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Abstract—The experimental data on the liquid–liquid equilibrium in the system heptane–toluene–mixed extractant, 
a 38.4 : 57.5 : 4.1 wt% triethylene glycol–sulfolane–water mixture, at 50°C were obtained and compared with 
the data for the same model hydrocarbon system with sulfolane–triethylene glycol–8 wt% water mixture as 
extractant.
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For recovery of С6–С8 arenes from reforming catalysts 
of the 62–105°С fraction, KINEF Limited Liability 
Company employs extraction with mixed extractant, 
triethylene glycol (TEG)–sulfolane–water mixture, 
containing 20–30 wt% sulfolane. Replacement of 
TEG by the mixed extractant enabled a decrease in the 
extractant: feed ratio (by weight) from 8 : 1 to 4.9 : 1, as 
well as  additional treatment in the extraction block of the 
benzene, and a part of the forxylene, fraction obtained at 
mixed xylenes setup [1] .

Examination of the liquid–liquid equilibrium in 
the pseudoternary systems comprised of saturated 
hydrocarbons, С6–С8 arenes, and mixed extractant 
represented by triethylene glycol–sulfolane–water 
mixtures of various compositions showed that, when 
the sulfolane : TEG ratio is increased to 60 : 40 wt%, 
the equilibrium diagram is represented by a closed 
binodal curve even at 50°С. A decrease in the extraction 
temperature should enhance the selectivity of recovery of 
arenes, decrease the amount of spent recycling streams, 
and additionally improve the performance characteristics 
of the setup with respect to the feed.

To elucidate the advantages offered by a 38.4 : 57.5 : 4.1 
wt% TEG–sulfolane–water mixture as mixed extractant, 
we examined the liquid–liquid phase equilibrium at 50°С 

in the model system heptane–toluene–mixed extractant 
with indicated composition (Table 1).

Table 1 presents the toluene concentrations in the 
raffi nate and extract, the toluene recovery in one-step 
extraction, distribution coeffi cients of toluene and hept-
ane (Kр)Т and (Kр)hp, and separation coeffi cients β = 
(Kр)Т/(Kр)hp characterizing the extractant selectivity. 
All these parameters were calculated with the use of the 
experimental data.

To compare the performance characteristics of the 
mixed extractant, individual sulfolane, and TEG with 8 
wt% water we used published data on the liquid–liquid 
equilibrium for the same model system heptane–toluene 
in the presence of sulfolane [2] and of TEG with 8 wt% 
water [3] and calculated the same extraction parameters 
(Table 1).

The correctness of our experimental data and those 
available in the literature was checked by the Othmer–
Tobias and Hand methods (Table 2) [4].

Table 2 lists the correlation coeffi cients r and constants 
a and b from the linear equations. The r values suggest 
a higher degree of thermodynamic consistency of our 
experimental data, especially in comparison with the 
data available from the All-Russia Research Institute for 
Petrochemical Processes [3].
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Liquid–liquid phase equilibrium diagram in heptane–toluene–extractant (wt%) systems. Extractant: (a) 38.4 : 57.5 : 4.1 wt% TEG–
sulfolane–water (50°C); (b) sulfolane (50°C); and (c) 92 : 8 wt% TEG–water mixture (150°C). 

Table 2. Checking the correctness of the data on the liquid–liquid equilibrium in heptane–toluene–extractant systems by 
Othmer–Tobias and Hand methodsa (y = ax + b)

a X1, X2 are the heptane and toluene concentrations in the raffi nate phase, wt%, respectively, and Y1, Y2, toluene and solvent concentrations in 
the extract phase, wt%, respectively.
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To more clearly illustrate our fi ndings, we used the 
equilibrium data for calculating the data for of one-
step extraction of toluene from a mixture with heptane 
(40 wt% toluene in the feed) at the extractant : feed 
ratio (by weight) ranging from 1:1 up to 5:1 (Table 3). 
Table 4 characterizes the phase diagrams presented in 
the fi gure.

Table 3 suggests the following.
(1)  In all the extraction parameters, including 

the toluene concentration in the extract, recovery, 
and distribution coefficients, the mixed extractant 
TEG–sulfolane considerably surpasses TEG when used 
at 150°С, which is the real temperature at which the 
commercial extraction is run.

(2) At identical extractant : feed ratios, the mixed 
extractant, a 38.4 : 57.5 : 4.1 wt% TEG–sulfolane–water 
mixture, is slightly superseded by sulfolane in the 
distribution coeffi cients and recovery, but exhibits a higher 
selectivity, as suggested by enhanced values of the β 
parameter and toluene concentrations in the extract.

(3) Mixed extractant TEG–sulfolane is characterized 
by a higher proportion of the heterogeneity area in the 
phase diagram and an enhanced maximal concentration 
of toluene in the extract. This should entail a decrease in 
the amount of spent recycle stock compared to the case 
of sulfolane.

An important advantage over sulfolane, offered by 
TEG–sulfolane mixed extractant, consists in that its 
application does not require major redesigning on an LG-
35-8/300B setup. As known, with sulfolane, the recycle 
stock and extract from the extract phase are stripped in 
separate columns; the stripper for the extract is a vacuum 
column, and the steam pressure should be 1.6 MPa.

CONCLUSIONS

(1)  Mixed extractant, a 38.4 : 57.5 : 4.1 wt% 
triethylene glycol–sulfolane–water mixture, in all the 
extraction parameters surpasses triethylene glycol with 8 
wt% water under commercial extraction conditions.

(2) Mixed extractant of the recommended composition 
is slightly superseded by sulfolane in distribution 
coeffi cient and toluene recovery but exhibits a higher 
selectivity. Specifi cally, it is characterized by higher 
separation coeffi cient and toluene concentration in the 
extract, which should entail a decrease in the amount of 
spent recycling streams.

(3) Another important benefi t from application of the 
mixed extractant is that it does not require redesigning 
of the existing setups.
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