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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. The relevance of the work is due to the global change in
the energy market and the tightening of environmental standards, which requires
a strategic understanding of the composition of hydrocarbon raw materials.
Objective. The purpose of the study is to determine the individual molecular
composition of oil to optimize oil refining processes. Methods. A comprehensive
analytical approach was employed, including laboratory distillation under
atmospheric pressure followed by analysis of the resulting gasoline (40-170
°C), kerosene (170-240 °C), and light diesel (240-280 °C) fractions using gas
chromatography-mass spectrometry (GC-MS) on the Agilent 7890A / 5975C Inert
XL GC-MS system with an HP-5SMS capillary column. The study revealed that
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the research crude oil belongs to the paraffin-naphtene type with a high content of
aromatic hydrocarbons (methane-naphthalene-aromatic). The gasoline fraction is
enriched with cycloalkanes and aromatic hydrocarbons (xylenes, ethylbenzene),
which indicates its potential as feedstock for catalytic reforming or a source of
BTF fraction. The kerosene and diesel fractions contain significant amounts of
naphthalene derivatives, eicosanes, and sulfur-containing dibenzothiophenes.
The presence of marker isoprenoids (prisane, phitane, and pharene) confirms
the natural origin of the raw material. Based on the data obtained, an optimal
processing scheme is proposed, including hydrotreating of heavy distillates to
remove dibenzothiophenes (using reforming gas to compensate for hydrogen
requirements) and catalytic deparaffinization to improve the low-temperature
properties of diesel fuel. Conclusions. The results of the study are of practical
importance for refineries, allowing to adjust technological schemes, including
hydrotreatment from sulfur compounds of the dibenzothiophene series and the use
of excess reforming hydrogen for the purification processes of heavy distillates.

Keywords: oil, fractional composition, mass spectroscopy, kerosene fraction,
gasoline fraction, diesel fraction
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AunHOTAanuA. O3exminici. JKyYMBICTBIH ©3CKTIIITT YHEPIETUKAIIBIK HAPBIKTHIH
xahaHIBIK e3repyiHe JXOHE JKOJOTHSUIBIK CTaHAApTTapAblH KaTaHAaThUIybIHA
OaliaHbICTI, OYJ1 KOMIPCYTEK IIUKi3aTBIHBIH KYPaMbIH CTPAaTETHsIIBIK TYCIHY/I1
Tajan ereni. Maxcamvl. 3epTTEyAiH MakcaTbl - MyHall ©HJEy NpOLEecTepiH
OHTAWJIaHABIPY YIIIH MYHaWJIbIH JKEKE MOJICKYJIaJblK KYpaMblH aHBIKTAYy.
Odicmepi. 3epTTeyle KENICHII aHAIUTUKAIBIK TOCUT KOJJIAHBUIIBI, OHBIH
imriHge arMocgepanblK KbICBIMAAFBl 3epTXaHalbIK aiifay, CoIaH KeWiH ajbIHFaH
oersunmai (40-170 °C), kepocunmi (170-240 °C) »xoHe >xeHin ausenbiai (240-
280 °C) ¢paxuumsnapast tannay, HP-5MS kanumispnsik O6aranacer Oap Agilent
7890A/5975C Inert XL xpomarorpadus-macc-CIIeKTpOMETpHUSl KyHeciHae
ra3 xpomarorpaduscel-macc-cekrpoMerpusicein (GC-MS) KonmaHy apKbUIbl
Tanpay xyprizingi. [uki MyHalabplH KypaMblHAa XOLI HICTI KOMipCYTEKTEepAiH
(MeTaH-Ha)TEH-apOMaTThl) KOFapbl Kypambl Oap mapaduH-HaTEeH TUOTI eKeHi
aHbIKTaNIBl. BeH3nH (pakumachl HUKI0ATKaHIap MEH XOII HiCTI KOMipcyTeKTepre
(xcumonnap, STHI0EH301) OalBITBUIFAaH, OYJI OHBIH KaTaJIUTHKAJIBIK PU(OPMHUHT
yuin mukizat Hemece BTX (pakiuscbIHbIH K031 peTiH/IEeT aJIeyeTiH aHbIKTalIbI.
Kepocun xoHe am3ens (QpakuusuiapbiHaa HaQTaauH — TYBIHIBLIAPBIHBIH,
9IKO3aHAapIBIH KOHE KYKIPT Kypamzaac AUOCH30THO(QEHIEPIiH alTapibIKTai
Memmiepi 0ap. Mapkepiik H30mpeHOMATapAbIH (mpucTad, ¢uraH, Qapecan)
Ooylybl INWKI3aTTHIH TaOWFWM WIBIFY TEriH pacTaiabl. AJIBIHFaH JAepeKTepre
cydieHe OTBIpbIN, AUOSH30THOGEHAEPAl KEeTipy YVIIIH ayblp ITUCTHIUIATTapAbI
rugpoTasanayasl (cyreri OanaHCBIHBIH TaJlaNTapblH ©TEy YLIIH cyTeri Oap
PUQPOPMUHT Ta3blH NMaiiianany) )oHe AU3eib OTHIHBIHBIH TOMEH TeMIepaTypajbIK
KAaCHEeTTepiH jKaKcapTy YILIIH KaTaJUTUKAIBIK NMapaduHCI3ACHIIpYAl KaMTHUTBIH
OHTAMJIBI OHJIEY CXEMachl YCHIHBUIIABL. Kopuimuinobiiap. 3epTTey HOTHXKENepi
nOeH30THO(EH KaTapbIHBIH KYKIPTTI KOCBUIBICTApBIHAH TUAPOTA3apTYAbl KOHE
ayblp AUCTHIULITTApABl Ta3apTy MpoLecTepi YIIiH apThIK PUPOPMUHT CYTETiH
naiananyapl Koca anfaHja, TEXHOJIOTHSUIBIK cXeMalapAbl TY3eTyre MYMKIHIIK
Oepetin MO3 yIIiH IpaKTUKAIBIK MaHbI3bI 0ap.

Tyiiin ce3nep: MmyHall, PpakUUSIIBIK KypaMbl, Macc-CIIEKTPOCKOMHS, KEPOCHH
(dpakuuscel, 6eH3UH QPAKLIUAICH, TU3ENb QPAKIHICH
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AnHorauusi. Axmyarvbnocms. B ycnoBuax TpaHcdopManud MHPOBOTO
HHEPreTUUECKOTO PHIHKA M Y)KECTOUCHHUS IKOJIOTHUYECKHX TpeOOBaHHI 0COOYIO
3HaYUMOCThIIPUOOPETACT JeTAIbHOC HCCIIEJOBAHUE XUMUYECKOTO M PPAKIIUOHHOTO
cocraBa HedTH, HeoOXoAMMOE MJisi COBEPUICHCTBOBAHUSI TEXHOJIOTHYECKHX
mporeccoB ee nepepabotku. OmpeneneHue HMHIUBUAYaIbHOTO —COCTaBa
YIIEBOAOPONOB U HICHTH(UKALUS CEpOCOACPKALINX COCAUHEHHN TO3BOJISIOT
OLICHUTH TMOTCHIUAJIbHBIC HAMPABJICHUS HCIOJIb30BaHUA HE(TSHBIX (Qpakuui,
000CHOBATh BBIOOP TEXHOJIOTMYECKUX MPOLECCOB U MOBBICUTH IPPEKTHBHOCTD
MOJy4YeHUsI TOBapHBIX HedTenponaykToB. [lens. MccnenoBarb MHAWBUAYaIbHBIN
MOJIEKYJISIPHBII cOCTaB OEH3MHOBOM, KEPOCUHOBOM M JIETKON TU3ENbHOM (pakuuii
HEe()TH METOIOM Ta30BOM XPOMAaTO-MAacC-CIIEKTPOMETPUM JJISl  OLCHKH HX
TEXHOJIOTHYECKUX XapaKTEePUCTHK U ONPEIEICHHUS TIEPCICKTUBHBIX HAIIPABICHUN
naynbHelei nepepadoTku. Memoodsi. B uccienoBaHuy NpUMEHEH KOMILJICKCHBIN
AQHAJTUTHYECKUI TIOAXO0Jl, BKJIIOYAIOIINHN J1a0OpaTOPHYIO MEPEroHKy He(TH NpHU
aTMOC(epHOM JaBICHHHM C MOCIEIYIOIIUM aHaJM30M IOITYYCHHBIX (QpaKuuii:
6enzunoBoii (40—170 °C), kepocunoBoii (170-240 °C) u nerkoit auzenvHol (240—
280°C).OmnpeeiieHne KOMIIOHEHTHOTO COCTaBa 0 CYIIECTBIISIIOCH METOIOM F'a30BOM
xpomaro-macc-criektpomerpun  (I'X-MC) ¢ ucmons3oBaHHEM XpoMaro-macc-
cnekrpoMeTpuueckoro kommiekca Agilent 7890A/5975C Inert XL, ocHaieHHOTo
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KanuuspHoH konoHkoit HP-5MS. Pezyromamei. YcTaHOBIEHO, 4TO UCClIEqyeMas
He(Th XapaKTepUu3yeTcss NPEUMYLIECTBEHHO napadruHO-HAPTECHOBBIM COCTABOM C
MPUCYTCTBUEM 3HAYUTEIILHON JOJIM apOMaTHYECKUX YIIeBOAOPOa0B. beH3nHoBas
¢pakuus olOoramieHa UUKIOAJIKaHAMH M apOMaTHYECKUMH COCIMHEHUSIMH,
BKJIIOYAsi KCWJIONBI M ATWIOEH30J, YTO CBHUIETEIBCTBYET O INEPCIEKTUBHOCTU
ee HCIOJIb30BaHUSI B Ka4eCTBE CBHIPbS ISl KATAIMTHYECKOTrO pU(OPMHUHra HIN
BbIJICICHUST  OCH30JI-TOJIyOJI-KCHJIOJBHBIX KOMIIOHEHTOB. B kepocwHOBOH 1
JIETKOW AM3EIbHON (PpakuusaX HACHTU(PHUUHMPOBAHBI MPOM3BOAHBIC HadTaluHa,
91IKO3aHOBBIE YITIEBOAOPOIABI M CEpOCOAEpIKAIIUE COCAUHEHHUS, B TOM YHUCIIE
nubenzotuodensl. OOHapyKeHHE H30NPEHOMAHBIX YIJIEBOJOPOAOB, BKIOYAs
npuctaH ¥ (QUTaH, COOTBETCTBYET XapaKTEPHBIM OCOOCHHOCTSIM He(TSIHOTrO
colpbs. Ha oOCHOBe TOJY4YEHHBIX AHAJINTHYECKUX JaHHBIX IPEIIOKEHBI
HaNpaBJICHUS COBEPLICHCTBOBAHUS TEXHOJIOTHYECKOM CXEMBbI IEpepadOTKu HEPTH,
peayCMaTPUBAOLIIE THAPOOYUCTKY TSKEIBIX TUCTHILUIATOB OT CEPOCOASPKALIIX
COCAMHEHUM W  KAaTQIMTUYECKYIO JenapaduHHU3alMI0 A YIy4IICHUs
HU3KOTEMIIEPAaTypHBIX ~XapaKTEPUCTHK JH3eJIbHOrO ToruimBa. Paccmorpena
BO3MOXKHOCTb HCIIOJIb30BaHMS BOAOPOJICOACPIKALIECTO ra3a KaTaJIUTHYECKOTO
pudOpMUHTa B IPOILIECCaX THAPOOUYHUCTKU € YU€TOM NOTPeOHOCTEH BOJOPOAHOTO
Oananca HedTenepepadaThIBAIONIEIO IMPOU3BOJACTBA. Bbigoowvl. Pe3ynbrarhl
WCCIICIOBAaHMS IOATBEPIKIAIOT MPAKTHYECKYI0 3HAYMMOCTb Ta30BOH XpoOMaro-
MacC-CHEKTPOMETPHM Ul HM3YYEHUS KOMIIOHEHTHOTO COCTaBa HEQTSIHBIX
¢pakuuii W TpeABapUTENbHOM OLEHKH HAaNmpaBiICHUH HX TEXHOJIOIMYEeCKOH
nepepaboTKu. BolsiBieHHBIE 0COOEHHOCTH pacrpenesieHus] yIIeBOAOPOAHBIX U
CepOCOAEPIKAIINX COCAMHEHUI MOTYT MCIOJIB30BaThCsl MPH BBIOOPE NPOLIECCOB
KaTaJIUTHYECKOro  pu(OpMHUHra, THUAPOOYUCTKH M JAenapaduHHU3aLMM.
[IpemioxkeHHbIE TEXHOJOTHMUECKHWE PELICHUs MNPEACTABISIOT MHTepec Jis
HedTenepepabaThIBAIOIINX NPEANPHITAN, OAHAKO HX 3(PQPEKTUBHOCTH Tpedyer
JOTIOJTHUTEIBHOTO MOATBEPXKICHHUS pacdeTaMu MaTepUaibHOTO W BOZOPOIHOTO
0anaHCcoB, a TaKXKe OLEHKOM TEXHOJIOTMYECKHX MapaMeTPOB COOTBETCTBYIOLIMX
IPOLIECCOB.

KiroueBbie cioBa: HedTh, (PpakUUMOHHBIA COCTaB, Macc-CIEKTPOCKONHS,
KepocuHOBas ¢ppakuusi, OCH3UHOBAs PpakLus, TU3eNbHas PpaKkuus

Introduction. The aim of this work is to study the component composition
of oil fractions using mass spectrometry and to develop recommendations on
possible directions of oil refining processes.

Objectives of the work: substantiation of the most effective method for studying
fractional composition; study of fractional composition of oil and development of
recommendations on methods of their processing and use, taking into account
environmental initiatives.

Studying the fractional composition of oil is the foundation of petrochemical
science and a key element in optimizing production cycles. In the context of global
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energy market transformation and tightening environmental standards, a deeper
understanding of the molecular composition of hydrocarbon feedstocks is acquiring
strategic importance (Haijun et al., 2022). According to research (Bodykov et al.,
2018), innovative approaches to oil refining in Kazakhstan and other countries today
focus not only on the yield of light products but also on reducing environmental
impact through detailed monitoring of feedstock components. The object of this
study is oil classified as light based on its properties. According to a comparative
analysis (Farhan et al., 2021), it is these light oils from the western regions of
Kazakhstan that have the best potential for deep processing with a minimum yield
of residual products (fuel oil and tar). The density of the sample is 0.82—0.85 g/
cm3 allows it to be classified as a high-quality raw material suitable for obtaining
the maximum amount of motor fuels. The chemical composition is represented
by a mixture of paraffin, naphthenic and aromatic hydrocarbons. An important
characteristic is the content of sulfur-containing compounds and the tendency to
form paraffin deposits. As noted by (Boranbayeva et al., 2025; Nurgaliyeva et al.,
2026; Patel, 2024), the high concentration of solid paraffins in Kazakh oils requires
special control of temperature conditions during transportation and primary
distillation to avoid a decrease in equipment efficiency. The physical properties of
the studied oil are determined by its low viscosity, which significantly simplifies
the production and transportation processes. Knowing the precise fractional
composition and density allows not only to predict the yield of target products
but also to adjust refinery process flow charts. This ensures the rational use of
natural resources and the competitiveness of domestic petroleum products in the
international market.

Analysis of methods for studying the fractional composition of oil is an important
step in obtaining a complete picture of its composition and characteristics. As
noted (Elbanna et al., 2024), understanding the composition of oil at the molecular
level allows us to predict its behavior during refining. There are several main
methods that are widely used in this area and provide various information about
the composition and properties of oil:

Distillation analysis: This method is based on the physical separation of oil
components based on their boiling points. Distillation allows for the extraction
of various fractions of oil, from light gases to heavy fractions. Analysis of the
resulting fractions allows us to determine their composition and properties.
Classical distillation analysis according remains the primary method for
determining fraction yields. However, modern laboratories are increasingly turning
to gas chromatography. The "simulated distillation" method replaces cumbersome
distillation with rapid chromatographic analysis, ensuring accurate distribution of
hydrocarbons from C5 to C100.

For a thorough analysis of complex mixtures, it is not enough to know the
boiling point; it is necessary to understand the structure of the molecules. Mass
spectrometry allows for the identification and quantification of oil components
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based on their mass and molecular structure. Mass spectrometry is often used
in conjunction with gas chromatography (Engelmann de Oliveira Garcia et al.,
2021) to analyze complex hydrocarbon mixtures. The work (Ming Xie et al.,
2023) emphasizes that the use of ultra-high-resolution mass spectroscopy allows
the identification of tens of thousands of individual compounds in heavy residues,
which is impossible using other methods.

Nuclear magnetic resonance allows us to study the molecular structure and
dynamics of oil molecules based on their interaction with a magnetic field. NMR
provides information about specific chemical bonds and molecular conformations.
According to research (Ming Xie et al., 2023), H and C,; nuclear magnetic
resonance is the most optimal for determining aromaticity and the degree of chain
branching, which is critical for reforming and cracking processes.

Infrared spectroscopy allows us to analyze the interaction of oil molecules with
infrared radiation, which provides insight into the characteristics of functional
groups and chemical bonds in the sample. Also, infrared spectroscopy serves as an
operational control tool (Ozhigina et al., 2016, Yugay et al., 2021, Razakova et al.,
2020; Tyan et al., 2025).

Each of these methods has its own advantages and limitations, and they are often
combined to obtain the most complete information on the fractional composition
and properties of oil. For example, the Fourier transform infrared (FTIR) method
is indispensable for the rapid detection of polar groups (oxidized compounds,
sulfoxides), which allows one to assess the degree of oil degradation or the
content of heteroatomic impurities in it. The exact choice of method depends on
the specific goals: from operational quality control at oil refineries to fundamental
research into the genesis of oil.

Materials and Methods. The oil field under study is located in the border
area between Kazakhstan and Russia. The fractional composition of the oil was
studied by collecting oil samples at the field and then analyzing their chemical
composition. Distillation separation of the oil and mass spectroscopy were used to
determine the composition of the various fractions.

Sampling was carried out using a metal portable sampler. Next, the analyzed oil
sample was subjected to a distillation process at atmospheric pressure in a specially
equipped unit, which included the following main components: a distillation flask,
a refrigerator and cooling bath, an electric heating element, and a glass mercury
thermometer.

As a result of laboratory distillation of oil at atmospheric pressure, three main
product fractions were obtained:

—  gasoline fraction at 40-170° C;

—  kerosene fraction at 170-240° C;

—  fraction of light diesel fuel at 240° C to 280° C.

Each fraction of petroleum distillate products was specially prepared before
analysis. This included extraction and sample purification processes to remove
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potential impurities and contaminants that could interfere with the analytical
results.

A 5975 Inert XL mass-selective detector was used to analyze the obtained
fractions. Mass spectrometers in this series are widely used to analyze complex
mixtures of substances in various fields, such as chemical analysis, pharmaceuticals,
ecology, and other scientific research requiring high sensitivity and accuracy in the
analysis of chemical compounds.

The qualitative and quantitative composition of the obtained fractions was
analyzed by gas chromatography-mass spectrometry (GC-MS) on a chromatograph-
mass spectrometric system consisting of an Agilent 7890A gas chromatograph
coupled with an Agilent 5975C Inert XL MSD mass-selective detector (Agilent
Technologies, USA). Hydrocarbons were separated on an HP-5MS quartz capillary
column (length 30 m, internal diameter 0.25 mm, stationary phase thickness 0.25
um; 5% phenyl, 95% dimethylpolysiloxane).

Chromatographic separation conditions:

— carrier gas: high-purity helium (99.999%), column flow rate — 1.0 ml/min
(constant flow rate).

— injector temperature: 280 °C.

— sample injection mode: with a split ratio of 1:50. The injected sample volume
is 1.0 pul. Thermostat temperature program:

— for the gasoline fraction: isotherm at 40 °C (5 min), then heating at a rate of
5 °C/min to 200 °C (hold for 2 min).

— for the kerosene and diesel fractions: initial temperature 50 °C (hold for 2
min), heating at a rate of 6 °C/min to 300 °C (hold for 10 min).

Mass spectrometry is one of the most rapidly developing and effective methods
for the analysis and structure determination of individual organic, synthetic, and
natural compounds and their mixtures (Marshall, Rodgers, 2004). Due to its
extremely high sensitivity, information content, and reliability, and the ability to
be used in combination with gas and liquid high-performance chromatography,
the method is widely used in organic chemistry, polymer chemistry, medicinal
chemistry, petrochemistry, pharmacology, toxicology, environmental protection,
forensics, industrial control, and other fields.

The resulting mass spectra were analyzed using specialized software that allows
the molecular masses and structures of chemical compounds to be determined
based on the obtained data.

Chemical compounds were identified by comparing their mass spectra and
retention times (RT) with data from the NIST14 and Wiley 9th Edition electronic
mass spectral libraries. Particular attention was paid to identifying positional
and structural isomers of alkanes, cycloalkanes, and arenes with similar electron
impact mass spectra. The high selectivity of chromatographic separation on an
HP-5MS capillary column, combined with strict retention time (RT) control and
comparison of linear retention indices (RI) with the library database, enabled
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reliable differentiation of isomeric structures. A compound was considered
identified if the mass spectral match (Qual) was at least 80%. Quantitative
calculation of the relative component contents was performed by normalizing the
chromatographic peak areas.

Results and Discussions. The obtained oil fractions were analyzed using mass
spectrometry.

Tables 1-3 present the main (major) components of each of the studied
fractions, which have individual peak areas above the threshold level and are
characterized by high reliability of the library search (Qual > 80). The remainder
of the chromatogram area (unspecified % area) is represented by a collection
of numerous trace/minor hydrocarbons (individual content of each less than
0.1-0.3%), peaks with low identification confidence (Qual < 80), as well as an
unresolved mixture of complex hydrocarbons (UCM). Table 1 presents the results
of the gasoline fraction analysis.

Table 1. Results of gasoline fraction analysis.

RT Area % Library/ID Qual
Alkanes (paraffins) and isoalkanes
3.1334 0.4945 Heptane 91
3.8485 1.2320 Heptane, 2-methyl- 94
6.4670 2.8722 Octane, 2,6-dimethyl- 80
5.3888 1.6835 Octane, 3-methyl- 90
8.8544 0.5970 Decane, 2-methyl- 83
Cycloalkanes (naphthenes)
4.0576 1.0783 Cyclohexane, 1,3-dimethyl-, cis- 91
4.1786 0.1340 Cyclohexane, 1,1-dimethyl- 83
4.4206 0.1319 Cyclohexane, 1,3-dimethyl-, trans- 91
4.9047 1.4929 Cyclohexane, 1,1,3-trimethyl- 90
Cyclohexane, 1,2,4-trimethyl-, (1.alpha.,2.beta.,4.
5.1467 0.3514 beta.)- 87
5.5208 0.1943 Cyclohexane, 1,2,4-trimethyl- 93
6.0379 0.4397 1-Ethyl-3-methylcyclohexane (c,t) 81
Aromatic hydrocarbons (arenes)
3.7715 0.7413 Toluene 91
5.0807 1.6317 Ethylbenzene 90
5.2127 3.0049 Benzene, 1,3-dimethyl- 97
5.5978 1.2837 o-Xylene 95
6.7860 0.9153 Benzene, 1,3,5-trimethyl- 91
7.3911 4.3288 Benzene, 1-ethyl-2-methyl- 87
9.7566 0.7139 Benzene, 1,2,4,5-tetramethyl- 93
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Appendix: RT is the retention time of the substance on the HP-5MS capillary
column (min); Area %—relative area of the chromatographic peak (%); Library/
ID is the name of the connection according to the NIST/Wiley library; Qual is
reliability coefficient for matching the mass spectrum and retention index (%). The
separation of isomers was confirmed by chromatography.

Analysis of gasoline fraction data allows us to evaluate the qualitative and
quantitative composition of hydrocarbons and other components in a gasoline
sample.

The main components of the gasoline fraction and their percentage content:

— Benzene, 1-ethyl-2-methyl - 4.3288;

— Benzene, 1,3-dimethyl - 3.0049;

— Octane, 2,6-dimethyl - 2.8722;

— Octane, 3-methyl - 1.6835;

— Ethylbenzene - 1.6317.

These compounds make up a significant portion of the fraction and can influence
the physicochemical properties of gasoline, such as antiknock properties (octane
number), fractional composition (volatility) and chemical stability."

The gasoline fraction contains a variety of hydrocarbons, including alkanes
and isoalkanes, cycloalkanes, and arenes. The presence of dimethyl-substituted
alkanes and aromatic hydrocarbons indicates the gasoline's potential as a high-
octane fuel. The low content of light C5—C6 alkanes indicates that this fraction is
a "heavy naphtha."

The kerosene fraction was then studied. The results are presented in Table 2.

Table 2. Results of the analysis of the kerosene fraction.

RT Area % Library/ID Qual
Alkanes and isoalkanes
11.6379 3.0944 Undecane, 2,6-dimethyl- 82
17.7990 0.3951 Undecane, 3,6-dimethyl- 80
16.3908 9.5558 Pentadecane 90
18.7342 0.7553 Hexadecane, 2-methyl- 86
Mothballs
12.3750 0.3036 Naphthalene, 1,2,3,4-tetrahydro-6-methyl- 81
12.8481 1.7099 Naphthalene, 1-methyl- 93
14.9825 1.1558 Naphthalene, 2,3-dimethyl- 98
15.0375 1.1409 Naphthalene, 2,6-dimethyl- 98
16.5998 5.3495 Naphthalene, 1,6,7-trimethyl- 98
Cycloalkanes
11.9350 0.6671 Cyclohexane, 2-butyl-1,1,3-trimethyl- 90
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The identification quality of most compounds is high (Qual > 80), which
indicates sufficient reliability of the analysis results.

The main components of kerosene are (%):

— Pentadecane - 9.5558;

— Naphthalene, 1,6,7-trimethyl - 5.3495;

— Undecane, 2,6-dimethyl - 3.0944;

— Naphthalene, 1-methyl - 1.7099;

— Naphthalene, 2,3-dimethyl - 1.1558.

The kerosene fraction is composed primarily of normal and branched alkanes
of the C11-C16 range, as well as naphthalene derivatives. This hydrocarbon
composition ensures high specific heat of combustion and flame stability, which is
a critical requirement for civil and military aviation fuels.

Diesel fraction is another important component of crude oil obtained during
refining. It typically contains heavier hydrocarbons than gasoline and has a higher
boiling point. Diesel fraction analysis data are presented in Table 3.

Table 3. Results of diesel fraction analysis.

RT Area Pct Library/ID Qual
Saturated hydrocarbons (paraffins)
18.6461 3.8135 Pentadecane, 2,6,10-trimethyl- 90
19.4603 5.1441 Pentadecane, 2,6,10,14-tetramethyl- 90
16.3797 5.7822 Pentadecane 93
14.4654 0.6742 Dodecane, 2,7,10-trimethyl- 80
17.8870 6.9120 iso-Heptadecane (or 2-methylhexadecane) 90
19.3173 8.5165 iso-Heptadecane (or 3-methylhexadecane) 94
20.6705 8.0175 Heptadecane 90
20.8575 3.6914 Hexadecane, 2,6,10,14-tetramethyl- 95
21.4956 —23.9271 2.03 Isomers of octadecane (C18) 86
23.1789 — 26.5345 11:26 Eicosane isomers (iso-C20) 91
27.5687 —30.4402 2.40 n-Eicosane (n-C20) 9]
Aromatic compounds
14.9715 0.4622 Naphthalene, 2,3-dimethyl- 97
15.0375 0.4491 Naphthalene, 2,6-dimethyl- 98
16.6768 0.3936 Naphthalene, 2,3,6-trimethyl- 97
16.7648 —17.2709 3.19 Trimethylnaphthalene isomers 98
17.0618 0.6809 Naphthalene, 1,4,6-trimethyl- 97
19.9113 0.4737 Dibenzothiophene 91
22.8489 0.6287 1,7-Dimethyldibenzothiophene 94
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Most components were identified with high quality (Qual > 80), which indicates
sufficient reliability of the analysis results.

The main components of kerosene are (%):

— Eicosane isomers (iso-C20) - 11.26;

— iso-Heptadecane (or 3-methylhexadecane) - 8.5165;

— Heptadecane - 8.0175;

— iso-Heptadecane (or 2-methylhexadecane) - 6.9120;

— Pentadecane - 5.7822.

The n-alkanes (normal paraffins) present in the studied oil provide a high
cetane number, isoprenoids improve low-temperature properties (prevent rapid
solidification), arenes increase density and lubricating ability, but reduce the
cetane number, dibenzothiophene and 1,7-dimethyldibenzothiophene reduce
environmental friendliness; they determine the need for hydrotreating (Burov et
al., 2020).

The diesel fraction studied is characterized by a predominance of C15-C20
alkanes and methyl-substituted naphthalenes. The presence of marker isoprenoids
(pristane, phytane, and faresan) confirms the natural origin of the feedstock. The
main technological challenges are the high concentration of high-molecular-
weight paraffins (eicosanes) and difficult-to-remove organosulfur compounds
(dimethyl dibenzothiophenes) (Schmitz et al., 2004).

In terms of fractional composition, the crude oil under study is closest to ESPO
grade or light Urals grades. It has good potential for yielding light petroleum
products (gasoline + kerosene + diesel). The total yield of light fractions can
exceed 50%, which is typical for high-quality light crude oils.

In terms of chemical composition, the presence of xylene and toluene makes the
analyzed crude oil similar to Urals crude, which is traditionally rich in aromatics,
which is beneficial for petrochemicals. The detection of pristane and phytane in the
diesel fraction indicates that the analyzed crude oil is of organic origin (sapropelic
type). In terms of diesel composition, it is closer to ESPO, as it contains moderate
amounts of naphthenes and sulfur compounds (dibenzothiophenes).

Thus, the crude oil under study is a middle distillate. It produces good yields
of kerosene and diesel, which are currently in high demand on the market. The
presence of sulfur compounds (dibenzothiophenes) places it on par with Urals crude
oil. Unlike Brent crude (Speight JG 2015), it requires a sophisticated hydrotreating
system. The presence of aromatic hydrocarbons in the gasoline fraction (C8-C9)
allows for the production of high-octane fuel with lower reforming catalyst costs.

Conclusion. Gas chromatography-mass spectrometry (GC-MS) analysis using
an HP-5MS chromatographic column and an Agilent 5975C Inert XL mass-
selective detector ensures high sensitivity and accuracy in determining the chemical
and isomeric composition of petroleum fractions. Based on the GC-MS analysis
of all three distillate fractions, the studied oil belongs to the paraffin-naphthene
type with a high content of aromatic hydrocarbons (methane-naphthene-aromatic
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type). Light distillates (gasoline fraction) are characterized by a low content of
light C5-C6 alkanes (which classifies the fraction as "heavy naphtha"), the absence
of organosulfur compounds and a high content of cycloalkanes and C8-C9 arenes;
the middle fraction (kerosene) is enriched with alkylnaphthalenes, and the heavy
fraction (diesel) is enriched with high concentrations of n- and iso-paraffins
C15-C20 with the presence of difficult-to-remove organosulfur compounds of the
dibenzothiophene series.

Based on the analysis of the composition of these fractions, recommendations
can be made for their further industrial processing and most efficient use.

The gasoline fraction is an optimal raw material for catalytic reforming due to
the high content of cycloalkanes (methyl and ethylcyclohexanes) in order to obtain
high-octane components of commercial gasolines (AI-95, AI-98, Euro-5/6 class)
or the separation of individual aromatic hydrocarbons (BTX (gasoline, toluene,
xylenes- fractions) (Sihlovec et al., 2026).

The kerosene fraction is "heavy" and contains high levels of C14-C16 paraffins.
This fraction is suitable for the production of jet fuel, provided the boiling point is
strictly controlled (to avoid excess pentadecane) and the dearomatization process
is performed. The high methylnaphthalene content makes this distillate a valuable
feedstock for producing high-energy-density fuels required for special-purpose
equipment. Technological requirements may include improving the crystallization
temperature to meet, for example, the TC-1 (Jet A-1) grade, hydrotreating under
mild conditions, and blending with lighter fractions.

As mentioned above, the main technological challenges in processing diesel
fractions are the high concentration of high-molecular-weight paraffins (eicosanes)
and difficult-to-remove organosulfur compounds (dimethyl dibenzothiophenes).
Recommended application: producing the base component of premium
summer diesel fuel after hydrotreating on Ni-Mo catalysts. Catalytic dewaxing
(isomerization) can also be used to convert n-paraffins to iso-paraffins, which lower
the pour point from +5°C to -35°C, enabling the production of winter diesel fuel.

The proposed process chain enables maximum refining depth for this type of
crude oil.

The proposed processing schemes ensure maximum refining depth for
this type of crude oil. The high potential of the gasoline fraction for catalytic
reforming yields significant volumes of hydrogen-rich gas (HRG), which serves
as a valuable internal resource to offset the hydrogen demand of the kerosene and
diesel hydrotreating units. This reduces the specific cost of hydrogen generation
within the overall refinery configuration, although the final hydrogen balance must
be integrated into a plant-wide accounting scheme for all hydroprocessing units.

The primary development vector for this type of feedstock is petrochemical
production (aromatic hydrocarbon production) and the production of high-quality
winter fuels, provided that catalytic isomerization processes for heavy paraffins
are implemented.
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As a result, the oil will be of higher quality, and the sludge can be used as a
secondary resource. This will reduce the impact on the environment, particularly
on soils (Tsoy et al., 2024).
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