24" ESAT

EUROPEAN SYMPOSIUM ON APPLIED
THERMODYNAMICS
June 27- July 1, 2009
Santiago de Compostela, Spain

N

BOOK OF ABSTRACTS

Editors: Alberto Arce and Ana Soto

GROUP OF SEPARATION PROCESSES AND PHASE EQUILIBRIA
CHEMICAL ENGINEERING DEPARTMENT
SCHOOL OF ENGINEERING
UNIVERSITY OF SANTIAGO DE COMPOSTELA

&= CDROM
Included




ESAT 2009 N

PII40 - Solid - liquid equilibrium measurements in binary system N,N-
diethylamine + [Comim ][ Tf,N].
J. Rotrekl, Z. Sedldkova, M. Bendova, P. Vrbka and J. Jacquemin ...., 785

PI141 - Thermodynamic Characterization of Three Ionic Liquids with
polar chain grafted on cation.
A.L. Revelli, F. Mutelet and J.N. Jaubert ......cccooevveveeieiiiiiiiiiiieeeeeeeen. 787

PII42 - Temperature dependence of physical properties of EMpyESO,
and EpyESQ, ionic liquids and their binary mixtures with ethanol.

B. Gonzalez, N. Calvar, E. Gémez, I. Dominguez and A. Dominguez
............................................................................................................... 788

PII43 — Vapour-liquid equilibria for binary mixtures ofl-Alkyl-3-
methyl-imidazolium bis(trifluoromethylsulfonyl)imide ILs with several
alcohols at 101.32 kPa

A.E. Andreatta, A. Arce, A. Arce Jr., E. Rodil, A. Soto......cccceeuunnn... 792

PI144 - Vapour pressures and osmotic coefficients of binary mixtures of
1-ethyl-3-methylimidazolium ethylsulfate with alcohols at 323.15 K.
N. Calvar, B. Gonzalez, E.LA. Macedo ..........ccooovvvviiiiiiiiiiiiiiiiiiiiiennnn, 798

PII45 - Viscosities of Protic Ionic Liquids: 2-Hydroxy Ethylammonium
Formate, 2-Hydroxy Ethylammonium Acetate and 2-Hydroxy
Diethylammonium Acetate.

M. Iglesias, E.N.Oliveira, C.M.Ferreira, [.R.Guerra, J.S.Serra and_S.
MO, ..ot 805

PI146 - Volumetric behaviour of aqueous solutions of surfactant ionic
liquids: Temperature and pressure effects.
M. Tariq, H.I.LM.Veiga, JM.S.S. Esperanca, A. Lopes, J.N.C. Lopes,

L PN REDEIO oo . 813

PII47 - Adsorption Isotherms of Oleic Acid in Supercritical CO, using -
Alumina as Adsorbent.
C. Mobius, L.F. Franca, N.T. Machado, C. Zetzl, G. Brunner............ 814

PII48 - Degradation of reactive textile dyes in supercritical medium.
R.O. Cristovao, P.F.F. Amaral, A.P.M. Tavares, M.A.Z. Coelho, M.C.
Cammarota, J.M. Loureiro, R.A.R. Boaventura, E.A. Macedo, F.L.P.

PeSSO@ ...

ESAT 2009 XL Santiago de compostela, Spain



ESAT 2009 N

PII-44
Vapour pressures and osmotic coefficients of binary
mixtures of 1-ethyl-3-methylimidazolium ethylsulfate with
alcohols at 323.15 K

N. Calvar([), B. Gonzdlez(z), E. A. Macedo™’

(LSRE - Laboratory of Separation and Reaction Engineering,
Associate Laboratory LSRE/LCM, Department of Chemical Engineering
Faculty of Engineering, University of Porto
Rua Dr Roberto Frias s/n 4200-465 Porto, Portugal
@Group of Advanced Separation Processes, Departament of Chemical Engineering,
Universidad de Vigo, Edif. Isaac Newton
Lagoas-Marcosende 36310, Vigo, Espafia

Abstract

Osmotic coefficients of binary mixtures containing alcohols (ethanol, 1-propanol, 2-
propanol) and the ionic liquid 1-ethyl-3-methylimidazolium ethylsulfate were
determined at 323.15 K. Vapour pressure and activity coefficients of the studied
systems were calculated from experimental data. The extended Pitzer model
modified by Archer, and the modified NRTL model (MNRTL) were used to correlate
the experimental data, obtaining standard deviations lower than 0.012 and 0.031,
respectively. The mean molal activity coefficients and the excess Gibbs free energy
of the studied binary mixtures were calculated from the parameters obtained with the
extended Pitzer model of Archer

Introduction

Ionic liquids (ILs) find a wide range of application as alternatives to the organic
solvents for different processes, and they are being used as separation agents with
very promising results. Thermodynamic properties of mixtures containing ionic
liquids are of great interest, and namely osmotic and activity coefficients.

In this work, experimental data of osmotic and activity coefficients together with the
vapour pressures of the binary mixtures containing ethanol, 1-propanol, and 2-
propanol with the ionic liquid 1-ethyl-3-methylimidazolium ethylsulfate
(EMimESOQ,) are presented. The vapour pressure osmometry (VPO) technique was
employed for the determination of the experimental data. In spite of the numerous
advantages of this technique, such as its high accuracy, being less time-consuming
than other techniques used for VLE, and the fact that small amounts are enough for
the experiments, it is scarcely used in mixtures containing ionic liquids [1-6].

To correlate the experimental data, the extended Pitzer model modified by Archer (7,
8], and one local composition model, the modified NRTL (MNRTL) [9] are used.
The extended Pitzer model of Archer is capable of reproducing satisfactorily the
experimental osmotic coefficients. The mean molal activity coefficients and excess
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Gibbs free energies were calculated adopting the parameters obtained with this
model

Experimental

Chemicals. The ionic liquid 1-ethyl-3-methylimidazolium ethylsulfate (EMimESOy)
was synthesised and purified in our laboratory according to previously published
procedure [10]. The water content was determined using a 756 Karl Fischer
coulometer, and it was lower than 3-10™*. Ethanol used in this work was supplied by
Merck with mass fraction purity > 0.999, 1-propanol was purchased by Sigma-
Aldrich with mass fraction purity > 0.999, and 2-propanol was supplied by Riedel-de
Haén with mass fraction purity > 0.998. The alcohols were degassed ultrasonically
and dried over molecular sieves type 4 A, supplied by Aldrich, and kept in an inert
argon atmosphere. Their maximum water mass fraction was 2-10°.

Apparatus and Procedure. The vapour pressure osmometry measurements were
performed using a Knauer K-7000 vapour pressure osmometer (VPO). The
osmometer consists of two thermistors that are placed in a cell where the gas phase is
saturated with solvent vapour. These thermistors measure resistance differences
caused by changes in the temperature (A7). This AT is measured in terms of AR, the
difference in the resistances of the two thermistors.

Results and Discussion

Experimental. The osmotic coefficients, ¢, of the solutions of molality m can be
expressed as:

vém=kAR (1)

where v is the number of ions into which the electrolyte dissociates.

The calibration factors k£ were calculated using binary mixtures of NaCl with ethanol
and LiBr with 1-propanol and 2-propanol of different known molalities, and
obtaining their AR.

From the experimental osmotic coefficients, the activity and vapour pressures of the
different solutions can be calculated using the standard following thermodynamic
relations:

¢=-Inas/ vm M; (2)
Inas=In (p/p")+ (Bs-Vy) (p-p) | RT (3)

where q; is the activity of the solvent, M; is the molecular weight of the solvent, 7 is
the absolute temperature, R is the universal gas constant, p is the vapour pressure of
the solution, and p* is the vapour pressure of the pure solvent. By and V* are the
second virial coefficient and molar volume of the pure solvent, respectively. The

necessary data on the second virial coefficients, B; molar volumes, V, , densities, d,

relative permittivities, & and Antoine constants, A, B, and C, for the different
solvents were taken from literature, together with the calculated values of the Debye-
Hiickel constants, 44 The uncertainty for the experimental osmotic coefficients and
for the calculated activity coefficients were <+ 0.006 and < £ 0.02, respectively.
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The vapour pressure depression, Ap, versus molality for the binary mixtures of the
different alcohols and the ionic liquid EMimESO4 at T = 323.15 K is plotted in
figure la. The vapour pressure depression was calculated attending to the next
equation:

Ap=p —p )

where p is the vapour pressure of the mixtures, and p* is the pure solvent vapour
pressure.
The vapour pressure depression is a property directly related to the solute-solvent
interactions, and from figure 1 these interactions can be deduced:

2-propanol + IL > ethanol + IL > 1-propanol + IL
It can be deduced that, of the studied alcohols, 2-propanol presents stronger solute-
solvent interactions than ethanol, and ethanol stronger interactions than 1-propanol,
in their mixtures with this ionic liquid.
The osmotic coefficients, activities and vapour pressures for the three binary
mixtures studied in this work at 7' = 323.15 K are summarized in table 1. The
osmotic coefficients versus molality of the studied systems are plotted in figure 1b.
As usual, osmotic coefficients decrease with increasing concentration of ionic liquid,
showing non-ideality because of the ion-association interactions.
As can be observed from figure 1b, in binary mixtures containing 2-propanol, the
osmotic coefficient values are higher than the ones obtained in mixtures with 1-
propanol at low composition solutions, while when the concentration increases at
molalities higher than 1 mol-kg™, the trend is the opposite.

Thermodynamic modelling. The model of Pitzer with Archer’s ionic-strength
dependence of the third virial coefficient [7, 8] has been used for aqueous
electrolytes and for nonaqueous electrolytes, including systems containing ionic
liquids [1-3] with good accuracy. In this work, the set of parameters b= 3.2, o = 2
kg"? mol 2, & = 7 kg"* mol 2, &z = 1 kg"* mol * was adopted. Ion-interaction
parameters obtained from the correlation for the studied systems are summarized in
table 2, together with the obtained standard deviations. Experimental and calculated
osmotic coefficients are compared in figure 1b. As can be observed from this figure,
the extended Pitzer model of Archer correlates the experimental osmotic coefficients
with very high accuracy.

In local composition models the activity coefficient is a summation of two terms: a
long-range (LR) and a short-range (SR) contributions. The Pitzer-Debye-Hiickel
(PDH) equation [11] has been used as the long-range term in this work. The short-
range contribution for the activity coefficient of the solvent for the MNRTL model
has been developed by Jaretun and Aly [9]. The model parameters and the
corresponding standard deviations for the six studied systems at 7' = 323.15 K are
presented in table 3. Comparing the standard deviations given in tables 2 and 3, in
general the Archer extension of Pitzer model gives slightly better results for the
majority of the studied systems.

From the parameters obtained with the Archer extension of Pitzer model, mean molal
activity coefficients [11] were calculated. The validity of the mean molal activity
coefficient calculations depends on the capacity of the model to describe the osmotic
coefficients in the diluted region. In figure 2a, the calculated . for the studied
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systems at 7 = 323.15 K are presented. The values of mean molal activity
coefficients decrease according to: 2-propanol > 1-propanol > ethanol.

The excess Gibbs free energy, G, can be expressed in terms of osmotic and activity
coefficients. In figure 2b the excess Gibbs free energy for the binary systems
containing EMimESQO, are plotted The values of the excess Gibbs free energy
decrease in the same order of the values of mean molal activity coefficients.
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Figure 1. a) Vapour pressure depression, Ap, plotted against molality (O) ethanol, (A) 1-
propanol, and (V) 2-propanol with EMimESO,4 at 323.15 K; b) Experimental osmotic
coefficients, ¢, plotted against molality of the studied binary mixtures: a) (O) ethanol, (A)
1-propanol, and (V') 2-propanol with EMimESQ, at T = 323.15 K. Solid line (—): Extended

Pitzer Model of Archer
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Figure 2. a) Mean molal activity coefficients, ., calculated from the extended Pitzer model
of Archer parameters, plotted against molality: (O) ethanol, (A) 1-propanol, and (V) 2-
propanol with EMimESO, at 323.15 K.; b) Excess Gibbs free energy, G, plotted against
molality: (O) ethanol, (A) 1-propanol, and (V) 2-propanol with EMimESO, at T = 323.15

K.
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Table 1. Osmotic coefficients, ¢, activities, a;, and vapour pressures, p, of binary mixtures
{solvent (1) + 1-ethyl-3-methylimidazolium ethylsulfate (EMimESQ,) (2)} at T=323.15K

m / (mol - kg™) a p/kPa
{Ethanol (1) + EMimESO, (2)}
0.0565 0.744 0.996 29.361
0.0734 0.729 0.995 29.329
0.1084 0.701 0.993 29.267
0.1932 0.623 0.989 29.145
0.3175 0.584 0.983 28.969
0.3923 0.553 0.980 28.883
0.4921 0.543 0.976 28.746
0.6773 0.538 0.967 28.485
0.9888 0.504 0.955 28.130
1.2900 0.481 0.944 27.809
1.6972 0.450 0.932 27.438
2.0633 0.440 0.920 27.070
2.5861 0.411 0.907 26.678
2.9298 0.391 0.900 26.474
3.3224 0.384 0.889 26.155
3.7188 0.367 0.882 25.933
4.1154 0.359 0.873 25.660
{1-Propanol (1) + EMimESO. (2)}
0.0464 0914 0.995 12.040
0.0854 0.860 0.991 11.995
0.0991 0.826 0.990 11.982
0.2144 0.770 0.980 11.862
0.3907 0.702 0.968 11.705
0.4826 0.668 0.962 11.637
0.6749 0.644 0.949 11.479
0.9772 0.596 0.932 11.274
1.2548 0.583 0.916 11.072
1.6504 0.551 0.896 10.834
2.0823 0.552 0.871 10.522
2.5319 0.541 0.848 10.244
2.9028 0.531 0.831 10.035
3.3062 0.524 0.812 9.805
{2-Propanol (1) + EMimESO. (2)}
0.0601 0.957 0.993 23.426
0.0757 0.952 0.991 23.385
0.1148 0.905 0.988 23.294
0.2001 0.800 0.981 23.135
0.3055 0.734 0.973 22.954
0.4052 0.686 0.967 22.804
0.4942 0.664 0.961 22.665
0.7072 0.610 0.949 22.382
0.9702 0.575 0.935 22.040
1.2750 0.553 0.919 21.648
1.6603 0.536 0.899 21.163
2.0610 0.518 0.880 20.710
24737 0.504 0.861 20.266
2.8311 0.495 0.845 19.887
3.3196 0.482 0.825 19.413
3.7067 0.478 0.808 19.013
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Table 2. Parameters of modified extended Pitzer model of Archer for binary mixtures at T =
323.15 K, together with the obtained standard deviations, (o)

ﬂ(o) ﬂ(l) ,8(2) c® c® o
{Ethanol (1) + EMimESO, (2)}
0.42552 -0.95540 5.61754 -0.00681 -0.72020 0.006
{1-Propanol (1) + EMimESO, (2)}
0.10884 1.51383 20.13045 -0.00045 -0.10302 0.012
{2-Propanol (1) + EMimESO,(2)}
0.52267 0.86827 33.68204 -0.01046 -0.72845 0.007

1
Mdat ( )2 2 ) .
o= ? biexp ~Picate ) M| > where ng, is the number of experimental data

Table 3. Parameters of the MNRTL model for binary mixtures at T = 323.15 K, together
with the standard deviations, (o)

Team Tm.ca

Dea,m @Dca,m o
{Ethanol (1) + EMimESO, (2)}
0.901 -0.010 2.614 -7.531 0.031
{1-Propanol (1) + EMimESOy, (2)}
4.665 -0.006 6.010 -19.898 0.014
{2-Propanol (1) + EMimESO, (2)}
1.057 -0.012 3.552 -7.804 0.006
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