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Liquid—Liquid Equilibria for {1-Ethyl-3-methylimidazolium
Diethylphosphate or 1-Ethyl-3-methylimidazolium Ethylsulfate}
+ 4,6-Dimethyldibenzothiophene + Dodecane Systems at 298.2 K

and 313.2 K
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ABSTRACT: Liquid—liquid equilibrium (LLE) data for {1-ethyl-3-methylimidazolium diethylphosphate ([emim][DEtPO,]) or
1-ethyl-3-methylimidazolium ethylsulfate ([emim][EtSO,])} + 4,6-dimethyl-dibenzothiophene (4,6-DMDBT) + dodecane
systems, at (298.2 and 313.2) K and atmospheric pressure (~ 95 kPa), were determined by refractometry. 4,6-DMDBT is one
of the most difficult diesel sulfur pollutants to remove by the conventional process of hydrodesulfurization (HDS). Extraction of 4,6-
DMDBT from dodecane (used as model diesel oil) was analyzed in terms of solute distribution coefficient, solvent selectivity, and
percent of extraction. The results indicate that [emim][DEtPO,] is a better solvent for extractive desulfurization of dodecane than
[emim][EtSO,]. The Hand and Othmer—Tobias correlations, used to ascertain the quality of the experimental data, presented R* >
0.98 for systems with [emim][DEtPO,] and R> > 0.96 for systems with [emim][EtSO,]. The nonrandom two-liquid (NRTL)
model was used to correlate the LLE data and showed root-mean-square deviations between experimental and calculated mole

fractions < 0.0002.

M INTRODUCTION

The sulfur compounds present in fossil fuels cause pollution
by vehicle and industrial SOx emissions. Moreover, the sulfur
inhibits vehicle control pollution equipment performance.’ For
this reason, the maximum mass fraction of sulfur (w) in diesel
oil was fixed, by legislation, to w = 1.0- 10> in Japan and the
European Union, 1.5+ 10™° in the United States, and 5.0-10°
in Brazil?

The usual process of hydrodesulfurization (HDS) requires
severe operational conditions (> $73.15 K, > 30 bar, large
amounts of H,, expensive catalysts, etc.)3 to achieve sulfur mass
fractions below 5.0-107>,* but it is not effective to remove some
sulfur compounds, such as the sterically hindered dibenzothio-
phene (DBT) and its derivatives, 4-methyldibenzothiophene
(4-MDBT) and 4,6-dimethyldibenzothiophene (4,6-DMDBT);*
for this reason, other processes to achieve the deep desulfurization
of diesel oil, such as biodesulfurization (BDS), oxidesulfurization
(ODS), and extractive desulfurization (EDS) with ionic liquids,
have received attention in recent years.

In literature, the removal of 4,6-DMDBT is reported for
model® '3 and real'* %° diesel oil. Also, some works show data
for the extractive desulfurization of DBT and 4-MDBT with ionic
liquids,>*"** and others show liquid—liquid equilibrium (LLE)
data for alkane + thiophene + ionic liquid systems.”> > In a
recent paper”’ the authors reported LLE data for the extraction
of 4-MDBT from dodecane.

Since there is no report of phase equilibrium data involving the
systems studied here, LLE data were obtained for the systems
{1-ethyl-3-methylimidazolium diethylphosphate ([emim][DEtPO,])
or 1-ethyl-3-methylimidazolium ethylsulfate ([emim][EtSO,])}
+ 4,6-DMDBT + dodecane as model diesel oil, at 298.2 K and
313.2 K and atmospheric pressure (* 95 kPa).
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M EXPERIMENTAL METHODS

Chemicals. The properties of the used chemicals are listed in
Table 1. This work reports the refractive index (np) of
[emim][DEtPO,] at (298.2 and 313.2) K and [emim][EtSO,]
at 313.2 K, not yet available in literature; np of [emim][EtSO,] at
313.2 K and dodecane at 298.2 K were determined by Alonso
et al.,26 while Wohlfarth?® reports np for dodecane at 313.2 K.

Purification. For the removal of residual volatile compounds
and moisture from the ionic liquids, approximately 50 g of each
ionic liquid was inserted in a sealed glass flask to avoid contact
with air and subjected to vacuum (8 kPa) and magnetic stirring at
323.15 K for 24 h. After that, the ionic liquids were stored under
nitrogen atmosphere, and their water mass fraction was mea-
sured by Karl Fischer titration (Metler Toledo DL31 Karl Fischer
titrator), giving values below 5.0-10™* for both ionic liquids.
Other chemicals were used as received.

Procedure. Experiments were carried out in equilibrium cells,
such as suggested by Sandler”” and described elsewhere.”® The
cell temperature was regulated by a Tecnal TE-184 thermostatic
bath (+ 0.1 K).

The cloud point method, similar to that of Letcher and
Siswana,>! was utilized for determination of binodal curves in
the ionic liquid-rich phase, by dropwise adding dodecane to
known binary homogeneous mixtures of 4,6-DMDBT +- ionic
liquid using a syringe, until constant turbidity (saturation).
Then, the refractive index of the mixture was measured, in
triplicate, with a Mettler-Toledo RE 40D refractometer, to
build calibration curves (np as function of composition) on the
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Table 1. Properties of the Pure Components”

M 2982 K 3132 K
chemical g-mol exp lit. exp lit. mass percent purity supplier
[emim][DEtPO,] 264.26 1.4733 NA 1.4691 NA > 0.98 Aldrich
[emim][EtSO,] 236.29 1.4789 1.47903%¢ 1.4745 NA 0.95 Fluka
4,6-DMDBT 212.31 - - - - 0.97 Aldrich
dodecane 17033 1.4196 1.42011%¢ 1.4131 1.4129° 0.996 Fluka

“NA: not available; ref 26, Alonso et al., 2008; ref 28 Wohlfarth, 2008.

binodal curve. The ionic liquid did not dissolve in the binary
alkane-rich phase; this was concluded experimentally, adding
a drop of ionic liquid to pure dodecane or to a binary
{dodecane + 4,6-DMDBT} mixture, verifying no solubiliza-
tion of the drop and no change in refractive index of the
dodecane or the mixture. So, the calibration curves of alkane-
rich phase were determined by measuring in triplicate the
refractive index of known binary {dodecane + 4,6-DMDBT}
mixtures.

In each LLE experiment, a ternary mixture of known com-
position within the immiscibility region was prepared by
weighing the components directly inside the cell, using a
Shimadzu AX200 analytical balance (& 0.0001 g). An approx-
imate amount, between 8 g and 10 g of total mass, was utilized
for each equilibrium experiment. After that, the mixture was
vigorously agitated with a Fisatom 752 magnetic stirrer for 12 h,
to allow a close contact between phases, and decanted for 24 h
to equilibrium phases settle down. The system separate in two
clean liquid phases. Also, the binary solid—liquid equilibrium
(SLE) was determined for dodecane + 4,6-DMDBT to estab-
lish the maximum solubility of 4,6-DMDBT in dodecane. In
SLE experiments, pure 4,6-DMDBT precipitates in equilibrium
with a saturated mixture of dodecane + 4,6-DMDBT. So, in
both LLE and SLE, the refractive index of liquid phase was
measured in triplicate and the average used for composition
determination.

For the [emim][EtSO,] + 4,6-DMDBT + dodecane system
at 298.2 K, the cloud point method was replaced by a graphical
method, which consists in estimate graphically the composition
of the ionic liquid-rich phase, knowing the composition of the
alkane-rich phase and considering no loss of mass during
weighing, agitation, and settling, that is, forcing the interception
of tie lines through feed-point composition. This method was
used because the level of confidence (mean value & standard
deviation) of the triplicate refractive index measurement of one
cloud point matches the level of confidence of the next cloud
points, even for a standard deviation < 0.0001 for each triplicate
refractive index.

B THERMODYNAMIC MODELING

The LLE conditions are represented by equality of pressure,
temperature, and component chemical potential between the
two liquid phases. The LLE calculation is well-known and
basically defined by:

5y = %7 (1)

Table 2. Mass Fraction w, Refractive Indexes np, and Stan-
dard Deviations g, of Points on the Binodal Curve for Ionic
Liquid (1) 4 4,6-DMDBT (2) + Dodecane (3) at 298.2 Kand
313.2 K

[emim][DEtPO,] [emim][EtSO,]

/K wy s np  10%0,  w, s np  10%0,

2982 0.9967 0.0000 1.4727 0.00 0.9983 0.0000 1.4788 0.00
0.9957 0.0012 1.4731 0.00 0.9974 0.0002 1.4789 0.58

0.9942 0.0025 14733 0.58 0.9971 0.0004 1.4789 0.00

0.9921 0.0035 1.4735 0.58 0.9970 0.0006 1.4791 0.58

0.9965 0.0010 1.4790 1.00

3132 09951 0.0000 1.4685 0.58 0.9986 0.0000 1.4749 0.58
0.9937 0.0008 1.4686 0.00 0.9961 0.0006 1.4750 0.58

0.9902 0.0037 1.4691 0.00 0.9953 0.0014 1.4751 0.00

0.9873 0.0045 1.4694 0.00 0.9945 0.0030 1.4754 0.00

where y; and «; are the activity coeflicient and mole fraction of
component i, and superscripts I and II refer to the two liquid
phases.

The nonrandom two-liquid model (NRTL)** was used for the
calculation of activity coeflicient and correlation of experimental
LLE data with the estimation of new energy interaction param-
eters by using the Fortran code TML-LLE 2.0.>* This procedure
is based on the modified Simplex method** and consists of the
minimization of a concentration-based objective function, F.*°
Calculated molar fractions were compared with those obtained
experimentally through root-mean-square deviations, Ox. The
equations used for thermodynamic modeling were previously
showed by Oliveira and Aznar.”’

B RESULTS AND DISCUSSION

Cloud Points and Calibration Curves. The mass fractions
(w), refractive indexes, and standard deviations for refractive
index measurements (0,) of the cloud points are shown in
Table 2. 0 was calculated by eq 2,

where d is the number of data points, np, ,, is the refractive index of
each data point p, and 7 is the refractive index average. The
uncertainty of cloud point dodecane mole fraction is < 0.0008 for
each cloud point for all systems.
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The regression of data in Table 2 gave the equations of
calibration curves for [emim][DEtPO,] (1) + 4,6-DMDBT
(2) + dodecane (3):

np(298.2 K) = — 37.615 + 78.785w; — 39.699w,*>  (3a)
np(298.2 K) = 1.4728 + 0.2211w, (3b)

np(313.2 K) = 1.5880 — 0.1201w, (4a)
np(313.2K) = 1.4685 + 0.044w, + 33.102w,>  (4b)

Table 3. Mass Fractions w, Refractive Indexes np, and Stan-
dard Deviations 0, of Binary Mixtures of Dodecane ( 1) + 4,6-
DMDBT (2) at 298.2 K and 313.2 K

298.2 K 3132 K
Wy np 10* o, Wy np 10* o,
0.0000 1.4196 0.00 0.0000 1.4131 0.00
0.0037 1.4201 0.00 0.0037 1.4137 0.00
0.0062 1.4206 0.58 0.0062 1.4141 0.00
0.0089 14210 0.00 0.0089 1.4146 0.00
0.0128° 1.4216 0.00 0.0190 1.4163 0.00

“SLE in bold: solid phase = pure 4,6-DMDBT.

and for [emim][EtSO,] (1) 4+ 4,6-DMDBT (2) + dodecane (3):

w) —0.9945) (sa)

np(313.2 K) = 1.4749 + 0.0005 exp( 000093

np(313.2K) = 1.4749 + 0.1633w, (sb)
Note that the equations for the system with [emim][EtSO,] at
298.2 K were not obtained, because the composition of the ionic
liquid-rich phase was determined by the graphical method.

The binary dodecane (1) + 4,6-DMDBT (2) calibration curve
points are shown in Table 3. The values in bold are the SLE
data. They represent the maximum solubility of 4,6-DMDBT
in dodecane. An increase of 15 K rises 48 % solubility of
4,6-DMDBT in dodecane. Applying linear regression to data in
Table 3, the equations obtained are:

np(298.2 K) = 1.4196 + 0.1601w, (6a)

np(313.2K) = 1.4131 4 0.1675w, (6b)
eqs 3a to 6b quantify the ionic liquid and 4,6-DMDBT mole fractions.
The dodecane mole fraction was calculated by applying mass balance.

Equilibrium Data. The LLE data (mole fractions) for the
ternary systems {[emim][DEtPO,] or [emim][EtSO,]} + 4,6
DMDBT + dodecane at 298.2 K and 313.2 K and atmospheric
pressure (=2 95 kPa) are reported in Tables 4 and S. Also, in these
tables are the standard deviation for the refractive index (0,,), the

Table 4. Liquid—Liquid Equilibrium Data for the [emim][DEtPO,] (1) + 4,6-DMDBT (2) + Dodecane (3) System at 298.2 K

and 313.2 K*
LLE data”
feed dodecane phase ionic liquid phase
4
T/K 1 X xy % np 10 ‘o, x % - 10, K S 10 *u
298.2 0.2647 0.0018 0 0.0024 1.4201 0.58 0.9936 0.0004 1.4729 0.58 0.1555 25.9 0.5
0.2620 0.0036 0 0.0045 1.4205 0.00 0.9930 0.0011 1.4730 0.58 0.2488 424 0.1
0.2581 0.0058 0 0.0065 1.4209 0.58 0.9925 0.0017 14731 0.58 0.2582 43.9 5.7
313.2 0.2767 0.0051 0 0.0062 1.4144 0.00 0.9903 0.0023 1.4687 0.58 0.3744 50.3 0.1
0.2758 0.0074 0 0.0086 1.4149 0.58 0.9868 0.0041 1.4690 0.00 0.4704 S1.3 0.4
0.2765 0.0088 0 0.0101 1.4152 0.00 0.9833 0.0053 1.4693 0.58 0.5276 46.0 0.8

“Tonic liquid/dodecane feed mass ratio = 0.6. * Uncertainty in mole fractions < 0.0004.

Table 5. Liquid—Liquid Equilibrium Data for [emim][EtSO,] (1) + 4,6-DMDBT (2) + Dodecane (3) System at 298.2 K and

313.2 K*
LLE data”
feed dodecane phase ionic liquid phase
4
T/K X, X X Xy np 10 4(7p Xy x5 fip 10 40[’ 15 s e
298.2 0.3023 0.0019 0 0.0027 1.4201 0.00 0.9967 0.0002 0.0569 18.1
0.2991 0.0041 0 0.0057 1.4207 0.00 0.9962 0.0005 0.0810 24.3
0.2976 0.0071 0 0.0097 14215 0.00 0.9961 0.0009 0.0917 29.8
313.2 0.3010 0.0053 0 0.0072 1.4146 0.58 0.9948 0.0007 1.4750 0.58 0.0940 20.5 0.5
0.3067 0.0082 0 0.0106 14183 1.00 0.9938 0.0014 14751 L1S 0.1283 264 4.6
0.2964 0.0106 0 0.0135 1.4159 0.58 0.9936 0.0020 1.4752 0.58 0.1512 34.0 5.6

“Tonic liquid/dodecane feed mass ratio = 0.6. * Uncertainty in mole fractions < 0.0004 for 313.2 K and < 0.0003 for 298.2 K.
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Figure 1. Experimental and calculated phase equilibrium data for the
system [emim][DEtPO,] (1) + 4,6-DMDBT (2) + dodecane (3) at
298.2 K: W, cloud points; @, feed points; (4, solid line), tie-lines; ¢, 4,6-
DMDBT saturation in dodecane; (O, dotted line), NRTL correlation.
Tonic liquid/dodecane feed mass ratio = 0.6.
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Figure 3. Experimental and calculated phase equilibrium data for the
system [emim][EtSO,] (1) + 4,6-DMDBT (2) + dodecane (3) at
298.2 K: W, cloud points; @, feed points; (4, solid line), tie-lines; ¢, 4,6-
DMDBT saturation in dodecane; (O, dotted line), NRTL correlation.
Ionic liquid/dodecane feed mass ratio = 0.6.
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Figure 2. Experimental and calculated phase equilibrium data for the
[emim][DEtPO,] (1) 4+ 4,6-DMDBT (2) + dodecane (3) system at
313.2 K: W, cloud points; ®, feed points; (A, solid line), tie-lines; ¥, 4,6-
DMDBT saturation in dodecane; (O, dotted line), NRTL correlation.
Ionic liquid/dodecane feed mass ratio = 0.6.
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Figure 4. Experimental and calculated phase equilibrium data for the
[emim][EtSO,] (1) + 4,6-DMDBT (2) + dodecane (3) system at
313.2 K: W, cloud points; ®, feed points; (A, solid line), tie-lines; ¥, 4,6-
DMDBT saturation in dodecane; (O, dotted line), NRTL correlation.
Ionic liquid/dodecane feed mass ratio = 0.6.

distribution coefficient (K), and the selectivity of the solvent (S)
both given by Oliveira and Aznar.”’

Rectangular diagrams representing the phase equilibrium data
are shown in Figures 1 to 4. In these figures, it is observed that the
LLE region is at the bottom of a conventional ternary diagram (not
shown here), as noted by Esser et al.> The slope of the tie-lines, the
distribution of 4,6-DMDBT in both phases (Figure S), and
selectivity values above 40 (Figure 6) lead to the conclusion that
[emim][DEtPO,] is a better solvent than [emim][EtSO,] for the
extraction of 4,6-DMDBT from dodecane at the two temperatures
and that 4,6-DMDBT solubilizes preferably in dodecane phase.

The quality of the LLE data is pointed out by two tests:

(a) Using eq 7, which is the well-known linear algebra
equation to calculate the distance (u) between a straight
line and a point,* the distance between each tie line and
the respective feed composition was calculated.

|ax§eed + bxgeed + C|
u =

Va? +b?

(7a)

a=uxy— xgp (7b)
b= xf — &7 (7¢)
c= xipxizlp — xillpxgp (7d)

Superscripts feed, ap, and ilp refer to feed, alkane-rich
phase, and ionic liquid-rich phase. Figure 7 shows the
geometric scheme of the u calculation by eq 7. This
calculation allows us to quantify the experimental error
by analysis and loss of mass in both phases and feed. The
values of u are shown in Tables 4 and S. Tie lines are very
close to the feed composition. An uncertainty of experi-
mental mole fraction < 0.0004 was obtained using the
refractive index method. For systems with [emim][EtSO,]
at 298.2 K, tie lines were forced to pass through feed
points, giving u = 0. So, the experimental mole fraction
uncertainty for this system was considered only for
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Figure S. Distribution of 4,6-DMDBT between ionic liquid and
dodecane rich phase: O, [emim][DEtPO,]; O, [emim][EtSO,]; full
symbols and dashed lines, 298.2 K; open symbols and dotted lines,
313.2 K; lines are calculated by NRTL. Ionic liquid/dodecane feed
mass ratio = 0.6. Component numbers: ionic liquid (1), 4,6-DMDBT
(2), dodecane (3).
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Figure 6. Selectivity S of ionic liquids for each mole fraction of 4,6-
DMDBT after equilibrium in the alkane phase x,™: O, [emim][DEtPO,];
O, [emim][EtSO,]; full symbols, 298.2 K; open symbols, 313.2 K. Ionic
liquid/dodecane feed mass ratio = 0.6. Component numbers: ionic
liquid (1), 4,6-DMDBT (2), dodecane (3).

alkane-rich phase, which is < 0.0003 and was obtained
from the standard deviation of triplicate refractive index
measurement for each tie line. To guarantee the experi-
mental data quality in this work, a double second test is
described below.

(b) Hand®” and Othmer—Tobias®® correlations, eqs 8 and 9,
respectively, are used for low solute concentrations and
low mutual solubility between solvents.

xgp xgp
log TP = le 10g pr + k2H (8)
X 3
ilp ap
1—x 1—x
log (m’l) = kjor log (aP3> +kor (9)
X, X3

k, are the angular coefficients, while k, are the linear
coefficients. The standard deviations for Hand and

ap
(x, X))

feed
(x,x)

tie line

(x,x)

ilp

X

Figure 7. Geometric scheme for calculation of the distance () between
the feed point and the tie line.

Table 6. Hand and Othmer—Tobias Coefficients k; and k,,
Correlation Coefficient R?, and Standard Deviations ¢ for
Systems Studied in This Work

Hand Othmer—Tobias

T/K ki kan R o kior kot R o

[emim][DEtPO,] (1) +4,6-DMDBT (2) + n-Dodecane (3)
2982 1.5293  0.5946 0.9878 0.0529 0.1656 —1.7614 0.9900 0.0051
3132 17121 11427 09999 0.0020 1.0974  0.4032 09817 0.0228

[emim][EtSO,] (1) +4,6-DMDBT (2) + n-Dodecane (3)

2982 1.3687 —0.2867 09977 0.0262 0.1416 —2.1133 0.9655 0.0108
3132 0.5701 —0.3339 0.9996 0.0042 0.2956 —1.6336 0.9923 0.0051

Othmer—Tobias () were calculated with eq 10.

(10)

where Feyp, and Fy represent the experimental and calcu-
lated left-hand side of eqs 8 and 9, and ¢ is the number of
coefficients of Hand or Othmer—Tobias equations.
Table 6 presents ky, ks, R? and 0 calculated here. Figures 8 and
9 show Hand and Othmer—Tobias experimental data and their
linear regression. The data quality is shown by a R* > 0.98 for
[emim][DEtPO,] and R* > 0.96 for [emim][EtSO,] systems.
Also, 0 < 0.053 for Hand and 0 < 0.023 for the Othmer—Tobias
equation were achieved for all systems.
Removal of 4,6-DMDBT. The 4,6-DMDBT extraction per-
cent (E) can be calculated by:

Co—C

E==""".100 (11)
Co

wy
Cy=———— 12
’ (WZ + w3)feed ( )
Cr = <7W2 ) (13)

wy + w3 alkane phase

where C, and C; are the mass fractions of 4,6-DMDBT in
dodecane before and after equilibrium, respectively. The results
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Figure 8. Hand correlation for LLE data: O, [emim][DEtPO,]; O,
[emim][EtSO,]; full symbols and solid lines, 298.2 K; open symbols and
dotted lines, 313.2 K. Component numbers: ionic liquid (1), 4,6-
DMDBT (2), dodecane (3).
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Figure 9. Othmer—Tobias correlation for LLE data: O, [emim]
[DEtPO,]; O, [emim][EtSO,]; full symbols and solid lines, 298.2 K;
open symbols and dotted lines, 313.2 K. Component numbers: ionic
liquid (1), 4,6-DMDBT (2), dodecane (3).

for an ionic liquid/dodecane feed mass ratio = 0.6 are shown in
Table 7 and Figure 10. For all systems, the percent of 4,6-
DMDBT extraction was E < 19, and the best values were found
with [emim][DEtPO,]. An increase in temperature from 298.2 K
to 313.2 K does not change significantly E for both ionic liquids.

Since the ionic liquids studied here are potential extractive
desulfurization solvents, their regeneration is an important issue.
Although it is beyond the scope of this work, some insights can be
given. In literature,” supercritical carbon dioxide has been already
tested to remove aromatic sulfur compounds from ionic liquid.
The regeneration could be also investigated by mixing water with
an ionic liquid-rich phase; water would solubilize a great amount of
ionic liquid, which presents high hydrophylicity, 4,6-DMDBT
would settle as a solid phase, and dodecane would form a liquid
phase above the water phase. Analyzing the ionic liquid content on
water phase would indicate the extent of regeneration. Filtration
would remove the solid phase, and evaporation under vacuum
would separate water from ionic liquid.

NRTL Parameters. The estimated nonrandom two-liquid
(NRTL) parameters are given in Table 8, and the calculated

45

30 |- B

E
/D
cr /':I )
a}
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O
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0 . @ 1 " 1 L ( L
0.000 0.005 0.010 0.015 0.020
C

Figure 10. Extraction percent E of 4,6-DMDBT from dodecane for
each mass fraction of 4,6-DMDBT before equilibrium Cy: O, emim]-
[DEtPO,]; O, [emim][EtSO,]; full symbols, 298.2 K; open symbols,
313.2 K. Ionic liquid/dodecane feed mass ratio = 0.6. Component
numbers: ionic liquid (1), 4,6-DMDBT (2), dodecane (3).

Table 7. Extraction Percent E of 4,6-DMDBT from Dode-
cane by Ionic Liquids at 298.2 K and 313.2 K for Three Initial
Concentrations”

[emim][DEtPO,] [emim][EtSO,]

/K Co E Co E
298.2 0.0031 2.3 0.0033 0.69
0.0061 8.3 0.0073 2.67
0.0099 179 0.0125 345
313.2 0.0088 12.17 0.0095 4.86
0.0127 15.42 0.0147 10.46
0.0154 18.55 0.0188 10.72

“Ionic liquid/dodecane feed mass ratio = 0.6.

Table 8. Estimated NRTL Parameters A, B, and @, Root-
Mean-Square Deviations dx, and Objective Function F*
i j A

. Ay B;/K B;i/K a;

[emim][DEtPO,] (1) + 4,6-DMDBT (2) +
Dodecane (3), 0x=0.0002; F=0.33

1 2 —2382.0 —641.5 14.8 —2.2 0.2
1 3 1564.7 7710.4 —1.2 —15.8 0.2
2 3 —5360.1 —249.5 17.0 -39 0.2
[emim][EtSO,] (1) +4,6-DMDBT (2) +
Dodecane (3), dx=0.0001; F=0.07
1 2 —428.2 3505.0 —8.2 —7.2 0.2
1 3 2047.4 —1029.4 —2.5 129 0.2
2 3 143.8 —2485.9 —3.6 3.7 0.2

“Note: Ox values represent the root-mean-square deviations between
experimental and NRTL calculated mole fractions; the F values repre-
sent the minimum calculated for objective function using the estimated
parameters A, B, and a; for the systems studied.

tie lines are shown in Figures 1 to 4. The calculated solute
distribution between both phases are in Figure S. The deviations
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between experimental and calculated compositions of both
equilibrium phases were below 0x = 0.0002.

B CONCLUSIONS

Rectangular phase diagrams showing experimental phase
equilibrium data were obtained for the {[emim][DEtPO,] or
[emim][EtSO,]} + 4,6-DMDBT + dodecane systems at 298.2
K and 3132 K and A~ 95 kPa. The quality of the data was
ascertained by the Hand and Othmer—Tobias correlations, with
a R* > 0.96. Both ionic liquids did not dissolve in dodecane, but
dodecane is present as small amounts in the ionic liquid-rich
phase. It is observed, from values of solute distribution, solvent
selectivity, and percent of removal, that [emim][DEtPO,] is a
better solvent than [emim][EtSO,] for the extraction of 4,6-
DMDBT from dodecane. A percent of extraction below 19 was
achieved with both ionic liquids. The LLE data were correlated
with the NRTL model, with the estimation of new energy
interaction parameters. The deviations between experimental
and calculated compositions were always below dx = 0.0002.
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