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Ad. Thermodynamics |deal Solution M odel Dr. M. H. Saidi

@ ldea solutions: Vv, - v, =0 , a P, T and same phase as the mixture.
@ ldea gasisasgspecia case of ideal solutions.

ISM ® V =V,n, +V,n, =V,n, +V.n,
@ Itissimilar to Amagat model (but V,-v, =0 a P, Tandsame

phase as the mixture!)

m : eectrochemical potential of ith component =
driving force which causes mass transfer=
partial molal Gibbs function

m = a&u o _ﬂH 0 _%ﬂA 0 _89ﬂG 0
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Ad. Thermodynamics Fugacity in a Mixture Dr. M. H. Saidi

@ For apure substance (T= const.)

dg, =v,dP =RT d Inf, and Ilmg

QIO

@ For acomponent in amixture (T= const.)

ef, ©
gyA Pg 1]
f_ = The fugacity of a component at the mixture conditions

dG =V, AdP = RTdInf and I|m -=1

f , = Thefugacity of apure A, f, =y,f,

g Y a:f 0 P
b RTané/ . g A In= Q®O(V )dP
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Ad. Thermodynamics Example Dr. M. H. Saidi

@ Thereisamixture containing 75% CH, and 25% C,H,
aT =25°C & P =8.25 MPa. Fin gas mass

@ 1.G. assumption:

PV =mRT, using Dalton modd ®
P, =Yy, P =0.75" 825=6.188MPa & F. ,, =2.063MPa

PV P,V
Mgy, = R‘; =20.02Kg & m . = R‘:H4T =11.07Kg
H4 oH 4

® m=mg, +m., =31.09Kg

@ Using |.S.M. assumption:

_ _ V . .
v :VAnA +VBnB ® n_:(yv )CH4 +(yV )C2H4

t

J, -V, =0



Ad. Thermodynamics Example... Dr. M. H. Saidi

@ Using |.S.M. assumption:

no chart for v, andv, ® usethegeneralized charts®

T 8.25
Tr,CH4 :T— :1.56, Pr,CH4 :ﬁ :1.78, T

CH,

Generalized compressibility factor chart® Z, =0.88& Z. , =0.35

=1.06, P =161

r CoHy r CoHy

ZRT _0.88" 8.31434" 298.2 ;

- = _ _ m
Vo, =5 = e =026457 M/
ZRT _0.35" 8.31434" 298.2 ;

- _ _ m
Ve, =75 = e =01052 M/

® v =0.75(0.26457) +0.25(0.1052) = 0.2247 M’/
M =3 yM, =075 16+0.25 28=19

® v =~ =0.011825 m%g ®m=r=_2 _s3Kg

M v 0011825




Ad. Thermodynamics Dilute Liquid Solutions Dr. M. H. Saidi

@ Example: Dilute non-€electrolyte liquid solutions:
@ Water as solvent and salt as a solute (low volume fraction)
Index 1 isfor solvent and 2 isfor solute
@ Henry’'sLaw for dilute liquid solution:
@ Thefugacity of a solute of adilute liquid solution is proportional
toitsfraction, f,=K.,X,.
@ This law was presented for partial pressure instead of fugacity at
first, P, =K,x,.



Ad. Thermodynamics  Dilute Liquid Solutions... Dr. M. H. Saidi

@ Accordingto Henry’sLaw :
N

@ Gibbs-Duhem relation for const. Pand T ® é ndm=0
=1

ndm+n,dm =0

@ Since (dG, )T =(dm)T =RT d Inf,

® nRTdInf,+n,RTdInf,=0

&Y (Inf.)u &Y (Inf.)u
® Xléﬂ( 1)0 +Xzéﬂ( 2)0 =0
e ﬂXZ GI',P e ﬂXZ ':II',P
éfInf, u éqInf. u
+ = 1 —a 2
fuutibautt gﬂlnxlt{r,p gﬂInXZHr’p
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efinf, u
f,=K.x,® Inf,=InK, +Inx, ® éhﬁl —

eflinx, g, ,
éflinf, U _éfinf,u _ €éfinf, U

gﬂlnxlﬂr b _éﬂlnxzﬂr b g‘ﬂlnxlfjr b -

\X 1

® dInf,=¢) dinx, ® [f, =1 %,

f ° = Fugacity of pure 1 at the same T and P of solution

@ If the vapor in equilibrium with the liquid is assumed to be ideal gas
P, =P’x,
@ This law, which is a resultant of Henry’s law, is named Rault’s law
for the solvent.

@ It may be shown that if the Henry’s law is valid for a solute in a
dilute solution, the Raul law isvalid for the solvent of that solution.



