
Exercise 11

a) Raoult 's law : yip
-
-Xi Pis"

- Yi is the mole fraction of component i in the vapor

- Xi is the mole fraction of component i in the liquid
- P is the pressure of the system
- Pis" is the vapor pressure of pure component i

b) Major assumptions :
- Ideal gas
- Ideal mixture

- low to moderate pressure
- molecules are not too different in size and have the same

chemical nature .



a) for the system we have: y.F-x.P.satyap.gl?sat
Using that y,+ya=l ,

and reformulating Raoult 's law.ve get :

yi.AE#-,yz=XzPittYitYz--lx.IFt-+XaPiYt---1/.P
psx.P.sat-xzpi.at Bubble point

b) Similarity to a) :
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YYp.sat-yypi.at
Dew point

c)

d) Following the same approach as a) and b)

for the system we have: y.F-x.pl?satYaP=xayzpzsat
Using that y,+ya=l ,

and reformulating Raoult 's law, we get :

yi.AT#-s?yz=XzpzP-sHYitYz--lx.pgPFt-+XapPitt-
=/

t.PP-x.ph?sat+XzpPzsatModified bubble point

similarity to dew point :
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e)

•

Azeotrope

f) An azeotrope implies a mixture where the vapor and liquid phases have

the same composition. On the graph , this is where the dew. and bubblepoint lines intersect.

g) Relative volatility : ✗in ¥ YYX,} ⇒Xi y.kzk - value : hi = Y¥i

For an azeotrope , y , = ×, and yz=✗z ⇒ ✗, = f- =\

This means that both components are equally volatile (likely to be in the gas phase) , meaning that it

is impossible to separate the components from each other using distillation
.

1. Calculating P from the bubble point line , and then inserting into raoults law gives :

y ,
= 4¥
" Modified :

y, =
x.jp,

sat

P

Result :



2) Iterating so that the total pressure P from the modified Raoult's law for each component

are approximately equal .



Rearranging (1) gives : L -- F -V -- l -V /VOF becomes V1

Combining with (2) to eliminate L :

2-i = ✗ill -b)+ yiv

2-i-xi-lyi-xi.tl (6)

Eliminating Xi with the K - factor : Ki -- ¥. ⇒ xi=Y÷

Using Raoult's law : yip-xip.IT ⇒ ¥÷= = Ki (4) , we can calculate Ki using (5) as the pressure is known

Inserting the K- factor into (6) eliminates Xi

Zi -- ¥; + (Yi - ti )V

Ki Zi = gill + Kill - V)

Ki Zi
Yi =

I + ( ki - 1) v
(7)

Finally , using that { yi =/ ⇒ Eyi -1=0 , the final expression becomes :
K , Z,

+
Kz ZzObj =

I +1k, - Dv I +☒ 1)v
- 1=0 (8)



Implementing (8) and (5) into the cakobj solves the problem.

These seem reasonable

VOF a Almost all of the feed
is vaporized⇒ We are close to the dew-point line

Here VOF > I ⇒ We are producing more vapor than the feed into the system , which is impossible

We also have ×,
, y , > 1 and Xz , ya <0 which is not possible

Looking at the result from p
--0,2

,
we are outside the two .phase region , which means that phase separation is

impossible , and most of the equations used in the calculations are wrong , which is the reason for the error.


