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Abstract. The paper presents the findings of a study of a ternary system of deep eutectic solvents (DES)
‘boric aciD— glycerol — carbamide’, whose combination with surfactants for enhanced oil recovery
forms the basis of an acidic oil-displacing composition. The results of laboratory investigation of the
effect of a DES and surfactants-based composition on the filtration characteristics of a heterogeneous
formation of a terrigenous reservoir of the Russkoye field are also reported. An oil-displacing composition
characterized by physicochemical parameters controlled in a wide range has been developed on the basis
of experimental phase equilibrium data for the components of, DES systems. The method of physical
modeling is used to evaluate the effectiveness of the system as applicable to oilfields at the early and
late stages of development. It has been established that the treatment of a heterogeneous reservoir model
with a composition results in a significant increment in the oil displacement efficiency both at low and
high temperatures due to the smoothing of filtration flows. The increase in the reservoir coverage and
restoration of the initial permeability are also observed. The study of the composition and properties
of heavy high-viscosity oil before and after its treatment with the system show that the use of an acid
oil-displacing system based on DES and surfactants causes no significant changes in the qualitative
composition of the oil but generally leads to a redistribution of the content of low and higher molecular
structures. Hence, light occluded hydrocarbons are preferably displaced, while heavy oil components

are adsorbed on the reservoir.
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Kuciornas HepreBbITECHAOIASA KOMIIO3HIIMS
HA OCHOBE IV1YOOKMX 3BTeKTH4YeCKHX pacTBoputeJieil u IIAB:
co3iaHue, PU3NKO-XMMHUYECKHE UCCIICI0BAHUS,

OIlcHKA BJINAHHUA HA COCTaB U CBOMCTBA He(l)TI/I

M. P. losmmnonos, JI. K. Anrynuna, B. B. Ko3Jjos,
B. A. KyBmiuHoB, JI. A. CtacbeBa, A. P. CaiiieHuaJib

Huemumym xumuu ne¢pmu CO PAH (MXH CO PAH)
Poccuiickas ®edepayus, Tomck

AHHoTanmus. B paboTe npencraBieHBI pe3yIbTaThl UCCISAOBAHUS TPOHHONH CHCTEMEBI TIITYOOKUX
3BTEeKTHYECKUX pactBoputeineil (I'IP) «0opHas KuciioTa — rIMIEPHH — KapOaMuI», COCTABIISIOIIUX
OCHOBY KUCJIOTHOH He(TEeBBITECHOMEH KoMmo3unuu Ha ocHoBe [ OP u [TAB s yBenmdeHus
HE(PTCOTAa4YH IJIACTOB, & TAKI)KE JA0OPATOPHBIX MCCIICIOBAHUN BIMSHUS KOMITO3UI[MH HAa OCHOBE [ DP
u [TAB Ha ¢punbTpaninoHHBIC XapaKTEPUCTUKU HEOJHOPOIHOTO IJIaCTa TEPPUTSHHOTO KOJLIEKTOpa
Pycckoro mectopoxienus. Ha ocHOBe pe3yibTaToB Hcclie/JoBaHU i (ha30BbIX paBHOBECHH KOMIIOHEHTOB
cucteM ['OP Obli1a co3maHa HEQTEBBHITECHSIOMIA KOMITO3HITHS, XapaKTEPH3YOMIAsCS PETyITHPYEeMbIMU
B LIMPOKOM JIaria3oHe (GpU3MKO-XMMHUYECKHUMH napamerpaMu. MeTooM GU3rnueckoro MOAEIMPOBaAHHU S
oleHeHa AP PEKTUBHOCTH KOMITO3HITMH IPUMEHHUTEIBHO K YCIOBUSAM MECTOPOXKACHUM, HAXOISIITIXCS
Ha paHHel W MO3Hel CTaausIX pa3paboTKU. YCTaHOBIIEHO, YTO 00paboTKa MOJIENIM HEOAHOPOIHOI'O
IracTa KOMIO3UIIHEH MPUBOIUT K CYIMIECTBEHHOMY MPUPOCTY Kod(dpuiineHTa HeTEBEITECCHEHUS
KaK [pU HU3KHX, TaK U IIPH BBICOKHX TEMIIEpaTypax, 3a cueT BhIpaBHUBAHUS (DUIIBTPALMOHHBIX
MIOTOKOB, YBEJIMUEHHS OXBATa [JIACTa U BOCCTAHOBJIEHHU S HAYaJIbHOM NpoHULIaeMocTH. B pe3ynbraTe
HCCIIE/IOBAaHHIA COCTaBa M CBOMCTB TSKEINION BBICOKOBSI3KOM HE(TH /10 ¥ TIOciie 00pabOTKH KOMIIO3UIINEH
YCTaHOBJICHO, YTO IIPUMEHEHHE KHCIOTHOW He(hTeBBITECH IIOMIEH KoMIo3unnu Ha ocHoBe [ OP n [TAB
HE BBI3bIBACT 3HAUMMBbIX M3MEHEHUH B KAY€CTBEHHOM COCTaBe HE(TH, a IPUBOJIUT INIABHBIM 00pa3oM

K IiepepacinpeaCICHUI0 COACPKaHU A HU3KO- U Ooitee BBICOKOMOJICKYJIAPHBIX CTPYKTYP: BEITCCHAIOTCA
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MPEUMYHICCTBEHHO JETKue OKKJIIOAUPOBAHHBIC YIJTIEBOAOPO/bI, B TO BPEMS KaK TAXKEIbIC KOMIIOHCHTBI

He(TH aAcOpOUPYIOTCS HA KOJUIEKTOPE.

KuroueBble cJioBa: riy0OKHe SBTEKTHYECKHUE PACTBOPHUTEIH; METO/IbI YBEINUCHHsI HE(DTEOTIauH MJ1aCTOB;
KHCIIOTHAsI HeTeBBITECH IOMIasi koMmmo3unusi; [IAB; sBTexkTrKa, K0O3()PHUIHCHT HEDTEBHITCCHEHUS,

TAXKCJIBIC U BBICOKOBA3KHUC He(bTI/I.

BuaarogapuocTu. PaboTa BhINoIHEHA B paMKaX rocyJapcTBEHHOT0 3aaanus IHCTUTYTa XuMuK He(hTH
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(HUOKTP Ne 121031500048-1).
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Introduction

Currently, oil is the most important fossil fuel and the main source of energy used throughout
the world. As a rule, only one third of the original oil can be produced in oil fields by flooding due
to low pore or capillary space accessibility of the reservoir [1]. In order to extract the residual oil,
physicochemical methods of oil recovery enhancement are used [1-11]. The use of physical and
chemical methods of enhanced oil recovery allows additional oil recovering and maintaining or
extending the profitability of field development. Some of these methods are aimed at reduction of
residual oil saturation by increasing the capillary number and reducing interfacial and surface tension
at the rock-water-oil interface. Other methods of enhanced oil recovery allow additional oil recovering
due to the treatment of reservoir fluids and reservoir rock with chemical compositions causing an
increase in rock permeability or redistribution of filtration flows of the hydrodynamic system of the
reservoir. Injected chemicals change rock and fluid properties such as reservoir rock wettability, oil
and water emulsification, etc. [11, 12]. Hence, increasing attention is paid to the development and
optimization of physical and chemical methods for enhanced oil recovery (EOR methods). One of the
newest approaches to the development of chemical compositions for complex physical and chemical
methods of enhanced oil recovery is the principle of ‘green chemistry’ using deep eutectic solvents
(DES). The DES are systems that include two or more compounds in the form of a mixture consisting
of donor and acceptor of hydrogen bond. This mixture becomes eutectic, when components are
mixed in a certain ratio, i.e. its melting point becomes much lower than that of any of the individual
components [12-16].

Based on this principle, the researchers of the Institute of Petroleum Chemistry SB RAS have
developed an acidic chemical composition (system) intended to increase oil recovery from reservoirs with
heavy and high-viscosity oils [11, 17]. DES and surfactants based compositions (systems) for enhanced
oil recovery have the following unique properties which are their advantages: high oil-displacing ability;

bifunctionality, i.e. the system works as an acidic and oil-displacing composition; complex impact on
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the reservoir, i.e. the system interacts with the reservoir rock and fluids; adjustable viscosity; evolution
under reservoir conditions; during the hydrolysis of carbamide, which is component of the system, the
pH value shifts to the range of alkaline values. This suggests a formation of a high-capacity alkaline
buffer system capable to provide optimal conditions for surfactant operation; ability to smooth and
redistribute filtration flows; low freezing point (important for use in the Arctic zones and northern
regions of the Russian Federation); durable effect and low corrosivity.

This paper presents the findings of a study of a three-component DES system ‘boric acid-glycerol--
carbamide’ with a view to developing an acidic DES and surfactants based oil-displacing composition
and the results of its using in a physically modeled process of oil displacement.

It is known that as a result of the use of physical and chemical EOR methods, the state of the initial
thermodynamic equilibrium between oil components and rock, formation water, etc. is disturbed, resulting
in a change in the composition of mobile and residual reservoir oil. In this regard, it was of interest to
study the composition and properties of the residual oil extracted from the cores of the Russkoye oilfield
under laboratory conditions. This paper also presents the results of study of the effect of the system on
the composition of displaced high-viscosity oil from the Russkoye field in the physically modeled oil

displacement process.

Experimental

To create an acidic DES and surfactants based oil-displacing composition, experimental
studies of phase equilibria have been conducted and a fusion diagram for a three-component
DES system has been constructed. For this purpose, mixtures of components were prepared in a
molar ratio of 1:10 + 10:1, followed by heating or cooling and determining the point of melting or
crystallization. A detailed description of the procedure for the preparation of DES is given in a
previously published work [11].

The density of solutions of the systems was determined by the pycnometric method using an EASY
D 40 density meter. The pH values were determined via the potentiometric method using a HANNA
Instruments microprocessor-based laboratory pH meter with glass electrode.

Rheological properties of DES and acidic DES and surfactants based oil-displacing composition
were investigated in the temperature range 20—150 °C via vibrational viscometry using a ‘Rheokinetika’
viscometer with a tuning fork sensor and rotational viscometry using HAAKE Viscotester iQ
viscometers (CC25 DIN /Ti coaxial cylinder measuring system) and Reotest-2.1.M (S/S 1coaxial
cylinder measuring system) at different shear rates (when the shear rate changes from 10 to 1200 s-!
or at a shear rate of 3 s).

Analysis of the composition of organic compounds was carried out using a Thermo Scientific DFS
magnetic chromato-mass spectrometer (Germany). Separation was performed using an Agilent quartz
capillary chromatographic column (an inner diameter of 0.25 mm, a thickness of 0.25 mm, a length of
30 m, and a DB-5MS stationary phase) with helium as a carrier gas.

The structural composition of oils was determined by IR spectroscopy using a Nikolet 5700 IR
Fourier spectrometer with a Raman module.

The following compounds have been identified in the composition of organic compounds of oil
via gas chromatography-mass spectrometry: n-alkanes, cyclohexanes, aromatic compounds, steranes,

hopanes, sesquiterpanes and secohopanes.
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Table 1. Characteristics of models of a heterogeneous reservoir

Column  Gas permeability, Ratio of gas Oil viscosity, mPa's/ Pore volume, Initial oil
No. pum? permeabilities of models  oil density, kg/m? cm? saturation, %
1 0.84 49.7 58.6
2.41:1 43.3/902.0
2 0.34 54.1 65.7

Laboratory investigation of an acidic DES and surfactants based oil-displacing system was performed
using an installation for studying filtration characteristics (KATAKON LLC, Russia) as applied to heavy
high-viscous oil from the Russkoye field. The procedure of physical modeling of the oil displacement
process is reported in detail in the previously published work [11].

For filtration tests, a model of a heterogeneous reservoir was prepared, which consisted of two parallel
columns filled with disintegrated core (terrigenous material) with different permeability. The columns were
sequentially saturated with models of reservoir water (with pore volume determination) and oil (Table 1).

The gas permeability of the columns of the heterogeneous reservoir model was 0.34—0.84 um?.
The values of gas permeability were measured according to the method defined in the standard GOST
23409.6—78. The column permeability ratio was 2.41:1. The viscosity of oil was 43.3 mPa-s. The initial

oil saturation was 58.6 and 65.7 % for the first and second columns, respectively.

Results and discussion
Creation of an acidic oil-displacing t composition based on surfactants

and the ternary DES “boric aciD— glycerol — carbamide” system

To create an acidic oil-displacing composition based on surfactants and DES (glycerol, carbamide
and boric acid), a phase diagram of a three-component “boric aciD— glycerol — carbamide” system was
constructed. The phase diagram was based on previously studied two-component “boric aciD— glycerol”,
“boric aciD— carbamide” and “carbamide — glycerol” systems [18]. Fig. 1 shows the phase melting
diagram of the ternary DES “boric aciD— glycerol — carbamide” system.

Fig. 2 shows a pattern of the donor-acceptor interaction in the three-component system “boric
aciD— glycerol — carbamide”, where boric acid is an electron pair acceptor toward glycerol and carbamide,
carbamide is a hydrogen bond donor toward boric acid and an acceptor toward glycerol, while glycerol
is an electron pair donor for boric acid and carbamide. It should be noted that the ternary DES “boric
aciD— glycerol — carbamide” system leads to an increase in the acidity and buffer capacity of the
composition. The system also promotes an expansion of the range of buffer action in the acidic pH
region and an increase in the duration of its action in the reservoir.

Based on the eutectic composition of the three-component DES “boric aciD— glycerol — carbamide”,
an acidic surfactant based oil-displacing system has been created.

The concentration of water in the composition is 15 %. All considered oil-displacing compositions
contain surfactants providing an increase in the displacement ability of the solutions under study and
facilitating their access to the reservoir rock. Non-ionic surface acting agents (NSAA) were used as
compatible with mineralized formation waters. In order to use the compositions of nonionic surfactants
at reservoir temperatures above 100 °C, anionic surfactants (ASAA) increasing the cloud point of the

nonionic surfactant were introduced into the compositions.
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Fig. 2. Pattern of the donor-acceptor interaction of the three-component system “boric acid —glycerol — carbamide”

The composition is compatible with mineralized reservoir waters. It has a low freezing point (minus
20 =+ minus 50 °C) and low interfacial tension at the boundary with oil. The density of the composition can
be adjusted from 1100 to 1300 kg/m? and the viscosity from tens to hundreds of mPa‘s. The composition
slowly reacts with carbonate rocks. High oil-displacing capacity, compatibility with saline reservoir
waters, and a decrease in the swelling of clays promote an additional displacement of residual oil from
both high-permeability and low-permeability reservoir zones.

Fig. 3 shows the results of the solubility of the disintegrated carbonate reservoir rock in an acid
oil-displacing DES and surfactants based composition, the change in pH of the solution before and after
thermostating for 6 hours at various temperatures.

Fig. 3(a) shows that the solubility of carbonate rocks in the composition increases depending on
time. With an increase in temperature above 70 °C, the pH of the composition shifts to the alkaline
region, therefore the composition becomes alkaline, Fig. 3(b). The evolution of an acidic DES and

surfactants based oil-displacing system occurs due to the hydrolysis of carbamide, which is a component
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Fig. 3. Solubility of disintegrated carbonate reservoir rock in an acidic oil-displacing DES and surfactants-based
composition depending on the duration of its treatment at 25 °C (a); change in pH before and after thermostating
for 6 hours at various temperatures (b)

of the system. The reaction proceeds to form carbon dioxide and a borate-ammonia buffer system with
a maximum buffer capacity in the pH range 9-10, which is optimal for oil displacement purposes. This
results in a decrease in interfacial tension and liquefaction of highly viscous layers or films at the oil-
water-rock interfaces.

The acidic oil-displacing system will have a dual effect on the carbonate reservoir and the carbonate
cement of the terrigenous reservoir, which is as follows:

* At low reservoir temperatures, the interaction of an acidic DES and surfactants based oil-displacing
system with carbonate rocks and carbonate cements of terrigenous rocks will restore the initial reservoir
permeability to form water-soluble salts and reduce the swelling of clays, while the released CO, will
dissolve in the oil reducing its viscosity. As a result, additional displacement of residual oil will occur.

* When the temperature in the reservoir rises above 70 °C, the rate of hydrolysis of carbamide,
which is a component of the system, will increase. This will promote further release of CO, accompanied
by a decrease in oil viscosity, while pH of the system will increase from 2.6-3.2 to 9.0-10.0 pH units.
As a result, an alkaline oil-displacing system with a high buffer capacity will be formed directly in the

reservoir, which ensures effective oil displacement and prolonged stimulation of the reservoir, Fig. 3(b).

Physical modeling of the oil displacement process using an acidic DES

and surfactants based oil-displacing system

In order to draw conclusions about the applicability of the created acidic DES and surfactants
based oil-displacing system under various geological and physical conditions and at different stages of
field development and to evaluate its effect on the oil displacement and sweep efficiency of the reservoir
in case of water flooding or thermal steam treatment, the filtration characteristics and oil-displacing
ability of the system were investigated for the conditions of the carbonate reservoir of the Russkoye
oilfield. Table 2 and Fig. 4 and 5 present the data on the effect of an acidic DES and surfactants based
oil-displacing system on the filtration characteristics of the reservoir model of the Russkoye field at
temperatures of 23 and 150 °C simulating the reservoir temperature and thermal steam treatment.

The model of reservoir water from the Russkoye oilfield was filtered with an injection rate of
1 cm’/min at a temperature of 23 °C through a water-oil-saturated model of a heterogeneous reservoir

in the direction ‘reservoir-well’. The oil displacement coefficient for the first and second columns when
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Fig. 4. Filtration characteristics of the Russkoye oilfield reservoir model: change in pressure gradient P, coefficient
of oil displacement Cy, mobility ratio k/u (a) and filtration rate V (b) at 23 and 150 °C after injection of an acidic
DES and surfactants based oil-displacing system. Initial gas permeability of models: 1% column — 0.84 um?, 2"¢
column — 0.34 um?

Table 2. Results of the study of the filtration characteristics of the reservoir model and the oil-displacing ability
of the acidic DES and surfactant based oil-displacing composition

Oil displacement efficiency

Mobility ratio Maximum
No. of Gas (be fore)//a fror . . Il}crf?ment of the pressure gradient
ol -mn permeability RO Displacement with oil dlsplagement when pumping
u of column, pm? Y tion) water / ther aond coefficient of composition,
composition composition, % due to the use MPa/m
of the composition, %
1 0.84 56.9/81.5 24.6
48.9:1/1.24:1 5.625
2 0.34 5.6/66.9 61.3

pumping 3.2 pore volumes of the reservoir water model was 56.9 and 5.6 %, respectively. After formation
water filtration, at 23 °C in the “well-formation” direction, two rims of the composition were pumped
in a volume equal to 0.5 of the pore volume of the heterogeneous reservoir model, and advanced to a
predetermined distance with water. The increase in oil displacement coefficients at 23 °C due to two
rims of the composition was 13.3 % for the first column and 35.9 % for the second column.

Table 2 shows the results obtained in the study of filtration characteristics of a heterogeneous
reservoir and the oil-displacing ability of the composition.

Then the temperature was raised to 150 °C and the formation water model continued to be injected
in the “reservoir-well” direction. Modeling of the steam-thermal effect on the formation resulted in
additional oil washout, the increase in the oil displacement efficiency was 8.0 % for the first column
and 11.3 % for the second column. Similarly, at a temperature of 150 °C in the “well-formation”
direction, two rims of the composition were pumped in a volume equal to 0.5 of the pore volume of the
heterogeneous reservoir model. The increase in the oil displacement efficiency due to two rims of the
composition and subsequent filtration of the formation water model was 3.3 % for the first column and
13.1 % for the second column.

Analysis of the components of the composition in water samples taken at the outlet of the

heterogeneous reservoir model revealed that after injection of the composition, the pH value of the
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Fig. 5. Changes in pH before and after injection of the acidic DES and surfactant based oil-displacing composition
into a reservoir model at 23 and 150 °C: a) with a gas permeability of 0.84 pm?, b) with a gas permeability of
0.34 um?

samples decreases from 7.4 to 5.2 units. As a result of carbamide hydrolysis, it shifts after heating to
150 °C and thermostating to the alkaline region, reaching 9.5 pH units (Fig. 5).

Thus, it is experimentally confirmed that at high temperatures directly in the reservoir model the
composition becomes alkaline due to the hydrolysis of carbamide, which is a part of the composition. In
this case, carbon dioxide CO, and a borate-ammonia buffer system are formed, which creates optimal

conditions for the effective washing ability of surfactants.

Effect of the acidic DES and surfactants based oil-displacing system
on the composition and properties of heavy high-viscosity oil during physical modeling

of the oil-displacement process

As a result of the study of the original oil and that displaced from the reservoir model by the
methods of viscometry and pycnometry, it was found out that the viscosity and density of oil changes
after contact with an acidic oil-displacing composition based on DES and surfactants. This is partly due
to the formation of carbon dioxide and ammonia during the hydrolysis of carbamide. Carbon dioxide,
dissolving in oil, leads to a decrease in its viscosity, while ammonia provides an optimal pH of the
solution, which contributes to the displacement of mainly light and occluded hydrocarbons, while heavy
oil components are adsorbed on the reservoir.

Fig. 6 shows the results of changes in the viscosity and density of oil from the Russkoye field
during oil displacement.

An analysis of the spectral coefficients revealed quantitative differences in the IR spectra of the
oils under study before and after treatment with the acidic DES and surfactants-based oil-displacing
composition (Fig. 7).

Samples of oil displaced using the composition at the Russkoye oilfield are characterized by a
decrease in the coefficient of the relative content of aromatic structures, including a decrease in the
coefficient of the relative content of tricyclic arenes and alkanes (A,). Slight changes are observed for
C,, C3, and C 4 spectral coefficients, which characterize the conditional content of ether, sulfoxide, and
C=0 groups (Table 3).

The study of the classes of compounds showed that the changes in the oil sample of the Russkoye

field are insignificant: the content of n-alkanes decreases by 1.11 times, the content of naphthenes
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Fig. 6. Changes in viscosity (a) and density (b) of oil from the Russkoye field during oil displacement
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Fig. 7. IR spectum of the original oil from the Russkoye field and that of the oil treated with the acidic DES and
surfactants-based oil-displacing composition

Table 3. Spectral coefficients of oil sampled from the Russkoye oilfield before and after injection of the acidic DES
and surfactants based oil-displacing composition

) Russkoye oilfield
Spectral coefficients — - - — —
Original oil Oil after injection of the composition
C=Di603/D724 1.31 1.269
C,=D1167/Diaco 0.102 0.097
C3=D;031/D1460 0.101 0.096
C4=D1705/Diaco 0.075 0.073
A=Dg13/D747 0.874 0.978
Ay=Dg13/D74 0.946 0.920
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increases by 1.12 % rel., while that of arenes — by 1.03 % rel. The number of n-alkanes among the
identified compounds prevails over that of aromatic and naphthenic hydrocarbons (Fig. 8).

The C 14,—C ,3 compounds have been identified among n-alkanes of the original and displaced oils
of the Russkoye oilfield (Fig. 9).

Source oil Oil after composition processing
wAlkanes wArenas = Neftenes W Alkanes ®Arenas ¥ Neftenes

Fig. 8. Distribution of the main groups of organic compounds in the original oil from the Russkoye field and in oil
treated with the acidic DES and surfactants-based oil-displacing composition, % rel.

% rel.30 —=-source oil

- =i~ oil after processing the composition
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Fig. 9. Distribution of n-alkanes in the original oil of the Russkoye field and in oil treated with the acidic DES and
surfactants based oil-displacing composition, % rel.

In both samples, low molecular weight n-alkanes predominate over high molecular weight ones.
The maximum falls on C ;7 n-alkane both in the initial sample and in that treated with acidic DES and
surfactants based oil-displacing system. The composition of the original oil from the Russkoye field is
similar to the composition of oil displaced using the acidic DES and surfactants based oil-displacing
system, which suggests the absence of the influence of the composition on the oil.

— 347 —



Journal of Siberian Federal University. Chemistry 2023 16(3): 337-349

Conclusion

Based on the results of the study of binary and ternary DES systems, an acidic DES and
surfactants based oil-displacing composition with unique properties has been prepared. Its advantages
are as follows: high oil-displacing ability, combined treatment of the reservoir (interaction with
reservoir rock and fluids), adjustable viscosity, evolution under the reservoir conditions up to the
formation of a high-capacity alkaline buffer system capable to provide optimal conditions for
surfactant operation.

Treatment of a heterogeneous reservoir model with an acidic DES and surfactants based oil-displacing
composition results in the smoothing of filtration flows in the model of heterogeneous reservoir and
increase in its sweep efficiency. The surfactants included in the composition make it possible to increase
the oil displacement efficiency due to the creation of optimal conditions for the evolution of composition.
The acid components of the composition interact with the rock, which leads to the restoration of its
permeability and well injectivity. The increment in the oil displacement efficiency due to the treatment
of the reservoir model with the composition at 23 °C was 13.3 % for a high-permeability column and
36.3 % for a low-permeability column, while at 150 °C it was 11.3 % for a high-permeability column
and 25.0 % for a low-permeability one.

As a result of the study of the composition and properties of heavy high-viscous oil before and after
treatment with the acidic DES and surfactants based oil-displacing system, it was found out that its use
cause no significant changes in the qualitative composition of the oil, but mainly leads to a redistribution
of the content of low- and higher-molecular structures. Generally, light occluded hydrocarbons are

displaced, while heavy oil components are adsorbed on the reservoir.
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