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a b s t r a c t

Vaporeliquid equilibrium (VLE) data for one binary system (2-propanol þ acetonitrile) and two ternary
systems {2-propanol þ acetonitrile þ 1-ethyl-3-methylimidazolium tetrafluoroborate ([EMIM][BF4]), 2-
propanol þ acetonitrile þ 1-butyl-3- methylimidazolium tetrafluoroborate ([BMIM][BF4])} were deter-
mined at atmospheric pressure (101.3 kPa). It was found that the studied ionic liquids (ILs) both showed a
salting-out effect, which leads to the elimination of the azeotropic point, and that the order of separation
capacity for imidazolium-based ILs is [EMIM][BF4] > [BMIM][BF4]. All experimental data could be well
correlated by nonrandom two-liquid (NRTL) model.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Acetonitrile and 2-propanol mixture is an extremely important
cosolvent in industry [1,2], which has been mainly applied to the
chemical and pharmaceutical production process [3,4] as well as in
chromatography separation [5]. As a result, a large volume of
wasted 2-propanol þ acetonitrile mixture is generated continu-
ously in the relative processes. If this mixture was directly dis-
charged without treatment, it will not only cause a waste of
resources, but also pollute the environment. Therefore, a suitable
and efficient method to recover the 2-propanol and acetonitrile
solvents is necessary. Unfortunately, it is very difficult to separate
them by a conventional distillation process since the system forms
a minimum azeotrope at 101.3 kPa.

It is well known, extractive distillation technology can be uti-
lized to separate azeotrope in the chemical process and the selec-
tion of suitable entrainer is the core of extractive distillation [6,7].
In recent years, it has been widely proved that ionic liquids can be
used as entrainers for extractive distillation due to its excellent
unique properties [8e12]. To the best of our knowledge, there is

lacking of report on the separation of 2-propanol and acetonitrile
mixture, especially using extractive distillation method.

The aim of this work was to evaluate whether the ionic liquids
could be used as appropriate entrainers for the extractive distilla-
tion of 2-propanol þ acetonitrile system. Based on this purpose,
isobaric VLE data of two ternary systems {2-
propanol þ acetonitrile þ [EMIM][BF4] and 2-
propanol þ acetonitrile þ [BMIM][BF4]} were measured at atmo-
spheric pressure. Meanwhile, the effects of ILs on the 2-
propanol þ acetonitrile binary system were discussed and
compared. Finally, the obtained VLE data were correlated by NRTL
model.

2. Experimental

2.1. Chemicals

The chemical reagents used including 2-propanol, acetonitrile
and ILs. AR grade of 2-propanol and acetonitrile were purchased
fromBeijing Chemical Reagents Company (China) and usedwithout
further purification. The purity of acetonitrile and 2-propanol were
checked by GC (SP6890, China). ILs, [EMIM][BF4] and [BMIM][BF4],
were provided by Shanghai Cheng Jie Chemical Co. LTD (China).
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Both of mass fraction purities were observed by HPLC (Agilent
1200, USA) and of water mass fractions in ILs were obtained by Karl
Fisher titration. ILs were dried by a rotary evaporator for 48 h at
423 K under a vacuum before the experiment. Under the same dry
condition, the used ILs were recovered after each of experiments.
The specifications of chemicals used were listed in Table 1 and the
measured properties of 2-propanol and acetonitrile were in good
agreement with the literature [13] as shown in Table 2. WZS-I Abbe
refractometer (Shanhai Optical Instruments Factory, China, an un-
certainty of ±0.0001) was used to measure refractive indices. DMA-
4100 densimeter (AntoPaar GmbH, Germany, an uncertainty of
±0.0001 g cm�3) was used to measure densities.

2.2. Apparatus and procedure

The VLE data were measured by an all-glass circulation vapor-
eliquid equilibrium still at 101.3 kPa. A detailed description of this
still was shown in our previous works [14e16].

The equilibrium composition of 2-propanol and acetonitrile in
the vapor and liquid phase were analyzed by GC (SP6900, China)
equipped with a TCD detector and a PEG-20000 chromatographic
column (3 m � 3 mm). The carrier gas was hydrogen with a flow
rate of 45 mL min�1. The GC operating conditions were as follows:
the injector temperature at 423.15 K, the oven temperature at
393.15 K and the detector temperature at 443.15 K. The amounts of
2-propanol and acetonitrile in the samples were calculated by a
calibration correction factor, which was determined from a set of
prepared standard solutions using an electronic balance (Satorius
CP124S, the uncertainty was about ±0.1 mg). According to the
above way, the maximum uncertainty of mole fraction of 2-
propanol and acetonitrile in the liquid and vapor phase was
±0.002. Themole fraction of IL in the liquid phasewas calculated by
measuring the mass difference of prepared samples with and
without IL. The VLE pressure was maintained constant by an on-off
pressure controller (an uncertainty of ±0.1 kPa). The VLE temper-
ature was measured by a precisely calibrated thermometer (an
uncertainty of ±0.05 K).

3. Results and discussion

3.1. VLE data

The isobaric VLE data for the 2-propanol and acetonitrile binary
system at 101.3 kPa were determined in order to check the per-
formance of our VLE apparatus. The binary VLE results for 2-
propanol (1) þ acetonitrile (2) are listed in Table 3 and compared
with literature as shown in Fig. 1. It can be seen that our experi-
mental data agree well with those reported by Tu [17], thus veri-
fying that our apparatus was reliable. Moreover, the system of 2-
propanol and acetonitrile forms a azeotrope at x1 z 0.475 at
101.3 kPa as seen in Fig. 1.

Table 1
Specification of chemical samples.

Chemical name Source Mass fraction purity Purification method Final water mass fraction Analysis method

2-propanol Beijing Chemical Reagents Company 99.6 none not detected GCc

acetonitrile Beijing Chemical Reagents Company 99.8 none not detected GC
[EMIM][BF4]a Shanghai Cheng Jie Chemical Co. LTD 98 vacuum desiccation 0.0005 KFd and HPLCe

[BMIM][BF4]b Shanghai Cheng Jie Chemical Co. LTD 98 vacuum desiccation 0.0005 KF and HPLC

a [EMIM][BF4] ¼ 1-ethyl-3-methylimidazolium tetrafluoroborate.
b [BMIM][BF4] ¼ 1-butyl-3-methylimidazolium tetrafluoroborate.
c GC ¼ gas chromatography.
d KF ¼ Karl Fischer titration.
e HPLC ¼ High Performance Liquid Chromatography.

Table 2
Density d, refractive index nD, and normal boiling point Tb of pure components at
101.3 kPa.

Component d (g cm�3)
(293.15 K)

nD (293.15 K) Tb (K)

Exp. Lit. [13] Exp. Lit. [13] Exp. Lit. [13]

2-propanol 0.7860 0.7863 1.3773 1.3775 355.49 355.55
acetonitrile 0.7821 0.7822 1.3439 1.3441 354.59 354.75

Standard uncertainties u are u(d) ¼ 0.0002 g cm�3, u(nD) ¼ 0.0001, u(T) ¼ 0.05 K.

Table 3
Isobaric VLE for the system 2-propanol (1) þ acetonitrile (2) at 101.3 kPa.

T (K) x1 y1 g1 g2

354.59 0.000 0.000
352.60 0.053 0.102 2.264 1.018
351.52 0.096 0.172 2.189 1.015
349.83 0.193 0.281 1.898 1.040
349.00 0.298 0.366 1.649 1.083
348.48 0.399 0.427 1.463 1.163
348.40 0.449 0.455 1.387 1.212
348.43 0.501 0.481 1.310 1.275
348.63 0.576 0.530 1.241 1.356
348.75 0.609 0.539 1.188 1.436
349.29 0.708 0.601 1.111 1.643
350.42 0.810 0.688 1.057 1.923
352.14 0.900 0.793 1.019 2.329
353.03 0.965 0.878 1.014 3.827
355.49 1.000 1.000

Standard uncertainties u are u(x) ¼ u(y) ¼ 0.002, u(T) ¼ 0.05 K.
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Fig. 1. Isobaric VLE diagram for 2-propanol (1) þ acetonitrile (2) binary system at
101.3 kPa.
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