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Abstract 

It is determined the critical temperature of dissolution of the initial diesel 

distillate consisting of a mixture of straight-run diesel fraction and a 

product of secondary origin - a light coking gas oil with a mass ratio of 

70:30% by vol. in the studied selective solvents - an ionic liquid 

synthesized on the basis of acetic acid and N-methylpyrrolidone, as well 

as in the industrially used extractant N-methylpyrrolidone. It is shown 

that relatively high values of the critical dissolution temperature are 

observed with a twofold excess of extractants to the raw materials, 

however, in the case of an ionic liquid, the extraction gradient compared 

to N-methylpyrrolidone is the largest. The high yield and the degree of 

purification of the raffinate are achieved by carrying out the process of 

ion-liquid extraction purification with a two-fold excess of the extractant 

at room temperature (20-25 ° C), the contact time of the components one 

hour. The calculation of the distribution coefficients of undesirable 

components - sulfur compounds and aromatic hydrocarbons showed that 

in the case of an ionic-liquid extractant, the values of the distribution 

coefficients of specified components are almost twice their values when 

cleaning raw materials with N-methylpyrrolidone 
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Introduction 

In recent years, in order to increase the volume of production of diesel fuel in the 

composition of straight-run diesel fraction (SDF) involve the products of secondary oil refining 

[1,2]. One of the promising approaches to solving the problem of obtaining high-quality diesel 

fuel in order to increase the durability of the fuel equipment of the engine and reduce the 

negative impact of exhaust gases on the environment is the development of effective methods for 

purifying diesel distillate [3-8]. In this aspect, liquid eхtraction method using an environmentally 

friendly solvent as an extractant is of particular interest to researchers both from the point of 

view of technological ease of the liquid extraction and the creation of environmentally friendly 

technologies [9-11].   

Experimental Part 

This article presents the results of studies of the extraction purification of a mixture of SDF 



S.A. SEYIDOVA  

www.ppor.az 292 

(70% vol.) with light gas oil coking (LGC) (30% vol.), containing by 16 % wt.   of aromatic 

hydrocarbons and 1132 ppm sulfur-containing compounds using as an extractant ionic liquid - 

N-methylpyrrolidoneacetate. Since the synthesis of this ionic liquid used N-methylpyrrolidone as 

the amine component, which, in turn, found industrial use as an extractant in refining processes 

for oil fractions, for a comparative analysis the extraction purification of the diesel distillate 

under investigation was also carried out with N-methylpyrrolidone. 

The process of extraction purification is a complex physico-chemical process, the 

effectiveness of which depends on the conditions of the extraction (temperature, ratio and 

contact time of the components), and on the fractional composition of the raw materials and the 

nature of the extractant used. When selecting an extractant is of great importance the 

determination of the critical dissolution temperature (CDT), i.e. temperature at which there is a 

complete mutual dissolution of raw materials and solvent (in any ratios) with the formation of a 

homogeneous solution. The critical temperature of dissolution, which serves as a measure of the 

selectivity of the extractant, was established in 1876 by V. F. Alekseev when he studied the 

process of mutual dissolution of two immiscible liquids. 

As a rule, the extraction should be carried out at a temperature at which the highest degree 

of purification is provided without loss and decomposition of the raw material and solvent, i.e. is 

possible only in those temperature ranges at which two phases are formed. Given this, usually 

the process of extraction purification is carried out at a temperature below the CDT and the 

higher the extraction gradient, i.e. the difference between the CDT and the temperature at which 

the extraction is carried out, the higher the degree of purification of raw materials from unwanted 

components. This is due to the fact that the selectivity and solvent capacity of the solvent is 

antibate, i.e. the growth of one indicator leads in turn to a decrease in the other. 

Based on the foregoing, I determined the CDT of the studied mixture of the diesel fraction 

in the ionic liquid and N-methylpyrrolidone. 

Table 1. The values of the critical temperature of dissolution of a mixture of straight-run 

diesel distillate with a light gas oil coking at different ratios of it to the used 

extractants 

The ratio of components 

 (% wt.)  

DD: Extractant 

CDT, °С 

Ionic liquid N-methylpyrrolidone 

4:1 91 56 

3:1 94 64 

2:1 102 67 

1:1 107 70.5 

1:2 109 72 

1:3 100 71 

1:4 92.5 57 

As can be seen from the table, in the case of using an ionic liquid as an extractant, the 

highest CDT coefficient is observed under conditions of a twofold excess of extractant and is 
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109 °C. With an increase in the proportion of ionic-liquid extractant, the coefficient of CDT 

decreases and, with a ratio of a mixture of diesel distillate to ionic liquid equal to 4: 1, is 91 °C. 

In the case of N-methylpyrrolidone, the highest CDT value (72 °C) is also achieved with a two-

fold excess of the extractant, and the lowest CDT (56 °C) as in the case of ionic liquid with a 

fourfold excess of diesel distillate. The results of determining the CDT show that at a 

temperature of 72 ° C in the case of using N-methylpyrrolidone as an extractant, one phase is 

formed, however, in the case of an ionic liquid, the extraction system is divided into two liquid 

phases. This is explained by the fact that at 72 ° C, in the case of using ionic-liquid as an 

extractant, the kinetic energy of the molecules is insufficient to overcome the intermolecular 

attraction, i.e. thermal motion of molecules exceeds the attractive forces of molecules of not all 

components of the investigated diesel distillate. 

 

 
 

 

Fig. 1. Dependence of the critical dissolution temperature Tcr. diesel fraction in ionic 

liquid (1) and N-methylpyrrolidone (2) from the content of extractants 

Results and Discussion 

The cycle of research conducted on the extraction purification of the studied mixture SDF 

+ LGC using an ionic liquid as a selective solvent showed that a high raffinate yield with a 

sufficiently high degree of dearomatisation and desulfurization is achieved with a double excess 

of extractant, temperature 20-25 °C and contact time 1 hour. The implementation of the 

extraction process under the above conditions with N-methylpyrrolidone showed that both the 

yield of the raffinate and the degree of purification compared with ion-liquid extraction cleaning 

of the investigated diesel distillate is low (Tab. 2). This is due to the fact that in the case of using 

an ionic liquid, the extraction gradient is higher (84-89 °C) compared to N-methylpyrrolidone 

(47-52 °C), which indicates a higher selective ability of the ionic liquid with respect to the raw 

material under study. 
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It is known that the solubility of hydrocarbon oil fractions in polar solvents depends on the 

dipole moment of solvent molecules, that is, on the polarization of hydrocarbons under the action 

of the electric field of solvent molecules. The values of the average molecular polarization of 

hydrocarbons decrease in the series: 

aromatic ˃ naphthenic ˃ paraffin, 

Table 2. The dependence of the efficiency of extraction purification of a diesel fraction on 

the nature of the extractant under the same extraction conditions 

Extractant The output 

of the 

raffinate,% 

wt. 

Residual content of Degree of (% wt.) 

aromatic 

hydrocarbons,  

% wt. 

sulfur-containing 

compounds, 

ppm 

dearomatization desulfurization 

IL 76.57 6 364 76.0 72.2 

NMP 61.0 7 398 72.0 68.46 

in this connection, aromatic hydrocarbons have a low CDT value, i.e. in the process under study 

at room temperature, aromatic hydrocarbons are quickly extracted compared to other  

hydrocarbons diesel fraction. It should be noted that the relatively high raffinate yield and the 

degree of purification from undesirable components when using ionic liquid N-

methylpyrrolidoneacetate as an extractant compared to N-methylpyrrolidone is explained by the 

ionic nature of the extractant, hence, a high dipole moment. 

The extraction process obeys the general law of mass transfer, the rate of which depends on 

the mechanism of transfer of the substance to be distributed between two immiscible phases. 

Masstransfer during the extraction process mainly occurs through diffusion, and the distribution 

of matter between the two phases is described by the distribution coefficient, i.e. the ratio of the 

concentration of the undesirable component, in particular sulfur and aromatic compounds in the 

extract and raffinate phases[12,13]. 

КS= Сs.e / Сs.r..;         КА = Сa.e. / Сa.r. , 

where KS and KA - distribution coefficient of sulfur and aromatic compounds; Cs.e. and Cs.r. – is 

the content of sulfur compounds in the extract and raffinate; Ca.e. and. Ca.e. - is the content of 

aromatic compounds in the extract and raffinate, respectively. 

Considering this, the values of the distribution coefficients of aromatic hydrocarbons and 

sulfur compounds in the process of extraction purification of a diesel distillate mixture using 

both an ionic liquid and N-methylpyrrolidone as an extractant were calculated (Tab. 3, Fig. 2). 

According to the Nernst distribution law, the more the distribution coefficient of the 

extracted components differs from the unit, the higher the extraction cleaning efficiency. 

As can be seen from the table, in the case of ion-liquid extraction purification of the 

investigated diesel distillate, the values of the distribution coefficient for aromatic and sulfur 

compounds (KА = 8.46, KS = 10.35) are almost twice as high as the values of these indicators in 

the process of extraction purification using N-methylpyrrolidone (KA = 4.45, KS = 5.47). 
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Table 3. The dependence of the distribution coefficients of sulfur and aromatic compounds 

on the nature of the used extractant 

Extraction 

purification 

using as an 

extractant 

Output,% wt. The content of 

aromatic compounds 

(% wt.) in 

The content of 

sulfur compounds 

(ppm) in 

 

 

КА 

 

 

КС  
raffinate extract raffinate extract raffinate extract 

ionic liquid 76.57 22.63 6 50.8 364 3769 8.46 10.35 

N-methyl-

pyrrolidone 

61 37.96 7 31.2 398 2178 4.45 5.47 

 

 
 

 

Fig. 2.  The curve of the dependence of the distribution coefficient of the extracted components 

on the nature of the used extractant 

Conclusion 

Thus, the study of the essence and regularities of the process of extraction purification of a 

mixture of straight-run diesel fraction with light gas oil of coking showed that it is promising to 

use an ionic liquid, N-methylpyrrolidoneacetate, as an extractant. The advantage of the ionic 

liquid as an effective extractant is determined not only by the high yield and degree of 

purification of the raffinate, but also low flammability, thermal stability, non-toxicity of the ionic 

liquid, as well as the ease and speed of re-extraction of the products of its extraction, i.e. the 

ability of the ionic liquid to be easily regenerated and reused with the same extracting ability. 
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