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The aim of this work is to establish the relationship between the chemical composition of
heavy crude oil and its rheological response to organic solvents of different nature, as well as
to quantitatively assess the degree of viscosity reduction. Comprehensive analytical methods
(XRF, FTIR, SARA, gas chromatography) revealed that the studied crude oil is characterized by a
paraffinic—resinous matrix enriched with heteroatoms and metals, which determines its extremely
poor flowability. It was experimentally proven that the addition of 15 vol.% xylene at 25 °C reduces
the oil viscosity by more than 150 times (from 3.3 x 10° to 2.19 x 10° cP), whereas the use of
naphtha provides only a 30-fold viscosity reduction. The combined application of a chemical reagent
(xylene) and thermal treatment (up to 60°C) was shown to achieve a viscosity of approximately 4.1
x 102 cP, which is sufficient for efficient transportation.

The obtained results confirm the key role of solvent type in modifying the rheological properties
of heavy crude oils and demonstrate the potential of the developed chemical-thermal methods for
improving their transportability.

KEYWORDS: Heavy crude oil, viscosity reduction, organic solvents, xylene, solvent naphtha,
rheological properties, SARA analysis, FTIR spectroscopy, gas chromatography.
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Llenbto pabombl sierisiemcsi ycmaHo8reHuUe 83aUuMoCesiau Mex0y XUMUYECKUM COCMasoMm
msixenol Hegpbmu U €€ peos1o2u4ecKUM OMKIIUKOM Ha 8o30elicmeue opeaHU4YeCcKUx pacmeopu-
menel pasnu4Hol npupodbl, @ makxe Konu4ecmeeHHasi OUeHKa CmerneHuU CHUXEHUST 8513Kocmul.
KomnnekcHbimu aHanumudeckumu memodamu (XRF, FTIR, SARA, 2a3osasi xpomamoepaghusi)
ycmaHo8reHo, Ymo uccriedyemasi Heghmb xapakmepusyemcs napaghuHo-cmonucmol mampuuyel
C NoBbIWeHHbIM codepxaHUeM 2emepoamomos U Memarisios, Ymo onpedernsem eé kpaliHe HU3-
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Kyto meKydecmsb. OKkcriepumeHmarnbHoO 0oka3aHo, ymo dobasneHue 15 06.% kcumnona npu 25 °C
CHUXaem esiz3kocmb Heghbmu bornee yem 8 150 pas (¢ 3,3 x 10° 0o 2,19 x 10° cl1), 8 mo epems kak
ucrnonb3o08aHue Haghmabl obecnedusaem nuwb 30-KpamHoe CHUWXeHue es3kocmu. lNokasaHo, Ymo
KOMOUHUPOBaHHOE MpUMeHeHUe XUMUYEeCKO20 peageHma (KCusos) U mepMuyeckoeo 8o30elicmaus
(6o 60 °C) nossonsiem docmudyb es3kocmu ~4,1 x 102 cl1, ymo ssernsemcs docmamoyHbIM 05151 3¢h-
hekmusHoOU mpaHCcropmuposKU.

lMonyyeHHble pe3ynbmambl N00MeepK0atom KITH4esyr posib murna pacmeopumernsi 8 Moou-
uKkayuu peornocudeckux ceolicme msixkenbix He¢hmel u OeMOHCMPUPYOM NepcrnekmueHoOCmb
pazpabomarHbIX XUMUKO-mepMUuYeckux Memo0os Or1s yny4uweHus ux mpaHcriopmabenbHocmu.

KITKOYEBBIE CJIOBA: msixénas Hethmb, CHUXEHUE 853KOCMU, opaaHU4YecKue pacmeopu-
meriu, Kcursor, Hagpma, peosioaudeckue ceoticmea, SARA-aHanus, IK-cnekmpockorus, 2a3oeas
Xpomamoepacghusi.
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XKymbicmbiH MaKcambl — ayblp MyHaUObIH XUMUSIIbIK KypaMbl MeH apmyprii maburammarbl
opaaHuKarbIK epimkiwumepliH acepiHe bepinemiH peono2usinbiK peakyusiCbl apacblHOarbl e3apa
batinaHbicmbl aHbiKmMay, coHOal-aK mymKbIpriblKmbIH a3aro 0spexeciH caHObIK bararnay.

KeweHdi aHanumukanbik 8dicmepdi (XRF, FTIR, SARA, 2a30biKk xpomamoepachusi) KorndaHy
apKbiiibl 3epmmenemid MyHal napaghuH-cMonasbiKk Mampuuyara ue eKkeHi, zemepoamomoap MeH
memandapObiH XofFapbl MeUWePIMeH cunammarambiHbl aHbiKmarsnobl, 6yl OHbIH eme memMeH
arbIMObIbIFbIH aHbIKMalobl. QkcriepumeHmarndbl mypde 25 °C-ma 15 kenemdi % Kcuson Kocy
MyHaUlidbiH mymkbipnbirbiH 150 ecedeH acmam memeHOememiHdiei (3,3 x 10°-men 2,19 x 10° cl1-
2e OeliiH) danendeHdi, an Hagpma KondaHy mek 30 ece memeHOemyOdi Kammamachi3 emedi. Kcu-
110110b1 XUMUSITIBIK peazeHm pemiHoe xoHe mepmusisnbik acepdi (60 °C dedliH) 6ipikmipin KkondaHy
mymkbipribikmbl ~4,1 % 102 cll-ee OeliH a3alimyra MyMkiHOIK 6epemiHi kepcemindi, 6y muimoi
macbimarndayra Xemkirikmi.

AnbIHFaH HomuXKernep aybip MyHaloblH peorocusnbiK KacuemmepiH Modughukayusinayoa
epimkiw mypiHiH Hezi3ei peniH pacmatidbl xoHe onapObiH macbkiMandayFra xapamObifbifbIH XakK-
capmy yWiH a3iprieHeeH XumMusinbiK-mepMusinbiK 80icmepdiH nepcrnekmuearisi eKeHiH kepcemedi.

TYUIH CO3[EP: aybip MyHall, mymKbIpbIKmMbl meMeHOemy, opaaHuKansik epimkiumep,
Kcuron, Hagpma, peornoeusnbiK kKacuemmep, SARA-manday, VIK-cnekmpockonus, 2a30blK Xpo-
Mamozpachusi.
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ntroduction. The development of heavy crude oil resources is a key focus for
countries with large high-viscosity hydrocarbon reserves, including Kazakhstan,

where a significant share of oil consists of heavy, highly viscous crudes. These
oils are characterized by low API gravity and high contents of resins, asphaltenes, and
paraffins, leading to complex rheology and limited natural mobility [1,2]. Aggregation of
these components forms structured systems that resist flow at low shear rates, reducing
production and transport efficiency [2,3].

Studies on high-viscosity oils from western Kazakhstan confirm pronounced non-
Newtonian behavior and strong dependence on external influences [3,4]. While thermal
methods can reduce viscosity, they are energy-intensive and operationally complex, often
impractical for surface transport and pipelines [6,7].

Chemical approaches offer an alternative by weakening intermolecular interactions and
disrupting asphaltene—resin structures, thereby improving flowability [4,5]. However, systematic
studies on chemical enhancement for Kazakhstan’s heavy crudes remain limited [1,8].

The scientific novelty of this work consists in establishing the relationship between
the physicochemical characteristics of a heavy crude oil and its rheological response to
organic solvents. Using comprehensive compositional analysis (XRF, FTIR, SARA, GC),
it is shown that the high viscosity is governed by a paraffinic-resinous matrix with high
resin content rather than asphaltene aggregation. Based on this finding, it is quantitatively
demonstrated that the disruption of these associative structures is achieved most effectively
with an aromatic solvent (xylene), which provides a 150-fold viscosity reduction at 25
°C, whereas a paraffinic solvent (naphtha) yields only a 30-fold reduction. This work thus
identifies the key compositional factors dictating solvent efficiency for heavy crude oils
representative of Kazakhstan.

Materials and methods

Heavy crude oils typically behave as structured non-Newtonian fluids, so their
flowability cannot be described by a single viscosity value. In wax-forming systems,
rheological behavior depends on composition, thermal history, and shear history. Previous
studies show that waxy oils can exhibit shear-dependent viscosity and yield-like behavior,
with rheology changing significantly upon wax crystallization [9,10].

This behavior is often attributed to internal structures formed by high-molecular-
weight components such as resins, asphaltenes, and long-chain hydrocarbons, which
create spatial networks that resist deformation [11]. In rheological analysis, such effects
are commonly described using parameters like apparent yield stress and shear-dependent
viscosity. In modern terms, many complex fluids are classified as “yield-stress fluids,”
displaying characteristics between ideal solids and liquids [12,13].

Accordingly, in this study, viscosity values were determined under strictly controlled
temperature and mixing conditions using a repeatable protocol designed to minimize the
influence of uncontrolled thermal and shear histories.

Samples and chemicals:

To evaluate the influence of chemical treatment on oil rheology, organic solvents were
introduced individually in separate experimental series to avoid additive interactions. Two
solvents commonly used in petroleum practice for viscosity reduction were selected: xylene
and solvent naphtha. The main physicochemical properties of xylene are presented in 7able 1.
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Table 1 - Comparative physicochemical properties of xylene and solvent naphtha (D40 grade)

Property Xyl.ene (mixed Solvent naphtha (D40 Unit
isomers) grade)
. Xylene (mixed _
Chemical name icomers) Solvent naphtha
CAS number 1330-20-7 64742-94-5 -
Molecular formula CgHqo Mixture of hydrocarbons -
Molecular weight 106.17 140-160 g-mol™
Density (25 °C) 0.86 0.86-0.91 gmL™
Kinematic viscosity (40 °C) <074 <12 mm?s™
Aromatic content Al (ETOEIE <0.1 %
solvent)

Xylene is an aromatic hydrocarbon solvent composed mainly of ortho-, meta-, and
para-xylene isomers. Its aromatic nature gives it strong affinity for asphaltene-resin
structures, effectively disrupting intermolecular associations and reducing heavy crude
oil viscosity [14].

Solvent naphtha is a petroleum-derived hydrocarbon solvent with a narrow boiling
range and low viscosity, commonly used to dilute heavy crude oils and remove organic
deposits [14].

While both solvents reduce viscosity, xylene provides stronger molecular-level
disruption of associative structures, whereas solvent naphtha acts primarily through
dilution but offers greater operational safety due to its higher flash point. All reagents
were used without additional purification, and oil-solvent mixtures were prepared
immediately before rheological measurements to ensure reproducibility.

Physicochemical characterization methods:

The original heavy crude oil from Permian reservoirs in East Kazakhstan was
characterized to identify compositional factors affecting its flow properties. The
analytical approach included elemental, molecular, and group-component analyses.

Elemental composition was determined using energy-dispersive X-ray fluorescence
(XRF) spectrometry, providing data on sulfur content and trace elements typical of heavy
crude oils. The method is non-destructive, suitable for viscous petroleum systems, and
requires minimal sample preparation.

Molecular-structural characteristics were investigated using attenuated total
reflectance Fourier-transform infrared spectroscopy (ATR-FTIR) to identify dominant
functional groups and bonding environments, with attention to aliphatic chains, aromatic
structures, and resin—asphaltene groups influencing heavy oil behavior [15,16]. Gas
chromatography (GC) was also used to evaluate hydrocarbon distribution by volatility
and distinguish lighter from heavier fractions [4].

Finally, SARA analysis determined the relative contents of saturates, aromatics,
resins, and asphaltenes, providing a compositional basis for interpreting crude oil
structure and flowability [5].

Mixing of reagents with crude oil:

Mixing of crude oil with chemical reagents was performed using an overhead
LABSOL 0OS20-S laboratory stirrer with two flat stainless-steel impellers. The stirrer
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operates at 50-2200 rpm with a nominal motor power of 60 W. To ensure homogeneity,
the stirring speed was set to 200 rpm for 10 minutes.

Reagent concentrations were calculated on a volumetric basis relative to the crude
oil at 5%, 10%, and 15%. All mixtures were prepared at a constant total volume, with
the reagent proportion adjusted according to the selected dosage. This concentration
range was chosen to identify conditions where viscosity reduction becomes pronounced
without causing significant mixture instability under laboratory conditions. Mixing
was conducted in sealed 250 mL cylindrical vessels to prevent solvent evaporation and
maintain constant sample composition.

Thermostating:

After mixing, samples were thermostated at predetermined temperatures and held
for 30 minutes to reach thermal equilibrium before viscosity measurements.

Viscosity was measured at 25, 30, 35, 40, 45, 50, 55, and 60 °C—a range covering
typical heavy oil handling and transportation conditions, from ambient temperature to
moderate heating used to improve flowability.

Viscosity measurement:

Kinematic viscosity was measured using a BGD 155/28S digital rotational viscometer
(Biuged Precise Instruments, PRC). The instrument features a touchscreen display,
interchangeable spindles No. 1-4, and measures viscosity from 12 to 6,000,000 cP at
rotational speeds of 0.1-100 rpm. Dynamic viscosity is calculated based on the measured
torque resistance. Instrument accuracy is +1%, with repeatability of £0.5%.

The viscometer was verified using calibration fluids prior to measurements to ensure
reliability. Each measurement was performed in triplicate, and the average value was
calculated. Sample volume was 100 mL. Measurements were conducted at the same
temperatures used during thermostating, enabling direct assessment of the temperature
dependence of viscosity and reagent effectiveness under consistent conditions.

Results and discussion

Compositional controls of high crude oil viscosity:

The compositional characteristics of the initial crude oil were analyzed using XRF,
FTIR, SARA, and gas chromatography to identify factors governing its high viscosity
and flow behavior. Single measurements were interpreted within the instrumental
precision specified by the manufacturer. Given the qualitative and comparative nature of
the analysis, the results are considered reliable within the stated accuracy limits.

To further elucidate the compositional factors responsible for the elevated viscosity,
particular attention was given to elemental composition. Quantitative XRF analysis was
performed to determine sulfur, heteroatoms, and trace metals associated with complex
organic structures. The obtained elemental concentrations are presented in 7able 2.

Table 2 - Elemental composition of the crude oil sample

Element S cl P Ni Fe | Ca |Sn | Hg | Zn | Cu | Mo | Co | As | Se

Concentration
(ppm)

4728 | 521 | 414 | 134 | 103 | 79 | 19 18 15 9 8 8 4 3
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XRF analysis revealed high sulfur content (4728 ppm, ~0.47 wt%) along with notable
Ni (134 ppm) and Fe (103 ppm) concentrations, indicating enrichment in heteroatoms
and metal-containing organic complexes (7able 2). Such composition promotes strong
intermolecular interactions and limits the effectiveness of purely thermal viscosity
reduction. The presence of chlorine and trace metals further reflects the crude oil’s
chemical complexity.

To identify the functional composition and structural features of the hydrocarbon
matrix, FTIR spectroscopy was performed. This method identifies dominant chemical
bonds and functional groups, and assesses the relative contributions of aliphatic and
aromatic structures-key factors governing rheological behavior. The resulting FTIR
spectrum is shown in Figure 1.

100
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Figure 1 - FTIR spectrum of the heavy crude oil sample

For detailed spectral interpretation, characteristic absorption bands corresponding
to the principal vibrational modes of hydrocarbon chains and substituent groups were
identified and analyzed. The wavenumber positions, along with their intensity and
bandwidth parameters, are summarized in 7able 3, enabling qualitative spectral features
to be correlated with quantitative indicators of functional group distribution.

Table 3 - Characteristic absorption bands of the crude oil FTIR spectrum

Wavenu_:nber {\bsoltfte .Relatlye B?nd Threshold | Shoulder
(cm™) intensity intensity width
2920.90 0.530 0.470 122.200 100.17 0
2852.28 0.667 0.091 25.042 18.73 0
1456.97 0.741 0.259 40.396 5527 0
1375.52 0.805 0.133 25.336 28.08 0
721.65 0.931 0.047 | 8335.154 7.18 0
1601.03 0.962 0.026 63.051 89.13 0

FTIR spectroscopy confirmed the dominance of aliphatic structures, with intense
C—H stretching bands at 2921 and 2852 cm™ and deformation bands at 1457 and 1376
cm! (Table 3, Figure 1). A characteristic rocking band near 721 cm™ indicates long
linear alkyl chains, while weak aromatic signals and the absence of pronounced C=0
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and O—-H bands suggest low aromaticity and limited oxygenated functionality. This
structural profile is typical of paraffinic—resinous oils with strong associative behavior.

To further clarify how the identified group composition influences rheological
behavior, additional quantitative characteristics were evaluated. The corresponding
parameters, reflecting the structural contribution of individual fractions to viscosity
control, are presented in Table 4.

Table 4 - Group composition of the crude oil sample

Component Content (%) Component Content (%)
Paraffinic—naphthenic hydrocarbons 39.6 Resins (Type 1) 19.0
Light aromatic hydrocarbons 2.4 Resins (Type 2) 244
Medium aromatic hydrocarbons 2.5 Asphaltenes 1.4
Heavy aromatic hydrocarbons 10.7

SARA analysis revealed high contents of saturates (39.6%) and resins (43.4%), with
low aromatics (15.6%) and minimal asphaltenes (1.4%), indicating a relatively stable
colloidal system (7able 4). Despite the low asphaltene content, the combination of resins
and long-chain paraffins increases viscosity through the formation of spatial networks
that restrict molecular mobility.

To further characterize hydrocarbon distribution and complement compositional
analyses, gas chromatography was performed. This technique provides insight into
carbon number distribution and the relative contribution of light, medium, and heavy
fractions. The resulting gas chromatogram is presented in Figure 2.

Gas chromatographic analysis (NetChrom v2.1) revealed a broad hydrocarbon
distribution from C;s to Cs,, with intensity maxima in the C,;—C,; range and a pronounced
heavy tail toward higher carbon numbers. The limited content of light fractions and
dominance of mid-to-heavy paraffins explain the low volatility and poor flowability of
the crude oil (Figure 2).

Xpomarorpamma
928197 :

t i i i ) i i
00.00 0351 07.03 1055 14.07 1759 2.1 2462

Figure 2 - Gas chromatogram of the crude oil sample

The integrated compositional data indicate that the high viscosity of the studied
crude oil is governed by a paraffinic—resinous matrix enriched with heteroatoms and
metals rather than by asphaltene aggregation. This compositional profile justifies the
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application of solvent-based and composite chemical reagents to disrupt associative
interactions and improve crude oil mobility.

Effect of chemical reagents on heavy crude oil flowability:

As an initial step in assessing the efficiency of chemical viscosity-reduction methods,
the rheological behavior of the untreated crude oil was investigated as a function of
temperature. This analysis provides a reference framework for distinguishing between
purely thermal effects and chemically induced viscosity reduction. The temperature-
dependent viscosity data of the crude oil sample are presented in Table 5.

Table 5 - Temperature-dependent viscosity of the crude oil sample

N2 | Temperature, °C | Viscosity, cP N2 | Temperature, °C | Viscosity, cP
1 25 331,800 5 45 22,080

2 30 135,000 6 50 17,400

3 35 82,800 7 55 12,900

4 40 29,880 8 60 7,650

The crude oil viscosity reaches approximately 3.3 x 10° cP at 25 °C (Table 5),
indicating extremely poor flowability. Even at 4045 °C, viscosity remains at (2-3) x 10*
cP, showing that thermal treatment alone is insufficient to achieve acceptable rheological
properties. A substantial decrease occurs only above 60 °C, where viscosity drops to several
thousand cP; however, such temperatures are often impractical for field and transportation
operations. Therefore, chemical treatment was considered as a complementary approach.

Given the paraffinic—resinous composition of the crude oil, two organic solvents—
xylene and solvent naphtha—were selected as flow-modifying reagents. These solvents
reduce viscosity by dissolving paraffinic and resinous components and weakening
intermolecular associations within the oil structure.

Effect of organic solvents on the viscosity of crude oil:

To evaluate the effect of organic solvents on crude oil viscosity, systematic
viscometric measurements were performed at different temperatures and solvent
concentrations. The resulting data, showing viscosity changes upon addition of xylene
and solvent naphtha, are presented in 7able 6.

Table 6 - Influence of xylene and solvent naphtha on the viscosity of crude oil
as a function of temperature

Xylene Xylene Solvent Solvent Solvent
Ne | Temperature, °C | Xylene 5% 10% 15% naphtha naphtha naphtha
5% 10% 15%
1 25 41760 7560 2190 92400 27050 10000
2 30 22680 6240 2040 42360 14850 6650
3 35 14880 4770 1452 23400 10961 4420
4 40 9540 3360 1158 19170 7260 2940
5 45 6630 2790 888 12390 5102 1950
6 50 4830 1830 804 7690 3270 1300
7 55 4272 1374 678 5340 2375 860
8 60 3624 1092 408 4020 1740 570

Viscosity measurements in 7able 6 show a pronounced reduction in crude oil
viscosity after adding xylene and naphtha across the 25-60 °C range. The dilution effect
intensifies with higher solvent concentration and temperature, reflecting the combined
influence of chemical and thermal factors.
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All viscosity values in Tables 5 and 6 are averages of repeated measurements.
Experimental uncertainty did not exceed +2%, consistent with the viscometer’s accuracy
and repeatability. This uncertainty does not affect the observed trends or comparative
assessment of solvent efficiency.

To illustrate the effect of xylene concentration on rheological behavior, viscosity—
temperature relationships were analyzed. The corresponding viscosity profiles for crude
oil treated with different xylene concentrations are presented in Figure 3.

—0—Xylene5%  —@—Xylene 10% Xylene 15% initial crude oil
1000000
S 100000
z ‘\0\‘\_‘\
‘z 10000 o r P
S ® o o ® °
g o & o ® —e
S 1000 —0
100
25 30 35 40 45 50 55 60

Temperature, °C

Figure 3 - Viscosity-temperature behaviour of crude oil treated with xylene

Xylene addition significantly reduces viscosity even at the lowest concentration of 5%
(Figure 3). At 25 °C, viscosity drops from approximately 3.3 x 10° cP for untreated crude oil to
4.18 x 10* cP, and further decreases to 2.19 x 10° cP at 15% concentration. The effect intensifies
with temperature: at 60 °C with 15% xylene, viscosity falls to approximately 4.1 x 10> cP.

The influence of solvent naphtha was investigated under the same temperature
conditions. Viscosity—temperature profiles at different solvent concentrations enabled

direct comparison with untreated oil and demonstrated the dilution effect. The results
are presented in Figure 4.

—o—initial crude oil —0—Solvent naphtha 5%

1000 000

a 100000
<
Z

'z 10000
o
2

> 1000

100

25 30 35 40 45 50 55 60
Temperature, °C

Figure 4 - Viscosity—-temperature behaviour of crude oil treated with solvent naphtha

A similar trend is observed for solvent naphtha (Figure 4), though viscosity values
remain higher than with xylene. At 25 °C, viscosity drops to 9.24 x 10° cP at 5% and to
1.0 x 10* cP at 15%. At 60 °C with 15% solvent naphtha, viscosity reaches approximately
5.7 x 10% cP, indicating lower efficiency than the aromatic solvent.

For direct comparison, the viscosity—temperature behavior of crude oil treated with

15 vol.% xylene and 15 vol.% solvent naphtha was analyzed. The comparative profiles
are presented in Figure 5.
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Figure 5 - Comparative viscosity reduction by xylene and naphtha (15 vol.%)

Comparative results (Figure 5) show that both xylene and solvent naphtha effectively
reduce crude oil viscosity across the investigated temperature range. At 15 vol.%, xylene
provides greater reduction, especially at low and moderate temperatures, while the
difference narrows at higher temperatures due to thermal thinning. These results confirm
that temperature and solvent type are key factors governing the rheological behavior of
heavy crude oils.

Comparison of the obtained results with literature data:

The observed solvent-assisted viscosity reduction is consistent with trends reported for
paraffinic—resinous heavy crude oils. Organic solvents improve flowability by weakening
interactions among resins, asphaltenes, and long-chain hydrocarbons, especially at
moderate temperatures where heating alone is insufficient [2,3,14].

Aromatic solvents like xylene are highly effective viscosity reducers due to their
affinity for resin—asphaltene structures [2,14]. Hasan et al. [2] reported reductions of
one to two orders of magnitude in heavy crude oils treated with aromatic solvents, while
Norouzpour et al. [14] confirmed xylene’s high efficiency in dissolving wax and asphaltene
deposits. In line with these studies, adding 15 vol.% xylene in the present work reduced
viscosity by over two orders of magnitude at 25-40 °C.

Solvent naphtha provided a more moderate but steady viscosity reduction, mainly
through dilution effects, consistent with previous reports on petroleum-derived solvents
[3,5]. Although less effective than xylene at disrupting resin—asphaltene structures, it
offers advantages in operational safety and practical application [5,6]. A comparison with
literature data is presented in Table 7.

Table 7 - Comparison of viscosity reduction by organic solvents for heavy crude oils

Study Oil / solvent Conc. (vol.%) | Temp (°C) | Effect

Hasan et al. [2] Heavy oil / aromatic solvents 5-15 25-60 1-2 orders viscosity reduction

Ghannam et al. [3] Heavy/light blends / petroleum <20 25-70 Stronglo!llutlon, improved
solvents flowability

Norouzpour et al. Carbonate heavy oil / xylene 10-20 25-50 Etl"ﬁaenthwax/asphaltene

[14] dissolution

He et al. [5] (ColpEmeEll iy el /e 5-15 30-80 Stable viscosity reduction
systems

This study Paraffinic-resinous oil / xylene 5-15 25-60 >2 orders reduction

This study rEmhlieselensel /et | o o 25-60 Moderate dilution effect
naphtha
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The observed viscosity reduction and relative solvent performance show good
agreement with previously reported trends, confirming that solvent type and dosage play
a key role in controlling the rheological behavior of heavy crude oils.

Conclusions

This study has identified the key factors responsible for the anomalously high viscosity
of the investigated heavy oil and experimentally substantiated effective methods for its
reduction. A comprehensive physicochemical analysis (XRF, FTIR, SARA, and gas
chromatography) revealed that the primary barrier to low-temperature transportation is
the paraffin—resin matrix with a high content of heteroatoms and metals, which forms
stable associative structures even with a minor asphaltene fraction. It was experimentally
proven that using an aromatic solvent (xylene) in an amount of 15 vol.% reduces the oil
viscosity by more than 150 times (from 3.3 x 10° to 2.19 x 10° cP) at 25°C, enabling
cold transportation without preheating. Meanwhile, the use of naphtha provides a 30-
fold viscosity reduction and can be considered an alternative in cases where the use of
xylene is restricted by safety requirements. It was shown that the combined application
of a chemical reagent (xylene, 15 vol.%) and moderate thermal treatment (up to 60°C)
achieves a viscosity of ~4.1 x 10? cP, which meets the requirements for trunk pipeline
transport and allows for a significant reduction in energy consumption required to maintain
a high oil temperature throughout the transport system. The systematic data obtained on
the rheological properties of the oil in the presence of solvents over a temperature range
0f 25-60 °C and a concentration range of 5—15 vol.% can be directly applied to pipeline
hydraulic calculations, the selection of pumping equipment, and the adaptation of transport
modes to account for seasonal temperature variations and infrastructure remoteness.

Thus, the results of this work not only elucidate the mechanisms underlying the
rheological behavior of heavy paraffinic—resinous oil but also provide specific technological
solutions aimed at improving the efficiency and energy efficiency of its production and
transportation. These findings have high potential for implementation at oilfields in
Kazakhstan, where the share of hard-to-recover high-viscosity oils is steadily increasing. €
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