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Paboma noceawena paccmompenuro 0co6eHHOCmENl 6030€UCMEUA OPZAHUYECKUMU CO-
eOuHeHuAMU (Pacmeopumenamu) Ha 0Opa3yvl NOPOObL GAIHCEHOBCKOI CEUMDBL, 8 KOMOPOIL codep-
Jcumces 00bULOC KOIUUECIE0 HENPEEPAUICHHO20 OPZAHUYECKO20 6euiecmea (Kepo2en, Oumymo-
uowy). /lannas cmamups cooepicum pe3yiomamol U3y4eHus pacmeoparuieli ChocooOHocmu unou-
GUOYAIbHBIX HUZKOMOIEKYAAPHBIX CRUPMOG U CLOMNCHBIX IPUPO8, 4 MaKice PACMEOPOE YKA3aAH-
HBIX COCOUHEHUIl 8 600€ U 6 HENOIAPHOM APOMAMUUECKOM pacmeopumeine (coibeenm Hegms-
Hoit). Cpeou uccied08anHbIX UHOUGUOYAIbHBIX PACHIGOpUmMEeNnell HAUOONbULYIO PACH EOPAIOUWYIO
CHOCOOHOCHIL NPOAGNAION CAOJHCHBIE IPUPLL YKCYCHOU KUCIOMDbl, MEHEe AKMUGHbL CRUPHIbL.
Conveenm He(pmAHOIN 6 HE3HAUUMENBHOU CHENEeHU PACMEOPACH OP2AHUYECKOe 6eU{eCH80 No-
POObL u mpedyem 000as1eHUA Donee NONAPHBIX OP2AHUYUECKUX COCOUHEHUT. 3A6UCUMOCHU pac-
meopaAueil cCnocoOHOCImU Y21e6000POOHBIX PACEOPOE CRUPIMOG O KOHUEHMPAWUU CRupma
UMEIOm IKCHMPEMANbHbLIL Xapakmep npu maxcumyme, cocmagaaiouiem 10 %mac. Ha ocnosanuu
ROJIYYEHHDBIX PE3YTIbINAmMO6 OONOTHUMENIbHO OUYEHUBAIOCh 63AUMHOEC 6IUAHUE PACMEOpumeneil 6
Y211€e6000pOOHOIL cpede. YCmaH061eHo, YUMo PACMEOPbl U3ONPONAHONA U APOMAMUUECKO20 PaC-
meopumens nPOACAAIOM CUHEPLEMUUECKUL IPPeKm no OMHOMEHUIO K PACIEOPUMOCHU OP2a-
HUYECKO20 euiecmea nopoosl 6 0oibuiell Cmenenu, 4em y2nego00pooOHble PACHEOPbl CLONHCHBIX
aghupos. /Ina cocmaeos, nokazaguiux HAUOOILULYI0 PACHEOPAIOULYIO CHOCOOHOCHD, Obl1A NPOGe-
0eHa KaueCmeEeHHAA U NOJIYKOJIUYECMBEHHAA OYEHKA USMEHEHUA COCMAB06 00Pa3 08 nopoo no-
cile IKCMPAKUUU ¢ ROMOUbI0 PeHM2eH06cKoll oupakmomempuu u UK-Dypve-cnexkmpockonuu.
Ilokazano, umo cmecu nOAAPHO20 U HENOAAPHO20 pacmeopumereii odecnevusaiom 6osee pagHo-
MEpHOe u3eneuenue alupamuieckux u apomMamuiyecKux KOMNOHEHMO08 OpP2aHu1ecKo20 eeuje-
cmea nopoovi. Onpedeneno, ymo xumuueckue cucmemvl, cooepicauiue coabeennm HePmAaHoIl,
U30NPONAHON U U3ONPONUNAUECIAN, MOZYM CINAMb OCHOGOU 013 PA3PAGOMKU MEXHON0ZUYECKUX
JHcuOKocmeil, HanPAGIEHHBIX HA NOGLIUIEHIE HEPMeomOauu 8 KepozeHoCco0epHcauiux KoleKmopax.
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This work is devoted to studying the characteristics of treatments with organic solvents on
bazhenov formation rock samples, which contains a large amount of unconverted organic matter
(kerogen, bitumen). This article contains the results of studying the dissolving abilities of individual
low-molecular alcohols and esters, and solutions of these compounds in water and in a non-polar
aromatic solvent (petroleum solvent). Among the individual solvents studied, esters of acetic acid
showed the greatest dissolving ability; alcohols are less active. Petroleum solvent slightly dissolves
the rock’s organic matter and needs the addition of more polar organic compounds. The depend-
ences of dissolving ability of alcohols’ hydrocarbon solutions on alcohol concentration is extreme,
with a maximum of 10 wt.%. Based on the obtained results, the mutual influence of solvents in the
hydrocarbon fluid was additionally evaluated. It has been established that solutions of isopropanol
and aromatic solvent show a synergistic effect to the dissolution of rock organic matter more than
hydrocarbon solutions of esters. For the compositions that showed the greatest dissolving ability, a
qualitative and semi-quantitative analysis was made for establishing changes in the composition of
rock samples after extraction using X-Ray diffraction and Fourier-transform infrared spectros-
copy. It is shown that mixtures of polar and non-polar solvents provide a more regular extraction
of aliphatic and aromatic components of rock organic matter. Systems containing petroleum sol-
vent, isopropanol and isopropyl acetate have been identified as the basis for the development of
process fluids for increasing oil recovery in organic-rich reservoirs.

Key words: organic matter, solvents, lower alcohols, esters, chemical treatments, oil recovery, kerogen,
extraction, unconventional oil

A key feature of bazhenov formation is the
high content of organic matter. It is represented not
only by potentially recoverable hydrocarbons, but also

INTRODUCTION
Production of unconventional oil is actual all

over the world. The researchers are paying close atten-
tion to development of effective technologies of shale
oil recovery. Bazhenov formation is considered as the
main potential source of hard-to-recover and uncon-
ventional oil in Russia. Difficulties in its development
and the inapplicability of traditional technologies are
driven by several features as multicomponent compo-
sition of rocks, which is complicated by high content
of organic matter, high reservoir temperatures and
pressures, low porosity and permeability, heterogene-
ous rocks’ composition and properties. Thus, despite
the long history of studying and developing bazhenov
formation, nowadays, there are a lot of number im-
portant technological problems. Mainly, they include
the creation of effective stimulation methods and tech-
nologies to ensure stable well productivity [1-3].
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by kerogen, which has excellent potential for generat-
ing gaseous and liquid hydrocarbons. Under these
high-carbon formation conditions, kerogen is occurred
as a rock-forming component and in common with sil-
icates builds up organo-mineral complexes. It deter-
mines the predominantly hydrophobic nature of sur-
face wettability in the void space [4-6].

Irregularity of organic matter spread is noted
for the rocks of bazhenov formation. Generated hydro-
carbons not only migrate along the sections, but accu-
mulate in the oil source rock mass due to low reservoir
properties of these rocks [7]. Hydrocarbons and het-
eroatomic oil compounds can exist in a free state, or
can be adsorbed on the surface of kerogen and miner-
als. Using existing technologies, light, medium and
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heavy oils are produced from bazhenov formation res-
ervoirs, their density can be 770-910 kg/m? [8-9]. The
observed difference is explained by the decrease of as-
phaltene-resin substances amount because of their ad-
sorption on the surface of aluminosilicates during mi-
gration of hydrocarbons. Aggregates of asphaltenes
and resins can be formed in the liquid hydrocarbons
volume and block mobile hydrocarbons, so closed
pores can occur [10].

The irregularity of organic matter spread is
complicated by the presence of an isolated void space,
and hydrocarbons can be extracted only when the rock
matrix is broken. Many research results indicate differ-
ence in the composition and correlations of hydrocar-
bon amounts in open and closed parts of the void space
[11]. Type and degree of organic matter maturity, mi-
gration processes, mineralogy, etc., have a significant
impact [12]. In bazhenov formation rocks the presence
of kerogen or organic porosity is also observed, it is
formed as a result of thermal catalytic transformations
of organic compounds [13].

The practice of bazhenov formation exploita-
tion in pressure depletion indicates a rapid decrease in
production rate in the first few years and low oil recov-
ery factor. It is connected with a significant decrease in
reservoir pressure and small well drainage area. Now-
adays, there were proposed and tested different tech-
nologies of creating an extra filtration volume in rocks,
thermal methods for maturing of organic matter, and
using of chemical reagents [14].

According to the literature data, using of wa-
ter-based technological fluids can lead to negative con-
sequences in bazhenov formation — changes in surface
wettability, swelling of clay minerals, formation of wa-
ter blockades, colmatation of the pore space with water
phase globules [15-17].

By the reason of these problems, development
of hydrocarbon-based process fluids to improve the ef-
ficiency of oil recovery is of practical interest. Under
bazhenov formation conditions, it is expected that sol-
vents will desorb hydrocarbons from kerogen and min-
erals surface, provide the mobility of dispersed oil, and
promote the unblocking of mobile hydrocarbons from
closed pores by dissolution of asphaltene-resin aggre-
gates.

The numerous research results have shown
that solvents are mainly used for bitumoids extraction
from bazhenov formation rocks for studying of organic
matter composition. Thus, treatments with hexane al-
low to extract light hydrocarbons and oil components
from rocks. Alcohol-benzene blend provides addi-
tional extraction of hydrocarbon components and as-
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phaltene-resin compounds [10]. Chloroform is consid-
ered as a widely used extractant and an effective sol-
vent for the neutral part of bitumoids [18]. Using of
chloroform enables the dissolution up to 97% of light
hydrocarbons content. At this time, it is noted that ex-
traction from bazhenov formation rocks can signifi-
cantly exceed 3 days caused by gradual extraction of
hydrocarbons backed up by kerogen [19]. For a more
complete extraction of organic matter components,
step extraction using solvents of different polarity is
proposed [20]. Also, to extract hydrocarbons from ba-
zhenov formation rocks, it is effective to use mixtures
of polar and non-polar solvents, for example, a mixture
of n-hexane and chloroform (80:20% vol.) [21].

Solvents’ impact on rocks of other high-carbon
formations — shale oil deposits also is described in
many scientific publications. Important characteristics
that affect the dissolving ability are the polarity and the
solubility parameter. It was shown in [22] with an ex-
ample of methanol, toluene, cyclohexane, dichloro-
methane. Reaction time also affects the result: a de-
crease of saturated hydrocarbons content, an increase
of polyaromatic compounds vyield, and desorption of
polar components of organic matter in the presence of
dichloromethane are noted with an increase of extrac-
tion time from shale rocks [23]. In general, polar sol-
vents (dichloromethane, chloroform, tetrahydrofuran,
acetone) allow to extract more hydrocarbon com-
pounds, but mixtures of polar and non-polar solvents
significantly increase the extraction yield (for example,
systems like tetrahydrofuran/toluene) [24].

Due to the facts mentioned above, the aim of
this work is to analyse the effect of solvents with dif-
ferent polarity and their mixtures on bazhenov for-
mation rock for the development of hydrocarbon-based
process fluids directed to improving the efficiency of
oil recovery.

MATERIALS AND METHODS

When choosing solvents, the presence of field
experience in their use, their relative availability and
the prohibition of organochlorine compounds use in
oilfield chemistry were regarded [25, 26].

As a non-polar aromatic solvent (hydrocarbon
base), petroleum solvent (nefras A-130/150), repre-
sented by a mixture of aromatic hydrocarbons of the
benzene series, was used. According to chromato-
graphic analysis, chosen non-polar solvent contains (%
wt.): arenes — 89.2 (including C; — 33.6; Cs — 39.7; Co
—10.1; Cyo— 3.5; C11 — 2.0); paraffin-naphthenes — 8.6;
olefins —1.3; the rest is 0.9.
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The polar reagents in this work were low mo-
lecular weight alcohols (methanol, ethanol, isopropa-
nol) and acetic acid esters (methyl acetate, ethyl ace-
tate, isopropyl acetate). In addition to studying individ-
uals effect of reagents, the influence of low molecular
weight alcohols and esters was evaluated in mixtures
with non-polar solvent and in aqueous solutions. Ethyl
acetate and isopropyl acetate were used only in mixture
with aromatic solvent because of their limited solubil-
ity in water.

For carrying out this work, core samples from
Palyanovskoye field related to bazhenov formation
were taken. The mineralogical composition was ana-
lyzed using a Thermo Scientific ARL X'TRA X-Ray
diffractometer. Emitting source is an X-Ray tube with
a copper anode, the range of angles for taking diffrac-
tograms — 2-60° 26. Based on the analysis results of
qualitative and quantitative mineralogical composi-
tion, an average sample was prepared for further re-
search. According to this analysis, the average rock
sample has the following mineralogical composition:
quartz — 53.1%, albite — 12.2%, muscovite — 12.8%,
illite — 11.7%, pyrite — 6.6%, kaolinite — 3.6%.

The impact of water-based and hydrocarbon-
based systems was assessed by gravimetric method us-
ing disintegrated rock. Experiments were carried out at
70 °C under static conditions, the masses of the sam-
ples were analyzed at the reaction time of rock with
solvent 12, 1, 2 and 3 h.

The mutual influence of the solvent mixture
components was evaluated by deviation from the ex-
pected additive effect with calculation the correspond-
ing coefficient:

_ Psor
K= SO/(X1*P1+x2*P2)' (1)
where Pso — amount of the dissolved organic matter by

solvent’s mixture, x1, X2 — concentration of compo-
nents 1 and 2 in mixtures, respectively, P1, P> —amount
of the dissolved organic matter in individual compo-
nents 1 and 2, respectively. At K > 1 synergism of com-
ponents was observed in a mixture of solvents, K =
=1 — additivity, K < 1 —antagonism.

A semiquantitative analysis of rock samples’
compositional change was carried out by determining
crystallinity of the samples before and after treatment
with solvents. This parameter was calculated from X-
ray diffractograms using the Crystallinity software.

IR spectroscopy is a well-known method for
studying rocks mineralogy, especially, in case of work-
ing with rocks of high-carbon formations as bazhenov
formation in connection with the possibility of analyz-
ing the characteristics of organic matter [27-30]. Effect
of solvents on the organic matter components was de-
termined using a Bruker TENSOR Il Fourier-trans-
form IR-spectrometer. The spectral range was
4000...500 cm'*. Definition of changes in the organic
matter structural-group composition was carried out
using spectral coefficients calculated from the intensity
of the absorption peaks [31, 32]:

11630

C,(aromaticity) = e’ 2
C,(branching) = ?S’i (3)
1450
Cs(aliphaticity) = M 4)

1630

RESULTS AND DISCUSSION

Table 1 shows the dissolving ability of individ-
ual solvents after exposure to the rock samples for 3 h
and characteristics of the solvent’s polarity, their di-
pole moment, relative permittivity [33] and boiling
point values.

Table 1

Dissolving ability of solvents to organic matter of the rock samples and physico-chemical properties of solvents
Tabnuya 1. PacTBopsitoniasi cCHocOOHOCTh pacTBOpHTeIeil 10 OTHOIIEHUIO K OPraHUYeCKOMY BellleCTBY NMOPOABI U
(l)PI3I/l]€0-XI/lMl/l‘{eCKHe XAPAKTCPUCTUKH paCTBOpPlTeJ'leﬁ

Solvent Amount(zl;fj(:/f)salltYed rock Dipole moment, D | Relative permittivity [Boiling point, °C
Water - 1.82 80.1 100
Petroleum solvent 2.39 0.62/0.37* 2.57/2.38* 130-150**
Methanol 9.14 1.70 32.7 64.7
Ethanol 2.10 1.69 24.5 78.4
Isopropanol 6.22 1.66 17.9 82.4
Methyl acetate 10.51 1.72 7.0 57.1
Ethyl acetate 9.33 1.81 6.0 77.1
Isopropyl acetate 11.34 1.85 5.6 89

Notes: * The data are given for the components present in the largest amounts (0-xylene and toluene, respectively)
** Initial boiling point is not lower than 130 °C; boiling point of 90%, volume recovered is not higher than 150 °C
HpI/IMe‘IaHI/IﬂZ * I[aHHBIe NPUBCACHBI 1JI1 KOMIIOHEHTOB, ITPUCYTCTBYIOLINX B HauOOJIBIINX KOJIMYECTBAX (O-KCI/IHOJI " TOJYOJI, COOT-

BETCTBEHHO)

** Temmeparypa Hadana reperonku — He Hike 130 °C; remneparypa neperoaku 90% ot cocraBa conmbBeHTa — He Bhimre 150 °C
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According to Table 1, esters of acetic acid
show the highest dissolving ability among the studied
individual solvents, alcohols are less active. This pa-
rameter for individual oxygen-containing solvents de-
pends on the length of the hydrocarbon radical, which
is determined by the polarity ratio and the affinity of
solvent molecules with the components of rock’s or-
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ganic matter. Petroleum solvent slightly dissolves or-
ganic components, so it indicates necessity for adding
more polar organic compounds to aromatic hydrocar-
bons contained in chosen solvent. Hence, the dissolv-
ing abilities of hydrocarbon and aqueous solutions of
alcohols to organic matter of bazhenov formation rock
were further determined (Fig. 1).
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A, Y%wt.

10

C alcohol, %%owt.

10

A, %owt.

C alcohol, Yowt.

A, Yowt.

5 10 15
C alcohol, %owt.

f

Fig. 1. Dependence of amount of dissolved rock’s organic matter on alcohol concentration in hydrocarbon (a-c) and aqueous (d-f) solu-
tions and reaction time: (a, d) — methanol; (b, e) — ethanol; (c, f) —isopropanol; 1-0,5h; 2-1h;3-2h;4-3h

Puc. 1. 3aBHCHMOCTH KOJIMYECTBa PACTBOPEHHOTO OPraHUYECKOTO BEIIECTBA MOPO/IbI OT KOHIICHTPAIMH CITHPTA B YTIICBOJOPOAHBIX(A-C)

u Boaubix(d-f) pactBopax u BpeMmenu konrakra: (a, d) — meranou; (b, €) — sranoun; (¢, f) — uzonponanon; 1-0,54;2-19;3-249;4-3 4
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Fig. 2. Dependence of amount of dissolved rock’s organic matter on ester concentration ((a, b) - methyl acetate; (c) - ethyl acetate;
(d) - isopropy! acetate) in hydrocarbon (a, ¢, d) and aqueous (b) solutions and reaction time: 1-0,5h; 2-1h;3-2h;4-3h
Puc. 2. 3aBHCHMOCTH KOJIMYECTBA PACTBOPEHHOTO OPraHMYECKOT0 BELIECTBA MOPOIBI OT KOHIEHTPALKH CII0XHOro 3¢dupa ((a, b) —meru-
nanerar; (C) — stunanerat; (d)-u3onporuianerar) B yriaeBogopoausix (@, ¢, d) u Bogubix(b) pacrBopax u BpeMenu KonTakra 1- 0,5 ;
2-14;3-249;4-34u

From the results obtained (Fig. 1), addition of
alcohols provides an increase in the dissolving ability
of systems containing aromatic solvent. In case of
long-term experiments, hydrocarbon solutions of
methanol and isopropanol at concentration 5-10% wit.
and ethanol solutions at all concentrations have a big-
ger dissolving activity compared to individual alco-
hols. Increasing the interaction time of alcohol solu-
tions and rock samples drives up the amount of dis-
solved rock. It is connected with incremental dissolu-
tion and desorption of organic matter components from
the surface of minerals and kerogen.

During prolonged reaction with described core
samples, an increase in the alcohols concentration up
to 10% wt. in hydrocarbon solutions results in growth
of the organic matter solubility, when alcohol amount
becomes equal to 15% wt., there is a decrease in the
solubility. These findings can be explained by an in-
crease in the polarity of hydrocarbon solutions based
on building up the concentration of more polar oxygen-
containing solvent and the polarizability of arenes.
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This is also influenced by the change in ratio of orien-
tation, induction and dispersion van der Waals forces.
Polarity growth of hydrocarbon alcohol solutions leads
to a better dissolution of polarizable aromatic hydro-
carbons, polar heteroatomic compounds and asphal-
tene-resin compounds. Additionally, following build-
up of the alcohols’ concentration enhances their behav-
ior as an antisolvent and reduces solubility of paraffin-
naphthenic hydrocarbons, which are mainly dissolved
under dispersion forces of intermolecular interaction.

Described principles of changes in the dissolv-
ing activity of hydrocarbon solutions among «metha-
nol — ethanol — isopropanoly is associated with a de-
crease in polarities of individual alcohols and with an
increase of the alkyl radical of their molecules. This
affects the intermolecular interactions of solvent with
various components of organic matter. For example, it
was found in [34] that with an increase in length of hy-
drocarbon radical of alcohols, agglomeration of as-
phaltene particles is observed, that leads to precipita-
tion of resin and asphaltene components by aliphatic
alcohols.
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Agueous solutions of alcohols are character-
ized by significantly lower dissolution abilities of
rocks’ organic matter (Fig. 1). At the same time, pro-
longed contact of the rock with an increase in CHsOH
concentration in agqueous solutions leads to obtaining
results similar to hydrocarbon solutions. However, or-
ganic compounds are dissolved weaker in aqueous so-
lutions of methanol, than in individual alcohols. Also,
an increase of the ethanol and isopropanol content in
water (up to 15% wt.) brings to the slow dissolution of
organic compounds from the core samples. It happened
because of the solution polarity reducing which re-
mains significantly higher than in the case of hydrocar-
bon solutions. Solvent can interact with polar asphal-
tene-resin compounds, which provides greater disper-
sion of organic components. Dissolution abilities of
ethanol and isopropanol in water solutions are bigger
than the effectiveness of their individual compounds.

Fig. 2 shows the results of esters’ hydrocarbon
solutions analysis and aqueous solutions of methyl ac-
etate at the same conditions.

Esters in a mixture with aromatic solvent and
water have smaller dissolution ability to organic com-
pounds of the rock samples than their individual form.
Length of the hydrocarbon radical affects the mole-
cules polarity and esters affinity for organic compo-
nents. The structure of esters also determines type of
curves obtained depending on their concentration in
hydrocarbon solutions: elevating methyl acetate
amount reduces the dissolution process. At the same
time, the dissolution ability of isopropyl acetate pro-
portionally increases with the concentration growth.
For ethyl acetate solutions, the amount of dissolved
components slightly depends on the ester concentra-
tion and is characterized by low values. Long-term in-
teraction of hydrocarbon and aqueous solutions of me-
thyl acetate with the rock samples (for 3 h) involves
their similar behavior, which indicates the absence of
solvent’s nature influence.

To compare the effect of studied oxygen-con-
taining organic solvents, the mutual influence of the
solvent mixture components was evaluated. The calcu-
lation results are presented in Table 2.

According to Table 2, for hydrocarbon solu-
tions of alcohols and esters, a synergistic effect is ob-
served within organic compounds dissolution. This can
be explained by the polarizability of arenes in the hy-
drocarbon solvent in the presence of polar oxygen-con-
taining compounds. Also, solvent mixtures provide a
comprehensive effect on various organic components,
including promoting desorption of hydrocarbons from
kerogen surface. Mixtures containing alcohols show

ChemChemTech. 2024. V. 67. N 4

M.A. Silin et al.

the greatest combined action. Esters have significantly
reduced synergetic effect than alcohols, their combined
action with aromatic solvent decreases in the following
line: «methyl acetate — isopropyl acetate — ethyl ace-
tate». Despite their reduced synergism, esters can be
used in technologies that involve the delayed action in
hydrocarbon-based chemical systems. At the same
time, it is important to note the context of the investi-
gated solvents application. Use of ethanol is restricted
by government regulations, also methanol and methyl
acetate have low boiling points that makes them diffi-
cult in treatments.

For a supplementary assessment of organic
matter’s dissolution ability, crystallinity of the rock
samples was determined from X-ray diffractograms
obtained using powder X-Ray diffraction method. The
influence of individual solvents (petroleum solvent,
isopropanol and isopropyl acetate) was analyzed. Hy-
drocarbon solutions of isopropanol (10% wt.) and iso-
propyl acetate (15% wt.), characterized by high disso-
lution abilities, were also studied. These results are
shown in Table 3.

Table 2
Estimation of mutual influence of components in hydro-
carbon solutions of alcohols and esters
Tabauya 2. OueHka B3aHMHOI0 BJIHSIHUS KOMIIOHEHTOB
B YIJICBOAOPOAHBIX PACTBOPAX CIIMPTOB U CJO0KHBIX

3¢pupos

Mutual influence coefficient at the alco-
Solvent hol or ester concentration
5 % wit. 10 % wit. 15 % wt.

Methanol 4.1 5.2 1.7
Ethanol 3.7 6.2 5.6
Isopropanol 6.4 6.2 2.0
Methyl acetate 3.9 2.4 0.9
Ethyl acetate 1.4 1.0 0.9
Isopropyl acetate 1.7 1.7 1.8

Table 3

Crystallinity parameter of the rock samples
of bazhenov formation
Tabauya 3. CreneHb KPUCTANJIMYHOCTH 00pa3L 0B
TMOPOobI H2KEHOBCKOMH CBUTHI

Solvent Crystzzllinity,
%
Before treatment 54
Petroleum solvent 68
Isopropanol 64
Isopropyl acetate 70
Isopropanol (10% wt.) + Petroleum solvent 65
Isopropyl acetate (15 % wt.) + Petroleum 65
solvent
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The initial rock samples from bazhenov for-
mation is characterized by a low value of crystallinity
and is established by the high content of organic matter
referred by X-Ray analysis to an amorphous phase.
Solvent extraction promotes an increase in crystallinity
connected with the dissolution of bitumoids and light
hydrocarbons in an isolated and sorbed state [35].
However, the evaluation of this parameter does not al-
low to establish features of individual solvents effect
because of metod’s low accuracy, irregular distribution
of organic components in samples, interactions be-
tween solvent molecules and clay minerals causing
volume growth of their aggregates and kerogen swell-
ing [22, 36].

For a more detailed analysis of solvent’s influ-
ence on changes in the structural-group composition of
organic components, the rock samples were studied by
FTIR-spectroscopy before and after treatments with
solvents. Based on the FTIR-spectra, the spectral coef-
ficients of aromaticity, branching and aliphaticity were
calculated (Table 4).

Table 4
Characterization of changes in the structural-group
composition of organic components after treatments
with solvents using FTIR-spectroscopy method
Taobnuya 4. Ouenka U3MeHeHUI CTPYKTYPHO-TPYIIIIO-
BOI'o COCTaBa OPraHN4YeCcKoro BeuecTrsa nmopoa npu
KOHTAaKTe ¢ PAaCTBOPHUTEJISIMHU ¢ moMoubio meroaa UK-
Dypbe-CeKTPOCKONUM

Solvent C, C, Cs
Before treatment 1.04 | 0.48 | 3.14
Petroleum solvent 0.75 | 0.60 | 6.80
Isopropanol 0.91 | 0.86 | 2.01
Isopropyl acetate 0.93 | 0.78 | 1.88
Isopropanol (10% wt.) + 085 | 083|218
+ Petroleum solvent ) ' )
Isopropyl acetate (15% wt.) + 092 | 087 | 2.16
+ Petroleum solvent ' ' '

As follows from the data in Table 4, petroleum
solvent interacts to aromatic hydrocarbons of organic
matter (the minimum value of aromaticity coefficient
C1 = 0.75) and reacts in smaller activity with paraffin-
naphthenic hydrocarbons (the maximum value of ali-
phatic coefficient C; = 6.80). The effect on the rock
samples by oxygen-containing organic compounds in
an individual form and mixtures of esters and aromatic
solvent, provides dissolution of all components (mostly
aliphatic) that decreases the coefficients to C; =
= 0.91-0.93 and C; = 1.88-2.16. Additionally, using of
low molecular weight alcohol in solution with petro-
leum solvent significantly increases the dissolution
ability to aromatic components (C; = 0.85).

122

CONCLUSION

Co-use of aromatic solvent (petroleum sol-
vent) and lower alcohols allows to obtain systems with
a high dissolving ability for treatments of organic mat-
ter containing in bazhenov formation rocks. These sys-
tems show synergism of solvents with different polar-
ity because of the polarizability of arenes in nonpolar
solvent. They more equally affect both aromatic and
aliphatic components of organic matter, promote the
dissolution of light hydrocarbons, heteroatomic petro-
leum compounds, asphaltene-resin components and
provide desorption of hydrocarbons from the surface
of kerogen and clay minerals.

Esters demonstrate weaker the mutual growth
of dissolution in the presence of aromatic solvent in so-
lutions than alcohols. Despite the poor synergism, es-
ters can be used in technologies that involve the de-
layed action of hydrocarbon-based chemical systems.
In oilfield practice, acid-generating compositions
based on esters became widely used. Their application
let to affect with them not only on organic components,
but also to mineral matrix of rocks [37-39].

According to the results obtained, the dissolu-
tion intensity depends on reaction time of solvent with
rock, concentration of oxygen-containing polar com-
ponent, length of hydrocarbon group in molecule and
nature of solvent (solution base).

Taking into account these results of dissolution
abilities and some restrictions (for example, low boil-
ing points and government regulation), solvent systems
containing petroleum solvent, isopropanol and isopro-
pyl acetate can be considered as process fluids for oil
recovery under conditions of bazhenov formation.
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