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Abstract 

The hydrotreating process of the pure initial refining diesel fraction and the 

mixture of it with cottonseed oil of 10% (mass) have been conducted at 

320-350°C with hydrogen pressure of 6.0 MPa by using halloysite enriched 

with transition metal oxides as catalyst. These catalyst samples have sent 

the reactions of transformation of vegetable oils to paraffins to the direction 

of decarboxylation.  Thus, if during the use of common halloysite the ratio 

of С17/С18 hydrocarbons constitutes 1.3-1.6, this ratio is 1.4-1.6 in the 

catalytic systems, prepared by absorption method, of transition metals 

oxides on the basis of halloysite, this number in samples prepared by 

influence of ultrasonic waves is 1.5-1.7. And this confirms that the process 

carried out in the direction of decarboxylation. It has been established that 

the yield in hydrotreated fuels in the presence of halloysite samples 

enriched jointly with Ni, Co and Mo oxides absorbed by common and 

ultrasonically induced cavitation increased and was 94.7-95.1%, the total 

amount of sulfur in hydrotreated fuel in the presence of sample prepared by 

common method decreases from 0.0607% mass to 0.0077-0.0045% mass, 

and the total amount of sulfur in the fuel decreases from 0.0538% (mass) to 

0.0055-0.0025% (mass) in the presence of catalyst prepared in the impact 

of ultrasonic waves and the desulfurization depth is 89.8-95.3% (mass). In 

this case, the amount of aromatic hydrocarbons is respectively 12.3-11.5 % 

and 11.3-10.8 % (mass)  

Keywords: cottonseed oil, hydrotreating, green diesel, diesel fraction, ultrasonically 

induced cavitation 

Introduction  

Because of the beginning of petroleum crisis and still continuing, the restructuration of oil-

refining industry has forwarded to the direction of decreasing the power of initial refining 

processes of petroleum and increasing the deep refining processes, and it has been resulted with 

progress and modernization of existed hydrogenation processes. Thus, hydrogenation processes 

in comparison with each other haven’t got absolute advantages. The selection of the process 

depends on refining properties of raw material, structural requirements of petroleum products 

and other factors. Besides, the selection of the process is determined on the basis of obtaining 

desired result in global market condition [2]. 

It is known that after a period our planet will undergo the negative impact of toxic wastes 
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by depletion of petroleum, gas and coal. Therefore, humanity is looking for ways to use an 

alternative -renewable, environmentally efficient and cheap fuel [3]. 

Hydrotreating (hydro-refining or hydrodeoxygenation) process is one of the main 

directions of “Green diesel” production. This process is a process using by oil-refineries for 

removing heteroatoms as sulfur, nitrogen, aromatic compounds with condensed rings or heavy 

metals in composition of fuel. In the process, the influence of hydrogen given at high 

temperature and pressure to raw material causes a change in its chemical composition. During 

the production of renewable diesel fuel in hydrotreating process, hydrogen by entering the 

composition of raw material, causes separation of sulfur, nitrogen, oxygenated compounds and 

transformation of triglyceride molecules to paraffin hydrocarbons. At the same time, depleting 

petroleum reserves are saved [4-5]. 

The transformation of vegetable oil acids into paraffins in the presented conditions can 

occur in two directions: 

1. On decarboxylation reaction (by formation of CO2 and normal paraffins) 

C17H35COOH + H2 → C17H36 + CO2  

2. On hydrodeoxygenation reaction (by formation of water and normal paraffins) 

C17H35COOH + 3H2 → C18H38 + 2H2O  

The direction of the process is determined by the ratio (C17/C18) of the paraffins with 17 

and 18 carbon atoms in the chain. 

During the straight hydrotreating process, hydrocarbons are separated as the main product, 

and water as the by-product, on the other hand mainly СО2 (decarboxylation) and СО 

(decarbonization) are separated from the interaction of oxygen molecule in composition of a raw 

material with hydrogen in condition of temperature (250-400 °С) and pressure (3-10 Mpa). 

Meantime hydrocarbons with low amount of carbon in composition are formed. Formation of 

water molecules in medium causes the structural imperfection of hydrotreating catalysts and 

reduces their operational period. As seen reactions (2)  are not desireable. Because, as a result of 

reaction the carbon atoms remain stable and water is obtained as a by-product. Thus, the 

direction of transformation of the process depends on type of catalyst. The right choice of 

catalyst helps send the process to the direction of decarboxylation [6-8].  

Taking into consideration this factor, besides currently using hydrotreating catalysts 

different type of zeolite-containing, as well as the nanostructured catalysts are used in order to 

direct the decomposition of the triglycerides to decarboxylation process. As the natural 

halloysites are nanotubed alumosilicates, the attention are focused on their use for this process 

[9-11]. 

It is known that halloysite nanotubes have catalytic activity in acid-alkali and oxidation-

reduction (redox) reactions. They are intensively used as catalyst carriers. 

Nanosize of alumosilicate nanotubes eliminates unnecessary diffusion cases and steric 

effects. It is clear that the gaps of nanotube heterogeneous catalysts strengthen the activity and 

selectivity of chemical reactions [12-14] . 

Therefore, the use of halloysites - natural nanotubes modified with transition metals 
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oxides, as a catalyst in joint hydrotreating process of vegetable oils with traditional diesel 

fraction is advisable.  

Experimental Part 

In the experiments the hydrotreating processes of diesel distillate in pressure of 6.0 Mpa 

and at temperature of 300-350
o
C and its joint mixture with 10% vegetable oil have been studied 

by using as catalyst, the samples of halloysites - natural nanotubes that are absorped under the 

influence of common and ultrasonic waves with Ni,Co,Mo oxides.  

Phase compositions and structure forms of its modified samples have been studied by X-

ray difractometry. This method allow the defining of atom structure, crystallinity, its amount, 

form and crystal symmetry. It has been defined that halloysite samples modified together with 

Ni, Co, Mo oxides by ultrasonically induced cavitation have more crystalline structure. [1] 

In Tab. 1 is shown hydrogenation products of vegetable oil acids added to the diesel 

fraction. As seen these catalyst samples have sent the reactions to the direction of 

decarboxylation. Thus, if during the use of common halloysite the ratio of С17/С18 hydrocarbons 

constitutes 1.3-1.6, this ratio is 1.4-1.6 in the catalytic systems, prepared by absorption method, 

of transition metals oxides on the basis of halloysite, this number in samples prepared by 

influence of ultrasonic waves is 1.5-1.7. And this confirms that the process carried out in the 

direction of decarboxylation.   

Table 1. Hydrocarbon composition of hydrogenation products of linolic acid by influence of 

various catalysts  

Catalysts Hydrocarbon composition of hydrogenation products of linolic acid, % 

mass. 

Temperature 320 
о
С 

С17-С18 

n-paraffins 

Olefines Iso-

alkanes 

Cyclo-

alkanes 

Aromatic 

hydro-

carbons 

Com-

pressed 

products 

Halloysite С18=35.6 

С17=50.4 

4,9 5.0 1.6 1.8 0.7 

HNB+NiO+CoO

+MoO3 

С18=33.8 

С17=53.0 

2.9 5.8 2.6 1.1 0.8 

HNB+NiO+CoO

+MoO3 (USK) 

С18=33.6 

С17=53.2 

2.0 5.6 2.7 1.0 0.6 

Temperature 350 
о
С 

Halloysite С18=33.2 

С17=51.2 

6.2 5.0 2.0 1.4 1.0 

HNB+NiO+CoO

+MoO3 

С18=31.7 

С17=52.6 

0 8.0 4.8 1.5 1.4 

HNB+NiO+CoO

+MoO3 (USK) 

С18=31.5 

С17=53.7 

0 8.0 4.3 1.3 1.2 
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Desulfurization ability of halloysite samples modified with transition metals oxides in 
reactions has been established, and thus, these samples increase the hydrogenation function of 
process and at the same time it causes the decreasing of secondary cracking reactions [9,13]. 

Results and Discussions 
In the condition of hydrotreating process mentioned above it has been conducted by using 

as the catalyst the halloysite samples enriched by two various methods with Ni, Co and Mo 
oxides, of initial refining diesel fraction in the pure state and its 10% (mass) cottonseed oil added 
mixture. The material balance of these processes is given in Tab. 2. 

As seen from Tab. 2, when halloysite is used as catalyst, the yield of fraction boiling in the 
range of 180-350°C that is obtained as a result of the hydrotreating process of primary refining 
diesel fuel is 94.5%. The yield of the diesel fraction obtained from process increases up to 95.6-
96.2% (mass) by using halloysite samples enriched with Ni, Co and Mo oxides. Adding the 
transition metals to the composition of halloysite increases the hydrogenation function of new 
catalyst sample and at the same time causes the decrease of secondary cracking reactions.  

The same regularity was observed during the hydrotreating process of the mixture of initial 
refining diesel fraction with 10% (mass) cottonseed oil. When initial halloysite samples are used 
as catalysts, the production yield of the diesel fraction is 91.7% (mass), however the yield 
increases slightly and constitutes 94.7-95.1 % when halloysite samples enriched with Ni, Co and 
Mo oxides are used. 

Table 2. The material balance of the hydrotreating processes of diesel distillate in pure state and 
its mixture with 10% (mass) cottonseed oil in the presence of different catalysts 

Indicators Halloysite HNB+NiCoMo HNB+NiCoMo (USK) 
Taken, % mass    
Primary refining fraction 98.0 98.0 98.0 
Hydrogen 2.0 2.0 2.0 
Obtained,% mass    
Diesel fraction 180-350

o
C 94.5 95.5 96.2 

Gasoline fraction b.p.-180
o
C 1.6 1.4 1.2 

Gases C1-C4 1.8 1.2 1.2 
Coke 1.2 1.1 0.6 
Loss 0.9 0.8 0.8 

    
Taken,% mass    
Initial refining fraction  88.0 88.8 88.8 
Cottonseed oil 8.8 8.8 8.8 
Hydrogen 2.4 2.4 2.4 
Obtained,% mass    
Diesel fraction 180-350

o
C 91.7 94.7 95.1 

Gasoline fraction b.p.-180
o
C 2.4 1.9 1.9 

Gases C1-C4 3.5 1.4 1.2 
Coke 0.9 0.5 0.5 
Water 0.5 0.5 0.4 
Loss 1.0 1.0 0.9 
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The quality indicators of the diesel fractions obtained from the hydrotreating process by 

using above mentioned catalyst samples of initial refining diesel fraction are given in Tab. 3. 

As seen in Tab. 3, general amount of sulfur decreases from 0.0607% mass. to 0.0077% in 

the initial refining diesel fraction that hydrotreated in the presence of initial halloysite sample in 

condition of the same hydrotreating process and the desulfurization depth constitutes 87.3% 

(mass). At the same time, the total amount of sulfur decreases to 0.0077% and 0.0045% (mass) 

(the desulfurization depth constitutes 92.5% (mass)) in the presence of catalyst obtained by 

absorption by common and ultrasonically induced cavitation with Ni, Co, Mo oxides. But the 

amount of aromatic hydrocarbons constitute 12.3-11.5%. 

Table 3. The quality indicators of the diesel fractions obtained from the hydrotreating process of 

initial refining diesel distillate in the presence of different catalysts 

Indicators Halloysite HNB+NiCoMo 
HNB+NiCoMo 

(USK) 

Density at 15°C, kg/m
3
 838.6 844.2 844.4 

Fractional composition, 
o
C    

Initial boiling point 180 195 195 

10%  214 218 218 

50 %  280 283 283 

Endpoint of boiling 360 365 365 

Flash point, in closed cruicible, °C 69 69 69 

Kinematic viscosity at 20 °C mm
2
/sec 2.75 3.30 3.31 

Cloud point °C (should not be high) -25 -30 -31 

Freezing point °C (should not be high) -35 -41 -42 

Acidity mg KOH/100 cm
3
 fuel 0.53 0 0 

Iodine number, g J2/100 g fuel 1.84 0 0 

Total sulfur content, % mass 0.0607 0.0077 0.0045 

Coking of 10 % residue, % mass 0.0016 0.0012 0.0012 

Hydrocarbon composition, % mass    

Aromatic 16.5 12.3 11.5 

Unsaturated 1.80 0 0 

naphthene-paraffin 81.7 87.7 88.5 

Cetane number 48 50 52 

In case of adding 10 % of cottonseed oil to the composition of initial refining diesel 

fraction, the lowest amount of sulfur and aromatic hydrocarbons are observed in the composition 

of diesel fraction of this mixture obtained from hydrotreating process in the use of halloysite 

sample modified under the influence of ultrasonic waves with Ni, Co and Mo oxides (Tab. 4). 
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Table 4. The quality indicators of the diesel fractions obtained from the hydrotreating process of 

the mixture of initial refining diesel fraction with 10 % cottonseed oil in the presence 

of different catalyst 

Indicators Halloysite 
HNB+NiCoMo HNB+NiCoMo 

(USK) 

Density at 15°C, kg/m
3
 839.1 845.0 845.0 

Fractional composition, 
o
C    

Initial boiling point 182 198 198 

10%  216 222 222 

50 %  278 287 287 

Endpoint of boiling 362 370 370 

Flash point, in closed cruicible, °C 70 72 72 

Kinematic viscosity  at 20 °C mm
2
/sec 2.94 3.31 3.32 

Cloud point °C (should not be high) -25 -30 -31 

Freezing point °C (should not be high) -35 -41 -42 

Acidity mg KOH/100 cm
3
 fuel 1.53 0 0 

Iodine number, g J2/100 g fuel 2.87 0.4 0 

Total sulfur content, % mass 0.0538 0.0055 0.0025 

Coking of 10 % residue, % mass 0.0018 0.0018 0.0018 

Hydrocarbon composition, % mass    

Aromatic 15.2 11.3 10.8 

Unsaturated 2.4 0 0 

naphthene-paraffin 82.4 88.7 89.2 

Cetane number 49 50 52 

It has been established that in case of decreasing the total sulfur amount in catalyst sample 

prepared by common absorption method from 0.0538% mass to 0.0055% (mass), and the total 

sulfur amount in fuel obtained by the hydrotreating process conducted in the presence of 

halloysite sample enriched jointly with Ni, Co və Mo oxides by ultrasonically induced cavitation 

decreases to 0.0025% (mass) and meantime the desulfurization depth constitutes 89.8-95.3 % 

(mass). The amount of aromatic hydrocarbons constitutes 11.3 and 10.8 % (mass), and cetane 

number is 50-52. 

Conclusion 

As the result of the researches it has been established that quality indicators of fuels 

obtained by hydrotreating process conducted in the presence of catalyst samples modified with 

absorption method under the impact of ultrasonic waves have been confirmed the positive effect 

of applying of ultrasonically induced cavitation to catalyst.  

The yield of diesel fractions, desulfurization depth, low temperature properties and the 

amount of aromatic hydrocarbons obtained during the applying of halloysite samples modified 

with Ni, Co, Mo oxides to the hydrotreating process as the catalyst.  

It should be noted that although cottonseed oil is added, at the same time low temperature 
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properties of diesel fractions do not become worse and it is compatible with diesel fractions of 

winter sort. 
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