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ABSTRACT 

 This article is devoted to the study of oil shale as an alternative source of raw material for the 

production of motor fuels components. The optimal parameters of oil shale pyrolysis with shale pitches 

extraction were experimentally determined. It is ascertained that in the pyrolysis of source shales the 

output of tars makes10.8%. The study shows, that preliminary oil shale bacterial processing causes an 

increased release of shale oil output.  The possibility of utilizing oil shale fractions as components of 

motor fuels has been shown.    
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INTRODUCTION 

 The trend of rising oil prices on the world market, the continued depletion of its reserves, cause 

considerable activation of works on exploration and development of alternative types of raw material for 

motor fuels production.  Oil shale is a promising raw material for the production of motor fuels or 

components for their manufacture. Oil shale presents a complex system consisting of organic-mineral 

compounds.   

The conditions of Uzbekistan, where huge reserves of oil shale concentrated, necessitate 

scientific tasks aimed at extracting shale pitches and their separation from valuable components of motor 

fuels[1].           

 For oil tar extracting the process of burning without access of oxygen (oil shale pyrolysis) is used. 

The main task in oil shale pyrolysis aimed at obtaining motor fuel components presents a complete 

extraction of shale pitches or shale organic component from motor fuel composition. As an object of 

study, Baisun oil shale deposits of Uzbekistan were selected.  

 The pyrolysis of oil shale was carried out on laboratory facility, which is an electric furnace and a 

container made of metal tube lowered into it. The container has a special outlet to capture a liquid 

fracture by condensation of substances forming at a sample pyrolysis.  

 When simulating the mode of pyrolysis the temperature and the speed of reaching selected 

temperature and the time of retaining selected temperature are taken into account. The mass of feed 

material made up to 0.5 kg. According to the result of pyrolysis the mass of liquid fraction and solid 
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residue were identified.  On the difference between initial burned material and the total mass of liquid 

fraction and solid residue the mass of gas fraction and losses were calculated.  

 Table 1 shows the study results regarding influence of pyrolysis temperature and the time of 

retaining maximum temperature of processing on the release of pyrolysis products.   

Table 1:  Selection of time and optimum temperature in oil shale pyrolysis. 

 Changeable parameters Product release 

Burning 

Temperature, 

C 

Time,    min Solid residue Liquid fraction 
Gas fraction 

losses 

 

300 

30 97.7 0.4 1.9 

45 96.4 1.1 2.5 

60 95.5 1.6 2.9 

75 84.0 1.9 3.7 

400 

30 92.5 4.1 3.4 

45 91.1 4.8 4.1 

60 89.4 5.8 4.8 

75 86.5 6.3 6.2 

500 

30 89.0 6.3 4.7 

45 86.3 8.0 5.7 

60 85.0 8.4 6.6 

75 83.9 9.6 6.5 

550 

30 83.7 9.5 6.8 

45 81.7 10.8 7.5 

60 81.0 10.8 8.2 

75 80.8 10.9 8.3 

600 

30 80.8 10.5 8.7 

45 80.4 10.9 8.7 

60 79.6 10.8 9.6 

75 79.1 10.8 10.1 

 

  As can be seen from the table, at temperatures up to 300o C the  results of liquid and gas products are 

practically invisible. An increase in the temperature of pyrolysis to 600oC does not lead to any changes in 

the release of liquid fraction.  
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  Proceeding from that, we have chosen optimal parameters for conducting the process of pyrolysis - 

temperature 550oC and the time for maximum temperature 45-60 minutes. In this mode, the output of oil 

shale pitches was 10.8% by mass.  

  Given that a large proportion of metals in oil shale rock is a part of  sulphide minerals, a prior 

scheme of bacterial oxidation of sulphides was chosen for transforming metals into solution [2].  

  It should be noted that initial stage of biostimulation was seen as very desirable for extracting a 

portion of metals into a separate solution with parallel decrease in the content of reduction forms of 

sulfur in the burned material. During research the influence of bacterial processing of oil shale on the 

release of oil shale pitches was experimentally detected. 

  Biological processing was conducted in the baths of 0.4 m3 by basin (reservoir) method.  The 

material grinded to class 3 size +0 mm and bacterial solution were downloaded into baths. 

  For processing natural acidophilic association with prevalence of bacteria species of Asiditibacilus 

ferrooxidans, actively growing at pH 1.2 – 2.5 values were used. This environment was provided by 

adding sulfuric acid of 3% strength. The period of processing lasted 60 days. The association of 

acidophilic bacteria grew in the medium containing FeSO4 • 7H2O – 11; K2HPO4 – 0.125; (NH4) 2SO4-1; 

MgSO4-0.05.       

 

Figure 1. The dependence oil tar release on the time of bacterial treatment 
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    As shown in the figure 1, bacterial processing of oil shale conditions an increased release of oil 

shale pitches. Thus, as the time of bacterial treatment extends up to 60 days the increase in the output of 

oil shale pitches up to 18.0% is observed. Obviously, under the influence of bacteria both organic and 

inorganic material of oil shale changes.   

 Modification of inorganic part is that some carbonates, phosphorus and silicate minerals are 

destroyed under influence of sulfuric acid introduced for acidification with formation of soluble 

compounds or insoluble secondary products (gypsum).   

     In addition, bacterial oxidation of sulfide minerals occurs with access into bacterial solutions. The 

effect of bacterial solution on the organic component of oil shale is very complex.  

 It must be stressed that the effect of bacteria on organic matter of shale has rather indirect impact 

than direct. The used acidophilic associations and autotrophic microorganisms relate to microorganisms 

that do not use organic matter for their vitality. So, apparently, it is possible to speak about the effects 

made by medium of bacteria cultivation  on degradation of organic matter in oil shale due to low pH, the 

presence of such a powerful oxidizer, as acidized iron which is produced by cells and other inorganic 

elements, as well as production of proteins, peptides, organic and fatty acids by cells into the medium of 

extracellular metabolites.  

 In addition, oxidation of sulfides carried out by bacteria directly leads to the discovery of organic 

matter, which is exposed to the environment, and the presence of vanadium in the original raw material 

presumably, contributes to the destruction of organic matter in oil shale.     

 To explore the possibility of obtaining fuel components a shale oil has been extracted by pyrolysis of 

biologically treated oil shale during 60 days on the experimental tool with the load of 10 kg. The shale 

oil was exposed to fractioning. 

 The curve of fractional composition is given in the Figure 2. 
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Figure 2. Fractional composition of shale oil  

 As you can see in Figure 2, a summary release of light fractions boiling out at the temperature up to 

3500C  and corresponding to the limits of boiling out temperature of motor fuels obtained from raw 

material of petroleum origin makes up to 70%.  

 On this basis, to identify possible ways of oil shale oil processing in order to obtain various 

petroleum products by the method of fractional distillation, the tar was split into fractions of NC-170oC, 

240oC, 170-240-350oC.  

CONCLUSIONS  

 Studies have shown that these fractions in general similar to oil fractions. A distinctive feature of the 

fractions of oil shale is elevated value of aromatic hydrocarbons. If in the first two fractions their content 

ranges from 48 per cent, in the fraction of 240-350oC the content of aromatic hydrocarbons is 70%.  

 Therefore, the peculiarity of shale oil as a potential alternative raw material for the production of 

petroleum products is a high level of aromatic hydrocarbons in the received fractions. This fact of course, 

will determine an appropriate composition of technological processes for skilled processing. Their 

processing   requires the creation of specialized factories, which along with the usual processes of oil 

refining should include hydro treating processes and the production of high power hydrogen. The method 

of shale oil treatment is considered as perspective for obtaining individual aromatic hydrocarbons and 

various solvents presenting valuable raw material for chemical and other industries. 
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