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Abstract  

The ionic liquids (ILs) have been widely studied as potential replacements of conventional 

solvents in the extraction of aromatic hydrocarbons from alkanes. However, most of the 

literature is focused in obtaining liquid-liquid equilibria experimental data without studying 

the complete extraction and IL regeneration process. In this paper, a computer-aided 

methodology combining COSMO-based molecular simulations and Aspen Plus process 

simulations has been used to study the extraction process of aromatic hydrocarbons from 

pyrolysis gasoline employing a binary mixture of 1-ethyl-4-methylpyridinium 

bis(trifluoromethylsulfonyl)imide ([4empy][NTf2]) and the 1-ethyl-3-methylimidazolium 

dicyanamide ([emim][DCA]) ILs as solvent. An extensive comparison (more than 600 points) 

between experimental data and the predictions obtained by the COSMO-based 

thermodynamic model of liquid-liquid and vapor-liquid equilibria and ILs physical properties 

was made for validation purposes. Process simulations were performed in three system 

configurations: with one, two, or three flash distillations in the IL recovery section. The 

potential advantage of using binary IL-IL mixture as extracting solvent was studied in the 

whole range of composition. The configuration with three flash distillations and the binary IL-

IL mixture with a 75 % of [4empy][NTf2] were selected as the optimal conditions to increase 

aromatic recovery and purity, improving the separation performance respect to the neat ILs.  

 

Keywords: Aromatic-aliphatic separation; Ionic liquids; Aspen Plus; COSMO-RS; Process 

Simulation. 
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1. Introduction  

Pyrolysis gasoline is the main source of benzene, toluene, and p-xylene (BTX) because of 

its high aromatic content (50-70 wt. %) [1]. The separation of BTX from the alkanes is 

normally performed by liquid-liquid extraction processes employing organic solvents [2]. The 

Shell-UOP Sulfolane Process is the most commonly used process for the dearomatization of 

petroleum streams. However, this process has several drawbacks caused by the volatility of 

the sulfolane and the partial solubility of the solvent in the alkanes. The use of ILs in the 

dearomatization of pyrolysis gasoline could reduce energy consumption and operating costs 

of this unit due to the nonvolatile nature of ILs and the negligible solubility of the majority of 

ILs in alkanes [3].  

Because of this, a wide number of ILs have been tested in the separation of aromatic 

hydrocarbons from alkanes. Nevertheless, the majority of papers in this field have been 

focused on the extraction of one aromatic hydrocarbon from one alkane without studying the 

simultaneous extraction of several aromatics or the subsequent separation of the extracted 

hydrocarbon from the IL [4-6]. In our recent publications, we have experimentally studied the 

extraction of aromatic hydrocarbons using ILs and the vapor-liquid separation of the extracted 

hydrocarbons from the IL-based solvents [7-9].  

We also proposed the use of binary IL-IL mixtures to obtain a solvent with intermediate 

physical and extractive properties between the pure ILs forming the mixture [10]. In these 

works, we obtained a IL-based solvent with extractive properties similar to sulfolane, mixing 

an IL with a high aromatic distribution ratio, [4empy][NTf2], with an IL with high 

aromatic/aliphatic selectivities, [emim][DCA] [10,11]. This binary IL-IL mixture was selected 

to be employed in this work in the simulation of the complete extraction process of aromatics 

from pyrolysis gasoline. The binary IL-IL mixtures have been also applied in other separation 

processes such as CO2 capture or SO2 absorption [12,13]. In addition, the behavior of IL 

mixtures have been deeply studied analyzing the experimental data available in literature [14-

16], while the Conductor-like Screening Model for Real Solvents (COSMO-RS) methodology 

was successfully employed to predict the mixing behavior of IL mixtures [17].  

COSMO-based calculations were also previously used in the prediction of the performance 

of ILs in separation processes [18-23]. In this work, we have evaluated the applicability of 

COSMO-based thermodynamic models in the prediction of liquid-liquid and vapor-liquid 

equilibria for systems composed of BTX, n-alkanes, and the ILs [4empy][NTf2] and 

[emim][DCA]. In addition, the physical property predictions of the {[4empy][NTf2] + 

[emim][DCA]} mixtures were also validated. 



3 
 

In our last publications, we used a multiscale computational methodology to simulate and 

optimize IL-based separation processes [24-30]. The first step in this strategy is to validate the 

predictions obtained by the COSMO-based methodology, because the COSMOSAC property 

model will be employed in the Aspen Plus process simulator to calculate the activity 

coefficients. This multiscale methodology has been successfully applied to simulate the 

application of ILs in the IL regeneration by distillation [24], the separation of aromatic 

hydrocarbons from aliphatics [25,29], the absorption refrigeration cycles [27], the absorption 

of toluene [28], and the CO2 capture by physical absorption [30,31].  

The simulations in this work had a double aim: to study the role of the composition in the 

IL mixture and to select the most adequate configuration in the extraction process of aromatic 

hydrocarbons from pyrolysis gasoline using IL-based solvents. Several configurations have 

been proposed to perform the extraction of BTX from petroleum streams using ILs. In all 

these proposals, the extraction is performed in a countercurrent liquid-liquid extraction 

column but the recovery section of the extracted hydrocarbons from the IL-based solvent are 

significantly different. Due to the nonvolatile character of the IL, the separation of the 

extracted hydrocarbons could be easily performed by flash distillations [32].  

The simplest configuration is depicted in Fig. 1 and is formed by an extraction column and 

a flash distillation [25]. Recently, two new configurations have been proposed being the 

recovery section formed by two and three flash distillations [33]. The flow diagram of these 

configurations are showed in Fig. 2 and Fig. 3. The objective of employing more than one 

flash distillation is to take advantage of the performance of ILs as entrainers in the vapor-

liquid separation of aromatic and aliphatic hydrocarbons. In the first or two first flash 

distillations, a selective evaporation of the aliphatic hydrocarbons would be made and the last 

flash would be employed to remove the remaining aromatic hydrocarbons from the IL-based 

solvent [33]. In this work, the three described configuration were simulated in Aspen Plus 

using the {[4empy][NTf2] + [emim][DCA]} IL mixture. First, the role of the IL mixture 

composition was evaluated considering the separation performance (recovery and purity of 

aromatic product) and the energy needs to select the most adequate composition in the 

mixture. The solvent to feed ratio (S/F) was also studied in the liquid-liquid extraction 

processes to optimize the solvent consumption. For each configuration, the effect of the S/F 

on the separation performance and energy needs was also studied. 

 

2. Computational Details 

 

2.1. DFT and COSMO-RS calculations 
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The molecular geometry of the ILs (Tables S1 and S2 in Supplementary Material) was 

optimized by using the DFT method B88-P86 (bp) and TZVP basis set with RI approximation 

with TURBOMOLE software. A molecular model of ion-pair was used to describe the IL, 

where cation and anion structures were treated as a whole. Different ion-pair conformers were 

optimized, selecting that with the lowest electronic energy for later calculations. 

Subsequently, the .cosmo file (used as input in COSMOthermX software) were generated by 

applying the COSMO solvation model [34] at the same quantum-chemical computational 

level. Then, COSMO-RS calculations were performed in the COSMOthermX program 

package (version C30_1201, BP_TZVP_C30_1201 default parametrization) [35,36] to obtain 

the required information to defile IL pseudo-component: molecular volume, -profile, 

density, molecular weight and normal boiling temperature. This methodology has been deeply 

described in our previous publications [24-30].  

 

2.2. Component definition 

To perform the process simulation, the [4empy][NTf2] and [emim][DCA] ILs were defined 

as pseudo-component in the Aspen Plus V 8.8 process simulator. The following ILs’ 

properties were added in the simulator to define the pseudo-component: density, molecular 

weight, normal boiling temperature and viscosity. Density and normal boiling temperature 

were calculated  using COSMO-RS method with COSMOthermX software as previously 

described. The experimental viscosities of the ILs were obtained from literature and fitted to 

an Arrhenius type equation to the corresponding A and B parameters following the procedure 

published previously [38], to be included in IL pseudo-component definition. In addition, the 

sigma-profiles and molecular volumes of the ILs obtained from COSMOthermX results were 

introduced in Aspen Plus simulator to completely specify the COSMO-SAC property model. 

All the information used to define the [4empy][NTf2] and [emim][DCA] ILs as pseudo-

component in the Aspen Plus is available in Tables S1 and S2 of Supplementary Material. 

More information on this computational approach was reported in the documentation of free 

ILUAM database, recently published with information available for 100 common ILs [39].  

Subsequently, viscosities, heat capacities and surface tensions of ILs and their mixtures 

used in process simulations of this work were estimated using the default methods 

implemented in the Aspen Properties system for pseudo-components. In the case of density of 

binary IL mixtures, the VLMX26 method was used to ensure the consistency with the density 

of the pure ILs [40]. Hydrocarbons forming the pyrolysis gasoline: benzene, toluene, p-
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xylene, n-hexane, n-heptane, and n-octane were selected as conventional components from 

the Aspen Plus database.  

 

2.3 Conceptual design for the extraction of aromatic hydrocarbons using ionic liquid-based 

solvents 

The most usual composition of the pyrolysis gasoline was obtained from Franck and 

Stadelhofer (1988) and reported in Table 1 [1]. The flow of pyrolysis gasoline introduced to 

the process was fixed to 100 kg/s in all simulations. To determine the optimal composition in 

the IL mixture, simulations employing the {[4empy][NTf2] + [emim][DCA]} mixture as 

solvent with a 0 %, 25 %, 50 %, 75 %, and 100 % of [4empy][NTf2] were carried out. As 

explained in the introduction, three configurations were also tested to select the most 

appropriate to be employed in the dearomatization of the pyrolysis gasoline using the binary 

IL-IL mixture.  

 

2.3.1. Configuration 1 

The flow diagram of the Configuration 1 is depicted in Fig. 1. This configuration is formed 

by a countercurrent liquid-liquid extraction column (T-100) whereas a single flash distillation 

(V-100) forms the recovery section. The extraction column operates at 40 ºC and 1 atm, since 

these conditions are the most employed in the extraction of aromatic hydrocarbons using ILs 

[5,41,42]. The temperature of the flash distillation was fixed to 120 ºC and a high vacuum was 

used (10 mbar) to ensure the volatilization of the extracted hydrocarbons from the IL mixture. 

The selected temperature was lower than the experimentally determined maximum operation 

temperature (139 ºC) that allows the employment of the {[4empy][NTf2] + [emim][DCA]} IL 

mixture for 1 year without thermal decomposition [43]. 

In this configuration, the IL-based solvent (S-01) and the pyrolysis gasoline (S-02) are 

introduced to the extraction column obtaining a raffinate stream (S-03) and an extract stream 

(S-04). The extract stream is heated to 120 ºC in heat exchangers E-101 and E-102 before 

being introduced into the flash distillation (V-100). In the recovery section, a liquid stream 

composed mainly by the IL mixture (S-07) is obtained. This stream is conditioned in the heat 

exchangers E-100 and E-101 and in the pump P-100 to be recycled to the extractor.  In the 

flash distillation (V-100) a vapor stream formed by hydrocarbons (S-08) is also obtained and 

conditioned to the temperature and pressure of the extractor in a compressor (C-100) and a 

heat exchanger (E-103). A 10 % of this stream was recycled to the extraction column (S-12) 

whereas the remaining 90 % was obtained as aromatic product (S-11). This percentage was 

selected to ensure high values of aromatic recovery. As can be seen in Fig. 1., the 
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Configuration 1 has two recycle loops from the recovery section to the extractor, one formed 

by the regenerated IL mixture and the other composed of hydrocarbons. 

 

2.3.2. Configuration 2 

The flow diagram for the second configuration tested in this work is shown in Fig. 2. As 

seen, the extraction section is analogue to that described for the Configuration 1 but the 

recovery section includes two flash distillations. The first flash distillation (V-100) operates at 

60 ºC and 300 mbar to selectively recover the extracted aliphatic hydrocarbons from the IL-

based solvent. These conditions were selected considering the experimental results obtained 

in the selective recovery of n-heptane from BTX and the {[4empy][NTf2] + [emim][DCA]} 

IL mixture [44]. In V-100, a vapor stream (S-07) is obtained and conditioned to be recycled to 

the extractor, whereas the liquid stream formed mainly by aromatic hydrocarbons and the IL 

mixture (S-06) is send to the second flash distillation. Temperature and pressure of this 

second flash distillation (V-101) were coincident with those described for the flash in the 

Configuration 1 (120ºC and 10 mbar) to promote the vaporization of the hydrocarbons from 

the IL mixture. The vapor stream obtained in V-101 is compressed to 1 atm and cooled to 40 

ºC to obtain the aromatic product stream. The IL-mixture stream from the V-101 (S-11) was 

also conditioned before recycling to the extractor.  

2.3.3. Configuration 3 

In Fig.3, the flow diagram for the Configuration 3 is depicted. The extraction column in 

this configuration operates under the same conditions previously described. In this case, the 

recovery section is formed by three flash distillations. The two first are destined to selectively 

evaporate the extracted aliphatic hydrocarbons and in the third flash all the remaining 

hydrocarbons are evaporated from the IL mixture. The operating conditions of the first, 

second, and third flash distillations were 60 ºC and 300 mbar, 60 ºC and 200 mbar, and 120 ºC 

and 10 mbar, respectively. The vapor streams (S-07 and S-11) obtained in the two first flash 

distillations (V-100 and V-101) are recycled to the extraction column (T-100) to increase the 

purity and recovery of the aliphatic hydrocarbons obtained in the raffinate stream. The liquid 

stream from the third flash (V-102) formed by the IL mixture was also recycled to T-100 and 

the vapor stream (S-18) is the aromatic product. In Configuration 3, three recycle loops were 

used and this fact complicates the convergence of the simulations. 

 

2.4. Separation units modeling 

To simulate the countercurrent liquid-liquid extraction column the Aspen Plus EXTRACT 

rigorous model was employed. The simulator used the COSMOSAC property model to 
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calculate the activity coefficient of the compounds. In all the simulations, the adiabatic 

extraction column was configured to have 20 equilibrium stages and to operate at 40 ºC and 1 

atm. The IL-based solvent was fed to the first stage while the pyrolysis gasoline stream was 

introduced in the stage 20. The recycled streams were introduced in the stages 18 and 19 of 

the extraction column due to their significant contents in aromatic hydrocarbons. The IL 

mixture was defined as the heavy key component in the extractor, whereas the n-hexane was 

the light key component. On the other hand, the flash distillations were simulated using the 

FLASH2 model of Aspen Plus. The operating conditions in the flash distillation were 

previously described for each configuration. Finally, the 1-way heat exchangers were 

simulated using the HEATER model and HEATX model was employed to simulate the 2-way 

heat exchangers. From the duty calculated for the HEATER models, cooling and heating 

needs for each configuration were calculated. 

 

3. Results and discussion 

3.1. Validation of predictions of equilibria using COSMO-based methodology 

The validation of the predictions is a needed step before performing a process simulation 

using a predictive model as COSMOSAC in Aspen Plus. For this reason, we have compared 

the liquid-liquid equilibria and vapor-liquid equilibria experimental data of systems composed 

of the hydrocarbons forming the pyrolysis gasoline and the [4empy][NTf2] and [emim][DCA] 

ILs. In addition, a comparative analysis between the experimental and predicted densities, 

dynamic viscosities, surface tensions, and specific heats of the {[4empy][NTf2] + 

[emim][DCA]} binary IL-IL mixture has been performed. To evaluate the reliability of the 

predictions, the mean deviation of each estimated property was calculated with respect to 

experimental values available in literature and correlation coefficients (R2) were calculated in 

the fitting of experimental against predicted values. 

 

3.1.1. Validation of the liquid-liquid equilibria and vapor-liquid equilibria of hydrocarbons + 

[4empy][NTf2] and [emim][DCA] pure ionic liquids 

To adequately simulate the liquid-liquid extractor in Aspen Plus, the liquid-liquid 

equilibria between the hydrocarbons and the ILs have to be successfully predicted by the 

COSMO-based/Aspen Plus approach. In Fig. 4, the literature liquid-liquid equilibria for the 

{n-heptane + toluene + [emim][DCA]} and {n-heptane + toluene + [4empy][NTf2]} ternary 

systems at 313.2 K [37,45] are plotted together with the predictions using COSMO-based 
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calculations. As observed, the COSMO-based/Aspen Plus methodology predicted the 

negligible solubility of both ILs in the raffinate phase. Moreover, in the case of the 

[emim][DCA], the slopes of the predicted tie lines were almost coincident with those of the 

experimental tie lines and the low solubility of n-heptane in this IL was also adequately 

predicted. COSMO-based/Aspen Plus approach also reasonably predicted the liquid-liquid 

equilibria in the presence of [4empy][NTf2], but with higher deviations than that for the 

[emim][DCA]. Correlation coefficients (R2) and predicted compositions mean deviations  

(x in the fitting of experimental and predicted liquid-liquid equilibria by the COSMO-based 

methodology of the ternary systems involving pure ILs are listed in Table 2, presenting values 

of R2 higher than 0.98. 

In the proposed processes, the recovery section of the extracted hydrocarbons from the IL 

mixture is formed by flash distillations. Because of this, the vapor-liquid equilibria between 

the hydrocarbons and the [4empy][NTf2] and [emim][DCA] has been also validated. In Fig. 5, 

the literature [9] and predicted vapor-liquid equilibria for the binary systems {n-heptane + 

[emim][DCA]} and {toluene + [emim][DCA]} at 323.2, 343.2, and 363.2 K are depicted as 

pressure (P) - composition in the liquid phase (xi) diagrams. In Table 3, correlation 

coefficients (R2) and mean deviation of predicted pressures (P) with respect to experimental 

data are listed. Analyzing the values of R2 and P, we can conclude that the predictions by 

COSMO-Aspen Plus approach were very similar to the literature values experimentally 

obtained.  

The literature and predicted vapor-liquid equilibria for the {n-heptane + [4empy][NTf2]} 

and {toluene + [4empy][NTf2]} are plotted in Fig. 6 [46]. As in the case of the liquid-liquid 

equilibria, the predictions for the systems formed by the [4empy][NTf2] agreed reasonably 

with experimental data, but again exhibited slightly higher deviations, as can be compared 

from the values of R2 and P in Table 3. The COSMO-based model estimated a solubility of 

n-heptane in the [4empy][NTf2] higher than the experimental value, as can be inferred for the 

lower slope in the P-x diagram, since the maximum solubility of the hydrocarbon in the IL is 

the point where the P-x diagram becomes horizontal. A similar behavior is observed in the 

{toluene + [4empy][NTf2]} particularly at the highest temperature, 363.2 K. Despite these 

small deviations, the predictability of the a priori COSMO-Aspen Plus approach is 

considered adequate to perform the conceptual design of the studied separation process 

involving liquid-liquid extraction and vapor-liquid solvent recovery stages. 
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3.1.2. Validation of the liquid-liquid equilibria and vapor-liquid equilibria of hydrocarbons + 

the {[4empy][NTf2] (0.3) + [emim][DCA] (0.7)} binary IL-IL mixture 

 

Once the validation of the liquid-liquid and vapor-liquid equilibria of the systems formed 

by the hydrocarbons and the [4empy][NTf2] and [emim][DCA] pure ILs was made, a similar 

validation has been performed using the {[4empy][NTf2] + [emim][DCA]} binary IL-IL 

mixture.  Fig. 7 shows a comparison of the experimental and predicted liquid-liquid equilibria 

for the pseudo-ternary systems formed by {n-hexane, or n-heptane, or n-octane}, toluene, and 

the {[4empy][NTf2] + [emim][DCA]} binary IL-IL mixture with a [4empy][NTf2] mole 

fraction of 0.3. This composition was selected because a wide number of experimental data of 

liquid-liquid and vapor liquid-equilibria were obtained for this composition in the IL mixture 

in previous publications [10,11,44,47].  

Correlation coefficients (R2) and mean deviation of predicted compositions (x) between 

the experimental and predicted liquid-liquid equilibria by the COSMO-based methodology 

are listed in Table 2. Very similar experimental and predicted tie lines slopes were observed 

in the ternary diagrams for the extraction of toluene from n-heptane or n-octane, being the 

highest deviations observed in the extraction of toluene from n-hexane. Therefore, we may 

conclude that the COSMO-based/Aspen Plus approach has been revealed as a useful method 

to predict the liquid-liquid equilibria between aromatic and aliphatic hydrocarbons and the 

{[4empy][NTf2] + [emim][DCA]} binary IL-IL mixture.  

The vapor-liquid equilibria between the aromatic and aliphatic hydrocarbons forming the 

pyrolysis gasoline and the {[4empy][NTf2] + [emim][DCA]} binary IL-IL mixture with a 

[4empy][NTf2] mole fraction of 0.3 has been predicted using the COSMO-based methodology 

and compared with the literature values [44,47]. Predicted and experimental vapor-liquid 

equilibria of the pseudoternary systems formed by n-hexane, n-heptane, or n-octane and the 

{[4empy][NTf2] (0.3) + [emim][DCA] (0.7)} are depicted in Fig. 8. Predictions of the vapor-

liquid equilibria agreed with the conclusions drawn from the liquid-liquid equilibria. The 

COSMO-based/Aspen Plus method slightly overestimated the solubility of the n-hexane in 

the IL mixture with respect to the literature values, whereas the predictions for n-heptane and 

n-octane were very similar to the experimental results. Correlation coefficients (R2) and mean 

deviation of predicted pressures (P) using the COSMO-based methodology are summarized 

in Table 3. In Fig.9, the predictions of the vapor-liquid equilibria for the aromatic 

hydrocarbons and the IL mixture are also plotted together with the literature values [44]. 

Experimental and predicted values for the three pseudobinary system were similar, as can be 

observed in the P-x diagram and in the high values of R2 showed in Table 3.  
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In sum, current results showed that the COSMO-based predictions performed in Aspen 

Plus guaranties the accuracy level required in the conceptual design of aromatic separation 

processes from pyrolysis gasoline stage using binary IL-IL mixtures, involving the simulation 

of both the liquid-liquid extraction column and the subsequent solvent regeneration and 

hydrocarbon recovery section.  

 

3.1.3. Validation of the physical properties of the {[4empy][NTf2] + [emim][DCA]} binary 

IL-IL mixture 

To ensure the reliability of the results obtained in the simulations by Aspen Plus, a 

validation of the predicted physical properties for the IL-based solvent has been also 

performed, comparing with the literature values of density, viscosity, surface tension and 

specific heat of the {[4empy][NTf2] + [emim][DCA]} binary IL-IL mixture [10,43]. Fig. 10 

shows a comparison of estimated and experimental densities as a function of composition in 

the IL mixture and at temperatures between 293.2 K and 353.2 K. As can be seen, the 

estimated densities by the COSMO-Aspen Plus approach were very close to the experimental 

values, showing the correlation coefficients (R2) and mean deviation of predicted densities in 

the Table 4. In this case, slightly higher deviations were observed in the mixtures with a high 

content in [emim][DCA]. The effects of temperature and composition on the densities of the 

IL mixture were successfully predicted by the COSMO-based methodology.  

An Arrhenius-type equation was employed to fit the experimental dynamic viscosities of 

the IL mixture from the literature values for the viscosities of the pure [4empy][NTf2] and 

[emim][DCA] ILs. The reliability of this equation was confirmed in our previous publication 

[38]. The parameters A and B for the Arrhenius equation were introduced to Aspen Plus 

simulator and the viscosities of the IL mixture were calculated as a function of temperature 

and composition. Experimental and calculated dynamic viscosities of the {[4empy][NTf2] + 

[emim][DCA]} binary IL-IL mixture are also depicted in Fig. 10. As can be observed, the 

predictions exhibited a high reliability with a mean deviation of 0.44 mPas with respect to the 

literature property values, as listed in Table 4. As in the case of density, viscosity prediction 

adequately described the influence of composition and temperature in this physical property 

of the IL mixture.  

In the liquid-liquid extraction properties, the surface tension of the solvent is also a key 

parameter. In addition, to calculate the heat and cooling needs of an industrial process of 

liquid-liquid extraction, the specific heat of the solvent must be adequately described in the 

simulations. For these reasons, the literature values of surface tensions and specific heats of 

the {[4empy][NTf2] + [emim][DCA]} mixture [43] have been compared with the predictions 
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employing the COSMO-based/Aspen Plus integrated tool in Fig. 11. Predicted and 

experimental specific heats were almost coincident over the whole range of temperatures and 

compositions with a mean deviation of 3.72 kJkmol-1
K-1 and the correlation coefficient 

showed in Table 4. Hence, the calculations of heat requirements in the simulation of the 

liquid-liquid extraction process will have a high reliability. Finally, the calculated values of 

the surface tension for the IL-IL mixture were also validated obtaining a deviation of the 

predictions with respect to the experimental values of 0.91 mNm-1. 

 

3.2. Analysis of the role of {[4empy][NTf2] + [emim][DCA]} mixture composition on 

separation performance 

Once the predictions were validated, the COSMO-based/Aspen Plus integrated tool was 

employed to study the effect of the IL mixture composition on the extracting solvent 

properties and to select the most adequate configuration to perform the extraction of benzene, 

toluene, and p-xylene from the pyrolysis gasoline model. 

 

3.2.1. Configuration 1 

First, the simulation of the extraction process using the configuration 1 was performed. As 

explained previously, this configuration is composed of a countercurrent extraction column 

and a recovery section formed by a flash distillation (Fig. 1). The simulations were performed 

using a solvent to feed (S/F) ratio in mass of 5.0 and using the {[4empy][NTf2] + 

[emim][DCA]} binary IL-IL mixture with [4empy][NTf2] contents of 0, 25, 50, 75, and 100 

wt. %. We have chosen a S/F ratio of 5.0 because this value was the optimal in the 

experimental extraction of BTX from pyrolysis gasoline using the IL mixture proved in this 

work [8].  

The performance of the IL-based solvents in the dearomatization of the pyrolysis gasoline 

were analyzed by process simulations attending to aromatic recovery, aromatic purity in the 

product stream and aliphatic purity in the raffinate stream in mass units. These three variables 

are depicted in Fig. 12 as a function of the wt. % [4empy][NTf2] in the IL mixture employing 

the Configuration 1. The composition in the IL mixture had a significant effect on the values 

of recoveries and purities. An increase in the [4empy][NTf2] content in the mixture caused a 

rise in aromatic recovery and aliphatic purity in the raffinate. This trend can be explained 

considering the liquid-liquid equilibrium data obtained in the extraction of toluene from n-

heptane using the [4empy][NTf2] and [emim][DCA] pure ILs. The [4empy][NTf2] exhibited a 

higher mass-based toluene distribution ratio (0.265) [45] than the [emim][DCA] (0.155) [37]; 
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for that reason, the aromatic recovery and the purity of the aliphatics in the raffinate increased 

with the [4empy][NTf2] content in the mixture.  

The aromatic purity is related to the values of selectivity exhibited by the solvent. The 

decrease in the aromatic purity with the wt. % [4empy][NTf2] in the IL mixture observed in 

Fig. 12 is consistent with the higher toluene/n-heptane selectivity (71.2) exhibited by the 

[emim][DCA] [37] with respect to that of [4empy][NTf2] (29.5) [45]. Because of this, the 

purity of the extracted aromatic hydrocarbons decreased with the [4empy][NTf2] content in 

the solvent.  

Therefore, the most adequate composition of the IL mixture must be chosen to ensure high 

values of aromatic recovery and purity. As can be inferred from Fig. 12, the almost complete 

recovery of the aromatic hydrocarbons could be achieved using the {[4empy][NTf2] + 

[emim][DCA]} mixture with % [4empy][NTf2] higher than 75 %. However, the values of 

aromatic purity would be lower than 89 % using these IL-based solvents.  

The effect of the composition in the IL mixture on the energy requirements of the proposed 

process in Configuration 1 has been also studied. In Table 5, heat, cooling and total energy 

needs as a function of the % [4empy][NTf2] in the IL mixture are reported. To analyze the 

effect of the composition of the IL mixture on the energy needs is important to keep in mind 

the mass-based specific heats of the ILs forming the mixture: [emim][DCA] (1.87 kJkg-1
K-1) 

and [4empy][NTf2] (1.60 kJkg-1
K-1) at 313.2 K [43]. According to the higher specific heat of 

the [emim][DCA], the energy needs should decrease with the % [4empy][NTf2] in the 

mixture. Nevertheless, a minimum of energy requirements is observed at a 25-50 wt. % of 

[4empy][NTf2] in the mixture in Table 5. This is because the amount of extracted 

hydrocarbon also affects the energy needs of Configuration 1, since the heating needs in the 

heat exchanger E-102 and cooling needs in the E-103 heat exchanger are function of the 

extract stream flow. As the [4empy][NTf2] exhibited higher capacity to extract aromatic 

hydrocarbons from the pyrolysis gasoline and lower heat capacity than the [emim][DCA], two 

opposite effects are present in the calculation of the energy needs as a function of the 

composition in the IL mixture. Because of this, a minimum in the total energy needs was 

observed at intermediate compositions of [4empy][NTf2] in the mixture. Therefore, tuning the 

binary IL-IL mixtures composition allows enhancing not only separation efficiency but also 

the energy requirements of the extraction process.  

 

3.2.2. Configuration 2 

To increase the obtained aromatic purity, the recovery section will be formed in 

Configurations 2 and 3 by two or three flash distillations, to selectively evaporate the aliphatic 
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compounds from the solvent and to obtain a final product stream with a higher aromatic 

purity. Configuration 2 (Fig. 2) was tested to evaluate the effect of a second flash distillation 

in the recovery section on the values of aromatic purity, aromatic recovery, aliphatic purity 

and energy needs. In Fig. 13, purities and recoveries obtained in the simulation of 

Configuration 2 as a function of composition of the IL mixture are plotted. As in 

Configuration 1, an increase in the aromatic recovery and aliphatic purity was observed with 

the percentage of [4empy][NTf2] in the mixture and the aromatic purity exhibited the opposite 

trend. However, the obtained aromatic purity was significantly higher than that obtained using 

Configuration 1. For instance, employing the [4empy][NTf2] as solvent, the aromatic purity in 

the previous configuration was 79.5 % whereas in Configuration 2 was 86.6 %. Moreover, the 

employment of two flash distillations has increased the purity of the extracted hydrocarbons 

without affecting the aromatic recovery. In Configuration 1, an IL mixture with a 75 % 

[4empy][NTf2] allows obtaining an almost complete recovery of the aromatic hydrocarbons 

with an aromatic purity of 89.1 %. In Configuration 2, the aromatic recovery using this IL 

mixture has barely changed but the aromatic purity has increased to 92.5 %.  

Heat needs for Configuration 2 as a function of composition in the IL mixture are 

reported in Table 5. As discussed previously, the lowest value of total energy needs was 

obtained employing the IL mixture with a 50 % of each IL. Comparing the energy 

requirements of Configuration 2 with those of Configuration 1 a slight decrease of heat and 

cooling needs was observed. The heating needs were lower in Configuration 2 because of the 

significant amount of hydrocarbons recycled to the column in the vapor stream obtained in the 

first flash and, therefore, the flow of the stream heated to 393.2 K in the heat exchanger E-102 

is lower in Configuration 2. The recycled stream also affects the cooling needs because the 

recycled hydrocarbons in the first flash are cooled from 333.2 K to 313.2 K whereas in 

Configuration 1 all the extracted hydrocarbons were cooled from 393.2 K to 313.2 K after the 

flash distillation. Thus, employing a second flash distillation has decreased the energy 

requirements of the extraction process and increased the purity of the extracted hydrocarbons. 

Nevertheless, the values of aromatic purity (86-96 %) obtained in this configuration are not 

high enough to obtain significant income from selling the aromatic product.  

 

3.2.3. Configuration 3 

A new configuration of the recovery section formed by three flash distillations and a S/F 

ratio of 7.0 was tested in Configuration 3 (Fig. 3). The value of S/F ratio has been increased 

with respect to the previous configurations (S/F=5.0) because this configuration includes three 
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recycle loops and a higher solvent flow is required. The influence of the configuration on the 

S/F ratio is more deeply studied in the section 3.3.  

In Configuration 3, the first flash distillation operates at 333.2 K and 300 mbar as in the 

Configuration 2. The aim of the second flash distillation is selectively recover more aliphatic 

hydrocarbons from the IL-based solvent to increase the aromatic purity. For this reason, this 

flash operates at 333.2 K and 200 mbar, since the aliphatic/aromatic relative volatilities in the 

presence of ILs decreases as the temperature rises [9]. The operating conditions of the third 

flash are coincident with the employed in the two previous configurations: 393.2 K and 10 

mbar. 

Aromatic recoveries and purities and aliphatic purities in the raffinate using the 

{[4empy][NTf2] + [emim][DCA]} mixture in Configuration 3 are depicted in Fig. 14. The 

influence of the mixture composition on the three calculated parameters was the same 

previously discussed in Configuration 1. An aromatic recovery higher than 99.7 % could be 

obtained employing IL mixtures with % [4empy][NTf2] higher than 75 %. Analyzing the 

values of the aromatic purity, the {[4empy][NTf2] (75 %) + [emim][DCA] (25 %)} binary IL-

IL mixture seems to be the adequate composition to achieve high aromatic purities with an 

almost complete aromatic recovery. The aromatic purity obtained with this composition in 

Configuration 3 (96.7 %) is substantially higher than that obtained in Configuration 1 and 2. 

Therefore, the addition of a third flash distillation to the process has been useful to increase 

the purity of the obtained aromatic hydrocarbons.  

In Table 5, the energy requirements for Configuration 3 are listed together with the values 

for Configuration 1 and 2. As a result of the higher S/F ratio used in Configuration 3, heat and 

cooling needs of this configuration were considerably higher than those of the previous 

configurations. The higher impact of the S/F ratio on the energy needs was in the 1-way heat 

exchanger E-100 because the solvent is cooled from 393.2 K to 313.2 K and in the heat 

exchanger E-102 in which the extract stream is heated from 333.2 K to 392.2 K.  

The effect of the IL mixture composition on the energy requirements is similar to those 

discussed for Configurations 1 and 2. In Configuration 3, the {[4empy][NTf2] (75 %) + 

[emim][DCA] (25 %)} IL mixture has exhibited the lowest total energy needs. The use of this 

composition in the IL mixture implied lower energy requirements in the three configurations 

than those for the pure [4empy][NTf2]. In addition, higher aromatic purities and similar 

aromatic recoveries and aliphatic purities in the raffinate were achieved for the 

{[4empy][NTf2] (75 %) + [emim][DCA] (25 %)} mixture than those employing the 

[4empy][NTf2]. Therefore, this composition was selected as the most adequate to be 

employed in the extraction of aromatic hydrocarbons from pyrolysis gasoline. Then, the study 
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of the effect of S/F ratio in the three configurations was made employing the IL mixture with 

its most adequate composition as solvent. 

 

3.3. Effect of the solvent-to-feed ratio using the {[4empy][NTf2] (75 %) + [emim][DCA] (25 

%)} binary IL-IL mixture 

The simulation of Configuration 1 using the {[4empy][NTf2] (75 %) + [emim][DCA] (25 

%)} IL mixture was performed at S/F ratios from 3.0 to 7.0 to determine the most suitable 

value of this variable. In Fig. 15, aromatic purities, aromatic recoveries, and aliphatic purities 

as a function of S/F ratio are depicted. As expected, an increase in the S/F ratio caused a rise 

in aromatic recovery and aliphatic purity but the aromatic purity decreased because of the 

greater amount of extracted aliphatic hydrocarbons. To ensure an aromatic recovery higher 

than the 99 %, a S/F ratio greater than 5.0 should be employed in Configuration 1. At S/F 

ratios of 3.0 and 4.0, the solvent flow is not enough to dissolve the most of the aromatic 

hydrocarbons, observing a significant decrease in aromatic recovery and aliphatic purity in the 

raffinate. Hence, the value of 5.0 seems to be the optimal because higher S/F ratios would 

imply larger energy consumptions and lower aromatic purities. The recoveries and purities 

and total energy needs for Configuration 1 using the optimal S/F ratio are listed in Table 6 in 

order to be compared with the results obtained in the optimization of Configurations 2 and 3. 

In Table S3 of the Supplementary Material, material and energy balances using a S/F ratio of 

5.0 in Configuration 1 are listed.  

Results obtained in the optimization of the S/F ratio in the Configuration 2 are plotted in 

Fig. 16. Aromatic recoveries larger than 99.5 % were achieved at S/F mass ratios higher than 

5.0. This value of S/F ratio was selected as the optimal to ensure high aromatic purities in the 

product stream. In Table 6, aromatic purity and recovery, aliphatic purity in the raffinate 

streams and total energy needs for Configuration 2 are reported. As can be observed, the 

optimized Configuration 2 achieved an aromatic purity significantly higher than 

Configuration 1. However, the second flash distillation caused a slight decrease of the 

aromatic recovery and the aliphatic purity in the raffinate due to the important content of 

aromatic hydrocarbons in the recycled stream from the second flash to the extraction column. 

By contrast, energy requirements were lower in Configuration 2 with respect to Configuration 

1 because the recycled hydrocarbons obtained in the vapor stream of the first flash distillation 

are heated to 333.2 K instead of 393.2 K. Temperatures, pressures, flows, compositions, and 

enthalpies of the streams forming the Configuration 2 at a S/F ratio of 5.0 are summarized in 

the Table S4 of the Supplementary Material. 
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Finally, the S/F mass ratio employed in the Configuration 3 was also optimized. As 

discussed previously, as a result of the three recycled streams, the S/F ratio needed in this 

configuration is higher than those in Configurations 1 and 2. For that reason, the optimization 

was performed at S/F mass ratios between 5.0 and 9.0, showing the results in the Fig. 17. As 

observed, employing a S/F ratio higher than 6.5 almost a complete recovery of aromatic 

hydrocarbons from the pyrolysis gasoline could be obtained. At S/F ratios lower than 6.5 a 

noticeable decrease in the aromatic purity and aromatic recovery was observed, whereas the 

purity of the obtained aromatics decreased at S/F ratios greater than 6.5. Thus, the optimal S/F 

mass ratio for the Configuration 3 was 6.5. In the Table S5 of the Supplementary Material, 

material and energy balances at a S/F ratio of 6.5 for the Configuration 3 are listed. Purities, 

aromatic recovery, and total energy needs employing the optimized configuration are also 

shown in Table 6. As may be seen in this table, the aromatic purity employing Configuration 

3 was higher than using Configurations 1 or 2. Furthermore, the values of the aromatic 

recovery and aliphatic purity in the raffinate were greater than the 98 % fixed by Meindersma 

et al. (2008) in the simulation of the extraction process of aromatic hydrocarbons using the 

[4bmpy][BF4] [3]. The most important drawbacks of Configuration 3 with respect to 

Configurations 1 and 2 are the energy consumption and the required solvent flow. Still, the 

purity of the obtained aromatic hydrocarbons, 97.7 wt. % in this case, is essential to simplify 

and reduce the cost of the subsequent purification steps and to increase the income from 

selling the high grade aromatic hydrocarbons.  

 

4. Conclusions 

The extraction process of aromatic hydrocarbons from pyrolysis gasoline using the 

{[4empy][NTf2] + [emim][DCA]} IL mixture was simulated using an a priori COSMO-

based/Aspen Plus integrated tool. Predictions of liquid-liquid equilibria, vapor-liquid 

equilibria and physical properties of the solvents were successfully validated by a 

comparative analysis with experimental results from literature. In the process simulations, 

three configurations with one, two, or three flash distillations in the recovery section were 

evaluated. In addition, the effect of the composition in the IL mixture on the aromatic 

recovery, purity and energy need was also studied. From the results obtained in the 

simulations, the binary IL-IL mixture with a 75 % of [4empy][NTf2] was selected as the most 

adequate composition to ensure high values of aromatic recoveries and purities. Finally, the 

S/F ratio in the three proposed configuration was optimized using the {[4empy][NTf2] (75 %) 

+ [emim][DCA]  (25 %)} as solvent. The configuration formed by three flash distillations has 

exhibited the best performance with a S/F mass ratio of 6.5, obtaining an aromatic recovery of 
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99.8 %, an aromatic purity of 97.7 % and an aliphatic purity in the raffinate of 99.5 %. In 

conclusion, the COSMO-based/Aspen Plus methodology has been successfully employed to 

simulate the entire process of extraction from pyrolysis gasoline and recovery of the extracted 

hydrocarbons from the IL mixture, allowing introducing new technical criteria to select the 

solvent with more adequate properties. This methodology could be applied in the simulation 

of other separation processes employing IL mixtures to select the most adequate composition 

in the mixture and to evaluate the viability of several configurations to achieve the separation. 
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Fig. 1. Configuration 1: Flow diagram for the separation of aromatic hydrocarbons from pyrolysis 

gasoline using an extraction column and a flash distillation. 
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Fig. 2. Configuration 2: Flow diagram for the separation of aromatic hydrocarbons from pyrolysis 

gasoline using an extraction column and two flash distillations. 
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Fig. 3. Configuration 3: Flow diagram for the separation of aromatic hydrocarbons from pyrolysis 

gasoline using an extraction column and three flash distillations. 
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Fig. 4. Liquid-liquid equilibria at 313.2 K for the ternary systems {n-heptane + toluene + IL}: 

Experimental data [37,45] () and predicted data using COSMO-based method (). 
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Fig. 5. Vapor-liquid equilibria for the binary systems (a), {n-heptane + [emim][DCA]} and (b), 

{toluene + [emim][DCA]}: Symbols are experimental data [9] whereas dashed lines are predicted data 

using COSMO-based methodology. 
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Fig. 6. Vapor-liquid equilibria for the binary systems (a), {n-heptane + [4empy][NTf2]} and (b), 

{toluene + [4empy][NTf2]}: Symbols are experimental data [46] whereas dashed lines are predicted 

data using COSMO-based methodology. 
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Fig. 7. Liquid-liquid equilibria at 313.2 K for the pseudoternary systems n-hexane, n-heptane, or n-

octane + toluene + {[4empy][NTf2] (0.3) + [emim][DCA] (0.7)}: Experimental data [10,11] () and 

predicted data using COSMO-based methodology. ().  
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Fig. 8. Vapor-liquid equilibria for the pseudobinary systems formed by {[4empy][NTf2] (0.3) + 

[emim][DCA] (0.7)} and (a), n-hexane; (b), n-heptane; (c), n-octane. Symbols are experimental data 

[44,47] whereas dashed lines are predicted data using COSMO-based methodology. 
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Fig. 9. Vapor-liquid equilibria for the pseudobinary systems formed by {[4empy][NTf2] (0.3) + 

[emim][DCA] (0.7)} and (a), benzene; (b), toluene; (c), p-xylene. Symbols are experimental data [44] 

whereas dashed lines are predicted data using COSMO-based methodology. 
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Fig. 10. Densities and dynamic viscosities of the {[4empy][NTf2] + [emim][DCA]} binary IL-IL 

mixture at temperatures between 293.2 K and 353.2 K as a function of molar composition. 

Experimental properties were taken from [10], calculated densities were obtained from COSMO-based 

methodology, whereas correlated viscosities were obtained using an Arrenius-type equation and the 

experimental data for the pure ILs taken from [10].   
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Fig. 11. Specific heats and surface tensions of the {[4empy][NTf2] + [emim][DCA]} binary IL-IL 

mixture at temperatures between 293.2 K and 353.2 K as a function of mass composition. 

Experimental properties were taken from [43] and calculated properties were obtained from COSMO-

based methodology. 
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Fig. 12. Aromatic recoveries, aromatic purities in the product, and aliphatic purities in the raffinate 

(wt.%) using the Configuration 1 as a function of [4empy][NTf2] mass fraction in the {[4empy][NTf2] 

+ [emim][DCA]} binary IL-IL mixture. 
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Fig. 13. Aromatic recoveries, aromatic purities in the product, and aliphatic purities in the raffinate 

(wt.%) using the Configuration 2 as a function of [4empy][NTf2] mass fraction in the {[4empy][NTf2] 

+ [emim][DCA]} binary IL-IL mixture. 
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Fig. 14. Aromatic recoveries, aromatic purities in the product, and aliphatic purities in the raffinate 

(wt.%) using the Configuration 3 as a function of [4empy][NTf2] mass fraction in the {[4empy][NTf2] 

+ [emim][DCA]} binary IL-IL mixture. 
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Fig. 15. Aromatic recoveries, aromatic purities in the product, and aliphatic purities in the raffinate 

(wt.%) using the Configuration 1 and the {[4empy][NTf2] (75 %) + [emim][DCA] (25 %)} binary IL-

IL mixture as solvent as a function of the solvent to feed ratio (S/F). 
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Fig. 16. Aromatic recoveries, aromatic purities in the product, and aliphatic purities in the raffinate 

(wt.%) using the Configuration 2 and the {[4empy][NTf2] (75 %) + [emim][DCA] (25 %)} binary IL-

IL mixture as solvent as a function of the solvent to feed ratio (S/F). 
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Fig. 17. Aromatic recoveries, aromatic purities in the product, and aliphatic purities in the raffinate 

(wt.%) using the Configuration 3 and the {[4empy][NTf2] (75 %) + [emim][DCA] (25 %)} binary IL-

IL mixture as solvent as a function of the solvent to feed ratio (S/F). 
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Table 1 

Mass-based composition of the pyrolysis gasoline obtained by severe cracking 

  Hydrocarbon     wt.%    

  n-Hexane     11.3   

 
n-Heptane 

  
11.3 

 

 
n-Octane 

  
11.3 

 

 
Benzene 

  
33.8 

 

 
Toluene 

  
19.3 

 

  p-Xylene 
  

13.0 
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Table 2 

Correlation coefficients (R2) and mean deviation of composition (x) in the fitting of 

experimental compositions against predicted compositions using COSMO-based/ASPEN 

methodology for the liquid-liquid equilibria of binary or pseudobinary systems 

Ternary or Pseudoternary System R2 x  

n-heptane + toluene + [emim][DCA] 0.998 0.011 

n-heptane + toluene + [4empy][NTf2] 0.984 0.039 

n-hexane + toluene + {[4empy][NTf2] (0.3) + [emim][DCA] (0.7)} 0.981 0.034 

n-heptane + toluene + {[4empy][NTf2] (0.3) + [emim][DCA] (0.7)} 0.986 0.026 

n-octane + toluene + {[4empy][NTf2] (0.3) + [emim][DCA] (0.7)} 0.992 0.019 
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Table 3 

Correlation coefficients (R2) and mean deviation of pressure (P) in the fitting of 

experimental pressures against predicted pressures using COSMO-based/ASPEN 

methodology for the vapor-liquid equilibria of binary or pseudobinary systems 

Binary or Pseudobinary System R2 P / kPa 

n-heptane + [emim][DCA] 0.932 3.6 

toluene + [emim][DCA] 0.993 1.5 

n-heptane + [4empy][NTf2] 0.887 4.9 

toluene + [4empy][NTf2] 0.987 2.5 

n-hexane + {[4empy][NTf2] (0.3) + [emim][DCA] (0.7)} 0.915 9.4 

n-heptane + {[4empy][NTf2] (0.3) + [emim][DCA] (0.7)} 0.912 4.2 

n-octane + {[4empy][NTf2] (0.3) + [emim][DCA] (0.7)} 0.955 1.4 

benzene + {[4empy][NTf2] (0.3) + [emim][DCA] (0.7)} 0.976 6.5 

toluene + {[4empy][NTf2] (0.3) + [emim][DCA] (0.7)} 0.983 1.4 

p-xylene + {[4empy][NTf2] (0.3) + [emim][DCA] (0.7)} 0.982 0.9 
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Table 4 

Correlation coefficients (R2) and mean deviation of each physical property (Prop) in the 

fitting of experimental properties against estimated properties using COSMO-based/ASPEN 

approach for the densities, viscosities, specific heats, and surface tensions of the 

{[4empy][NTf2] + [emim][DCA]} binary IL-IL mixture 

Physical Property R2 Prop 

Density  0.998 0.03 gcm-3 

Dynamic Viscosity 0.995 0.44 mPas 

Specific heat 0.998 3.72 kJkmol-1
K-1 

Surface Tension 0.987 0.91 mNm-1 
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Table 5 

Heat, cooling, and total energy needs of the three configurations as a function of composition 

in the {[4empy][NTf2] + [emim][DCA]} IL mixture 

Configuration 1 with a S/F mass ratio of 5.0 

% [4empy][NTf2] in the mixture Heat Needs Cooling Needs Total Energy Needs 

 
MW 

0.0 -112.7 93.1 205.8 

25.0 -111.4 91.4 202.8 

50.0 -112.2 91.0 203.2 

75.0 -115.5 92.4 207.9 

100.0 -119.1 93.8 212.8 

Configuration 2 with a S/F mass ratio of 5.0 

% [4empy][NTf2] in the mixture Heat Needs Cooling Needs Total Energy Needs 

 
MW 

0.0 -110.3 89.6 199.9 

25.0 -109.0 87.6 196.6 

50.0 -109.6 86.9 196.5 

75.0 -112.2 87.5 199.7 

100.0 -116.9 86.8 203.7 

Configuration 3 with a S/F mass ratio of 7.0 

% [4empy][NTf2] in the mixture Heat Needs Cooling Needs Total Energy Needs 

 
MW 

0 -148.7 115.6 264.3 

25 -147.8 112.3 260.1 

50 -147.8 110.2 257.9 

75 -148.5 108.2 256.7 

100 -154.2 105.6 259.8 
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Table 6 

Aromatic recovery, aromatic purities in the product stream, aliphatic purities in the raffinate 

stream, and total energy needs using the Configurations 1, 2, and 3 at the optimal value of 

solvent to feed (S/F) ratio in mass 

Configuration S/F Aromatic Recovery  Aromatic Purity  Aliphatic Purity Total Energy Needs 

 mass/mass % % % MW 

1 5.0 99.8 89.1 99.4 207.9 

2 5.0 99.5 92.5 99.0 199.7 

3 6.5 99.8 97.7 99.5 250.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


