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Abstract 

The article presents the results of a chromatography-mass spectral analysis of the 

group hydrocarbon composition of a diesel distillate, consisting of straight-run 

diesel fraction and a product of a secondary oil refining - light gas oil coking with 

a volume ratio of components equal to 70:30, respectively, of the raffinates 

obtained by extraction purification of the specified mixture of diesel distillate 

using as a selective solvent the ionic liquid based on N-methyl-pyrrolidone and 

acetic acid-N-methylpyrrolidoniumacetate, as well as an industrially used 

extractant - N-methylpyrrolidone. The obtained results indicate the prospects of 

ionic-liquid extraction purification of the mixture of diesel distillate. In particular, 

it was established that during ionic-liquid extraction purification, the degree of 

dearomatization of the specified raw material is 75.65 % mas., and the degree of 

desulfurization is 76.2 % mas., which is significantly higher compared to the 

degree of dearomatization (56.25%) and also the degree of desulfurization 

(68.54%) by N-methylpyrrolidone. It was shown that the ionic-liquid extractant is 

characterized by a relatively high selectivity. The residual content of mono- and 

bicyclic aromatic hydrocarbons in the raffinate obtained by extraction 

purification with N-methyl-pyrrolidoniumacetate in 1.59 times lower and consist 

3.57% compared to the raffinate obtained by purification with N-

methylpyrrolidone (5.67%). The degree of removal of naphthenic hydrocarbons 

during ionic-liquid extraction purification is also greater than during purification 

with N-methylpyrrolidone. Tri- and tetracyclic aromatic hydrocarbons are 

completely removed. Thus, the obtained results indicate the advisability of using 

the ionic-liquid composition of N-methylpyrrolidoniumacetate as a selective 

solvent instead of the industrially used N-methylpyrrolidone to create 

environmentally friendly technologies for the purification of mixed raw materials 

to produce diesel fuel improved quality 
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Introduction 

In the modern world, with the increase in the number of vehicle fleets (automobile, rail, 

agricultural, etc.) the volume of diesel fuel consumption is also growing. In particular, according 

to statistics in 2018 in the Republic of Azerbaijan, the volume of diesel fuel production was 1 

million 991.5 thousand tons when the production of crude oil 38 million 814.3 thousand tons [1]. 

To achieve indicated goal, in particular to increase the volume of diesel fuel production, along 

with the envisaged increase oil production and deepening of oil refining, studies are underway to 

expand the resources of diesel fuel. One of the relevant approaches to solving this problem is to 

introduce into the composition of the straight-run fraction of diesel distillate, the product of 

primary oil refining medium distillate fractions of secondary oil refining [2-4]. Based on the 

foregoing, we investigated the possibility of obtaining high-quality diesel fuel by ionic-liquid 

extraction purification of the mixture of diesel distillate obtained by compounding straight-run 

diesel distillate (SDD) with light gas oil coking (LGC) at volume ratio of components 70:30, 

respectively. 

As it’s known, among the industrially applied methods for cleaning diesel fuel, the 

extraction method is very promising, since this method of cleaning is easily feasible, and its 

application allows you to simultaneously remove from the composition fuel unwanted 

components - aromatic hydrocarbons and sulfur compounds, and thereby effectively improves 

the quality of diesel fuel. Wherein, the use of ionic liquids as a selective solvent, solvents of 

"green chemistry" ensures the environmental friendliness of the extraction purification process 

[5-10]. 

In ongoing studies, an ionic liquid, N-methylpyrrolidoniumacetate, synthesized by the 

interaction of N-methylpyrrolidone and acetic acid was used as an extractant [11]. 

The prospect of applying the specified ionic-liquid composition as a selective solvent in the 

processes of extraction purification of oil fractions for various purposes is described in works 

[12–16]. 

The research cycle showed that during the extraction purification process of the mixture 

diesel distillate with a twofold excess of ionic liquid at a temperature of 20-25°C and a 

component contact time of one hour in the obtained raffinate with a yield of 62.5 % mas., the 

residual content of aromatic hydrocarbons is 6 % mas. against 16 % mas. in the feedstock, and 

the residual sulfur content of 364 ppm against 1265 ppm. Wherein the degree of dearomatization 

consist 76.57 % mas., the degree of desulfurization is 71.2 % mas. [12]. A comparison of the 

results of extraction purification of the mixture of SDD and LGC under similar conditions using 

an industrially used solvent N-methylpyrrolidone as a selective solvent established a relatively 

low selectivity of the latter. So, the residual content of aromatic hydrocarbons in the raffinate 

obtained by the relatively low yield (61% mas.) compared to the yield of the raffinate from the 

ionic-liquid extraction purification process (76.6 % mas.) is 7 % mas., the sulfur-containing 

compounds are 398 ppm. Thus, the degree of dearomatization of the studied composition of 

diesel distillate during extraction purification with N-methylpyrrolidone is only 56.25 % mas., 

the degree of desulfurization is 68.54 % mas.  
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Using IR and UV spectral analysis of the hydrocarbon group composition of the initial 

mixture of diesel distillate, as well as the raffinate and extract obtained by ionic-liquid extraction 

purification and extraction purification by N-methylpyrrolidone, it was found that a relatively 

deeper dearomatization of the raw material is observed during ionic-liquid extraction 

purification. This ensures complete removal from the composition of carcinogenic bicyclic as 

well as tricyclic aromatic hydrocarbons, in particular derivatives of naphthalene and anthracene 

[13].  

In order to identify the prospects of ionic-liquid extraction purification and confirm the 

results of IR, UV spectral analysis, was carried out a gas chromatomass spectral analysis of the 

hydrocarbon group composition of the raw material obtained by compounding the straight-run 

fraction of diesel distillate and light coking gas oil  at volume ratios of 70:30, as well as 

raffinates obtained by extraction purification of a distillate of the specified composition by an 

ionic liquid - N-methylpyrrolidoniumacetate and industrially used extractant                                        

N-methylpyrrolidon. 

Experimental Part 

Chromatography-mass spectral studies of the group hydrocarbon composition of the 

samples were carried out on firms «Agilent» 7890 chromatography-mass spectrometer with 

5977 V Agilent MS detector and an HP-5 MS capillary column. The column length is 30 m, the 

diameter - 0.25 mm, and the thickness of the LLP (lower liquid phase) - 0.25 mcm. In the 

analysis, the following heating mode temperature was observed: initial temperature - 35 °C. The 

indicated temperature was kept stable in 1.5 min, and the heating rate to 60 °C was 5 °C per 

minute, and to 320 °C - 7°C per minute. The indicated temperature was kept stable in 10 

minutes. The total heating time was 53.643 min. Scanning was carried out within the mass range 

from 43 to 600 A. The temperature of the injector was 320 °C, and the speed of the carrier gas of 

helium was 1 ml/min. 

According to the results of chromatography-mass-spectral analysis, the total content of 

aromatic hydrocarbons in the composition of the initial compounded diesel distillate is 14.68 % 

mas. (Tab., Fig. 1). The content of mono- and bicyclic aromatic hydrocarbons amounted to 

10.73% mas., tricyclic -3.68 % mas. and tetracyclic only 0.26 % mas., respectively. By 

sulfonation method (GOST 6994-74), value of the total aromatics was 16 % mas. 

As can be seen from the given table, the content of alkanes in the initial diesel distillate 

according to the data of chromatography-mass-spectral analysis is 32.76 % mas., where 15.23% 

are normal alkanes, 17.54% are isoalkanes. The total content of naphthenic hydrocarbons is - 

24.54% mas., where monocyclic - 4.84%, bicyclic - 3.31%, tetracyclic - 16.39%. The fraction of 

undecrypted components in the composition of the initial diesel distillate is 12.48 % mas. 
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Fig. 1. Chromatogram of the mixture of straight-run diesel fraction and light gas oil coking  

Table 1. Group hydrocarbon composition of the original diesel distillate and raffinate obtained 

by extraction purification 

Group hydrocarbon 
composition, % mas. 

Initial diesel 
distillate 

Raffinate obtained by extraction purification 

ionic liquid N-methylpyrrolidone 

Alkanes, including: 32.76 81.66 68.92 
Normal 15.23 28.03 21.02 
Isoalkanes 17.54 53.63 47.91 
Aromatic hydrocarbons, 
including: 
mono- and bicyclic 

14.68 
 

10.73 

3.57 
 

3.57 

5.69 
 

5.67 
Tricyclic 3.68 - - 
Tetracyclic 0.26 - - 

Naphthenes, including: 24.54 14.66 25.41 
monocyclic 4.84 - - 
bicyclic 3.31 - - 
tetracyclic 16.39 - - 
Inden 1.43 - - 
olefins 0.24 - - 

Esters 1.87 - - 
Resinous, highly oily 
compounds 

12.0 - - 

Unidentified 12.48  - 
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Results and Discussions 

Chromatography-mass spectral analysis of the raffinates obtained by extraction purification 

of a mixture of diesel distillate of the above composition using an ionic liquid N-methyl-

pyrrolidoniumacetate or an organic solvent N-methylpyrrolidone differing in group hydrocarbon 

composition indicates a different selectivity of these extractants (Fig. 2, 3). 

In particular, the raffinate obtained by ionic-liquid extraction purification of raw materials 

obtained by compounding a straight-run diesel fraction with a product of secondary oil refining 

is characterized by a residual total aromatic hydrocarbon content of 3.57 % mas. against 5.69 

%mas. in the raffinate obtained by extraction purification of raw materials with N-

methylpyrrolidone. In the composition of indicated raffinates, the aromatic hydrocarbon content 

determined by the sulfonation method (GOST 6994-74) was 6.0% and 7.0 % mas., respectively. 

According to the chromatography-mass-spectral analysis, the degree of dearomatization of diesel 

distillate during ionic-liquid extraction purification (75.65 % mas.) is significantly higher than 

during purification using N-methylpyrrolidone (61.25% mas.) as an extractant. The content of 

mono- and bicyclic aromatic hydrocarbons during ionic-liquid extraction purification decreases 

from 10.73 % mas. up to 3.57 % mas., i.e. 3.18 times. 

 
 

Fig. 2. Chromatogram of the raffinate obtained by ionic-liquid extraction purification 

of the mixture of straight-run diesel fraction and light gas oil coking  

During extraction purification with N-methylpyrrolidone, the content of mono- and 

bicyclic aromatic hydrocarbons in the raffinate decreases by only 1.89 times and their residual 

content is 5.67 % mas. Regardless of the nature of the taken extractant during extraction 

purification, tri- and tetracyclic aromatic hydrocarbons are completely removed from the 

composition of the distillate. The analysis results also indicate the complete removal of resinous 

compounds in the process of extraction purification. 
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Fig. 3. Chromatogram of the raffinate obtained by extraction purification of the mixture of 

straight-run diesel fraction and light gas oil coking with N-methylpyrrolidone 

Сonclusion 

Thus, carried out the chromatography-mass-spectral analysis testifies to the advisability of 

using N-methylpyrrolidoniumacetateacetate as a selective solvent in the extraction process of the 

mixture of diesel distillate in order to obtain diesel fuel improved quality. The resulting raffinate, 

along with a low content of aromatic hydrocarbons and sulfur-containing compounds, is 

characterized by a high yield. In particular, the raffinate obtained by ionic-liquid extraction 

purification of the test mixture of diesel distillate (yield 75.65 % mas.) is characterized by a low 

residual aromatic hydrocarbon content of 3.57 % mas. compared with the raffinate (yield 

61.25% mas.) obtained by extraction purification with N-methylpyrrolidone - 5.67% mas. 
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