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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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FEATURES OF DISTRIBUTION OF THE PARAMAGNETIC CENTERS
ON THE AREA OF THE EMBA REGION OIL DEPOSITS

Abstract. In the oils of the studied deposits, we detected EPR signals both from vanadium ions and free radicals
(FR). To determine their concentration, the most intense hyperfine structure (HFS) line was used among the
complexes of tetravalent vanadium and a single line from the FR.

There are no noticeable changes in the density of oil and the content of vanadium (IV) in the studied wells from
the area of the Jurassic deposits of the Kyrykmyltyk field. It means that on the area, vanadium content in oil does not
change, there is a good hydrodynamic communication between production wells, and the Kyrykmyltyk field belongs
to low-vanadium oils.

Uniform distribution of vanadium, is also established on the area of the Aptian, Albian and Cenomanian
horizons of the Kara-Arna deposit and it characterizes the conditioned content of vanadium. Between the producing
wells of each horizon there is observed a good hydrodynamic connection.

Keywords: complex of tetravalent vanadium, free radical, electronic paramagnetic resonance, hydrodynamic
communication, conditioned content.

During the work [1], we found that in the Kalamkas field in the context of productive layers there is a
clear distinction between two independent deposits by paramagnetic features and vanadium distribution
(in the upper — 200g/t, in the lower -140g/t). This gave rise to the authors argue that the vanadium content
is a reliable correlation feature that can be used in monitoring the development of oil reservoirs [2].

The study of the relationship between the content of stable free radicals and vanadium (IV) in oils
with their physical and chemical characteristics in the area of deposits was carried out at the fields of the
Emba region.

The interdependence between the content of vanadium (IV), FR and physico-chemical characteristics
of the oils were studied on the area of the oil horizon for deposits Kyrykmyltyk, Kara-Arna, Karsak and
Iskene. Table 1 shows the results of the determination of vanadium (IV) in oils with different densities.
Table 1 shows that the relationship between oil density and vanadium (I'V) content is quite clear.

The analysis of paramagnetic features of the oils of Permo-Triassic deposits of the Iskene field
showed that the oils of the southern and northern fields differ sharply in vanadium (IV) content. The
industrial content of vanadium was found in the oils of the southern field (table 1). These oils are also
characterized by high density and high sulfur content (S >1 %) in contrast to lighter and low-sulfur (S >0,2
%) oils of the northern field. This indicates various hypergenic changes in the oils of the southern and
northern fields.

IV Albian horizon deposits of Karsak — the most significant in size, thickness and oil reserves. IV
Albian horizon quality oil is divided into two types: west field - low-sulphur, resinous, paraffinic; east
field - low-sulphur, low-resinous, high-paraftinic, oily. As can be seen from table 1, the average vanadium
(IV) content in the oils of the IV Albian horizon of the western field is 3 times higher than in the oils of
the IV Albian horizon of the eastern field. Such a difference in the area of this productive horizon oil
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seems to be explained either by the losses of light oil fractions of the western field, or by their migration
towards the eastern field.

Table 1 — Results of the study of correlations between density and vanadium (IV) content

Field The number Qil extraction Horizon Change interval
of the studied interval, m - -
wells Density, Vanadium _
g/em’ content, g/t of oil
Kyrykmyltyk 8 911 -943 Jurassic 0,8867 - 0,8919 2,38 -3,38
Kara-Arna 11 1047- 1074 Aptian 0,9153 110,1
Iskene:
south field 2 659-948 Permo-Trias 0,9294-0,9397 167,7-190,8
north field 6 704-773 Permo-Trias 0,7974-0,8144 0,7-1,3
Karsak:
west field 2 472-782 IV albian 0,9051 9,2
east field 3 481-484 1V albian 0,8612 2,9

For the oil fields Kyrykmyltyk, the relationship between FR and vanadium (IV) content, as well as
physico—chemical characteristics (table 2) also established. 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. 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 the oil, the vanadium (IV) and FR content
naturally decreases. The highest content of vanadium (28 g/t) and FR falls on the Cretaceous oil
horizon(table 2). Vanadium content is much higher in the lower Cretaceous deposits than in the Jurassic
deposits. A similar change is characteristic of the FR. In Cretaceous sediment oils the concentration of FR
is higher than in Jurassic sediments.

Table 2 - The interdependence between the content of vanadium (IV),
FR and physico-chemical characteristics of low-vanadium oil from Kyrykmyltyk field

Content, % Fraction
: tput up
Vanadium 17 . ou 0
Well Depth, m | Age content , FR .10 ’ Den51t3y ’ . Aspha to 300°C,
number ot spin/g g/cm Sulfur | Resin Ite- %
nes
11 389...396 | Cret 23,2 9,2 0,927 0,35 20,0 2,56 24,1
15 930...931 I, 2,6 2,5 0,888 0,25 8,46 0,76 28,8
11 883...891 J, 3,3 3,6 0,887 0,39 9,01 0,29 32,3
16 469..477 | Cret 17,9 5,9 0,914 0,38 14,1 1,19 15,2

At the studied wells on the area of Jurassic deposits of the field Kyrykmyltyk, there are no noticeable
changes in density of oil and the content of vanadium (IV) (table.1).

The uniform distribution of vanadium (IV) is also established on the area of the Aptian horizon of the
Kara-Arna field with the help of oil samples obtained from 11 producing wells (wells 23, 25, 53, 57, 66,
68, 82, 86, 87, 90, 94) (table 1). For illustration, figure 1 shows the central parts of EPR spectra of oil
samples of the Aptian horizon of the Kara-Arna field (wells 82, 57, 90, 53), taken at -196°C, containing
one of the components of the hyperfine vanadium (IV) structure and the singlet from FR.

Table 3 — Change of paramagnetic properties of Kara-Arna oil field

The number of the Oil extraction Age The average content of FR-107"7,
studied wells interval, m vanadium, g/t spin/g
3 510-555 Cenomanian 60,08 8,36
4 967-983 Early Albian 93,83 10,95
11 1047-1074 Aptian 102,44 11,99

— 50
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well 82 well 57 well 90

g‘] I':l

Figure 1- The Central part of EPR spectra of oils on the area of the Aptian horizon of the Kara-Arna field
(wells 82, 57, 90, 53) in -196° C: a — central line of HFS from vanadium (IV); 6 — signal from FR.

As can be seen from figure 1, the intensity of both lines of the spectrum of oil samples for the studied
wells is the same. This suggests that the area content of vanadium (IV) and FR in oil does not change and
between producing wells, there is a good hydrodynamic connection. It should be noted that the Aptian
horizon is also characterized by the conditioned content of vanadium (IV), so the industrial significance of
the Kara-Arna deposit as a raw material source of vanadium is of practical interest.

Vanadium content in the oils of Emba district ranges from 60 to 126 g/t. Its increased concentration is
characterized mainly by oil fields in the area, located on the South Emba uplift. Oils also belong to the
category of high viscosity with a high content of resin, asphaltene and low — light fractions [3-5]. The
work [6,7] discusses the patterns of distribution of vanadium in low-vanadium oils ( <10g/t) from East
Moldabek, North Kotyrtas, Kemerkol, South Kozha, South Tagan and Kyrykmyltyk fields, located in the
South-Emba oil and gas province, united by the interdependence between the vanadium content and the
physical-chemical parameters of these oils.

EXPERIMENTAL PART

EPR spectra were recorded on the E-12 spectrometer of “Varian” company. We have found EPR
signals from FR and vanadium ions in the oils of the studied fields. For the determination of
concentrations used the most intense line hyperfine structure (HFS) of complexes of tetravalent vanadium
[5,7]. The standard concentrations were the oil from Urichtau field (from well 8) with known vanadium
content (27,6 g/t) and FR (7,8:1017 spin/cm3). Samples of oil before the analysis was subjected to
purification from associated water and solids by centrifugation (centrifuge T-22) when the rotation
frequency 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 electron paramagnetic
resonance (EPR) of Institute of Organoelement compounds from Russian Academy of Sciences - S. P.
Solodovnikov for assistance in recording the spectra of oil on the EPR spectrometer.

CONCLUSIONS
Evaluation of the composition and properties of oils based on the study of their paramagnetic features
is proposed as a necessary step for the selection of rational ways of oil development.

OO 547.741:553.982:538.113
H.E. KynbﬁaJmHal, B.K. Kycnaﬂosaz, A.A. Konamesa', JI.LK. Maguesa', P.H. Hacupos '

"X JocMyxaMe/10Ba aThIHAaFbl AThIpay MEMIICKETTIK YHHBEPCUTET;
* AThIpay MyHaif %oHe ra3 yHHBEPCHTETi

EMBI MYHAM KEHIIHTEI:IH,Z[E IMAPAMAT'HUTTI
OPTAJIBIKTAPIbIH KABATTAPBI BFOUBIHIIIA TAPAJIY EPEKIIHEJIKTEPI
AHHoTauus. bBi3 3eprrereH KeH OpBbIHAApAarbl MyHaijgapia BaHaIuii HMOHBIMEH Ooc paaukanmapapiy OIIP

CUTHAJIZIApBl aHBIKTaNAbl. KOHIEHTpalUsAChIH aHBIKTAy YIIIH TOPT BAJCHTTI BaHAJAWN KEIIEHIHIH »oHE Oip CBI3BIKTaH
TypaTbiH 00C paJiuKaiblH aca XiHimke KypbulbiMbiH (AJKK) mnaitnanasabik.
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KpIpbIKMBUITBIK KEHOPHBIHBIH 0pa IIOriHAICIHIH ayJaHbl OOMbIHIIA MYHall THIFBI3JBIFBIHBIH koHE BaHaaumdiH (IV)
MOJIIIIEPiHIH 3epTTEeNreH YHFbIMaiap OoibIHINIA e3repici OalikaiFaH KOK.  Byi nmereHimi3 — ayaaH Oo#bIHINIA BaHAIUN
MOJIIEPiHiH  ©3repMEHTIHIH , SIFHU 3€PTTENreH YHFbIMajlap apachblHAa JKaKChl THAPOAMHAMHKAIBIK Oaiinansic Oap
eKeHJIriH COHBIMEH Katap KBIPHIKMBUITHIK KEHIIIHIH MYHAi KypaMbl TOMEH BaHAIMJIi MyHaiiFa )KaTaThIHBIH KOPCETEe .

Kapa ApHa MyHall KeHUIiHIH OapiibIK 3epTTeNreH Kadarrapsl OoiibiHIIA BaHanuil (IV) »xoHe Ooc panukanigapabiH
TYPaKTHI OOJATHIHBIH JKOHE OJIAPIBIH KOFApPFbI BAHA/IWIII TOTIKA JKaTATHIHBIH KOPCETEi. .

Tyiiin ce3mep: TepT BaJeHTTI BaHAaIWil KemieHi, OOC paJuMKaji, O3JEKTPOHAbI IapaMarHUTTIK PE30HAaHC,
TUIPOAMHAMHMKAIIBIK OalIaHbIC, OHAIPICTIK MOJIIIEp.
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HU.E. Kynbﬁammal, B.K. KycnaHOBaz, A.A. Konamesa', J1.LK. Maguesa', P.H. Hacupos !

' ATbIpayckuit rocy1apcTBeHHbIH yHIBepeuTeT uM.X.JlocMyXaMe10Ba;
ATbIpaycKuil yHUBepCUTET HEPTH U Taza

OCOBEHHOCTH PACHTPEJAEJIEHUSI TAPAMATHUTHBIX HEHTPOB 11O IVIOIA N
B HE®TAX MECTOPOXXIEHUN DMBUHCKOI'O PETUOHA

AHHoTauus. B He(TAX U3yUEHHBIX MECTOPOXKICHUNA HaMU OOHapyXeHbl curHaibl OIIP Kak OT MOHOB BaHa-JauSl,
TaKk ¥ OoT cBOOOAHBIX panukanoB (CP). lns ompeneneHus X KOHLEHTPALMKM HCIOJB30BaJIach Hanboliee MHTEHCHBHAsS
JuHUS CBepXTOHKOH cTpykTyphl (CTC) cpean KOMIUIEKCOB YeThIpEX BAJICHTHOTO BaHAAUs M OMuHOYHAs TuHus ot CP.

ITo miomaau FOPCKUX OTJIOKEHHH MECTOPOKACHUS KBIPBIKMBUITBIK 3aMETHbIE M3MEHEHHS IUIOTHOCTH HEe(TH H
conepxanus BaHamus (IV) 10 M3yYeHHBIM CKBaXHWHAM HE MPOSBISIOTCA. DTO TOBOPHUT O TOM, YTO IO IUIOIIAAA
colepKaHWe BaHaIud B HeQTIX HE M3MEHSETCA, MEXIY MJOOBIBAIOIIUMH CKBOXMHAMH HMEETCS  XOpoIuas
THUIPOJAMHAMHYECKAS CBS3b, 2 CAMO MECTOPOXKIeHNE KBbIPHIKMBUITBIK OTHOCHUTCS] K HU3KOBAHAMEBBIM HE(TSM.

PaBHOMepHOE pacnpezeneHrne BaHAIHs, TaK JK€ YCTAHOBIICHO IO IUIOLIAJU alTCKOro, allbOCKOT0 U CEHOMAaHCKOTO
TOPU30HTOB MecTOpokAceHUsT Kapa-ApHa ¥ OHO XapakTepH3yeT KOHIHIIMOHHOE COJEpXKaHue BaHagus. Mexay
JIOOBIBAIOIIMMH CKBKHHAMH Ka)KAOTO FTOPU30HTA HAOIIOIAeTCsl XOpollasi THAPOIMHAMUYECKas CBS3b.

KutoueBble €jI0Ba: KOMIUICKC YETHIPEXBAJIICHTHOTO BaHAJMs, CBOOOMHBIA paJvKall, SJICKTPOHHBIM TapaMarHUTHBII
pE30HAHC, TUAPOIMHAMUYECKAS CBSI3b, KOHIUIIMOHHOE COJICPIKAHUE.
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