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SOME REGULARITIES OF THE DISTRIBUTION OF THE CONTENT
OF FREE RADICALS AND VANADIUM (1V) IN OIL BY GEOLOGICAL
SECTIONS OF THE EMBA REGION DEPOSITS

Abstract. In laboratory practice, is proposed a method for determining vanadium (I'V) and free radicals (FR) in
crude oils by electron paramagnetic resonance (EPR) at liquid nitrogen temperature. An important scientific and
practical result of the proposed method for the determination of vanadium in crude oils, in contrast to the method of
American authors is low nitrogen consumption, and an additional advantage of the method lies in the low cost of the
process, since it climinates the use of expensive temperature attachments for mass laboratory determinations of
vanadium. In scientific work, this method was applied to determine vanadium and FR from the section of the Emba
region’s oil fields.

It has been established that with increasing depth and age of oil-bearing rocks, the density of oil decreases, as
well as the content of tetravalent vanadium and FR in it. In some fields of the Emba oil-bearing region (North
Kotyrtas, Kara-Arna), is noted an inverse pattern - an increase in the density of oil, the concentration of vanadium
and FR is observed during the transition from an elevated part of the formation to a lower part.
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In recent years, students of higher education on the subjects: oil chemistry and oil geology have
lectures on EPR-spectroscopy [1,2]. In laboratory practice, a method for determining vanadium (IV) and
free radicals (FR) in crude oils at liquid nitrogen temperature is proposed. An important scientific and
practical result of the proposed method for determining vanadium in crude oils, in contrast to the method
of American authors [3], is the reduction of nitrogen consumption, as well as an additional advantage of
the method is to reduce the cost of the process, since the use of an expensive temperature set-top box is
excluded in the mass laboratory definitions of vanadium [1]. In this paper, we used this method to
determine vanadium and FR from the oil fields of the Emba region.

Table 1 — The relationship between density and oil content of vanadium (IV) and FR section of field Kyrykmyltyk

Well number Age Depth of occurrence, m Density, Oil content
g/sm? V(IV),gh FR-10 "7, spin/g
16 Ka 398...407 0,9273 26,30 9,36
7 Ka 389...395 0,9275 23,20 9,20
7 KB 431...436 0,9163 14,93 8,38
7 KB 436...440 0,9127 11,38 8,38
7 KB 465...467 0,9269 13,39 8,67
11 5 883...891 0,8878 843 3,56
11 P} 937...943 0,8867 5,96 2,36
15 P} 918...925 0,8897 6,29 2,64
15 I 930...932,5 0,8883 5,13 2,46
1 I 911.917 0,8880 4,94 2,44
Note. Kja —apt, Kjp-barrem, K;g-goter, J, — middle jur, J; — lower jur.
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Some regularities of the distribution of the content of FR and vanadium (IV) by the section of oil
fields with different physical and chemical characteristics by the stratigraphic section were revealed for
the Kyrykmyltyk field (table 1 and 2) and South Tagan (table 2). As can be seen from the results of data
analysis, with increasing depth and age of oil content of FR and vanadium (IV) naturally decreases.

Paramagnetic characteristics of the oil field Kyrykmyltyk were studied by EPR-spectroscopy with the
aim of establishing a relationship between density and oil content of vanadium (IV) and FR. The level of
paramagnetism of the oil field Kyrykmyltyk is due to the different compounds of vanadium V(IV) and FR.
Table 1 shows that the relationship between oil density and vanadium (IV) and FR content is quite clear.
From the results of the analysis of the data given in table 1, it is also seen that with the increase in the
depth and age of oil, the vanadium (IV) and FR content naturally decreases. The highest content of
vanadium (28 g/t) and FR falls on the oil horizon K;a (apt). The content of vanadium is much higher in
oils in lower Cretaceous sediments than in the oils of the Jurassic sediments (that was previously installed
for the oil between the rivers Ural and Volga) [4]. A similar change is typical for FR. In oils of lower
Cretaceous deposits the concentration of FR is higher than in oils of Jurassic deposits.

For the oil fields Kyrykmyltyk and South Tagan also established the relationship between content FR,
vanadium (IV) and physico-chemical characteristics. As can be seen from table 2, the content of sulfur,
resins, asphaltenes, as well as the density and viscosity of oils increases with the content of FR and
vanadium (IV). There is an inversely proportional relationship between the content of FR and vanadium
(IV) in oils and the yield of gasoline fractions.

Within one ficld with increasing geological age and depth of oil vanadium content decreases (table. 1
and table. 2). In the oil fields of the Emba region, the concentration of FR also decreases with the depth of
the oil, similar to that observed in the Maikov deposits of the Hadyzhensk and oil and gas fields lying at
shallow depths [5].

Table 2 - Interdependence between vanadium (IV), FR content
and physico-chemical characteristics of low vanadium oils of the South-Emba region

g Content, % Fraction
5 g . i = . output up to
- % s |2 |§% |52 |s |2 |E 300°C, %
s 8 < = . D o 55 S & = = =
5 a) 5 pe g™ 2 z 5 2
= : > 7
=
Kyrykmyltyk
11 389...396 Cret. 232 9.2 0,927 1449 0,35 20,0 2,56 24,1
15 930...931 I 5,1 2,5 0,888 99 0,25 8,46 0,76 28,8
11 883...891 I 84 3.6 0,887 105 0,39 9,01 0,29 323
16 469..477 Cret. 17,9 5.9 0914 | 519 | 038 | 141 | 119 152
South Tagan
1 274..288 5 292 424 0,972 1785 0,49 29,5 6,89 8,0
1 597...601 Trias 10,7 124 0,905 560 0,23 13,8 0,67 14,8
"Note — Viscosity is calculated at 50°C

In some ficlds of the Emba oil-bearing region (North Kotyrtas, Kara-Ara) the reverse pattern is
observed — the increase in the content of vanadium and free radicals with depth, which is explained by
vertical migration or gravitational differentiation of oil [6]. This process seems to be due to the complex
geological structure of the salt dome structures, which are often subject to tectonic processing.

Oil components containing paramagnetic centers are the most chemically active part of oils. Their
free radical form determines the increased activity in the processes of both oil genesis and migration.
Paramagnetic centers of oil, which are caused by the presence of compounds of tetravalent vanadium and
free radicals, are part of the resinous-asphaltene components of oil [7]. In the transition from the increased
part of the fields to the reduced one, there is an increase in oil density, vanadium and FR concentration.
For illustration, in fig. 1 it is shown about the central parts of the EPR spectra of oils from the well
sections of the 23 North Kotyrtas Deposit, taken at — 900C, containing one of the components of the
hyperfine structure V4+ and the singlet from the FR. As can be seen, the amplitude of the signal of EPR of
V4+ and FR with increasing depth of oil occurrence is growing. The increase in paramagnetism of oils
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with increasing depth of their occurrence is clearly observed in the section of the Kara-Ama field located
in the southern coastal part of the Emba district. The ficld is tectonically Diptera is a salt dome structure of
closed type with deep (up to 1800m) salt core.
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Figure 1- Change of EPR signal of oils in the section of the Kotyrtas North field, well 23.
Deep: a-1139-1148 m, b-1160-1165 m, ¢ —1204-1216,5 m; EPR signals:1-from V*# 2-from FR

Table 3 - Characteristics of oils in the North Kotyrtas field

Well number Age, horizon Oil extraction interval,m Oil density, g/sm’ V¥ ght FR-10", spin/g
23 T, I 1139-1145 0,8588 11,50 4,60
T, I 1160-1165 0,8954 19,97 8,31
T, IV 1204-1216,5 0,9051 22,51 10,65
22 T, 10 1119,5-1128.5 0,8254 2,26 0,69
T, I 1138,2-1155 0,8315 3,05 1,06
T, I 1176-1185,7 0,8509 5,05 2,37
38 T, 1 1079,5-1085 0,8715 7,80 4,93
T, 10 1133-1139 0,8810 12,10 6,20
5 T, 1 1059-1073,5 0,8000 0,37 0,14
T, 10 1100-1104 0,8461 4,59 1,92

Analysis of the results (table.4) shows that there is a fairly clear difference in the distribution of the
average vanadium content between the studied productive horizons. It should be noted that the
Cenomanian horizon is characterized by the conditioned content of vanadium, and with the increase in the
age and depth of oil, the content of vanadium and FR increases, so the industrial importance of the Kara-
Arna field as a raw source of vanadium is of practical interest.

Table 4 — Change of paramagnetic properties of Kara-Arna oil field

The number of the studied Oil extraction interval, m Age The average content FR- 1077,
wells of vanadium, g/t spin/g
3 510-555 Senoman 60,08 8.36
4 967-983 Early alb 93,83 10,95
11 1047-1074 Apt 102,44 11,99
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Experimental part

EPR spectra were recorded on the E-12 spectrometer of “Varian”. We have found EPR signals from
both vanadium and FR ions in the oils of the studied fields. The most intensive hyperfine structure line
(HSL) from the complexes of tetravalent vanadium and the single line from FR were used to determine the
concentration [8]. The standard concentrations were the oil from Urichtausk field (from well. 8) with
known vanadium content (27.6 g/t) and FR (7.8:10' spin/sm’). Oil samples before the analysis were
purified from associated water and mechanical impurities by centrifugation (centrifuge T-22) at a speed of
4000 rpm. The oil samples prepared in this way were sealed in order to avoid evaporation of gasoline
fractions into glass ampoules 0.2 cm in diameter and 10-15 ¢cm in length.

Gratitude. The authors Express their gratitude to the head of the laboratory of electronic paramagnetic
resonance (EPR) of the Institute of Organoclement compounds of RAS S. P. Solodovnikov for his help in
shooting oil spectra on the EPR spectrometer.

O0XK 546.881:553.982:538.113
I.A. Apryp', E. Mycun', A.C. Kanayora®, A.A. Haxxerosa', P.H. Hacupos'

"X JTocMyXaMeI0B aThIHAAFEI ATHIPAY MEMJICKETTIK Y HHBEPCHTETI,
*ATHIpay MyHAl ’KOHE Ta3 YHHBEPCHTETI

EMBI AUMAFBIHJIATBI MYHA# KEHIIITEPIHIH FEOJIOT MSLTBIK KHMAJTAPBI BOVMBIHIIA
EPKIH PAJIUKAJITAP MEH BAHA TUHAIIH (IV) TAPATTY 3AHJIBLIBIKTAPLI

Annoramust. [Tluki MyHalimarel BaHagwit MeH cpkiH pagukammapias! (EP) 31ekTpoHIBIK HapaMarHUTTIK
pe3oHaHc (OI1P) kemeriMeH CYHBIK a30T TEMIICPATYPACBIHAA AHBIKTAY OTICI YCHIHBLIIBL3EPTXaHA >KAaFJavbIHAA
BaHAUH/I] YKANMAi aHBIKTAY IbIH OYJI YCHIHBUUFAH OIICIHIH aMEPHKAHIBIK FAIBIMIAPABIH SMICIHCH ©3Temeliri a3oT
IOGIFBIHBIHBIH, OTC a3 OOMyBI KOHC KBIMOAT TYPATHIH TCEMIICPATYpa KOHIBIPFBICBIHBIH KCPEKCI3Airi, mpuoop
PC30HATOPBIHAAFBI OPHATACKAH aMITy JIa KOJICMiHiH OapIbIK sKaraaiiaa Oipacimiri.

By omicti EM0i aiimarsrHmarel MyHaiapra EP MeH BaHa uiIi aHBIKTAY YIOIH KOJJAHIBIK. 3EPTTCY HOTHIKECI,
MYHAH YITIICPiH aly TCPCHIITIHC 'KOHC OPHAJACATHIH JKBIHBICTAPIBIH TCOIOTHAIBIK KACHIHA OAMIAHBICTBI, MYHAH
THIFBI3IBIFBIHBIH KEMHTIHI JKOHE OHIAFBI TOPT BAJICHTTI BaHAAWH MEH EP KOHIEHTPALMCHIHBIH A3asTHIHIBIFBIH
kepcerri. An EmOi afimarbmbiH kehOip myHait keHimrepi (Conrycrik Koteiprac, Kapa-apHa) ymris »Xoraprsl
KabdaTTapaaH TOMCHTI KabaTTapra Ty KE3iHAC MYHAIMIBIH THIFBI3ABIFBIHBIH OCCTIHITI KOHC BaHaamid McH EP
KOHICHTPALMSCHIHBIH APTATHIHABIFHI , SIFHU KEP1 3aHIBUIBIK TaFAHbIHIAT/IBL.

Tyiiin ce3mep: 3ICKTPOHIBIK MApAMATHHUTTIK pe3oHaHc, BaHammi (IV), epkiH paamkan, MyHAH opHamacy
TEPEHIITI.
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! AThIpayckmii TOCY JapCTBEHHBIH yHHBEpcHTET HM. X. JI0CMYXaMeI0Ba;
*ATBIpayCKHil YHHBEPCHTET HE()TH H Ta3a

HEKOTOPBIE 3AKOHOMEPHOCTH PACIIPEAEJIEHUA COAEPKAHUSA CP U BAHAJUA (IV) B
HE®TH IO PAZPE3AM MECTOPOKJAEHHUU IMBUHCKOI'O PETHOHA

Annoramusa. B maboparopHOH mpakTHke mpeamaracTcsa cmocod ompeaencHus BaHamua (IV) m cBOOOTHBIX
panukanoB (CP) B CHIpRIX HE(PTAX METOAOM 3JICKTPOHHOTO MAapaMarHUTHOTO pesoHaHca (OIIP) mpm Temmeparype
SKUIKOTO a30Ta. BayKHBIM HAYUHO-ITPAKTHUECKEM PE3yJIbTATOM IPEJJIaTacMOTO CIIoco0a OIpEACICHHSI BAHAIUS B
CBIPBIX HE(TAX, B OTJIMUUHM METOJA AMCPUKAHCKUX aBTOPOB SIBIBICTCS CHIDKCHHE PAacXoza a30Ta, a JOTIOTHUTEIbHOC
MPEUMYINECTBO CIMOCO0a 3aKIIOYACTCS B YJCIICBICHHM IPOLECCA, TaK KAaK HCKIIFOYAeTCAd IPHMCHCHHC
JOPOTOCTOAMICH TCMIICPATYPHOH NMPHUCTABKH MPH MACCOBBIX JA0OPATOPHBIX OMPCACICHHAX BaHAOWA. B naHHOH
paboTe 3TOT METOJ MpPUMEHEH A onpexacieHus BaHaaus u CP mo paspesy mecroposkacHui HeTu IMOHHCKOTO
peruoHa.

Bbut0 yCTAaHOBIEHO, YTO C YBEIMYCHHEM TIIyOMHBI M BO3pacTa HE()TEBMEINAOINMX IOPOJ IMPOMCXOTHT
VMCHBIICHHC IUIOTHOCTH HC()TH, COACpKAHHA B HEH deThlpexBancHTHOTO BaHamma u CP. Ha HexoTopsIx
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MCCTOPOXKICHIAX OMOMHCKOTO He(reHocHOTO pationa (Koteiprac Cesepusbrii, Kapa-ApHa) oTmeuacTcs oOparHas
3aKOHOMEPHOCTh — IIPH IIEPEXOJC OT MOBBIMICHHONW YACTH IUIACTa K IOHIDKCHHOM OTMEUAIOTCS VBCIMHUCHHC
IUTOTHOCTH He(TH, KOHICHTpalmy BaHaausd u CP.

KimoueBbie cioBa: JNCKTPOHHBIM NMAPAMAaTHUTHBIN pe3oHaHC, BaHanui (IV), cBOOOAHBINH pagukan, riyOHHA
3aJeraHus HeTu.
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