BINARY PHASE DIAGRAMS OF IDEAL SOLUTIONS

The phase equilibria as a function of composition for a fixed temperature (and fixed pressure) predicted by Free
Energy vs composition diagrams can be used to create a binary phase diagram, which maps out stable phase in T vs
composition space. o el L
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EXAMPLE: SI-GE BINARY PHASE DIAGRAM
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WIDTH OF SOLIDUS AND LiQUIDUS LINES
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MSE-204 Thermodynamics for Materials Science

L8.2 MULTICOMPONENT PHASE DIAGRAMS

REGULAR SOLUTION MODEL | SPATIAL ARRANGEMENT OF ATOMS | MISCIBILITY GAP | INVARIANT POINTS |
INTERMEDIATE COMPOUNDS
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SPATIAL ARRANGEMENT UNDER THE REGULAR SOLUTION MODEL

Under the quasi-chemical model it is assumed that the heat of mixing, A,,;,H, is only due to bond energies between
adjacent atoms and that the volumes of pure A and pure B are equal to the final volume of the mixture.

We introduce the interaction parameter, which is ined as . It quantifies the energy change due to mixing.

Q has a simple atomistic interpretation: it compares the energy of the bond between dissimilar atoms with the
arithmetic mean of the bonds between like atoms.
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COMPOSITION DEPENDENCE OF VARIOUS THERMODYNAMIC

FUNCTIONS OF A REGULAR SOLUTION S see T, oot e
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PHASE DIAGRAM OF A REGULAR SOLUTION: MiscCIBILITY GAP
FOR Q > 0 AS A FUNCTION OF TEMPERATURE

e

._[-)_ IR" fﬂ'?"l‘\’v{-

T= T] L T l‘
(] ] l
/ \ S T 2. - —=-
,-f—-—aT/ T, -
[ - T Q7 T =
KB"J‘.. x'EJ"- !
i
]

n—._l |

—y (71, [} / T \J} .
.I | N N . Y 1

'\_/ \_/' N J \\/QT/% :
A 1

T=T, |'..I T= Ty ,"I \\\\ \Tmi J

T~/ \\ /

0 1 0 10 1
,\’,EL X . J\"I?-i‘

MSE-204:18.2 |



Q%' /kI mol™! =

-10

(a)

liq + B(ss)

lig + A(ss)

/'
A(ss) + B(ss)

(d)'SL-—;'VJ'. u\"l_.-—»"\
Ao j-\ﬂ“\d--

liq + ss

SS

g2\ Q.00

lig
liq + ss.
ss

Q"9 /kJ mol™
0

A(ss) + B(ss)
A(ss) B(ss)

(b)

liq

lig + A(ss)

L5 -;;"‘:‘ - )

(e)

liq

SS

00 02 04 06 08 1.0

Xp
lig
liq + ss 1
ss
(h)

15

(c)

lig + A(ss)

liq

lig +B(ss)/pss) ]
A(ss
A(ss) + B(ss)
(f) liq

SS

11200

900

1600

300

SLay = S EL‘-,.J? =0

L (1)

T/K

PHASE DIAGRAM OF A BINARY SYSTEM
CONSISTING OF SOLID AND LIQUID
SOLUTION PHASES FOR SELECTED
COMBINATIONS OF ()
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CONGRUENT PHASE DIAGRAMS LC - Noco

This particular system is characterized by negative deviation from the ideal behavior in the liquid state and positive
deviation from ideality in the solid state. Remember that a negative Gibbs free energy of mixing corresponds to a
stabilization of the solution, which manifests as a deeper curvature of the G-x curve compared to the ideal solution.
Correspondingly, a positive deviation from ideal behavior destabilizes the solution and the G-x curve becomes
shallower. Thus, a congruent phase transition corresponds to a complete transformation from one phase to another

with no change in composition. /
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