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Introduction

First, we introduced a vapor-liquid equilibrium estimation 
method from azeotropic data as an estimation method of vapor-
liquid equilibrium in the absence of measured values (Tips 
#1109).

Here, we will introduce a vapor-liquid equilibrium estimation 
method when liquid-liquid equilibrium data can be used. The 
liquid-liquid equilibrium data is usually in a lower temperature 
region than the vapor-liquid equilibrium.
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Basic Theory of Liquid-Liquid Equilibrium
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Whether the liquid phase stably exists in one phase or whether it is 
separated into two phases is a great concern not only in reaction 
processes but also in separation processes. It is said that an 
unfavorable foaming phenomenon occurs when a liquid phase is 
separated into two phases in a distillation column. On the other hand, 
in an extraction process, two liquid phases must be stably formed.

The formation of two liquid phases will depend on the free energy 
change of mixing in a multicomponent system. When two liquid 
phases are brought into contact with each other, a single liquid phase 
will form as long as dissolving one liquid phase into the other is 
more stable in terms of energy.
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Suppose now that there is a liquid phase 
with a composition x1, and that the free 
energy change of the mixture is given at 
point A.

The straight line PQ is a tangent to the 
free energy change curve. When 
comparing the points A and B, point B has 
a lower energy and is stable. Therefore, 
the liquid phase is separated into two 
liquid phases having compositions of x1

I

and x1
II. The quantitative ratio between 

phase I and phase II is given by the ratio 
BQ: BP.

Mathematically, if the second order 
derivative of the free energy change curve 
of mixing is > 0, there is no concavity so 
liquid-liquid phase separation does not 
occur. 5
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• If Δgm has a concave portion on a curve, phase separation always occurs, so it is possible 
to judge phase separation by drawing a curve with an activity coefficient model and 
checking concavities and convexities.

• In certain activity coefficient models liquid-liquid equilibrium cannot be represented, 
because concavities cannot be expressed regardless of the parameter values.

• Liquid phase stability condition:
(The free energy change curve of the mixture
is convex downward)
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Free Energy Change due to Mixing
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Free Energy Change due to Mixing (for Wilson Equation)

In the Wilson equation, the second-
order derivative of the free energy 
curve of mixing is > 0 no matter what 
the parameter values are, so it cannot 
represent liquid-liquid equilibrium. 
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2-liquid 
region

From the tangent to the free energy 
change curve of mixing, it can be 
seen that there are two liquid phases 
in the region of x1 = 0.65 - 0.95.

The range of liquid-liquid phase 
separation given by DECHEMA 
data on the next page is almost the 
same.

8

Determination of two liquid 
phase regions from mixed free 
energy change (water - n-
butanol vapor-liquid 
equilibrium)
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Water - n-Butanol Vapor Liquid Equilibrium
(DECHEMA Chem. Data Series)

The regions separated into 
two liquid phases are 
indicated by straight lines.
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Estimation of Vapor-Liquid Equilibrium 

from Liquid-Liquid Equilibrium
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Example where the NRTL Equation can be applied to 
both Vapor-Liquid Equilibrium and Liquid-Liquid Equilibrium
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The figure on the left 
shows that the 
parameters obtained 
from liquid-liquid 
equilibrium data at 
30˚C or below and the 
vapor-liquid 
equilibrium parameters 
obtained at 25˚C and 
45˚C are collinear.

In other words, it 
shows that high-
temperature vapor-
liquid equilibrium can 
be estimated using the 
NRTL equation if low 
temperature liquid-
liquid equilibrium data 
is available.

"Molecular Thermodynamics of Fluid-Phase Equilibria (Second edition) "
(Prausnitz, J. M et al., Prentice-Hall p238)
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Estimation of Vapor-Liquid Equilibrium 
from Liquid-Liquid Equilibrium Data
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Basic Liquid-Liquid Equilibrium Equation

NRTL Equation

Using the fact that the NRTL equation can be 
applied to both vapor-liquid equilibrium and 
liquid-liquid equilibrium, the NRTL parameters τij
are obtained from the water - n-butanol mutual 
solubility data at each temperature and correlated 
with 1/T. It is assumed that α = 0.4427.
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temp x1' x1"
5 0.5016 0.9750
10 0.5019 0.9768
15 0.5049 0.9787
20 0.5082 0.9798
25 0.5113 0.9811
30 0.5166 0.9818
35 0.5233 0.9825
40 0.5285 0.9831
50 0.5432 0.9835
60 0.5601 0.9833
70 0.5811 0.9828
80 0.5970 0.9823
90 0.6392 0.9796
100 0.6775 0.9760
110 0.7126 0.9723
115 0.7409 0.9656
120 0.7780 0.9554

125.15 0.8952 0.8952

LLE measurement

"Process Sekkei no tameno Souheikou" 
(in Japanese)
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The relationship of parameter 
(τ) ∝ 1/T is not established.

Temperature Dependence of NRTL Parameters 
(Wide Temperature Range)
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y = -109.57x + 3.8746

y = 1555.6x - 3.9575

(1.0)

(0.5)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0.0024 0.0026 0.0028 0.0030 0.0032 0.0034 0.0036 0.0038

1/T

T12

T21

14

It can be seen that the 
temperature dependence of 
the parameters obtained 
from the liquid-liquid 
equilibrium data has some 
degree of linearity in a 
narrow temperature range.

We will perform the vapor-
liquid equilibrium 
calculation from the 
straight line approximation 
section.

Temperature Dependence of NRTL Parameters 
(Narrow Temperature Range)
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It is found that the VLE estimated 
from LLE is also reasonably accurate.
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The estimation accuracy is 
slightly higher with the 
calculation from azeotropic data, 
but both can be considered to 
have sufficient accuracy to 
conduct preliminary studies.
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Comparison with Vapor-Liquid Equilibrium Estimation 
from Azeotropic Data

Vapor-liquid equilibrium parameters are determined 
from water - n-butanol azeotropic data and a vapor-
liquid equilibrium calculation is performed.

Azeotropic point
P=760
t=92.7

x1=0.737
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A vapor-liquid equilibrium calculation was carried out by linearly 
extrapolating the parameters obtained from liquid-liquid 
equilibrium data using the NRTL equation that is applicable to both 
vapor-liquid equilibrium and liquid-liquid equilibrium.
As a result, it was found that this method is sufficiently accurate 
for a preliminary separation study although it is somewhat inferior 
to the estimation from azeotropic data.

Conclusion


