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Abstract  

The process of dearomatization of straight-run diesel fraction using three 

types of adsorbents without exposure to a magnetic field has been studied. 

It was revealed that for two types of adsorbents the degree of 

dearomatization during the process under the influence of a magnetic field 

is higher than during the process under normal conditions. Thus, when 

using the adsorbent AZ-4, the degree of dearomatization of the straight-run 

diesel fraction under the influence of a magnetic field is 37.8% by weight, 

while without the influence of a magnetic field it is 28%. It has been 

established that with the use of the BAU-A adsorbent, the degree of 

dearomatization of the straight-run diesel fraction is 48.1%, and without 

the influence of a magnetic field - 34.1%. It was determined that, in 

contrast to the previous adsorbents, the use of the adsorbent Zeocar-600 

under the influence of a magnetic field is impractical because the degree of 

dearomatization decreases from 59.1%  mass up to 7.3% mass 
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Introduction  

In most countries the oil refining industry is facing challenges associated with the 

introduction of strict standards for motor fuels and their combustion products, which is due to 

increase the demand for motor fuels and environmental degradation owing to their use. (Tab. 1)  

In this regard, the tasks of improving the quality of diesel fuels are set [1-6]. 

Especially strict requirements are imposed to the content of polycyclic aromatic 

hydrocarbons in diesel fuels’ composition as shown at Tab. 1. This is explained by the fact that 

aromatic hydrocarbons are responsible for the majority of unburned hydrocarbons and solid 

particles in exhaust gases of diesel engines. In general high content of aromatic hydrocarbons 

affects both the environmental and technological properties of fuels.  

 As mentioned above the most dangerous from an environmental point of view are 

precisely polycyclic aromatic hydrocarbons. They are part of both the fuel and are formed in 

chamber during its combustion. Incombustible residues are deposited on pistons, injectors and on 

walls of combustion chamber; harmful products of combustion are emitted into the atmosphere 

as exhaust gases.  
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Table 1. The main indicators of the diesel fuels’ quality according to the standards                        

Euro-2 – Euro-5  

Measures 

Standard for limiting the sontent of harmful 
substances in exhaust gases of engines  

Euro-2 
(1996) 

Euro-3 
(2000) 

Euro-4 
(2005)  

Euro-5 
(2009) 

Sulfur content, % mass, not more 0.05 0.035 0.005 0.001 

Cetane number,  not more 49 51 55 55 
Content of PAH, % not more No norm 11 11 5 
Lubricity at 60

 о
С, mkm, not more  No norm 460 460 460 

Fractional composition: 95% is distillating till, 
о
С 370 360 360 350 

Density at 15 
о
С, kq/m

3
 820-860 820-845 820-845 820-845 

Oxidizing stability, not more  No norm 25 25 25 
Content of methyl esters of fatty acids, %, not 
more  

- 5 5 7 

Today the content of polycyclic aromatic hydrocarbons in diesel fuel is limited by 
regulations and doesn’t allow the presence of aromatic hydrocarbons in diesel fuel in amount 
exceeding 11% (Euro-4) (Tab. 1).   

Since 2013 Azerbaijan has switched to the production of diesel fuels that meet the 
requirements of Euro-3. Today the quality of diesel fuels produced at Heydar Aliyev Refinery is 
regulated by the technical specifications AZS 376-2009. The content of aromatic hydrocarbons 
there significantly exceeds the permissible norms and amounts to 24-29% mass. It is due to the 
fact that at present to increase the resources of diesel fuel commercial diesel fuels along with 
straight-run diesel fractions also contain middle distillate fractions of secondary process, such as 
light gas oil of catalytic cracking and coking. In comparison with straight-run diesel fraction 
these fractions contain much more polycyclic sulfur-containing aromatic compounds 
(dibenzothiophenes, mono and polysubstituted dibenzothiophenes) what necessitates the deep 
and ultra-deep desulphurization and dearomatization processes in hyrdrotreating and 
hydrocraking [7-12]. These processes are occurred at high temperature and hydrogen pressures 
with using of expensive catalysts. As a result of these processes polycyclic aromatic 
hydrocarbons partially decompose to monocyclic and hydrogenated to naphthenic hydrocarbons. 
At the same time, by reducing the content of aromatic hydrocarbons, the cetane numbers of 
produced diesel fuels are increased slightly.    

As traditional methods for the purification of diesel fuels from aromatic hydrocarbons are 
economically costly there is the task of finding of alternative method for removal of aromatic 
hydrocarbons, one of which is adsorbtion dearomatization of diesel fuels.  

For implementation of the adsorbtion dearomatization processes the choice of an effective 
adsorbent and the study of the process continues to be an actual task.  

As known carrying out the number of processes of oil production and refining under the 
influence of low-energy physical effects, such as electromagnetic field, ultrasonic and 
hydrodynamic cavitation, microwave effect and so on, there are particular relevance due to the 
fact that during the influence to substance structure they permit to get the desired depth of 
occurred processes without high economic costs. Among such effects on crude oil there are 
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examples of refining oil fractions under the influence of magnetic field [13-16]. 
Analysis of the specific features of changes of magnetic susceptibility of petroleum 

fractions depending on molecular weight and structure of hydrocarbons’ molecules shows that 
the most diamagnetic are light fractions, consisting of mainly paraffin-naphthenic hydrocarbons 
which are served as raw materials for productions of gasoline and diesel fuel. With the transition 
to kerosene and oil fractions, the share of paraffin-naphthenic hydrocarbons in them are 
significantly decreases and the content of aromatic hydrocarbons is increases, what cause the 
increase of magnetic susceptibility of corresponding fractions.   

Thereby, the task to study the process of dearomatization of straight-run diesel fraction 
with using adsorbents AZ-4. BAU-A and Zeocar-600 under the influence of a magnetic field has 
been set.  

Experimental Part  

The object of research of given research work is straight-run diesel fuel with content of 

16.4% mass aromatic hydrocarbons. Quality indicators of used diesel fraction are given at Tab.2.   

Table 2. The qualitative measures of used diesel fractions  
Measures  Diesel fraction 

Cetane number  44 
Density at 20C, kg/m

3
 855.8 

Fraction composition, C  
Overpoint 210 
10% distillated at  230 
50% distillated at  285 
90% distillated at  350 
End boiling point  355 
Hydrocarbon composition, %   
Aromatic  16.4 
Paraffine-naphthene  83.35 
Unsaturated  0.25 
 Kinematic viscosity at 20C, mm

2
/s  4.90 

Acidity, mq KOH/100 cm
3 

fuel 140.0 
Iodine number, g I/100 g  fuel 1.2 
Flash temperature C,  76 
Chill point, 

о
С -26 

Cloud point, 
о
С -20 

Total content of sulfur, % mass 0.1000 

The content of  resine in 100 cm
3 

fuel , mg  30.0 
Copper plate test at 100C during 3 h hold 

The content of soluble acids and alkalis, % mass - 

Water content, % - 
Coking ability of 10% residue, % mass 0.18 
Ash content, % mass 0.0028 
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The adsorbents AZ-4 (developed by the Institute of Petrocemical Processes named after 

Yu.Mamedaliyev on the base of minefields of silica-alumina rocks of Azerbaijan), activated 

carbon BAU-A (ГОСТ 6217-74) and spent aluminosilicate catalyst Zeokar-600 have been 

investigated as adsorbents. (Tab. 3-5)  

Table 3. Elemental composition of adsorbent AZ-4  

Sample 
Elements, % mass 

Al2O3 SiO2 K2O CaO TiO2 MnO Na2O MgO P2O5 SO3 Fe2O3 

Adsorbent 

AZ-4  
12.44 59.52 4.15 10.99 0.97 0.15 0.85 1.02 0.057 0.013 9.84 

Table 4. Qualitative measures of adsorbent BAU-A   

Measures BAU-A 

Appearance Black particles without mechanical 

impurities  

Adsorbtion activity for iodine, not less 60 

Total pore volume by water, cm/g, not less 1.6 

Bulk density, g/dm, not more 240 

Fractional composition, mass fraction of the residue 

on the sieve: 

 

№ 36, %, not more 2.5 

№ 10, not more  95.5 

On pallet, %, not more 2 

№ 15, not more - 

№ 5, %, not more  - 

Ash content, %, not more  6 

Moisture content, %, not more  10 

Strength, %, not more - 

Specific absorbing surface, m
2
/g 700-800 

The process of dearomatization of the investigated diesel fraction was carried out at a 1:1 

volume ratio of adsorbent-feed both under normal conditions and under magnetic field influence 

to the feed with intensity of 0.2T.  

The content of aromatic hydrocarbons of investigated diesel fraction after the process of 

adsorbtion dearomatization using the above-mentioned adsorbents under the normal conditions 

and under the influence of magnetic field are given at Tab. 6.   
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Table 5. Quantitive measure of spent adsorbent Zeokar-600  

Measures  Normalized values  
Bulk density in the testconditions, kg/m

3
, within  680-780 

Mass fraction of the target fraction, 3.0-6.0 mm, %, not less 92 
Mass fraction of whole and mechanically strong balls of 
fraction 2.5-5.0 mm, %, not less  

86 

Stable activity on gasoline output, %, not less  28 
Selectivity, %, not less 65 
Mass fraction of moisture removed at 800 ºC, %, not more  2.5 
Mass fraction of rare earth elements in terms of their oxides, 
%, not less  

1.8 

Mass fractions of components, %, not more   
Sodium oxide 0.55 
Irone oxide  0.3 

Characteristic of platinum content – volume ratio of carbon 
monoxide (IV) to carbon monoxide (II) (CO2/CO), not less  

1.5 

The strength of the catalyst with shock-abrasive effects of 300 
s, %, not less  

30 

Table 6. The content of aromatic hydrocarbons after the adsorbtion process with and without magnetic 

influence (in initial fraction the content of aromatic hydrocarbons is 16.4% mas.) 
 
Adsorbent type 

The content of aromatic hydrocarbons, % mass 
After dearomatization process in 

normal conditions 
After dearomatization process under 

magnetic influence (0.2 Т) 
AZ-4 11.8 7.9 
BAU-A 10.8 8.5 
Zeokar-600 6.7 15.2 

Results and Discussions 
As seen from Tab. 6, carrying out the process of adsorbtion dearomatization using all three 

adsorbents leads to significant decrease of aromatic hydrocarbons in diesel fraction. At the same 

time, the diesel fraction obtained at the process of dearomatization using the adsorbents BAU-A 

and Zeokar-600 under normal conditions meets the requirements of the Euro-4 standard for the 

content of aromatic hydrocarbons (less than 11%). Somewhat overestimated value of aromatic 

hydrocarbons is observed on using the adsorbent AZ-4 (11.8% mass). Meanwhile 

dearomatization degree for adsorbent AZ-4 is 28%, for BAU-A – 34.1%, for Zeokar-600 - 

59.1%. 

However, carrying out the process of dearomatization in magnetic field influence with 

intensity of o.2T leads to an even greater decrease in the content of aromatic hydrocarbons. So, 

on using adsorbent AZ-4 and BAU-A, the content of residual aromatic hydrocarbons is 7.9% and 

8.5% by weight. However, using of adsorbent Zeokar-600 carrying out the process under the 

magnetic influence adversely affects the dearomatization process. At the same time, the content 

of residual aromatic hydrocarbons is practically doubled compared to the process under normal 

conditions. Thus under magnetic field influence dearomatization degree for adsorbents AZ-4, 
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BAU-A and Zeokar-600 is 37.8%, 48.1%, 7.3%, respectively.    

The physicochemical properties of the diesel fraction after the process of dearomatization 

using adsorbents AZ-4 and BAU-A under the influence of magnetic field and using the 

adsorbent Zeokar-600 without using a magnetic field are listed at Tab. 7.  

Table 7. The physicochemical properties of diesel fraction after adsorbtion dearomatization 

process on adsorbents AZ-4, BAU-A, Zeokar-600  

Measures  

Diesel fuel measures after dearomatization with 
using adsorbents  

AZ-4  
(magn.field 0.2Т) 

BAU-A 
(magn.field 0.2Т) 

Zeokar-600 (without 
magn. influence)  

Cetane number 47 46.5 48 
Density at 20C, kg/m

3
 849.6 851.7 841.4 

Fraction composition, C    
Overpoint 211 213 210 
10% distillated at  226 228 225 
50% distillated at  281 283 280 
90% distillated at  345 347 344 
End boiling point  350 352 349 
Hydrocarbon composition, %     
Aromatic  7.9 8.5 6.7 
Paraffine-naphthene  92.7 89.2 91.3 
Unsaturated  0.5 1.4 0.3 
 Kinematic viscosity at 20C, mm

2
/ s  4.2 4.08 4.1 

Acidity, mq KOH/100 cm
3 

fuel 135.0 2.0 132.0 
Iodine number, q I/100 g  fuel 1.8 0.8 1.7 
Flash temperature C,  78 78 78 
Chill point, 

о
С -22 -22 -22 

Cloud point, 
о
С -18 -18 -18 

The content of  resine in 100 cm
3 

fuel, m 25.2 17.2 25 
Total content of sulfur, % mass. 0.0985 0.0825 0.0890 
Copper plate test at 100C during 3 h hold hold Hold 
Water content, % - - - 
Coking ability of 10% residue, % mass 0.15 0.11 0.14 
Ash content, % mass 0.0023 0.0012 0.0022 

Conclusion 
As a result of the studies, the process of dearomatization of straight-run diesel fraction 

using adsorbents AZ-4, BAU-A, Zeokar-600 was developed. It was revealed that the quality of 
obtained diesel fractions after adsorbtion dearomatization process using the above mentioned 
adsorbents is improved and fully complies with the requirements of the Euro-4 standard. So, 
cetane numbers increase slightly on using adsorbents AZ-4/BAU-A/Zeokar-600 and make up 
47/46.5/48, respectively. Also the fact of decreases in density, kinematic viscosity, actual resine 
content, total sulfur content, coking ability and ash content are observed.  

Even so, for adsorbents AZ-4 and BAU-A it is recommended to carry out the process of 
adsorbtion dearomatization under the influence of magnetic field with an intensity of 0.2T, for 
the adsorbent Zeokar-600 – under normal conditions.  
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