frs’

1!-“(«
Y B "’
l ;_
(| 5
el

VLE for ideal mixture
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Thermodynamic properties of mixture

At constantT, P,

* V=3Vn,V;= (E)TP
L ’ ;nthi




Property change of mixing

o
AVpix =V =X nv; = Y Vi — Yy = S (V; — vy)
* Avpi =v =2 xv; =X x,(V; —v;)

AH i = H = Y nihy = Y Hing — Y nihy = Yn(H; — hy)
Ahpiy = h — X x;hy = X x;(H; — h;)

BGBR sNU NAOE

¥ v .
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Multicomponent phase equilibrium




Multicomponent phase equilibrium

* With phase a¢ and B,
0>dG =dG* +dGF

a

B

B
= [Z G_idni z G_idni‘ = Z G_ladnla + Z G_Lﬂdnlﬁ
0 ZZ(G_i“—GiB)dn?

S>GF = Gf for the phase equilibrium

a
+

*VLE for mixture T* =T~
p* = pF
uf =ul « G¥ =G’ (foreach i)
(Chemical potential u; = G;)




VLE for ideal mixture

"g.n
Sy

&E
i

ST

LS

£

For pure A in VLE _L

Sat constant T

ny
V¥ __ I __ * *
MA f— MA — :uA ( means a pure substance) -
Psat

A

ug = piy — RT In
Ideal gas mixture

Forvapor A in ideal gas mixture T

Ahmix = 0

I 4mix =—R z yilny;
constant T

AGmix = RT Z yilny;

At constant T, ~

For an ideal gas,

V_nRT (ny+ny,+--n; + -+ ny)RT n? +nY
P P
L on; o7 P
Mjxi
v _ 7 RT v 0 Pa * sat
dquVAsz?dP uA=uA+RTlnE /,LA—RTln po +RT1nﬁ
SNU NAOE — .uA + RT In Psat .

Y. Lim



VLE for ideal mixture

For liquid A in ideal solution

AGmix = RTZ xilnx; = z x;(G; — 9;)

G_i —0i = RTlnxl-

Voo

Hy — s = RT Inx,

For VLE,

WA = Uh
:P k
Uy + RT In—— peat = Ha + RT Inx,4
Py
Pa _ sat
psat = X4 P =|YaP = x4P;
A
Raoult’s law
BGBR sNU NAOE

;]EE&Y Lim

I Ideal liquid mixture
(ideal solution)

cons;ant T , AV = 0
nA + nB Ahmix =0
ASpixy = —R Z x; Inx;

AGmix = RTZ x; In x;




Phase equilibrium

« With ideal gas mixture and ideal liquid
mixture

Phase equilibrium:
Partial pressure of i in gas mixture
= Vapor pressure of i in liguid mixture

Pi(= y;P) = PP (= x;Pf*)

Partial pressure of i in gas mixture Vapor pressure of i in liquid mixture




g (J/mol)

45400

46200

46000

45800

45600

45400

45200

45000

Stable liquid

~— Unstable vapor

\ Stable vapor

n-butane
T=400K

n-butane
T=400K

i 1 Stable liquid

—
P, < psat. .
| Pt <p,

Stable vapor

0.1

g“ — gﬁ vapor

Phase Equilibrium for pure substance

Liquid ' Solid

g* < g

T =100°C

P = 0.5 bar

L J

T =100°C

Stable Stable
g% > gF
T = 100°C

P = 2bar

T =100°C P =




Phase Equilibrium for ideal mixture

T =100°C

Py=19 P, =1.1
P, =06 Constant T A B

With ideal gas mixture and ideal liquid mixture

Phase equilibrium:
Partial pressure of i in gas mixture
= Vapor pressure of i in liquid mixture

:]Dl — Pivap
(y;P = x;P%)

Raoult’s law

10



Phase Equilibrium for pure substance

« Let’'s imagine water in a cup in vacuum room at const. T

P=0 (very low) T=20TC | |T=20T T=20T
° ° [
° o
¢ o
® o
? o
o
e b
P(= 0) < P§3, (= 2.34 kPa) P < P55 = 2.34 kPa P =2 .34 kPa = P53,

* For pure substance, saturation pressure is

— P at which a pure substance boils at a given T.
— P exerted by the vapor that escapes from the liquid at a glver% T. 4
— P at which vaporization rate is same as condensation rate. k'pa 4

— P at phase equilibrium
eﬁ“ﬁ\@ SNU NAOE

JY. Lim 20°C

v



Phase Equilibrium for pure substance

B
P=0 (very T=20TC T=20T .
low) T=20T
° ° o ®

3¢

R

P(~ 0) < P35% (= 2.34 kPa)

P < PS& = 234 kPa

P =2 .34 kPa = P53

Will vaporize

‘P

(Phase equilibrium)

3

Will condense

12



Phase Equilibrium for ideal mixture
(nonsoluble gas and pure liquid substance)

* Water in a big room

Dalton’s partial pressure law

P; = y;P The partial pressure is proportional to the mole fraction of the substance
= 1 7|A ==&0 "l etct.

Where Z1A19]

HOIO & =L0
=2 =¢=

P=1 atm P=1 atm P=1 atm
T=20C ¢ o ® T=20C o ¢ © 1=20C o °
o0 °°0 ¢ e 0 °°0 o 0 ® o ®
% 00 °% o % ©00 o % 00 °0¢ .°
0o %% 000 || oo %% 000’ || ° o 2,.°
®eo, o o, o © 0, ° 0,°0 o
oo . % ‘° oo _0°, ‘0 °©° ,0°0°,
e® o000 %, o0 ..'l‘.“
a0 B R A R

P;= partial pressure of the component /in the gas mixture

P = pressure in the system
y;= the mole fraction of the component /in the gas mixture

4

%

»

i

SNU NAOE
Y. Lim
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L
B
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¥
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Partial pressure P;(=¢}): a hypothetical pressure of gas i if it alone
occupied the volume of the mixture at the same temperature




Phase Equilibrium for ideal mixture
(nonsoluble gas and pure liquid substance)

* Water in a big room

P=1 atm P=1 atm P=1 atm
T=20C ¢ o ® T=20C o ¢ © 1=20C o °
® o ® ® o ® o ® "o
Qg o °o o o °o 0 °
oo ¢ o0 ¢ " o ’ © 4
% o0 o 2,° % o0, o 2,° % °o," 09 4
®0o, % %0 (00, ®%" %0 | |00, © 00’
© o0 0 o0 © a0 00 e®_ o
oo ° o o0 0%, °©° ,0°0°,
e® o000 %, ? o0 0'”'"00
o © o o o) o) ©
Py,0 = 0 < P50 Pu,0 # 0 < P53 Pu,0 = P35 = 2.34 kPa
(Phase equilibrium)
Phase equilibrium: When the saturation
pressure of water is same as the partial Paro ‘?HZO
pressure of water in the gas mixture
U AEHC| 22 i9] S50 Hdot=
HE35}=7|Q (saturation pressure)0| G =2
Q] 7|4 2t 2ot i §HHo| ZESHt



Phase Equilibrium for ideal mixture
__(nonsoluble gas and liquid mixture)

H,O+Ethanol in a big room

P=1 atm P=1 atm P=1 atm
T=20C o T=20°£) o T=207TC
@ o () [
®og 00 ¢ S ® o0 o 9 oo."‘c
O 00y “ ) © Cog “ o O © e o
©00°% o 00 ©%, 0 00°%, ® oo~ 0g 4
o0 o °, 20 ®eoo, ®e ©00,0 0°° 0
o 0. © °6° ® o 0 %° °® oo’y o
o ©e ® g0 o X o 3? e .
° o © ° o ® ® o
o:| ° o 0 ° o ° o p ° e
(

Saturation pressure at): the pressure exerted from a vaporized pure substance

Vapor pressure (P”*F): the pressure exerted from a vaporized substance i in a mixture
c=20| S5t dgot= 0| XSV (saturation pressure), 2= WOlM =& 7t
Zursiol SN S o S71& (P, vapor pressure) =, &= 20| A psat=pvep

The vapor pressure of component i of an ideal mixture of liquids is equal to

the vapor pressure of the pure component multiplied by its mole fraction
Raoult’s law (2F=2] B2!) in the mixture.

PP = x; P E5H20|M 22! 2| 27| (vap
=y;P pressure)O| H|E1I3JEF (CH= %

|J>£

or pressure)2 ==2! 9] Z5}=7 | (saturation
| =A=0| 0|2|= EeF40| Qicte 714)

o



Phase Equilibrium for ideal mixture

__(nonsoluble gas and liquid mixture)

» H,0+Ethanol in a big room

P=1 atm P=1 atm P=1 atm
T=20C T=207T o 1=207T
o 00 o ® °g ©0 0o ® c o0 ° %
% o o © ocee o° # o000
00 %0 o © o0 %0 o % o0 " @ ®
©009% ¢ 00 o © 00 o o 2.0
o " © ®oo o " © ®o0o ®_00 o
0% % o040 ° ‘?.o ° ‘{?lo
O () O
° F\ o © ° o ° o
Qo () (o) () (0] ()
oo © e ®
?H20=O<P;;g=xH20P§gg ?H20¢O<P]};§g ?H20=PI-1]7§'(I)9
va
Prron = 0 < B ;taopy = Xgron Pieon Peton ¢0<PEtopH Prton =P;t6(l)pH

Phase equilibrium: When the vapor
pressure of component i is same as the

partial pressure of component i in the gas :PHZO Peton




Phase equilibrium

« With ideal gas mixture and ideal liquid
mixture

Phase equilibrium:
Partial pressure of i in gas mixture
= Vapor pressure of i in liquid mixture

Pi(=yiP) = B (= x,P’)

*Unfortunately, in real gas and liquid mixture, molecules interact each other.
Therefore, Raoult’s law does not work very well. This caused to give birth to
other thermodynamic properties, fugacity and activity to calculate properties
for a non-ideal mixture.

* However, for non-polar mixture such as hydrocarbon mixture, ideal

mixture assumption is still effective.

BFPE SNU NAOE
Y/ mwg\ L]m




PT diagram of Mixture

Pure component

P Saturation
Pressure
Curve /
liquid /
sat g
PatTy vapor
I,
SUEPP
\\;,»‘*-_p\% SNU NAOE
&@,@&Y Lim

7100

6100

5100

N
=
o
o

Pressure (kPa)

3100

2100

1100

100
-160

-140

Methane/Ethane PT diagram

Bubble point curve

Liquid
Pure
Methane
(c1)
2 Phase
(Liquid+Vapor)
' d
- rd
-120 -100 -80 -60 -40
T(C)

Mixture

C1/C2 mixture
(60:40)

Dew point curve

Vapor

7 Pure
4 Ethane (C2)



Pv diagram of mixture

* n-butane

5

0.1 1

“
L1
%
%
LY
LY
LY
L
b
b
b
=
.
b
oy
b
L
-
Sy

10

v (m3/kgmol)

BGBR sNU NAOE
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50

C3/nC4 1:1

1 Phase fluid
(supercritical fluid/dense fluid)

Ha 7 T=402K

/ Bubble

! point
: P Dew

point

T=350K

2 Phase
(Vapor+Liquid)

0.1 1 10

v (m3/kmol)
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Bubble point/dew point

« Bubble point
— T where the first bubble of vapor is formed at the given P
— P where the first bubble of vapor is formed at the given T
 Dew point
— T where the first dew of liquid is formed at the given P
— P where the first dew of liquid is formed at the given T

o 1 atm
O O O 03 bar, ZSOC | IZSOC |
— @
o () o O O‘ pu- :(N)?Zéc;i = 1000 atm 25°C = 2011 atm 25°C

H20 10%

'%SNU NAOE
Y. Lim




Ex 8.1

* Bubble point?
—When T=333K
—When P=1 bar

Mole fraction
nC5 30%

cycC6 30%
nC6 20%
nC7 20%

21



~ ,V=F/3
y1 =?
Y2 =7
F =100
kgmole/hr T = 20°C
Z1 = 0.5 P =?
Zy = 0.5
(1): nC5
(2): nC6 [ =7
X1 =7
xz =7

22



