
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Phase Transformation and Applications

Immiscibility: AN

Spinodal Points: Spinodal &4

Simple Eutectic Diagram: fij 83t i AH
Peritectic Phase Diagrams: i, 544H &
Ternary Phases Reaction: =41V

~>¢
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Immiscibility

S.J.T.U.
Phase Transformation and Applications Page 11/30

Complete immscibility _ |
Complete miscibility in solid state ~ Ideality of the mixture

g g

Partial miscibility Non-ideality of the mixture
Temperature dependence

A regular solid solution of two components

G, = RT(x, Inx, + X5 InXg )+ oX, Xg

SJTU Thermodynamics of Materials Spring 2007  © X. J. Jin Lecture 16 Phase Diagram Il



Sn-Bi
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Weight Percent Bismulh
¢ 8 B3 @0 44 B0 80 0 B =T 104

E T SnthiRH
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Al-Cu phase diagram
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Mixtures of A and B, with the overall

Regular solution 1

composition falling between xB1 and xB2 can
minimize their molar Gibbs free energies by
forming two solutions of composition xB1 and
xB2. (i. e., becoming partially immiscible)

Non-ideal !

XS
S™m =0

XS XS
QM :ﬂM —

SJTU Thermodynamics of Materials

=)

AH (1) —>

AGy (JImol) —

4500
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T=2800K, w= 17,000 J/mol

700
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xg —>
(b)

Figure 9.13 Plots of properties of mixing versus composition for regular solutions:
(@) molar enthalpy and (b) molar Gibbs free energy.

Spring 2007

© X. J.Jin Lecture 16 Phase Diagram Il



Regular solution 2
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In the case of regular solutions
Gibbs free energy of mixing is symmetrical 7
around the mid-point composition 2
b =
0G X
( =M | —RTIn| —2— |+@(1-2x,)=0
OXg J- 1-Xg N N4 T—
T & X,
o | ,L-le 025 | OFS o Ixall; 1
T. = w/ “ . :
Above Tc C 2 R Figure 9.14 The miscibility gap in solid A-B solutions.

The A and B are completely miscible

Below Tc
The solution separates into two separate phases

At points under the miscibility gap, the phase
compositions vary with temperature
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Spinodal Points
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Spinodal points
A special significance in the study of phase transformations

1050 o
82 G 1 1 1000 [~
~ =M :RT(—-I-—)—ZZD':O 950 [

2

OXg ) X, Xg 900 -

T 801 . ," Spi.nodal\\‘ w2

RT T 800 line
X\ Xg = _ZZU

Figure 9.15 The miscibility gap, showing spinodal line.

Figure 9.13 Plots of properties of mixing versus composition for regular solution

1) molar enthalpy and () molar Gibbs free energy

SJTU Thermodynamics of Materials Spring 2007  © X. J. Jin Lecture 16 Phase Diagram Il



S.JT.U. . . . x / \\
Phase Transformation and Applications ' : ‘2age 18/30
| |
| . |
Gibbs free energy of mixing curve is concave downward ' |f """ ey
In this region the solution may begin the process of \ 1IN/

decomposition into the equilibrium phases by incremental ! i
changes in composition without increasing the total Gibbs
free energy of the system.

To the left of the spinodal point
The transformation is discontinuous

Spinodal
point

Figure 9.16 The relation between Gibbs free energy of mixing and
composition on either side of spinodal point.

To the right of the spinodal point
The transformation is continuous XB

v
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Figure 9.15 The miscibility gap, showing spinodal line.
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Peritectic Phase Diagrams
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Peritectic transformation
A liquid phase and a solid phase can combine to |
form an entirely new solid phase | A ————
0 0.2 | o4 0.6 0.8 1
1600 I — \ | T
liquid + solid = solid |
q a IB I
1538°C L

N
. - ; - 0.74 1493° «— .
liquid + solid,; = solid e i 2.43

Temperature °C

A

1300

0 1 2 3 4 5
Fe I Atomic percent carbon

Figure 9.17 The binaryl phase diagram for carbon (graphite) and iron.

A4
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Peritectic Phase Diagrams 2
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Compounds
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Liquid
L+A
T
A+ AB

B
Figure 9.18 Schematic phase diagram for a system A-B contain-
ing compounds AB and AB,.
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K-Na
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Weighl Percent Sodium
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Summary of Binary Phase Diagrams
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NI-Ti
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Ternary Phases Reaction in Binary Systems
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Immiscibility

Spinodal Points

Compounds

Summary of Binary Phase

Ternary Phases Reaction in Binary
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Homework
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*Exercises in Chap 6
P 234, 9.6, 9.9, 9.13

SJTU Thermodynamics of Materials Spring 2007  © X. J. Jin Lecture 16 Phase Diagram Il



	Contents of Today
	Review of Last
	Binary System
	9.1 Freezing Point Depress4ion (4)
	9.2 The Lever Rule (1)
	9.3 Simple Eutectic Diagram
	吉布斯相律
	Nomenclature
	Immiscibility
	Sn-Bi
	Al-Cu phase diagram
	Al-Cu partial phase diagram
	Regular solution 1
	Regular solution 2
	Spinodal Points
	Peritectic Phase Diagrams
	Peritectic Phase Diagrams 2
	Compounds
	Mg-Pb
	K-Na
	Summary of Binary Phase Diagrams
	Ni-Ti
	Ternary Phases Reaction in Binary Systems
	二元相图构成的规则
	相图的测定
	相图集
	Review of Today
	Homework

