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ABSTRACT: Extractive distillation using tricyanomethanide-based ionic liquids (ILs) has been shown to be a promising and
feasible process for eﬀectively separate aromatics from pyrolysis gasolines. The high performance of these mass agents has been
reported by evaluating simple synthetic n-heptane/toluene binary mixtures, on a wide temperature and solvent to feed (S/F)
ratio ranges. However, industrial streams are much more complex with the presence of other aromatic and aliphatic compounds,
like benzene, xylenes, and shorter and longer linear alkanes, creating further diﬃculties to the separation and thus must be
studied. This work covers the phase equilibrium characterization of {n-hexane + benzene + IL} and {n-octane + p-xylene + IL}
ternary systems with two tricyanomethanide-based ILs, namely 1-ethyl-3-methylimidazolium tricyanomethanide ([C2C1im][TCM]) and 1-butyl-4-methylpyridinium tricyanomethanide ([4-C4C1py][TCM]), addressing also the phase characterization
of the corresponding {hydrocarbon + IL} binary systems. The phase equilibria were determined by headspace gas
chromatography (HS-GC) in a wide range of hydrocarbon compositions, temperatures and S/F ratios and modeled using the
Cubic Plus Association (CPA) Equation of State (EoS). This is the ﬁrst work proposing a consistent EoS model for a
multicomponent separation case involving ILs, demonstrating its suitability for a wide range of conditions in binary and ternary
systems.

1. INTRODUCTION
In the petrochemical industry, the main sources of benzene,
toluene, and xylenes, known as BTX, are pyrolysis and
reformer gasolines. In these reﬁnery streams, aromatic
hydrocarbons are mixed with other compounds that present
close boiling points and, in some cases, azeotropes.1,2 Hence,
the separation of pure compounds from these streams, by
conventional distillation, stands technically unfeasible. Current
technologies, like extractive distillation and liquid−liquid
extraction, employ volatile organic compounds, such as
sulfolane,3−5 as solvents but tend to present a high energy
demand and the requirement of several additional separation
steps/units.6,7 The pursuit of overcoming these limitations
stands as one of the most relevant challenges in this ﬁeld thus,
© 2019 American Chemical Society

aiming at improving the aromatic/aliphatic separation, which is
also transferable for other separations. The design of more
eﬃcient separation processes, with lower environmental impact
and energy consumption, is essential to develop better
technologies capable to meet, or even enhance, the conventional processes standards.
Recently, ionic liquids (ILs) have gathered a great deal of
attention as agents in separation processes due to their unique
properties, like the possibility of ﬁne-tuning their physical and
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extractive properties by a simple combination of their ions,
their negligible vapor pressures, low melting points, and high
thermal stability, which entail a wide liquid range allowing the
ILs an easy regeneration, high selectivity, and high extraction
capacity.8−13 After approaching by liquid−liquid extraction
and technically solving further puriﬁcations and the IL
regeneration,14−20 IL-based extractive distillation has been
proposed as an enhancer technology with promising results
able to overcome the limitations found in the liquid−liquid
extraction processes.21−27 In previous works,28,29 the feasibility
of the aromatic/aliphatic separation by extractive distillation
using ILs has been proved in a simpliﬁed model composed of
n-heptane and toluene. After screening the most promising ILs
in the aromatic/aliphatic separation, tricyanomethanide-based
ILs were selected due to their high n-heptane/toluene relative
volatility, low viscosities, and high thermal stability.13
Furthermore, the knowledge on the n-heptane/toluene
separation was improved by studying the [C2C1im][TCM]
and [4-C4C1py][TCM] as mass agents in a wide range of
temperature and S/F ratios for the whole hydrocarbon
composition range. The VLLE/VLE data for {n-heptane/
toluene + IL} binary systems and {n-heptane + toluene + IL}
ternary systems were properly modeled to CPA EoS, proposing
a coarse-grain model with ILs’ molecular parameters
independently regressed from the properties of the solvent
and with transferable, small, low temperature dependent,
binary interaction parameters.29
This work pursues the challenge of studying and modeling
the aromatic/aliphatic separation by extractive distillation with
tricyanomethanide-based ILs using the same experimentalmodeling strategy, which combines HS-GC techniques and
CPA EoS modeling. The VLLE/VLE for other aliphaticaromatic hydrocarbons pairs with diﬀerent molecular weight,
that is, n-hexane/benzene and n-octane/p-xylene, were
experimentally studied and modeled. The selection of these
systems allows the estimation of all CPA EoS binary
interactions parameters, dependent on the hydrocarbon
molecular weight and temperature, to properly represent the
separation of BTX from a real multicomponent stream, that is,
pyrolysis gasoline by extractive distillation with [C2C1im][TCM] and [4-C4C1py][TCM] ILs. VLLE and VLE of binary
{aliphatic/aromatic + IL} and ternary {aliphatic + aromatic +
IL} systems have been determined in the whole hydrocarbon
composition range, from 323.2 to 423.2 K, and an S/F ratio of
10, selected in a previous work29 studying the eﬀect of the
solvent concentration is the {hydrocarbon + IL} binary
systems and shown to be representative for ternary systems,
as well.

Table 1. Compound Description, Supplier, Mass Fraction
Purity and Water Content of the Studied Compounds
chemical

supplier

1-ethyl-3-methylimidazolium
tricyanomethanide [C2C1im][TCM]
1-butyl-4-methylpyridinium
tricyanomethanide [4-C4C1py]
[TCM]
n-hexane

Iolitec
GmbH
Iolitec
GmbH

n-octane
benzene
p-xylene

SigmaAldrich
SigmaAldrich
SigmaAldrich
SigmaAldrich

purity
in wt %

water
content in
ppm

98

<300

98

<300

≥99.0

anhydrous

≥99.0

anhydrous

99.8

anhydrous

≥99.0

anhydrous

2.2. Determination of VLE/VLLE. The VLE and VLLE
data were determined by HS-GC technique based on an
Agilent 7697A headspace injector coupled to an Agilent 7890
gas chromatograph, fully detailed in previous publications.15,30
The mixtures were gravimetrically prepared in 20 mL
hermetically sealed vials by adding the IL and the hydrocarbons using a Mettler Toledo XS205 mass balance, with a
precision of 10−5 g. Equilibration and phase splitting times
were 2 and 1 h, respectively. Both equilibration and splitting
times were selected based on previous publications and found
enough to ensure the phase equilibrium.28,29 Knowing the feed
(zi), vapor phase volume and compositions, the overall liquid
phase composition (xi) were determined by mass balance:
xi =

zi · F −
3
∑i = 1 (zi·F

(pi ·VG/R ·T )
− (pi ·VG/R ·T ))

(1)

where F denotes the molar amount of the feed, VG the vial
headspace volume and R the ideal gas law constant.
Hydrocarbon partial pressures (pi) were also determined
from the vapor phase composition, using the relationship
between the peak areas of the hydrocarbons (Ai) and the peak
areas of each pure hydrocarbon at the same conditions (Ai0).
pi =

pi0 ·Ai
Ai0

(2)

0

where pi refers to the vapor pressure of each pure
hydrocarbon, taken from the literature.31 The total pressure
was calculated as the sum of the partial pressures. However, for
the VLLE measurements, the hydrocarbon distribution,
between the liquid phases cannot be calculated without
additional experimental information. In these cases, each
mixture point was prepared in duplicate; one for characterizing
the vapor phase as in the VLE assays, and the other to
characterize the IL-rich liquid phase. The mixtures were mixed
during 2 h in a Labnet Vortemp 1550 shaking incubator to
reach equilibrium at the same temperature used in the HS-GC
oven. The gas phase was sampled with the Agilent 7697A
Headspace injector and analyzed by the 7890A GC, as
explained above. On the other hand, the IL-rich liquid phase
was directly sampled with a syringe (BD Micro-Fine, 0.3 mL)
and analyzed by multiple headspace extraction (MHE)
technique. The details and background of the MHE method
are widely explained in a previous work.32 By knowing the feed
composition of feed, vapor phase and IL-rich liquid phase, and

2. EXPERIMENTAL SECTION
2.1. Chemicals. The ILs 1-ethyl-3-methylimidazolium
tricyanomethanide, [C2C1im][TCM], and 1-butyl-4-methylpyridinium tricyanomethanide, [4-C4C1py][TCM], were
acquired from Iolitec GmbH with a mass fraction purity
higher than 98%. Before its use, the ILs were dried under
vacuum (0.1 Pa), moderate temperature (313 K) and under
continuous stirring for a period never smaller than 48 h.
Benzene, p-xylene, n-hexane, and n-octane, were acquired from
Sigma-Aldrich with a mass fraction purity higher than 99% and
were kept into their original vessels, with 3 Å molecular sieves
to maintain negligible the compounds’ water content. The
compounds description, abbreviation, supplier, purity, and
water content are reported in Table 1.
19682
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Figure 1. VLE Data for (a) {n-hexane (1) + benzene (2)} and (b) {n-octane (1) + p-xylene (2)} binary systems phase diagram. Symbols denote
data from ref 37 and the solid lines the CPA EoS, with k12, ﬁtting to the data.

taking into account ILs’ negligible vapor pressures and
practically null solubility in the hydrocarbon-rich liquid
phase, the molar amount and composition of hydrocarbonrich phase were determined by mass balance.

Table 2. CPA EoS Binary Interaction Parameters (kij) for
the Aliphatic (1) + Aromatic (2) + IL (3) Systems
k13

3. CPA EOS MODELING
A simpliﬁed CPA EoS was proposed by Kontegeorgis et
al.,33,34 combining the Soave−Redlich−Kwong (SRK) physical
contribution29,30 together with an association term that
incorporates intermolecular interaction, that is, hydrogen
bonding and solvation. The CPA EoS approach is expressed
in terms of compressibility factor (Z) as the sum of physical
and association contributions:
Z = Z phys + Z assoc

T/K

[C2C1im]
[TCM]

k12

n-Hexane + Benzene + IL
323.2
0.013
0.010
363.2
0.010
0.020
403.2
0.007
0.030
n-Octane + p-Xylene + IL
323.2
0.013
−0.040
363.2
0.010
−0.030
403.2
0.007
−0.020

(3)

a=

In this work, the three parameters from the physical term (a, b,
and c0) for the hydrocarbons (nonassociative compounds)
were taken from literature where they were regressed from
their vapor pressures and liquid densities,35 whereas those for
tricyanomethanide-based ILs, which were considered as
associative compounds (scheme B), were taken from a
previous work where they were regressed from their densities
and heat capacities, also controlling their nonvolatile
character.29 Aiming at modeling the binary and ternary
mixtures determined experimentally, a and b were calculated
following the well-known vdW-1f mixing rules:

[4-C4C1py]
[TCM]

[C2C1im]
[TCM]

[4-C4C1py]
[TCM]

0.045
0.050
0.055

−0.060
−0.055
−0.050

−0.045
−0.040
−0.035

0.015
0.020
0.025

−0.050
−0.040
−0.035

−0.025
−0.020
−0.015

∑ ∑ xixjaij; aij = (aiaj)1/2 (1 − kij)
i

b=

k23

j

∑ xibi
i

(4)

(5)

where kij are the binary interaction parameters, which are the
only adjustable binary parameters used in this work.

4. RESULTS AND DISCUSSION
4.1. VLE and VLLE for Binary Systems Composed of
Aliphatics, Aromatics, and Tricyanomethanide-based
19683
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Figure 2. VLE/VLLE Data for the {[C2C1im][TCM]/[4-C4C1py][TCM] + n-hexane/benzene/n-octane/p-xylene} binary systems. Symbols
denote experimental data: △, 323.2 K; ○, 363.2 K; ◊, 403.2 K, and the solid lines the CPA EoS with ki3 listed in Table 2.

ILs: Experimental vs CPA EoS Description. Aiming at
checking the suitability of CPA EoS to describe the VLE
behavior of the studied hydrocarbon, VLE data for the {nhexane + benzene} and {n-octane + p-xylene} binary systems
were taken from literature, in the temperature range of
(323.2−403.2) K,36 and modeled with the EoS. The results are
presented in Figure 1, showing the ability of CPA EoS to
correctly describe these binary systems using a temperature
dependent k12 binary interaction parameter, as reported in
Table 2. Furthermore, the k12 binary interaction parameter
proposed for the binary system {n-heptane + toluene},
reported in a previous publication, was shown adequate to
further describe both the {n-hexane + benzene}, {n-octane + p-

xylene} studied here. Having the same binary interaction
parameters denote similar deviations to ideality among the
aliphatic and aromatic hydrocarbons controlled by the number
of carbon atoms diﬀerence, between the species, rather than by
the molecular weight of the species.
The VLE/VLLE of the {hydrocarbon + [C2C1im][TCM]/
[4-C4C1py][TCM]} binary systems were determined at 323.2,
363.2, and 403.2 K. The VLE/VLLE data are depicted in
Figure 2 and reported in Supporting Information (SI) Tables
S1 and S2. As expected, the pTx diagrams showed two
diﬀerent trends. First, a VLE region is observed with increasing
pressures, as the hydrocarbon mole fraction increases,
extending up to the solubility limit of the hydrocarbon in
19684
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Figure 3. CPA EoS binary interaction parameters as a function of temperature for the {aliphatic (1) + aromatic (2) + IL (3)} ternary systems: k13
(n-hexane, Ο; n-heptane, ◆ (from ref 29); n-octane, △) and k23 (benzene, □; toluene, × (from ref 29); p-xylene, ).

Figure 4. VLE p-x,y and y-x diagrams for the {n-hexane (1) + benzene (2) + [C2C1im][TCM] (3)} ternary system with S/F = 10. Symbols: black
denotes IL-rich liquid phase, gray refers to hydrocarbon-rich liquid phase, white represents vapor phase, and striped denotes global liquid phase
composition. Solid lines represent the CPA EoS wth ki3 from Table 2, dotted lines represent the CPA EoS with k13 and ki3 modiﬁed at 403.2 K to
−0.050 and −0.090, respectively, and dashed refers to benchmark hydrocarbon binary system.
19685
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Figure 5. VLE p-x,y and y-x diagrams for the {n-hexane (1) + benzene (2) + [4-C4C1py][TCM] (3)} ternary system with S/F = 10. Symbols: black
denotes IL-rich liquid phase, gray refers to hydrocarbon-rich liquid phase, white represents vapor phase, and striped denotes global liquid phase
composition. Solid lines represent the CPA EoS wth ki3 from Table 2, dotted lines represents the CPA EoS with k13 and ki3 modiﬁed at 403.2 K to
0.000 and −0.060 respectively, and dashed refers to benchmark hydrocarbon binary system.

4.2. VLE/VLLE for Aliphatic + Aromatic + IL Ternary
Systems: Experimental and CPA EoS Description. The
VLE/VLLE for the {n-hexane + benzene + IL} and {n-octane
+ p-xylene + IL} were determined at 323.2, 363.2, and 403.2 K
along the whole hydrocarbon composition range at an S/F
ratio of 10, as reported in SI Tables S3−S6.
The y-x and p-x,y diagrams, shown in Figures 4, 5, 6−7,
allow to infer that in the case of {n-octane + p-xylene + IL}
ternary systems, a homogeneous extractive distillation is not
feasible along the whole hydrocarbon composition range, even
at the highest temperature evaluated (403.2 K). As previously
reported,28 the region with higher aliphatic content requires
higher temperature to promote a homogeneous vapor−liquid
equilibrium. Thus, the lower vapor pressure of n-octane, in
comparison with shorter linear alkanes, implies that 403.2 K is
not enough to implement a homogeneous extractive
distillation. Nonetheless, the VLE region, in the whole range
of compositions, would be found above 403.2 K. In addition,
the liquid−liquid equilibria (LLE) of these mixtures could not
be determined at 403.2 K due to technical limitations on
sampling reliably of the liquid phase. For this reason in Figures
6 and 7 the striped symbols refer to the overall liquid phase,
not to the IL-rich and hydrocarbon-rich liquid phases. By
contrast, in the case of {n-hexane + benzene + IL} ternary
systems, two regions as a function of composition, VLLE and

the IL. Then, a VLLE region, in which both hydrocarbon-rich
and an IL-rich liquid phases coexist, can be identiﬁed at
constant pressure as the hydrocarbon mole fraction increases.
As depicted in Figure 2, the hydrocarbon solubility in the IL is
mostly temperature independent, as previously reported for
{hydrocarbon + IL} systems.30,37
The experimental VLE/VLLE data was modeled with CPA
EoS with high accuracy. The corresponding binary interaction
parameters between all hydrocarbons and the two ILs (ki3) are
reported in Table 2 and depicted in Figure 3, as a function of
temperature and number of carbon atoms. As can be seen, the
ki3 presents a small dependency with temperature, increasing
with increasing temperature. Furthermore, for the same ionic
liquid the binary interaction parameters present similar
behavior (similar slope) independently of the studied hydrocarbon. The only exception is observed for the toluene for
which the toluene-IL binary interaction parameter shows a less
pronounced increase between 323.2 and 363.2 K but increases
abruptly for temperatures above 363.2 K. Moreover, the
aliphatics present higher binary interaction parameters than
those reported for the aromatics, for which a decrease in the
binary interaction parameter is observed with the increase of
the aliphatic molecular weight; an opposite behavior to that
observed for the aromatics.
19686
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Figure 6. VLE p-x,y and y-x diagrams for the {n-octane (1) + p-xylene (2) + [C2C1im][TCM] (3)} ternary system with S/F = 10. Symbols: black
denotes IL-rich liquid phase, gray refers to hydrocarbon-rich liquid phase, white represents vapor pase, and striped denotes global liquid phase
composition. Solid lines represent the CPA EoS wth ki3 from Table 2 and dashed refers to benchmark hydrocarbon binary system.

VLE, are observed. The former only appears at high n-hexane
concentrations at the temperatures of 323.2 and 363.2 K.
Aiming at clarify the present phases, a scheme is shown in inset
of the p-x,y diagrams where black and gray stand for the liquid
phases and white for the gas phase. Similarly, the VLE region
increases as temperature rises, for n-hexane, below its solubility
limit. Nonetheless, the slope of the p-x,y diagram decreases
with this increase, meaning a moderate negative impact in the
separation.
On the other hand, ternary phase diagrams are depicted in
Figure 8 to allow a better analysis of the LLE region. A wide
zone of immiscibility between IL and hydrocarbon-rich phase
is observed. In fact, the amount of the IL in the hydrocarbonrich liquid phase is negligible, whereas the values of the
aliphatic and aromatic molar fraction in the IL-rich liquid
phase are low and high, respectively, conﬁrming the high
selectivity and capacity of the ILs. As expected, an increase in
temperature leads to a decrease in LLE region due to the
higher amount of vapor phase and the higher amount of
hydrocarbon in IL-rich liquid phase. Furthermore, ILs tend to
remain in the IL-rich liquid phase, and their extractive
properties remaining almost constant in the 323.2 and 363.2
K temperature range.
In addition, in Figures 4−8, the excellent description of the
CPA EoS, with an specially accurate description of the
equilibrium at lower temperatures is shown, that is, 323.2 and

363.2 K. For the {n-octane + p-xylene + IL} systems, the
results are more reliable due to the lower total pressures
reported. Knowing that the combined uncertainty in pressure
was found to be ur(p) = 0.02, the absolute dispersion in more
volatile systems is higher as pressures are also greater.
However, deviations between CPA EoS and experimental
results, at the highest temperature, imply even qualitative
deviations related to limitations known to the EoS.29 As
reﬂected in a previous work,29 small changes on the k13 and k23
for high temperatures allows reaching an adequate description
at these conditions at the low aliphatic concentration region.
Since high temperatures are related to high aromatic content,
in the extractive distillation column, this approach can be
considered as suitable from an industrial point of view.
For the {n-octane + p-xylene + IL} ternary systems no
additional corrections were required, since the CPA EoS was
able, with the proposed binary interaction parameters, to
achieve a good description of the lower volatility systems, in a
wider range of temperatures. Finally, comparing the y-x and px,y diagrams, the CPA EoS provides a better description of the
former, meaning that CPA EoS properly represents the
separation in the whole range of conditions.
4.3. Analysis of the Aliphatic/Aromatic Relative
Volatility. Hereunder, experimental aliphatic/aromatic relative volatility are also evaluated and compared to those
estimated by the CPA EoS, allowing to conﬁrm the EoS
19687
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Figure 7. VLE p-x,y and y-x diagrams for the {n-octane (1) + p-xylene (2) + [4-C4C1py][TCM] (3)} ternary System with S/F = 10. Symbols: black
denotes IL-rich liquid phase, gray refers to hydrocarbon-rich liquid phase, white represents vapor phase, and striped denotes global liquid phase
composition. Solid lines represent the CPA EoS wth ki3 from Table 2 and dashed refers to benchmark hydrocarbon binary system.

its higher capacity. Conversely, as the n-octane solubility in the
IL is much lower, showing almost only VLLE, [4-C4C1py][TCM] presents the best separation. As can be seen, overall,
CPA EoS model describes these behaviors adequately
conﬁrming its suitability for describing the studied systems,
even allowing an adequate representation of the derived
separation properties calculated from the phase equilibria.
Higher deviations were found for the n-hexane/benzene
system, at 363.2 and 403.2 K, explained by the aforementioned
limitations at high temperatures.
Overall, the experimental and computational results
evidence that the extractive distillation using ILs stands a
very eﬃcient separation of BTX from linear alkanes. Aliphatic/
aromatic relative volatilities are highly increased in the
presence of both ILs at any temperature, as shown in Figures
4−7. Considering two hydrocarbons with the same number of
carbon atoms (one aliphatic and one aromatic), the separation
is enhanced by reducing the number of the hydrocarbon
carbon atoms, that is, the separation of n-hexane from benzene
is easier than n-heptane from toluene, because the aliphatic is
more volatile and the aromatic is more soluble in the IL with a
wider VLE region.

robustness for simulation purposes. From the experimental
VLLE/VLE data, the aliphatic/aromatic relative volatilities
have been calculated as follows:
α12 =

y /x1
K1
= 1
K2
y2 /x 2

(6)

where K is the K-value, yi and xi denote the vapor and liquid
phase mole fractions of component i, respectively. The
aliphatic/aromatic relative volatility values are depicted in
Figure 9, as a function of free-IL hydrocarbon molar fraction,
and reported in SI Tables S.3−S.6. In Figure 9, it is possible to
identify similar behaviors among the diﬀerent systems denoting
similar separations. The aliphatic/aromatic relative volatility
decreases with the increase in the aliphatic molar fraction. In
these cases, a less signiﬁcant impact of the VLE or VLLE
regions, in comparison with the trends observed for n-heptane/
toluene is observed.29 This is explained by the higher recovery
of n-hexane, even for VLE, and the lower recovery of n-octane,
even for VLLE, in comparison with n-heptane. In this way, a
lower impact of the type of phase equilibrium, for lower or
higher volatile compounds than n-heptane, is observed.
Comparing the IL-based mass agents, [C2C1im][TCM] stands
as the most eﬀective and selective IL, on the VLE region, for
the n-hexane/benzene separation, while for the VLLE region
the [4-C4C1py][TCM] oﬀers higher relative volatility due to

■

CONCLUSIONS
In this work, the VLE/VLLE for {n-hexane + benzene +
[C2C1im][TCM] or [4-C4C1py][TCM]} and {n-octane + p19688
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Figure 8. Ternary LLE diagrams from the VLLE data of {n-heptane + toluene + IL} ternary system at an S/F = 10. Full symbols and solid lines
denote experimental data and empty squares and dashed lines the CPA EoS.

xylene + [C2C1im][TCM] or [4-C4C1py][TCM]} systems
were determined by HS-GC and modeled by CPA EoS in a

wide range of temperatures and compositions. Both binary and
ternary systems have been experimentally determined, the
19689
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Figure 9. Aliphatic/aromatic Relative volatility as function of the free-IL aliphatic mole fraction for the {aliphatic + aromatic + IL}. Symbols
represent the experimental data and the lines the CPA EoS.

latter at S/F ratio of 10, to evaluate the two separations and
give insights regarding how the number of carbon atoms of
aromatics and aliphatics impacts on the aliphatic/aromatic
relative volatility and the type of extractive distillation
(homogeneous or heterogeneous). The CPA EoS has been
used to model all phase equilibria, aiming at providing a whole
model that represents the BTX separation from linear alkanes.
The results have shown that the eﬀectiveness of the
aliphatic/aromatic separation, as well as the homogeneous
region, increases as the number of carbon atoms decreases.
Since [C2C1im][TCM] presents the highest selectivity, a
higher relative volatility at VLE region is obtained for nhexane/benzene separation, but for n-octane/p-xylene the [4C 4 C 1 py][TCM] is the best option along the whole
composition range due to its higher capacity. However, the
aliphatic/aromatic relative volatilities are high enough for
separation purposes in all cases. The proposed model properly
described the phase equilibria and the analysis of the binary
interaction parameters has shown its robustness, even
describing the nonvolatile character of the solvent and its
density and heat capacity.
Overall, the results show the extractive distillation to be an
eﬃcient technology to separate BTX from linear alkanes and
CPA EoS to be a robust model that properly represents the
main features required to further explore the BTX removal
from industrial streams by extractive distillation with
tricyanomethanide-based ILs.

■

■

systems with S/F = 10. Vapor−liquid and vapor−
liquid−liquid equilibriaa for n-octane (1) + p-xylene (2)
+ [C2C1im][TCM]/[4-C4C1py][TCM] (3) ternary
systems with S/F = 10 (PDF)

AUTHOR INFORMATION

Corresponding Author

*E-mail: pablo.navarro@uam.es.
ORCID

Pablo Navarro: 0000-0002-0017-3898
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