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Hccneoosannl pusuko-xumuueckue ceolicmea, ZPynnogoil Xumuueckuii 4 CmpyKmypHo-
2pynnoeoii cocmae Hegpmeii mecmoporicoenuit Kapcoesait u I'pemuxa, a maxsice cocmas cmaounusa-
UUOHHO20 C1051 RPOMBICI0801i 8000HEPMAHOU IMYIbCUU, 00PA30BAHHOIL HEPMBIO MECHOPOHCOCHUA
I'pemuxa. Buidenensvt u usyuenst memooamu UK ®ypve cnekmpockonuu, *C u *H AMP cnexmpo-
CKORUU CMOJIbL U AchanbmeHsl U3 ucciiedyemolx Hejpmeii u acghpanvmensl uz mexcghaznozo cnos BH)I,
U GblAGIEHBl OCOOEHHOCMU UX ITEMEHMHO20 U CMPYKMYPHO-2ZPYRNOB020 COCMAsd. YCmaHoe1eHo,
umo ¢ cocmaee Hedpmu mecmoporcoenun I'pemuxa 6 3 paza eviue cooepicanue acghanovmenos, a
cooepiicanue cmMol u meepovix napagdunos, Hanpomue, Huxce. /lannas Hepmoy xapaxmepusyemcs
8bICOKOIl NJIOMHOCMBIO U 8bICOKOU KUHEMAMUYECKOU 8A3KOCMbIO, YMO NO360J14€m OMHeCmu ee K
oumymosnvim negpmam. CmpyKmypHo-2pynnoeoil ananius acQhanvmenos u cmoJ, 6b10€1eHHbIX CHaAH-
OapMHBIMU MEMOOAMU U3 UCCTIE0YeMbIX Heqhmeil, nOKaA3al, Ymo acaibmensl Hehmu Mecmopoic-
Oenus I'pemuxa 61u3Ku no 3HaueHUI0 MOIEKYIAPHBIX MACC K achanbmenam, 8bl0e1eHHbIM U3 Hedhmu
Mecmopoxcoenus Kapcosaii, Ho xapaxmepu3syromcsa 6oee 8blCOKOI 001eil KOHOeHCUPOBAHHBIX APO-
Mamuyeckux u Hajhmenosvlx cmpykmyp. B cocmaee cmon uccnedyemuix nepmeit Hadnrooaemcs 0o-
pammubslii nopadox. Beicoxkasa azpecamusnasn ycmoiiuueocms 6000neymanoii Imyavcuu, oopazoean-
Holl Heghmblo mecmoporcoenus I'pemuxa, 00vACHACMCA KOIUYECHBEHHBIM U KAYECMEEHHBIM CO-
CMAGoOM RPUPOOHBIX NOBEPXHOCMHO-AKMUGHBIX COCOUHEHUI, NPUCYHICIMEYIOUUX 8 OAHHOI Hedhbmu.
AHanu3z npupooHvIX CMAOUIUIAMOPOE, 6bIOCICHHBIX U3 Medchaznozo cnoa BHI, nokazan 3nauu-
menvHoe npeodnadanue é ezo cocmage acghanvmernos (92,6%), omauuarouwjuxcsa 601ee 6b1COKOI MO-
JNIeKYAAPHOU MACCOU U DoNlee 8bICOKOU 00i1ell KOHOCHCUPOBAHHBIX UUKAUUECKUX CHPYKIYD, C RPeoo-
1a0anuem apomamuieckKux Kojiey u co 3Ha4umensvHoil 00eil, N0 CPAGHEHUI0 C UCXOOHOI Hehmbio,
nagpmenoswvix cmpykmyp. Ilogviuiennoe cooepracanue zemepoamomos (S, N u O) 6 cocmase monexyn
acpanvmenos u3 cmaduUAUIAUUOHHO20 C10, MAKIHCE YKaA3blédem Ha Doilee 6bICOKUE NOBEPXHOCHIHO-
AKMUGHbIE CEOIICMEA IMUX COCOUHEHUI.
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The physicochemical properties, group chemical and structural-group composition of oils
from the Karsovay and Gremikha fields, as well as the composition of the stabilizing layer of an
oil-in-water emulsion (W/O) formed by oil from the Gremikha field were investigated. Resins and
asphaltenes were isolated from the studied oils and the interphase layer of water-oil emulsion and
they were studied by FTIR spectroscopy, *H and **C NMR spectroscopy, and the features of their
structure-group composition were revealed. It was determined, that content of asphaltenes is 3 times
higher in oil from Gremikha field, while content of resins and wax is lower than thouse in oil from
Karsovay field. Structural group analysis of asphaltenes and resins isolated from the studied oils
by standard methods showed, that the asphaltenes of the Gremikha oil field are close in molecular
weights to the asphaltenes extracted from the oil of the Karsovai oilfield, but are characterized by
a higher contant of condensed aromatic and naphthenic structures. In the composition of the resins
of the studied oils, the opposite pattern was observed. The quantitative and qualitative composition
of natural surface-active compounds presented in the oil of the Gremikha field explains the high
aggregate stability of the water-oil emulsion formed by this oil. Analysis of nature stabilizers of the
W/O emulsion interphase layer showed a significant predominance in its composition of asphal-
tenes (92.6%), characterized by a higher molecular weight and a higher content of condensed cyclic
structures, with a predominance of aromatic rings and with a significant content of naphthenic
structures in comparison with the original oil. The increased content of heteroatoms (S, N and O)
in the composition of asphaltene molecules from the stabilization layer also indicates the higher
surface-active properties of these compounds.

Key words: oil, asphaltenes, resins, wax, structure-group compaosition, oil-water emulsion

INTRODUCTION

A general trend in the development of the oil
industry both in Russia and in a number of other oil-
producing countries is a gradual increase of heavy,
high-viscosity oils with a high content of paraffinic hy-
drocarbons and resin-asphaltene substances (RAS).
RAS show high surface-active properties, and have a
significant effect on viscosity-temperature and struc-
tural-mechanical properties of oil and mostly deter-
mine its tendency to form stable oil-water emulsions
(WOE) [1-5].

A notable feature of resin-asphaltene sub-
stances, are high molecular weights, presence of poly
condensed aromatic structures [6-8] and high content
of heteroatoms [9, 10]. These structural features of the
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SAR contribute to their tendency to association, aggre-
gation and, as a consequence, the formation of depos-
its, which leads to complications in the processes of oil
production, transportation and preparation [11-15]. At
the same time, the RAS because of the presence of po-
lar and non-polar fragments in one molecule have both
hydrophilic and hydrophobic properties and exhibit
high surface-active properties at the oil/water interface,
which leads to the formation of stable oil-water emul-
sions. [4, 16, 17]. The stability of WOE is caused by
the qualitative and quantitative composition of natural
stabilizers concentrated in the interfacial layer [18-20].

The oilfields of the Republic of Udmurtia be-
long to one of the old oil-bearing regions and are char-
acterized by a high content of high-viscosity heavy oils
in the total balance of produced oil and the attendant

U3B. By30B. Xumus u xum. textosorus. 2021. T. 64. Bein. 10



complications in the processes of oil production, trans-
portation and treatment of oil [21].

The purpose of this work was to study the struc-
tural-group composition of resins and asphaltenes of oils
from two fields in Udmurtia, and asphaltenes involved
in the formation of stabilization layers of the WOE.

EXPERIMENTAL PART

The objects of the study were pre-dehydrated
oils from the Karsovay and Gremikha fields and a sta-
ble field water-oil emulsion from the Gremikha field,
with a water phase content of 35% vol. Physicochemi-
cal properties and group composition of oils (Table 1)
were determined by standard methods of analysis. The
separation of asphaltenes from oil and natural emulsion
stabilizers was carried out by the "cold" Golde method,
resins and oils were separated by a chromatographic
(column-adsorption) method, followed by the separa-
tion of wax from the oils with a mixture of acetone and
toluene at -20 °C. Natural stabilizers of the field emul-
sion were isolated using washing solutions (tridecane,
petroleum ether) and centrifugation (3000 rpm for
10 min) to destroy the adsorption layers and then con-
centrate them at the oil/water interface. The resulting
jelly-like emulsion was boiled with distilled water until
the stabilizer was isolated in the form of a suspension,
followed by filtration [22].

The IR spectra were obtained on an instrument
FTIR-spectrometer FSM 1201 in the range of wave
numbers 4000-500 cm. Using the optical densities of
the characteristic bands, the spectral coefficients were
calculated: aromatic Car = D1e00/D720, aliphatic Cal =
(D720+D1330)/D1600, branching Ch= D1380/D720. The mo-
lecular weight distribution of n-alkanes in oil was de-
termined by gas chromatography on a Kristalluks-4000
chromatograph from a quartz capillary column (25 m;
0.24 mm) with a stationary phase SE-30. The analysis
was performed under linear temperature programming
(from 100 to 310 °C, heating rate 6 °C/min). The ele-
mental composition of resins and asphaltenes was de-
termined using an Elementar Vario micro cube CHNS
analyzer. To determine the structural group composi-
tion of resins and asphaltenes, we used the *H and *3C
NMR spectra obtained on the Jeol "JNM-ECA 600"
high-resolution spectrometer with an operating fre-
quency of 600 MHz based on a permanent magnet. The
calculation was carried out according to the method [23].

RESULTS AND DISCOUSSION

Oil from the Gremikha field has a higher density
(923.0 kg/m?®) and kinematic viscosity (103.5 mm?/s) and
a large share of high-boiling fractions (76%). In the
group composition of oils, we note, that oils are similar
in resin content: 21.5% and 24.2%, noticeably different
in the content of paraffins and asphaltenes.
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Figure shows the molecular weight distribu-
tion (MWD) of n-alkanes in the composition of wax
isolated from these oils. A similar monomodal charac-
ter is observed in the MMD of n-alkanes with maxi-
mum points in the region of high-molecular hydrocar-
bons (C2-Cy) and a slight predominance of the high-
est-molecular-weight Cs0-C3s n-alkanes in the oil of the
Gremikha field is noted.

Table 1
Physicochemical properties and group composition of
the studied oils
Tabnuya 1. ®U3NKO-XUMHYECKHe CBOIICTBA U TPYNIIO-
BOii cocTaB HccjiegyemMbIx HedTeil

Property _ Oilfield
Gremikha Karsovay
Density at 20 °C kg/m?® 923.0 880.6
Kinematic viscosity at
20 °C, mm?/s 103.5 30.6
Fractional composition, o o
% vol. IBP 70°C 61°C
10 100 °C 3 3
11 15
10 200 °C 24 3
10 300 °C
Sulfur content, % 2.99 1.66
Group composition, %
Wax, % 2.2 3.7
Resins, % 21.5 24.2
Asphaltenes, % 11.7 4.3
R+A 33.2 28.5
R/C 0.54 0.18
(A+R)/W 15.1 7.7

14 ¢
0 Wax from Gremikha oilfield

o B Wax from Karsovay oilfield

};;Jd, “““ﬁﬁ

CI8 €15 C20 C21 €22 C23 CZ24 C25 C26 C27 C28 C29 C30 C31 C32 C33 C34 C3F C36

Number of C
Fig. Molecular weight distribution of n-alkanes in solid paraffins
isolated from the studied oils
Puc. MonekynspHO-MaccoBO€ paclpeleieHue H-alKaHOB B TBEP-
IIBIX TIapa(iHAX, BBIICIICHHBIX M3 HCCIIETYyEeMBIX HeTel

More significant is the noticeable difference in
the content of asphaltenes and in the ratio of high mo-
lecular weight components: (C+A)/P. In the oil of the
Gremikha field, RAS content is more than 33.2% (wt.),
which determines the high values of density and vis-
cosity. The higher A/C parameter (0.54) observed for
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the Gremikha oil field, which explains the high ten-
dency of the asphaltenes of this oil to associate, caused
by the lower stabilizing effect of the resins. Table 3
shows the spectral coefficients characterizing the
structural features of the structure of resins and asphal-
tenes in these oils.

It should be noted, that the studied oils differ
in the content of asphaltenes and in the ratio of high
molecular weight components: the total content of
RAS significantly exceeds the content of wax, which
is evident from the value of the coefficients (R+A)/P:
15.1 for oil from the Gremikha field and 7.7 for oil
from the Karsovay field. The content of RAS in the oil
of the Gremikha field is more than 33.2%, which leads
to the high values of density and viscosity. Such a
group composition of oil eliminates the influence of
wax in the processes of structuring and emulsification
of oil, the decisive factor is the interactions between
RAS molecules. Probably, the higher value of the A/R
parameter (0.54) observed for the Gremikha oil field
explains the higher tendency of the asphaltenes of this
oil to associate, caused by the lesser stabilizing effect
of the resins, which leads to a higher viscosity of this
oil. Table 2 shows the spectral coefficients character-
izing the structural features of resins and asphaltenes
structure in the studied oils.

Table 2
Spectral coefficients of the studied oils and their high
molecular weight components
Tabnuya 2. Cnexkrpajbhble KO3 GpUUHEHTHI UCCIeaye-
MBbIX He(])Teﬁ 1 UX BBICOKOMOJICKYJJSIPHBIX KOMIIOHEHTOB

_— Spectral coefficients
oilfield Samples Car Cal b
oil 1.01 2.2 0.67
Karsovay resin 1.7 3.4 0.11
asphaltenes 3.2 1.9 0.42
oil 1.5 3.7 0.16
Gramihka resin 1.9 1.6 0.31
asphaltenes 7.1 1.2 0.22

The objects from Gremikha field are character-
ized by a higher degree of aromatic and a lower degree
of aliphatic structures (resins and asphaltenes). Such a
distribution of structural fragments, especially in the
RAS, reduces their solubility in a hydrocarbons and,
accordingly, leads to a decrease in their aggregate sta-
bility and the formation of deposits in oilfield equipment.

On the other hand, condensed aromatic struc-
tures exhibit high surface-active properties, which
causes their high concentration at the oil/water inter-
face and stabilization of oil-water emulsions. These re-
sults are confirmed by field data: the WOE formed by
oil from the Gremikha field is a very stable and cannot
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be broken under the influence of temperature and sed-
imentation. From this point of view, it is of interest to
study the composition of the interphase layer of the
field WOE and the structure of its stabilizing compo-
nents. According to the results of the analysis, it was
found that the interphase layer of the field oil-water
emulsion of the Gremikha field contains 0.34% of sta-
bilizing components, represented mainly by asphal-
tenes (92.6%) — the main compounds that causes the
formation of highly stable oil-water emulsions [17].

Table 3
Structural-group parameters of asphaltenes and resins
isolated from the studied oils and the interphase layer

of the field WOE from the Gremikha field
Tabnuuya 3. CTPyKTYpHO-TPYNIIOBBLIEe TapaMeTPBhI ac-
¢aﬂbTeHOB H CMOJI, BBIICJICHHBIX U3 HCCJICAYEMbIX
HedTeil n MexkdazHoro cjiost npomeicjoBoii BHI ¢ me-
cropoxnenus I'pemuxa

ITa- | Karsovay oifield Gremihka oifield
a- Asphaltenes
I\f@Tp Resins Asphal- Resins |Asphaltenes fr(?m inter-
tenes
BI phase layer
Molecular weigh. g/mol
Mr| 860 | 1971 | 905 | 2040 | 3364
Number of atoms in average molecule:
C | 616 137.6 61.9 140.9 230.7
H | 80.6 159.5 88.6 154.8 262.7
H/IC| 1.3 1.2 14 1.1 1.1
N | 0.61 2.5 0.67 3.3 5.6
S 1.0 2.7 1.4 3.3 5.6
o] 1.1 2.4 1.2 2.7 5.2
Rings composition:
Kr| 99 21.1 7.1 24.2 41.4
Ka| 5.9 20.1 4.4 22.6 29.7
Kn| 4.0 1.02 2.8 1.6 11.7

The amount of carbon and hydrogen atoms of different
types in the "average molecule"

Ca | 24.83 75.57 22.59 83.75 117.9
Csat | 36.81 62.08 38.54 57.13 112.8
Ci | 9.80 38.19 6.72 46.39 575
Har | 7.33 20.94 7.06 21.45 32.2
Hsa| 73.31 | 138.54 | 80.34 133.30 230.5
Characteristics of the aromatic substances:
g; 203 | 549 | 369 | 595 51.1
h. | 0.09 0.13 0.08 0.14 0.12
N 1.7 16.4 8.8 15.9 28.3

Table 3 shows comparative data on the struc-
ture of resins and asphaltenes isolated from the studied
oils and the structure of asphaltenes from the stabiliza-
tion layer of the WOE. Based on the data of C, H, S,
N, O-analysis and *H NMR-spectroscopy, the follow-
ing quantitative structural parameters were calculated:
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C,H, N, S, O —the number of atoms of the correspond-
ing element in the molecule; K, — the total number of
rings, Ka, Ky — the number of aromatic and naphthenic
rings in the "middle molecule"; Ca, Csat, Ci — the hum-
ber of carbon atoms in aromatic and saturated struc-
tures, the number of nodal carbon atoms in the "aver-
age molecule”; Har, Hsat — the number of hydrogen at-
oms in aromatic and saturated structures in the "aver-
age molecule™; % C, is the content of carbon atoms in
aromatic structures; h, is the part of aromatic protons;
N is the number of alkyl substituents of the aromatic
substanses in the "average molecule".

For the oils the general tendencies are: when
passing from resins to asphaltenes the molecular
weight, the number of heteroatoms in the average mol-
ecule, amount of cyclic and aromatic structures in-
crease. The resins extracted from the oil of the Karso-
vay field have a higher content of aromatic rings in the
average molecule, which indicates a more similarity
with asphaltenes, and, as it is shown in table 1, the con-
tent of asphaltenes in this oil is 3 times less than those
in oil from Gremikha field, it can be assumed that the
oil of the Karsovai field contains asphaltenes in a more
dispersed state, which, in particular, affects the viscos-
ity of this oil. Asphaltenes from Gremikha oil have a
high molecular weight (2040) and contain more aro-
matic structures in the "average" molecule, while the
number of nodal carbon atoms Ci = 46.39 is also
higher, which indicates a higher degree of condensa-
tion of aromatic fragments.

Comeparison of the asphaltenes contained in
the stabilization layer of the WOE and extracted di-
rectly from the oil shows that the most high-molecular
compounds participate in the formation of the stabili-
zation layer of the WOE: the molecular mass of the as-
phaltenes in the interphase layer is 1.5 times greater
than their thouse of the average asphaltene molecule in
oil. The average molecule of asphaltenes in the stabili-
zation layer contains more amount of heteroatoms,
which increases their polar properties, and at the same
time, a significantly higher amount of saturated struc-
tures, in particular naphthenic rings.

CONCLUSION

The abnormal behavior of high-viscosity heavy
oils in the processes of their production and preparation
is associated with the presence of natural surfactants:
resins and asphaltenes, and, as the study showed, their
quantity in the composition of oil are of significant im-
portance. The study of the composition of the WOEs
interphase layer from the Gremikha deposit revealed
that the main natural stabilizers of the emulsion are the
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highest molecular weight asphaltenes, which are char-
acterized by a higher content of ring structures in the
composition of the average molecule, both aromatic
and naphthenic, and a higher content of heteroatoms.
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