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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 adsotbed 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.
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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; n - dynamic viscosity of the medium; o, - effective
hydrodynamic radius of the radical; k - Boltzmann constant; T — temperature.
Value 7 . determined from the ratio

7 o= 6,65AH,;(VL1/1,-1)10" )

where 1,; — 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
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m,~=+1; I,- 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-
I-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/l).
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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 L./ 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, % 7.10% ¢ Ccp- 107, spin/g
silica resin asphaltenes
Karazhanbas, 850 174 6,40 14,5 31
Zhubantam, 14 152 3.40 13,0 13,3
Uzen, 5118 20,1 0,70 5.5 15,9
Zaburun, 11 8.8 0,30 4.9 6,3
South-East Kamishitov. 4 8,7 0,20 23 49
South-West Kamishitov,118 2.5 CIIENBI 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 CIIENBI 0,2 0,2 04
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 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"7 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
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X.JlocMyxaMeI0B aTbIHAAFBI ATHIPAY MEMIICKETTIK YHHBEPCHTETI

MAPAMATHHUTTI 30HbI 9ICIMEH )KOHE BOC PAJIMKAJI KOMETIMEH MYHA/IbIH
JUCIIEPCTI KYPBLIBIMBIH AHBIKTAY

Annotamusi. bi3 mmki mynadinarer IIA3 gucmepcri OemmekrepiHiH OOIYBIH SKCIICPHMEHTANIBI TYpHAE
aHBIKTAOBIK. Kacmuit MaHb! alMaFbIHAAFEI MYHAIAPIAFEl HUTPOKCHI PATUKAIBIHEIH M, = -1 CBI3BIFBI €Ki CBHI3BIKKA
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piabIpaiiael. by cerbikrap 100°C nefiin Kel3abIpranaa, Oip ChI3bIKKA Oipirexi, alx omaH Kelin Oeime Temmneparypa-
CBIHIA CKi CaraT MIAMAaCBIHAA €Ki CBI3BIKKA OemiHemi. ByHbH ce0cOi MyHANIBIH KYpPaMBIHIAFH IMAMEIP ac(anbTeH
3aThiHA FaHA OadmaHwiCcThl. Llladeip acambTeH 3aTTApBIHBIH ¢aoyip mopexecinae A3 mumenm tysimeni. [TA3
MHUICILTIHAC HUTPOKCHI PATUKANIAPH aacopOmmaIaHansl. AncopOrmsananOaraH Oemiri MyHAHIbIH JHCOCPCTI
OPTaChIHIA XAa0CThI Ko3ranaipl. OCBIHAAH HUTPOKCHII PAAMKAJIBIH €Ki KyHi Oip-OipiMEH TepMOIMHAMHUKAIIBIK TEIIC-
TEHIIKTE OOTAIBI.

Tyrkep emec myHatinapaa (Tewis) ITA3 monekeymanapsr gucnepcti Oomampl. COHABIKTAH 2 HHATPOKCHII
pamukanmapbl epkiH Kosramsicta Oomamel. CosblH HoTwkeciHae 013 OIIP cmekrpinae ymr Oipaei ChI3BIKTaH
TYPATBIHBIH KOPEMI3.

Tyiiin ce3aep: mapaMarHUTTi 30HA, MYHAHIBIH TCTCPOTCHAIT, 00C paguKal, JUCIICPCTI KyHEIep, ancopomus.
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ATpIpayckuii TOCY ZJApCTBEHHBIN YHUBEpCHTET HM. X.JlocMyxamenosa

YCTAHOBJEHHUE HE®GTAHBIX JTUCHHEPCHBIX CUCTEM
C IOMOINBIO TAPAMATHUTHOT' O 30HAA U CBOBOJHBIX PAJINKAJIOB

AnHotamusi. HaMm ymanoch SKCIEPHMEHTANBHO YCTAHOBHTh HAIMUWME JWCHCPCHBIX YACTHI[ CMOJIUCTO-
achansreHOBBIX BemecTs (CAB) B chipbix Hersix. Mzyuenst JIP ciekTps! HUTpoKCHIa B HE(PTsIX [IpuKacnmiickoro
pCTHOHA, W KAK BHIHO KOMIIAHCHTA m,=-lpacmemncHa Ha aBe juHHH. [lomorpeB mo 100°C mpuBogmT X
HCUC3HOBCHHIO KPAaWHEH KOMIIOHCHTBI, KOTOpPAs IOCIC OXJAKACHUSI o00pasma OO0 KOMHATHOW TEMIIEpPaTyphl
TOSIBJACTCS JIHIIG TOCHC JATUTCIBHOTO OTCTAMBAHHA (HC MCHES 24). 3TO ABICHHC CBA3AHO C TCTCPOTCHHOCTBHEO
HeTH, TO €CThb C HANMYMEM B HEH 3HAYMTEIFHOTO YHCIA CMOJIMCTO-ac(albTEHOBBIX dHacTHIL. [Ipm Maibix
roHueHTpammix CAB B HeTH OHH MOJCKYJSIPHO IMCHEPCHBI M MOJCKyJIsl pacteoperHoro CAB cBoOomHO
nepeMeniaroTca B Hepru He3aBucHMO ApyT ot apyra. [Ipu 3HaumTensroM conepxannu CAB B HedTax oOpasyrorcs
munewnsl. Ha mmmennax CAB  amcopOMpyroTCsl 4acTHIBI HHTPOKCHIIBHBIX pagukanos. HeancopOmpoBaHHBIC
YACTUIBl HUTPOKCHIIBHBIX PAIAMKATIOB XaOTHUHO JBIDKYTCS B AMCICPCHOHHOH cperae He(TH. JlBa TaKMX pa3HbBIX
COCTOSIHHSI HUTPOKCHIIBHOTO PATUKAIA B HEPTH HAXOMITCSA B TEPMOAMHAMUICCKOM PABHOBCCHH.

B manossa3kux He(rax (Ternrns) roe CAB MONeKy IPHO AWCHIEPCHBI, YACTUIIBI PACTBOPEHHBIX HHUTPOKCHIIBHBIX
paguKanoB CBOOOJHO TepeMEmaroTcsa, M B cnekrpe OIIP  Mbl HAOmOmaeM OT HUX TPH JIHHUH C OJHHAKOBBIMHA
HHTCHCHBHOCTSIMH.

KioueBnbie c/ioBa: mapaMarHUTHBIN 30HA,TETEPOTCHHOCTD HE(PTH, CBOOOXHBIN PaTHKAIL,AUCIIEPCHBIC CHCTEMBI,
aacopOoIms.
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