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The article deals on the studies carried out on effective application ways of 

combustible schists as alternative energy resource, co-refining methods of 

them with organic and mineral parts and also heavy petroleum residues. The 

initial results of hydrocracking process of the mazout refined from Baku 

petroleum with combustible schist are revealed in the paper. 75% wt. light-

coloured petroleum products (gasoil and diesel fraction) are obtained 

depending on the amount of combustible schist by co-hydrocracking of 

combustible schist with mazout  
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Increasing world energy consumption is accompanied by the rapid depletion of major 

energy resources, primarily oil and gas ones. The inevitable depletion of traditional fuel 

resources creates conditions for the search of new sources of raw materials for fuel and energy. It 

requires the development of energy-based and engine fuels based on non-oil-based raw materials 

as well as the production of various monomers for petrochemical industry. From this point of 

view, the possibility of obtaining analogues of natural gas and oil products due to the content and 

properties of non-oil-bearing raw materials is of great importance for petrochemical industry. 

 The production of combustible schists as an alternative to oil among organic crude 

resources amounts to 500 million tons in our republic and are very important from their energetic 

and technological properties points of view. 

The properties of the resin obtained from combustible schists allow them to be an 

alternative source of natural hydrocarbons instead of oil and it’s considered the practical 

advantage of combustible schists. Currently, application fields of solid fuels, in particular, 

combustion schists  based on their deep processing technologies are being developed intensively 

in Russia for the purpose of obtaining liquid fuel, high calorie gas, semi-coke and chemical raw 

materials [1]. 

The world experts in this field [2] agree that all types of combustible schists have a great 

prospect for any country as alternative source of raw material both in the present and future. 

Therefore, the most important way of using combustible schists in our republic is obtaining 

liquid fuels from their organic parts by processing of them through various technological 

processes. 
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Application fields of mineral and organic parts of combustible schists in Azerbaijan 

Combustible schists fields in Azerbaijan were discovered in the beginning of the XX 

century. Combustible schists were out of focus because of the overlap with the discovery and 

processing of large oil and gas reserves. This, in turn, has led to the fuel and energy complex of 

Azerbaijan as a whole based on traditional liquids and gas hydrocarbon fuels. For this reason, the 

usefulness and feasibility of combustion schists remains unchecked. 

Combustible schists are organic and mineral sedimentary rocks belonging to solid 

caustobiolith group, providing the separation of the residual oil from the composition of dry 

distillation. The mineral part of combustible schists (calcites, dolomite, montmorillonite, 

kaolinite, quaternary quartz, pyrite, etc.) prevails mainly in the proportion of kerogen to the 

organic part. The organic part of combustible schists consists of primitive marine algae, zoo- and 

phytoplankton residues that are exposed to biochemical and geochemical transformation. 

Currently, one of the most actual problems is non-studying of using possibilities of 

physico-chemical and exploitation properties of combustible schists, as well as the use of them 

as energy fuel and petrochemical raw materials as the source of the largest hydrocarbon 

resources in Azerbaijan after petroleum and natural gas. 

Combustible schists fields in Azerbaijan are basically located in the eastern part of the 

country, in the northern and southern foothills of the Greater Caucasus. Generally, there are 

about 80 fields and manifestations of combustible schists in Azerbaijan. Guba, Dially and 

Jungychay fields have been studied [9]. 

The energetically interested part of the combustible schists is its organic component - 

kerogen. Kerogen (or kerobitumen) is insoluble organic part of the rocks in solvents. Rather 

complex structured chemical composition of kerogene, is mainly consists of C, H, O, N and S. 

C/H mass ratio in the content of combustible schists varies at 7.5:10. As this property is between 

C/H ratio in coal and petroleum, kerogene structure also occupies an intermediate position 

between coal and petroleum. 

The mineral part of combustible schists consists of quartz, desert (albite), clay, carbonates 

(dolomite, calcite), as well as pyrite and some mineral salts [10, 11]. As the chemical 

composition of the inorganic part is varied, carbonate, alumosilicate-carbonate based schists are 

distinguished due to this peculiarity. The inorganic part of combustible schists contains valuable 

chemical elements, including germanium, yttrium, scandium and other metals. 

Currently, combustible schists are used for the production of various types of construction 

materials based on energy fuel, various types of petrochemical products, as well as the coke-

residue that occurs during thermal breakdowns [13, 14]. 

Effective application methods for combustible schists, complex processing technology and 

the target products obtaining scheme are shown in Fig. 1 [15, 9]. 
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Fig. 1. Effective application fields of combustible schists 

The first of the main fields of combustible schists is the energetic one. Thus, combustible 

schists are burned in the ovens of energy installations as mud fuel [16, 17]. 

The second field is the technological one. In this case, gas and liquid products, such as 

resin, natural gasoline and pyrogenetic water are obtained as a result of subjecting of 

combustible schists to thermal degradation in special aggregates. The heavy resin fraction (about 

50% of the total resin) is used as a raw material for road bitumen production. The high content of 

sulfur in the bitumen is a positive factor and improves the quality of the asphalt cover. 

Medium fraction (about 25-30%) is a raw material for the production of fat and meliorative 

preparations to absorb crossties partially. The other part is directed to the production of 

flammable fuel after the hydrofining process. 
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Gasoline and light fractions (15-25%) are used as raw materials for the production of 

thiophene and its homogeneous. After extraction of sulfur organic compounds, the other part is 

directed to the production of flammable fuel through hydrofining. 

Semi-toxic gases are used for thiophene production. The traditional product of schist 

processing -  sulphyton (medical ichthyol) and other products are obtained from 175-250 °C and 

250-350°C fractions. Besides, technical benzene from thermal processing of combustible schists, 

99% of commodity and 90% technical toluene due to  amount of base material, the xylene 

concentrate consisting of xylene isomers and ethylbenzene mixture is produced and used as 

solvent for paint-varnishes industry and also other purposes [18, 19]. 

The third direction is clinker production. In this variant combustible schists are burned in 

powder form for the purpose of obtaining high grade shale cement clinker in kilns of power 

plants. It is possible obtaining electric energy, chemical products and construction materials from 

combustible schists using them in energy-chemical direction by applying appropriate modern 

technologies [17]. 

The number of large tonnage products obtained from combustible schists processing is 

great even mineral masses and wastes aren’t in the consideration. Energy, boiler and engine 

fuels, schist oils, oils for hopping to wood, meliorative preparations, various phenols, mastics, 

epoxides, raw materials for the production of buffering compounds, etc. are from such ones [13, 

16]. 

The ash residues of thermal processing of combustible schists in the chambers of gas and 

other furnaces are major source of raw materials for the production of cement, mineral wool, 

light concrete filler (agloporite) and other materials. 

The following works are being carried out in the direction of the application of the mineral 

part of  combustible schists in recent years: 

– use of ash residues without cement on constructed layers of road surfaces; 

– use of ash residues and ash with cement on constructed layers of road surfaces; 

– estimitation of activity of schist ash (grinding) for the purpose of using it as passive 

coordinator; 

– the possibility of using grunted schist ash as a mineral powder on asphalt concrete; 

– preparation of emulsion-mineral mixture of ash slag and possibility of using it as raw 

material for preparation of cold asphalt concrete;  

– preparation of different emulsions from schist oil; 

– studying of the possibility of using schist ash as emulsifier in bitumen mastics. 

The application fields of combustible schists mineral parts are shown in Fig. 2. 
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Fig. 2. Application fields of mineral parts of combustible schists 

Numerous scientific studies have been carried out in the direction of thermocatalytic 

cracking of combustible schists with heavy oil products. It has been determined, that organic and 

mineral parts of combustible schists have activating effect on thermal transformation of heavy oil 

products [3]. Co-processing of goudron with combustible schists has also been studied. It has 

been determined, that not only physical transformation on the surface of dispersive particles, but 

also chemical transformation occurs in the process of mixing of goudron with combustible 

schist. As a result of co-processing of them, simultaneously with obtaining the fraction boiling 

up to 360°C, resin-asphalt substances amount increases on combustible schist particles. 

The technological parameters for goudron thermocracking is as: temperature is 415-425 °C 

and the maximum amount of combustible schists - 10-13%. It is revealed, that mineral part of 

combustible schist serves to remove coke and so prevent the unit coking. 59% of light-colored 

petroleum products (gasoline and diesel fraction), 14.5% vacuum gas (raw material for catalytic 

cracking), 25-26% crushed residue (can be used as a cold asphalt concrete mix) are obtained by 

the process. 

Systematically, thermochemical processing [3, 4] of heavy oil residues (mazout, goudron) 

with combustible schists has been studied for the purpose of obtaining light-coloured distillates 

from them. It has been determined, that combustible schists are used as activating additives. At 
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the same time, the influence of the main parameters of thermochemical processing of oil residues 

on the yield and quality of obtained light colored distillates have been studied. 

Optimal mode parameters: temperature is 415-425°C, and the amount of combustible 

schists according to the raw material - 10-13%. In this case, the yield of light distillates amounts 

to 50-60%. It has been revealed, that reduction in size of the combustible schists particles from 

0.2 mm to 0.063 mm causes intensive conduction of the process and increase in the yield of light 

colored distillates by 8-12%. It has been determined the fraction with initial b.p. of 360°C may 

be undergone to hydrofining in the presence of industrial catalyst Al-Co-Mo, at volume velocity 

of 1 h
-1

,  370°C and  under 4.0 MPa, for the purpose of obtaining gasoline and diesel fraction. 

The authors [5] suggest using of various activators - additives as catalyst for thermal 

destruction of petroleum residues for the purpose of reducing the process temperature or 

increasing the yield of light petroleum products. Sankt-Petersburg State Technical University 

recommend the usage of the combustible schists, their mixture with alumosilicate catalysts and 

the mixture of sapropolites, sapromyxites and combustible schists with natural zeolites. Use of 

these additives allows increasing the yield of light petroleum products by 10-15%. 
The results of the thermal cracking process of the suspension of goudron with crushed 

Pribaltica combustible schists for the purpose of obtaining motor fuel components are revealed in 

[7]. The results prove a number of advantages of the process over industrial thermal cracking. 

So, that as a result of one-stage processing of raw material, the yield of the fuel fraction in 

relatively moderate conditions (5.0 MPa, 425 °C, volume velocity 1.0 h
-1

) amounts to ~ 12% wt., 

medium distillates yield (180-360°C)  - 43-44% wt., raw material fraction of the catalytic 

cracking fraction (360-520 °C) -  ~ 15-16% and goudron deepest destruction is occurred in these 

conditions. V and Ni in obtained coke and raw material are removed from the reaction zone and 

collected in the mineral part of combustible schist. 

The authors of [7] carried out hydrocracking process in the presence of natural zeolites that 

are 5-20% of Al2O3 in the content of heavy petroleum residues (particle sizes less than 100 μm) 

at 390-450 
o
C, under 0.2-5 MPa, 1-6 h

-1
 volume velocity. Zeolite contains up to 7% of Fe oxides. 

The amount of catalyst in the initial raw material has been taken as 1-10%. This method has 

allowed obtaining of light-coloured petroleum products without intensive coke production. 

Goudron thermolysis in the presence of combustible schists, synthetic and natural zeolites as 

activated additives was studied in [8]. It was determined that 54% wt. of light petroleum 

products (13.9% of petrol, 40.9% diesel fraction) were obtained by goudron thermal cracking in 

the presence of 13% combustible schists and 5% zeolite. 

The initial results of mazout hydrocracking with combustible schists under low pressure 

are revealed in the paper without carrying out additional preparation processes (distillation under 

vacuum, desulfurization, non-asphalting, etc.) of raw materials. Hydrocracking is carried out at 

430°C, under 7 MPa. 

Mazout obtained from Baku petroleum and Guba combustible schists were taken as 

primary raw materials. Physico-chemical properties of the mazout are set into Tab. 1. 

 

 



CO-PROCESSING OF COMBUSTIBLE SCHISTS ... 

ISSN: print - 1726-4685; online - 2519-2876 377 

Table 1. Physico-chemical properties of mazout 

Properties Amount 

Density at  20 C, kg/m
3
 939.4 

  Fractional composition, % wt.:  

b.p., C 346 

< 350 2 

350-400 5 

400-450 18 

450-500 23 

> 500 52 

Coking, % 5.7 

Ash amount, % wt. 0.0658 

Metals amount (ppm)  

V 8·10
-4

 

Ni 13.2·10
-4 

Fe 4.0·10
-4 

Cu 0.54·10
-4 

Na 3.2·10
-4

 

Freezing temperature, C +22 

Kinematic density, 100 C, mm
2
/s 17.9 

Asphaltens amount, % wt. 2.8 

Molecular mass 475 

Resin amount, % wt. 10.28 

Sulfur amount, % wt. 0.8 

Combustible schist additives are pre-cut at 10-50 microns, add to mazout in the amount of 

2.5-10%, homogenized at 80-90C, mixed until homogeneity and suspension is prepared and 

filled to autoclave. 

The hydrogenation obtained from the process is filter easily, remaining solid residue in the 

filter is sufficiently dried, measured, and the coke yield is determined. Or it is burned in muffle 

furnace after drying, and the coke weight is determined gravimetrically. The obtained ashless 

fluid product is distilled under atmospheric vacuum unit and separated into gasoline (b.p.200C), 

diesel (200-360C) and residue > 360C fractions. 

Influence of combustible schist amount on the yield of light colored products obtained by 

hydrocracking process is given in Fig. 3.  

As is evident from the graph, increase in the amount of combustible schist results in 

decrease of coke amount and increase of gasoline and diesel fractions yields. It’s explained by 

the fact, that organic and mineral parts of combustible schists have activating effect on the 

thermal transformation of heavy oil products [3]. 

Thus, various compounds having hydrogen donor properties are formed in the temperature 

range 370-420C by the destruction of the organic part (kerogene) of combustible schist. These 
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compounds are actively assisted in the hydrogenation of unsaturated compounds formed by 

cracking of heavy oil residues simultaneously with preventing intensive coke-forming  reducing 

that it causes reducing of coking on  the devices, in other words, play coke-extracting role. The 

combination of the addition of high-density (10-50 micron) combustible schist particles to the 

reaction medium with the thermal process results in coke sediments on their surfaces and does 

not fall on the reactor wall [21]. On the other hand, mineral parts of combustible schists as  the 

oxides of alumosilicates, iron, molybdenum, cobalt, nickel and other catalytic active metals 

cause the intensification of cracking and hydrogenation reactions. 

 
 

Fig.3. Influence of combustible schist amount on hydrocracking process of mazout  

         (430
о
C, P-7 MPa) 

         1 – coke, 2 – gasoil, 3 - diesel 

Thus, the yield of the light oil products obtained by hydrocracking process of mazout with 

combustible schist (the fraction boiling up to 360°C) increases up to 75% depending on the 

amount of combustible schist. The fraction of obtained  gasoline is stable, characterized by the 

low content of aromatic and unsaturated hydrocarbons. Its octane number amounts to 80-82 by 

research method, but 70-72 p. by motor method. Diesel fraction is also characterized by a small 

number of aromatic hydrocarbons and it results in its cetane number of 44-46 p. Gasoline and 

diesel fractions can be used as components for commodity fuels after hydropurification. 
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