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Analytics

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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ESTABLISHMENT OF OIL DISPERSED SYSTEMS BY
THE PARAMAGNETIC PROBE AND FREE RADICALS

Abstract.We managed to establish experimentally existence of disperse particles of resinous asphaltene
substance (RAS) in crude oil. The EPR spectra of nitroxyl in the oils of the Caspian region were studied, and as it can
be seen, the component m,=-1 splits into two lines.Heating up to 100 °C leads to disappearance extreme components
which after cooling of a sample to room temperature appears only after long upholding (not less than 2 h).This
phenomenon is connected with heterogeneity of oil, that is with existence in it of considerable number the
asfaltenosmolistykh of particles.This phenomenon is associated with the heterogeneity of oil, that is, with the
presence in it of a significant number of resin-asphaltenic particles. At low concentrations of RAS in oil, they are
molecular dispersed and the molecules of the dissolved RAS freely move in the oil independently of each other.With
a significant content of RAS in the oil micelles are formed. Particles of nitroxyl radicals are adsorbed on RAS
micelles. Non-adsorbed particles of nitroxyl radicals chaotically move in the dispersive environment of oil. Two such
different conditions of the nitroxyl radical in oil are in thermodynamic balance.

In low viscosity oils (Tengiz) where RAS is molecularly dispersed, particles of dissolved nitroxyl radicals move
freely, and in the EPR spectrum we can observe three lines of them with the same intensities.

Keywords: paramagnetic probe, oil heterogeneity, free radical, disperse systems, adsorption.

As it is known from the literature data [1,2], resinous-asphaltene substances (RAS) of oil are
dispersed particles. They are an element of the structure of mainly spherical shape, capable of independent
existence in these conditions. The inner region (core) and the solvate shell surrounding the core are
distinguished in the composition of the dispersed particle. The inner region of RAS is represented by a
supramolecular structure consisting of molecules most prone to the association process. It can be
asphaltenes. In turn, asphaltenes are the main source of the so-called "coal" (free) radical, which is fixed in
the EPR spectrum of the viscous oil field Zhubantam (pic.16) between the lines of nitroxyl m,=0 u m,=-1.

Nasirov R. N. applied the method of paramagnetic probe [3] to assess the viscosity of the Caspian
region oils [4].

There is a connection between the rotational mobility of stable nitroxyl radicals and viscosity, which
is determined by the Stokes-Einstein equation:

7 .=(4n/3kT)o’n (1

where 7 - the correlation time of rotational mobility; 1 - dynamic viscosity of the medium; a - effective
hydrodynamic radius of the radical; k - Boltzmann constant; T — temperature.
Value 7 .determined from the ratio

7 o= 6,65AH,(\NL,1/1,-1)107° )

where [, — is the intensity of the components of the hyperfine structure (HFS), the corresponding value of
the projection of the mechanical moment of the nucleus in the direction of the external magnetic field

— 3 ——
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m,~=+1; 1;- the intensity of the STS component corresponding to the value of m,=-1; AH- line width
corresponding to m,=+1. Picture 1 shows the EPR spectra of nitroxyl (2,2,6,6-tetrametil-4- oxopiperidine-
1-oxyl) in oil fields Kotyrtas and Zhubantam. Nitroxyl was injected into the oil in dry form and dissolved
with prolonged stirring (nitroxyl concentration - 10> mole/1).
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Picture 1- The EPR spectra of nitroxide at a temperature of 25°C in oils:
a — from Kotyrtas, b — from Zhubantam

As can be seen from the EPR spectra (pic. 1), relation 1,,/1; varies dramatically depending on the
field, due to the different viscosity of these oils.

In this paper, the colloidal structure of oil disperse systems is established using a paramagnetic probe
and free radicals.

As can be seen from pic.1b, component m,=-1 is split into two lines. Heating up to 100°C leads to the
disappearance of the extreme component, which appears only after a long settling (at least 2H), through
the cooling of the sample to room temperature. This phenomenon is due to the heterogeneity of oil, that is
the presence of a significant number of RAS particles in it. At low RAS concentrations in oil, they are
dispersed and the dissolved RAS molecules move freely in the oil independently. With a significant
content of RAS comes formation of micelles (pic. 2). On the surface of RAS micelles goes the adsorption
of nitroxyl radicals particles. Unadsorbed particles of nitroxyl radicals randomly move in the dispersion
medium of oil. Two such different states of nitroxyl radical in oil are in thermodynamic equilibrium. In
low-viscosity oils (Tengiz, well 38 and Chingiz, well 12), where RAS are molecularly dispersed, the
particles of dissolved nitroxyl radicals move freely, and we observe three lines with the same intensities
(isotropic spectrum) in the EPR spectrum. Adsorption of nitroxyl on these dispersed RAS particles leads
to the change of g-factor and ay nitroxyl. When heated, the adsorption layer is destroyed, and then slowly
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Picture 2- Colloidal structure of oil, which is established by the method of paramagnetic probe: ®- nitroxyl particles
adsorbed on the surface of RAS oil micelles; @ - dissolved nitroxyl particles in oil dispersion medium
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Thus, the EPR method was able to experimentally establish the presence of RAS dispersed particles
in crude oils of Kazakhstan with the help of a paramagnetic probe and FR, and the dynamics of the
structure of their models was also confirmed.

Table 1 shows the content of asphaltenes, resins, FR and the value of the radical rotation correlation
time of 7 . obtained by formula (2) in crude oils of Western Kazakhstan. The region of the slow rotation of
nitroxyl 1,0-10%-1,4-10® is observed in oils with a high content of RAS and FR, constituting the
dispersed phase, and the region of fast rotations of nitroxyl 7.<2-10"" (Chingiz oil) corresponds to the
low content of resins and asphaltenes (<0,2%). In low-viscosity oils (Tengiz), where RAS are molecularly
dispersed, the particles of dissolved nitroxyl radicals move freely, and we observe three lines with the
same intensities (isotropic spectrum) in the EPR spectrum. In the latter case, crude oils approach to
become true solutions.

Table 1 - The content of the RAS, FR and the value of 7 . in some crude oils of Western Kazakhstan

Field, well number Content, % T.10" ¢ CP -10™"7, spin/g
silica resin asphaltenes

Karazhanbas, 850 17,4 6,40 14,5 31

Zhubantam, 14 15,2 3,40 13,0 13,3
Uzen, 5118 20,1 0,70 5,5 15,9
Zaburun, 11 3,8 0,30 4.9 6,3
South-East Kamishitov,4 8,7 0,20 23 49
South-West Kamishitov,118 2,5 CIIe bl 1,0 0,2
Kotyrtas,28 7,2 0,28 1,8 3,3
Tengiz,38 2,3 0,18 0,3 1,5
Chingiz, 12 CIebI 0,2 0,2 0,4

EXPERIMENTAL PART

EPR spectra of oil samples were taken on the E-12 spectrometer of “Varian” at room temperature [5].
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 c¢cm in
length. We have found EPR signals from both vanadium and FR ions in the oils of the studied fields. To
determine the concentration, the most intense hyperfine structure (HFS) line from the complexes of
tetravalent vanadium and a single line from FR were used. Urichtausk oil (from well 8) with known
vanadium (27,6 r/t) and FR (7,8-10"" spin/sm’) content was taken as the concentration standard. Nitroxyl
was injected into the oil in dry form and dissolved with prolonged stirring.

CONCLUSIONS

Thus, the method of paramagnetic probe and free radicals was able to experimentally determine the
presence of dispersed particles of RAS in crude oils. Free radical in oils does not affect the accuracy of
determination 7 , since it is fixed in the EPR spectrum of nitroxyl between the lines m,=0 and m,=-1

Acknowledgement. The authors are grateful to the head of the laboratory of electron paramagnetic
resonance (EPR) of the Institute of Organoelement Compounds of the Russian Academy of Sciences S.P.
Solodovnikov for his help in surveying the spectra of oil on an EPR spectrometer.
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A.C.bykanoBa, ®@.b. Kaiipinesa, JI.b. Cakunosa, H.A. KapatacoBa, C.K. Bykanosa, P.H. Hacupos
X.JlocMyxaMeoB aTbIHIAFE ATBIpay MEMIIEKETTIK YHUBEPCHUTETI

TTAPAMATHHUTTI 30H/1bl S/IICIMEH )KOHE BOC PA/INKAJI KOMETIMEH MYHAMIbIH
JUCIIEPCTI KYPbLUIBIMBIH AHBIKTAY

Annoranus. bi3 mmki mynaiimarer [IIA3 pucnepcti OenmiekTepiHiH OONYBIH 3KCIIEPHUMEHTAIIBI TYPHAC
aHbIKTabIK. Kacruil MaHbl aliMarblHIaFbl MYHARIAP/IaFbl HAITPOKCHI PAJMKAIBIHBIH M, = -1 CBI3BIFbI €Ki ChI3BIKKA
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binbIpaiinel. byt ceieikrap 100°C meiiin KeI3OsIpFaHaa, Oip CBI3BIKKA Oipirexi, all omaH KeiiH OenMe TemmepaTypa-
CBIHJIA €Ki caFaT IIaMachIHAA €Ki CBI3BIKKA OexiHeni. ByHBIH ce0e0i MyHaWIBpIH KypaMBIHAAFBI MAWbIp achanbTeH
3aTeiHa FaHa OaitmanbicTel. [llaiielp acdanpTeH 3aTTapbeIHBIH endyip mopexecinme IIA3 mmumemni tysinemi. 111A3
MUIC/UTIHAC HUTPOKCHJ pamuKalgapbl aacopOrusiaHagsl. AnacopOrmsuiaHOaraH Oeiiri MYHaWmbIH IUCIIEPCTI
opTachIHaa XaoCThl Ko3ranaabl. OChIHIANH HUTPOKCHI paavKaiblH €Ki Kyhi Oip-OipiMeH TepMOANHAMHKAJIBIK TEIIe-
TEHJIIKTE OOJIaIbI.

Tyrxpp emec mynainapaa (Teniz) IIA3 monekeynanapsl aucnepcrti Oonaasl. COHIBIKTaH Ja HUTPOKCHI
panukaniapbl epkiH KosraibictTa Oonaapl. CoHblH HoTwkecinge 6013 OIIP cnekrpinge ym Oipaed ChI3BIKTaH
TYpaThIHBIH KOPEMI3.

Tyiiin ce3aep: mapaMarHuTTi 30H1, MYHAIIBIH TeTEPOreHIIr, 00C paxuKal, IUCIEePCTi Kyhenep, ancopous.

YAK 665.51.532.13:538.113
A.C.BykanoBa, ®.b. Kaiipanesa, JI.b. CakunoBa, H.A. Kapa6acosa, C.K. bykanosa, P.H. Hacupos
ATbIpayCKuil TOCyJapCTBEHHBII yHUBepcUTeT uM. X./Jocmyxamenosa

YCTAHOBJIEHUE HEOTAHBIX TUCIHHEPCHBIX CUCTEM
C IOMOIBIO MTAPAMATHUTHOTI'O 30HIA U CBOBOJHBIX PAJINKAJIOB

AnHoTtanusi. HaM ymanoch SKCHEPUMEHTAIEHO YCTAaHOBUTH HAIMYKE JTUCIEPCHBIX YacTHI[ CMOJHCTO-
acdanpreHoBbix BemecTB (CAB) B ceipbix HedTsX. M3yuenst DIIP criekTpsl HUTpoKcmina B HepTsx [Ipukacnuiickoro
peruoHa, M Kak BHJIHO KOMIIaHEHTa m,=-1pacumeruieHa Ha nBe juHud. llogorpeB no 100°C npuBoaut K
WCYC3HOBCHHUIO KpaiiHeW KOMIIOHEHTHI, KOTOpas IIociie OXJaXIAeHWs oOpa3la 10 KOMHATHOW TeMIIepaTypbl
MOSIBIISICTCS JIMIIb TIOCITIE JTUTEIHFHOTO OTCTamBaHWs (HE MeHee 24). DTO SBICHHE CBS3aHO C T'€TEPOTCHHOCTHIO
HEePTH, TO €CTh C HAJUYMEM B HEH 3HAYMUTENBHOTO YHCIA CMOIMCTO-ac(albTeHOBHIX dYacTHIl. I[Ipm MaibIx
koHueHTpauusx CAB B HeTH OHM MOJNIEKYJISIPHO JHCHEPCHBI M MOJeKylsisl pactBopenHoro CAB cBobOomHO
MepeMeImaioTcsi B HehTH HE3aBUCHMO APYT OT Apyra. [Ipu 3nauntensHoM copepkannu CAB B HedTax oOpasyrorcs
munemnsl. Ha munemrax CAB  angcopOupyroTcs dYacTHIBI HUTPOKCHIBHBIX pagukanoB. HeamcopOupoBaHHEBIE
YaCTHLBI HUTPOKCHJIbHBIX PaJNKAIIOB XaOTHYHO JIBHXKYTCS B JIMCIIEPCUOHHOI cpene HedTH. J[Ba TakuMxX pasHbIX
COCTOSIHHSI HUTPOKCHJIBHOTO pajiiKaiia B HepTH HaXosITCsl B TEPMOAMHAMUYECKOM PaBHOBECHH.

B manossizkux Hedrsix (Tenrus) roe CAB MonekynsipHO AMCTIEPCHBI, YaCTHIIBI PACTBOPEHHBIX HUTPOKCHIIBHBIX
panukainoB cBOOOAHO mnepemeraiorcs, U B cnekrpe OIIP  Mpl HabmromaeM OT HUX TPH JHMHUM C OJUHAKOBBIMHU
MHTEHCHBHOCTSIMHU.

Ki1roueBble cj10Ba: apaMarHUTHBINA 30H,I€TepPOreHHOCTD HE(TH, CBOOOIHBIN PaNKaIL, ANCIIEPCHBIE CHCTEMBI,
ancopOIIsL.
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