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Abstract 

In this article the current status of processing problem of heavy oil 

residues was investigated, special attention was given to the problem of 

catalytic treatment of heavy oil stock,catalytic processes were classi-

ficated andthe summary of research processes carried out for obtaining of 

light oil products through the most effective hydrocracking process were 

given.The processing methods of shale oils, which is alternative to oil and 

which resources are enough in the world and also in our republic, the 

thermocatalytic cracking processes of them together with heavy oil stocks, 

and the studies conducted on this direction have been described.In 

addition, the results of the hydrocracking process of the fuel oil with the 

shale oils were given, and the effect of temperature on the hydrocracking 

process was investigated.Influence of temperature on the process was 

studied at 1 MPa pressure and 400-460°С temperature intervale. It was 

found that when the process is carried out at 400°C temperature, the yield 

of light oil products is 30% (wt.), while temperature rises to 450 °C, the 

yield increases 38% and constitutes 68% (wt.). Gasoline fraction and 

diesel fractions obtained from hydrocracking process of fuel oil with shale 

oils can be used as component to fuels after hydrotreating process 

Keywords: thermocatalytic processes,hydrocracking, fuel oil, shale oil, gasoline 
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Introduction 
The modern world balance of oil consumption shows an increase in the demand for 

engine fuel. Increasing the part of total processing of heavy and high-sulfur oils at the same time 

leads to a reduction of the yield of light and medium distillates and worsening their quality. 

Therefore, the development of the oil refining industry requires deep processing and rational use 

of oil residues. 

The lack of technologies which are used in the existing productions is the lacking of deep 

complex processing of heavy oil residues (HOR). Practically, in many countries including the 

Refinery of Russia, goudron is underwent to the process of viscosity breaking and used for 

production of boiler fuel. In many Refineries, the production of oil bitumens is realized by 

oxidation of oil residues [1-2]. The disadvantage of this process is the significant air 

consumption and the generation of hardly used (utilized) wastes. 
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The current level of development of scientific research and technological processes allows 

to obtain large quantities of commercially available petroleum products from oil residues, as 

well as carbon products from high-quality carbon coke.The leading role in the solution of this 

problem is given to hydrogenation catalytic processes, which are allow to prepare the oil 

residues for further processing by the processes of metal decontamination, sulfur removal, 

saturation with hydrogen.Such processes are characterized by high flexibility and good quality 

of products.However, the necessity to high investments (hard conditions of the process,  

complexity in the design of the apparatus, the presence of hydrogen and complicated catalyst 

systems) can be noted as shortcoming.  

In the economically developed countries(USA, Japan), where the oil is refined for import, 

certain successes have already been achieved in industrial implementation of such processes [3-

4]. 

However, currently in internal oil refining and in industrial scale there are no qualified 

catalytic systems for processing of fuel oil and goudron to high-yield and high-quality 

products.The desulphurization process(equipped with reactor and compressor equipment) of fuel 

oil and goudron has not been developed.The adsorption-catalytic cracking and thermodeasphalt-

ing processes of HOR are at the stage of pilot studies.  

Worldwide, the following group of treatment processes of HORin the oil refining 

industry have a wide application area [5]: 

 Thermal and thermocatalytic processes —these processes are based on the extraction of 

carbon excess or carbon-rich products by comparison with primary raw materials (oil 

coke, coking on the catalyst of cracking process, cracking residue, catalytic cracking gas-

oil, heavy pitch obtained from pyrolysis, etc.) from the composition of HOR; 

 Hydrothermal and hydrocatalytic — these processes are based on the introduction of 

hydrogen from the outside and thus, on the formation of low- and medium-molecular 

fuel fractions or a compound containing small sulfur, oxygen and nitrogen compounds 

and a rich product possessing metals; 

 Thermo- və catalytic oxidation processes — these processes are accompanied by the 

formation of carbon oxides and hydrogen viagasification of coke and HOR with oxygen 

vapor and/or vapor, these compounds are considered to be semi-product for the synthesis 

of hydrocarbon oxides (alcohols, ethers, ketones, aldehydes, etc.).This group also 

includes the process of carbonation by oxidative condensation for the production of 

bitumen. 

The hydrocatalytic processes are the most effective processes in the deep processing of 

heavy oil residues. For the purpose of obtain light oil products hydrocracking (HC) of oil 

distillates and residues is a popular destructive process of oil refining. This process is primarily 

spread in the United States. 

The main advantage of the HC is the ability of processing of distillates, also residual 

stocks accompanied by obtaining of high quality products: compressed gases, gasoline withhigh 

octane number, diesel with low freezing temperature and jet fuels and oils.HC is the only second 

oil refining process that allows a significant expand in jet fuel resources. 
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The wide use of hydrocracking processes is delayed due to high capital investment and 

maintenance costs.These reasons descended from the high pressure and high hydrogen 

consumption, in which conditions the process is carried out.  

Currently, improvements are being done on HC processes of residues, based on the use of 

fixed, fluidized or suspended bed of the catalyst. 

The direct HC process conducted on fixed bed catalyst is not economically feasible 

because of the rapid deactivation of the catalyst due to impurities in residual stocks.  

As a preparation stage, the process of asphalting with solvents for the processing of 

residues and heavy oils containing 500 mg/kg of metals, is ineffective.For this reason, 

perspective processes such as catalytic hydrodeasphalting and hydrodemetallization are being 

created. 

The "ABC" process [6], which is a type of the HC process and aimed at selective 

decomposition of asphaltenes was developed by firm “Chiyoda” (Japan). A wide-porous catalyst 

has been created for the process, which has a high resistance to metal poisoning and at the same 

time provides the deep conversion of asphaltenes and the process of demetallization.Depending 

on the demand for the products, a combination of several variants of the ABC process is offered: 

following demettallization process with solvent, as a result of this process liquid product 

(product of the deasphalting process) with minimum content of metals and asphaltens is 

obtained, or process of hydrodesulphurization orviscosity breaking.  

The thermal hydrocracking process by named “Dyna-cracking” developed by 

«Hydrocarbon research», allows the processing several residual stocks with a high coking 

capacity and a large quantities of metals, especially nitrogen and sulfur inside [7].  

The composition of the products of «Dyna-cracking» process depends on the amount of 

recycling and the temperature in the hydrocracking and gasification zones.The optimal pressure 

for the maximum amount of liquid products is 2.8 MPa and the temperature is 496 ° C. The 

partial pressure of hydrogen is 0.88-1.05 MPa.In spite of this, the process of 

hydrodesulphurization (about 30-65% from the raw material) and hydrogenation of dienes is 

occur notably. The high content of gasoline in liquid product is characteristic for this process. 

The amount of coke is very low. Apparently, at the relatively low hydrogen pressure, the high 

yield of liquid products and the low amount of coke is conditioned by the presence of atomic 

hydrogen in the hydrocracking zone. 

The thermal hydrocracking process for treating of vacuum residues —“MRH (Mild Resid 

Hydrocracking)”was developed by “Idemitsu Kosan” and “М. W. Kellog” firms jointly [8]. The 

process is carried out at a pressure of less than 8 MPa on the applied (measured) layer of a cheap 

suspended catalyst (as the used catalyst of catalytic cracking of fluids). The conversion degree of 

vacuum residues of heavy Arab oils reaches to 80-90%. The process was designed on a pilot 

device. The main advantages of the process are low pressure and obtaining of high quality 

distillate products. 

The “Н-Oil” [9] (by“Hydrocarbon Research”) and “LC-fining”[10] (by“Lummus 

Crest”)processes are universal processes that comprise the HC, which carried out over the 

catalyst’s fluidized bed. These processes allow to process practically any, including the most 
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undesirable raw material into qualitative distillate products. These processes of HC have been 

assimilated in the industry, but have not been widely used due to the high capital investment. 

The operating costs become extremely high with increasing of concentration of metals inside the 

heavy residues.Therefore, it is proposed to use a protective reactor in the "H-Oil" process, the 

reactor is filled with a cheaper demetallization catalyst, and some of the toxic compounds are 

removed. 

Numerous scientific studies have been conducted in the direction of thermocatalytic 

cracking of heavy oil residues together with shale oils. It has been established that the organic 

and mineral parts of shale oils have an activating effect on the thermal conversion of heavy oil 

products [11]. 

The authors [12] have developed the principal fundamentals of a new process of 

thermochemical processing of oil residues based on the experiments on thermal solubility of 

shale oils. The basis of the process is the unique properties of shale oils, which are natural 

generators of radicals, catalysts of cracking anddonors of hydrogen.The process is occur at 390-

440 °С temperature and 3-8 МPа pressure. The peculiarity of the Baltic’s shales used in the 

process is the high level of hydrogen in the organic mass. Other sapropelite fuels may also be 

used in this process: Povolj sulfur shales, Kuzbas sapro-mixed or far east sapropelite. 

The basis of the made process consist of the considerations about the mechanism of 

thermal destruction (thermal solubility) of the organic mass of shale oils [13, 14]. Under 

accepted conditions, the processes of decomposition and fluidization of organic mass of shale 

oils are occur  by the formation of liquid products containing radicals with various molecular 

mass and compounds, which are possessdonor-hydrogen characteristics (hydrogen-forming 

condensed aromatic hydrocarbons, nitrogen and oxygen-containing derivatives, as well as cyclic 

alcohols).Under the thermochemical processing process, these chemically active compounds 

formed from the organic mass of the shale oils conditions the destruction (by radical-chain 

mechanism) of hydrocarbonswith highboiling temperature contained in goudron.Mineral 

parts,mainlyconsisting of alumosilicate and ferrous salts, have a significant influence on the 

development of hydrogenation reactions of compounds, which are composed of initial raw 

material, and their decomposition products [15]. 

During the thermochemical processing of goudron in the presence of shale, along with 

the destructionof high-molecular hydrocarbons of goudron, it is possible that destruction of 

asphaltenes contained in it also occur.The main part (up to 90 %wt.) of organic mass of shale 

converts to liquid and gaseous products [16]. In the developed process, the shale oil and its 

conversion products are activated, as mentioned, the destruction reactions of goudron are the 

source for the components of liquid products of the process. 

Experimental Part 

Recently, in the Institute of Petrochemical Processes many scientific-research works are 

being conducted towards the hydrocatalytic processing of shale oils with fuel oil.The studies 

about the effect of temperature on hydrocracking process of fuel oil together with shale oils 

carried out at low pressure, directly and without additional preparation processes (distillation 

under vacuum, desulphurization, deasphalting, etc.) were givenin this article.At the beginning, 
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oil shale additives are crushed to a size of 10-50 microns, added to fuel oil in an amount of 2.5-

10%, homogenized at a temperature of 80 - 90⁰C, and then mixed until became an uniform state; 

thus, a suspension is prepared, which is then immersed to autoclave. 

The liquid product obtained from the hydrocracking process is easily filtred and the residue 

in the filter is dry enough.It is washed with benzene, dried, weighted and the coke output is 

determined.The non-ashy liquid product obtained from the process distillated to gasoline (o.p.-

200⁰C), diesel fuel (200-360 
о
C) and residue> 360 

о
Cin an atmospheric vacuum unit. 

The physico-chemical properties of the fuel oil obtained from Baku’s petroleum and used 

as a raw material are given in Tab. 1, and the results of the element analysis determined by the 

X-ray fluorescence method of shale oils are shown in Tab. 2. 

Table 1.Physico-chemical properties of fuel oil 

Indices Quantity 

Density at 20 C, kg/m
3
 939.4 

Fractional composition, % wt.:  

o.p., C 346 

< 350 2 

350-400 5 

400-450 18 

450-500 23 

> 500 52 

Coking, % 5.7 

Ash content, % wt. 0.0658 

Content of metals (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 viscosity at 100 C, mm
2
/s 17.9 

Content of asphaltenes, % wt. 2.8 

Molecular weight 475 

Content of resins, % wt. 10.28 

Content of sulphur, % wt. 0.8 
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Table 2. Results of elemental analysis of mineral parts of shale oils  

 
 

Shale oil 

Metals and metal oxides 
N

а 2
О

 

М
g
О

 

A
l 2

O
3
 

S
iO

2
 

P
2
O

3
 

S
O

3
 

K
2
O

 

C
aO

 

T
iO

2
 

M
n
O

2
 

F
e 2

O
3
 

L
o
ss

 
d
u
ri

n
g
 t

h
e 

ca
lc

in
at

io
n

 

Amount, 
% weight 

 1
.2

5
 

2
.2

0
 

1
3
.7

5
 

4
3
.1

6
 

0
.1

7
 

0
.0

1
5

 

2
.5

6
 

2
.8

7
 

0
.6

3
 

0
.0

5
4

 

7
.3

0
 

2
5
.6

1
 

Amount, 
ppm 

Ni Cu V Zr Cr Rb Sr Ba Zn Pb Ti Sc 

0
.2

4
 

0
.0

0
4
7
 

0
.0

2
3
 

0
.0

2
4
 

0
.0

5
7
 

0
.0

3
7
 

0
.0

4
3
 

0
.0

7
1
 

0
.0

1
1
 

0
.0

0
2
 

<
1
∙1

0
-4

 

<
1
∙1

0
-3

 

Results and Discussion 
The influence of temperature on hydrocracking process of fuel oil together with suspended, 

high dispersed shale oils was investigated at 1.0 MPa pressure and 400-460
о
C temperature 

interval (Tab. 3). As seen from table, when the process is carried out at 400 ° C temperature (at 1 
MPa pressure), the yield of light oil products is 30% (wt.), while temperature rises to 450 ° C, 

the yield increases 38% and constitutes 68% (wt.).With increasing of temperature from 400 C to 

450 C the yield of gas, gasoline and diesel fractions rises from 3 to 6, 3.0 to 29.0 and 27.0 to 
39.0 % wt., respectively.The yield of residue fraction decreases from66,0 to 28,0 %, the amount 
of coke increases from 1.5 % to 3.5 % wt. Further increse in temperature (to460 

o
C) leads to 

decreasing of light oil product’s yield from 68,0 % to 64,0 % wt. and incresing of gas outlet from 
4.0 % to 12.0 %. In other words, the cracking process is going faster. 

Table 3. Influence of temperature on hydrocracking process of fuel oil together with shale oils 
and the material balance of the process (fuel oil + 7.5 % shale oils) 

Indices P
2H = 1.0МPа 

t = 400C 

P
2H = 1.0 МPа  

t = 430C 

P
2H =  1.0 МPа  

t = 450C 

P
2H = 1.0 МPа  

t = 460C 

Yield of products, % wt.:     

Gas C1-C4 3.0 4.5 6 12 

gasoline fractionb.p.-200 

C 
3.0 16 28.8 26 

fraction 200-360 C 27 44 39.2 38 

fraction<360 C: %wt. 30.0 60 68 64 

residue>360C   65.5 33.5                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           22.5 18.0 

coke 1.5 2.5 3.5 6 

Conclusions 
Thus, the possibility of obtaining of 64-68% (wt.) additional light oil products and also 

deepening oil refining through hydrocracking process of fuel oil togethet with suspended, high-
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dispersed shale oils was shown in article.The gasoline fraction is characterized by stable low 
content of aromatic and unsaturated hydrocarbons. Its octane number is 79-80 p. by research 
method. The gasoline and diesel fractions obtained from hydrocracking process of fuel oil 
together with shale oils can be used as components to fuels after hydrorefining process. 
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