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ABSTRACT 

 The results of studied methods applied in preparation of oil shale for 

pyrolysis and their impact on quality and selection of obtained matter were 

stated in the article.  The researches stowed that alkaline treatment coursed 

removal of reduction ability of sulfur forms. Most effective removal of these 

forms emerged at 1%. NaOH concentration. It was revealed that oil shale 

treatment with sulfur acid and bacteria of   Asiditibacilus ferrooxidans led to 

increased output of oil shale to 2.3% of and 7% from the weight of burned 

material). It was shown that studied methods of preliminary treatment of oil 

shale before pyrolysis made in accordance with fuel variant of oil shale 

processing should be selected with the purpose of direct effect on degradation 

processes of organic, mineral and organic – mineral slate substances contributing 

to decreasing the sulfur content and conditioning maximal extraction of oil slate 

for obtaining motor fuel components.   
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INTRODUCTION 

 Nowadays an area of research, providing for the creation of effective 

methods and the most optimum conditions for oil shale pyrolysis has become 

very essential.  The research is aimed at maximizing an extraction of oil shale 

organic matter for their utilization as components of motor fuels or other 

valuable products. Taking into account the above mentioned, this paper studied 

the methods of oil shale pyrolysis preparation and their effect on the depth of 

selection and the quality of shale tar. As the object of study an oil shale sample 

of Baisun field deposits has been involved. We have investigated alkaline, acid 

and bacterial methods of oil shale pre-treatment prior to conducting the 

pyrolysis. Considering that alkaline treatment of oil shale recovery affects the 

recovery forms of sulfur, the studied sample of oil shale was subjected to 

alkalization by NaOH solution.  Defining of sulfur was made by standard 

method [1].  

 Dependence of oil shale desulfurization degree on the concentration of 

NaOH solution is shown in Table 1. As the table shows, an alkaline treatment of 

oil shale leads to the reduction of regenerative forms of sulfur. The most 

effective reducing of regeneration forms of sulfur (up to 83%) occurs at NaOH 

concentration of 1%. It should be noted that the study of the influence of 

alkalization on the yield of shale tar on the pyrolysis of oil shale at 550 ˚ C 

showed that the alkalization of shale oil has virtually no effect on the yield of 

shale tar, which was about 11%. 

   Reducing sulfur content in the organic part of oil shale for oil shale 

processing in the direction of fuel variant is of exceptional technological interest 

as the initial phase of preliminary material, causing reduction of sulfur content in 

products which can be obtained from the available shale tar and used as 

components of motor fuels. In connection with this pre-treatment process of oil 

shale by NaOH solution can be of practical importance in the designing of 
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technological chain of processing as an essential link in providing reduced sulfur 

content in the final products of shale tar separation. 

Table 1 : The composition of oil shale after alkalization by solutions of 

different NaOH concentration 

The treated 
sample 

Composition of products % 
% content of forms of 

sulfur 

degree of 

desulfurization 

Moisture 
Ash 

Total 

Organic 

Matter 
Sulphate 

sulfur 

(S2-) 

Sulfide 

(S2 +) 
S2 + % of ref. 

Without treatment 1.5 60.1 40.94 5.2 3.3 1.9   

Treatment with 

1%  NaOH 
1.36 59.06 39.58 6.4 5.73 0.67 3.29 83.1 

Treatment by 5%  

NaOH 
1.62 59.96 38.42 3.28 0.13 3.15 0.83 21.46 

Treatment with 

10%  NaOH 
1.5 60.2 38.30 3.34 0.17 3.17 0.79 19.9 

Treatment with 

20%  NaOH 
1.96 61.02 37.02 3.59 0.21 3.38 0.58 14.6 

 

 Along with alkaline form of treatment, we have studied an acidic and 

biological treatment of initial sample of shale. These stages include proper 

acidification and biological treatment of oil shale. Acid and biological treatment 

was made by basin (reservoir) method in the baths of 0.4 m3. In the baths the 

fractional loading of the material crushed to size class 3 +0 mm with the 

injection of sulfuric acid solution of 3% concentration as well as bacterial 

solution were applied. 

        For processing purposes the natural acidophilic associations with prevalence 

of bacterial species of Asiditibacilus ferrooxidans, actively growing at pH 1.2 - 

2.5 were used. The association of acidophilic bacteria used to influence the 

slates, were grown in advance, in parallel with the operation of acidification in a 

separate fermenter.  Bacteria were grown in the medium containing g / l: FeSO4 

• 7H2O - 11; K2HPO4 - 0.125; (NH4) 2SO4 - 1; MgSO4 – 0.05. In our case, given 
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the relatively high cost of iron sulfate, we obtained a solution of iron protoxide 

from iron chip independently by sulfuric acid treatment of the latter solution. 

Cultivation of association was conducted at pH 1.7-2.1 and at constant aeration 

of the solution from air compressor (air flow - no less than 0.3 l / h • l). 

 Table 2 shows the data on the output of tar shale at the pyrolysis of Baisun 

oil shale processed with sulfuric acid and bacterial treatment. For the processing 

of oil shale the classical method of material pyrolysis conducted without oxygen 

access has been used.  Pyrolysis was carried out on laboratory apparatus at the 

temperature of 550 ° C with the liquid fraction by condensation of sublimate. 

The mass of material was up to 0.5 kg.  After each firing the mass of liquid 

fraction was determined as well as the mass of solid residue (semi-coke). In 

accordance with the difference between the initial amount of burned material 

and the total mass of liquid and solid fractions, the mass of gas fraction was 

calculated. 

Table 2 : Yield of fractions obtained by pyrolysis of Baysun oil shale 

Initial sample 

Pyrolysis % fractions yielding from  

initial amount of 

volatile 

compounds Hard,  

semi-Slate 
Slate resin 

Uncaptured 

gas side 

Source shale 74.5 12.0 13.5 25.5 

Kek acidification 78.86 14.33 6.81 21.14 

Bacterial Kek 15 

days 

78.31 16.05 5.64 21.69 

Bacterial 30 days 78.26 16.89 4.85 21.74 

Bacterial  45 days 77.35 17.50 5.15 22.65 

Bacterial  60 days 72.4 18.0 9.60 27.6 
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 As seen from Table 1, the acidification process of shale increases the yield 

to 2.33% (from weight of fired material). Bacterial treatment also causes an 

increased output of shale tar. Moreover, depending on time prolongation of 

bacterial treatment, an output of oil shale tar increases at the achievement of 

18.0% during treatment period of 60 days. Consequently, it is obvious that there 

is a change of both organic and inorganic components of oil shale material. The 

change of inorganic part is that the carbonates, some phosphorus and silicate 

minerals are destroyed under the influence, injected for sulfuric acid 

acidification with the formation or soluble compounds or insoluble by-products 

(gypsum). In addition, there is a bacterial oxidation of sulfide minerals with the 

removal of bacterial solutions.    

 Impact of bacteria and bacterial solution on the organic component of oil 

shale has been of a very complex character. It must be emphasized that the 

impact of bacteria on organic matter of shale has the nature of more indirect 

effect than direct. Used acidophilus association and bacteria are autotrophic 

microorganisms, i.e. microorganisms that do not use organic matter for their 

vitality. Apparently we can talk about the impact of culture medium of bacteria 

on degradation of oil shale’s organic matter. It occurs due to low pH 

environment, the presence in the environment of such a powerful oxidant as iron 

oxide, which is the product of cell activity and other inorganic elements, as well 

as production of metabolites - proteins, peptides, organic, and fatty acids by cells 

into the extracellular environment. 

 In addition, the oxidation of sulphides, carried out directly by bacteria leads 

to dissection of the organic matter, which is exposed to environmental influence 

and the availability of such elements as vanadium in the initial raw material also 

contributes to degradation of shale’s organic matter. It should be noted that 

during acidification process, the native microflora development (microflora 

contained in oil shales themselves) was found.  The presence of various 
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thiobacilli: As. ferroouxidans, As. thiooxidans, As. Denitrificans was also 

revealed. 

 Studies have shown that the number of cells able to oxidize sulfur and/or 

iron as defined in [2] has been increasing steadily and reach under the - the same 

pH values of pulp, 2.5 • 104 - 6 • 105kl / g (sulfur-oxidizing) and 1.3 • 105 - 6 • 

106kl /g (iron- oxidizing). Consequently, the gradual acidification of oil shale 

material leads to the activation of natural associations of microorganisms 

growing in pulps with the material of oil shale as solid.  

 The above-mentioned types of bacteria are autotrophic microorganisms that 

are able to grow in acidic environments, such an increase in the number of cells 

of acidophilic species, as acidification of the material is an evidence of oxidation 

of sulfide minerals that make up the shale. 

 In other words the regime of prior gradual acidification of oil shale material 

by sulfuric acid, can enhance aboriginal microflora and obviously to reject 

completely or partially from the mass inoculation of cultures of bacteria 

specially grown in separate fermenters and move to reproduction of used 

bacterial species due to acidification of  shale at continuous processing 

technology of oil shale.  

CONCLUSIONS 

 Thus, all the studied methods of oil shale pre-processing, conducted prior to 

pyrolysis in accordance with fuel processing option of shale resins should be 

chosen with the purpose of target influence on  degradation processes of organic, 

mineral and organo-mineral matter of oil shale which contribute to  

transformation of regenerated forms of sulfur as metal sulfates into solutions. It 

also causes the maximum extraction of shale tar components for obtaining motor 

fuels. Thus the best conditions for reducing a sulfur content and increasing   the 

yield of shale tar is achieved by including  the process of shale bacterial 

treatment  in the preparation stage. 
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