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Abstract: The non-random, two-liquid (NRTL) model with three different
forms of temperature dependant parameters was used to correlate the liquid—
—liquid equilibrium data for systems of alcohols with alkanes, and alcohols
with two ionic liquids: 1-butyl-2,3-dimethylimidazolium tetrafluoroborate
([bmmim][BF4]) and 1-butyl-3-ethylimidazolium tetrafluoroborate ([beim][BF4]).
Different temperature dependences of the NRTL parameters were tested on
thirteen literature experimental liquidiquid equilibrium data for binary sys-
tems.

Keywords: liquid — liquid equilibria, NRTL model, optimization, ionic liquids,
modeling.

INTRODUCTION

The liquidHiquid equilibria (LLE) established in non-ideal mixtures with
strong positive deviations from the Raoult Law is essentia for the design and
development of separation processes. LiquidHiquid solubility data are valuable
in studies of the applicability of activity coefficient models. For accurate process
and equipment modeling, development and design, it is important to have a
reliable thermodynamic model for a good system description. lonic liquids (ILs)
have become popular in recent years as possible “green” replacements for con-
ventional organic, volatile and toxic solvents. Their unique thermophysical pro-
perties, mainly a very low vapor pressure, assign them in the group of “green”
solvents. lonic liquids are liquid salts based on large organic cations and small
anions that determine their physicochemical properties. Potential applications that
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have been reported in the literature,X which include using ILs as reaction media,
heat transfer fluids, and potential solventsfor liquid extraction processes, etc.

Activity coefficient models, such as UNIQUAC,2 UNIFAC3 and NRTL4
models, have already been successfully used for the correlation and prediction of
the vaporiquid equilibria (VLE), liquidHiquid equilibria (LLE) and other ther-
modynamic properties of very complex systems.>~/

In this paper, the applicability of the NRTL model on selected mixtures of
alcohols with alkanes,8 and two ionic liquids, i.e., 1-butyl-2,3-dimethylimi-
dazolium tetrafluoroborate [bommim][BF4]° and 1-butyl-3-ethylimidazolium tet-
rafluoroborate [beim][BF4],10 were examined. NRTL (non-random two-liquid
model) is an activity coefficient model that correlates the activity coefficients yx
of a component i with its mole fractions x; in the liquid phase. It is applicable to
soluble and partially soluble liquids, multicomponent vapor—liquid, liquid-iquid,
and vapor—liquid-iquid equilibria.

MODELING OF LIQUID-LIQUID EQUILIBRIA
Thermodynamic criteria for liquid-iquid equilibria could be given as:

%! =pl%"  i=12,m (1)

where y;! is the activity coefficient of component i in phase, y;!' is the activity coefficient of
component i in phase Il, x!' is a mole fraction of component i in phase I, x!' is the mole
fraction of component i in phase Il and mis the number of componentsin a mixture.

Since the NRTL model* has already been tested mainly on non-ideal mixtures with alka-
nes, 11 in this paper, the applicability of this model was extended to alcohol + ionic liquids
binary systems. The NRTL model is defined as follow:

E
G= _ XX 0G| 72Gn @
RT Xo +GpX X +GoX%o
The activity coefficients y for binary systems are expressed with following equations:
2
7 G
Iy = xg| — 2252 5 +121[ 2 J ©)
(% +Gpo% ) X+ GaXp
2
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In Yo = Xlz 21221 > + le[ G_I.Z j (4)
(Xl + G21X2) X2+ QI.ZXl
The binary interaction parameters are defined as follows:
. Agyp
=exp(—aqoTy2) ; Tp = 5
G =exp(-ou2t12) 5 T2 RT %)
Al
Gor = exp(—0p1721) ; To1= s_[z.l (6)
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CORRELATION OF LIQUID-LIQUID EQUILIBRIA 867

where oristhe NRTL excess free energy non-randomness parameter, T is the temperature and
R is the gas constant. Parameters Agy, and Agy; are NRTL excess free energy model binary
interaction temperature dependent parameters.

Since, as shown previously,12-14 temperature has strong influence on excess properties or
equilibria calculations, thus severa different forms of temperature dependence for the
parameters Ag;, and Ag,, were introduced:

Form |
AQyp = A+ BT @
AQp1 = Aoy + By T
Form 1
AGip = Ap + BT +CppT? ®
Agp = Apy + By T +Cy T2
Form 11
Agip = Ao+ BT +Cpp /T2 )

Agg1 = Aoy + By T +Cpy /T2
The corresponding sets of binary interaction parameters (A, B;j and C;; in Eq. (7)~9))
were determined by minimizing the objective function (Eq. (10)) using the Monte Carlo
method with alinear congruent generator of pseudorandom numbers:15

n m 2 .
Fooj =2 2. (7} = 74lxdl )~ — min (10)
i-1j=1

where n isthe number of experimental data.

With the obtained optimized parameters, using Eq. (1), the mole fractions Xica| and
X ca Were calculated by the Wegstein method'® over the entire range of investigated tem-
peratures T.

RESULTS AND DISCUSSION

Experimental data at different temperatures were taken from the literature.8-10
According to the results of preliminary investigations, the non-randomness para-
meter a2 was set as the constant value of 0.3 for all the selected binary systems.

A deviation of the calculated liquid composition in both liquid phases from
the experimental values, x{; o, and X! exp+ 1S expressed as an absol ute average
deviations A(x), and an absolute average percent deviation PD(x), for each binary

system:

A(X) = (%)ZH(XLexp - Xll,i,cal )‘ + ‘(X:“i exp Xllqli,cal )H (11)

PD(x). %=[%Jé {‘(Xﬂti,@qo_Xllqi,cal)/Xllqi,exp‘+ 12
+‘(Xllli,exp =X} ca )/Xll,li,exp'}
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The results for the applied models are presented in Table |. The obtained results
are given as the absolute average deviations A(X) and the absolute average
percent deviations PD(X). The results are in good agreement with the selected

experimental data. Graphical representations of the experimental data and the
calculated results for al the suggested temperature forms of parameters Agi2 and
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Fig. 1. Phase diagram — Experimental and calculated values of the LLE binary system
methanol (1) + heptane (2).
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Fig. 2. Phase diagram — Experimental and calculated values of the LLE binary system 1-
propanol (1) + bmmim[BF4] (2).
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Agp1 for the methanol + heptane, 1-propanol + [bmmim][BF4] and 1-pentanol +
+ [bmmim][BF4] binary systems are shown in Figs. 1-3, respectively. For the
binary systems of alcohols with alkanes, all the applied forms of temperature
dependent parameters gave very good results, with deviations of about 2 %, asis
givenin Table I. For the binary systems of alcohols with theionic liquid 1-butyl-
2,3-dimethylimidazolium tetrafluoroborate [bmmim][BF4], as could be seen
from Table |, the deviations in the composition calculations are very good, up to
2 %, except for the system with 1-hexanol for which the deviation is higher, up to
10 %, for al forms. The presented deviations rise for all suggested temperature
forms with increasing number of carbon atoms. The best result obtained for the
alcohol and ionic liquids mixtures was A(x) = 1.4 for system 1-propanol +
+ bmimm[BF4]. For binary systems of acoholswithionic liquid 1-butyl-3-ethyl-
imidazolium tetrafluoroborate [beim][BF4], the deviations were higher, up to 13 %
and decrease for al the investigated temperature relationships with increasing
number of carbon atoms.
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Fig. 3. Phase diagram — Experimental and calculated values of the LLE binary system 1-
pentanol (1) + bmmim[BF4] (2).

CONCLUSIONS

Liquidiquid equilibrium data for thirteen binary systems including alco-
hols, alkanes, and two ionic liquids at different temperatures were correlated by
the NRTL model with three different temperature dependences of the parameters
Ag12 and Agps. All three forms of temperature dependent parameters could rep-
roduce most accurately the experimental mutual solubility for all mixtures, with
similar results and overall deviations less than 3 %.
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U3BOJ

KOPEJIMCAILE PABHOTEXE TEHHO-TEYHO HEUMJEAJTHUX BUHAPHUX CUCTEMA
ITOMORY NRTL MOJEJTIA

HUKOJIA 1. FPO3£[AHI/I”F11, MHPJAHA Jb. KI/IJEB‘{AHI/IH1, 30PAH II. BI/ILLIAI(Z, JOYIIAH K. 1"P03,£U-\HI/I'E1 "
CJIOBOIAH I1. ].I_IEPISAHOBI/IE1
1 TexHomowko—mewmanypuxu Gaxynieid, Ynusepsutiei y beoipagy, Kapneiujesa 4, 11120 Beoipag u 2
Centro de Quimica Estrutural, Instituto Superior Tecnico, Universidade Técnica de Lisboa,
Av. Rovisco Pais 1, 1049-001 Lisboa, Portugal

NRTL mMogpen ca Tpu pa3nuyMTa TENEpaTypHO 3aBHUCHA TapaMeTpa KopuurheH je 3a kope-
JMcamke PaBHOTEKE TEYHO—TEYHO 3a OMHApHe CHCTEMeE aKoXOja Ca alkaHHWMa, Kao U aJlKo-
X0J1a ca JBe joHcke TeyHOCTH: 1-butyl-2,3-dimethylimidazolium tetrafluoroborate ([bmmim]
[BF4]) u 1-butyl-3-ethylimidazolium tetrafluoroborate ([beim][BF4]). ¥ pamy cy TectupaHe
TpH pasnuuute opme TeMmepaTypHe 3aBUcHOCTH mapameTapa NRTL mopena. PaBHoTexa
TEYHOCT—TEYHOCT je MOJEeNOBaHAa HAa TPHUHAECT OMHApHMX cucTemMa. Koj cBHX cuctemMa cy
nobujeHH BeomMa 3af0BObaBajyhu pe3ynTaTu ca cpefmuM rpeurkama oko 3 %, kopumhemeM
cBe Tpu hopMe TemIepaTypHe 3aBUCHOCTH.

(ITpumseno 2. oxktodpa 2012, pesugupato 30. janyapa 2013)
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