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Vapour-Liquid Equilibrium of Propyl Acetate - Ethanol
and Propyl Acetate - 2 Propanol at 0.6 MPa
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VLE data for the binary systems of propyl acetate - ethanol and propyl acetate - 2-propanol at 0.6 MPa have
been determined. The experimental data were verified with the point-to-point test of van Ness. These
systems do not present an azeotropic point at 0.6 MPa. The different versions of UNIFAC and ASOG prediction
models were applied.
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Table 1
PHYSICAL PROPERTIES OF THE PURE SUBSTANCES AT ATMOSPHERIC PRESSURE

Propyl acetate is obtained by esterification of acetic acid
with propanol. It is a solvent that is used as raw material
for adhesives as well as for ink formulations in the
flexographic industry. This substance produces azeotropic
mixtures with some alcohols.

 Vapor-Liquid Equilibrium (VLE) of the binary system
propyl acetate - ethanol has been investigated at 101.3
and 160.0 kPa [1], while the binary system propyl acetate
- 2-propanol has been studied at 101.3 kPa [2]. An
azeotropic point has been described for both systems [1-
3]. Therefore, as in previous works [4, 5], the purpose of
this study was to investigate the both systems for the
azeotrope disappearance when pressure increases. To this
effect, the isobaric data of VLE at 0.6 MPa for propyl acetate
- ethanol and propyl acetate - 2-propanol has been obtained.

The VLE experimental data of phenyl acetate - ethanol
and propyl acetate - 2-propanol were verified with the point-
to-point test [6]. All data presented in this work agree with
the global consistency criteria from literature [7]. After this,
the contribution models UNIFAC [8-10] and ASOG [11]
were verified with the consistent thermodynamic data of
this paper.

Experimental parts
Materials

 The physical properties, normal boiling temperature
(Tbp), density (ρ) at 298.15 K, and refractive index (nD) at
298.15 K, determined for propyl acetate with a purity of
99%, ethanol and 2-propanol both of 99.9% purity  and their
comparison with values found in literature are shown in
table 1. These chemicals were used without further
purification.

Equipment and procedure
The VLE experiments in this study were performed using

a dynamic recirculating still equipped with a Cottrell pump,
which has been described in previous papers [4, 5]. Pt100
probes were threaded to the ebulliometer. The welding of
the nut to the cover of the probes and the electric circuit
were mounted by Dostmann Electronic GmbH.
Temperature was measured with ±0.02 K of uncertainty
using a Pt-100 probe with a digital Dostmann Electronic
P655 thermometer, both calibrated by Dostmann Electronic
GmbH following laboratory standards calibration according
to international agreement with NPL and NIST standards.
The probe was mounted on the stainless steel ebulliometer,
and verified by measuring the boiling point of distilled
water.

 Working pressure was measured using a pressure
transmitter with a 0.0 to 4.0 MPa range (uncertainty of
±0.005 MPa). A controller valve  was included in order to
regulate the flow of dry nitrogen into the equipment for
obtaining VLE data in continuous operation. The system
was kept at boiling conditions for 90 min to ensure the
stationary state, and then samples of liquid and vapour
were extracted into external sealed recipients.

 The composition of the liquid (x1) and vapor (y1)
samples for the binary systems were determined by
measuring their densities at 298.15 K with a vibrating-tube
density meter with a ±0.1 kg·m-3 precision. The
composition dependence on density was previously
determined. The accuracy of the composition analysis was
better than 0.002 mole fraction units.

Results and discussions
The VLE data T-x1-y1 of propyl acetate (1) - ethanol (2)

and propyl acetate (1) -  2-propanol (2) at 0.6 MPa are
displayed in table 2. The thermodynamic consistency of
these data has been verified using the literature properties
[1, 7, 13]. The binary data of all the systems passed the
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Table 2
EXPERIMENTAL DATA T-x1-y1 AND CALCULATED VALUES FOR THE ACTIVITY COEFFICIENTS OF THE LIQUID PHASE

Table 3
CORRELATION PARAMETERS FOR GE/RT WITH AVERAGE AND STANDARD DEVIATIONS

consistency test [6], as the deviation between the
calculated and experimental data resulted less than 0.01
mole fraction in the vapour phase [7].

Data treatment
 The activity coefficients (γi) of the liquid phase for every

system were determined by using the following equation:

    (1)

The fugacity coefficients (φi) were calculated using the
virial state equation truncated at the second term, and from
the following equation:

   (2)

The second virial coefficients, Bii and Bij, were obtained
by means of the Hayden and O’Connell method [14]. The
liquid molar volumes of pure compounds (vi

L) were
estimated by the equation of Yen and Woods [15].

The activity coefficients of the liquid phase, calculated

from the VLE data (table 2) showed a positive deviation
from ideal behavior, probably due to a molecular
association. The negative deviation observed is possibly a
consequence of experimental errors in temperature and
pressure measurements.

After the thermodynamic consistency of the
experimental data was verified, the calculated activity
coefficients were correlated using excess Gibbs energies
(GE) with the relation GE/RT vs. x1 in the following
thermodynamic models: Redlich-Kister, Van Laar, Margules,
Wilson, NRTL and UNIQUAC. The simplex method [16]
was applied, considering the minimization of the objective
function (OF) as follows [17]:

(3)

Good correlations were obtained from the
thermodynamic models (table 3), and acceptable
deviations were observed in the vapour phase prediction.

Correlation of data and prediction
All data processing was performed using the simplst

method [16]. Results from the treatment of experimental

1i
i ii

i=1
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Table 4
COEFFICIENTS AND STANDARD DEVIATIONS OBTAINED IN THE CORRELATION OF VLE DATA USING THE FF EQUATIONS

Fig. 1. Vapour-liquid equilibria and fitting curves of propyl acetate
(1) + ethanol (2) at 0.6 MPa ( ) and literature data [1] at 101.3 kPa

( ) or 160.0 kPa ( )

Fig. 2. Isobaric VLE and fitting curves of propyl acetate (1) + 2-
propanol (2) at 0.6 MPa ( ) and literature data [2] at 101.32 kPa (♦)

Fig. 3. Plot of experimental VLE data and fitting curves for propyl
acetate (1) + ethanol (2) at 0.6 MPa ( ) and propyl acetate (1) + 2-
propanol (2) at 0.6 MPa ( ). The curves represent predicted values
for propyl acetate (1) + ethanol (2) from UNIFAC-1993 [9] (- - -) and
for propyl acetate (1) + 2-propanol (2) from UNIFAC-1987 [7] (__ __)

consistency test [6], as the deviation between the
calculated and experimental data resulted less than 0.01
papers [4, 5] are shown in table 4. The same process was
applied to literature data [1, 2] [fig. 1, 2]. It can be observed
that the experimental results at 0.6 MPa present for systems
analized in this work  a good correspondence with literature
data at 0.1 and 0.16 MPa.

 Figures 1 and 2 show a similar behaviour of  T vs x1
curves of both systems as well as the evolution of the
systems with pressure. However, this  trend disappears in
T vs y1 curves, when we observe a different effect of
pressure on the mixture in the vapour phase.

On the other hand, these systems, for low ester mole
fractions, show a decrease in the difference between y1-x1
with pressure increasing. This produces a change between
y1-x1 going from positive to negative values from 0 to 1
ester mole fraction, thus generating the disappearance of
the azeotrope mentioned in literature [1-3]. In figure 3 can
be observed that there is no azeotropic data for the binary
systems of this paper at 0.6 MPa.
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Table 5
MEAN ERRORS AND AVERAGE DEVIATIONS IN THE

PREDICTION OF VLE DATA USING ASOG AND
UNIFAC MODELS

The UNIFAC [8-10] and ASOG [11] group contribution
models are useful for the development of separation
processes, reason why the experimental data in this paper
were compared with the values obtained from these
models. The overall results are presented in table 5. It should
be noted that, globally, the ASOG and UNIFAC-1993 version
provide the best results in the prediction of the activity
coefficients. However, the best version of UNIFAC to predict
the propyl acetate -  ethanol system at 0.6 MPa was
UNIFAC-1993 while for the propyl acetate - 2-propanol
system at 0.6 MPa was UNIFAC-1987. Figure 3 shows the
experimental data at 0.6 MPa with the fitting curves (see
table 4) and the best results in the VLE prediction for the
binary systems studied in this work.

Conclusions
The isobaric VLE data have been measured at 0.6 MPa

for the binary systems propyl acetate-ethanol and propyl
acetate-2-propanol by means of a stainless steel
ebulliometer. The thermodynamic consistency of data has
been verified with the point-to-point test and agree with
the Fredenslund validation criterion.

 Non azeotropic data for these propyl acetate-ethanol
and propyl acetate-2-propanol binary systems at 0.6 MPa
have been obtained; therefore, the disappearance of the
azeotropes, which at low pressures are reported in the
literature, has been verified. This allows the obtaining of
these pure substances at 0.6 MPa.

 Several thermodynamic mathematical models as well
as the group contribution models, the ASOG, the original
UNIFAC, the UNIFAC-Lyngby and the UNIFAC-Dortmund,
were applied, and their predictions were verified and
discussed with respect to the experimental data of this
work.
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