
































1. Estimate the activity coefficients for a methanol (1), ethanol (2), isopropyl alcohol (IPA) (3), and water (4) liquid 
mixture with x1 = 0.05, x2 = 0.05, x3 = 0.18 and x1 = 0.72, respectively. Wlison equation is given as,

푙푛훾 = 1.0 − 푙푛 푥 퐴 −
푥 퐴

∑ 푥 퐴

The values of binary pair 퐴 is given by
푗

1 2 3 4
1 1 2.3357 2.7385 0.4180

푖 2 0.1924 1 1.6500 0.1108
3 0.2419 0.5343 1 0.0465
4 0.9699 0.9560 0.7795 1

2. Estimate the bubble point temperature and vapor composition for the liquid mixture with given composition at 
a total pressure of 101.3 kPa with a Matlab code. Use the Wilson model with the parameters:

Vapor-Liquid equilibrium for non ideal mixture

푙푛푃1 (푘푃푎) = 16.58 −
3638.37

푇 표퐶 + 239.50 푙푛푃2 (푘푃푎) = 16.90 −
3795.17

푇 표퐶 + 230.91

푙푛푃3 (푘푃푎) = 16.68 −
3640.20

푇 표퐶 + 219.61 푙푛푃4 (푘푃푎) = 16.39 −
3885.70

푇 표퐶 + 230.17



Bubble point calculation

1. Calculate saturation temperature for all component from Antoine equation for the given 
pressure.

푇 푖 =
퐵 푖

퐴 푖 − ln 푃
− 퐶(푖)

2. Initialize bubble temperature 푇 = ∑ 푥(푖)푇 푖
3. Solve the equation for bubble temperature Tb with the initial guess,

푃 − 훾(푖)푥 푖 exp 퐴 푖 −
퐵 푖

퐶 푖 + 푇
= 0

4. Calculate 푙푛푃푖 (푘푃푎) from Antoine equation wit the new value of Tb; 

Calculate 푦(푖) =

5. If 푎푏푠(푇 − 푇 ) <eps ; T=Tb 

6. Else 푇 = 푇 go to step 3.



APPENDIX B

NRTL PARAMETERS AND
ANTOINE COEFFICIENTS

Tables B.1, B.2, and B.3 give binary interaction parameters (a, b, and c, respectively)

for the NRTL equation (Equations B.1 and B.2) for systems that have been used and

discussed extensively throughout the book. All parameters are regressed values from

the Dortmund databank, obtained from Aspen Plus1.

g i ¼ exp

P
j xjtjiGjiP
k xkGki

þ
X
j

xjGijP
k xkGkj

tij �
P

m xmtmjGmjP
k xkGkj

� �" #
(B.1)

where tij ¼ aij þ bij=T Kð Þ and Gij ¼ expð�cijtijÞ (B.2)

Example of Using Tables B.1–B.3

Suppose the binary interaction coefficients are being sought for the benzene–

water system. We shall designate benzene as component i and water as component j.

Then, in Table B.1, progress down the first column until component i is found

(benzene). Then, progress down the row where component i has been found and

search for the cell intersection with component j in the first row. It can be seen that

aij¼ 45.191. To find aji, repeat the procedure, but search for component j in the first

column, and then for the cell intersection with component i in the first row. In this
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TABLE B.1 Binary Interaction Parameter aij for the NRTL Model for Selected

Components

Methanol Ethanol Benzene p-Xylene Toluene Chloroform Water Acetone

Methanol 0.000 4.712 �1.709 0.678 0.000 0.000 �0.693 0.000

Ethanol �2.313 0.000 0.569 4.075 1.146 0.000 �0.801 �1.079

Benzene 11.580 �0.916 0.000 0.000 �2.885 0.000 45.191 0.422

p-Xylene �3.259 �5.639 0.000 0.000 0.000 0 2.773 0.000

Toluene 0.000 �1.722 2.191 0.000 0.000 0.000 �247.879 �1.285

Chloroform 0.000 0.000 0.000 0 0.000 0.000 �7.352 0.538

Water 2.732 3.458 140.087 162.477 627.053 8.844 0.000 0.054

Acetone 0.000 �0.347 �0.102 0.000 1.203 0.965 6.398 0.000

TABLE B.2 Binary Interaction Parameter bij for the NRTL Model for Selected

Components

Methanol Ethanol Benzene p-Xylene Toluene Chloroform Water Acetone

Methanol 0.0 �1162.3 892.2 295.5 371.1 �71.9 173.0 114.1

Ethanol 483.8 0.0 �54.8 �1202.4 �113.5 �148.9 246.2 479.1

Benzene �3282.6 882.0 0.0 122.7 1124.0 �375.4 591.4�239.9

p-Xylene 1677.6 2504.2 �136.5 0.0 75.9 �17.7 296.7 173.6

Toluene 446.9 992.7 �863.7 �91.1 0.0 �57.0 14759.8 630.1

Chloroform 690.1 690.3 313.0 �120.2 �25.2 0.0 3240.7�106.4

Water �617.3 �586.1 �5954.3 �6046.0 �27269.4 �1140.1 0.0 420.0

Acetone 101.9 206.6 306.1 83.2 �400.5 �590.0 �1809.0 0.0

TABLE B.3 Binary Interaction Parameter cij for the NRTL Model for Selected

Components

Methanol Ethanol Benzene p-Xylene Toluene Chloroform Water Acetone

Methanol 0.0 0.3 0.4 0.5 0.3 0.3 0.3 0.3

Ethanol 0.0 0.0 0.3 0.3 0.3 0.3 0.3 0.3

Benzene 0.0 0.0 0.0 0.3 0.3 0.5 0.2 0.3

p-Xylene 0.0 0.0 0.0 0.0 0.3 0.3 0.2 0.3

Toluene 0.0 0.0 0.0 0.0 0.0 0.3 0.2 0.3

Chloroform 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.3

Water 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3

Acetone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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example, aji¼ 140.087. Using a similar procedure, values for parameters b and c can

also be found.

The Antoine equation for calculating vapor pressure is given in Equation B.3,

with the relevant constants in Table B.4.

ln PVAP
i

� � ¼ Ai � Bi

T þ Ci

(B.3)

TABLE B.4 Antoine Equation Coefficients for Selected Components

Methanol Ethanol Benzene p-Xylene Toluene Chloroform Water Acetone

A 8.07240 8.1122 6.90565 6.99052 6.95464 6.93710 8.01767 7.23160

B 1574.990 1592.864 1211.033 1453.430 1344.800 1171.200 1715.7 1277.030

C 238.870 226.184 220.790 215.307 219.482 227.000 234.268 237.230
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