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BUBBLE TEMPERATURE DATA FOR
PHENOQOL-n-PROPANOL SYSTEM

Y. V. L. RAVIKUMAR, M. RAMAKRISHNA and D. VEERANNA

Indian Institute of Chemical Technology, Hyderbad 500007, India.

( Received 20 April 1990)

In order to supplement the literature data on VLE, isobaric bubble temperature data were collected for
the system phenol-n-propanol over the entire composition range by indirect method using a standard
Swietoslawski type ebulliometer. The measurements were made at 200, 400 and 710 mm Hg The
experimental t — x data were correlated with both equation of state method and gamma-phi methods. In
the former approach the Soave equation of state is used wherfeas in the latter one Wilson, NRTL and
UNIQUAC models are used.

KEY WORDS: Equation of state, Soave equation.

INTRODUCTION

Separation of mixtures into useful components or fractions forms one of the most
important activities of any chemical process industry. Among the separation proces-
ses, distillation is perhaps the most important and energy consuming operation.
Hence accurate knowledge of vapour liquid equilibrium (VLE) of the system is of
utmost importance for the optimum design and efficient operation of a distillation
column. Phenol is a very useful physical solvent. A literature search reveals that there
is very little information on vapour liquid equilibria (VLE) of phenol-alcohol systems.
The only literature information’ is not easily available. In an attempt to fill the gap,
recently Veeranna and coworkers?® published experimental data and the model
parameters for binary systems of phenol with i-propanol, i-butanol and n-butanol.
In this work bubble temperature data and the model parameters are presented for
the binary system phenol-n-propanol.

Isobaric data as compared to isothermal data is of more practical value in process
engineering calculations. Hence the experiments were carried out at three constant
pressures: 200 mm Hg, 400 mm Hg and 710 mm Hg.

EXPERIMENTAL SECTION

The vapour-liquid equilibrium measurements were conducted in a Swietoslawski
ebulliometer*. The ebulliometer was connected to a vacuum system. The pressures
were measured by a mercury manometer with an accuracy of +1mm Hg. The
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temperature was measured with a PT100 thermometer with an accuracy of 0.1°C.

The boiling points of the system phenol-n-propanol were determined over the entire
composition range at 200, 400 and 710 mm Hg. Mixtures of different compositions
were prepared gravimetrically. The boiling point was first determined at 200 mm Hg.
The temperature was recorded when it remained constant for about half an hour.
Then the pressure is raised to 400 mm Hg and 710 mm Hg and the procedure is
repeated.

PURITY OF THE MATERIALS

Purified n-propanol, which has minimum guaranteed purity of 99.0% (assay GC),
was obtained from Thomas Bakers Ltd., London. Pure phenol with a minimum
guaranteed purity of 99.5% (assay GC) was supplied by Loba Chemie Ltd (India).

These chemicals were used without any further purification. However, the purity
of these materials is checked by measuring the physical properties. The comparison
of measured physical properties with literature values is shown in Table 1. The
measured values are in good agreement with the literature values®.

RESULTS AND DISCUSSION

The experimental 1 — x measurements at the three different pressures are presented
in Tables 2-4. Here the experimental data are correlated by two different approaches:
(i) Equation of state (EOS) approach with the Soave modification of Redlich-Kwong
equation and (i) Gamma-Phi method with Wilson, NRTL and UNIQUAC equa-
tions.

Equation of state approach

The details of the Soave equation used in this work may be obtained from the works
of Graboski et al.® or from our earlier work?. The bubble-point calculations were
carried out by using the algorithm proposed by Veeranna and Rihani’. An optimum
binary interaction parameter k;; of —0.043 obtained by minimising absolute deviation

Table 1 Comparison of physical properties of purc components with
literature values.

n-Propanol Phenol
Measured Lit® Measured Lir®
Refractive index 1.3855 1.3854 1.538 1.54
@ 20°C @ 45°C
Boiling point. C 97.8% 97.8 181.6 181.8

Melting point C 409 409
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Table 5 Model parameters for Wilson, NRTL and UNIQUAC

equations.
Model Parameters RMS error in temperature
Wilson Aiy, = —156769 K 09K
Aiyy = —142253 K
NRTL Agy, = —974770 K 09 K
(a2 = 0.12) Ag,, = —67.1547 K

UNIQUAC  AU,, = —S52.1272K 10K
AU,, = —39.1916 K

of experimental and calculated temperatures gave an average absolute deviation of
0.6°C. The observed and calculated temperatures and vapour compositions are also
presented in Tables 2-4.

Gamma—-phi approach

In this approach the experimental data were correlated with the models: Wilson®,
NRTL? and UNIQUAC!®. The details of these models can be obtained from the
above references or from the earlier work?. In all the three cases, the gas phase is
assumed to be ideal and hence the fugacity coefficient is taken as 1.0. The optimum
model parameters in each case were obtained by minimising sum of the squares of
the deviation in bubble pressure, using Nelder-Mead optimisation technique. The
model parameters along with root mean square error in temperature are presented
in Table 5.

All the Gamma-Phi methods correlated the data with same accuracy. Surprisingly,
the Soave equation correlated the data very well with devation comparable to the
Gamma-Phi methods. The calculated temperatures and vapour compositions for all
the three models are presented in Table 2-4. As can be seen from these tables, the
predictions from all the models are almost same.

CONCLUSIONS

The system is well correlated by all the models studied here. The assumption of ideal
vapour phase behaviour is justified because the pressures treated here are low. The
Soave equation correlated the data remarkably well even with temperature in-
dependent binary interaction parameter. The correlation by Soave equation is as
good as that by Gamma-Phi methods. Hence it can be expected that Soave equation
would correlate well other phenol-alcohol systems also.
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