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ABSTRACT

Vanadium is undesired constituent found in crude oil and its products, where, it has many side effects in
refineries, affects the catalyst activity and corrosion problems in plants. This paper offers analytical determination
method of vanadium from crude oil and some petroleum products by extraction. The extraction was accomplished
in 6 h at 80°C in basic media, followed by sample preparation, finally, spectrophotometric measurements at Amax of
395 nm.

The results showed various vanadium content of crude oil (31.25 — 223.75) ppm, fuel oil 210 ppm, kerosene
166.25 ppm, gasoline (285 — 287.5) ppm, lubricating engine oil (157.5 — 251.25) ppm and turbine oil (186.25 —
202.5) ppm.

KEY WORDS: Vanadium, Crude Oil, Turbine Oil, Diesel, Gasoline, Kerosene, Spectrophotometry.

1. INTRODUCTION

The existence of trace metals in crude oil and its products is important for exploration, production and
refining processes. Also, it utilized elucidate the relationship between oil types obtained from reservoirs specific
geological provinces (Elrich, 1985). The traces of heavy metal contents the traces of heavy metal contents directly
correlation with light, middle and heavy crude oils (Barbooti, 2010). For heavy crude oil upgrading, the high metals
levels makes the processing to be costly, either through the high cost of hydrogen addition or high yield loss
(Reynolds, 2004). There the most common methods used to measure trace metals content in petroleum industry are:
polarography (Bakirova, 1984), neutron activation (Chifang, 2005), high performance liquid chromatography HPLC
(Tadayon, 1999), atomic absorption spectrophotometry AAS (Sebor, 1975), inductive coupled plasma ICP (Botto,
1987) and electrothermal vaporization (Saint’Pierre, 2002). AAS is the widely used method regarding to simplicity,
cost of instrumentation requirements ,precision, repeatability and reproducibility of flame method compare with the
precision given by institute of petroleum (IP)288 method (Brandao, 2007; Kowalewska, 2007).

The purpose of this study is to estimate the vanadium concentration in crude oil, gasoline, diesel, kerosene,
lubricating oil and turbine oil from Koya local market.

2. EXPERIMENTAL

Apparatus: A CECIL UV-visible CE7200 double beam Spectrophotometer, with 1cm matched quartz cells were
used for absorbance measurements, hot plate magnetic stirrer (LabTech), sensetive balance (OHAUS), heating
mantle( Isothermal) and extraction apparatus from Linetronic Technologies (Switzerland).

Chemicals: Sodium hydroxide (99.5% Scharlau), sodium tungstate (98% Fluka), Nitric acid (70% J.T.Baker).
Phosphoric acid (Fluka) and ammonium solution (Hopkin & Williams) were used without further purification.
Standard Vanadium solution (1ppm): Dissolve 2.298 gm. of ammonium metavanadate NH,VOs in water
containing 5 ml. of concentrated nitric acid, and then, the contents diluted to one liter.

Procedure:

Exrtaction step: Five grams of sample weighed to a round bottom flask, 50 ml of sodium hydroxide solution added,
the contents refluxed using extraction apparatus for 6h at 80°C. By using a separatory funnel, the lower layer
separated, and then, diluted to 200 ml using distilled water.

Determination of Amax and construction of calibration curve:

Sample analysis: Into 150 ml beaker, take 10 ml of the above solution. Then 6 ml of vanadium standard solution,
0.8 ml of concentrated HNOs is added and the contents evaporated until 5 ml remain. 1.3 ml of 2:1 phosphoric acid
was added, mix the solution by swirling and 1 ml of 0.2 M sodium tungstate are added, continue heating the solution
in the beaker for at least 20 minutes. The beaker is cooled and the contents diluted to 25 ml. Measure the absorbance
at 395 nm.

3. RSULTS AND DISCUSSION

Vanadium is a potentially dangerous chemical pollutant. The vanadium content in crude oil will vary
according to the source of crude oil from (40 to 130) ppm, about (0.004 —0.013) % by weight (Ortega, 2013; Qasim
Mohammed, 2017).

Vanadium is a dangerous chemical pollutant. The vanadium content in crude oil will vary from (40 to 130)
ppm, about (0.004 — 0.013) % by weight, according to the source of crude oil (Ortega, 2013; Qasim Mohammed,
2017).
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Vanadium exist mainly as vanadyl ion (VO?*) in form of organometallic complexes with prophyrins (vanadyl
prophyrins), which originated from the formation of crude oil.

In the prophyrin complexation, vanadium bonded by four nitrogen donor atoms, while, in the non-prophyrin
compounds nitrogen, oxygen and sulfur can all act as donor atom such as in diketones, ketoimines, salicylaldimines,
monothio and dithio-diketones, mono- and dithio-carbamates, etc. (Welz, 1999). The chemical structure of some
typical vanadyl prophyrins and non- prophyrin complexes shown in Fig.1 (Barceloux, 1999).

Vanadium compounds cause corrosion problems derived from the combustion chamber of power plants and
change in catalysts selectivity are typical problems (Pyrzynska, 2004).
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Figure.l. Chemical structures of typical vanadyl porphyrin and non-porphyrin complexes in crude oil
Absorption spectra: The maximum absorption takes place at 395 nm (figure.3) and being characteristic the green —
yellowish complex, in contrast to the reagent blank. Therefore this wavelength was used in all measurements, to
calculate the concentration of vanadium in all samples from calibration curve (figure.2).

The Effect of media: Basic medium is the optimum media for vanadium metal extraction. Because of the formation
of tungstophospho - vanadic acid by adding phosphoric acid and sodium tungstate to the sample solution.
The extraction media: The extraction of Vanadium is increased with increasing the basicity of media, the sutable
concentration of (NaOH) used is (2.5) M, due to the complex stability of extraction is increased in basic media.
Temperature of extraction: The optimum temperature on extraction Vanadium is 80°C. The mechanism of
dissolving reaction needs a high temperature.
Time of extraction: The optimum time on extraction of Vanadium is 6 hr, it may be related to the formation of a
complex of tungstophosphoric acid by increasing the time which causes increasing of determination of Vanadium
because (V20s)? groups in the sample are substituted for some (W»07)2 in complex tungstophosphoric acid and this
process needs time (Oliveira, 2003).

The concentration of vanadium in all samples under study listed in table.1. The results show in most samples
a high vanadium level, where the normal range of vanadium is (40 — 130) ppm (Ortega, 2013).
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Figure.2. Calibration curve Figure.3. Amax determination
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Figure.4. Flow chart of all results
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Table.1. Concentration of Vanadium in the samples analyzed
No. Sample Vanadium (ppm)
1 Kurmalh (crude oil) 198.75
2 Taq Taq TT-15 (crude oil) 31.25
3 Kirkuk (crude oil) 223.75
4 Tawke (crude oil) 195
5 Ain zala (crude oil) 177.5
6 Fuel oil (bazian) 210
7 Diesel 135
8 Kerosine 166.25
9 Gasoline (bazian) 287.5
10 | Gasoline (koya haibat sultan) 285
11 | Magnum 15W-40 lubricating oil (virgin) | 230
12 | Magnum 15W-40 lubricating oil(used) 251.25
13 | Aryaoil SL Car X1 15W-40 (recycled) | 157.5
14 | Turbine oil (recycled) 186.25
15 | Turbine oil (used) 202.5

4. CONCLUSION

Vanadium caused undesired side effects in the refining process, corrosion in oil-fired power plants and
affects the catalyst activity. Spectrophotometrical determination based on extraction of vanadium from crude oil and
some products achieved.

5. ACKOWLEDGMENTS
Insincerely thank for the Koya technical institute, Oil technology, chemical analyzing department, for
providing the necessary infrastructural facilities during my research.

REFERENCES
Bakirova S.F, Kotova A.V, Yagyayeva S, Fedorova N and Nadirov N.K, Structural Features of Vanadyl Porphyrins
of Petroleum of West Kazakhstan, Petroleum Chemistry U.S.S.R., 24, 1984, 196-202.

Barbooti M.M, Al-Taee M.A and Qasim B.H, Electrothermal Atomic Absorption Spectrophotometric Determination
of V, Ni and Pb in Hydrocarbon Polluted Soils, Engineer Technol., 28, 2010, 17-28.

Barceloux D.G, Vanadium, J. Toxicol. Clin. Toxicol, 37, 1999, 265.

Bettinelli M and Tittarelli P, Evaluation and Validation of Instrumental Procedures for the Determination of Nickel
and Vanadium in Fuel Oils, Journal of Analytical Atomic Spectrometry, 9, 1994, 805-812.

Botto R.l, Matrix Interferences in the Analysis of Organic Solutions by Inductively Coupled Plasma-Atomic
Emission Spectrometry. Spectrochimica Acta Part B, 42, 1987, 181-199.

Brandao G.P, De Campos R.C, De Castro E.V.R and De Jesus H.C, Determination of Copper, Iron and Vanadium
in Petroleum by Direct Sampling Electrothermal Atomic Absorption Spectrpmetry, Spectrochimica Acta Part B, 62,
2007, 962-969.

Chifang C, Zhuguo D, Jiamo F and Guoying S, Determination of Trace Elements in crude Oils and Organic Materials
Extracted from Oil-Forming Source Rocks in China by INAA. Journal of Radio analytical and Nuclear Chemistry,
151, 2005, 177-184.

De Souza R.M, Da Silveira C.L.P and Aucelio R.Q, Determination of Refractory Elements in Used Lubricating Oil
by ICP-OES Employing Emulsified Sample Introduction and Calibration with Inorganic Standards, Analytical
Sciences, 20, 2004, 351-355.

Dittert .M, Silva J.S.A, Araujo R.G.O, Curtius A.J, Welz B and Becker-Ros H, Direct and Simultaneous
Determination of Cr and Fe in Crude Oil Using High-Resolution Continuum Source Graphite Furnace Atomic
Absorption Spectrometry, Spectrochimica Acta Part B, 64, 2009, 537-543.

Dreyfus S, Pécheyran C, Magnier C, Prinzhofer A, Lienemann C.P and Donard O.F.X, Direct Trace and Ultra-Trace
Metals Determination in Crude Qil and Fractions by Inductively Coupled Plasma Mass Spectrometry, Journal of
ASTM International, 2, 2005, 1-8.

Elrich J, Hilner A and Stark H, Distribution of Trace Elements in Crude Oils from Southern Germany, Chemical
Geology, 48, 1985, 313-323.

January - March 2018 120 JCPS Volume 11 Issue 1



ISSN (Print 0974-2115) (Online 2349-8552)

www.jchps.com Journal of Chemical and Pharmaceutical Sciences
Fischbeck H.J, Engel M.H, Ruffel A.V and Weaver B.L, Application of an External Beam PIXE Method for
Determining the Distribution of Trace Metals in Degraded and Nondegraded Crude Qils, Nuclear Instruments and
Methods in Physics Research, 24,1987, 655-657.

Kowalewska Z, Effect of Chemical Modification on Behavior of Various Organic Vanadium Forms during Analysis
by Electrothermal Atomic Absorption Spectrometry, Spectrochimica Acta Part B, 62, 2007, 273-282.

Oliveira E, Sample preparation for atomic spectroscopy: evolution and future trends, J. Braz. Chem. Soc.,
14, 2003, 174.

Ortega G.S, Pecheyran C, Hudin G, Marosits E and Donard O.F.X, Different Approaches of Crude Oil Mineralisation
for Trace Metal Analysis by ICPMS, Microchemical Journal, 106, 2013, 250-254.

Pyrzynska K, Wierzbicki T, Determination of vanadium species in environmental samples, Talanta, 64, 2004, 823.

Qasim Y Mohammed, Determination of salt content in crude oil, turbine oil and some refinery products
volumetrically, Journal of Chemical and Pharmaceutical Sciences, 10 (1), 2017.

Reynolds J.G, Removal of Nickel and Vanadium from Heavy Crude Oils by Exchange Reactions. Preprints of
Papers-American Chemical Society, Division of Fuel Chemistry, 49, 2004, 79-80.

Saint’Pierre T, Dias L.F, Pozebon D, Aucelio R.Q, Curtius A.J and Welz B, Determination of Cu, Mn, Ni and Sn in
Gasoline by Electrothermal Vaporization Inductively Coupled Plasma Mass Spectrometry, and Emulsion Sample
Introduction. Spectrochimica Acta Part B, 57, 2002, 1991-2001.

Sebor G, Lang I, Vavrecka P, Sychra V and Weisser O, The Determination of Metals in Petroleum Samples by
Atomic Absorption Spectrometry, Part I., The determination of Vanadium. Analytica Chimica Acta, 78, 1975,
99-106.

Sedykh E.M, Bannykh L.N, Korobeinik G.S and Starshinova N.P, Determination of Nickel and Vanadium in Crude
Oils by Electrothermal Atomic Absorption Spectrometry and Inductively Coupled Plasma Atomic Emission
Spectroscopy after Mineralization in an Autoclave. Inorganic Materials, 47, 2011, 1539-1543.

Tadayon F, Massoumi A and Eslami M, Determination of Vanadium, Nickel, and Iron in Crude Oil by High-
Performance Liquid Chromatography. Journal of Chromatographic Science, 37, 1999, 371-374.

Welz B, Sperling M, Atomic Absorption Spectrometry, 3rd ed., Wiley—VCH, Weinheim, New York, 1999.

January - March 2018 121 JCPS Volume 11 Issue 1



