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Abstract

Objectives. While the phenomenon of cavitation is of interest for treatment of hydrocarbon mixtures, in particular crude oil and petroleum
products, the literature lacks a systematic approach to conducting such research. This gap stimulates the need for a more in-depth study
of the influence of this physical effect on the characteristics and detailed hydrocarbon composition of petroleum feedstock. Thus, the
present work set out to explore the influence of the conditions leading to cavitation on the physicochemical properties and hydrocarbon
composition of crude oil and petroleum products.

Methods. The objects of the study were two crude oil samples and four straight-run fractions—gasoline, kerosene, diesel, and fuel
oil—having different characteristics and hydrocarbon compositions. Cavitation treatment was carried out in a hydrodynamic mode
using a Donor-2 apparatus within a range of pressure changes from 20 to 50 MPa. The number of treatment cycles was from 1 to 20.
The density was determined by pycnometry using the refractive index, an Abbe refractometer, and the fractional composition or fraction
yield, as well as by distillation at atmospheric or reduced pressure for light or dark petroleum products, respectively. The hydrocarbon
composition of the gasoline fraction was determined by chromatography and mass spectrometry.

Results. Changes in the densities and fractional compositions of the objects of study following their treatment under various conditions
were recorded. Particular attention was paid to the hydrocarbon composition of the gasoline fraction: an increase in the content of normal
alkanes was shown to be due to an increase in the number of structures with shorter carbon chains in comparison with the components
of raw materials not subjected to cavitation.

Conclusions. The results of the study of the effect of cavitation treatment of crude oil and its individual fractions on their physicochemical
characteristics showed that the nature of the changes depends on the treatment conditions and the initial characteristics of the sample.
It is suggested that cavitation treatment causes cracking and compaction processes. The possibility of cracking reactions was confirmed
by chromatographic determination of the group hydrocarbon composition of the samples.
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AHHOTaUuS

He.Jm. I/IHTepec K [IPUMEHCHUIO SIBJICHUS KaBUTAllUU 1JIsd O6pa6OTKI/I YIII€BOAOPOAHBIX CMeCCﬁ, B HaCTHOCTH He(bTI/I u He(bTerO}:[yKTOB,
1 OTCYTCTBUE B JINTEPATYPE CUCTEMHOTO TOAXOAA K IPOBEACHUIO HOHO6HLIX I/ICCJ'Ie,Z[OBaHI/Iﬁ OTKpPbIBACT HeO6XOZ[I/IMOCTB OoJee FJ'Iy60KO-
TO U3YUYCHUS BIIUSHUA S3TOTO (I)I/I3I/I‘JGCKOFO BOSﬂeﬁCTBHH Ha XapaKTEpUCTHUKU U JIeTaIbHBII yFJIeBOZ[OpOZ[HI;Iﬁ cocTraB HC(I)TSIHOFO ChbIpbs.
B cBsizu ¢ 9TUM, LECIIb Z[aHHOfI pa60T},1 3aKJIIOYaCTCA B U3YUCHUU BIIUSTHUSL yCHOBHﬁ, IIpH KOTOPbIX BO3HUKACT KaBUTalUsl, HA UBMCHCHUE
q)I/ISI/IKO-XI/IMI/I‘-IeCKI/IX CBOWCTB U YIII€eBOAOPOAHOI'0 COCTaBa He(i)TI/I u He(bTerO}:[yKTOB.

Metoapl. B kadecTBe 0OBEKTOB HCCIICOBAHUS OBUTH B3ATHI J[Ba 00pa3na HeTH M YETHIpe MPSIMOTOHHBIE (pakIuu — OEH3MHOBAS,
KepOCHHOBAs, IU3ENIbHASI I Ma3yT, 00JIaIafolHe pa3IMIHbIMHI XapaKTePUCTHKAMH 1 YTIIICBOJOPOAHBIM cocTaBoM. KaBuTannoHHyro 00-
paboTKy IPOBOIUIIN B THAPOANHAMUYECKOM pexXHMe Ha anmapare JloHop-2 B Auamna3oHe nepenanoB nasiuenus ot 20 go 50 MlIla. Komu-
YeCTBO IUKIOB 00paboTky cocTansiio oT 1 10 20. [IToTHOCTE onpenessui MIKHOMETPHIECKUM METO/IOM, TOKa3aTel b IPEIOMIICHUS —
Ha pedpakTomerpe THa AOGe, a (HPaKIMOHHBIA COCTAaB WM BBIXOA (paKnuili — NEperoHKON NpH aTMOC(HEPHOM WM ITOHIKEHHOM
JIaBJIIEHUU COOTBETCTBEHHO ISl CBETIIBIX MJIM TEMHBIX HE(TEIPOIYKTOB. YIIICBOJOPOIHBIN COCTaB OEH3MHOBON (hpaKIMU ONpeeIIsuIH
XPOMaTO-Macc-CIIEeKTPOMETPHIECKUM METO/IOM.

Pe3syabTarsl. B pabote moka3aHo n3MeHEHHE TNIOTHOCTH U (PPAKIIMOHHOTO COCTaBa OOBEKTOB HCCIIEIOBAHUS MTOCTE X 00pabOTKH pU
Pa3INYHbIX YCIOBHSX. YACICHO 0c000¢ BHUMAHHE YITICBOAOPOJHOMY COCTaBy OCH3MHOBOM ()pakiiu: MOKAa3aHO YBEIMYCHUE COIEp-
JKaHUS B HEHl HOPMaJIbHBIX AJIKAHOB 33 CYET yBEIMYCHUS KOIMYECTBA CTPYKTYP, OONAAIOIIMX MEHbLICH AJIMHOW YIIEPOAHOH LenH,
10 CPABHEHHIO C KOMIIOHEHTAMU ChIPbsI, HE TIOJBEPTHYTOrO KABUTALIHIOHHOMY BO3/ICHCTBHUIO.

BoiBoabl. [IpescTaBieHbl pe3yabTaThl HCCISA0BAHUS BIUSHHUSA KABUTALIMOHHOH 00paboTKH HE()TH 1 ee OTIENbHBIX (paKkuui Ha U3Me-
HeHHe (PU3MKO-XMMUYECKUX XapaKTEPUCTUK OOBEKTOB MCCIIEOBAHUS. YCTAHOBJICHO, YTO XapaKTep M3MEHEHMil 3aBUCHT OT YCJIOBHH
00pabOTKH 1 UCXOTHBIX XapaKTEPHCTUK 00pa3ia. Beicka3aHo MPEnoaokeHHe 0 TOM, UTO B Pe3ynbTaTe KaBUTAI[MOHHOTO BO3AEHCTBHSA
MOTYT IIPOTEKATh MPOLECCHl KPEKUHTa U YIUNIOTHEHHs. BO3MOKHOCTE MPOTEKaHUS PeaKlUi KPeKWHra MOATBEP)KAEHA Pe3ynbTaTaMu
Xpomarorpaduu 1 ompeeseH:s IPYIIOBOrO yIIeBOAOPOJHOIO COCTaBa 00pasIoB.

Kniouesble cnosa MocTtynuna: 16.12.2024
Aopa6oTaHa: 11.07.2025

MpuHara B neyatb: 13.02.2026

He(Th, HeTETTPOMYKTHI, KABUTAIHS, YIIIEBOAOPOIHBIH COCTAB, KIACCHI yIIIEBOAOPOIOB

Ang uMTMpoBaHns

Huxomnae A.U., [Temnes b.B., Koposes A.H., Hukummn [I.B. M3MeHeHre yIiieBOIOPOIHOTO COCTaBa HE(TEMPOTYKTOB MO BO3ACHCTBIEM
kaBuTauuu. Toukue xumuyeckue mexvonoauu. 2026;21(2):157-164. https://doi.org/10.32362/2410-6593-2026-21-2-157-164

INTRODUCTION

The alternation of high- and low-pressure regions
in a liquid medium leads to cavitation involving the
formation and collapse of gas bubbles [1, 2]. The
study of this phenomenon confirms its role not only as
a destructive factor for ship propellers and hydroelectric
turbine blades, but also as an efficient agent in processes
taking place agriculture [3], medicine [4], the food
industry [5], construction [6], and the oil industry [7-9].

In the oil production and refining industries, cavitation
isused as a means of modifying the rheological properties
of crude oil and its fractions to reduce the viscosity of

petroleum disperse systems and consequent cost of
transportation [10], as well as increasing the yield of light
fractions [11] and improving the quality of hydrocarbon
fuels [12]. The potential for using cavitation to intensify
chemical engineering processes has also been noted [13].
However, despite the wide variety of publications on
the use of cavitation in oil refining processes, they lack
a systematic approach for relating the conditions leading
to cavitation phenomena with the observed changes in
feedstock characteristics, particularly in terms of their
hydrocarbon composition.

The present study set out to explore the influence
of the conditions for the occurrence of cavitation on
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the characteristics and hydrocarbon compositions of
petroleum and petroleum products.

EXPERIMENTAL

The objects of study were samples of heavy (O1) and
light (O2) crude oils obtained from the Ilskoe field
(Krasnodar krai, Russia); straight-run fractions of
crude oil: gasoline (G), kerosene (K), and diesel (D);
and fuel oil (F) (all of Gazpromneft-MNPZ, Russia).
Table 1 presents some of their characteristics.

Cavitation  treatment  was  performed in
a Donor-2 apparatus (Russia) [14, 15]. In this apparatus,
cavitation occurs in the hydrodynamic flow of
a petroleum product through a diffuser under elevated
pressure. The pressure in the discharge cylinder was
varied from 20 to 50 MPa; the number of treatment
cycles, from 1 to 20. The treatment temperature was
determined by the viscosity of the samples. Samples G,
K, and D were treated at 20°C; Samples O1 and O2, at
50°C; Sample F, at 70°C.

The density of the samples was measured pycno-
metrically in accordance with GOST R 50.2.075-2010".

The fractional composition of light petroleum
products was characterized using an ARNP-1 apparatus
(NPP SKIF-PRIBOR, Ukraine) in accordance with

Table 1. Characteristics of objects of study

GOST 2177-992. The yields of dark fractions of crude
oil and fuel oil were determined by vacuum distillation
at a residual pressure of ~2 mm Hg [16].

The hydrocarbon composition of the gasoline fraction
was determined using an Agilent GC 7890 chromatograph
(Agilent Technologies, USA) on an HP-5SMS quartz
capillary column (30 m x 0.25 mm x 0.25 pm) with
a modified methyl silicone (5% phenylmethyl silicone)
liquid stationary phase. The chromatograph was
equipped with an MSD 5975C mass-selective detector
(Agilent Technologies, USA) having a quadrupole
mass analyzer. Mass spectra were obtained by electron
impact ionization with an ionization energy of 70 eV
and recorded in the mass range of 29-550 amu at an
evaporator temperature of 320°C and a carrier gas
(helium) flow rate of 1 mL/min.

RESULTS AND DISCUSSION

The most obvious changes in the characteristics of
petroleum products under the influence of cavitation
involve variations in the sample density (Fig. 1) and
its fractional composition. For example, the initial
boiling points of Samples O1, F, and G following five
treatment cycles at a pressure of 50 MPa decreased
by 30, 25, and 8°C, respectively. It was observed that,

Object of study
Property
O1* 02 G K D F
Density, g/cm? 0.9693 0.8810 0.7112 0.7880 0.8333 0.9684
Refractive index - - 1.4345 1.4501 1.4709 -
Initial boiling point, °C 160 56 40 144 175 290
Distillation point, °C
10 vol % 3 3 71 162 213 B
50 vol % 116 192 280
90 vol % 186 218 335
Yield of fractions, wt %
Up to 160°C - 11.9 -
160-230°C 0.5 19.2 -
230-350°C 5.2 19.5 - - - 49
350-400°C 93.4 49.4 9.3
400-480°C 93.4 49.4 27.9
Above 480°C 93.4 49.4 57.9

* 01, heavy crude oil; O2, light crude oil; G, gasoline; K, kerosene; D, diesel; and F, fuel oil.

1

GOST R 50.2.075-2010. State system for ensuring the uniformity of measurements. Crude petroleum and petroleum products. Laboratory

methods for determination of density, relative density and API gravity. Moscow: Standartinform; 2011.

2 GOST2177-99. Interstate Standard. Petroleum products. Methods for determination of distillation characteristics. Moscow: Standartinform; 2006.
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the higher the initial density of the petroleum product,
the more noticeable were the changes occurring in its
physicochemical characteristics (density, fractional
composition, etc.).

The changes occurring in the parameters of a sample
with changing treatment conditions were noted to
be significantly affected by the nature of the sample.
Increasing the pressure and the number of treatment cycles
(up to 10) for Sample F led to a decrease in the initial
boiling point and density and an increase in the yields of
fractions whose initial boiling points were up to 400°C.
Conversely, the yields of fractions boiling above 400°C
decreased. For example, after one treatment cycle at
apressure of 20 MPa, the initial boiling point of Sample F
decreased from 290 to 287°C, while the yield of fractions
boiling up to 400°C increased from 14.4 to 14.8 wt %.
Following 10 processing cycles, these parameters
amounted to 273°C and 23.4 wt %, respectively. If the
treatment was carried out at 50 MPa, then after 10 cycles,
the initial boiling point decreased to 257°C, and the yield
of fractions boiling up at 400°C increased to 29.2 wt %.
No significant changes were observed with a further
increase in the number of treatment cycles.

1.00 ¢
095t
090+
0.85}
0.80F
0.75t
0.70

Density, g/cm?3

When treating light fractions (G, K, D), their initial
boiling points also decreased with increasing pressure
and number of treatment cycles. The dependence of
the density of these samples on treatment pressure was
similar to that for Sample F: increasing pressure led to
a greater decrease in density. However, the dependence
of the density of the light products on the number of
treatment cycles differed significantly. Unlike Sample F,
the density of the light petroleum products began to
increase with repeated treatments (Fig. 2).

The number of treatment cycles after which an
increase in density was detected depended on the nature
of the sample (its initial density) and the treatment
pressure. For example, at a treatment pressure of 30 MPa,
the density of Samples G and K increased after 10 cycles.
For Sample D, no significant change in density occurred
following 10 treatment cycles at this pressure. After
10 treatment cycles, its density was 0.8293 g/cm?, while
after 20 cycles, the density was 0.8295 g/cm3. However,
when the treatment pressure for Sample D was increased
to 40 MPa, an increase in its density was detected already
after 10 treatment cycles (after 5 cycles, the density
was 0.8298 g/cm?; after 10 cycles, 0.8294 g/cm?; and

0.65

02 F

Sample

Fig. 1. Influence of cavitation treatment on the density of samples in five treatment cycles at 50 MPa: sample density (/) before

and (2) after treatment

0.76

Density, g/cm3

0.74

072

0.70

0.68 :

0 5

15 20 25

Number of processing cycles

Fig. 2. Influence of conditions of cavitation treatment of light petroleum products on their density: Samples G (/, 2), K (3, 4),
and D (5, 6) at treatment pressures of 20 (/, 3, 5) and 50 MPa (2, 4, 6)
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after 20 cycles, 0.8301 g/cm?). At a treatment pressure
of 50 MPa, an increase in the density of Sample D was
noted after the fifth cycle.

Similar behavior with increasing number of
treatment cycles was observed for the refractive
indices of light petroleum products. For Samples G
and K, increasing the number of treatment cycles
to 10 (at a pressure of 30 MPa) resulted in a decrease in
the refractive index to 1.4185 and 1.4408, respectively.
After 20 treatment cycles, the refractive indices
were 1.4205 and 1.4422, respectively. At a pressure
of 50 MPa, the refractive index of Sample G after
5 processing cycles was 1.4205, and after 10 cycles, it
increased to 1.4225.

Noteworthy is the effect of the number of treatment
cycles on the fractional composition of light petroleum
products and their distillation points. The initial boiling
points of Samples G, K, and D decreased with both
increasing pressure and increasing number of treatment
cycles. When treating these samples at a pressure of
20 MPa, the 10, 20, ..., and 95% distillation points of the
samples also decreased with increasing number of cycles.
If the treatment was carried out at higher pressures, then,
after an initial decrease (after 1-5 cycles), subsequent
treatment led to an increase in the 40%+ distillation point
of the sample (Fig. 3).

For Sample D, an increase in distillation points was
detected only at treatment pressures of 40 and 50 MPa;
moreover, the higher the treatment pressure, the earlier
this increase began. For example, if the treatment was
carried out at 40 MPa, then, after 10 cycles, an increase
in the distillation point was noted after distilling 60%
of the sample. And if the treatment was performed
at 50 MPa, then, after 10 cycles, the increase in the
distillation point was observed after distilling 40% of
the sample.

The effect of treatment conditions on the fractional
composition of Samples G and K was similar. Moreover,
an increase in the 40% distillation point was detected at
a treatment pressure of 30 MPa.

360
320
280
240

200

Temperature,’C

160

The decreases in the densities, initial boiling points,
and fractional compositions of the samples as a result
of cavitation treatment can be explained by cracking
reactions under the influence of heat released during
the collapse of cavitation bubbles [17]. In the resulting
lower-molecular-weight  hydrocarbons, all of the
above parameters are reduced. The interaction of long-
lived radicals leads to the formation of products with
a molecular weight higher than that of the feedstock. As
manifested by an increase in the distillation points, this
phenomenon is most noticeable after the treatment of
light, low-boiling fractions. Although no such changes
are observed following the treatment of dark petroleum
products, an increase in density after cavitation treatment
was noted for fractions boiling at temperatures above
480°C [14, 18].

Table 2 and Fig. 4 present data on the group
hydrocarbon composition of Sample G and the number
of carbon atoms in alkane molecules before and after
treatment (5 cycles at a pressure of 50 MPa), confirming
the occurrence of cracking reactions.

Table 2. Effect of treatment on the group hydrocarbon
composition of Sample G after 5 treatment cycles at a pressure
of 50 MPa

Group hydrocarbon composition
Hydrocarbons of Sample G, wt %
Before treatment After treatment
Total alkanes 75.0 73.9
n-Alkanes 22.6 25.8
iso-Alkanes 20.0 18.0
Cycloalkanes 324 30.1
Arenes 22.5 22.6
Not identified 2.5 3.5

120 L
0 20

40

60 80 100

Fraction of distillate loading, vol %

Fig. 3. Influence of the number of treatment cycles (pressure 50 MPa) on the fractional composition of Sample D: (/) initial sample
and the sample after (2) 10 and (3) 20 treatment cycles at a pressure of 50 MPa
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Fig. 4. Distributions of alkanes by number of carbon atoms
in Sample G (/) before and (2) after treatment in 5 cycles
at a pressure of 50 MPa

It is of particular significance that cavitation
treatment was shown to alter the ratio of normal
alkanes, isoalkanes, and naphthenes in the samples.
While the fraction of n-alkanes increased, the contents
of isoalkanes and naphthenes decreased. Following
cavitation, the content of saturated hydrocarbons with
6-8 carbon atoms in a molecule increased, while the
content of structures with 10—12 carbon atoms in
a molecule decreased. No changes in the content of
arenes were observed.
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