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DETERMINATION OF VANADIUM IN THE PRECASPIAN
REGION’S OIL BY THE EPR-SPECTROSCOPY METHOD

Abstract. In the article of 1977, it is considered the preparation of anisotropic EPR spectrum of a vanadyl ion
complex consisting of 8 lines of hyperfine structure, as a result of a decrease in the viscosity of Karazhanbas oil. In
recent years, lectures on EPR spectroscopy have been given in the subjects of petroleum chemistry and petroleum
geology for students of higher educational institutions. The practical side of this lecture should begin with a simple
isotropic vanadium spectrum. A method is proposed for determining vanadium and FR in crude oils at a temperature
of liquid nitrogen. An important scientific and practical result of the proposed new method for the determination of
vanadium in crude oils, in contrast to the method of American authors, is a reduction in nitrogen consumption, and
an additional advantage of the method consists in reducing the cost of the process, since the use of an expensive
temperature attachment is excluded. The EPR method is also proposed to estimate the total amount of vanadium in
oil zones based on the interaction of V,0Os5 with concentrated hydrochloric acid. The standard photocolorimetric
method for the determination of vanadium in oil ash can be replaced by a more rapid and selective EPR technique.

Keywords: organic free radicals, vanadyl ion VO*', electron paramagnetic resonance, isotropic vanadium
spectrum, anisotropic vanadium spectrum.

The first report on the paramagnetism of crude oils was made by N.S. Garifiyanov and B.M. Kozyrev
in 1956 [1] who, while studying the oil of the Bavly field in the EPR spectrum, found a single absorption
line with a g-factor equal to 2 (Fig. 1). HK. Gutovsky and co-workers [2] found that most crude oils
produce an EPR spectrum, this spectrum consisting of a single line with a g-factor of 2.009, a width of
about 4.5 Oe, and hyperfine structure lines.

Figure 1-Electronic paramagnetic resonance in oil samples of the Bavly deposit (Tataria).
A single line is due to the free radical (R -) of the asphaltene structure [2]
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The latter was attributed to a paramagnetic vanadyl ion, and the singlet was due to free carbon bonds
in condensed aromatic structures in colloidal particles of asphaltenes (Fig. 2).

A large number of lines indicates the anisotropic nature of the hyperfine interaction of an unpaired
electron with the nuclear magnetic moment of the vanadium (spin of the nucleus - 1,=7/2). The anisotropy
of hyperfine interaction is caused by the high viscosity of the oil.

R. Nasirov and S.P. Solodovnikov [3,4] found that dissolution of oil in toluene (1:3.55) and heating to
120 °C in a vacuum sealed ampoule result in the complex anisotropic spectrum transforming into a simple
isotropic spectrum consisting of 8 hyperfine structure lines (HFS) due to the interaction of an unpaired
electron with the nuclear magnetic moment of the vanadium (nuclear spin - [,=7/2), as is seen in Fig. 3.
The narrow (AH = 7+0.5 G) intense line at the center of the spectrum belongs to the so-called "free
radical" (Re).
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Figure 2- EPR spectrum of the Karazhanbas oil (well No. 851) at room temperature: the hyperfine lines I;-8;; and 1.1-8. belong to
the oxo-vanadyl VO cations, and the single line in the high field refers to the free radical

Figure 3-Isotropic EPR spectrum of vanadyl complexes (VO*") of mixtures
of the Karazhanbas oil with toluene (1:3.55) at + 120 °C

EPR spectra were recorded on the E-12 spectrometer of the "Varian" company at a frequency of 9000
MHz with a magnetic field strength of 3000 Oe. As a standard, the Urikhtau oil of the Emba region with a
vanadium content of 28 g/t was used. For measurements, a double resonator was used, which makes it
possible to monitor the recordings of each spectrum with the help of the "Strong pich" reference sample
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included in the instrument. The amount of vanadium in the investigated oil samples was determined
directly from the EPR spectra with the hyperfine structure of the complexes of tetravalent vanadium (see
Fig. 4). The lines of HFS 1; - 8y and 1, — 8, belong to the oxo-vanadyl VO** cations. Of the two intense

central lines, the line in the low field refers to the highest peak of 4 HFS VO™, and a single line in the
high field - to the "coal" free radical. To determine the V** content, the amplitude of the most intense line

of the spectrum, which is adjacent to a single line of the free radical in the region of a weaker magnetic
field, was measured.

b

Figure 4-The central parts of the EPR spectrum (at liquid nitrogen temperature) of the oil of the Urikhtau deposit, well # 8: I, - the
amplitude of the vanadium signal, Ip - the amplitude of the FR signal

The V* content was determined by comparing the spectral amplitudes of the investigated sample Ty
and the standard I, by the formula: Cy = Iy1, /I, L, where 1, ., - the amplitude of the reference sample
line when recording the standard spectrum; I, - the amplitude of the same line when recording the
spectrum of the sample. It was assumed that the widths of the spectral lines of the sample and the standard
are the same.

On the recommendation of the American authors [5], the EPR spectra of V** are measured at a
temperature of -90°C, at which the oil hardens, and the amplitude of the measured signal does not depend
on the viscosity of the oil. Thermostating of the sample was carried out by blowing it with nitrogen gas,
heated to a given temperature.

Of particular interest was the effect on the accuracy of the determination of vanadium in oils extracted
from different wells, the use of liquid nitrogen temperature (-196°C), which greatly expands the
possibilities of laboratory determination of vanadium and increases the efficiency of the method.

Before using liquid nitrogen as a coolant in the determination of vanadium, it was necessary to
investigate the nature of the saturation curves of EPR signals V*" depending on the power P of ultra-high
frequency, since such a dependence exists.

Figure 5 shows the saturation curves of the V¥ EPR signal as a function of the square root of the
UHF power taken in a special double resonator at various temperatures.

In the first case, a quartz Dewar vessel (Figure 6) containing an ampoule with oil in liquid nitrogen
was located in one resonator, in the second resonator, there was the standard "Strong pitch" of the E-12
spectrometer of the Varian company, used to monitor the UHF power.

In the second case, in the determination of vanadium at -90°C, a quartz vacuum-treated tube with the
oil sample was used in one resonator through which nitrogen vapors of the corresponding temperature
were blown, in the second resonator, there was a standard.

Since, in the absence of saturation, the intensity of the EPR signal is I~ JP , the intensity of the
standard was a relative measure used as the scale of abscissas in Fig. 5.
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Figure 5 - Dependence of intensity change I EPR V** of oil of the South-East Kamyshitovoye field on /P .
Well 1: 1 - at-196 °C, 3- at -90 °C; well 16: 2 - at-196 °C, 4 - at -90 °C

Figure 6-System for measuring EPR spectra of oils at liquid nitrogen temperature:
1 - Dewar vessel; 2 - ampoule with oil; 3 - liquid nitrogen

Table 1- Results of the V** determination in the region of linear dependence
of T on /P on the South-East Kamyshitovoye deposit

N of well V&, et
—90°C [ -196°C

1 25.0 25.0
2 68.6 40.0
3 103 10.6
4 16.8 16.5
5 155 15.7
14 36.7 34.7
16 71.0 68.3
19 24.6 24.1
21 112 105
110 71.1 70.8
111 34.3 35.0
115 145 14.1
117 10.9 102
123 102 103
120 11.6 10.6

As can be seen from Figure 5, there is a significant region of linear dependence of 1 on/P , in which
a correct determination of the V*" vanadium content is possible at both -90 °C and -196 °C. Regardless of
the concentration of vanadium (see wells 1 and 16 in Table 1), the regions of linear dependence for the
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same temperature are approximately the same, but differ significantly at different temperatures: at -196
°C, the lincar section 1s about 3 times shorter than at -90 °C.

Table 1 presents a good correspondence of the data, which makes it possible to recommend the use of
liquid nitrogen as a coolant in mass laboratory determinations of vanadium.

In order to improve the standard photocolorimetric method for determination of vanadium in oil ash, a
more rapid method was proposed for estimating the total amount of vanadium in oil ash, based on the
interaction of V,0; with concentrated hydrochloric acid according to the following scheme:

V205 + 6HCIl & 2VOC12 + C12 + 3H20 .

Figure 7 shows the anisotropic EPR spectrum of vanadium chloride formed from reactive vanadium
oxide. The same spectrum was obtained from the ash of Kalamkas oil, well N 52 (Fig. 7) and other oils.
The concentration of vanadium in the studied oil ash (Table 2) of the Caspian region is determined from
the anisotropic EPR spectrum of the formed vanadium chloride by the methods of [6-8]. As can be seen
from Table. 2, the results of determining the content of vanadium in oil ash by the chemical method and
EPR and XRF methods are consistent. The advantage of the EPR method for determining the total
vanadium from oil ash is its productivity, selectivity, high accuracy and reliability in comparison with
conventionally used photocolorimetric methods.

Table 2-Vanadium content in oils and their ash, %

Oil Ash output Vanadium content Vanadium cfontent per
o POA 1o OI1P ash
Kalamkas, 52 0.087 0.015 0.0148 17.5
Botakhan, 68 0.037 0.0025 0.0022 12.9
Karazhanbas, 851 0.09 0.029 0.026 28.9

The results of these studies on the determination of vanadium in crude oils using EPR-
radiospectroscopy were used by geologists and scientists of the All-Russian Petroleum Research
Exploration Institute (VNIGRI) as reference samples for calculating the geological reserves of vanadium
in the Karazhanbas, North Buzachinsky, Kalamkas and Zhalgiztobe oil fields of the Mangyshlak region
(Act on the Use of Materials by R. Nasirov in the works on calculating the reserves of vanadium in the oil
deposits of the Mangyshlak region, 24.03.1992, NeO8-signed by the head of the department of the
VNIGRI, doctor of geological and mineralogical sciences, laurcate of the State award, V.V. Gribkov) [9].
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Figure 7- EPR spectra of vanadyl chloride at -196 °C, obtained: a) from V,0s b) from the ash of Kalamkas oil,
well N 52 (here are recorded the hyperfine lines 1, — 8 of vanadyl ion)
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The developed method "The results of determination of tetravalent vanadium in oils by the EPR
spectroscopy"” is also recommended for students of higher education institutions studying in the specialties
"Geology and geochemistry of oil and gas" [10] and "Oil and gas chemistry" [11]. In these textbooks, EPR
spectroscopy is widely used not only in petrochemistry, but also in other geological and geochemical
studies, in particular, in the allocation of oil strata on the relationship between the concentration of ions of
divalent manganese, vanadium V*" and FR in rocks

The presence of porphyrins with vanadium in the form of vanadyl ion VO*" is evidence in favor of the
theory of the organic origin of oil (chemofossilia). pigments with a porphyrin structure (plant chlorophyll,
animal hemoglobin) are considered as biological precursors of oil porphyrins widely distributed in nature
[12]. Allocated from vanadylporphyrin concentrates of Karazhanbas oil, free porphyrins were used by us
to obtain complex copper compounds [13]. In order to establish the structure of the oil porphyrins in the
EPR spectrum, hyperfine splitting from the interaction of an unpaired electron with copper nuclei and four
atoms of "*N pyrolic rings was observed.

Conclusions.

1. It was found that dissolution of oil in toluene (1:3.55) and heating to 120 °C in a vacuum-sealed
ampoule result in the complex anisotropic spectrum transforming into a simple isotropic spectrum
consisting of 8 hyperfine structure lines (HFS), caused by the interaction of the unpaired electron with the
nuclear magnetic moment of the vanadium (the nuclear spin 1,=7/2).

2. 2. For the first time a new method for determination of vanadium and FR in crude oils at liquid
nitrogen temperature is proposed. An important scientific and practical result of the new proposed method
for the determination of vanadium in crude oils, in contrast to the method of American authors, is a
reduction in nitrogen consumption, and an additional advantage of the method is to reduce the cost of the
process, since the use of an expensive temperature attachment is excluded.

3. The advantage of the EPR method for determining the total vanadium in oil ash is its productivity,
selectivity, high accuracy and reliability in comparison with conventionally used photocolorimetric
methods.

4. The developed method "The results of determination of tetravalent vanadium in oils by the EPR
spectroscopy” is also recommended for students of higher educational institutions studying in the
specialization of "Geology and geochemistry of oil and gas" and "Oil and gas chemistry".
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P.H. Hacipos
X. JlocMyxaMeI0B aTbIHAAFbl ATHIPAY MEMJICKETTIK YHUBEPCHTETI, AThIpay K., KazakcTan

3P CIEKTPOCKOIHMSA KOMETTMEH KACITUI MAHBIHIAFbI
MYHAWIAPJIAFEI BAHAJIMI NI AHBIKTAY

Annortamust. Maxkamaga 1977 >kKpLibl MyHAHIBIH TYTKBIPIBIFBIH A3aHTy HOTIKECIHAC TOPT BAJCHTTI BAHAIUH
HOHBI KOMIUICKCIHIH 8-KETJCH TYPAThIH TXipHOemik m3orpontsl JIIP-criekTpi anbiaranHsl ce3 0onambl. COHFBI
SKBIAAPhl MYHAH XHMHUACHI >KOHE T'EOJIOTHACH MoHAepl OolibmHIma ctyacHTTepre 1P — ciekTpockonusinan aspicrep
OKbLTa Oacrampl, an JOPICTiH MPAKTHKANBIK HETi3l OCHI XKOW HM30TPONTHI CIEKTPACH 0acTay AamblHyBI KEpPeK.
Bananuiini skoHE epKiH pagMKaXIsl MyHAaWnapaa CYHbIK a30T TEMIICPATypPAchIHAA AHBIKTAY OIICI YCHIHBLIAIBL
3epTxaHa >KaFrmalbIHAA BAHAMWIIL SKamMmail aHBIKTAy KE31HAC YCHIHBUIFAH OICTIH AMCEPHKAHIBIK FAIbIMIAPIbIH
YCHIHBICHIHAH ©3TCIILNIrT a30TTHI KOIl IIBFBIHAAMANIBI, TEMIIEPATYPa KOHIBIPFBICHIH KAKET CTICHTIHAIr >KOHE
sKkcnpecTi 0omaTeIHABIFBL. COI CHAKTHI Oy1 xymbIcTa 1P omici MyHAWABIH KYJIIHICT] KaIbI BAHATHHIl AaHBIKTAYFa
0ONaTBIHIBIFBI TOKIPUOE HETI3IHAC JAICIICHl KOHE Kasipri Ke3le KOMIAHBLIBII JKYPreH (POTOKOIOIMMETPIIK
QiCTI TOJBIK BIFBICTHIPATIBL.

Tyiiin ce3aep: OPraHUKANBIK CPKiH PAIUKAIIAP, BAHATIT HOHEI VO, 3ICKTPOHIBIK TAPAMATHHTTIK PE3OHAHC,
BaHAJUHAIH H30TPONTHI CIICKTP1, BAHATHIHIH AHU30TPOIITHI CIIEKTPI.

YAK 546.881:553.982:538.113
P.H. Hacupos
ATsIpayckuii Tocy TapCcTBEHHBIN yHHBEPCHTET UM.X. JlocMyxamMe0Ba

OINPEJAEJEHUE BAHAIUSA B HE®TAX NIPUKACIHUINCKOIO PETHOHA
METOJO0OM 31IP-CIEKTPOCKOIITNHA

Annoramust. B craree 1977 roma paccMmarpuBacTCsl MOMyYEHHE H30TPOIMHOTO criekrpa JIIP KOMIUIEKCHOTO
HOHA BAHAJWIA, COCTOAINETO M3 8 IHHHH CBEPXTOHKOH CTPYKTYPBL, B PE3YJAbTATE YMCHBIICHHA BA3KOCTH
Kapaxanbacckoit Herr. B mocnemHme rogpl mo mpeaMeTaM: XHMHH HE(DTH W TCOJOTHH HE(TH A CTYIACHTOB
BBICIINX YUCOHBIX 3aBCACHUH unTaroTca jackumu 1o OI1P — cmekrpockomuu. [IpakTuueckas CTOpoHA 3TOH JICKIHH
JOIDKHA HAYMHATBCA C IPOCTOTO HM30TPOIHOTO CIEKTpa BaHamms. B pabore mpemnaraercs CHocod ompeencHHsI
paHaust u CP B CHIPBIX HE(TAX IPHU TEMIEPAType KUIKOTO a30Ta. BaXKHBIM HAYYHO-NPAKTHYECKHM PE3YyITAaTOM
MPEAIaraeMoro HOBOTO CIOCO0A ONPEACTICHUSI BAHAAWS B CHIPHIX HE(TAX, B OTIMYHC OT METOJA aMECPHKAHCKHUX
aBTOPOB SBIICTCSI CHIDKCHHE pacxoJa a3o0Ta, a [JONMOJHHTEIBHOC MNPEHMYINECTBO CIOCO0A 3aKIMIOYACTCS B
VICHICBICHAM MPOLECCa, TAK KAaK HCKIIOYACTCS MPHUMEHECHHUE JOPOTOCTOANICH TEMIIEPATYPHOHW IPUCTABKU IIPH
MAcCOBBIX J1TA0OPATOPHBIX ONpENCICHMIX BaHamus. Tak ke mpemmaraetcs meron OIIP amst omeHkH oOmiero
KOJIMYECTBA BaHAAWA B 30JaX He(TH, OCHOBAaHHOH Ha B3amMoacHCTBHH V,0OsC KOHICHTPHPOBAHHON COJITHOH
kuca0To. CTaHZAPTHEIN (POTOKOIOPHMCETPHYUCCKHN MCTOT OTIPSICICHIS BAHAAHS B 301aX HS(PTCH MOYKHO 3AMCHHTH
007ce FKCIPECCHOM B M30upaTeapHOi MeToauKkon JI1P.

K.I04eBbIe CJI0BA: OPraHHYECKHE CBOOOTHBIC PATHKATIBL, HOH BaHAAMIA VO, 31eKTPOHHBIN TapAMATHHTHEIH
PE30HAHC, H30TPOIHBIN CIIEKTP BAHAAMA, AHH30TPOIHBIA CICKTP BAHATUA.
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