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Abstract 

The presence of vanadium in crude oils determines heavy 

fuel performance, has a negative impact on power plant 

equipment, secondary refining process catalysts, leads to 

significant environmental consequences. In addition, large 

volumes of oil production and refining determine the oil 

competitiveness as a source of rare-metal feedstock, even if 

the content of rare elements in metalliferous oils are much 

lower than in conventionally used crude ore [1]. Therefore, 

the development of effective methods for crude oil and 

petroleum products demetallization is important.   
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Metals contained in crude oil are accumulated in resins and 

asphaltine components.  In the process of distillation, the 

metals get converted into heavy oil residues, where their 

content is 2-4 times higher than in crude oil [2]. 

Vanadium is contained in crude oil mainly in the porphyrin 

form. In the process of crude oil atmospheric and vacuum 

distillation, the associates of porphyrin complexes with 

asphaltenes are formed which are much harder to identify 

and extract [3]. 

The existing methods of demetallization of crude oils and 

their petrochemical products can be divided into the 

following main groups: 

- solvent and adsorption methods involving the 

nondestructive separation of components containing a 

larger amount of vanadium; 

- destructive methods where under the influence of 

thermal or chemical factors the destruction or 

modification of the nature of the organic matrix and 

metal chemical bond occur (hydrogenation, thermal, 

chemical methods); 

- unconventional methods based on the effect of physical 

fields or particles (the application of magnetic, electric 

fields, radiation) [4]. 

In order to establish the distribution of vanadium in West 

Siberian crude oil fractions, the crude oil was distilled using 

the AUTOMAXX 9400 unit. The vanadium content was 

analyzed using the SPECTROSCAN Max x-ray fluorescent 

spectrometer. The results are shown in Table 1. 

 

During atmospheric and vacuum distillation, 99.1% and 

97.2% of the total vanadium content in crude oil were 

accumulated in fuel oil and tar respectively. Along with that, 

the presence of trace amounts of vanadium in fractions with 

boiling temperatures of 220-280, 280-350, 350-500С were 

detected, thus  confirming the vanadyl porphyrin volatility.  
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Since metal-containing compounds are accumulated in 

resins and asphaltine components, the study of vanadium 

distribution features in asphaltenes and petroleum resins is 

important. West Siberian crude oil solvent n-pentane 

deasphalting was carried out with further processing of 

asphaltene with copreciptated resins sequentially by hot 

isooctane, boiling ethyl alcohol and acetone. A crude oil 

sample was placed in a conical flask, diluted with n-pentane 

in a feedstock to solvent volume ratio of 1:9, and kept for 

12-20 hours in the dark place at room temperature for 

asphaltenes to deposit. The solution was then filtered 

through 2 paper filters on a Buchner funnel. The precipitate 

was transferred to the filter with fresh portions of solvent 

and washed with the solvent until discoloration of the filtrate 

[5]. The solvent was further distilled from the filtrate and the 

content of vanadium in deasphalted oil was determined 

using the SPECTROSCAN Max spectrometer.  

The precipitate obtained during filtration was brought to 

constant weight. If pure asphaltenes are precipitated, the 

precipitate is bright and fragile, but in this case it was 

salvelike. To remove coprecipitated resins, the resulting 

precipitate was placed on a paper filter and washed with hot 

isooctane on a Buchner funnel until complete discoloration 

of the filtrate. The filtrate was distilled to remove isooctane, 

and vanadium content in isooctane extract was determined.   

The precipitate was further brought to constant weight, 

placed in a 1-litre round bottom flask, and ethyl alcohol was 

added in a ratio of 500 ml of ethanol to 1 g of precipitate. 

The flask was connected with a reflux condenser and heated 

in an oil bath for 2 hours, then slowly cooled for 12-20 

hours [6]. The extract was then filtered through a paper filter 

on a Buchner funnel, ethanol was removed by distillation, 

and vanadium content in ethanol extract was analyzed. 

Then a folded paper filter was placed in a round bottom 

flask, an alcoholic extract was filtered through it, and 

acetone was added to the flask in a ratio of 200 ml of 

acetone to 1 g of precipitate. The flask was connected with a 

reflux condenser and heated in an oil bath for 1 hour [6]. 

The extract was slowly cooled for 3-4 hours, then filtered 

through a paper filter on a Buchner funnel, acetone was 

removed by distillation, and vanadium content in acetone 

extract was determined.  

Precipitated asphaltenes were dried in an oven at a 

temperature of 105С to constant weight. The vanadium 

content in asphaltenes was determined by their dissolution in 

toluene and analysis using the SPECTROSCAN Max x-ray 

fluorescent spectrometer. The results obtained are shown in 

Table 2.   

Thus, about half of the total amount of vanadium contained 

in West Siberian crude oil is accumulated in asphaltenes. 

Сrude oil solvent n-pentane deasphalting fails to fully 

extract vanadium contained in crude oil, due to the 

conversion of part of its compounds into deasphalted oil. 

The n-pentane deasphalting of fuel oil and tar obtained from 

West Siberian crude oil was also carried out using the 

Automaxx 9400 unit, with a feedstock to solvent ratio of 

1:9.   The results are shown in Table 3.   

The highest vanadium content in asphalt, % wt in crude oil, 

is detected when using crude oil as feedstock for 

deasphalting (Figure 1). A reduction in asphalt yield and 

vanadium fraction therein in crude oil residues, compared to 

the original crude oil, is apparently due to the fact that 

during laboratory distillation using the Automaxx 9400 unit 

feedstock was kept at high temperature for a long time 

(about 4 hours during atmospheric distillation plus 3 hours 

during vacuum distillation, the still temperature being up to 

320°C). It probably causes the destruction of 

vanadylporphyrin associates with asphaltenes, which further 

leads to the conversion of vanadium-containing components 

into deasphalted oil.  

When using fuel oil and tar industrial samples obtained from 

West-Siberian crude oil, during successive ethanol and 

acetone extraction in the form of vanadylporphyrins, 60,2% 

of vanadium were extracted from crude oil,  30,6% of 

vanadium were extracted from fuel oil and 18.3% of 

vanadium were extracted from tar. Apparently, by heating 

the crude oil to higher temperatures – 350°C during 

atmospheric distillation and 360-400 °C during vacuum 

distillaton, the opposite phenomenon is observed: the 

associates of porphyrin complexes with asphaltenes are 

formed [3]. This leads to a reduction in vanadium content. 

Since the feedstock is kept in the distillation column for a 

less period of time, the destruction of the associates does not 

happen.  Since crude oil residues in the form of 

vanadylporphyrins contain a smaller portion of vanadium 

than in the crude oil itself, it is advisable to extract 

vanadium in the form of vanadylporphyrins from the 

original crude oils in the process of refining. 

An attempt was made to transfer vanadium-containing crude 

oil components to the aqueous phase, and chemical reagents 

were selected (Figure 2). The reagent solution was added to 

the primary crude oil in a volume ratio of 1:1 and stirred for 

1 hour at room temperature. 

The most effective of the reagents used is Ba(OH)28H2O. 

The interaction of crude oil with its saturated solution 

resulted in transferring of less than 20 % wt of vanadium 

contained in crude oil to the aqueous phase.  

This study was conducted with support from the Russian 

Science Foundation within project No.15-13-001115. 
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Table 1: Results of West Siberian crude oil distillation 

 

Subject V content, ppm  

Yield  

in crude oil,  

% wt 

% wt of the total V content 

 in crude oil 

 

Atmospheric distillation 

Fed 

Crude oil 

 

29 

 

100 

 

100 

Produced 

Fractions: 

   

IBP –180 С 0 15,8 0 

180–220 С 0 6,7 0 

220–280 С 1 11,2 0,4 

280–350 С 1 11,1 0,4 

350 С + (fuel oil) 54 53,2 99,1 

Losses – 2 0,1 

Vacuum distillation 

Fed 

Fuel oil 

 

54 

 

53,2 

 

99,1 

Produced 

Fractions: 

   

350–500 С 2 28,9 1,9 

220 С + (tar) 116 24,3 97,2 

Losses – 0,1 0 

 

 

Table 2: Vanadium distribution in West Siberian crude oil 

Subject V content, ppm Yield, 

% wt. 

% wt of the total V content 

 in crude oil 

 

Crude oil 29 100 100 

Deasphalted oil  9 89,5 27,8 

Isooctane resins 26 6,0 5,4 

Ethanol resins  178 1,2 7,1 

Acetone resins 288 1,1 10,6 

Asphaltenes 647 2,2 49,1 

 

Table 3:  Results of n-pentane deasphalting 

 Crude oil Fuel oil Tar 

V content in feedstock, ppm 29 54 116 

V content in deasphalted oil, ppm 9 33 58 

Deasphalted oil yield, % wt in crude oil 89,5 42,1 18,9 

 V fraction in deasphalted oil, % wt in crude oil   27,8 48,0 37,8 

Asphalt yield, % wt in crude oil 10,5 11,6 6,3 

V fraction in asphalt, % wt in crude oil 72,2 51,1 59,4 

 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 10 (2017) pp. 2338-2341 

© Research India Publications.  http://www.ripublication.com 

2341 

 
Figure 1: Results of crude oil and crude oil residues n-pentane deasphalting  

 

 
Figure 2: Results of vanadium extraction from West Siberian crude oil by chemical method 
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