
HAL Id: hal-04216668
https://hal.science/hal-04216668v1

Submitted on 27 Sep 2023 (v1), last revised 12 Mar 2024 (v2)

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Density and vapor-liquid equilibria at 101.3 kPa of
binary mixtures containing ethyl acetate and a branched
naphthenic compound: experimental data and modeling

Kaoutar Berkalou, Vincent Caqueret, Jean-Louis Havet, Marie Debacq,
Stéphane Vitu

To cite this version:
Kaoutar Berkalou, Vincent Caqueret, Jean-Louis Havet, Marie Debacq, Stéphane Vitu. Density and
vapor-liquid equilibria at 101.3 kPa of binary mixtures containing ethyl acetate and a branched naph-
thenic compound: experimental data and modeling. 14th European Congress of Chemical Engineering
(ECCE 2023), DECHEMA, Sep 2023, Berlin, Germany. �hal-04216668v1�

https://hal.science/hal-04216668v1
https://hal.archives-ouvertes.fr


Density and vapor–liquid equilibria at 101.3 kPa of binary mixtures 

containing ethyl acetate and a branched naphthenic compound: 

experimental data and modeling 

Kaoutar Berkalou, Vincent Caqueret, Jean–Louis Havet, Marie Debacq and 

Stéphane Vitu 

CNAM, 2 rue Conté, 75003 Paris – Université Paris-Saclay, INRAE, AgroParisTech, 

UMR SayFood, 91120 Palaiseau – France 

Density and VLE of pure compounds and mixtures are fundamental thermodynamic 

properties for the design of many industrial processes and for the development and 

improvement of thermodynamic models. Despite the vast amount of such experimental 

data currently available, a lack of data can be noticed for certain kinds of mixtures. 

For example, the binary system ethyl acetate + cyclohexane was widely studied in the 

past. But very few VLE data are available for binary systems containing ethyl acetate 

and a branched naphthene. Indeed, to our knowledge, only a limited number of data 

are available for the system methylcyclohexane + ethyl acetate whereas the binary 

mixture methylcyclopentane + ethyl acetate has never been studied. 

To fill this gap, the present work reports experimental densities and isobaric VLE data 

(at P = 101.3 kPa) for the following binary systems: methylcyclopentane + ethyl acetate 

and methylcyclohexane + ethyl acetate. 

 

Figure 1. Densities () and excess molar volumes (VE) for the binary system 

methylcyclopentane (1) + ethyl acetate (2) at 0.1 MPa measured in this work. 

○: 288.15 K, ▲: 298.15 K, □: 308.15 K. 



Density () measurements under atmospheric pressure were carried out in an 

oscillating tube density meter (DMA 4500 M, Anton Paar) from (288.15 to 308.15) K. 

The experimental densities obtained were used to calculate the excess molar volumes 

(VE) of the mixtures at each temperature. 

Densities and excess molar volumes are shown in Figure 1 for the binary mixture 

methylcyclopentane (1) + ethyl acetate (2), as an example of the results obtained in 

this study. Excess molar volumes derived from density measurements were correlated 

with composition using a Redlich-Kister type expression. 

 

Isobaric VLE measurements were conducted in a Gillespie-type recirculation still in 

which pressure was maintained at 101.3 kPa under inert nitrogen atmosphere. After 

equilibrium had been reached, the compositions of the liquid and condensed vapor 

phases were determined indirectly by density measurements. 

Wisniak L-W and Fredenslund consistency tests were used to check the accuracy of 

the measurements. VLE data acquired in this study were found to be 

thermodynamically consistent and were successfully correlated using activity 

coefficient models such as Wilson and NRTL. 

 

The main conclusion of this investigation is that both binary systems present significant 

deviations from ideal behavior. Moreover, both binary mixtures investigated exhibit 

minimum boiling azeotropes at 101.3 kPa. VLE data measured in this work were used 

to determine azeotropic coordinates (x1 az ; Taz at 101.3 kPa) for each mixture. 


