Chap. 6. Phase diagrams :

Phase - a state of matter that is uniform throughout, not only in
chemical composition but also in physical state

Constituent - chemical species that is present

Component - chemically independent constituent of a system

= Number of phases

PhaseRule: F =C — P +2
]
I Number of components

Variance - number of intensive variables
that ¢an be changed independently
without disturbing the number of phases -
Pressure, Temperature, Relative
Compositions



Phase Rule: F= i of intensive variables - # of constraints

Consider systems with C components and P phases.

# of intensive variables: 2 + (C-1)P Q“

| t
Pressure For a phase o, C mole fractions
and 7, -+, 2o which satisfy the condition
Temperature o+ x5+t rE =1

— C-1 independent variables for

each phase
# of constraints: C(P-1)

For a component J, ’ py(a) é. ry(B) J.= J.—‘.UJ(P) ‘
P-1 constraints for each component
F=2+(C-1)P-C(P-1)=24+CP-P-CP+C=C—-P+2

One-component system: [ =3 — P = More than three phases cannot coexist

Two-component system: /' =4 — P = More than four phases cannot coexist



Two-component system [ =4—-P

1. Vapor pressure diugrams of two volatile liquids A and B

Rault' s law: pa = 24P and PB = TBDp
Mole fraction of A in liquid 4 Mole fraction of B in liquid 4

p=pa+pB=pp+ (P4 —DPB)TA

lton’ s law: ¥4 = = = LAP d w="2= 5P
Dalton s law: P ot 0y —ph)za WM PR ey P
L Mole fraction of A in gas t Mole fraction of B in gas
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Pressure, p

<— isopleth
1y pr—>s 1 - only liquid of component z,

2 - liquid of composition z,, gas
of composition y,” forming

3 - liquid of composition x, in
equilibrium with gas of
composition y,

4 - gas of composition z,, liquid
trace of composition x,’
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5 - gas of composition z,

Mole fraction of A, z,

Lleverrule n,l, = nglg

Pressure

n = "Ng + Ng

NZA = NaTA T+ NBYA = NaRA T NBZA

nala = ’n,a(zA — xA) — nﬁ(yA — ZA) — n,Bl,@ Co}hborsition
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Azeotrope - the point where the liquid and the vapor has the
same (non-pure) composition at the same temperature

High boiling azeotrope - the most stable Low hoiling uzeotrope - the least stable
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Liquid-liquid mixture

Immiscible liquids : P = Pa+PB - always 2 phases, F=2

Partially miscible: mixes partially depending on temperature
F=3 or 2

T, upper critical solution temperature

T s lower critical solution temperature

Two phases for T' < T
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Distillation of partially miscible liquids oo
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Temperature, T

Liquid-solid phase diagram

t;= d,: Pure solid of B begins to form.
Liquid of composition a,

a, =t Pure solid of B, and liquid of
composition b,

t;= ¢, Pure solid of B, and liquid of
composition e

o

0 Mole fraction of B,\K 1

Eutectic composition: mixture with the lowest
melting point. Solidifies at a single definite

temperature.

0,;= Us: Pure solids A and B.



