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Phase equilibria and the

phase rule
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The Phase

pie  (hgepet  REET
* A phase 1s a homogenous phyéicalf;distinct portion of
a system that 1s separated from other parts of the system

by boundary surfaces.

* A system containing water and 1ts vapor 1s a two-phase
system. An equilibrum mixture of ice, liquid water,
and water vapor 1s a three phase system.

» A phase may be gas, liquid or solid.

salal ol @iy
it (H,0):
BMs| 1Y

Z1| BN

4l sl

Al 5 Jaom
Mé 2 !jgb.



E:>U’§é/
'E:?_y'wm

D W é
Solwt:on
eSS

The Phase

«£ A gas or a gaseous mixture 1s a single phase.
SN o
» Completely miscible liquids constitute a single phase.
Watel + alcohol \510 2
* In an immiscible liquid system, each layer 1s counted as a

separate phase. ol +water Jo

Tl'E‘very solid constitutes a single phase_)’éxcept when a solid
solution 1s formed.

* A elile J1L )T DT (ICTCU ¢ i NYUIC DIASC.

» Each polymorphic form constitutes a separate phase.
C:)\ )Bb. y Yo
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Gas

Gas mixture

Water + Ethanol

Water + Qil

Water + Vapor

Ice + Water + Vapor 3
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The Phase diagram

* Phase diagram shows the multisystem state changes with

® .
Zthe temperature, @pressure, Etomposition and other

intensive properties. S
- qﬂ'.'_?
&

Intensive properties are properties that do not depend on

e.g.[pressure and temperature.




The Phase diagram: One component system

* The simplest phase diagrams are pressure-temperature diagrams of a
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The Phase diagram: One component system
P
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The Phase\diagram: One component system
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)  The critical point 1s the pomnt on a phase diagram that
g:t“’k' IQJ > indicates the critical temperature and pressure.
ritica
Temperature f!' =The critical temperature of a substance 1s the temperature
Rebriad 18 above which that substance can no longer exist as a liquid,
Sl dgass no matter how much the pressure 1s increased.
31y lage Blus . .
R * In the same way, the critical pressure 1s the pressure above
| hich the substance can no longer exist as a gas, no matter
how_high the temperature 1s.
Dollrs lss 18] g0 Z_P—J|‘~§_9—9'?~_’:La _
365 Al I Jeosl] Supercritical fluid 1s any substance at a temperature and
iy aie d.:-PJl pressure above its critical point, where distinct liquid and
4:- I EJIJ;JI gas phases do not exist.
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The Phase diagram: One component system
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The supercritical fluids

. eneral terms, supercritical fluids have properties] ﬁdif,w
. . 5
@1 those of a gas and a liquid. " Le

)
o Supercritical fluids4are suitable as a (substitute for

organic solvents in a range of industrial and laboratory

Proccsscs.

O

. Supercrltlcal fluids he&ve the viscosity of a gas, but the
sl B 59

@densmes and solvent power of a liquid, making SC
fluids 1deal for extraction.& 1se g x
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The Gibbs phase rule
* To understand and define the state of a phase, knowledge

of several independent variables 1s required. SNswt g

» Independent variables (also called intensive variables) are

the variables that do not depend on the volume or size of

the phase, e.g. temperature, pressure, density, boiling

point and concentration.

* The Gibbs phase rule 1s expressed as follows:
F=C-P+2
F: 1s the nun;lber of degrees of freedom of the system

‘whucl 13 the least number of Intensive Vg{lables required
“t3 elyf ary mdeﬁ*’ﬁam ntly).

* C: number of components, P: number of phases present

[Elalbl Glysibl 20 3
D& G @



ot (V)
sohll blasa fad deoluwa dihia gl 8 sUadl 24y (Phase Diagram).
eiia A3353 oy (arall Jza P 8ylysdl dxyag t) @ay plladl o gy iyl e Saxd o,

a2 Application of phase rule to Al
hiad i Gasy C' :
151 A8 o one component system b pUadl gy

53l b glasl E

APPLICATION OF THE PHASE RULE TO SINGLE-COMPONENT SYSTEMS*® v ] Lﬂ” J:D ! ‘ ”
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Two component system containing liquid phases

« Systems in which the vapor phase 1s 1gnored and only
solid and liguud phases are considered are termed

L5~ FLl=> condensed systems.

» Systems containing liquids might be: <.

1.Completely immiscible (such as m_QtCJJJgLa.I]dMIﬁI) = two Phases
2.Completely miscible i all proportions (e.g.ethanol and 4 ope plase

i‘[ﬁl) ﬂ'f&ﬁﬂ?f.

3. Part?lly miscible (e.g. phenol and water)
\JJ




For two component systems: | st
0 Z
(€2 F=C-P+2 => % ﬁi,tgb\
N-P+7 L
P>1=F<3 ’E- s

.« Three variables are required: temperature, pressure, and
composition. <<y

[f the pressure 1s ﬂxed temperature and composition
S A A ~
are required. 2 1 atn
Y
X

Two component system containing liquid phases

ol B _m(_' _Ef:.

Upper cnnsn%te temperature = critical solution temperamre

Binodal curve Water (A)

3 Phenol (B)
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Prase ¥ phases, 0 V522

Phase diagrams for two
component systems are
commonly constructed
with temperature and
composition as the e
coordinates. ¢
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Two component system containing liquid phases

Other liquid mixtures
show no upper
consolute temperature
but lower consolute
temperature. l LC

Lol 3yl yadl d> 4o

- Lower Consolute Temperature):
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Two component system containing liquid phases

Other lLiquid mixtures
show both upper and

lower consolute
temperatures.
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Two component system containing solid
and liquid phases

The points of D and E represent
~ the-melting points of solids 2

ﬂﬂd 1. one F)hc" = EII-_
Two component system consisting Liquid |

of two solids (2 and 1) when

heated to a temperature above

4 -
(ga¥) G2 o By
7

g7 o) |

T e O Ty

the melting points of both + Nquid
(point d), a one-phase system soltion Solid 1+ Hquidsolytion—p 5 S5
| J G ;E"\?—i—lﬁl\—&\

will form consisting of a liquid
solution of 2 and 1.
When the temperature fall to point

¢, pure solid 1 will form
dispersed 1n a liquid solution of

I and 2.

mouCH>OMU=mM+

: o
! 27

COMPOSITION 100% 1

Solid 1 + Solid 2

100% 2

Two component system containing solid

and liquid phases

* At point G solid 1, solid 2

and solution phase are n
mutual equilibrium (exist
together).

 The solid phase at this
point 1s a finely divided

two-phase dispersion of T et |
. _ ; g |+ )y . i
crystalline | and 2 called a Point ST 1+ sidn - [y

4 SpluFion ha
- - : ' o
eutectic,c and G 1s the | |

. . . 2 Dlaces | Edtecte IM[Kure d
eutectic point. Eutectic 100% 2 COMPOSITION 2 100% 1
melts at a lower

BT Tl e e g T
+ liquid _ - _
solution Solid 1 + Ilqmdlsnlutlnn

MOUC-H>»OMU=MmM-

1ts pure components.




Phase equilibria in three-component

systems
For three component systems:

F=C—P+2=>F=5—P

P>1=F <4,
T degreecfy Fveedom = Y

Four variables are required: temperature, pressure,
and two compositions. o b Lapals
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[f the temperature and pressure are both fixed then,

énly two compositions are required

» Because we are dealing with a three-component
system, 1t 1S more convenient to use triangular
coordinate graphs
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Rules relating to triangular diagram
= s))

§A= 1927 A e Each of the three corners represent 100% by weight
4 B=100"E | of one component.

<& €= lool-< te The three lines joining the corner
points represent two component

_I.-"'.f '-._"..1 / ...-
wixdure of mixture. AR
~ = - i
o Gwp. A I e AN, \/

e The rarea within the
triangle  represent  all
possible combinations of /{=

- _ //\7\
< | A, B, and C to give three- v

i X 5° oo
e component system /\ /
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Rules relating to triangular diagram

» Each of the three corners represent 100% by weight

of one component.

The three lines joining the corner

points represent two component A
. 4
mixture.

The area within the
triangle  represent  all
possible combinations of

A, B, and C to give three/ﬁ :
77

component system

Tnree onunent Sy tem

« E.g. Water, benzene and
e Water _and benzene are

e FEthanol 1s ‘miscible with

Ternary systems with one pair of
partially miscible liquids

ethanol mixture Sa—

curve

partially miscible

both water and benzene

Fig. 2-28. A system of three liquids, one pair of which Is partially
miscible.

~ Partially miscible liquids

) wm Iscible
| Pﬂ‘r"'iﬂ{f_ﬁf MIS<ible



Ternary systems with one pair of
partially miscible liquids

s S o= ol /\

5}')31 22, U, s o

L;)i}ﬁg\ > Lo M"

Temperature ——

(c)

Fig. 2-29. Alterations of the binodal curves with changes in temperature. (a) Curves on the triangular
diagrams at temperatures f;, &, and ;. (b) The three-dimensional arrangement of the diagrams in the

order of increasing temperature. (c) The view one would obtain by looking down from the top of (b).

Ternary systems with two or three
pairs of partially miscible liquids

5,;1_)’“ o L, M-
Ploby 2Vl w

Fig. 2-30. Effect of temperature changes on the binodal curves representing a system of two pairs of
partially miscible liquids.
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Ternary systems with two or three
pairs of partially miscible liquids

Fig. 2-31. Temperature effects on a system of three pairs of partially miscible liquids.




