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ABSTRACT

Chemical engineers faces a significant hurdle when attempting to separate aliphatic from aromatic
molecules.For mixtures containing less than 20 wt% aromatics, there is no effective separation method.In this
study, two distinct deep eutectic solvents (DESs) were investigated for their viability as brand-new extracting
agents for the separation of the mixture "hexane + benzene."A set of DESs were tested for solubility at ambient
temperature and atmospheric pressure in order to choose the best solvent for this separation.The deep eutectic
solvents used in this study were | tetrahexylammonium bromide: ethylene glycol at a molar ratio of 1:2 (DES 1)
and (ii) tetrahexylammonium bromide: glycerol at a molar ratio of 1:2 (DES 2). At atmospheric pressure and
temperatures T = 293.2-343.2 K, measurements of density and viscosity were used to describe the chosen
DESs.Next, it was determined what the liquid-liquid equilibria (LLE) were for the ternary systems(hexane +
benzene + DES 1) and (hexane + benzene + DES 2) at T/K = 298.2 and T/K = 308.2, respectively.Additionally,
for the investigated ternary system with different solvents, the solute distribution coefficient and selectivity
values were determined and compared to LLE data found in the literature.Finally, the nonrandom two-liquid
(NRTL) model was used to correctly correlate the experimental data.The results obtained indicate that DESs are

promising extracting agents for the industrial separation of naphtha streams with low aromatic concentrations.
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1. INTRODUCTION
In the petrochemical sector, distinguishing aromatic from aliphatic chemicals is not only crucial but also
incredibly difficult. Aromatics recovery from naphtha cracking streams is critical because of two main reasons:
(1) new requirements on the petroleum products which demand a reduction of the level of sulfur and aromatic
compounds to minimize their environmental impact and (2) the economic value of the aromatic components as
raw material. This mixture contains azeotropes and components with close boiling points, making separation
problematic. 1,2 Sulfolane is used in industry to carry out this separation.Sulfolane is used as the extracting
agent in this method, which involves liquid-to-liquid extraction. Extractive distillation is then used to recover
the solvent.For combinations with an aromatic content lower than 20%, this is not an effective separation
technique due to the significant energy investment required for the sulfolane recovery.Due to the higher
aromatic concentration at this point in the naphtha cracking process, the separation of aromatics from aliphatic
compounds is carried out.However, if the solvent recovery issue could be solved, the separation could be carried
out before naphtha cracking. As a result, the energy needs for the entire cracking process would be decreased
because there would be fewer flows that needed to be heated in the columns.Several solvents have been

researched recently as sulfolane substitutes.lonic liquids (ILs) have been suggested as extracting agents for this
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separation. Some ILs have selectivity and solute dispersion coefficients that are comparable to those of
sulfolane.Furthermore, the solvent recovery issue mentioned above is solved by ILs' minimal vapour pressure.
For instance, flash distillation could make it simple to recover ILs following the extraction. However, the
greatest drawback for large-scale applications is the high cost of the ILs as a result of their difficult synthesis.A
novel class of solvents known as deep eutectic solvents (DESs) was originally identified about ten years
ago.When combined in the right molar ratio, one or more hydrogen bond acceptors (HBAs) and one or more
hydrogen bond donors (HBDs) form DESs, which have a markedly lower melting point than the original
compounds.Many characteristics between DESs and ILs are similar, including low vapour pressure, a broad
range of liquid compatibility, and nonflammability. In light of the previously noted solvent recovery issue, all
of these characteristics are intriguing.Additionally, when compared to ILs, DESs are simpler and less expensive
to make simply combining the various parts and heating them. The solvent recovery issue with the traditional
sulfolane technique and the high synthesis cost of the ILs would therefore be solved if any DES exhibited
distribution coefficient and selectivity values comparable to those of sulfolane.The purpose of this work is to
assess the efficacy of two various DESs as extracting agents for the liquid—liquid extraction-based separation of
aliphatic and aromatic hydrocarbons. The mixture of benzene and hexane was chosen since ILs have been
extensively used in studies on its separation, whereas DES investigations have been quite rare (so far). First, the
solubility of benzene in several DESs was measured at T/K = 298.2 and atmospheric pressure in order to choose
an appropriate DES for this separation.After that, the hexane solubility of those DESs with the highest benzene
solubility was also determined. The chosen DESs were | tetrahexylammonium bromide:glycerol with a molar
ratio of 1:2 and (ii) tetrahexylammonium bromide:ethylene glycol with a molar ratio of 1:2 based on the
solubility difference (DES 2). Second, the density and viscosity at T/K = 293.2-343.2 and air pressure were
measured to describe the chosen solvents.Third, at T/K = 298.2 and T/K = 308,2 and atmospheric pressure, the
liquid-liquid equilibrium (LLE) data of the ternary systems "hexane + benzene + DES 1" and "hexane + benzene
+ DES 2" were determined. This was done to investigate the effects of temperature as well as the role of the
deep eutectic solvent's hydrogen bond donor (HBD) on the extraction of benzene from hexane.The solute
distribution coefficient and the selectivity were also computed from the experimental LLE data and compared to
the literature to assess the suitability of the tested DESs for separation. Finally, the nonrandom two-liquid
(NRTL) thermodynamic model was used to corroborate the experimental LLE data. The DESs were handled as

a single compound for the duration of this article.

2. EXPERIMENTAL PROCEDURE
2.1. Materials.
Table 1 lists the substances used to determine the LLE data, along with their purity and source. The substances
employed for the solubility test, as well
Table 1.Chemicals Used in This Work

Chemical Purity Source
Acetone >99 VWR
benzene >99.9 VWR
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ethylene glycol >99 Merck

Hexane >99 Sigma-Aldrich

Pentane >99 Reidel-de Haen

glycerol >99 Merck

tetrahexylammonium bromide >99 Across Organics

are displayed in the supporting information, Table 1, along with purity and source. None of the compounds were
further purified before usage.

2.2.DES Preparation.

A Mettler AX205 balance was used to prepare the DESs, with a measurement uncertainty of 0.2 104 g. In a
flask, the HBA and HBD were combined and heated while being stirred until a clear liquid was produced. A
thermostatic bath with temperature controller (IKA ETS-D5) was used to regulate the temperature, and the
measurement error was 0.1 K. T/K = 333.2 was used to create DES 1 and DES 2. Table 2 displays the molecular
structures of DES 1 and DES 2.

2.3.DES Characterization.

Density and viscosity were measured using an Anton Paar SVM 3000/G2 Stabinger densimeter
and viscosimeter respectively with a high-precision thermostat with a stability of 0.005K at T/K= 293.2-343.2
and atmospheric pressure.

Table 2. DESs Selected for This Work; HBA, HBD, and Molar Ratios between Them

Abbreviation HBD Molar Ratio HBA
DES1 Ethylene glycol 1:2 Tetrahexylammonium bromide
DES 2 Glycerol 1:2 Tetrahexylammonium bromide

The density (with viscosity correction) and viscosity measurements have uncertainties of +0.0005 gcm3 and
+0.35%, respectively.

2.4. Solubility Test.

The cloud point approach was used to calculate the solubilities of benzene and hexane in the investigated DESs
at T/K=298.2 and atmospheric pressure.Hexane or benzene was added dropwise to a vial containing around 4 g
of DES until a minor turbidity in the samples was noticed.The samples’ components were then ascertained
through weighing. A thermostatic bath with temperature controller (IKA ETS-D5) was used to regulate the
temperature with a +0.1 K accuracy.

2.5.LLE Determination.

Atmosphere-pressure conditions and T/K values of 298.2 and 308 were used to calculate the experimental LLE
data. Weighed mixes of the investigated components within the immiscible area were created for the
experimental determination of the tie lines.The mixes were put into 15 mL rubber-sealed vials to prevent losses from
evaporation or moisture absorption.The two phases were then vigorously agitated for at least three hours to allow for close
contact.They were then allowed to settle in a thermostatic bath overnight to ensure that the balance was attained.Following
phase separation, both phases were sampled with a needled syringe, and gas chromatography was used to determine their
contents (GC). Since DESs have a very low vapour pressure, GC cannot be used to analyse them. As a result, only hexane

and benzene were examined in each phase, and a mass balance calculation was used to determine the concentration of DES
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in each phase. The gas chromatograph used was a GC Optima 3007 with FID (MDL< 1.8 Pg C/ s),capillary column, nitrogen
as carrier gas with a flow rate of 2.5 ml mn-t and sample is injected using syringe having capacity of 10ul.equipped with a
flame ionization detector.The following were the analysis's parameters: DB-FFAP (30m x 0.538mm, 1u)capillarycolumn,
313.2 K column oven temperature for 2 minutes; 373.2 K temperature ramp (rate = 40 K/min) for 2.75 minutes; nitrogen as
the carrier gas; 2 mL/min flow rate; 548.2 K injector temperature; and 473.2 K detector temperature. The split ratio used for
the injection was 250, and the injection volume was 1uL.The DES was collected in an empty injector liner, which was
washed with water and acetone before being used, to prevent column contamination.After measuring each sample at least

three times, it was discovered that the relative standard deviation was less than 1%.

3. RESULTS AND DISCUSSION

3.1. Solubility Test.

The following criteria must be met by an ideal DES to effectively separate aromatic from aliphatic
hydrocarbons: (I)high solubility of aromatic hydrocarbons in the DES; (ii) no or low solubility of aliphatic
hydrocarbons in the DES; (iii) high selectivity and high solute distribution coefficient; and (iv) simple recovery
of the extracting agent.In addition, additional factors should be taken into account for simpler handling and
utilisation (e.g., DESs liquid at room temperature, low viscosity).A solubility test was carried out to verify the
first two requirements. 60 distinct DESs were created for this test (a list of the prepared DESs can be found in
the Supporting Information, Table 2).The list displayed in Table 2 was condensed to 34 different DESs since
only those DESs that stayed liquid at room temperature and demonstrated acceptable viscosity were taken into
consideration for additional research.Using the cloud point method as stated in section 2.4, the solubility of
benzene in the 34 different DESs that were chosen was experimentally calculated at T/K = 298.2 and
atmospheric pressure.The solubility of hexane in those DESs with the highest benzene solubility was then
measured in the same manner. The most encouraging results are displayed in Table 3.The experimental
solubility of benzene in all the examined DESs may also be found in Table 3 (in the supporting information).
Table 3. Solubility of Hexane and Benzene in the Most Promising DESs

DES X benzene X hexane
Tetraethylammonium chloride: ethylene glycol (1:2) 0.003 0.193
Tetrahexylammonium bromide: ethylene glycol (1:2) 0.205 Fully soluble
Tetrahexylammonium bromide: glycerol (1:2) 0.157 0.844
Methyltriphenylphosphonium bromide: ethylene glycol (1:4) 0.005 0.135

Atmospheric pressure and T/K = 298.3 were used to measure the solubility (expressed as a mole fraction).

It is clear from Table 3 that all DESs are more soluble in benzene than hexane.The existence of -electrons
around benzene (resulting from the molecule's aromatic character), which results in a larger electrostatic field
around the aromatic molecule, can be used to explain this behaviour.Higher solubilities are implied by
interactions between the -electron cloud and the solvents.Hexane-DES interactions are weaker than benzene-
DES interactions because there is no -electron cloud surrounding the hexane molecule. All of the DESs listed in
Table 3 meet the first two requirements for choosing the best extracting agent previously mentioned.However,
because the high solubility in aromatic compounds is the most crucial condition, the following DESs were
chosen for further study: 1 tetrahexylammonium bromide:ethylene glycol 1:2 (DES 1); and (ii)

tetrahexylammonium bromide:glycerol 1:2. (DES 2).The LLE data of the ternary systems must be
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experimentally measured in order to calculate the solute distribution coefficient and the selectivity, even though
the difference in solubilities is a sign that the separation will work.The viability of the separation will be
determined by these two common criteria (see section 3.3)

3.2. Characterization. Some physicochemical parameters, such as density and viscosity, should be examined in
order to utilise a solvent as an extracting agent for liquid—liquid extraction.Table 4 displays the experimentally
determined densities and viscosities of the two chosen solvents at atmospheric pressure and at T/K =
293.15343.15 respectively.

Table4.Experimental Density and Viscosity of the Examined DESs at the Various Atmospheric Pressure

and Temperature

DES1 DES2
T(K) p(g/cmd) n({mPa.s) T(K) p(g/cmd) n({mPa.s)

293.15 1.005 229.4 293.15 1.0455 1198
298.15 1.0042 172.3 298.15 1.0430 810
303.15 1.0013 132.0 303.15 1.0390 560
308.15 0.9985 102.5 308.15 1.0355 403
313.15 0.9949 81.0 313.15 1.0329 295
318.15 0.9915 64.5 318.15 1.0290 216.4
323.15 0.9881 51.9 323.15 1.0261 162.4
328.15 0.9850 42.3 328.15 1.0229 123.1
333.15 0.9822 35.2 333.15 1.0200 97.4
338.15 0.9785 295 338.15 1.0160 77.9
343.15 0.9750 24.50 343.15 1.0130 63.5

A linear equation that describes the relationship between density and temperature exists:
g
p(-£) =a +bT(K) (1)
where a and b are movable parameters that are described in the supporting information, and is the density in

g/cm?®, T is the temperature in K. (Table 4).The experimental density data's standard relative deviation, from its

fitting values was computed as

o = (EP (C2) 2 g ) @

Teal
Whereng,, is the quantity of experimental data points and z andz,; are the values of the physical qualities
that have been measured experimentally and calculatedly, respectively. The values are also displayed in Table
S4 of the supporting data. With the help of the correlation shown in eq 1, the relationship between
temperature and density. Both the Vogel-Fulcher-Tammann (VFT) and the Arhenius-like equations were used
to fit the viscosity values, n. The Arrhenius-like law is the equation that is most frequently employed to relate

viscosity variation to temperature:
-5
n=Aexp () (3)
where A (mPa.s), the viscosity at infinite temperature; B (kJ.mol?); and R (8.314 Jmol™. K1), the gas constant,

are the fitting parameters. The relationship between viscosity and temperature was also fit using the Vogel-

Fulcher-Tammann (VFT) equation using the following expression:
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The supporting information, presents the fitting parameters for both viscosity correlations together with the
standard relative deviations, (derived using eq 2). This table makes it feasible to see that the VFT equation
provides the best fit for viscosity because its relative standard deviation is lower. But it should also be
remembered that the Arrhenius equation only has two fitting parameters, but the VFT equation has three. As a
result, a better match using the VFT equation should be anticipated. displays the experimental viscosity against
temperature along with the VFT equation's fitting.Studying the effects of temperature and the HBD on the
physical characteristics of the two examined DESs is possible. When would be expected, as the temperature
rises, the density reduces linearly while the viscosity quickly decreases. Additionally, the glycerol-based DES
exhibits higher densities and viscosities throughout the whole temperature range under study. Given that both
DESs are made at the same molar ratio with the same HBA and that glycerol has higher densities and
viscosities than ethylene glycol, this result was expected. The DES 1 (ethylene glycol-based DES) would be the
best option for acting as the extracting agent in this separation, despite the fact that the LLE data are required
for the evaluation of the selected solvents in the extraction. Furthermore, when compared to ethylene glycol
and glycerol, respectively, DES 1 and DES 2 would be preferable. The explanation is that low viscosity solvents
can alleviate both mass transfer restrictions and operating expenses related to problems like liquid pumping.
Experimental LLE Data, section 3.3. {Hexane (1) + benzene (2) + DES 1 (3)} and {Hexane (1) + benzene (2) + DES
2 (3)} experimental LLE data were measured at T/K = 298.2 and T/K = 308.2, respectively, and atmospheric
pressure. The solubility values of the investigated DESs at T/K = 298.2 and 302.5. The experimental results for
the ternary systems including DES 1 and DES 2, respectively.The experimental data as a triangular diagram. The
solute distribution coefficient (B) and the selectivity (S) are two measures that can be used to assess the

separation's effectiveness. These expressions can be used to calculate these parameters:

== (5)

SZE‘ (6)

where "E" and "R" stand for the extract (DES-rich phase) and raffinate (aliphatic-rich phase), respectively, and
"x1" and "x2" stand for the mole fractions of aliphatic and aromatic compounds, respectively.For systems
containing DES 1 and DES 2, the solute distribution coefficient and selectivity values are displayed in.illustrate
the solute distribution coefficients and selectivities for the systems "{hexane (1) + benzene (2) + DES 1 (3)}" at
T/K =298.2 and T/K = 308.2 and "{hexane (1) + benzene (2) + DES 2 (3)}" at T/K = 298.2 and T/K = 308.2,
respectively, as a function of the aromatic concentration in the aliphatic-rich phase.Table 5 shows that an
increase in temperature causes the solubility of hexane and benzene in the investigated DESs to slightly
increase.Additionally, it should be noted that both hydrocarbons are more soluble in the DES (DES1) that is
based on ethylene glycol than in the DES that is based on glycerol (DES 2).Last but not least, the total
miscibility of benzene in the DES 1 is interesting since it deviates from benzene's typical behaviour in earlier

extraction investigations that used both ILs and DESs.
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The solubility information in Table can be compared to that in Supporting Informationwhich lists the solubilities
of benzene and hexane in pure glycerol and ethylene glycol.It is clear that the DES has substantially higher
solubilities for both hydrocarbons than pure glycerol or ethylene glycol. The rise in solubility, particularly for
benzene, is striking.For instance, while benzene is completely soluble in the ethylene glycol-based DES, it is
only partially soluble in pure ethylene glycol (Xbenzene = 0.023). (DES 1).The solubility of benzene in pure
glycerol is Xbenzene = 0.007, but in the glycerol-based DES, it is Xbenzene = 0.844. (DES 2).When a DES is
formed, the connections between the molecules of glycerol or ethylene glycol are broken, resulting in
intramolecular hydrogen bond interactions that increase the solubility of the DES.Figure 3 shows that the
ternary systems containing ethylene glycol-based DESs fall into the type 1 category, where two pairs of
compounds exhibit complete miscibility (hexane + benzene and benzene + DES 1) and one pair exhibits partial
miscibility (hexane + DES 1), in accordance with the classification proposed by Srensen et al.29. Additionally,
the ternary systems containing glycerol-based DESs fall into the type 2 category because only one pair of
compounds{hexane + benzene}is miscible across the whole range of compositions, while two pairs {hexane +
DES 2} and {benzene + DES 2} show partial miscibility.The impact of temperature on separation can be
examined.The effect of temperature may be seen to be rather minimal in both systems.However, for T/K =
298.2 compared to T/K = 308, both the solute distribution coefficients and the selectivity values are marginally
greater.In other words, cold temperatures encourage the separation. Therefore, it is recommended to extract at
T/K = 298.2 in order to reduce the energy requirement.As seen in Figure 4, the solute distribution coefficient
values of DES 1 and DES 2 drop as the concentration of aromatic in the aliphatic-rich phase rises, reaching an
aromatic mole fraction in the aliphatic-rich phase of around Xbenzene = 0.5 in all the systems under study.The
solute distribution coefficient rises with the concentration of aromatic compounds in the aliphatic-rich phase,
starting from the concentration specified, when it finds its minimal value.The extraction of aromatic components
is therefore more advantageous at low aromatic concentrations or at high aromatic concentrations, but less
advantageous in the area from 0.35 to Xbenzene to 0.6 in the aliphatic-rich phase.Sulfolane exhibits a similar
pattern of solute distribution coefficient behaviour.It is clear that when the concentration of aromatic component
in the aliphatic-rich phase increases, the selectivity values of DES 1 and DES 2 drop.Additionally, it was
discovered that the selectivity values in every system under study were higher than unity, suggesting that the
separation utilising these DESs would be possible.Additionally, the behaviours of DES 1 and DES 2 as
extracting agents for the separation of "hexane + benzene" can be compared.In terms of solute distribution
coefficient, DES 1 displays greater values than DES 2, while in terms of selectivity, DES 2 displays higher
values over the entire range of concentrations.The electrostatic potential of the HBD could be used to explain
this behaviour. The HBD-HBA interactions of the glycerol-based DES (DES 2) are stronger than those of the
ethylene glycol-based DES because glycerol exhibits a larger electrostatic potential than ethylene glycol (DES
1).The interactions with benzene and hexane are reduced as a result of the greater contacts in DES 2 producing a
more delocalized charge.This explains why DES 1 has larger distribution coefficient values due to the increased
solubility of benzene and hexane.After analysing the data, it is feasible to draw the conclusion that using DES 1
rather than DES 2 would be preferable for separating benzene from "hexane + benzene."Higher solute
distribution coefficients are more profitable overall because they suggest lower solvent-to-feed ratios, which

translate into less volumes of solvent that need to be recovered and thus reduced energy demands.On the other
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hand, high selectivity values (DES 2) primarily influence the size of the equipment, resulting in an initial
expenditure with a less significant economic impact on the effectiveness of the separation.Additionally, DES 1
displays lower density and significantly lower viscosity values than DES 2, which is also advantageous for the
process' economy.

3.4.Literature Comparison A literature comparison was done to assess the performances of DES 1 and DES
2.We contrasted our solvents' solute distribution coefficient and selectivity values with those of previously
investigated solvents (sulfolane/ILs) in the literature. The selectivity values and the solute dispersion coefficients
are compared.Sulfolane and the ILs have very different molar masses, hence the comparison was done using
mass fractions rather than moles in order to provide more accurate estimates of how well the solvents
applied.When DES 1 and DES 2 are contrasted with sulfolane, it is evident that the performance of the latter is
comparable to that of the former for low aromatic concentrations in the aliphatic rich phase.However, starting
from a concentration of around Whbenzene = 0.15 in the aliphatic-rich phase, the solute distribution coefficient
values of sulfolane are higher than those of DES 1 and DES 2.0Only ILs based on
bis(trifluoromethylsulfonyl)imides, such as 1-decyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide
(C10MIimNTF2) and 1-dodecyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imid (C12MimNTF2), which
contain relatively long alkyl chain length.DES 1, DES 2, CI0MimNTF2, and C12MimNTF2 exhibit lower
selectivity values than sulfolane.In terms of industrial application, we will, however, choose larger distribution
coefficient values above higher selectivity values.This is due to the fact that high distribution coefficient values
indicate a reduced requirement for solvent during the extraction process, which means a reduction in operational
costs related to energy (solvent recovery) and chemicals (solvent makeup stream).High selectivity values, on the
other hand, imply lesser equipment requirements; nonetheless, equipment scaling is often advantageous and
only requires an initial capital cost expenditure.Furthermore, they appear to be an intriguing commercial option
when taking into account the distribution coefficient values of the DESs at low aromatic concentrations.Due to
their insignificant vapour pressures, the investigated DESs and the aforementioned ILs provide a simpler and
less expensive solvent recovery compared to volatile solvents (such as sulfolane).The fundamental drawback of
the sulfolane process—the substantial energy requirements for the solvent recovery—is overcome by the
straightforward solvent recovery.Therefore, using DES 1 and DES 2 as extracting agents for the "hexane +

benzene™ separation seems more promising and economically viable than using ILs.

3.4. Correlation. The NRTL thermodynamic model,30 which treats the DESs as a single component, was
used to correlate the experimental LLE data.By minimising the subsequent objective function, the model
was put into practise.where n is the number of ingredients in the mixture, m denotes the number of tie lines,
and (1/B)®® and (1/p)*denote the inverse experimental and calculated values of the solute distribution ratio,

respectively.The following formula has been used to get the composition's root-mean-square deviation, x:

(&) -(&)
OF = Eréiz_?ﬂ_ _I.J—\EILE:_ )
|— 1

1
i

e
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where m is the number of tie lines, n is the total number of mixture's components, and (1/B) exp and (1/B)
cal. are, respectively, the inverse experimental and calculated values of the solute distribution ratio.The
following formula has been used to get the composition's root-mean-square deviation, oX:

o x=100.

1=

[

(8)

(EE-T;-itrU-'-uv-xu--'-ﬂf:::-(xu--'-'-uv-xu--'-'-ﬂf:f]
Zmin

The mole fractions of the components for each tie line are compared between experimental and computed
values in this deviation.The fitting parameters and the composition's root-mean-square deviation.The
nonrandomness parameter was varied between 0.05 and 0.30 during the fitting.The values for a;; shown in
Table 8 produced the best results.A suitable model for fitting LLE data containing ILs is NRTL.

1. CONCLUSIONS

The use of a novel class of solvents, known as DESSs, as extracting agents for the separation of the benzene
+ hexane combination has been investigated in this work.To select DESs that meet the solubility
requirements for this separation, a solubility test was conducted first. The DESs with the highest benzene
solubility have been chosen for more study.The solvents in question were | tetrahexylammonium bromide:
ethylene glycol with a molar ratio of 1:2 (DES 1) and (ii) tetrahexylammonium bromide: glycerol with a
molar ratio of 1:2. (DES 2).Second, the chosen solvents have been characterised; experimental
measurements of density and viscosity as a function of temperature have been made.Second, the solvents
were characterised by taking experimental measurements of density and viscosity as a function of
temperature.It was discovered that as temperature rises, both density and viscosity decrease.lt was also
discovered that the glycerol-based DES has higher density and viscosity values across the entire
temperature range studied.Following that, the LLE data of the systems hexane (1) + benzene (2) + DES (3)
were measured at T/K = 298.2 and T/K = 308.2, as well as atmospheric pressure.The solute distribution
coefficient and selectivity values were calculated and compared to previously investigated solvents.The
temperature effect on separation has also been investigated, with low temperatures promoting separation
and lowering energy requirements.Given the solute distribution coefficient and selectivity values, DES 1
would be preferred for this separation over DES 2.The lower density and viscosity values of DES 1
compared to DES 2 also indicate that DES 1 will be the best option among the DESs studied.Finally, by
treating the DESs as a single component, the NRTL model was successfully applied to the experimental
data.The solute distribution coefficients of the investigated DESs were found to be lower than that of
sulfolane.Only DES 2 has a higher solute distribution coefficient than sulfolane and the previously studied
ILs at low aromatic concentrations in the aliphatic-rich phase.lt was also discovered that the selectivity
values for sulfolane are higher than those for any of the other DESs studied.However, if the negligible
volatility of the DESs is taken into account, the main disadvantage of the sulfolane process, the amount of
energy required for solvent recovery, may be overcome.lt was also discovered that the performance of the
DESs under consideration is comparable to that of the ILs. Because DESs are two times cheaper, they can
overcome ILs' main disadvantage, which is their high price.As a result, preliminary results indicate that this
new generation of solvents can be used as effective extracting agents for the separation of the hexane +

benzene mixture.
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