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Abstract 
Main results of hydrocracking process of fuel oil in the presence of 
halloysite modified with Mo, Ni metals by ion-exchange method were 
given in this article. It was shown that, at optimal conditions (430

0
C, 

4.0MPa) the yield of light oil products obtained from hydrocracking of fuel 
oil in the presence of unmodified halloysite and halloysite modified by ion-
exchange method is 53.0 and 83.0 % wt., respectively. As seen from 
results, when halloysite modified with Mo and Ni by ion-exchange method 
is used the yield of light oil products increases 30% in comparison to 
unmodified halloysite, this is related with almost complete removal of the 
aluminium oxide from the surface of the crystal particles when the 
halloysite is modified by ion-exchange method, where the natural 
halloysite mineral with dominating Al and Si oxides on surface layer is 
processed with HCl solution. On the surface of halloysite modified by ion-
exchange method molybdenum and nickel oxides are substitute 
aluminium-oxide. According to qualitative characteristics of obtained 
benzene fraction the amount of iso-paraffins increases 13.82 % and the 
amount of olefins decreases 5.67%, the octane number is constitute 75p 
when hydrocracking process is conducted with halloysite modified by ion-
exchange method. This can be explained by the intensification of 
hydrogenation and isomerization reactions by influence of transition 
metals. Benzene and diesel fractions obtained from hydrocracking of fuel 
oil were investigated by nuclear magnetic resonance method 

Keywords: hydrocracking, fuel oil, halloysite, transition metals, ion-exchange method, 
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Introduction 
The modern trend in the application structure of oil, one of the main energy carriers in the 

world's economy, is to reduce its use as a boiler-furnace fuel in electricity and heat engineering 
and to increase the application as transport-motor fuel and petrochemical raw material. Today, 
the actual problem of world oil refining is its deepening and at the same time improving the 
quality of oil products taken from the development of destructive processes of heavy oil and oil 
residues, which constitues for about 20-55% of total oil production. Besides thermodestruction 
process which are being widely used in foreign countries, combinations and technologies of 
catalytic cracking (CC) and hydrocracking (HK) (which general portions constitute 27%), also 
thermal- and catalytic destructive processes are being widely applied [1,2]. 

In many developed countries of the world, such as USA, Canada, Japan and Western 
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Europe, the hydrocracking and other hydrogenation processes of UOP, Chevron, ExxonMobil 
and Axens companies are being widely used, these processes provide high yield of high quality 
and wide range oil products (liquefied C3-C4 gases, gasoline, jet engine and diesel fuel, fatty 
components from any oil raw material). 

Hydrocracking is a process that economically effective and deepens oil refining. The 
process is highly favorable as it makes possible the refining of hardly cracking raw material and 
the obtaining  of products for different purposes. 

In modern refining industry the following types of hydrocracking process are being 
realized:  

 “light” hydrocracking  – hydrocracking process of vacuum distillates is realized with the 
purpose of  enrich the catalytic cracking raw materials, as well as to obtain the diesel and 
kerosene fractions; 

 “selective” hydrocracking – hydrocarbon process is realized to improve low temperature 
properties (catalytic dewaxing) of medium oil distillates; 

 drasting hydrocarcking – hydrocracking process of vacuum distillates is conducted on 
purpose to obtain motor fuels and base oils with high index; 

 hydrocracking of oil residues -  obtaining of motor fuels, lubricants, boiler fuels with low 
amount of sulphur inside and catalytic cracking raw materilas.   

The type of raw material, its fractional composition and quality determine the variety of 
products obtained as a result of the hydrocracking process [3].  

In literature, for the catalysts of hydrocracking process, the following acidic components 
are most commonly used: amorphous aluminosilicates [4-11], Y zeolite [12-14] or their 
combination [5,12,15]. These acidic components have also found extensive use in industry for 
their current cost and catalytic properties [16,17]. 

Thus, with the using of new catalytic systems, the development of technology, which 
allows to effectively carry out the hydroconversion of fuel oil directly, at low pressure, is very 
actual. For this purpose, at low temperature and in the presence of  suspended local natural 
zeolite (nanostructured halloysite) and its modification with transition metals (Mo and Ni) by 
ion-exchange method, the hydrocracking process of fuel oil was developed and investigated. The 
hydrocracking process was conducted at 4.0 MPa pressure, 430

о
С temperature and 2.5% amount 

of catalyst [18,19]. 

Experimental Part 
The modification of the halloysite catalyst by the ion-exchange method was synthesized 

based on HCl solution for the preparing of catalyst by ion-exchange method the natural zeolite 
mineral (halloysite) firstly dried at 200

0
C during 2 hours. It was then processed with 2.5N HCl 

solution (100 g) to remove metal mixtures located in the pores of the dried minerals. For that, 
minerals were stirred with HCl solution at 1:10 mol ratio during 6 hours by stirrer until 
homogeneous solution is obtained. After completion of the process, the chloride ions were 
washed with water until completely removed and dried at Muffle furnace at 100

0
C. The prepared 

H-form halloysite was mixed with solution of salts of transition metals at 1:10 mol ratio. For 
preparing of catalysts special metal compositions are being used, which are dissosiated in 
aqueous solution to form cation and anions. During the treatment, MoCl5, NiCl2 salts aqueous 
solutions were used. Then stirred at 90

0
C during 6 hours with stirrer and dried at 100

0
C at Muffle 
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furnace. The dried catalyst was processed in CVD unit at 850
0
C during 4 hours in argon 

medium.  
The treated catalyst is dispersed by grinding to size of 25-50 micron, added to the fuel oil 

in the amount of 2.5%, homogenized at 80-90
0
C, stirred until it becomes uniform and at the end 

suspension is prepared. The hydrocracking of obtained uniform suspension was conducted at 0.5-
6.0 MPa pressure and 430

0
C temperature in the device of “hydrocarcking of heavy oil residues” 

(SPR-1) (production of AMTECH, Germany) with modern software. The device completely 
automated and can be controlled on-line. The SPR-1 device consists of automated CSTR 
(Continuously Stirred Tank Reactor), which is continuosly filled with fuel oil, natural zeolite 
catalysts and hydrogen.   

Results and Discussions 
The analysis of the results obtained after hydrocracking process shows that the yield of 

light oil products changes depending on the catalyst. As, 53.04% wt. light oil products are 
obtained from the hydrocracking of fuel oil with 2.5% halloysite catalyst. With using of 
halloysite modified with Mo and Ni by ion-exchange method the yield of light oil products 
icreases 30% and constitutes 83.0 % wt. The yield of gas, coke and residue fraction decreases 
from 10 to 6%, from 5.5 to 2.1 %, from 31.96 to 8.9 %, the yield of gasoline and diesel farctions 
increases from 25.74 to 33.0 and from 27.3 to 49.94%, respectively. According to the results, 
when halloysite modified with Mo and Ni by ion-exchange method is used the yield of light oil 
products is 30% wt. more in comparison to unmodified halloysite. This is related with almost 
complete removal of the aluminium oxide from the surface of the crystal particles when the 
halloysite is modified by ion-exchange method, where the natural halloysite mineral with 
dominating Al and Si oxides on surface layer is processed with HCl solution. Molybdenum and 
nickel oxides substitute aluminium-oxide on the surface of halloysite modified by ion-exchange 
method. The surface layer of crystals of halloysite modified with Mo and Ni by ion-exchange 
method consists of 22.92% MoO, 18.03% NiO, and 48.76% SiO2. Apparently, Mo and Ni 
elements are more distributed over surface layer of mineral in halloysite catalyst modified by 
ion-exchange method. For this reason, the maximum yield of light oil products is obtained from 
hydrocracking process of fuel oil in the presence of halloysite modified by ion-exchange method 
constitutes 83.0% wt. (Tab.1). 

Table 1. The influence of catalyst to hydrocracking process of fuel oil and the material 

balance of the process 
 

Indices 
P

2H = 4.0МPа 

T=430C 
2.5% Halloysite 

P
2H =4.0МPа 

T=430C 
2.5% Halloysite/Mo,Ni 
(ion-exchange method) 

Yield of products, % wt.: 

Gas C1-C4 10 6 

       Gasoline i.b.p.-200 C 25.74 33.06 

Fraction 200-360 C 27.3 49.94 

fraction<360 C: % wt. 53.04 83.0 

Residue >360C 31.46 8.9 
Coke 5.5 2.1 
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Table 2. Qualitative characteristics of fractions obtained from hydrocracking of fuel oil in the 

presence of different catalysts  

 

 

Indices 

P
2H = 4.0МPа 

T=430C 

2.5%Halloysite 

P
2H = 4.0МPа 

T=430C 

2.5% Halloysite/Mo,Ni 

(ion-exchange method) 

Gasoline fraction 

Density at 20
o
C, kg/m

3 
712.8 723.5 

Hydrocarbon content,% wt.:   

Paraffins 26.30 30.3 

i-paraffins 32.06 45.88 

Olefins 9.0 4.33 

Naphthenes 17.92 13.02 

Aromatics 14.72 6.47 

Octan number (research 

method) 
65 75.0 

Sulphur, % wt. 0.0797 0.0485 

Iodine number, g J2/100 g 19.3 8.0 

   Freezing temperature, 
o
C -60 -60 

Diesel fraction 

Density at 20
o
C, kg/m

3
 0.8380 0.8397 

Kinematic viscosity, mm
2 

/s, 

40
 o
C 

2.5599 2.4390 

Resin content, mg/100 ml 12 8 

Sulphur, % wt. 0.25 0.18 

Freezing temperature, 
o
C -25 -25 

As it seen from Tab. 2, the amount of n-paraffins constitutes 26.30, iso-paraffins 32.06 and 

unsaturated hydrocarbons 9 % in hydrocarbon content of benzene fraction obtained from 

hydrocracking of fuel oil with using of 2.5% halloysite as catalyst. The amount of iso-paraffins 

increases 13.82 and the amount of olefins decreases 4.67 %, respectively and octane number 

constitutes 75 p, when the hydrocracking process is conducted with halloysite modified by ion-

exchange method. The amount of sulphur decreases from 0.0797 to 0.0485% in gasoline 

fraction, and from 0.25 to 0.18% in diesel farction. The increase of the amount of iso-structured 

saturated hydrocarbons and the reduction of unsaturated and aromatic hydrocarbons amount in 

gasoline composition can be explained by modification of halloysite catalyst with transition 

metals (Ni, Mo). In other words, it is assumed that the intensity of hydrogenation and 

isomerization reactions are accompanied by influence of transition metals.  

Structural parameters — distribution of hydrogen in structural groups and hydrocarbon 

composition of the gasoline and diesel fractions obtained from the hydrocracking process (T = 

430 °C, P = 4.0 MPa, 2.5% catalyst) of fuel oil in the presence of halloysite and halloysite / 
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Mo,Ni catalyst were determined by nuclear magnetic resonance (NMR) spectroscopic method on 

spectrophotometer produced by "BRUKER" firm and the received results are shown in Fig. 1-4 

and Tab. 3-4. 

 

 
Fig 1.  NMR spectrum of gasoline fraction obtained from hydrocracking of fuel oil in the 

presence of halloysite catalyst  

 
Fig 2. NMR spectrum of gasoline fraction obtained from hydrocracking process of fuel oil in 

the presence of halloysite modified with Mo, Ni by ion-exchange method   
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Table 3. Structural characteristics of gasoline fraction obtained from the hydrocracking of fuel 

oil in the presence of different catalysts (by NMR method); P
2H =4.0MPa, t=430

0
C 

 

Indices 

Catalysts 

Halloysite 

2.5% 

 Mo+Ni/ halloysite (ion-exchange method) 

2.5% 

Distribution of hydrogen in structural groups, % 

Har 2.8 8.6 

Huns 1.2 1.9 

H 8.8 15.0 

Hydrocarbon content,% 

Aromatics 10.6 25.4 

Unsaturated 7.7 12.2 

Naphthene-paraffins 81.7 62.4 

Octan number 65 75 

According to Tab. 3, the unsubstituted hydrogen atoms in aromatic nucleus (Har) are 

constitute 2.8; 8.6; hydrogen atoms in unsaturated structures (Huns) are 1.2; 1.9;  CH3-groups 

located in the α- position relative to aromatic rings (H) are 8.8; 15.0; and the octane number is 

65 and 75 p in the structure characteristics of the benzene fraction obtained from hydrocracking 

process of fuel oil conducted in the presence of halloysite and halloysite catalysts modified with 

Mo, Ni by ion-exchange method.  

 

 
Fig 3. NMR spectrum of diesel fraction obtained from hydrocracking process of fuel oil in the 

presence of halloysite catalyst  
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Fig 4. NMR spectrum of diesel fraction obtained from hydrocracking process of fuel oil in the 

presence of halloysite modified with Mo, Ni by ion-exchange method  

Table 4. Structural characteristics of diesel fraction obtained from hydrocracking of fuel oil in 

the presence of different catalysts (by NMR method); P
2H =4.0MPa, t=430

0
C 

 

Indices 

Catalysts 

Halloysite 

2.5% 

Mo+Ni/Halloysite (ion-exchange method) 

2.5% 

Distribution of hydrogen in structural groups, % 

Har      3.7 5.2 

 Huns    1.6 3.0 

H 10.5 13.4 

Hydrocarbon content,% 

Aromatics 13.2 11.0 

Unsaturated 10.1 13.7 

Naphthene-paraffins 76.7 75.3 

Cetane number 54.0 55.5 

As seen from Tab. 4, the unsubstituted hydrogen atoms in aromatic nucleus (Har) are 

constitute 3.7; 5.2; hydrogen atoms in unsaturated structures (Huns) are 1.6; 3.0;  CH3-groups 

located in the α- position relative to aromatic rings (H) are 10.5; 13.4; and the cetane number is 

54.0 and 55.5 in the structure characteristics of the diesel fraction obtained from hydrocracking 

process of fuel oil conducted in the presence of halloysite and halloysite catalysts modified with 

Mo, Ni by ion-exchange method.  
 

Conclusions 

Thus, the obtaining of 83.0% wt. extra light oil products from the hydrocracking process of 

fuel oil in the presence of nanostructured halloysite catalysts modified with transition metals 
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(Mo, Ni) and then the possibility of deepening oil refining were investigated. It was studied by 

using nuclear magnetic resonance (NMR) that, the amount of aromatic and unsaturated 

hydrocarbons are stabil low in composition of benzene fraction obtaining from hydrocracking. 

Its octane number is 75 p. (by research method). The cetane number of diesel fraction constitutes 

55.5 p.  
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