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a b s t r a c t

Isobaric vaporeliquid equilibrium (VLE) data for ternary systems of methyl acetate þmethanol con-
taining three ionic liquids (ILs) were measured at 101.3 kPa. The investigated ILs were 1-hexyl-3-
methylimidazolium chloride ([HMIM][Cl]), 1-benzyl-3-methylimidazolium chloride ([BzMIM][Cl]), and
1-hexyl-3-methylimidazolium bromide ([HMIM][Br]). The results indicate that the addition of ILs can
give rise to the increase of the relative volatility of methyl acetate to methanol. Besides, the more ILs, the
larger the relative volatility. All the three investigated ILs can eliminate the azeotropic point of methyl
acetate and methanol, and the separation effect follows the order: [HMIM][Cl] > [BzMIM][Cl] > [HMIM]
[Br]. Additionally, the measured VLE data are well correlated with NRTL model.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Extractive distillation is the most widely utilized technology to
separate azeotropic or close-boiling point mixtures [1e3]. The se-
lection of a suitable entrainer is of great importance before the
separation process is designed [4,5]. In recent years, ionic liquids
(ILs) have attracted impressive attention for potential applications
as entrainers in extractive distillation [6]. ILs possess properties of
negligible vapor pressure, high selectivity, low toxicity and corro-
sion, and good solubilities for various of chemicals [7,8]. Moreover,
ILs as entertainers combine the advantages of a liquid solvent (easy
operation) and a solid salt (high separation ability) [9]. However, the
thermodynamic data of IL-containing systems are still scarce, which
are essential for further design of extractive distillation process.

Methyl acetate and methanol mixture is involved in industrial
manufacturing process of poly (viny1 alcohol). It is difficult to
separate thembyconventional separationmethod since they form a
minimum azeotrope at atmospheric pressure. Traditional organic
solvents [10] and solid salts [11e14] have been used as entrainers to
separate methyl acetate and methanol mixture in extractive distil-
lation process. As environment-friendly solvents, ILs are compelling
alternatives to volatile organic solvents and caustic solid salts. Up to
now, several ILs have been investigated as entrainers to break

methyl acetate and methanol azeotrope, such as 1-ethyl-3-
methylimidazolium trifluoromethanesulfonate ([EMIM][Triflate])
[15], 1-ethyl-3-methylimidazolium acetate ([EMIM][Ac]) [16], 1-
octyl-3-methylimidazolium hexafluorophosphate ([OMIM][PF6])
[17], 1-ethyl-3-methylimidazolium ethyl sulfate ([EMIM][EtSO4])
[18], 1-butyl-1-methylpyrrolidinium dicyanamide ([BMPYR][DCA]),
and 1-ethyl-3-methylimidazolium thiocyanate ([EMIM][SCN]) [19].
Besides, the separation effects of 1-butyl-3-methylimidazolium
chloride ([C4MIM][Cl]), 1-(2-chloroethyl)-3-methylimidazolium
chloride ([ClC2MIM][Cl]) and 1-butyl-3-methylimidazolium bro-
mide ([C4MIM][Br]) on the azeotropewere explored in our previous
work [20]. As a continuation of the previous study, one aim of this
work is to determine if 1-hexyl-3-methylimidazolium chloride
([HMIM][Cl]), 1-benzyl-3-methylimidazolium chloride ([BzMIM]
[Cl]), or 1-hexyl-3-methylimidazolium bromide ([HMIM][Br]), can
eliminate the azeotropic point of methyl acetate and methanol
mixture.

In this work, isobaric VLE data of the ternary systems of methyl
acetateþmethanol containing three different ILs, namely [HMIM]
[Cl], [BzMIM][Cl], and [HMIM][Br], were measured at 101.3 kPa. The
separation effect of ILs on methyl acetate and methanol mixture was
investigated and comparedwith thatof the reported ILs. Furthermore,
the separation effect produced by ILs was related to the intermolec-
ular interactions between molecules of the investigated systems.
Besides, themeasuredVLEdatawere correlatedwith thenon-random
two liquid (NRTL) model proposed by Renon and Prausnitz [21].* Corresponding author. Fax: þ86 24 89383736.
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2. Experimental

2.1. Materials

Methyl acetate and methanol were provided by Sinopharm
group with mass fraction purities higher than 99.5% examined by
gas chromatography. The ILs, [HMIM][Cl], [BzMIM][Cl], and [HMIM]
[Br] were synthesized in our laboratory according to the reported
methods in literature [22,23]. Their purities checked by liquid
chromatography are 99% in mass fraction, and no major impurities
were detected by ion chromatography. The ILs were placed in a
vacuum drying oven at 343.15 K overnight before use to remove
trace impurities. The final water content of ILs, determined by Karl
Fischer titration, was less than 0.005 (mass fraction). The overall
information of the chemicals were summarized in Table 1. The
densities of the pure components were measured at 298.15 K using
a vibrating tube density meter (M196028, China), and the standard
uncertainty is 0.0002 g cm�3. The boiling points of methyl acetate
and methanol were determined at 101.3 kPa, and the standard
uncertainty is 0.05 K. The measured densities of components and
boiling points of methyl acetate and methanol as well as the values
of the corresponding literature [23e25] are shown in Table 2.

2.2. Apparatus and procedure

The VLE experiments were conducted in an all-glass equilibrium
still (NGW, Wertheim, Germany), which have been described in
detail in a previous literature [26]. The pressure was kept constant
at 101.3 kPa by controlling a gas buffer connected with the still, and
detected by a manometer with a standard uncertainty of 0.1 kPa.
The temperature was determined with a standard and calibrated
thermometer, and its standard uncertainty is 0.01 K.

Each solution was gravimetrically prepared with the help of a
digital balance (CAV264C OHAUS America) with a standard uncer-
tainty of 0.0001 g. For the binary system of methyl aceta-
te þmethanol, some methyl acetate was added to the pure
methanol until a verydiluted solutionwas obtained. For each ternary
system, themixture of methanol and definedmole fraction of IL was
prepared, where some other mixtures of methyl acetate and the

same mole fraction of IL were added, trying to keep the scheduled
mole fraction of IL in each series. Only when the temperature was
constant for more than half an hour (the deviation of temperature
was ±0.01 K), were the equilibrium conditions assumed.

2.3. Sample analysis

The condensed vapor and liquid phase samples were inserted
into a headspace sampler (HS-sampler) (G1888 Network headspace
sampler, Agilent Technologies) and then detected by a gas chro-
matograph (Model 7890A, Agilent Technologies) equipped with a
SP-1000 capillary column (30 m in length, 2.5 mm in diameter, and
2.5 mm in thickness) and a FID detector. Nitrogen was used as
carrier gas. The operating conditions were as follows: the temper-
atures of oven, injector, and detector were 335 K, 423 K, and 443 K,
respectively. Since ILs have no detectable vapor pressure, only the
peaks of methyl acetate and methanol were observed. The content
of ILs was gravimetrically determined by themass difference before
and after vaporizing the volatile components. The standard un-
certainty of ILs was 0.001 in mole fraction. Every sample was

Nomenclature

List of symbols
Dgij binary energy parameter of NRTL model
xi mole fraction of component i in the liquid phase
x0i mole fraction of component i in the liquid phase

expressed on an IL-free basis
yi mole fraction of solvent i in the vapor phase
T equilibrium temperature
N number of experimental data points
m number of parameters for the model
P total pressure in the equilibrium system
Pi
� saturated vapor pressure of component i at

equilibrium temperature
Texptl equilibrium temperature measured by experimental

data
Tcalcd equilibrium temperature calculated with the NRTL

model
Tb normal boiling point of pure component

yexptl mole fraction of solvent i in the vapor phase measured
by experimental data

ycalcd mole fraction of solvent i in the vapor phase calculated
with the NRTL model

Greek letters
r density
aij non-randomness parameter of NRTL model
gi activity coefficient of component i
gi
exptl activity coefficient of component i measured by

experimental data
gi
calcd activity coefficient of component i calculated with the

NRTL model
dy mean absolute deviation of the vapor phase mole

fraction
sy standard deviation of the vapor phase mole fraction
dT mean absolute deviation of the equilibrium

temperature
sT standard deviation of the equilibrium temperature

Table 1
Specifications of chemical samples.

Chemical
name

Source Mass fraction
purity

Purification
method

Analysis
method

Methyl
acetate

Sinopharm
group

0.995 None GCd

Methanol Sinopharm
group

0.995 None GCd

[HMIM][Cl]a Synthesized
own

0.990 Vacuum
desiccation

LCe, KFf, ICg

[BzMIM]
[Cl]b

Synthesized
own

0.990 Vacuum
desiccation

LCe, KFf, ICg

[HMIM][Br]c Synthesized
own

0.990 Vacuum
desiccation

LCe, KFf, ICg

a [HMIM][Cl] ¼ 1-hexyl-3-methylimidazolium chloride.
b [BzMIM][Cl] ¼ 1-benzyl-3-methylimidazolium chloride.
c [HMIM][Br] ¼ 1-hexyl-3-methylimidazolium bromide.
d GC ¼ gas chromatography.
e LC ¼ liquid chromatography.
f KF ¼ Karl Fischer titration.
g IC ¼ ion chromatography.
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