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Ternary Liquid —Liquid Equilibria for Systems of (Sulfolane + Toluene or
Chloronaphthalene + Octane)

F. S. Mohammad Doulabi and M. Mohsen-Nia*

Thermodynamic Research Laboratory, Kashan University, Kashan, Iran

Tie-line data for ternary systems of (sulfolattetoluene+ octane) at temperatures of 303.2 K and 313.2 K and
(sulfolane+ chloronaphthalené- octane) at temperatures of 298.2 K and 303.2 K are reported. The composition
of liquid phases at equilibrium was determined by -glguid chromatography, and the results were correlated
with the UNIQUAC and NRTL activity coefficient models to obtain the binary interaction parameters. Both the
UNIQUAC and the NRTL models satisfactorily correlated the equilibrium compositions. The partition coefficients
and the selectivity factor of sulfolane for extraction of toluene and chloronaphthalene from octane-containing
systems are calculated. Then the efficiency of the extraction of toluene from the (tetueckne) mixture is
compared with that for the extraction of chloronaphthalene from the (chloronaphthalentane) mixture by

using the calculated selectivity factors and the partition coefficients of the used solvent. The phase diagrams for
the ternary systems are presented, and the correlated tie-line results have been compared with the experimental
data.

Introduction (sulfolane+ chloronaphthaleng- octane) at 298.2 K and 303.2
Experimental and theoretical studies of the phase equilibrium K- The LLE data were correlated using the UNIQUAC and the
for ternary Systems Containing aromatic hydrocarbon CompoundsNRTL aCt|V|ty CoeffICIent mOde|S to Obta|n the blnal’y Intel’aCtlon
(e.g., toluene and chloronaphthalene) are essential in a numbeParameters of these components. According to these compari-
of practical extraction processt¥. At the same time, they ~ SONS, both the UNIQUAC and the NRTL models satisfactorily
represent one of the most stringent tests for activity coefficient correlate the equilibrium compositions of the studied ternary
models (e.g., NRTEand UNIQUAC). systems.
In chemical industries, especially in the liquid extraction . .
processes, suitable solvents such as sulfolane, ethylene carborfEXPerimental Section

ate, and dimethyl sulfoxide (DMSO) play an important role from  Chemicals. All materials had purity of 99 %. Sulfolane,
practical and economical viewpoint8 By considering the role  toluene, chloronaphthalene, and octane were supplied by Merck
of the solvents in the extraction of aromatic hydrocarbons from Co. Inc., Germany. The purity of each compound was checked
alkane mixtures in industrial processes, it is worthwhile to study by gas chromatography, and the results indicated that the mass
the liquid—liquid equilibrium (LLE) of ternary systems of  fraction purity was higher than 0.99 %. They were used without
(solvent+ aromatic hydrocarbons- alkanes). Therefore, the  fyrther purification.

search for determining the optimum conditions of the liguid Procedure.The experimental LLE data were determined by
liquid extraction processes is an ongoing study. using a glass cell with a water jacket in order to maintain a

The design of industrial units for separation processes require . ctant temperature. The cell temperature was regulated by a
reliable phase equilibrium data of the different systems involved ormostatic bath with an uncertainty 0.1 °C. The solutions

in a given process. Ternary LLE data are essential for a properyyere made by mass using a Sartorius analytical balance (model
understanding of the solvent extraction proce¥serefore, it A200S with an uncertaintg- 0.0001 g). The mixtures were
is usual to measure the phase equilibrium properties of the ,ron4r6q inside the cell and vigorously agitated with a magnetic
ternary or quaternary liquid systems. Sulfolane has been widely girrer for 2.5 h. To achieve intimate contact between the phases
used as a solvent in the recovery O_f high-purity aromatics, such oq the equilibrium, the mixture was allowed to rest for at least
as toluene andm-xylene from refinery process streaf. 14 Then the mixture was split into two liquid phases, which
Experimental measurements of the extraction of aromatic hecome clear and transparent at equilibrium, with a well-defined
hydrocarbons with sulfolane as the solvent were accomplished;tarface. The samples of both phases were collected and
by Deal et af Solubility data for (benzene and toluene) analyzed. The sample analysis was performed by using a Perkin-
heptanet solvent were reported by Shaha etsnd Rawat? Elmer model 8500 gas chromatography equipped with a flame
LLE data for a toluenet heptane+ tetraethylene glycot ionization detector (FID). The operating condition for the GLC
water system was published by Wang et'“alAromatics instrument is given in Table 1. The gas chromatography
extraction with solvent combinations was done by Muller and response factors for each of the components were obtained by
Hochfe.ld.15 using a standard mixture made from the pure components. The
In this work, we report the LLE results for the systems of .,mnqsition of this standard mixture was determined by mass
(sulfolane+ toluene+ octane) at 303.2 K and 313.2 K and 5 was in the one-phase region. One of the components in the
* Corresponding author. E-mail: m.mohser@igashanu.ac.ir. mixture was set as the standard, and its response factor was
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Table 1. Operating Condition for Gas Chromatography Instrument Table 3. UNIQUAC Structural Parameters

column size 2mx 2.2mm component r q
column packing 6 % Silar 10 Csorb WHP 16200 mesh

n-octane 5.85 4.97
detector temperature 543.15 K 1-chloronaphthalene 8.77 7.27
injector temperature 543.15 K sulfolane 4 0'4 3 2'0
oven temperature 323 15K (isotime= 1 min) " 470.15 K toluene 392 597
carrier gas nitrogen
flow rate 30 mL/min Table 4. Binary Interaction Parameters of the UNIQUAC Model

for the Studied Systems
i Ay Aji

Table 2. Experimental LLE Data for Ternary System { Sulfolane (1)
+ Aromatic Hydrocarbon (2) + Octane (3}

feed octane-rich phase  sulfolane-rich phase Sulfolane (1} Toluene (2)+ Octane (3)
1-2 4000.24 —570.20
Wy W Wy Wy Wy Wy S K 1-3 500.05 50.04
{Sulfolane (1)+ Toluene (2)}+ Octane (3) at 303.15 K 2-3 —440.18 296.48
0.330 0.530 0.283  0.565 0.413 0.497 1.48 0.88 Sulfolane (1) 1-Chloronaphthalene (2)Octane (3)
0.540 0.360 0.045 0.593 0.673 0.298 6.37 0.50 1-2 180.25 —-10.37
0.295 0.400 0.025 0.504 0.760 0.220 11.00 0.44 1-3 1380.04 235.42
0.400 0.305 0.011 0.422 0.810 0.174 15.69 0.41 2—3 —160.25 295.11
0.290 {O'S5uéfglang'(217)-5%— TOI%?E;(ZH %?}gée S act)i%?é.ﬁ K1_48 0.84 Table 5. Binary Interaction Parameters of the NRTL Model for the
0.307 0.480 0.075 0576 0667 0304 541 053 OStudied Systems
0.295 0.400 0.033 0.494 0.733 0.241 9.35 0.49 i—j Aj Aj
0.102 0.390 0.020 0.425 0.804 0.177 1291 0.42
Sulfolane (1)+ Toluene (2)+ Octane (3)

{Sulfolane (1)+ 1-Chloronaphthalene (2} Octane (3) at 298.15 K 1-2 2000.12 85.34
0.300 0.510 0.054 0.516 0.419 0.504 5.45 0.98 1-3 750.34 4000.12
0.235 0.465 0.044 0462  0.452 0.483  8.00 1.04 2-3 —200.28 600.05
0.195 0.425 0.024 0.431 0.523 0.427 10.85 0.99
0.148 0405 0023 0392 0575 0385 14.67 0.98 ) gu'fo'a”e 1)1- Ch'omgaphtha'e”e (2)Octane (533 "

{Sulfolane (1)+ 1-Chloronaphthalene (2} Octane (3) at 303.15 K 1-3 2903 2048.22
0.195 0.515 0.065 0.516 0.412 0.502 4.76 0.97 2-3 70.39 60.23
0.140 0.460 0.059 0.463 0.442 0.478 6.68 1.03
8:%8 8:322 8:828 g:ggg 8:22% 8:332 ig:g? 1:82 The experimental LLE data were correlated using the UNI-

QUAC and NRTL activity coefficient models. For the UNI-

given as 1.0. Then the response factors of other componentsQUAC correlation, the pure component structural parameters
were calculated using the re-normalization method. The sum- (r anda) were calculated by the method outlitehd are listed
mation of the mass fraction of all components was 1.0. The in Table 3. The binary interaction parameters of the UNIQUAC

measured LLE concentrations had an uncertainty less than 0.5and NRTL models for the studied systems are presented in
% for each mass fraction. Tables 4 and 5, respectively. All nonrandomness factaf} (

in the NRTR model were fixed and not adjusted during the
correlation. Best results were obtained wlgwas set at values
of 0.46 (sulfolanet toluene), 0.2 (sulfolang- octane), 0.301
(toluene+ octane), 0.202 (sulfolane chloronaphthalene), 0.2
(sulfolane+ octane), and 0.2 (chloronaphthalefieoctane).

Results and Discussion

The measured mass fraction composition ¢f the equi-
librium phases for systems ¢fulfolane (1)+ toluene (2) or
chloronaphthalene (2} octane (3) at two different tempera-
tures are reported in Table 2. The solvent extraction performance toluene
is evaluated by the selectivitys), as a measure of the ability 00
of sulfolane (1) to separate toluene or chloronaphthalene (2)
from octane (3}

1.0

(W2/W3)
 (wwy)°

where the superscripts S and O indicate the sulfolane-rich phase
and the octane-rich phase, respectively. This quantity is an
important factor in examining the efficiency of solvent extraction
processes. The measured selectivity of sulfolane for the extrac-
tion of toluene and chloronaphthalene as reported in Table 2 is
greater than 1, and this means that extraction is possible.

The capacity or dissolving ability of a sulfolane as a measure
of the ratio of sulfolane to the feed required for the desired
recovery of toluene or chloronaphthalene is defined in the - o1
following form:

(1)

[ 9> 0.0
Wg 0.0 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1.0

K=-5 2 sulfolane w, octane

Figure 1. LLE data for{sulfolane (1)+ toluene (2)+ octane (3) system
at 303.15 K: @, experimental tie line dat&), NRTL model;a, UNIQUAC
model.

The experimental values & in this study are also presented
in Table 2.
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toluene chioronaphthaiene
0.0

1.0

sulfolane 00 01 02 03 04 05 06 07 08 08 1.0 octane
w3

o o b 0h oh o ot ot i o Figure 4. LLE data for{sulfolane (1)}t 1-chloronaphthalene (2 octane

sulfolane 10 octane (3)} system at 303.15 K®, experimental tie line data), NRTL model;
W3 A, UNIQUAC model.
Figure 2. LLE data for{sulfolane (1)+ toluene (2)+ octane (3) system o
at 313.15 K: @, experimental tie line dat&), NRTL model;a, UNIQUAC Table 6. Root-Mean-Square Deviation Percent (RMSD) Values for
model. the Studied Ternary Systems
systems T/K  NRTL UNIQUAC
chioronaphthalene sulfolane+ toluene+ octane 303.15 0.065 0.084
00 10 sulfolane+ toluene+ octane 313.15 0.069 0.079

sulfolane+ 1-chloronaphthalen¢ octane 298.15 0.028 0.032
sulfolane+ 1-chloronaphthalen¢ octane 303.15 0.016 0.021

Table 7. Parameters of Equation 5 for the Ternary Systems

systems TIK a b R
sulfolane+ toluene+ octane 303.15 3.273 0.9235 0.992
sulfolane+ toluene+ octane 313.15 3.343 0.9848 0.994

sulfolane+ 1-chloronaphthalen¢ octane 298.15 0.9447 1.0052 0.987
sulfolane+ 1-chloronaphthalene¢ octane 303.15 0.8784 1.6157 0.981

where M is the total number of tie linesy¥*Pis the experimental
mass fraction, ane*@ indicates the calculated mass fraction.
The RMSD values are listed in Table 6. The calculations based
on both the UNIQUAC and NRTL models indicate a good fit

sulfolane 00 01 02 03 04 05 08 07 08 05 10  octane with those of the representation of the tie-line data for these
w3 systems.

Figure 3. LLE data for{sulfolane (1} 1-chloronaphthalene (2 octane The effect of temperature on the selectivity of sulfolane for

(3)} system at 298.15 K®, experimental tie line data), NRTL model; extraction of toluene from (toluene octane) mixtures is shown

4, UNIQUAC model. in Figure 5. The obtained selectivity results at 303.2 K and 313.2

K in this work are compared with those at 298.%kind 343.2

The phase diagrams for the studied ternary systems are presenteld.*® It is shown that decreasing temperature increases the
in Figures 1 to 4. From phase diagram Figures 1 and 2, the
slopes of the tie-lines show that toluene is more soluble in octane
than in sulfolane, but Figures 3 and 4 indicate that the solubility
of chloronaphthalene in octane and sulfolane is almost equal. | i

The experimental data were correlated by using the UNI-
QUAC and NRTL models by minimizing the following objec-
tive function? 15 .

OF=3 2 % Wi~ wie)? (3) ol ]

[

25 T T T T T

wherew®® andwe? are the experimental and calculated mass 4|
fractions and the subscriptsj, and k designate respectively

the component, the phase, and the tie-line. The root-mean-square
deviation (RMSD) is a measure of the agreement between the o ; . . ; .
experimental data and the calculated values. The RMSD value 90 0.1 0.2 0.3 04 0.5
is defined as followg? w,

" a2 2 Figure 5. Experimental selectivity data fdsulfolane (1) toluene (2q+
RMSD = (z z Z (WeRP? — wER)2/6M) (4) octane (3) system aD, 298.15 K;®, 303.15 K;v, 313.15 K;v, 343.15
T K.
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Figure 6. Experimental selectivity data fdisulfolane (14 1-chloronaph
thalene (2)+ octane (3) system a®, 298.15 K;O, 303.15 K.

0.2

Figure 7. Experimental selectivity data faD chloronaphthalene an@
toluene in{sulfolane (1)+ chloronaphthalene (2) or toluene (2)octane
(3)} system at 303.15 K.

selectivity of the sulfolane. Figure 6 shows the comparison of
the experimental selectivity data for tHesulfolane (1) +
chloronaphthalene (2} octane (3) system at 298.2 K and
303.2 K. The experimental selectivity data of sulfolane for
extraction of chloronaphthalene and toluene from{thdfolane

(1) + chloronaphthalene (2) or toluene (2)octane (3) systems

at 303.2 K are shown in Figure 7.

of Chemical and Engineering Data, Vol. 51, No. 4,
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303.2 K are reported. The UNIQUAC and NRTL activity
coefficient models were satisfactorily correlated the LLE
experimental data of the studied systems. The parameters of
these models are presented.

From the selectivity values, the separation of toluene or
chloronaphthalene from octane by extraction with sulfolane is
feasible. The obtained selectivity results for the systems
(sulfolane + toluene or chloronaphthalene octane) at the
different temperatures show that at lower temperatures the
selectivity is higher but the effect of temperature variation on
the distribution coefficient is negligible. Therefore, by consider-
ing the technical and economical viewpoints in a practical
extraction, the lower temperature operations may be preferred.

The comparison between experimental selectivity data of
sulfolane for the extraction of chloronaphthalene from the
(chloronaphthalend- octane) mixture with that for extraction
of toluene from the (toluene- octane) mixture at 303.2 K
indicate that the extraction of chloronaphthalene is more efficient
than toluene.
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